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Semiconductor Device
The present invention zelates to a method of isolation

Technical Field:

5 among devices within a semiconductor device.
Background Art:

Heretofore, in an integrated circuit employing
insulated-gate field effect transistors (hereinafter,
abbreviated to 'MOS transistors') or bipolar transistors

.10 {hereinafter, abbreVLated to 'BIP tran51stors ), -the
isolation among the devices has been performed by applying
reverse bias voltages to p-n junctions. The details
are stated in, for example, "Integrated Circuit Technology
(1)" (Corona Publishing Co., Ltd.) by Yanai and Nagata,

15 p. 21 - p. 31.

On the other hand, in a logic LSI or SRAM {(static
RAM), attention has been riveted in recent years to
the so-called BiCMOS system wherein a bipolar transistor
and a CMOS transistor device {a complementary MOS transistor

20 device conmposed of both n-channel and p-channel MOS
transistors) are combined to exploit the features of
the high speed of the former and the high density and
low power dissipation of the latter, thereby to realize
a logic LSI or SRAM of high speed, high density and

25 low power dissipation. It is stated in detail in "Nikkei
Electronics," August 12, 1985, p. 187 - p. 208, etc.

Also in such a BiCMOS system, a device isolation method
similar to the above is adopted.

Fig. 1 illustrates the fundamental sectional structure

" 30 of the BiCMOS system. Shown in the figure are one n-channel
MOS (nMOS) transistor, as well as one p-channel MOS
(pMOS} transistor, and an n-p-n bipolar {(npnBIP) transistor.

Here, letters S, G and D affixed to the nMOS or
pMOS indicate the nodes of the source, gate and drain

35 thereof, respectively, while letters C, E and B affixed
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as regards portions to which the same symbols are assigned,

it is merely indicated that the conductivity types are

the same, and the impurity materials and impurity concentration

are selected at will properly according to the purposes
10 of the portions. Unless particularly specified, these

fact; hold true also in the ensuing drawings. In such

a structure, with the prior art, the isolation among

a large number of devices within a chip is executed

by applying the lowest potential in the circuitry to
‘15 a p-type substrate (p-~Sub) and the highest potential

in the circuitry to the n-type isolation layer (nWELL)

for forming the pMOS transistor, whereby the junctions

of various parts are prevented from falling into the

condition of forward bias. That is, with the prior
20 art, in a case where the circuitry operates between a

supply voltage (for example, 5 V) and the earth (0 V),

the devices are isolated by applying 0 V to the substrate

p-Sub and 5 V to the n-type isolation layer. Since,

in such a system, the applied voltage to the substrate
25 p-Sub or to the n-type isolation layer is selected at

the lowest voltage required for the device isolation,

reverse bias voltages to be applied to the p-n junctions

can be rendered small, and therefore it is possible to cope

with the problems of lowering in the breakdown voltages of
30 devices, etc. attendant ugbn the future microminiaturization

of the devices. On the other hand, however, a problem

to be stated below arises.

Since the input or output terminal of the LSI is
directly connected with an external circuit, noise above

3s the supply voltage or below 0 V (in general, surge noise



Fbre‘ | etters—S,—Gand D affixed to the nMOS or pMOS indicate the nodes of
the source, Tg§§§ﬂgﬂgh&gﬁﬁﬂm&mereof respectively, while letters C, E and B

af fi xed RN e npnBI P transistor indicate the.~nades of the
col | ector, jﬁ " dBe t hereof, respectively (in the flolHBSEHEST HAS BEEN
drawi ngs, thed e shal | be gmstted). Besides, in tihe f | BERLACED

diffusion layers have only the inpurity types thereof witten down for theé
sake of brevity. Accordingly

such as overshoot or undershoot} might arrive. Since
the input or output node is connected to the diffusion

layer within the chip in any form, the corresponding
junction will then be forward-biased in the prior art.
5 By way of example, when the minus surge noise _is applied
to the n-type diffusion layer indicated at the source
S or drain D of the nMOS transistor in Fig. 1, the junction
between the n-type diffusion layer and the substrate
p~Sub is forward-biased, and a forward current flows
10 from the substrate p—-Sub toward the n-type diffusion
layer. BAs a result, minority carriers (electrons in
a p-type substrate) are injected into the substrate
p-Sub. Since the minority carriers have a mean free
path which is usually as long as several hundred um,
15 they reach another circuit part and incur, for example,
the problem that a stored signal in a memory cell is
destroyed in an SRAM or DRAM. The phenomenon of the
minority carrier injection might be caused, not only
at the input or output node part, but also by a circuit
20 operation inside the chip in such a manner that the
potential of the diffusion layer or of the substrate p-Sub
fluctuates locally due to capacitive coupling or due to
saturated operation of the bipolar transistor. It is
therefore impossible to realize high performance of the
25 BiCMOS system.
Disclosure of the Invention:
An object of the present invention is to solve
the problem described above, and to provide a semiconductor
device which operates stably. Another object of the
30 present invention is to solve the problem described
above, and to provide a voltage application method by
which a voltage to be applied to a substrate or an isolation
region is freely set according to an intended use, as
well as a device structure which makes the method possible.
35 Further objects of the present invention will become



as regards portions to which the sane synbols are assigned, it is nmerely

i pdi cat ed Lﬂggthe,eeﬁduchVTty types are the same, and the inpurity

mat eri al s and |npur|t‘.0ﬂ&@&mtration are selected at will properly
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n-type isolation |ayer (nVELL)_ faqr form_ng nOS transi stor, whereby the
junctions of 2RBRT &R %ERWs$@%%§ﬂ&4€VéﬁﬁeHQFFSHPFQPP|ﬂ§ eRPEALRRALDNdi ti on of
forward bi asandhdtawingsv th the prior art, in a case where the circuitry
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| owest Vol tage required 't evi e isolation, reverse bias, voltages to
be applled t%u?$ﬁ?$ﬁ?lﬁﬁuﬁﬁﬁddn§lth respect to the operating voltage

of circuitry is applied to a portlon liable to the

injection of minority carriers, for example, a substrate.
Further, in the present invention, in order to solve

10 problems ascribable to the method of applying the voltage
as stated above, for example, the problem that voltages
to be applied to individual devices increase to degrade
the reliability of a device of low breakdown voltage
such as a microminiature device, the isolation region

15 of MOS transistors of identical conductivity type or
bipolar transistors of identical conductivity type is
divided into several isolated regions, to which suitable
isolation voltages are applied according to the respective
uses.

20 Brief Description of the Drawings:

Fig. 1 is a sectional view showing a prior art, Fig. 2
is a sectional view showing the first embodiment of the
present invention, Fig. 3 is a sectional view showing
the second embodiment of the present invention, Fig. 4

25 is a sectional view showing the third embodiment of
the present invention, Fig. 5 is a sectional view showing
an embodiment of a CMOS structure, Fig. 6 is a sectional
view showing an embodiment of a bipolar structure, Fig. 7
is a sectional view showing an embodiment of a bipolar-

30 CMOS compléx structure, Fia. 8 is a sectional view showing
an embodiment of an SOI structure, Fig. 9 is a sectional
view showing an embodiment of an SOS structure, Fig. 10
is a block diagram of a memory, Fig. 1l is a diagram showing
an embodiment for the application of a substrate isolation

35 voltage to a memory, Figs. 12 - 16 are sectional views



can ‘be rendered small, and therefore it is possible to cope with the
problens of |owering in the breakdown vol tages of devices, etc. attendant
upon the futupe—ﬁ%eronrﬁréfﬁ?Tfaf|on of the devices. On the ot her hand,
however, a probl.eg 0. HeEnsS doel ow ari ses. Si nce t WaVal Tl SWeY i
out put terni nal s SHeRtERE il rectly connected with an j;@@ﬁﬁﬁﬂﬂﬁﬁMGWMﬁm
noi se above the s|i Blor belFow 6 V (in general, REVISEED

- 3- such as ovemstok tershoot) mght arrive. Since the input or

out put node is. connected to t-he diffusion

each showing an embodiment of a MOS dynamic memory, Figs. 17
and 18 are sectional views each showing an embodiment
of a bipolar-CMOS complex dynamic memory, Fig. 19 illustrates
sectional views showing an embodiment of principal steps
5 for realizing the structure in Fig. 18, Fig. 20 is a
sectional view showing another embodiment of the bipolar-
CMOS complex dynamic memory, Fig. 21 is a plan view with
the embodiment of Fig. 20 seen from the front surface
of a chip, and Fig. 22 illustrates sectional views showing
10 an embodiment of principal steps for realizing the structure
in Fig. 21.
Best Mode for Carrying Out the Invention:
Now, the details of the present invention will
be described in conjunction with embodiments.
15 [Embodiment 1]
Fig. 2 shows one of the basic embodiments of the
present invention, in which the BiCMOS system is applied
to a dynamic RAM (DRAM) employing a l-transistor type
cell as a memory cell MC. '
20 In the figure, the sectional structures of nMOS,
pMOS and npnBIP transistors and the memory cell MC are
illustrated. The information of the memory cell MC is read
out to a data line DL or written therein from the data line
in such a way that a storage capacitance'is formed between
25 n-type diffusion layers and a plate (PL) and between the
n-type diffusion layers and a p-type diffusion layer, and
that charges stored in the storage capacitance are
controlled by a gaté WL to which a word line signal is
applied. Besides, in the memory cell MC shown in the
30 figure, the p-type diffusion layer is disposed underneath
the n-type diffusion layers for storing the charges.
This p-type diffusion layer serves to increase the storage
capacitance, and also to shield the capacitor portion from
minority carriers attributed to radiant rays such as

35 alpha particles entering a substrate (to function as a



layer within the chip in any form the corresponding junction will then be
f orwar d- birased—+n—the—prion art. By way of exanple, when the m nus surge

noise is a 1-type diffusion |ayer indicated at ,

drain D of F%tor in Fig. 1, the junction bet vtzﬁﬁtgéﬁgg,%%égw

di ffusion | fubstrate p-Syb is forward-biased,

current fl ows alitlbstrate p-Sub toward the n-type diffusion | ayer.

As a result, mnority carriers (electrons in a p-type substrate) are

injected into the substrate p-Sub. Since the mnority carriers have a nean

free path ich.,is usually as |p as sever.al hundred ers they reach

anot her crr@ﬁff ﬁérgoaﬁﬁelwﬁﬂﬁr ForC AR, . 4%? I5°8b FEm* €a3st or ed

signal in aseEtDeyroel tats a&nmxhgh&hltbeﬂhéﬁaNﬂny'dﬂ%ﬁﬂe'Ehdlphenonenon of

the mnorit rri e by sed, he i nput or
X-agé Eﬁfﬁ + gtt.%ﬁ)@ttmegkﬁ. <f e AL %fas 'ﬁ'&e t%%gte 1

out put node “par a circuit operation ifisi chip in such a
manner thathNQrMocehllam HWGQRR%QﬁHfQEEQﬁtIqﬁuintmrmﬂtndmalsﬁ&sctaoe p- Sub

fluctuates bacaLbyudleide, Cappp) | i, opPHI B e t gesatdcal efl Operation
of the bipolar transi st i's’ therefore inpdssible o realizé
per f or nance Psenppenon of soft errors is detailed in "IEEE Transactlon

on Electron Device," Vol. ED-26, No. l, Jan., 1879,

pp. 2 ~ 9, etc.
As indicated in the figure, the silicon substrate

10 used is a p-type substrate p—~Sub. This is intended to
employ an npn BIP transistors of high performance and to
isolate them efficiently. The impurity concentration of
the substrate is usually selected on the order of 1014 -
101® (cm™3) in consideration of the collector-substrate

15 capacitance of the BIP transistor, etc. Symbols nBL and
pBL denote buried layers of comparatively high
concentrations, which reduce the collector resistance
of the BIP transistor so as to realize high performance
and simultaneously render the resistance values of well

20 regions nWELL and pWELL smaller so as to prevent the
occurrence of a latch-up phenomenon. The latch-up
phenomenon is stated in "Technical Digest of
International Electron Device Meeting," 1982, pp. 454
- 477, etc. The impurity concentrations of the buried

25 layers nBL and pBL are respectively selected on the orders
of 1018 - 1020 (cm™3) and 1016 - 1018 (cm™3). The buried
layers can be realized by, for example, a method in
which they are formed in the substrate p-Sub by diffusion
beforehand, followed by the epitaxial growth of silicon

30 and by the formation of thé‘wells pPWELL and nWELL, etc.,
or a method in which they are formed by the implantation
of ions at comparatively high energy levels into the
substrate p-Sub from the front surface thereof, and the
details will be stated later. Either or both of these

35 buried layers is/are omitted for some purposes. Symbol CN
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denotes a heavily-doped layer for lowering the resistance
between the collector node C or a node VBBZ and the buried
layer nBL. Symbols nWELL and pWELL denote regions for
forming the pMOS and nMOS transistors, respectively. For
this example the collector layer of the BIP transistor is
made of nWELL and nBL.

In the construction thus far described, according
to the present invention, a voltage which is higher or
lower than the operating voltage range of the circuitry
is applied as at least one of voltages for isolating
the individual devices, VBBl {this voltage is generally
called a "substrate voltage" as it is supplied to the
substrate through the regions pWELL and pBL) and Vag2
(generally called a "well voltage"). Whether such a
voltage or voltages is/are applied as either or both
of the isolation voltages, may be selected according to
purposes. By way of example, under the condition that
the circuitry operates between 0 V and Vee (for example,
5 V), a negative voltage below 0 V is applied as the
substrate voltage VaB1 and the voltage V.- is applied as

the well voltage VBBZ‘ Thus, the value of the substrate
voltage VBBl is set so that the substrate and the n-type
diffusion layer within the region pWELL, for example, may
not be forward-biased even when a minus voltage is applied
from inside or outside the semiconductor device to the
n—-type diffusion layer by any cause, thereby making it
possible to perfectly solve the phenomenon in which the
minority carriers are injected into the substrate  and
incur the malfunction of the circuitry as the problem
of the prior- art. This effect is especially remarkable
in the DRAM of the type storing information in the form
of charges as shown in Fig. 2, but it is a matter of
course that marked effects are obtained also in other
devices such as a logic LSI, SRAM and ROM. Although, in

the above, the well voltage Vag2 has been set at the

L~ o ahR——-o-

kes the method possi bl e. Furt her objects of



apparent fromthe foll owi ng description of enbodi mrents and draw ngs.

In the present invention, a voltage which is still negative (in general,

when a p-type silicon substrate is used) or positive (in ge en an ,
n-type sili Cihis ShaskERk Bath BediRediSEd) W th respect to the operg& THIS SHEBTSHyeS BEEN
circuitry is gEsiHEIND .'ortion |iable to the injection m NBEPLACED
carriers, for|/HEaItEi] a;’bstrate. - 8 ~Further, in the present Tnvention

in order to soO 5' ascri bable to the nethod of applying the voltage

as stated.above, for exanple, the problemthat voltages to be applied to
i ndi vi dual devices increase to degrade the reliability of a device of |ow
br eakdown vobepBY strktage ¥ag.crofiimidedr e£§ect cean, ke84 on regi on of

MOS transi st @¢&n Ofhdrnlentididageomdlypllrvithynt yhe otppipoaltdgansistors of
identical copductivity t is diwvid g intg sever al _isol toed rrelgolsoergs_, to
whi ch suitabf® "f‘%%}r%ﬁ‘%/oﬁg%e[ Vo[ XPZ 88p1 1 BEZa%%%?E‘ihh’bgt thEFespect i ve
uses. MoBrdedr Demxadystingn tof thRepbeaghhgsnvention, the well
5 regions pWELL and nWELL and the diffusion layers lying
in contact with them are not forward-biased, so that the
occurrence of the latch-~up phenomenon can be prevented.
Furthermore, the reduction of junction capacitances
becomes possible.
10 Although the example employing the p~type substrate
has been taken in the present embodiment, an n-type
substrate may well be employed in, e. g., a case of
using a p-n~p BIP transistor. It is needless to say
that, on that occasion, the signs of applied voltages
15 ought to be made opposite. In addition, although the
HiC type cell has been illustrated as the memory cell,
the embodiment as left intaét is also applicable to
cases of employing various planar type or vertical type
memory cells {such as CCC and STC cells) described in
26 "IEE PROC.," Vol. 130, pt. I, No. 3, JUNE 1983, pp. 127 -
135; "1984, 1985 International Solid-State Circuit Conference,”
Digest of Technical Papers; etc. It is as stated before
that the DRAM is not restrictive, but that the embodiment
as left intact is also applicable to other general LSIs
25 such as SRAMs, ROMs and logic LSIs. Besides, although
the voltage higher or lower than the operating voltage
range of the circuitry is required in the present invention,
it can be generated within the semiconductor device
by any of methods described in Japanese Utility Model
30 Registratioh-Application No. 54-82150; or 1976 ISSCC
Digest of Technical Papers," pp. 138 - 139; etc., and
hence, it can also be realized without externally feeding

a dedicated voltage. The substrate voltage VBBl may
well be applied from the rear surface of the substrate.
35 The embodiment thus far described has referred to



Fig. 1 is a sectional viewshowing a prior art, Fig. 2 is a sectional view
show ng the—%rfs%—eﬁhed+ﬂen%‘of t he present |nvent|on Fig. 3is a

gect i onal haow ng the second enbodi ment of the present invention, Fig.
4is a sectl ff., MBEREHy the third enbodi nent of thefp

I nventi on, | fﬂﬂfg - [N TRIE

structure, NIk (BRI [ 1§l

1ional vi ey showi ng an enbodi nept of “A: RIS BEEN

] i onal view showi ng an enbodi nme -e#uawbﬁﬂﬂla_
structure, Flg 7 is a sectional view showi ng an enbodi nent of a bipol ar-
CMOS conpl ex structure, Fig 8 is a sectional vieM/shomAng an enbodi ment of
an SO structure; ctional view shop an e i rent of an
SOS st ruct uFge ¥$5P°§0”} 4& R UPaGRIm of th€%53§ is a diagram
showi ng an egbelé nembsdite rpesappbrcaheonem ﬁegmﬁthEE maﬂﬁmi on vol t age
to a rrermryth gﬁlp?j%hef%%yaQ% %%i%'on fe prggfem of the prior

art. Next, there will be elucidated a case where unequal

5 isolation voltages are applied” in conformity with the
purposes of circuit blocks within a chip. For example,
an inout circuit block as to which the injection of
minority carriers is problematic or a circuit block
which needs to reduce its junction capacitance has the

10 isolation voltage higher or lower than the operating
voltage range of the circuitry applied thereto as
explained in connection with Fig. 2. On the other hand,
in the block of the memory cell in Fig. 2, it is desired
that the concentration of the p-type impurity layer

15 forming the storage capacitance be heightened to increase
the storage capacitance and also to augment the shield
effect against the minority carriers created by the
entry of alpha particles. It is also desired that
devices be microminiaturized to attain a higher density

20 and a higher speed. In these blocks, the breakdown
voltages of the devices become lower. Therefore, the
highest or lowest voltage within the operating wvoltage
range of circuitry is applied as the isolation voltage
of such a block likewise to the prior art. There will be

25 described embodiments on a method which applies any
desired voltages according to purposes in this manner,
and a semiconductor structure which makes the method
possible.

The technigues to be aiscussed hereinafter can be

30 applied without any change, not only to LSIs of the
BiCMOS system, but also to those of the conventional
pMOS, nMOS or CMOS system. Therefore, various examples
of applications shall be explained without sticking
to the BiCMOS system.

35 {Embodiment 2]
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Best Mbde for Carrying Qut the Invention: Now, the
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A construction in the figure is such that a p-type
substrate (p-Sub) is formed therein with an n-well

layer NW, in which p-well layers PW, and PW, are further
formed. The nMOS transistors formed in the two p-wells

and the substrate p-Sub are respectively denoted by
symbols nMOS1l, nMOS2 and nMOS3. In this structure,
voltages Vap1’ Vgpp and Vgpi independent of one another
can be applied to the isolation layers.of the three
sorts of nMOS transistors, and they can be selected at
suitable voltages according to circuit uses.

On the other hand, the supply voltage VCC or a
voltage which is at least higher than both the voltages
Vag2 and Vgpy is applied as Vppy to the n-well layer
NW. Although the single nMOS transistor has been shown
in Fig. 3, one well usually has a plurality of nMOS
transistors in each of three isolation layers.

In addition, although the two p-wells and the single
n-well have been shown in Fig. 3, this embodiment is
also applicable to a combination wherein a plurality
of n-wells are provided and wherein one or more p-wells
are designed in each of the n-wells. It is also possible
to construct all the nMOS transistors-in a p-well. Further,
the present invention can be readily applied to a pMOS
integrated circuit merely by altering the conductivity
types of the substrate, wells and MOS transistors and
reversing all the potential relations. The voltage V
may be applied to the substrate either from the front

BB1

surface or from the rear surface thereof.
{Embodiment 3]

Fig. 4 shows an embodiment in which the present
invention is applied to an nMOS integrated circuit employing
an n-type substrate. Referring to the figure, two p-wells

(PW;, PWp). are formed in the n-type substrate (n-Sub),



Fig. 2 shows one of the basic enbodinments of the present invention, in
whi ch the Bi CMOS system i plied to a dynam ¢ RAM (DRAM enpl oying a
1-transisLQL,Lype~CETT’§§SgaﬁenDry cell MC In the figure, the
sectional struc ﬁf;", pMOS and npnBI P transistors a

cel | MC are TH i I nformati on of the nmenory cell L o ,
to a data lin Hh therein"ftbnTthe data line in fuch. a’way-that--- -
a storage cap forned bet ween n-type diffusion |ayers and a plate
(PL) and between the n-type diffusion layers and a p-type diffusion |layer,

and that charges stored in the storage capacitance are controlled by a gate
W. to which én@nm¥p$|¢ﬁﬁﬁﬁkﬁ%9Fsl§r&p%PF@Gd Basthesrespeehivernst el | MC
shown in therﬁlﬂwée11Iﬁﬁtﬁaﬂeupeodsk&u&mannlayentaged|3£§ eﬂhdl eath t he

n-type diffughon,davel eddf othell Bget Bepihahges. t1bi SePsd ypa, di tisi on
| ayer serves to’iIncrease tora tance so 1o shield the

capacitor pofelbh ¥¥prAnd Ko é&P VéPg r PREFERT t LAYSRF AR rays such as
al pha pa5t|chesthgﬁewvoﬁ;agesuN%%Qaaed(Ngggun@b?oﬁpésm%m voltages
can be applied depending upon the circuit portions. By

way of example, the ground potential GND can be applied

D

as the voltage V.., and a still lower voltage of -3 Vv
as the voltage V

BB2° A voltage Vgpy to be applied to

10 the substrate n-Sub may be the supply voltage VCC' or
a voltage higher than both the voltage VBBZ and Vgpj.

Although only the two p-wells each including the

single nMOS transistor therein have been shown in Fig. 4,
the embodiment is readily applicable to the combination

15 between any desired number of p-wells and any desired
number of nMOS transistors. On this occasion, two or
more voltage values as desired may be selected for the
applied voltages of the plurality of p-wells in conformity
with uses. Besides, a pMOS integrated circuit can be

20 fabricated by inverting the conductivity types of the
substrate, the wells, sources and drains. At this time,
positive voltages unequal to each other are applied
as the voltages Vppy and Vg3, and the voltage GND or
a voltage lower than both the voltages VBB2 and Vgpj

25 is applied as the voltage VBB1*
(Embodiment 4] '

Fig. 5 illustrates an embodiment in which the present

invention is applied to a CMOS {complementary MOS)} structure.

Referring to the figure, three n-wells (Nwl, NW, NW3)
30 are formed in a p-type substrate, and p-wells (PWl, PW5,)
are further -formed in the respective n-wells NW, and
NW,. Thereafter, nMOS transistors (nMOSl, nMOS2, nMOS3)
are respectively formed in the p-wells (Pwl, PW,) and
the substrate p-Sub. Besides, pMOS transistors (pMOS1,

35 pMOS2, pMOS3) are respectively formed in the n-wells



barfier to the mnority carriers), thereby to reduce a soft error rate
ascri babl e td‘ThE‘eﬂ%L¥‘gL\LD§~£adiant rays. Such a structure is detailed

as the H C typey, gnory cel | Technical Digest of International Electron
Devi ce Meeting, Tudg 225 5 -Jh&@% 290, etc. Besides, the phenonen
errors i s detailj Aﬂransactloazon Electron Devi ¢ ;ﬂ;y@HEFEBAQ@EEN

No. 1, Jan. 19188 jd) etc As indicated in the figrERACERe
silicon substrate used 1S nt ended to

type substrate p-Sub. This

(NWy, NW,, NW3). In this construction, voltages Vgg2 -
VBB4 and Vgp] are applied to the p-type isolation layers
for the nMOS transistors. On the other hand, voltages
Vap3s Vpps and Vppg are applied to the n—~type isolation

5 layers for the pMOS transistoxs. As three voltages

VBBZ' Vpp4 and Vppy Or as three voltages Vep3+ VBBS and
VBBG' voltages of at least two values unequal to each
other are applied according to circuits used. By way of
example, voltages of GND (0 V) and -3 V are applied as the

10 voltages VéBZ’ VpB4 and Vg, while voltages of Voo (+5 W)
and Vo~ + o (+7 V) are applied as the voltages VBp3+ Vpgs
and VBBG' In this way, the voltages as desired can be
applied to the individual isolation layers of the nMOS
and pMOS transistors. Although, in Fiqg. 5, only one MOS

15 transistor has been shown in each of the wells, a plurality
of MOS transistors may well be provided as are necessary.
In addition, although the numbers of the wells are 3
as the n-wells and .2 as the p-wells in Fig. 5, they may
be increased or decreased as are necessary. Further,

20 it is to be understood that the present invention is
also applicable to a construction wherein the polarities
of the substrate and the wells are inverted. That is to
say, p-wells are first formed in an n-type substrate and
wherein n-wells are subsequently formed.

25 While the embodiments described above concern the
construction employing only the MOS transistors, there
will now be described examples in each of which the
present invention is applied to an integrated circuit
employing bipolar transistors or an integrated circuit

30 having both bipolar and MOS transistors.

[Embodiment 5]

Fig. 6 illustrates an embodiment in which the present
invention is applied to an integrated circuit employing
bipolar transistors. Referring to Fig. 6, three n-p-n

35 Dbipolar transistors {(npnl, npn2, npn3) are one p-n-p

PR tost s A0 -5



enploy an npn BIP transistors of high performance and to isolate them
efficiently. The inpurity concentration of the substrate is usually
selected on the aorder of 1014 - 10[err] (cnmferr]) in consideration of the

col | ector-substrate capacitance of the BIP transistor, etc. Synbols nBlL and
aratively high concentrationg, TRRISSRET @idscEEN

the coll ector re$j Kiiille BI P tranBstor so as to realijze hi gEPLACED
per f ormance and $@t Hhae Sl render the resistance val ues of. well regions
NVWELL and pWELL smaller so as to prevent the occurrence of a latch-up
phenomenon. The | atch-up phenonenon is stated in_"Technical D gest of

| nt er nati onal Efpetanntpndistovedpingg) " aregforppd. 4580 - a /GonVeR glonge

i npurity concepipatdonsnigldiedoiredilkayar p1aBhlsog pBlnas-enrespecti \6[e| y ]
10[ err

selected on the orders of 10[err] .- 1 rr, C rr nd_10[err]..-
(cnferr]). The%ﬁ??’e%lt?%%/afsﬁl &8 Sﬁé“Fg%(ﬁi z‘lé‘dgbgf' g}’BJf)%‘g%%ﬁ ae‘“Fe aP‘]nse‘f’%od in
whi ch they arelfkswise 4o tihe srhsisisterpnfuol by dhisufigurdeint efrend,
foll owed by th itaxial gro f . Sili byt ien of the
wel I's pWEL ange‘ﬁ\eﬁ%f %tcco.qn,mo\gg r;él’l(g’r":r'f‘a: ﬁgﬁcﬁﬁl\%ﬁgghx?hgevé%g%rﬁw by the
i npl ant ati on ofr¢mnhetfxpsvsfagel PrhirgRTeABEEFCEVEI3 FMB- t he

When the magnitude of the voltage vBBl is set at the
lowest potential GND (0 V} in circuitry or at a still

lower potential, the plurality of bipolar transistors
10 can be isolated from one another. In the present

invention, p-type isolation layers separated from the

substrate p-Sub are further provided as indicated by
symbols PW, and PW,, and the n-p-n transistors (npnl,
npn2) are formed therein. The p-layers have voltages
15 VEBZ and Vgpq applied thereto. The values of the
voltages Vag2 and Vggi can be set independently of the
voltage Vep1- A voltage Vgg4 is applied to an n-type
layer (nW) for isolating the substrate p-Sub and the
p~layers. When a voltage VBB4 (for example, egqual to
20  the supply voltage V..) is higher than the three voltages
VBBl' Vgg2 and VBR3¢ the transistors npnl, npn2 and
npn3 can be perfectly isclated from one another. The
p-n-p transistor (pnpl) in the figure can be constructed
by employing some of layers used for forming the transistors
, 25 npnl and npn2. When the conductivity types of all the
_ layers including the substrate are reversed, unequal
é voltages can be applied to n-type isolation layers
forming a plurality of p-n-p transistors.
[Embodiment 6] .
30 Next, there will be elucidated an example in which

the present invention is applied to the so~called BiCMOS

structure having both CMOS and bipolar transistors in

a chip. Fig. 7 illustrates the embodiment in which nMOS

transistors (nMOSl, nMOS2, nMOS3) and pMOS transistors
35 (pMOSl, pMOS2) are formed in a p-type substrate p—Sub



substrate p-Sub fromthe front surface thereof,

and the details will be

stated | ater " Erther—or—both of these buried Iayers is/are omtted for sone

puf poses. Synbgj;, SN s B 1o -7-
heavi | y- doped 'iﬁ"r“” e R\RRIAde
C or a node VBB

My
regions for for "’:%L and nMOS transi stors,
exanpl e the col |l ector

| ayer of the BIP transistor is

as in Fig. 5, and in which an n-p-n
(npnl) is further formed. As in the foregoing,
and Vppjy can be independently set as

$hg the resistance between the c
ed | ayer aBL Synbol s nWELL and
respective

denotes a
dectar node
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Vagl' VBB2
isclation voltages of the nMOS transistors.

voltages V B4 and Vppg can be independently set as
the isolation voltages of the pMOS transistors. The
substrate voltage VBBl of the transistor nMOS3 is
applied to the isclation region of the bipolar

transistor, but this voltage VéBl'can be set as an
isolation voltage dedicated to the bipolar transistor

in the absence of the transistor nMOS3. In addition,
when a structure similar to that of the transistor npnl

In addition,

in Fig. 6 is incorporated in the construction of Fig. 7,

isolation voltages unequal to each other can be fed to the
bipolar transistors. Besides, a p-n-p transistor can be
formed as in Fig. 6. Also, when the conductivity types of
the substrate, the wells,

the MOS transistors, and the collector, emitter and

the sources and drains of

base of the bipolar transistor are all inverted, a p-n-p
transistor and a CMOS structure can be constructed, and
the plurality of isolation voltages of the present invention
can be applied to such a comstruction.
[Embodiment 7}

Fig. 8 shows an.embodiment in which the present
invention is applied to the nMOS portion of a stacked
CMOS structure. The figure shows the example which
is formed with nMOS transistors on the side of a substrate,
and with pMOS transistors on the substrate by the so-called
SOI structure wherein polycrystalline Si is grown on
an insulator film. By combining such a configuration
with a p-well (pW) and an n-well (nW), independent voltages

Vpgy and Vgp; can be applied to the respective isolation
portions of the transistor nMOSl formed in the p-well

and the transistor nMOS2 formed in the substrate p~Sub.
In addition, when the conductivity types of the substrate



made of nWELL and nBL. In the construction thus far described,

accordi ng t o-the present—nvention, a voltage which is higher or |ower than

t ke operating voltaoenranoe of the circuitry is applied as at |pgast._one of
vol t ages for i'SBEMIE BemReplaced |/ qual deV|ces Vierr] (this vol i d4& $HEET Havw REEN
general ly cal | ei¥ Rt vol t age” @% I's supplied to the substrata,n
t hrough t he reg|{itk pBL) and B2 (generally called a "well — = =
vol tage") \Whet her such a voltage or voltages is/are applied as either or

both of the isolation voltages, may be sel ected according to purposes. By

way of exanple upder t o Cyiyt between 0 V
o Vel Bpd gg pei%s %‘9 ééqcazerte St Ukl Bk BBELIbES ol od 2

t he substratetvoﬁpagePMPérFfa%ﬁkFQQﬁ§\Rﬂt é%FFthséBﬁlPﬁﬁ ¥ ghe wel |

vol tage V[ e”}craIB%toi:BeoMatw Y1 SIS iRt slvehaagen&'[ Ebr.]ipb5yset SO

that the substrate and thﬁ %pe I ffusion la %4% n |on pPWVELL,

for exanple, REPahBEeHLSP AL Sevéh eﬁsg mngs QSFFé%e is applied
frominsi e opfothaei gHO§heramsistanduct or device to the n-type diffusion

| ayer by any u .1here making it possible to perfectly solve the
phenomenon inqaﬁggﬁl%ﬁgg QY

Fig. 9 illustrates an embodiment in which nMOS

and pMOS transistors are constructed on an insulating

substrate written as INSULATOR in the SOI (Silicon on

10 Insulator) or SOS (Silicon on Sapphire} structure, and
in which the present invention is applied to such a
construction. On the insulating substréte, p-type Si
{or n-type Si} is formed by crystal growth, whereupon
an n-type (or p-type) impurity is introduced into the

15 p~layer deeply enough to reach the substrate, thereby
to isoclate a plurality of p-type {or n-type) regions.
The nMOS transistors are formed in the isolated p-type
regions, and the pMOS transistor is formed in the n-type
region. Voltages VBBl and Vppy are applied to the

20 respective p-type regions in conformity with the uses of
circuits, while a voltage Vag2 is applied to the n-type region.
The numbers of the p-type and n-type isolation regions
in Fig. 9 can be selected as desired, and it is also
possible to employ only either pMOS transistors or nMOS

25 transistors.
[Embodiment 9]

Thus far, the various structures for the substrate

voltage isolation have been described with reference to
Fig. 2 and Figs. 3 ~ 9. Now, there will be described

30 embodiments in which these structures are applied to
semiconductor memories.

Fig. 10 is a block diagram of any of general memories

(including a dynamic RAM, a static RAM, a ROM, etc.). Symbol
ADR denotes an address input, symbol CS a chip select

35 input, symbol WE a write enable input, symbol DI a data



mnority carriers are injected into the substrate and incur the mal function

of the circuitry as the problemof the prior- art. This effect is

especi al |y remarkabl € im theDBRAM of the type storing informfi

f or m of chargemsa@eéﬂ%\/ﬂgm Fig. 2, but it is a matter of cou

mar ked effects $ " ﬂ o in other devices such as a |
ve

and ROM Althou the WelT vol tage VBB2 has been set at the

input, and symbol DO a data output. The designations
of these signals are mere examples, and other designations
are sometimes used.
A block I indicates an address buffer as well as
5 a decoder and a driver. A block C indicates & control
circuit and a write circuit. A block MC indicates a
memory cell array. A block SO indicates a sense circuit
and an output circuit. One embodiment of the present
invention consists is applying the different voltage
10 to the memory all array MC enclosed with a broken line
from to the other portion.
Referring to Fig. 11, a chip which includes the
two blocks isolated as in Fig. 10 has a built~in
substrate bias voltage generator, and the two outputs
Vgamy 2nd Vgpyp of the bias voltage generator are applied
to the peripheral circuits other than the memory cell
array, while a supply voltage V.. and the ground potential
GND are applied to the memory cell array as VBBMB'and
VBBM4 respectively. The circuit arrangement of the
20 substrate bias voltage generator has already been disclosed
in "1976 ISSCC," pp. 138 - 139 or Japanese Patent
Application Laid~open No. 51-117584. In this construction,
by way of example, the isolation region (n-well) of the
pMOS transistor of the peripheral circuit is fed with the
25 vdltage VBBMl (+7 V) and the isolation region (p-~well)
of the nMOS transistor thereof with the voltage V. BBM2
(-3 V), while the n-well of the pMOS transistor of the

cell array is fed with the voltage Voc and the p-well
of the nMOS transistor thereof with 0 V. By supplying
30 the voltage of large absolute values to the isolation
regions of the input and output circuits in this manner,
the memorﬁ becomes stable against the overshoots and
undershoots of input and output signals, junction capacitances

15



suppfy voltage V[err], a simlar effect can be obtained even when a vol tage
hi gher than the supply voltage V[err] is applied as the well voltage VBB2

according to purposes—WMpteover, according to the present inveng} Qg

wel | regions pWELL and Wl | -cont QEI’LA F}D"hm BN
them are not f onkgdget iR org 880 that the occurrence of the |atth—tp —
phenonmenon can béﬁ 13 yr t her nor e, gge reduction of junction
capaci t ances becoffEssitpREl Al t hough the exanpl e enpl oyi ng the
p-type substrate has been taken in the present enbodi nent, an n-type
substrate may well be enployed in, e. g., a case of using a p- n p BIP

transistor. It i ?tﬂéegéféélﬁafhc%@’ b@%@:&enoEhfeh%uPESésbPrHrél
appl i ed vol t ages ought be nade og posi t I n addition, %ﬁlthe H C
type cell has beéﬁaPFl-%%‘?’F%taé‘tﬂi &s s étﬁéﬁer ¢neefhe wéaféh%tﬁ%ﬁe taseqneft

intact is also aﬁﬁél@@Di@cﬁdr§3@3:'e%19513§pEQﬁhBQst{af:!sOélﬁdp&tﬁélasfuﬂs\ﬁ?ﬁ

vertical type nenory calé&FsuchE% CCC and,STC cells descrlbe "IEE
PROC.," Vol . 130€3pibe,re NRN1§BBUTfEY §9pcen ’é%,.l‘mig%?

| nt er nat iSonal Soléeds Shedree Ao Goift eppbesesan, be Dsgbst tad f@chﬂecaielﬁaper S,
etc. It is as StQ%Egypefé¥(%he way, the designations of isolation voltages
for use in the following embodiments shall correspond
to the symbols VBBM]’ VBBMZ’ VBBM3
in accordance with the roles thereof.

10 Sectional views of embodiments of chips which are
obtained for the embodiment of the chip setup in Figs. 10
and 11 will be elucidated below. Each of them illustrates
the sectional structure of the portions of the input
circuit and dynamic memory cell of a MOS dynamic RAM

15 in correspondence with the prior-art example in Fig. 1.
Although the memory cell is the dynamic cell here, the
present invention is similarly applicable to a MOS static

and VBBM4 in FPig. 11

memory cell and a bipolar static memory cell.
{Embodiment A}
20 In an embodiment in Fig. 12, the nMOS transistors
of an input protection circuit {an n-type diffused resistor
and an nMOS diode) and an input circuit are formed in
i a p-well (pW), the pMOS transistor of the input circuit
is formed in an n-well (nW), and a memory cell made
25 of an nMOS transistor is formed in a p-type substrate
p-Sub. In the present embodiment, the p-well of the
input circuit and the substrate p-Sub are isolated. Therefc
the values of the isolation voltages VBBMZ and VBBM4
of the respective regiens can be independently set. Accordi
30 by way of example, the voltage VBBMZ can be selected
at —3 V in order to satisfy the specifications of the
input circuit, and the voltage VBBM4 can be selected
at 0 V from the viewpoint of the soft-error immunity
of the memory cell. A broken line under the memory
;35 cell indicates a p-type high impurity concentration layer.



that the DRAMis not restrictive, but that the enbodinent as left intact is

al so appl i cabrreto—other—general LSIs such as SRAMs, ROMs and Ioglc LSl s.

Besi des, alt h he vol t age hi gher or |ower than t he opetati ot ot

range of the %ﬂ : 7f“ﬂh@@u|red in the present |nvent|cH?§$$ gqg?N
igpnduct or devi ce by any of nethoc

generated w tj ' -
Japanese Ut i | | #amimaRSiENE IREE stration7wﬁﬂrbalion No. 54-82150; or 1976 | SSCC
Di gest of Technical Papers,” pp. 138 - 139; etc., and hence, it can al so be
realized without externally feeding a dedicated voltage. The substrate

s
elucidated in Fig. can be prevented to provide a stable
dynamic memory.

[Embodiment B])
5 In Fig. 13, only the n-type diffused resistor and

nMOS diode of an input protection circuit are provided
in a p-well, and the nMOS transistors of any other peripheral
circuits are formed in a p-type substrate p-Sub likewise '
to a memory cell. Besides, a pMOS transistor can be

10 formed in an n-well. A voltage VBBMZ (for example, -3 V)
is applied to the p-well under the n-type diffused resistor
and nMOS diode which are input.protection devices, while

a voltage VﬁBM4 {(for example, 0 V) is applied to the

substrate p—~Sub of the nMOS transistors of the input
15 circuit and the memory cell. A p-type high concentration
layer is provided under the memory cell as in Fig. 12.

A voltage V BEM1 is applied to the n-well. The present
embodiment is advantageous over the embodiment of Fig. 12

in that, since only the input protection devices are

20 provided in the well, the layout is simplified, and
that, since the nMOS transistors other than the input
protection diode are formed under the same concentration
condition over the cell and the peripheral circuit, the
control of threshold voltages Ven is easy.

25 [Embodiment C]

Fig. 14 illustrates an embodiment in which a memory
cell is formed in a p-well (pW), while the nMOS transistors
of an input protection circuit and any other peripheral
circuit are formed in a p-type substrate p-Sub. In the

30 present embediment, the p-well of comparatively high
concentration is provided under the memory cell, and
it acts as the substitute of the high concentration
layer indicated by the broken line in Fig. 12 or 13.
[Embodiment D)

35 Fig. 15 illustrates an embodiment which employs
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teiragd tCapdcat aBReranskldl s d doangdein pheeihisel dwedfecs
q:%rei texlbo%rlgnle%%% 8%69}.<gesd % t—hel4 have the double well
structure, a well configuration of single layer suffices
in the present embodiment. A voltage VBBMZ {for example,
—3 V) is applied to the p-well of the nMOS transistor

of the peripheral circuit, while a voltage VBBM4 {for
example, 0 V) is applied to the p-well of the nMOS transistor
of the memory cell. 1In addition, a voltage VEBM1 (for
example, a supply voltage VCC) is applied to the substrate
n-Sub. In the p-well to which the voltage VBBMZ is
applied, only an input protection circuit may be formed,
or peripheral circuits such as an address buffer may

well be included.

{Embodiment E]

Fig. 16 illustrates an example in which a pMOS
memory cell is formed on a p-type substrate p~-Sub. A
BBM2 (for example, —3 V) is fed to the substrate
of the nMOS transistor of a peripheral circuit, and
a voltage VBBM1 {(for example, +7 V) is applied to the
n-well of the pMOS transistor of another peripheral
circuit, thereby to reduce the source and drain junction

voltage V

capacitances of the pMOS transistor. A voltage VBBMB
{for example, a supply voltage VCC) is applied to the
n-well of the memory cell. Thus, it is possible to
construct a memory in which the input circuit is immune
against undershoots and can attain a high speed, while
the memory cell is less prone to soft errors.
(Embodiment 10} -

In the above, Embodiments A ~ E applied to the
MOS memories (SRAM, DRAM) have been described as the
practicable configurations of Embodiment 9 with reference
to Figs. 12 - 16. Next, embodiments in each of which
the present invention is applied to a memory by the use
of the BiCMOS construction of Fig. 7 having both bipolar



entry of alpha particles. It is also desired that devices be
m crom niaturized to attain a higher density and a higher speed. In these

bl ocks, the breakdﬁwﬁ—ve+%ages—of t he devi ces becone | ower. Therefore t he
hlghest or |owgst, Vvoltage ‘hin the operating voltage ran

is applied as TH ﬁ;*“’_; {14-81tage of such a bl ock |Ik€mn§§{¥&g g EGFN
art. There mﬁllﬁ:::::'{;;éfi nbodi ments on a nethod whic .

desi red vol t agesil® N1k purposes in-thps-manner, and a sen1conductor
structure which nakes the nethod possi bl e. The techniques to be

di scussed hereinafter can be applied w thout any change, not only to LSIs
of the Bi CMOS system but also to those of the conventional pMJS, nMOS or
CMOS system  Thearsl ¢QS, deadbeusiékahpléescﬁibgﬁﬂﬂiﬁhinmﬁ§r£M@hltbe

expl ai ned wit hOUtFlsgté Ck”ng_ T2? t hﬁm %esgﬁﬁgd@mémo@h%%@ o%] Figs.
- 19 employ epitaxial layers, and those of Figs. 20
- 22 don't employ epitaxial layers. .
5 [Embodiment F]

Fig. 17 shows the nMOS, pMOS and n-p-n bipolar
transistors of peripheral circuits, and a dynamic type
nMOS memory cell as viewed from the left.

Under the nMOS memory cell, a p-type buried layer

’ 10 (pBL) of high impurity concentration is put to intensify
the soft-error immunity. This layer pBL is also used

D

for the isolation of an n-type buried layer.
Although the nMOS transistor of the peripheral
circuit is formed in a p-well, this p-well can be omitted
15 when a p-type epitaxial layer is employed. An n-type
buried layer nBL of high concentration is provided under
this p-well layer, and'an n-layer (CN) of high concentratio
is added for feeding a voltage to the layer nBL. Besides,
the p-well has its side surrounded with an n-well thereby
20 to be isolated from a p-type substrate p-Sub. A voltage
VBBMZ (for example, —3 V) is applied to the nMOS transistor
of the peripheral circuit, and the voltage VBBM1 (for
’ example, a supply voltage VCC) to the n-well of the
pMOS transistor. A common voltage VBBM4 is applied
25 to the isolation layer of the n-p-n bipolar transistor
and that of the nMOS transistor of the memory cell. Buried
layers nBL and pBL provided under a well serve to reduce
the collector resistance of the bipolar transistor, and
are also effective to‘Erevent latch-up through the decrease
30 of a substrate resistance.
[Embodiment G])
Fig. 18 illustrates an embodiment in which a memory
cell is formed in a p-type substrate p-Sub, and the
difference of which from the embodiment of Fig. 17 consists

35 only in a construction under the memory cell. With



-10 - Fig. 3 illustrates the application of the above neasure to an

integrated circuit of nMIS++ransistors. A construction in the figure is
such that a p-type substrat-,_g Sub) is fornmed therein with an n-well Iayer
r
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high concentration might rise and cause the thresholg

voltage V, TH of the nMOS transistor to fluctuate. 1p
contrast, according to the construction in Fig. 18, a

p~type high concentration_layer indicated by a broken
line is provided only under a storage capacitor so as
to prevent the buried layer from rising to the channel
part of the nMOS transistor of the memory cell.

Next, principal steps for realizing the sectional
structure of Fig. 18 are illustrated in Fig. 19. At
(a) in Fig. 19, n-type buried layers nBL are formed in the
front surface of a p-type substrate, and at (b), a
p-type buried layer pBL is further formed. Thereafter,
a layer Epi is formed by epitaxial growth at {(c)}, and
n~wells (nWELL) and p-wells (pWELL) are formed in the
layer Epi by steps {d) and (e). At {(f), layers CN heavily
doped with an n-type impurity are formed so as to connect
with the underlying layers nBL. Though not shown in
the drawing, the plate of a memory cell, the gates of
MOS transistors, the source and drain layers of the
MOS transistors, and if necessary, the emitter layer
of a bipolar transistor are thereafter formed. Further,
steps such as the formation of contact holes and metalizati:
are thereafter required. In the illustration of Figs. 17
and 18, the layers CN and nBL reduce the collector resistan-
of the bipolar transistor., On the other hand, the contact
interfaces between the sources and drains and the wells
of the MOS transistors and between the base and the
collector of the bipolar transistor do not establish
the contacts between layers of very high concentrations,
and they can have their breakdown voltages held at degrees
necessary for circuit operations.
[Embodiment H]

The above has been the example of the process employin
the epitaxial layer, and embodiments which do not employ



On t'he ot her hand, the supply voltage V[err] or a voltage which is at |east
hi gher than—bottr—thevoltages VBB2 and VBB3 is applied as VBB4 to the
n-wel | IaygimQMQ ‘ﬁﬁe single nMOS transi stor has been shown in Fig.
3, one wel | g T mm‘pl urality of nMOS transistors in_each of three-

i sol ation | a}j addi ti on, although the two p-wel | SHhSHRETHAS Rge
n-wel | have bk Fig. 3, this _enpodi ment is also ppl i REBLECED a
combi nation wherein a plurality of n- wel [ are provi ded and wherein one or
nore p-wells are designed in éach of the n-wells. It is also possible to
construct all the nMOS transistors in a p-well. Further, the present

i nvention can pg ngﬁtuuﬁpagg@ 913 aMQSsenhngil&sg?%{eg'£ef@feerkcye by

altering the con I VI “of the substrate MOS transi stors
and reversing &Pl Fige. p%)a/ entdZal These eAbodingatsof pERea ok | CorgRHeatior

applied to thelé&‘Q?tiﬁt@x@'ﬁlwe forom gl%yfpreogbb%ueaaéeaaraffma he rear
surface thereof. LEnbodlnen hows an enbodi nent in which

the present i ngen hohy i Sheydss &’f- oA %nt e§PAL BB Ei FRAFP enp?®K)i ng an
n-type ssubstratgn Bef€s{l Nthd eddie Jfi gamfaictarp- w8l ESmpared with

the case of employing the epitaxial layer.
Fig. 70 is a sectional view, and the corresponding

conceptual diagram seen from the front surface of a
chip is shown in Fig. 21. An nMOS transistor nMOS1
10 has its p-type isolation layer (pWELL) enclosed with
an n-layer (CN or n-well), thereby to be isolated from
a p-type substrate p-Sub.
The principal steps of a process for realizing
the structure of Figs. 20 and 21 are shown in Fig. 22.
15 At (a), an n-layer of high concentration is provided
in a substrate p-Sub at a fixed depth from the front
surface thereof by ion implantation. Thereafter, an
n-well and a p-well are formed at (b) and (c). The
p-well can be omitted ih the case qf the p-type substrate
20 p-Sub. At {d), n-layers (CN) of high concentration
are formed so as to reach the n-type buried layer nBL.
Steps after (d), for forming MOS and bipolar devices
and metalization are similar to conventional steps.
As described above in conjunction with many embodiments,
25 according to the present invention, independent voltages
as desired can be applied to the substrate and isolation
layer of a MOS device and the isolation layer of a bipolar
device, and the optimum voltages conforming to the purposes
of the circuits of the devices can be selected. Thus,
30 the setting of concentration profiles, the setting of
isolation voltages, etc. can be freely done in order
to cope with the problems of the undershoots of inputs
and outputs, junction capacitances, and soft errors.
Industrial Applicability:

35 Heretofore, the injection of minority carriers



(PWerr], PWerr]) are fornmed in the n-type substrate (n-Sub),
-1 and nMOS transistors are forned in the respective p-wells. In the

i Flustrated construction, voltages V[err] and V[err] unequal to each other

are applied to the respective wells PWM and PWerr] by applying the present

|nvent|6h$&ng eRqﬁMﬁages V[err] and V[err], the optinun1WVbe§gé§A6$hﬂd

on the circuit portlons By way of g¢xanplREPLARED
n be applied - 23

be appl i I
ground p r. I}

ascribable to surge noise etc. has arisen at a p-n junction

constituting a MOS transistor or a BiP transistor formed
in a silicon substrate, and it has formed the cause
of such a problem as.the destruction of a stored signal
5 in an SRAM or a DRAM,
Such a phenomenon degrades the reliability of the
semiconductor device and is unfavorable.
The present invention can prevent the phenomenon,
is applicable to various products including MOS, BiP,
10 CMOS, Bi-MOS and Bi-CMOS devices and is capable of enhancemen
in the reliability etc., so that it can be effectively

utilized.



as the voltage V[err], and a Stl m“ﬂwrlwuugeuml of -3 V as the voltage
V[err]. Wo be e substrate n-Sub may be the

suppl y voH%aoe_ Jed RepBkeda Vol tage higher than both the voltage V[err] and
Vierr]. ifly the two p-wells each including the single nMOS

transistor [ een shown in Fig. 4, the enbodine S SLERP LAY BEEN
appl i cabl e k tion between aﬁ desired nunber of }gﬁggg any

desi red nunber of NnMOS transistors On this occasion, two CF fret-e-vot-tage
val ues as desired may be selected for the applied voltages of the plurality
of p-wells in conformty with yges rBegrdesepargVOS integrated circuit can

be fabricated by inverting the condc Vlt S h u t he
wel I's, sources and d?e'ai nys’? NS YH;P p%)éselV ?\%ewvfé aﬁég gﬁ{elE%% to each

ot her are appli eddagrahes vof tiagaeda\apér-g]atandl‘eﬂér ﬁ]ffeandtrheswat@age GN\D or
a vol tage | over %Eg%g&@o{ ,4]bVaQJetsaa§a gﬂng'?:‘?:kﬁ:@”@fVBEEB]LakSti‘QHEi@@of@ the

vol tage V[err]. ustratesS an enbodinent 1 n
whi ch t heSpresenithhneat $wrstiratgppinded Pauzadiftg CEokpPeABAPRr ¥AXES)

structure. Refeftifgel iderdd HHRtrbRESE aNseRiLenGNNEBET BevhW¥E eERdracteri:
NWerr]) in that a voltage outside a varying range of applied
voltages to respective electrodes of said source and
drain or said collector, base and emitter is applied
10 to at least one of said substrate and said plurality of
isolation layers.
e 2. In a semiconductor device which has sources
and drains of insulated—-gate field effect transistors
or collectors, bases and emitters of bipolar transistors
15 within a substrate and a plurality of isolation layers
isoclated in the substrate; a semiconductor device characteriz
in that at least two unequal isolation voltages are
applied to said substrate and the isolation layers which
have conductivity types identical to each other, or to
20 the plurality of isolation layers which have conductivity
types identical to each other.
3. A semiconductor device having a semiconductor
body, a semiconductor element includign at least one
p-n junction provided in the body, power source means
25 for the semiconductor element, and power source means
for the body; characterized in that said power source
means for said body supplies a voltage so as to prevent
said p-n junction from being forward-biased even when
an input voltage opposite in polarity to an input voltage
30 which is -originally expected as an input to said semi-
conductor element has arxrived.
4. A semiconductor device as defined in Claim 3,
characterized in that said semiconductor body is made
up of a semiconductor substrate, and an epitaxial grown

35 layer formed on said substrate.



are-formed in a p-type substrate, and p-wells (PWerr], PWerr]) are
further -formed in the respective n-wells N\ and NWerr]. Thereafter,

nMOS transistors (nMOS1, nMOS2, nMOS3) are respectively forned in the
p-wells (PWerr], PWerr]) and the substrate p-Sub. Besides,.pMXS. - -
transistors (pMOSl, pMOS2, pMOS3) are respectively formed ip-fhesmvehisBEEN
- 12 - (NWerr], NWerr], NWerr]). & this constructiop, vohnagesn)
V[err],. V[err] and V[err] are applied to the p-type isol at romtayers To

the nMOS transistors. On the other hand, voltages

-t

5. A semiconductor device as defined in Claim 3,
characterized in that said semiconductor body is a semiconduct
layer provided on an insulating substrate.

6. A semiconductor device as defined in Claim 4,

5 characterized in that said semiconductor element includes
at least a MOS transistor.

7. A semiconductor device as defined in Claim 4,
characterized in that said semiconductor element includes
at least a bipolar transistor.

10 8. A semiconductor device as defined in Claim 4,
characterized in that said semiconductor element includes
at least a MOS transistor and a bipolar transistor.

9. A semiconductor device as defined in Claim 3,

-characterized in that said semiconductor element is

15 - a -semiconductor element to which an external input is
applied.

10. A semiconductor device as defined in Claim 3,
characterized in that said semiconductor element forms
a semiconductor memory, and that said semiconductor

20 element having said p-n junction not forward-biased
is a semiconductor element to which an external input

is applied.
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V[err], VBB5 and V[err] are applied to the n-type isolation layers for the
pMOS transistors. As three voltages Verr], V[err] and V[err] or as three
voltaggs V[err], V[err] and V[err], voltages of at |east two val ues unequal
to eagly other are applied according to circuits used. By v of —
voltagqs of GND (O V) and -3 V are applied as the voltages Pﬁﬁ%ﬁﬂéﬁ$%§£:i””m}
and VE:rr] while voltages of V[err] (+5V) and V[err] + a

as the voltages Vlerr], V[err] and V[err]. 1In this way, the

voltaérs as desired can be applled to the individual isolation |ayers of
the n#®S and pMOS transi stors. Althou@ﬁsmiztiq g. 5, only one MOS transi stor

$kn shown | f.th || f. MOS.
wel | B provi ded a5 aRBondBeSERrY ¥ LS Bh CAHCRoR ERoSnHBEFELEY ( he

|ncre; ed or decr%%seqsa 80&n $gessary Further, it is to be understood
that tghe present invention IS also applicable to a construction wherein the
pol ar ift i es of the subgor at semhcondecry | deviree jwhisiht dq@s Fhurces apdsay,
p-wel l§s are fi rstara%ge@fl Elnaﬁ‘lé‘téé{-pcf‘a@élbﬁéﬁ At RenakRsBopel bs are

subsequent |y fornmed ' e the enbodi nents descri bed above concern the
collectors, bases and emitters of bipolar transistors

within a substrate and/or a plurality of isolation layers
isolated in the substrate, voltages having values outside
10 a varying range of applied voltages to respective
ﬁ' electrodes of the source and drain or to the collector,

base and emitter are applied to the substrate and the

isolation layers.

-
This Sheet Has Been Replaced

INRE




construction enploying only the MOS transistors, there w il

now be

descri bed exanples in each of which the present invention is applied to an
integrated circuit enploying bipolar transistors or an integrated .citguit

havi ng bot h bi pol ar and MOS transistors. [Enbodi nent 5] °

" "Fig."67 ..

illustrates an enbodi nent in which the present invention is.apflied"tbh a

I ntegrated circuit enploying bipolar transistors. F@ferrlrggé% U 8s pEoN

three n-p-n bipolar transistors (npnl, npn2, npn3) are ong

" KEPLACED
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bi pol ar transistor (pnpl) are forned. In aWar I nt egrated

circuit, a plurality of n-p-n transistors constr ;nqdplhqqda p-type

substrate p-Sub likewi se to the transistor npgashediEtiiive re and are fed

wi th a common substrate voltage as a voltage M front. surface

or rear surface of a chip. Wien the nmagni tude gg H ge V[err] .is set
at a still lower™ °

at the I owest potential GND (0O V) in circuitry
potential, the plurality of bipolar transistors can be isolated from one

another. In the present invention, p-type isolation |ayers separated from
the substrate p-Sub are further provided as indicated by synpahs: $SETHAS BEEN

and PWerr], and the n-p-n transistors (npnl, npn2) are forned theceLACEDThe
p-l ayers have vol tages V] applied thereto. The valrues of the
vol tages VBB2 and VBB3 ¢ epdndently of the voltage Vierr]. A

voltage VBB4 is applied pe |l ajer (nW for isolating the substrate
p- Sub and the p-I ayers. BB4 (for exanple, equal to the

supply voltage V| e:>n|q-)—i~ e three vol tages

2N

n-Sub
Z

3
VT,BZ ,1 'ﬁzf v?aa
PSS
\\\P
—
e 3

FIG.

X




the transistors npnl, npn2 and npn3 can be

perfectly isolated fromone another. The p-n-p transistor (pnpl) in the

ftgure can be constructed by enpl oying sone of |ayers -used for -formng.fhe

transi stors npnl and npn2. Wen the conductivity types of all-the ]ayers.

i ncluding the substrate are reversed, unequal voltages can be-applied:to

n-type isolation layers formng a plurality of p-n-p transistors.

[ Enbodi nent 6] Next, there will be elucidated an exanple in which the
UTHLSHRHEER FIASORHEN

present invention is applied to the so-called Bi CMOS struct ¥
t he eRBBINGEENL

CMOS and bipolar transistors in a chip. Fig. 7 illustrates
nMOS3) and pMOS trdansistors

I n which nMOS transistors (nMOS1, nMOS2,
(pMOS1, p40s2) are fornmed in a p-typ%;subs
mo___
Q.

i @//

Vlerr], V[err] and V[err],

vess V
I

X

nMOS3

5

pMOS% %fes
npp/

7 |

FIG.

}MOSZ
\@‘?\
N\

pPMOS1 me

VfBZ
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- 14- as in Fig. 5 and in which an n-p-n bipolar transistor (npnl) is
further forned. As in the foregoing, voltages Vierr], V[err] and V[err] can
be i ndependently set as the iwﬁ%@%f the pMXS transistors...In
addition, voltages VBB4 and VBBa gan be indeperdently set. as the isol-ation
vol tages of the pMOS transi stor gy dfitlasdebatcpnl.e vol tage V[ err]--of the -
transistor nMOS3 is applied to {NEN s regi on of the bipolar —
transistor, but this voltage V] atlifi] Mgflwt as an isol ati;on, valt agei.; BEEN |
dedi cated to the bipolar transistor in sence of the trijah'Si'stop AUMDS3.
In addi tion, when a structure simlar to that of the transis '
Fig. 6 is incorporated int ' of Fig. 7, isolation_voltages
unequal to each other can [ bol ar transistors
a'p-n-p transistor cam be f 6. Also, wgen t
>

types of go—+

6

FIG.




the substrate, the wells, the sources and drains of the MOS transistors,
and the collector, emtter and base of the bipolar tranS|stor are al
inverted, a p-n-p transistor and a CMOS structure cj 4
the plurality of isolation voltages of the present [ZE\Y plied
to such a construction. [Enbodimen
whi ch the present invention is applrﬁdsﬁﬁgﬁ Cg
CMOS structure. The figure shows the ex ' ;

transistors on the side of a substrate, and with pMOS tT&#
substrate by the so-called SO structure wherein polycry
grown on an insulator film By conbining such a configur& = el |
(pW and an n-well (nW, independent voltages V[err] and V[errgtgs] i
applied to the respective isolation portions of the tranS|sLoﬁ,]ﬁ':. orimed

in the p-well and the transistor nMOS2 forned in the substraté p-< n.
addi tion, when the conductivity types of the substrate - DR
pMOST pMOS2
“hp VBB2 VBB3 f—*x Vsm

P AL P 3 Pa 1
IIIII

%8
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and the wells a

transi stors on the substr

pol ycryst al

i ne Si

illustrates an enbodi ment

constructed on an insulating
(Silicon on Insulator) or SOS (Silicon on Sapphire) struct

t he present

si de and
i solation portions of the p

e

I's possible to form pMOS

] and nMOS tfansi stors on the

#¢% i sol ati oh vol tages to the:
Fig..9.

| [ Enbodi nent 8]

& pMOS transistors’are

Itten as | NSULATOR in the SO

invention is applied to such a

FIG. 10
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construction. On the insulating substrate, p-type Si (or n-type Si) is
formed by crystal growth, whereupomanm n=type—{te+—p-type) inpurity is
i.ntroduced into the p-1layer deepl ﬁhﬁ'ﬁﬂe‘é-%gho eqch the substrate; therehy

to isolate a plurality of p-type (o ';8413 The nMOS transistors
are formed in the isolated p-type rgwﬁ _'e pi OS transistor is -
formed in the n-type region. Voltag | AV err] are applied to the
respective p-type regions in conformty with the uses of CII’CUItS while a
voltage VBB2 is applied to the n-type region. The nunbers qr@I T é:glu :
n-type isolation regions in Fig. 9 can be selected as de5|re g

al so possible to enploy only either r_@jf; tors or n &S5 nrc

[ Enmbodi nent 9] Thus far, the var st ures for the substrate

vol tage isol ation have been described with ref erence to Fig. 2 and Figs. 3
- 9. Now, there will be described enbodiVeemzs i n V@BMthVBiMse structures are

applied to sem conduct rTerTNh es. g. 10 is bl §c @j,ﬁagra Ef any
of general nenories cl a dyn m ¢4 RAM static RC]r\T/}3 etc.)
Symbol T ﬁ%gf

SIS
AN

FIG. 13

Vagmz VBeM1




ADR denotes an address input, synbol CS a chip select input, synbol VWE a

write enable input, synbol DI a data -16
-. i nput, and synbol DO a data output. The designations of these sjgnats
are nere exanpl es, and ot her designations are sonetines used. . . A block

| indicates an addressbuffer as well as a decoder and a driver. ‘A block°C
indicates a control circuit and a wite circuit. A block MC indicates a

I s SHEET HAS BEEN |
REPLACED ]
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menory cell array. A block SO indicates a sense circuit and an out put
circuit. One enbodi nent of the present invention consists is applying the

bt

different voltage to the nenory all array MC encl osed with a broken-tine -
fromto the other portion. Referring to Fig. 11, a Chlp whi ¢ch |ncI -udes
the two bl ocks isolated as in Fig. 10 has a built-in substrate bias vol t age
gener at or,

generator are applied to the peripher Ci tds ot her than the nmenory cell
array, while a supply voltage round pot gRt-al.GND are
applied to the nenory cell arrayl{ mm g‘ﬁ V[ err] rdsPEStSHEET HASTHREN
circuit arrangenent of the substfj age gener r_hREPLACEBady
been disclosed in "1976 |1 SSCC," pp. 138 - 139 or Japanese Patent
Application Laid-open No. 51-117584. In this construction, by way of
exanple, the isolation region (n-well) of the pMOS transistor of the
peripheral circuit is fed with the volta e V[err] (+7V) and the isolation
region.(p-well) of the nMOS tran5|sto eof dth t he vol tage VBBMR (-3
V), while the n-well of the pMOS tran3| he cell array is fed with
the voltage V[err] and the p-well

nMos VEBMZ june VEBMI L BIP
929 | m prewn
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e —
e

of the nMOS transistor thereof with O V. By supplying the voltage of |arge
absolute values to the isolation regions of the input and output circuits

in this manner,

‘under shoots of input and output signals,

(the capacitances betweenthe-sourees—or drains.of MOS.

1l

- 17 -
transi stors and a substrate,
bi pol ar transistors and the sub

and t he

i

the nmenory becones stable against the overshoots . and

junction cdpacitantes

n

aci gs bet ween t he coIIectors of
een Replace
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can. be reduced, and an inpurity concentration profile |less prone to soft
errors can be selected for the cell array. By the way, the designations of

i solation voltages for use in the foll ow ng enbodi nents shall correspond to
the synbols Vferr], V[err]; V[err] and V[err]in Fig. 11-in. accordance- W|th

the rol es thereof. Sectional views of enbodiments of chips. which afe
obtai ned for the enbodinent of the chip setup in Figs. 10 and--11 wlI: be .
el uci dated bel ow. Each of themillustrates the sectional structure of the

portions of the input circuit and dynamic nenory cell of a MOS dynam ¢ RAM
i n correspondence with the prior-art exanple in Fig. 1. AriROUGRTHIE SEBROFY

cell is the dynamc cell here, the present invention is S|n1lggthmD
applicable to a MOS static nenory cell and a bipol ar statitmemrory-cett-
[ Enbodi nent A] In an enbodinent in Fig. 12, the nMOS transistors of an

I nput protection circuit (an n-type diffused resistor and an nMOS di ode)
and an input circuit are forned in a p-well (pW, the pMOS transistor of

the input circuit is formed in an n-well £nW, and a nemory cell pmade—of—an

NMOS transistor is fornge o substrate
T
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e

p-Sub. In the present enbodi nent, the p-well of the input circuit and the
substrate p-Sub are isolated. Therefore the values of the isolation

vol tages VBBM2 and VBBMA of the respective regions can be. |ndependentLy .
set. Accordi by way of exanple, the voltage V[err] can be selected at"--3.V
in order to satisfy the specifications of the input circuit, -and the: )
vol tage VBBMA can be selected-at 0 V fromthe viewpoint of the soft-error
immunity of the nmenory cell. A broken line under 'the nenory cell indicates

a p-type high inpurity concentréﬁhiséhﬁclﬁi gep Rep,
- 1l
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In this way, the di sadvantage of thef%{@bﬁ%ﬁfhgexnnple elucidated in Fig. 1

can be prevented to provide a stable dynam c nenory. [Enbodi nent B] I n
Fig. 13, only the n-type diffused resistor and nMOS di ode of an i nput
protection circuit are provided in a p-well, and the nMOS transistors of
any ofder peripheral circuits are fornmed in a p-type substf ~SH

li keWi se to a menory cell. Besides, a pMOS transistor can éﬁﬁiAbEﬂﬁiﬂhsuﬁEr

the p-WeTT

28 e o

n-well. A voltage V[err] (for exanple,_ -3 V) is applied tfo
under the n-type diffused resistor and ANDS di ode which arfe
protection devices, while a voltage VBBW (for exanple, 0}V)
the substrate p-Sub of the nMOS trﬁggﬁﬁi sopf the input ciJ

menory cell. A p-type high concentration Tayer is provided under the nenory
cell as in Fig. 12. A vol t age S¢fecopdustappiDeddceo the n-welT. The Presermt
enbodi nent i s advantageous over qh@gdadiggRa.of Fig. 12 in that, since
only the input protection devices are provided in the well, the |ayout is

sinplified, and The present invention relates to a method of isolation
among devices within a semiconductor device.
Background Art:

Heretofore, in an integrated circuit employing
insulated-gate field effect transistors (hereinafter,
abbreviated to 'MOS transistors') or bipolar transistors
(hereinafter, abbreviated to 'BIP transistors'), the

isolation among the devices has been performéd by applying
reverse bias voltages to p-n junctions. The details
are stated in, for example, "Integrated Circuit Technology
(1)" (Corona Publishing Co. Ltd.) by Yanai and Nagata,
p. 21 - p. 31.

On the other hand, in a logic LSI or SRAM (static
RAM}, attention has been riveted in recent years to
the so-called BiCMOS system wherein a bipolar transistor
and a CMOS transistor device (a complementary MOS transistor
device composed of both n-channel and p-channel MOS
transistors) are combined to exploit the features of
the high speed of the former and the high density and
low power dissipation of the latter, thereby to realize
a2 logic LSI or SRAM of high speed, high density and
low power dissipation. It is stated in detail in "Nikkei
Electronics," August 12, 1985, p. 187 - p. 208, etc.

Also in such a BiCMOS system, a device isolation method
similar to the above is adopted.

Fig. 1 illustrates the fundamental sectional structure
of the BiCMOS system. Shown in the figure are one n-channel
MOS (nMOS) transistor, as well as one p-channel MOS
(pMOS) transistor, and an n~-p-n bipolar (npnBIP) transistor.

Here, letters S, G and D affixed to the nMOS or
pMOS indicate the nodes of the source, gate and drain
thereof, respectively, while letters C, E and B affixed



that, since the nMOS transistors other than the input protegtion.diode are

formed under the same concentration condition over the cel

peripheral circuit, the control of threshold voltages V[err]
[ Enbodi nent C] Fig. 14 illustrates an enbodi nent in wh
cell ;is formed in a p-well (pW, while the nMOS transistors

protection circuit and any ot her pér?pﬁeral circuit are forjred.in._a p-type

substrate p-Sub. In the present enbodinment, the p-well of
hi gh concentration is provided under the nenory cell, and
substitute of the high concentration |ayer indicated by the

REPLACEVENT SHEET
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onparatively

broken line in

Fig. 12 ortd3:he BpuddPnénanbistor Engicate iihestadases fhrtharssdilestorwhi ch
enpl 0ys  e¢mitter and base thereof, respectively (in the following

drawings, these node names shall be omitted). Besides,

in the figure, diffusion layers have only the impurity

types thereof written down for the sake of brevity.

Accordingly

as regards portions to which the same symbols are assigned,

it is merely indicated that the conductivity types are

the same, and the impurity materials and impurity concentration

are selected at will properly according to the purposes

of the portions. Unless particularly specified, these

facts hold true also in the ensuing drawings. In such

a structure, with the prior art, the isolation among

a large number of devices within a chip is executed

by applying the lowest potential in the circuitry to

a p-type substrate (p-Sub) and the highest potential

in the circuitry to the n-type isolation layer (nWELL)

for forming the pMOS transistor, whereby the junctions

of various parts are prevented from falling into the

condition of forward bias. That is, with the prior

art, in a case where the circuitry operates between

a

supply voltage (for example, 5 V) and the earth (0 V),

the devices are isolated by applying 0 V to the substrate

p~Sub and 5 V to the n-type isolation layer. Since,

in such a system, the applied voltage to the substrate

p-Sub or to the n-type isolation layer is selected at

the lowest voltage required for the device isolation,

reverse bias voltages to be applied to the p-n junctions

can be rendered small, and therefore it is possible

to cope

with the problems of lowering in the breakdown voltages of

devices, etc. attendant upon the future microminiaturization

of the devices. On the other hand, however, a problem

to be stated below arises.

Since the input or output terminal of the LSI is

directly connected with an external circuit, noise above

the supply voltage or below 0 V (in general, surge noise



- 19 - an n-type layer as a substrate and in which a peri

heral circuit

and a menory cell are forned in p-wells. Wereas the enbOQ|rmr$EpE§%g§§ﬁI SHEET

12 - 14.have the double well structure, a well configuration b
| ayer suffices in the present enbodinent. A voltage V[ferr] (f
-3 V)sis applied to the p-well of t he QNCS transi stor of the jp
circuit, while a voltage V[err] (for e

of the nMOS transistor of the menory cell. |In addition, a vg

anple, 0 V) is applied

S harRn io97

t t he p-well
| tage V[err]

(for exanple, a supply voltage V[err]) is applied to the sub

dirate-n-Sub______}

[0 Che P el Lot 4bl sheddifatobtagaallenthe s n3gRkl e oaly elniopu

protection C|rCU|t circurts_suc
buf fer may wehe Eﬁpqqugqﬂﬁg}put node 1s connected to the dlffu

as an address
sion

layer within the chip in any form, the corresponding
junction will then be forward-biased in the prior art.
By way of example, when the minus surge noise is applied
to the n-type diffusion layer indicated at the source
S or drain D of the nMOS transistor in Fig. 1, the junction
between the n-type diffusion layer and the substrate
p-Sub is forward-biased, and a forward current flows
from the substrate p-Sub toward the n-type diffusion
layer. As a result, minority carriers {electrons in
a p~type substrate] are injected into the substrate
p~Sub. Since the minority carriers have a mean free
path which is usually as long as several hundred um,
they reach another circuit part and incur, for example,
the problem that a stored signal in a memory cell is
destroyed in an SRAM or DRAM. The phenomenon of the
minority carrier injection might be caused, not only
at the input or output node part, but also by a circuit
operation inside the chip in such a manner that the
potential of the diffusion layer or of the substrate p-Sub
fluctuates locally due to capacitive coupling or due to
saturated operation of the bipolar transistor. It is
therefore impossible to realize high performance of the
BiCMOS system.
Disclosure of the Invention:

An object of the present invention is to solve
the problem described above, and to provide a semiconductor
device which operates stably. Another object of the
present invention is to solve the problem described
above, and to provide a voltage application method by
which a voltage to be applied to a substrate or an isolation
region is freely set according to an intended use, as
well as a device structure which makes the method possible.

Further objects of the present invention will become



[ Enbodi nent E] Fig. 16 illustrates an exanple in which a pMOS nenory
cell is fornmed on a p-type substrate p-Sub. A voltage V[err[Jxt ot
REBRACENENT SheeT
t

-3V) is fed to the substrate of the nMOS transistor of a p
circuit, and a voltage VBBML (for exanple, +7 V) is applieditp the n-well
of the pMOS transistor of another peripheral circuit, thereby tggg g@?he
source and drain junction capacitances df the pMOS transi st ér vol tage

Vlerr] (for exanple, a supply voltage V[err]) is applied to}thernwet+-of—

the menory cell. Thus, it is possible to construct a nenory{in which the
input circuit is immune against undershoots and can attain a_hi gh speed, ~ 7~
whil e the menspag@nt ifyomeddepfohbovbngofeseripiton [ Fhbenbedhreny I n

the above, Enhafi mawings. E applied to the MOS nenories (SRAM DRAM have
been descri bed as HQ; racti cab e,configurations of Enhodinent 9 w.th

reference to Figs. 1 BTeRERE  IRFERET RNt R T RAEH PRIGHhi th THe Yor esent
invention is apyatddre dia generyl pywide ase-ofpé hei Bl S wissrstatect i on of

Fig. 7 haVing:fgnJﬁé@)p%kagositive {ih genefal, when an n-type silicon
substrate is used) with respect to the operating voltage
of circuitry is épplied to a portion liable to the
injection of minority carriers, for example, a substrate.

Further, in the present invention, in oxrder to solve
problems ascribable to the method of applying the voltage
as stated above, for exampie, the problem that voltages
to be applied to individual devices increase to degrade
the reliability of a device of low breakdown voltage
such as a microminiature device,'the isolation region
of MOS transistors of identical conductivity type or
bipolar transistors of identical conductivity type is
divided into several isolated regions, to which suitable
isolation voltages are applied according to the respective
uses.

Brief Description of the Drawings:

Fig. 1 is a sectional view showing a prior art, Fig. 2
is a sectional view showing the first embodiment of the
present invention, Fig. 3 is a sectional view showing
the second embodiment of the present invention, Fig. 4
is a sectional view showing the third embodiment of
the present invention, Fig. S5 is a sectional view showing
an embodiment of a CMOS structure, Fig. 6 is a sectional
view showing an embodiment of a bipolar structure, Fig. 7
is a sectional view showing an embodiment of a bipolar-
CMOS compléx structure, Ff&. 8 is a sectional view showing
an embodiment of an SOI structure, Fig. 9 is a sectional
view showing an embodiment of an SOS structure, Fig. 10
is a block diagram of a memory, Fig. 1l is a diagram showing
an embodiment for the application of a substrate isolation
voltage to a memory, Figs. 12 - 16 are sectional views



- 20 - and MOS device will be described with reference to EiLgs. 17 -

Among the enbodi ments, those of Figs. 17 - 19 enpl oy epitaxi aIRE &gfmgﬁﬁhgﬁgﬂ

those of- Figs. 20 - 22 don't enploy epitaxial |ayers. [Enbodijng

Fig.. 17 shows the nMOS, pMOS and n-p-n bipolar transistors of]. erlg éal

circuirts, and a dynami ¢ type nMOS nenory cell as viewed fromitHe fFED 1897
-5 =

e vy

7'1

each showing an embodiment of a MOS dynamic memory, Figs. 17
and 18 are sectional views each showing an embodiment
of a bipolar-CMOS complex dynamic memory, Fig. 19 illustrates
sectional views showing an embodiment of principal steps
for realizing the structure in Fig. 18, Fig. 20 is a
sectional view showing another embodiment of the bipolar-
CMOS complex dynamic memory, Fig. 21 is a plan view with
the embodiment of Fig. 20 seen from the front surface
of a chip, and Fig. 22 illustrates sectional views showing
an embodiment of principal steps for realizing the structure
in Fig. 21.
Best Mode for Carrying Out the Invention:

Now, the details of the present invention will
pe described in conjunction with ‘embodiments.
{Embodiment 1]

Fig. 2 shows one of the basic embodiments of the
present invention, in which the BiCMOS system is applied
to a dynamic RAM (DRAM) employing a l-transistor type
cell as a memory cell MC. '

In the figure, the sectional structures of nMOS,
pMOS and npnBIP transistors and the memory cell MC are
illustrated. The information of the memory cell MC is read
out to a data line DL or written therein from the data line
in such a way that a storage capacitance'is formed between
n-type diffusion layers and a plate (PL) and between the
n-type diffusion layers and a p-type diffusion layer, and
that charges stored in the storage capacitance are
controlled by a gate WL to which a word line signal is
applied. Besides, in the memory cell MC shown in the
figure, the p~type diffusion layer is disposed underneath
the n~type diffusion layers for storing the charges.
This p-type diffusion layer serves to increase the storage
capacitance, and also to shield the capacitor portion from
minority carriers attributed to radiant rays such as

alpha particles entering a substrate (to function as a



Under the nMOS nenory cell, a p-type buried |ayer (pBL) of high inpurity

concentration is put to intensify the soft-error inmunity
is also. used for the isolation of an n-type buried |ayer.

NMOS transi stor of the peripheral circuit is formed in a p-well, this
p-wel) can be onitted when a p-type epitaxial layer is e | py@d B A3 d
buri ed | ayer nBL of high concentration i prOV|ded under this p-well |ayer,
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and an n-layer (CN) of high concentration is added for fegding a voltage tq

the | ayer

nBL. Besides, the p-well has its side surrounde

1h_an.n-well

thereby to be isolated froma p-type substrate p-Sub. A voltage V[err] (for
exanpl e, -3 Vpargigppkpetihe omimer WO arziet s orthefrethye feerigsveeak circuit,
and the voltageedl eerhr(tate QXSER! fap fl SUPDING \AdA0S /G iGN Vel |
the pMOS transistor. A comon vol tage VI Is appli ed 10 the |solat|on
| ayer of the m2y¥Sn bSpshat ?Fé‘h%?‘é?%rl%rﬁ?*ﬁﬂa]te%fa% w@mm@tﬁymu stor of

the menory cellemoByr ted1! @uev@eaﬂl@m mﬁée@rca/ﬂ det IRV GhalelEl eSEYE 1O

reduce the col | ector resistapce of Polar tranS|stor and are al so

effective to PRIFERt MPEELRTup Jt?fﬁ)ug?i’t

resi st ance.

Hecrdfye ofc-a Bafddesyethe

phencmenon of soft errors is detailed in "IEEE Transaction
on Electron Device," Vol. ED-26, No. 1, Jan., 1979,
pp. 2 - 9, etc.

As indicated in the figure, the silicon substrate
used is a p-type substrate p-Sub. This is intended to
employ an npn BIP transistors of high performance and to
isolate them efficiently. The impurity concentration of
the substrate is usually selected on the order of 1014 -
1016 {cm™3) in consideration of the collector-substrate
capacitance of the BIP transistor, etc. Symbols nBL and
pBL denote buried layers of comparatively high
concentrations, which reduce the collector resistance
of the BIP transistor so as to realize high performance
and simultaneously render the resistance values of well
regions nWELL and pWELL smaller so as to prevent the
occurrence of a latch-up phenomenon. The latch-up
phenomenon is stated in "Technical Digest of
International Electron Device Meeting," 1982, pp. 454
- 477, etc. The impurity concentrations of the buried
layers nBL and pBL are respectively selected on the orders
of 1018 - 1020 (cm™3) ana 1016 - 1018 (cm™3). The buried
layers can be realized by, for example, a method in
which they are formed in the substrate p-Sub by diffusion
beforehand, followed by the epitaxial growth of silicon
and by the éormation of thé'wells pPWELL and nWELL, etc.,
or a method in which they are formed by the implantation
of ions at comparatively high energy levels into the
substrate p-Sub from the front surface thereof, and the
details will be stated later. Either or both of these
buried layers is/are omitted for some purposes. Symbol CN

of
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[ Enbodi nent G Fig. 18 illustrates an enbodi ment in which a nenory

cell is fornmed in a p-type substrate p-Sub, and the differ f wag)
fromthe enbodi nent of Fig. 17 consists only in a construct Lﬁb&@@%ﬁh@HEET

[
menory cell. Wth - 21 - t
in Fig: 17, the buried | ayer pBL of high concentration m ght
the threshold voltage V[err]of thenMOS transistor to fl uctjus
contrast, according to the construction in Fig. 18, a

e constructi oh

rize pRB 189S
te. In

D

denotes a heavily-doped layer for lowering the resistance
between the collector node C or a node Var2 and the buried
layer nBL. Symbols nWELL and pWELL denote regions for
forming the pMOS and nMOS transistors, respectively. For
this example the collector layer of the BIP transistor is
made of nWELL and nBL.

In the construction thus far described, according
to the present invention, a voltage which is higher or
lower than the operating voltage range of the circuitry
is applied as at least one of voltages for isolating
the individual devices, VBBl (this woltage is generally
called a "substrate voltage" as it is supplied to the
substrate through the regions pWELL and pBL) and VaRo
(generally called a "well voltage™). Whether such a
voltage or voltages is/are applied as either or both
of the isolation voltages, may be selected according to
purposes. By way of example, under the condition that
the circuitry operates between 0 V and Voo (for example,
5 V}, a negative voltage below 0 V is applied as the

substrate voltage VBB and the voltage V.- is applied as
the well voltage Var2+ Thus, the value of the substrate
voltage VBBl is set so that the substrate and the n-type
diffusion layer within the region pWELL, for example, may

1

not be forward-biased even when a minus voltage is applied
from inside or outside the semiconductor device to the
n-type diffusion layer by any cause, thereby making it
possible to perfectly solve the phenomenon in which the
minority carriers are injected into the substrate and
incur the malfunction of the circuitry as the problem
of the prior- art. This effert is especially remarkable
in the DRAM of the type storing information in the form
of charges as shown in Fig. 2, but it is a matter of
course that marked effects are obtained also in other
devices such as a logic LSI, SRAM and ROM. Although, in

the above, the well voltage V has been set at the

BB2



p-type high concentration |ayer indicated by a broken line_is_provided

rising.to the channel part of the nMOS transistor of the neho

only under a storage capacitor so as to prevent the buried iﬁﬁ@ﬂﬂggﬁ”ﬁ? SHEET
I_r.f.-:-‘." W)

Next, principal steps for realizing the sectional structure

Q

f Fig. 18 are

illustrated in Fig. 19. At (a) in Fig. 19, n-type buried Iayers?ﬁBEESr@Q?
formed in the front surface of a p-type-substrate, and at (ib),_a p-type

buried | ayer pBL is further forned. Thereafter, a |layer Epi

is fornmed

epitaxial growth at (c), and n-wells (nWELL) and p-wells (pMELL)._are forned
in the layer Epi by steps (d) and (e). At (f) layers CN heavily doped
with an n-typeolypwitagerkdormedrddazsetfectnnant bei ehtakeedinder| yi ng

llayers nBL. . Jhougde n0f wiMQMYyd Milghe rdi8Wnnghet Beppl At €oltage
t he gates o? MOS transistors, the source and drain ayers of
transi st or sisapePliet iy yelthdodpgee ghay8FCBFdY

ngﬁgry cell,
t MOS
Bi pOI BRTRPSH1 st or

are ther eaf geredbesnpdacdarrdiner tosthps psasknasithent bonat the wélkont act

hol d talizati t ' : ' t
17 and 16, ERGPE0CPEEICR SN WBEY BRI a Tna Esrr bR oty stE]

g%ﬁgn of Figs.

f the

bi pol ar transi sontacOwitie Widrerareandt: thewevdthiased, so that the
occurrence of the latch-up phenomenon can be prevented.

Furthermore, the reduction of junction capacitances

becomes possible.

Although the example employing the p-type substrate
has been taken in the present embodiment, an n-type

substrate may well be employed in, e. g., a case of

using a p-n-p BIP transistor. It is needless to say

that, on that occasion, the signs:of applied voltages
ought to be made opposite. In addition, although the
HiC type cell has been illu;trated as the memory cell,
the embodiment as left intact is also applicable to

cases of employing various planar type or vertical

type

memory cells (such as CCC and STC cells) described in

"IEE PROC.," Vol. 1306, pt. I, WNo. 3, JUNE 1983, pp
135; "1984, 1985 International Solid-State Circuit

. 127 -

Conference,”

Digest of Technical Papers; etc. It is as stated before
that the DRAM is not restrictive, but that the embodiment

as left intact is also applicable to other general

LSIs

such as SRAMs, ROMs and logic LSIs. Besides, although
the voltage higher or lower than the operating woltage

range of the circuitry is required in the present invention,

it can be generated within the semiconductor device

by any of methods described in Japanese Utility Model
Registration Application No. 54-82150; or 1976 ISSCC
Digest of Technical Papers," pp. 138 - 139; etc., and

hence, it can also be realized without externally feeding

a dedicated voltage. The substrate voltage Vg, may
well be applied from the rear surface of the substrate.

The embodiment thus far described has referred to




I nterfaces between the sources and drains and the wells of phe-MS

transi stors and between the base and the collector of the IWACEMWT SHEET
transi stor do not establish the contacts between |ayers of [vdry Hirgh
concentrations, and they can have their breakdown voltages|h l?ﬁt g%gg@es
necessary for circuit operations. [Enmbadi ment H The abg¢v ag

t he exanple of the process enployin thé €pi taxial |ayer, and '
whi ch do not enpl oy -22%-

the method in which the voltage is uniformly applied

to the substrate p-Sub or the well region nWELL within
the chip, thereby to solve the problem of the prior

art. Next, there will be elucidated a case where unequal
isolation voltages are applied in conformity with the
purposeé of circuit blocks within a chip. For example,
an inout circuit block as to which the injection of
minority carriers is problematic or a circuit block
which needs to reduce its junction capacitance has the
isolation voltage higher or lower than the operating
voltage range of the circuitry applied thereto as
explained in connection with Fig. 2. On the other hand,
in the block of the memory cell in Fig. 2, it is desired
that the concentration of the p~type impurity layer
forming the storage capacitance be heightened to increase
the storage capacitance and also to augment the shield
effect against the minority carriers created by the
entry of alpha particles. It is also desired that
devices be microminiaturized to attain a higher density
and a higher speed. In these blocks, the breakdown
voltages of the devices become lower. Therefore, the
highest or lowest voltage within the operating voltage
range of circuitry is applied as the isclation voltage

of such a block likewise to the prior art. There will be
described embodiments on a method which applies any
desired voltages according to purposes in this manner,
and a semiconductor structure which makes the method
possible. .

The techniques to be discussed hereinafter can be
applied without any change,-hot only to LSIs of the
BiCMOS system, but also to those of the conventional
pMOS, nMOS or CMOS system. Therefore, various examples
of applications shall be explained without sticking
to the BiCMOS system.

{Embodiment 2]




t he epitaxi al

| ayer will now be described with reference geo-F-gs.—20.-..22..,

These enbodi ments forma high concentration layer in the [REGACOM A PIHFPE

substrate at

a fixed depth by the use of inplantation. Far "S’ reason;

they can curtail the cost of manufacture as conpared with tjhe, ga &
I e%\ﬂ/ ?aﬁ% Ww

enpl oyi hg the epitaxial |ayer. . Fig. 20 is a sectiond

correspondi ng conceptual di agram seen-f&dmthe front surfia of..a.chip |

shown in Fig.

-

21. An nMOS transistor nMOS1 has its p-type |solat|on Iaye

r

(pWELL) enclosed with an n-layer (CN or n-well), thereby ‘*to~be-t+sotated
froma p-type substrate p-Sub. The principal steps of a process for
realizing the struxsieglrez of L i@5atdd 8RE ZppRi€atiOMof NeHd bz At (a),

n- |l ayer of hi

depth fromth

h?conce aﬁ%acer{t a;grgv ggg% fsmt?éat :.Lansoz.ﬁ%%h:sat a fixe

I’l? SUI’ ereo I on eredfter, an

st

an

d

n-wel | and a p-oehstauetiqr ned tae Q.‘byzuaﬂdléc;ucffh'eh@tvaalp-mﬁ be omitted in
the case of tBEnBebyDE BUISIRLS BoSily fheliln BLAVE! Sy of i of

concentration are Torne

So as to reac type urled ayer nBL
layer NW, in which p-well layers PW, and PW, are further

formed. . The nMOS transistors formed in the two p-wells
and the substrate p-Sub are respectively denoted by
symbols nMOSl, nMOS2 and nMOS3. 1In this structure,
voltages Vae1’ VBB2 and Vg3 independent of one another
can be applied to the isolation layers of the three
sorts of nMOS transistors, and they can be selected at
suitable voltages according to circuit uses.

On the other hand, the supply wvoltage VCC or a
voltage which is at least higher than both the voltages
Ver2 and Vppy is applied as Vgpy to the n-well layer
NW. Although the single nMOS transistor has been shown
in Fig. 3, one well usually has a plurality of nMOS
transistors in each of three isolation layers.

In addition, although the two p-wells and the single
n-well have been shown in Fig. 3, this embodiment is
also applicable to a combination wherein a plurality
of n-wells are provided and wherein one or more p-wells
are designed in each of the n-wells. It is also possible
to construct all the nMOS transistors-in a p-well. Further,
the present invention can be readily applied to a pMOS
integrated circuit merely by altering the conductivity
types of the substrate, wells and MOS transistors and
reversing all the potential relations. The voltage V
may be applied to the substrate either from the front
surface or from the rear surface thereof.

(Embodiment 3]
Fig. 4 shows an embodiment in which the present

BBl

invention is applied to an nMOS integrated circuit employing
an n-type substrate. Referring to the figure, two p-wells

(Pwl, PW,) are formed in the n-type substrate (n-Sub),



Steps after (d), for form ng MOS and bipol ar devices and netalization are

simlar to conventional steps. As descri bed above in g

la.

many enbodi nents, according to the present invention, i ndepRE EMENTE

as desired can be applied to the substrate and isol ation |y

device and the isolation |ayer of a bipolar device, and thg
vol tages conforning to the purposes of lihe circuits of the
sel ected. Thus, the setting of concentration profiles, the
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i sol ation voltages, etc. can be freely done in order to cope with the
probl ens of the undershoots of inputs and outputs, junction capacitances,
and soft errand.nMOS transistorsncurst rficadimefppin ddilei lcespective plewelds$ ore,

the injectiop,0fngl NPT i ¥r £ IS truction, voltages Vy., and Vggj
unequal to each other are applied to the respective
wells Pwl and PW, by applying the present invention.
As these voltages V.., and Vgpjs the optimum wvoltages
can be applied depending upon the circuit portions. By

way of example, the ground potential GND can be applied

as the voltage V
as the voltage V

BB3'
BB2°

and a still lower voltage of -3 V
A voltage Vgpj to be applied to

the substrate n-Sub may be the supply voltage vCC' or
a voltage higher than both the voltage Vam2 and Vgpi.
Although only the two p-wells each including the
single nMOS transistor therein have been shown in Fig. 4,
the embodiment is readily applicable to the combination
between any desired number of p-wells and any desired
number of nMOS transistors. On this occasion, two or
more voltage values as desired may be selected for the
applied voltages of the plurality of p-wells in conformity
with uses. Besides, a pMOS integrated circuit can be

fabricated by inverting the conductivity types of the
substrate, the wells, sources and drains. At this time,

positive voltages unequal to each other are applied

as the voltages Vpgy and Vg3, and the voltage GND or
a voltage lower than both the voltages Vgg2 and Vppj

is applied as the voltage Vap1-
[Embodiment 4] .

Fig. 5 illustrates an embodiment in which the present

invention is applied to a CMOS (complementary MOS) structure.

Referring to the figure, three n-wells (NW,, Nw,, NWj3)
are formed in a p~type substrate, and p-wells {Pwl, PW,)

are further -formed in the respective n-wells NW,

NW,. Thereafter, nMOS transistors (nMOS1, nMOS2,
are respectively formed in the p-wells (pwl, PW5) and
the substrate p-Sub. Besides, pMOS transistors (pMOS1,

and

nMOS3)

pMOS2, pMOS3) are respectively formed in the n-wells




- 23 - ascribable to surge noise etc. has arisen at a p-n JUﬂCtIOﬂ

constituting a MOS transistor or a BiP transistor forned i
substrate, and it has forned the cause of such a problem 3
of a stored signal in an SRAM or a DRAM Such a phengne
the reliability of the sem conductor dg%Ece and is unfavor
present invention can prevent the phen non, is applicab
products including MOS, Bi P, CMOS, Bi-MXS and Bi - CMOS devi

Eﬁ Lz gdsti ueiElh

menon degr ades

abl @ & FEB 1997

ejto vari ous
cesand-Ts

capabl e of enhancenent in the reliability etc., so that it

can be

effectively Lvﬁﬁf,z 5, NW3). In this construction, voltages Veg2 /-

Voggq and Vggy are applied to the p-type isolation layers
for the nMOS transistors. On the other hand, voltages

VsB3s VBBS

and Vggg are applied to the n-type isolation

layers for the pMOS transistoxs. As three voltages

VBBZ' VBB4 and VBBl or as three voltages Vpp3s

VBBs and

VBBG' voltages of at least two values unequal to each

other are applied according to circuits used.

By way of

example, voltages of GND (0 V) and -3 V are applied as the
voltages VBBZ’ Veg4 and Vggi: while voltages of Vee {+5 V)

and V.. + a (+7 V) are applied as the voltages

and VBBS‘

VeB3r VBRs

In this way, the voltages as desired can be

applied to the individual isolation layers of the nMOS

and pMOS transistors. Although, in Fig. S5, only one MOS

transistor has been shown in each of the wells
of MOS transistors may well be provided as are
In addition, although the numbers of the wells
as the n-wells and 2 as the p-wells in Fig. 5,

, & plurality
necessary.
are 3

they may

be increased or decreased as are necessary. Further,

it is to be understood that the present invention is

also applicable to a construction wherein the polarities

of the substrate and the wells are inverted. That is to

say, p-wells are first formed in an n-type substrate and

wherein n-wells are subsequently formed.

While the embodiments described above concern the

construction employing only the MOS transistors, there

will now be described examples in each of which the

present invention is applied to an integrated circuit

employing bipolar transistors or an integrated
having both bipolar and MQS transistors.
[Embodiment 5]

Fig. 6 illustrates an embodiment in which

circuit

the present

invention is applied to an integrated circuit employing

bipolar transistors. Referring to Fig. 6, three n-p-n

bipolar transistors (npnl, npn2, npn3) are one

p~n-=p



- 24 - VWHAT IS CLAI MED | S: In a

1.
sem conduct or devi ce whi ch has sources and drai ns of i v 3
field effect transistors or collectors, bases and emt B’EE&QEWE¥?JSHEET

transi stors within a substrate and a plurality of isol ftijon |ayers
isolated in the substrate; a sem conductor device charactefigeZ § FER13Rat
a vol tage outside a varying range of appli¥ed vol tages o] respective

el ectrodes of said source and drain or said collector,|base and emtter
is applied to at | east one of said substrate and said plurality of

i sol ation | ayers. .
Y bipolar transistor (pnpl)} are formed. In a conventional

bipolar integrated circuit, a plurality of n-p-n
transistors are constructed in a p-type substrate p-Sub
likewise to the transistor npn3 in this figure and are
fed with a common substrate~voltage as a voltage VBBl
from the front surface or rear surface of a chip.

When the magnitude of the voltage Vap1 is set at the
lowest potential GND (0 V} in circuitry or at a still
lower potential, the plurality of bipolar transistors
can be isolated from one another. In the present
invention, p-type isolation layers separated from the
substrate p-Sub are further provided as indicated by
symbols PW, and PW,, and the n-p-n transistors (npnl,
npn2) are formed therein. The p-layers have voltages
VBBZ and Vgpy applied thereto. The values of the
voltages VBBZ and Vgpy can be set independently of the
voltage VEBl‘ A voltage Vppg is applied to an n-type

layer (nW) for isolating the substrate p~Sub and the
p—layers. When a voltage VBB4 (for example, equal to

the supply voltage V..) is higher than the three voltages
VBBl’ Vggy and Vpgy, the transistors npnl, npn2 and

npn3 can be perfectly isolated from one another. The

p-n-p transistor (pnpl) in the figure can be constructed

by employing some of layers used for forming the transistors
npnl and npn2. When the conductivity types of all the
layers including the substrate are reversed, unequal
voltages can be applied to n~type isolation layers

forming a plurality of p-n-p transistors.

(Embodiment 6]

Next, there will be elucidated an example in which
the present invention is applied to the so-called BiCMOS
structure having both CMOS and bipolar transistors in
a chip. Fig. 7 illustrates the embodiment in which nMOS
transistors (nMOSl, nMOS2, nM0S3) and pMOS transistors

(pMOSl, pMOS2) are formed in a p-type substrate p—-Sub



2. In a sem conductor device which has sources and drai ns of

I nsul ated-gate field effect transistors or collectors, bases and
emtters of bipolar transistors within a substrate and 3 g

i solation | ayers i solated in the substrate; a seniconducf§¥g§ '%éTO{HEEE
characterize in that at |east two un%qual I sol ati on vol ttages are

applied to said substrate and the i solatton | ayers which FFE foay
conductivity types identical to each other, or to t he pku

i sol ation layers which have conductivity types identical to each’ ofher.

3. A sem cond b ice h n o < ctor
el enment incl u%‘%% at I%eagf 2 gn%élegg}] aorpu%gtcé 8% bpl (?vli%}ogﬂ I n t%%%
power source rddRd) is fFBFh?ﬁef%%mﬁgon tigr keI pFRe-2886r ce
nmeans for the b%g anaavgg_t, ecag efk | inddpndaitl ey ax0whee nmeans
for said body ;S3RkiER 9oY0ht 0% E0AS b P stars SATh BB kyBALI ON
from bei ng formar |ase m% an 1 nput t.age opposite

polarity to ah’qlﬁﬁﬂ’?—svghg@.géf‘d VBB.Wrﬁ%fh he lr@rﬁ&ﬂ’?%ﬁqueﬁﬁ&taéd as an i nput

t o sai d sem - the isocdadiotovobtagentohaharpMo®edransistors. 4ThA

serm conduct o JBKeg 5. AEtL0ey] N A4S crans: SR 3l 380 10 that said

sem conduct or BBl
applled to the isolation region of the bipolar

transistor, but this voltage VBBl can be set as an
isolation voltage dedicated to the bipolar transistor

in the absence of the transistor nMOS3. In addition,
when a structure similar to that of the transistor npnl
in Fig. 6 is incorporated in the construction of Fig. 7,
isolation voltages unequal to each other can be fed to the
bipolar transistors. Besides, a p-n-p transistor can be
formed as in Fig. 6. Also, when the conductivity types of
the substrate, the wells, the sources and drains of
the MOS transistors, and the collector, emitter and
base of the bipolar transistor are all inverted, a p-n-p
transistor and a CMOS structure can be constructed, and
the plurality of isolation voltages of the present invention
can be applied to such a construction.
{Embodiment 7]

Fig. 8 shows an.embodiment in which the present
invention is applied to the nMOS portion of a stacked
CMOS structure. The figqure shows the example which
is formed with nMOS transistors on the side of a substrate,
and with pMOS transistors on the substrate by the so-called
S0I structure wherein polycrystalline Si is grown on
an insulator film. By combining such a configuration
with a p-well (pW) and an n-well (nW), independent voltages
Vgg, and Vgg) can be applied to the respective isolation
portions of the transistor nMOS1l formed in the p-well
and the transistor nMOS2 formed in the substrate p-Sub.
In addition, when the conductivity types of the substrate



up of a sem conductor substrate, and an epitaxial grown
on sai d substrate. - 25- 5. A seni conduct
defined in Caim3, characterized in that said sem conduct on
sem conduct | ayer provided on an insul ating substrate.

sem conduct or devi ce as defi ned ir1£g aim4,

RERLAPEMENTRSHEET

r

6.

devi ce as

bOQ%ﬁiFEBi%W

and the wells are rendered opposite, it is possible
to form pMOS transistors on the substrate side and nMOS
transistors on the polycrystalline Si side and to apply
separate isolation voltages to the isolation portions
of the pMOS transistors.
(Embodiment 8]

Fig. 9 illustrates an embodiment in which nMOS
and pMOS transistors are constructed on-an insulating
substrate written as INSULATOR in the SOI (Silicon on
Insulator) or SOS (Silicon on Sapphire) structure, and
in which the present invention is applied to such a
construction. On the insulating substréte, p-type Si
(or n—-type Si) is formed by crystal growth, whereupon
an n-type (or p-type) impurity is introduced into the
p-layer deeply enough to reach the substrate, thereby
to isolate a plurality of p-type (or n-type} regions.
The nMOS transistors are formed in the isolated p-type
regions, and the pMOS transistor is formed in the n-type

region. Voltages V and Vgg3 are applied to the

BB1
respective p-type regions in conformity with the uses of

circuits, while a voltage Vhaz

The numbers of the p~type and n-type isolation regions

is applied to the n-type region.

in Fig. 9 can be selected as desired, and it is also
possible to employ only either pMOS transistors or nMOS
.transistors.

(Embodiment 9]

Thus far, the various structures for the substrate
voltage isoclation have been described with reference to
Fig. 2 and Figs. 3 - 9. Now, there will be described
embodiments in which these structures are applied to
semiconductor memories.

Fig. 10 is a block diagram of any of general memories
(including a dynamic RAM, a static RAM, a ROM, etc.). Symbol
ADR denotes an address input, symbol CS a chip select
input, symbol WE a write enable input, symbol DI a data



characterized in that said sem conductor el enent includes ag-teast..a.MS

t ransi st or. 7. A sem conductor device as defined in Eﬁﬁnﬁ@f FMT htET
characterized in that said sem conductor el enent includes PR
bi pol ar .transi stor. 8. A sem conductor device as defi ec iﬂOF@ mE&
characterized in that said sem conductor elenment includes jat Lesds ﬂéf
transi stor and a bi polar transistor.l6 - 9. A sem conductjor—devi.ce_as
defined in Caim3, characterized in that said sem conductor elenent is a
sem conductor el enment to which an external input is applied: a8 A
sem conductor device as defined in Caim3, characterized in that said

seni conductoputl eABAt SYBPeh DO a2 sdakz ifiRdttor MNfoAES Land tERAE sai d
sem conduch@r thegkesbghalavarg hetrd @cdngleg! iand ratheroesignhicasrd  is a

sen1conducgpr ggge E&eéquseéCh an external input is applied.
A block I indicates an addressbuffer as well as
a decoder and a driver. A block C indicates & control
circuit and a write circuit. A block MC indicates a
memory cell array. A block SO indicates a sense circuit
and an output circuit. One embodiment of the present
invention consists is applying the different voltage
to the memory all array MC enclosed with a broken line
from to the other portion. |
Referring to Fig. 11, a chip which includes the
two blocks isolated as in Fig. 10 has a built-in
substrate bias voltage generator,-and the two outputs
VaBM1 and Vgpys ©f the bias voltage generator are applied
to the peripheral circuits other than the memory cell
array, while a supply voltage Vcc and the ground potential
GND are applied to the memory cell array as VBBMB'and
VBBM4 respectively. The circuit arrangement of the
substrate bias voltage generator has already been disclosed

in "1976 ISSCC," pp. 138 - 139 or Japanese Patent
Application Laid-open No. 51-117584. In this construction,
by way of example, the isoclation region (n-well) of the
pMOS transistor of the peripheral circuit is fed with the
voltage VBBMl {+7 V) and the isolation region (p-well)

of the nMOS transistor thereof with the voltage VaeuM2

(-3 V), while the n-well of the pMOS transistor of the
cell array is fed with the voltage Vee and the p-well

of the nMOS transistor thereof with 0 V. By supplying

the voltage of large absolute values to the isolation

regions of the input and output circuits in this manner,

the memor& becomes stable against the overshoots and
undershoots of input and output signals, junction capacitances




- 26 - 11. A sem conductor integrated circuit device conprising:

(D) a substrate having a main surface; (2) a first

region of a first conductivity type formed in a first

of said min surface of said substrate, a first voltage bei
provided to said first sem conductor region; (3) a
sem conductor region of said first qgn@uctivity type forned
second portion of said main surface of said substrate, said
being different fromsaid first portion, a second voltage

[ EESPELACEMEFGT SHEET]
PECOYS FER 1997

econd..portion
ei ng provided to

W= o

sai d second sem conductor region; (4) athird semc

onduct-or-—egon

of a SeCOQQhQOEQHQé%FQ6%$§BHg%JggﬁnﬁﬂeiEp@rces or drains ld¥ foportion in a

mai n surface of said substrate and within said first

seni conduéEansegPbh, anthiad KBEEAA teoAddcthei FRPegheanerhP AR ent from
sai d firstneopducéétody Ity Mipodakhickdnkektdds RRANEnET Qvbsieshis) said third

can be reduced, and an impurity concentration profile

less prone to soft errors can be selected for the cell

array. By the way, the designations of isoclation voltages

for use in the following embodiments shall correspond

to the symbols V

BeM1‘ 'BeM2’ "BeM3 279 Vppu4

in accordance with the roles thereof.

in Fig. 11

Sectional views of embodiments of chips which are

obtained for the embodiment of the chip setup in Figs. 10
and 11 will be elucidated below. Each of them illustrates

the sectional structure of the portions of the input

circuit and dynamic memory cell of a MOS dynamic RAM

in correspondence with the prior-art example in Fig

I

Although the memory cell is the dynamic cell here, the
present invention is similarly applicable to a MOS static

memory cell and a bipolar static memory cell.
{Embodiment A}

In an embodiment in Fig. 12, the nMOS transistors

of an input protection circuit (an n-type diffused resistor
and an nMOS diode) and an input circuit are formed in
a p-well (pW), the pMOS transistor of the input circuit

is formed in an n-well (nW)}, and a memory cell made

of an nMOS transistor is formed in a p-type substrate
p-Sub. In the present embodiment, the p-well of the

input circuit and the substrate p-Sub are isolated.

Thereforé

the values of the isolation voltages VBBMZ and VBBM4

of the Tespective regiens can be independently set.

Accordi

by way of example, the voltage VBBMZ can be selected
at =3 V in order to satisfy the specifications of the
input circuit, and the voltage VBBM4 can be selected
at 0 V from the viewpoint of the soft-error immunity

of the memory cell. A broken line under the memory

cell indicates a p-type high impurity concentration

layer.



sem conduct or region; (5) a fourth sem conductor r

egi on of said

second conductivity type formed in a fourth pd
mai n surface of said substrate, said fourth portion
different fromsaid first and second portions, a fourth vol
provided to said fourth sem conductor region; (6)

of a second conductivity type channel” fldrmed in said first
sem conduct or region; (7) a second M SFET of a se¢

—

REPACEUET &

SHEET
t dge’ belng_

alfiggtrdhSEET
ond—tomndueti vty

type channel formed in said second sem condu

st or region;

(8) thlrd M FET of a nduct|V|t type channel f
third In this wayych &8u %%ﬁ Y%Eﬁ%ﬁ? %%dﬂép

ormed i n sard

Priof Tt &XFM4%h M SFET

of said f|rsklmmnda&tdvmhy?igpelC¢Emwhﬂ poxretked) tzaigkovide a stable fourth

sen1conductor ;an wherein said first and second
di fferent fro¥{§%E% ory
vol t ages are[@hbpé#@ﬁntfﬁbn1each ot her. A sem conduct

vol tages are

er and mherein said third and fourth

or integrated

circuit accordinggh F$ alﬂgllon %%5&1 iggngﬁf da res&sﬁdeJH@'WEd in

said third sem conduct reg |on n sal menor

conpri ses sap@Oﬁhdgedg|gﬁE§n lnput protection circuit are provided
in a2 p-well, and the nMOS transistors of any other peripheral

circuits are formed in a p~type substrate p-Sub

likewise

to a memory cell. Besides, a pMOS transistor can be

formed in an n-well. A wvoltage VBBMZ (for example, -3 V}

is applied to the p-well under the n—-type diffused resistor

and nMOS diode which are input protection devices, while

a voltage VBBM

4 (for example, 0 V) is applied to the

substrate p-Sub of the nMOS transistors of the input

circuit and the memory cell. A p-type high concentration

layer is provided under the memory cell as in Fig. 1l2.

A voltage V BEML is applied to the n-well. The present
embodiment is advantageous over the embodiment of Fig. 12

in that, since only the input protection devices are

provided in the well, the layout is simplified,
that, since the nMOS transistors other than the

and
input

protection diode are formed under the same concentration

condition over the cell and the peripheral circuit, the

control of threshold voltages Vox is easy.
[Embodiment C]

Fig. 14 illustrates an embodiment in which
cell is formed in a p-well (pW), while the nMOS

a memory

transistors

of an input protection circuit and any other peripheral

circuit are formed in a p-type substrate p-Sub.
present embediment, the p-well of comparatively

In the
high

concentration is provided under the memory cell, and

it acts as the substitute of the high concentration

layer indicated by the broken line in Fig. 12 or 13.

[Embodiment D]

Fig. 15 illustrates an embodiment which employs




- 27 - 13. A semconductor integrated circuit according

wherein said nenory cell includes a capacitor elenen RW{IAﬂEMﬁJT QH -1
coupl ed to one of source and drain regi ons of said thifa W-SkeEf—=Eg,

A sem conductor integrated circuit according to claim12,
substrate is a sem conductor substrate of said second

oaneR ey,

type, and wherein said third sem conduct or region

lectrd.cally

i sol ated fromsaid substrate by said%ivrst sem condyct

or region.

15

A sem conductor integrated circuit according to claim 12, Whererna

peri pher al circuit is forned on said main surface of said substrate,
and wherein said 1 | pher circuit cqnp rlsei sai d ti% second and
third M SPET&-typg laxe eﬁ?c% 9ﬁaqenﬁéﬁﬁ c@i PEEERBRERhg to claim

11, wherei

di@iiitnpud a memorprﬁlﬂctamee felraveantin p-verned i whénédsthird

Sen1condu%59rem%%d1men s o?h régj]TZ - 14 have the double well

structure, a well configuration of single layer suffices

in the present embodiment. A voltage VBBMZ (for example,

-3 V) is applied to the p-well of the nMOS transistor

of the peripheral circuit, while a voltage VBBM4 {(for
example, 0 V) is applied to the p-well of the nMOS transistor
of the memory cell. 1In addition, a voltage VBBM1 (for
example, a supply voltage VCC) is applied to the substrate
n-Sub. In the p-well to which the voltage V

BBM2
applied, only an input protection circuit may be formed,

is

or peripheral circuits such as an address buffer may
well be included.
(Embodiment E]

Fig. 16 illustrates an example in which a pMOS
memory cell is formed on a p-type substrate p-Sub. A

voltage V (for example, —3 V} is fed to the substrate

BBM2
of the nMOS transistor of a peripheral circuit, and

a voltage V ] (for example, +7 V) is applied to the

BBM
n-well of the pMOS transistor of another peripheral

circuit, thereby to reduce the source and drain junction

‘capacitances of the pMOS transistor. A voltage VaEM3

(for example, a supply voltage VCC) is applied to the
n-well of the memory cell. Thus, it is possible to
construct a memory in which the input circuit is immune
against undershoots and can attain a high speed, while
the memory cell is less prone to soft errors.
[Embodiment 10] -

In the above, Embodiments A - E applied to the
MOS memories {SRAM, DRAM) have been described as the
practicable configurations of Embodiment 9 with reference
to Figs. 12 - 16. Next, embodiments in each of which
the present invention is applied to a memory by the use
of the BiCMOS construction of Fig. 7 having both bipolar




said input protective el enent conprises said third MSFET. 17. A
sem conductor integrated circuit according to claim 16, wherein a drain

.ol
TeT

regi on. of said third MSFET is electrically connected T t-et ~
via a resistance . elenment. 18. A sem conductor int egraaﬁgélﬂﬁmgm SHEET
according to claim15, wherein said substrate I s a sem|conduct or !
substrate of said second conductivity type, and wherein said 2 gtgﬂ’g $q7 ,
sem conductor region is electrically 2gokated from said substfaje by sal d™ | !
first sem conductor region. 19. A sem conduct or i nt ggrat-ed —__
circuit according to claim 16, wherein a nenory cell ig fornmed in :
said fourth sem conductor region, and wherein said nenory cel

conpri ses sand MQOSrddvideSRELL b20deschibedi ebhluceDerémtedrated circuit

according tg;glaiyg 11,,wherein a
fourth semi conhduct or r2e19'i or??‘ogﬁd wherern sai

tHRMRhKoBehLars, thodd JPMHRAL 1] 5ald

conpris

sai d fourth-MSFERloy epitaxigdnileyrdsct andi hrese e FidscAG devi ce
conprising:- 22 don{ Bmplo¥ ephghkake Rayeng.a nmain .surface,

{Embodiment F]

Fig. 17 shows the nMOS, pMOS and n-p-n bipolar
transistors of peripheral circuits, and a dynamic type
nMOS memory cell as viewed from the left.

Under the nMOS memory cell, a p-type buried layer
{pBL) of high impurity concentration is put to intensify
the soft-error immunity. This layer pBL is also used
for the isolation of an n-type buried layer.

Although the nMOS transistor wf the peripheral
circuit is formed in a p-well, this p-well can be omitted
when a p-type epitaxial layer is employed. An n-type
buried layer nBL of high concentration is provided under
this p-well layer, and an n-layer (CN) of high concentration
is added for feeding a voltage to the layer nBL. Besides,
the p-well has its side surrounded with an n-well thereby
to be isolated from a p-type substrate p-Sub. A voltage
Vapm2 (for example, —3 V) is applied to the nMOS transistor
of the peripheral circuit, and the voltage VBBM1 (for
example, a supply voltage VCC) to the n-well of the

pMOS transistor. A common voltage V is applied

to the isolation layer of the n-p-n g?gélar transistor
and that of the nMOS transistor of the memory cell. Buried
layers nBL and pBL provided under a well serve to reduce
the collector resistance of the bipolar transistor, and
are also effective to-Erevent latch-up through the decrease
of a substrate resistance. -
[Embodiment G]

Fig. 18 illustrates an embodiment in which a memory
cell is formed in a p-type substrate p-Sub, and the
difference of which from the embodiment of Fig. 17 consists

only in a construction under the memory cell. With

es



- 28 - (2) a first sem conductor region of a first ¢t LVLLEY,
type forned in a first portion of said main su ﬁgggﬁééw%&ﬁdSHEEr
substrate, a first voltage being provided to said first

sem conduct or region; (3) a second sem conductor rggijorp gfpggiggg’]
fi'rst conductivity type formed ina _ 5y _ second portli gn of said maijn
surface of said substrate, said second portion betr-mg—drf-ferent
fromsaid first portion, a second voltage being provided to.

sai d second seni conductor region; (4) a third sem conductor reglon

of & second condueliyddar SuRS JOUIPHEN 87 the buried FdUds gartion within
said first portion, Said second conducfivity yge 5e|ng
di fferent from sEeh fenaenthidion Plehtt ypee and nFReF® diiagdassihed dpr ovi ded

to said third sepy Gl Ol Je@n@NnMOS trahSlstol £OUFLULEEIELONGYCT OF
region of said sgeond, COMIUCIIM LY t¥PERL L8R etion in rig. 18, 4
p-type high concentration_layer indicated by a broken
line is provided only under a storage capacitor so as
to prevent the buried layer from rising to the channel
part of the nMOS transistor of the memory cell.
Next, principal steps for realizing the sectional
structure of Pig. 18 are illustrated in Fig. 19. At
(a) in Fig. 19, n-type buried layers nBL are formed in the
front surface of a p-type substrate, and at (b), a
p~type buried layer pBL is further formed. Thereafter,
a layer Epi is formed by epitaxial growth at (c), and
n-wells (nWELL) and p-wells (pWELL) are formed in the
layer Epi by steps (d) and (e). At (£), layers CN heavily
doped with an n~-type impurity are formed so as to connect
with the underlying layers nBL. Though not shown in
the drawing, the plate of a memory cell, the gates of
MOS transistors, the source and drain layers of the
MOS transistors, and if necessary, the emitter layer
of a bipolar transistor are thereafter formed. Further,
steps such as the formation of contact holes and metalizati
are thereafter required. In the illustration of Figs. 17
and 18, the layers CN and nBL reduce the collector resistan
of the bipolar transistor. On the other hand, the contact
interfaces between the sources and drains and the wells
of the MOS transistors and between the base and the
collector of the bipolar transistor do not establish
the comtacts between layers of very high concentrations,
and they can have their breakdown voltages held at degrees
necessary for circuit operations.
[Embodiment H]
The above has been the example of the process employin
the epitaxial layer, and embodiments which do not employ




a fourth portion of said main surface of said substrate, said fourth

portion

fourth vol tage being

region;

formed in said first sem conduct or region; ég) -
second M SFET of said second conductivity type channel forjmgd ¢/ FEB 1997
sai d second sem conductor “region; ~ 22 ~(8) a third M SHET-ef—a.first

conductivity type channel- forned in said third

regi on;

formed in . . aid fourth sem conduct.or .region; and (10) a
menory celter SPHEA*EAL SEFYET b %1Qﬁﬁggﬁn#%ﬁﬁﬁ£%eée§?5%,rggFaeﬁﬁﬁDry
cel | conpricsiFigssakd fo22zih M&SFEEmbodimenttserfeirm sahdghi csticantiraétond

vol t ages

re diffegent _fromeach other, and rei, aid third and
fourth vol gﬁéslgrégﬁi?i%ﬁ%ﬂﬁénicﬂﬁ%¥ﬁ§1%ﬁhﬁﬁ?atEZfyth%égﬁﬁconductor
i nt egr at edepithc byt tbevise @ commliangawian .ai Aol thilsereasosai dhey

cell 10! udes BEaRRCLAL! LB M Alkd it LAWRLEA-LE GaRRON sOur ce

and drain Tegions 0

being different fromsaid first and seeerd-poriions

i
o

(6) a first MSFET of a second conductivity ftype

senm conduct or

a
provided to said fourth ﬁﬁﬁkﬁ@gﬁgﬁﬁgﬁgﬁf'

(9) a fourth M SFET of said first conductivity type-€eharnel-

salrd

menory

m conduct or integrated

circuit déveceasenpfiermipying the emidmxiedddeyer-substrate having a main
surface of a fipgt gondycsiyideidnPe view, and the corresponding

conceptuai diagram seen from the front surface of a
chip is shown in Fig. 21. An nMOS transistor nMOSt
has its p-type isolation layer (pWELL) enclosed with
an n-layer (CN or n-well), thereby to be isoclated from
a p-type substrate p-Sub.

The principal steps of a process for realizing

the structure of Figs. 20 and 21 are shown in Fig. 22.

At {a), an n-layer of high concentration is provided

in a substrate p-Sub at a fixed depth from the front
surface thereof by ion implantation. Thereafter, an
n-well and a p-well are formed at (b) and (c}. The
p-well can be omitted iﬁ the case of the p-type substrate
p-Sub. At (d), .n-layers (CN) of high concentraﬁion
are formed so as to reach the n-type buried layer nBL.
Steps after (d), for forming MOS and bipolar devices

and metalization are similar to conventional steps.

As described above in conjunction with many embodiments,
according to the present invention, independent voltages
as desired can be applied to the substrate and isolation
layer of a MOS device and the isolation layer of a bipolar
device, and the optimum voltages conforming to the purposes
of the circuits of the devices can be selected. Thus,
the setting of concentration profiles, the setting of
isolation voltages, etc. can be freely done in order
to cope with the problems of the undershoots of inputs
and outputs, junction capacitances, and soft errors.

Industrial Applicability:

Heretofore, the injection of minority carriers




- 29 - a first sem conductor region of a second c e 1
opposite to said first conductivity type, forne gﬁ%ﬁ@ﬁﬁa Q‘@T'
surface of said sem conductor substrat e, second
semi conductor region of said first conductivity type fofned2igh BB €97 rist
sem conduct or region; a first MSFET of said secopd}conductivity jtype
fornmed in a first region of said mai n surface ¢f Sard
sem conduct or substrate, said first24eg|on bei ng different from
said first sem conductor region; and a second M SFET of said second
conductivity type formed in a surface of sai d second sem conduct or

region; scr1b$9§éefg Quﬁﬁésﬁo ét e I }¥§éyn§ %d t% éppf Lirst

seni cond (¢t o %condivol age |s £4°Po sai d
second s@ﬁﬂ@&h@HbEDg ﬂe@@%nt*@nﬁhstor or a BiP tran51stor formed

in a silicon substrate, and it has formed the cause
of such a problem as the degtruction of a stored signal
in an SRAM or a DRAM.

Such a phenomenon degrades the reliability of the
semiconductor device and is unfavorable.

The present invention can prevent the phenomenon,
is applicable to various products including MOS, BiP,
CMOS, Bi-MOS and Bi-CMOS devices and is capéble of enhancement
in the reliability etc., so that it can be effectively
utilized.



third voltage is to be appl surface of said sem conductor
substrate, such that sai d " Hjﬂ"@ Mto be applied It].o.sal dfirst
seni conduct or region for el ec ting said seco (REMEM&NL{ICSHFET

region fromsaid main surface of said sem conduct or substra tc, and--wherei
a value'of said second voltage is to be different fromthat é E E}gﬂd
oBaEEs

vol tage. 24. A semiconductor imtégrated circuit device gcd n
23, further conprising a third M SFET of said first] danduct.ivity
type forned in a second region of a surface of said first

sem conduct or regi on, r econd region i s—di-ffFerent—fFrom
sai d second seni conduct or"BAT W&Arrig&?do%ss A sem conduct or

i nt egr at ed C|réU|tImeW|$§mxﬂRﬂﬁWﬁﬁﬂ§t@?WﬂQﬁrﬁh¥29 hagr siearces conpri si ng
vol tage d‘aﬁ §§a£9£ @Ppiﬁemt%@-%afaé Shewa t@%céadr@n%q%%@svol tage

and said t vol t age. seni conduct or rated gircuit device

accordlngoFoCQﬂéFﬁ¥9EF \Mﬁ§Q§ ﬁnémqwltters 9§|hﬁP dGEFP§FF§°F§pe i's

p-type angisgif ses@psk conlucld W tolunle dys JF liea.atdbék layers vvherel n a

value of said first v Ita |s reater t han that of sai.d second volt
and t hat 615028?'8 di i r %7? Seﬂ“fé?ﬂ%’cﬁ’f& cB6Vicht & Fﬁf“éﬁeﬁ’r?‘ U|t

devi ce acgar dhag hOVGIngB dﬂisﬂaﬂﬂduyarying range of applied

voltages to respective electrodes of said source and
drain or said collector, base and emitter is applied
to at least one of said substrate and said plurality of
isolation layers.

2. In a semiconductor device which has sources
and drains of insulated-gate field effect transistors
or collectors, bases and emitters ¢f bipolar transistors
within a substrate and a plurality of isolation layers
isclated in the substrate; a semiconductor device characterize
in that at least two unequal isolation voltages are
applied to said substrate and the isolation layers which
have conductivity types identical to each other, or to
the plurality of isclation layers which have conductivity
types identical to each other.

3. A semiconductor device having a semiconductor
body, a semiconductor element includign at least one
p-n junction provided in the body, power source means
for the semiconductor element, and power source means
for the body; characterized in that said power source
means for said body supplies a voltage so as to prevent
said p-n junction from being forward-biased even when
an input voltage opposite in polarity to an input voltage
which is -originally experted as an input to said semi-
conductor element has arrived.

4. A semiconductor device as defined in Claim 3,
characterized in that said semiconductor body is made

up of a semiconductor substrate, and an epitaxial grown

layer formed on said substrate. -
This Sheet Has Been Replaced [HIS SHEET HAS BE

MR —



conprising a nenory cell fornmed in said surf

sem conduct or 111 1111

IHi _ Pe—
- 30 - region and a peri mﬁ QMM‘U irmed i n sai QREPLACEMEHT opHEHT
said rain surface of sai ¢l i sOf »substrat e, efern said
menory cell includes said second M SFET and sai d periphee
e 8 Y ¢
+)’

I ncl'udes said first MSFET. 28. A sem conductor integrated e
according to claim 27, wherein said” 25 - first conducti vi y Hype—i-s—p—type
and said second conductivity type is n-type, and whetein a val ue of
said first voltage is greater than that of said second voltage' and

Lhat o o4 LSO YOLLR0EnaR o MaSTLENEIELEI N 0Tty of ol ¢ devi ce
| ower than dhHaatacklerdaied thi tHavoséhdesemiconductor body is a semiconduct
layer provided on an insulating substrate.

6. A semiconductor device as defined in Claim 4,
characterized in that said semiconductor element includes
at least a MOS transistor.

7. A semiconductor device as defined in Claim 4,
characterized in that said semiconductor element includes
at least a bipolar transistor. .

8. A semiconductor device as defined in Claim 4,
characterized in that said semiconductor element includes
at least a MOS transistor and a bipolar transistor.

9. A semiconductor device as defined in Claim 3,
-characterized in that said semiconéuctor element is
a semiconductor element to which an external input is
applied.

10. A semiconductor device as defined in Claim 3,
characterized in that said semiconductor element forms
a semiconductor memory, and ‘that said semiconductor
element having said p-n junction not forward-biased
is a semiconductor element to which an external input
is applied.

This Sheet Has Been Replaced
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30. A sem conductor integrated circuit device according to @aR—29

further conprising a bias generator coupl ed between a ﬂEPbACﬁﬁEﬁT SHEET
supply voltage and a second power supply voltage and {of providing—=

bi as voltage, forned in said naln urface of said semfcpnduct
substrate, wherein said second power ~ 6S"supply vol tage | 2§?i%§§#WY
that of said first power supply voltage, and said bias oltage_is

| ower than that of said second poSEMIGHNPRCRORVIEWIEEEe, and wherein said
second voltage applied to said second sem conductor regi on corresponds—to——
sai d bi as vol tage provi ded by a@is®RMCaS generator 31. A

sem conduct or i ntegrat C evjce AR] e or
substrate having a msu’gﬁjsuir’holt:getloosi T5i rglt% Xd&g F\Jfle Y %’ntg 2 Q{IBQQQQEQ

first senlconductGQU$@@|hw1mﬁtemtmaﬁnﬁiwﬁhumnynnwlaycrypeblepp©sn@eseo sai d
first cogggctigléthéﬂ¥§d forned in said main surface of said

sem conduct or a second sem conduct or region of

said first 8onductivityntdypremisandnatersdeyifcier yhich has soysaesoaddct or

regi on; a Iil-éﬁﬁs Mi.SFﬁI-\Hfat'%'&-%a%’eCCfl‘il‘ao'é‘%'fﬁb'tvkﬂnﬂﬁ’%igrHﬁd in a
first region of said mai n sdurface of said sem conductor substrate,
said first regi onCOLIRGERRSf Hasps and emittersmofaPdrpias: tEanFL8hakEL or
region; 2 Geerd M&ﬁf&ﬁtéa&ﬂ/&c%n@mdtﬁyl BEt YsbYREi6A! DRPets A
surface of said ecoqg sen conduct or

isolated in e substrate, volta es havzng values outside

10 a varying range of applied voltages to respective
electrodes of the source and drain or to the collector,
base and emitter are applied to the substrate and the
isolation layers.

FIGURE 2 is

—_—
Wi
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a first voltage device to apply a first voltage to said first sem conductor

regi on; a second voltage device to apply a second e QsgLd,
second - Byt U9 ittt R I A B
sem conduct or region; and athird voltage device t¢ apply a third j
voltage to said main surface of said sem conductio supstraties7
such that said first voltage is applieg to said first serigonductor regipn
for electrically isolating said second sem condycter—regtomnfrom
said main surface of said sem conductor substrate and wherein a |
val ue of said second voltage is different fromthat of said third

voltage. 32. A sem conductor integrated circuit device conprising:

FIG. 1
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a sem conductor substrate having a main surface of a first conductivity

type;
opposite to said first

surface of said sem conductor substrate

conductivity type,

junction between said first sem conductor region and

surface of said sem conductor
region of said first conductivity type forned in said firs
sem conductor region so as to forma second PN junction bg
second sem conductor region and said first sem conductor r

substrate;2

Sso as to

a second s

a first sem conductor region of a second conductivity type,
fornmed | i

r—Sa-d-0ain

21
J AT Or

e
t
t

e

EPLACEMENT SPIEFT

Sa-omat-f

¥ ¥ degy

ep-said
gi on; a

first MSFET of said second conductivity type fornmed in a TTrstTregres—eof
i iconduct or substrate,

sai d mai n surfa
regi on being different
a second M SFET of said
said secogd
is to be applied t@%av
voltage is to be applied
third voltage is to be 3
substrate, so that said
and second vol t
by said first and

second voltage is tg hel

33. A sem conductan |
further Cz’
C O

dyct or region, a

irst PN juncti
ages, and erei

fromt>a%qﬂ

devi ce accord

FIG. 3
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said first

ity type forned in a surface of
n, wherein a first vol tage

second




conprising voltage devices for applying said first voltage, said second

vol t age and said third vol tage.

-32 -  34. A method of operating a sem conductor inte eth—ett-etit
devi cé, the seni conductor integrated circuit device gEBmQEMEN SHEET
sem conduct or substrate having a main surface of a fijr$t conducti Vitly
type; a first sem conductor region 3 of a second condugti vigty Wﬁ? 7
opposite to said first conductivity type, forned in aid main gace
of said sem conductor substrate; a second sem conduct or +-egt-on—oef

said first conductivity type, formed in said first sem congluctor region

a first MSFET of said second conductivity type fornmed in a Tirst regronof

sai d mai n surface of said sem copduct id first region
bei ng different fromsaid first S@nic and a second
>

M SFET of said second

S

F1G.

Veg2




conductivity type forned in a surface of said second semc
sai d nmet hod conprising the steps of: appl yi ng &
to said first sem conductor region; applying a secong
second sem conductor region; and applying a third vol
mai n surface of said sem conductor substrate, wher ei r
vol tage electrically isolates said secgqnd sem conduct or

fromsaid main surface of said senm conductor substrate, an

—t
0, Q)

]

CPLACEVE

i SGHFET

oltage to sai

so poFEa ter

’

regromn

wherein a value of said second voltage is different fromthat of sard third
i m34, wherein said first

vol tage. 35. A met hod according to cla
conductivity type is p-tyge ;
n-type, and wherein & val ye i i
that of said second @Ftage
according to claim 34, whgr
| ower than that of said th
sem conduct or i ntegrat

integrated circuit dgvice
having a nmain surface of, a
regi on of a sfcond

conductivity type, forged.
substrate so as to form a g

| d second conduct
vol t age i
hi d third voBbage]
of said sec®nd v
7. A nethod_ of
t he sem c
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junction between said first sem conductor region and said main surface of

sem conduct or substrate;
conductivity type forned in said first sem

said

first

as to forma
second PN junction between said second sem conductor re
sem conductor region; a first MSFET @f said second con
f or med inafirst region of said main surface of
substrate, said first regi on being different from

a second sem CmduF%MMt%@i%ﬁ

gl
dugct
5 a
S

sem conductor region; and a second M SFET of said
type forned in a surface of said second
nmet hod conprising the steps of:
first sem conductor region;

sem conductor region; and

33 -

DNy and pgrigl7f il S
Vity type
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aid first
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~second conduct|V|ty
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and cacand

AT

wherein said second PN junction is reverse biased by said

vol tages, and said first PN junction is reverse biased by EtﬁLﬁﬁﬁﬁfhﬁﬁﬁﬁﬁET
second vol tages, and wherein a val ue of said second voltagge [S different
fromthat of said third voltage. 38. A sem conductor intagrﬁg !gﬁgﬁggt

devi ce conpri si ng: a sem conductor substrate having

of a first conductivity type; aegfirst sem conductorjr HECQ of.a

second conductivity type, opposite to said first conductivity
e

type, extending to said nmain surface of said sem conductor ™~

substrate so as to forma first PN junction wwth said main surface of said
sem conduct or substrate; a second sem conduct or reglon of said first
conductivity type, in said first ff €31co ctor g @9 so as to
forma second PN junction with said first sem con g tor region
said second PN junction beprrg—Ssurredurded—by—sata—F+rst PN junction
and being inside said first PN junction; a first MNVRFET, havi ng
source and drain regions of said second—agndueL+¥#Ly—Pype—«~, in a
first portion of said mainjsurfaee—e{ dlai thrqte, sai d
first portion beihg outsidef ofj qaid first PN junctipn; a
second M SFET, havi ng sour e and dra n {rggi ons of said secgntl cqnductivity
type in said second seni copduct ¢r repidn; and structjufe flor applying
a first voltage to said fifst s¢m copductjor region, a second
vol tage to said secopfp condyctyor pregijon, and a third vg
mai n
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surface of said sem conductor substrate, so that said second PN junction is

reverse biased by said first and second vol tages, and sai §Jd NNT QUEE \
junction is reverse biased by said first and thiréﬁﬁiﬁﬁg %? rg,
val ue of said second - 34 - l
voltage is different fromthat of said third voltage. 39.} A sentEAni3bEt or

Integrated circuit device according to glaim 38, further conpr|5|ng ‘
a third M SFET, having source and drain regions of said fiys T
conductivity type in a second portion of said first sem conductor region,. _
wherein said second portion is different fromsaid second

sem conduct or region. 40. A senico?EUft;r i? grated circuit device
according to claim 38, wherein said irs onductivity type is p-type
and said second conductivity type is n-type, and '
VB$M2 VBBMt VBBM4

VesM1 VesMs
D WL PL

R I NNE




wherein a value of said first voltage is greater than that of said second

vol t age and that of said third voltage. 41. A senjconduct or
integrated circuit device according to claim 38, further REP I i

a nenory cell in said second sem conductor region, and a pgr ng@@gm§§ggq
circuit in said first portion of said main surface of said|s con uctor
substrat e, wherein said nenory cagll includes said sec n

sai d peri pheral circuit includes said first M SFET. —

sem conductor integrated circuit device according to cIa|n141 threln sai d
first conductivity type is p-type and said second conductiVvity type:-i-S—mmmmml

n-type, wherein a value of said first voltage is greater than that

of said second voltage and that of said third voltage, and wherein
said value of said second voltage is | ower than that of said third
vol tage. 43. A sem conductor integrated circuit device according to
claim4l, wherein said nmenory c ncl said second M SFET and a
capacitor elenment which is eledfl/ Iy nnected with one of said

source and drain regions of said second NISFET 44, A
sem conductor integrated ci rc%é 2IdeV| ce aCCOvéM | aim 38, further
conprising a bias generator, T ed between T irs %omer supply vol tage

FNMERENG

)

FIG. 16
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\V“W[/N/’N/W/V
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a second power supply voltage and for providing a bias voltage, in said
mai n surface of said sem conductor substrate, wherein said second
power supply vol tage provides a voltage | ower than that of said

first power supply voltage, and said bias voltage ifgrh
of said second power supply voltage, and %E E,!Qﬁimm?rgﬁ{ﬁﬁ‘
-35-- wherein said second voltage applied to said s ctnd j

sem conduct or region corresponds to said bias voltage]praviel {2087
sai d bias generator. 45. A sem conductor integrated cifcthit device
according to claim 38, having said first voltage applied to said—
first sem conductor region, said second voltage applied to said
second sem conductor region, and said third voltage applied to said main
surface of said sem conductor substrate, the value of the second voltage

bei ng
Fl6. 17
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/ different fromthat of said third voltage. 46. A sem conduct or
I ntegrated circuit device conprising: a sem conductor substrate
having a main surface of a first conductivity type;
sem conductor region of a second conductivity type, OppO BE@A@@QKB SHER
conductivity type, extending to said main surface of saif fem condGctor
Substrate so as to forma first PN juRgtion with said ma n sy rgm@‘(? sqi d
sem conduct or substrate; a second sem conductor rggj on of “Sai ijr gt
conductivity type in said first . sem conductor rgg ~gs—te~f o m
a second PN junction with said first sem conducgor region, said
second PN junction being surrounded by said first PN j un?:“'t"l“()"r'i"‘ﬁ?r
being inside said first PN junction; a first M SFET, having source
and drain regions of said second conductivity type in a first
portion of said main surface of sai df‘é’\‘gﬁondZ@or substrate, said first
portion bei ngdlrJ;ZSi de of said first cti O a second M SFET,
havi ng sourc drain regi ons of said_second conducti-vity IST type
in said second s ' induct{or re ion; l *a fqrst vol t age de\ﬁ S[
. c or re| '

a first volt d fifrst = ]
regi on; and a thiNd vo ageHewceto alyathlr voltage to d
mai n surface\qf\ sai

device to ap /(AAZQGY%U@VM@{
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wherein a first voltage is applied to said first sem conductor region, a

second voltage is applied to said second sem conductor region,
and a third voltage is applied to said main surface of said

sem conductor substrate, so that said second PNritmicti I
reverse biased by said first and second vol tages, and kéﬁ}td@_&-’ﬁ?ﬁ}ﬁg
PN junction is reverse biased by said fiftst and third vol { ages, and

- 36 - wherein a val ue of said second voltage is fi l‘fgrgerg:t;;-g fmm
that of said third voltage. 47. A seniconductor}ihtegrated
circuit device according to claim 46, further conpf i sTrg-a—third—
M SFET, having source and drain regions of said first conductivity |

type in a second portion of said first semnm conductor region, wherein
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said second portion is different fromsaid second sem cond
48. A sem conductor integrated circuit device according t
wherein said first conductivity type is p-type and s
conductivity type is n-type, and wherein a val ue of
voltageé is greater than that of said second voltage

third voltage. 49. A sem conductor ixgegrated circuit de
claim 46, further conprising a nenory cell in said
sem conductor region and a peri pheral circuit in sa
of said main surface of said sem conductor substrate,
menory cell includes said second M SFET and sai d periphera
i ncludes said first MSFET. 50. A seniconductor integrat
according to claim49, wherein said first conductiv
p-type and said second conductivity type is n type,

of said first voltage is greater tha y d second
and that of said third voltage, and &%&h@;n t

val ue of s
voltage is
intdggiﬁéd

than that of said third voltage.
sem conduct or

uct or region.

o cl ai m 46,

ai d second

said first

and t hat of sai d

i

BEPLAGENEN

ul LAl

ENT GhEeT

ifdifirst portion

BRI

H tdort il 1
ﬁd CHrett-t—eew

tty type is

e
C
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51. A
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M SEET., 52. A sem conductor int e?étg&ﬂk’@fg@m’t devi ce according to claim
46 utt her conprising+a bias generator;. coupl ed bet PS¢
powet supply vol tage and . a second power supply volta CEMENT SHEET
providing a bias voltage, in said main surface of saild {sen conduct
substrate, wherein said second power supply vol t age ifs |l r
that of said first power supply voltage, and said bias vE MEQ%@E
-37 - - voltage is |lower than that,of said second power
and wherein said second voltage applied to said second sem conduct or
regi on corresponds to said bi as vol tage provi ded by sard biras

gener at or. 1l1. A semiconductor integrated circuit device comprising:

a semiconductor substrate having a main surface of a first
conductivity type;

a first semiconductor region of a second conductivity type,
opposite to said first conductivity type, extending to a first
area of said main surface of said semiconductor substrate so as te
form a first PN Jjunction with said main surface of said
semiconductor substrate;

a second semiconductor region of said first conductivity type
in said first semiconductor region so as to form a second PN
juncticn with said first semiconductor region, said second PN
junction being surrounded by said first PN junction and being
inside said
second first PN junction:

a third semiconductor region of said second conductivity type
extending to a second area of said main surface of said
semiconductor substrate so as to form a third BN junction with
said main surface of said semiconductor substrate, said second
area being a different area from said first area;

a fourth sémicondgctor region of said second conductivity type
extending to a third area of said main surface of said
semiconductaer substrate s¢ as to form a fourth PN junction with
said main surface of said semiconductor substrate, said third arez
being a different area from said first area and said second area;

a first MISFET, having source and drain regions of said second
conductivity type in a fourth area of said main surface of said
semiconductor substrate, said fourth area being a different area
from said first area , said second area and third area; -

a memory c¢ell, including a second MISFET having source and
drain regions of said second conductivity type, said second MISFET
being in said second semiconductor region;

a third MISFET, having source and drain regions of said first
conductivity type in said third semiconductor region; and

a fourth MISFET, having source and drain regions of said first

conductivity type in said fourth semiconductor region;

THIS SHEET HAS BEEN
REPLACED




53, A sem conductor integrated circuit device conprising: REPL,_H L
semt conduct or substrate of a-first conduct|V|ty type, said derqrconductor -~
sub¥strat e having a first area, a second area other than said fji Eﬁé ﬁ@aﬂand
a third area in said first area; a first senigo ctor W3

region of a second conductivity type, opposite to said first
conductivity type, in said first areazpf said sem conductor substrate SO0 as

e S | "'T'-

T

to forma first PN junction W th said sem conduct or—=substrate:

a second senlcon uctor sai.d figst dugtivi Re, SN said
third area d° %tssové gr?ﬁ ts?éco%g Jgunrg%l ontsénr salog fi rst
sen1conducSemiaaa@hgnorsﬁﬂb@trate, second PN junction being surrounded by

sald Tirst PN iRLhon BAkdSkibage 1s app)lBiide 38k it Stafilohtingid:on,

a first MSFE vi ng source an rai egions of sald second conductivity
type regiqm shnispcssdondltaasa iof apaildedeh? cordlcresend upticgpductor a

second M SEES;odiavi nensilr 68 aad disal dhoiedions dhiaaicdineoond ceapduedd vity
type in sal t area of sal sem conduct or subst rat e, and

structure ¥egi %rppwuﬁ?glréhf rpLEadpolisag@rlacdatel $3 ¥ tEuERR cBRFCPOPCT ¥y on,

a second r==g:.on andoht agecH Qo$€é<§’e SQCQARH1 BN GORUE I inl €0t fdte aBds&id hi rd
vol tage to sa mai n rface of said sem conductor substrate, so

that said §%‘Em‘1‘ﬁi’dl5ﬁltj°ﬁnt‘fhis&ﬁal:§' so that saif rigstnihsBi hyoR 4% 7 F5EE and
second vol bagesd wncaddi dikst SindPN{AtRCIvoQBagSs, said secsrelVeamseubcased by

sard 17t a0, yoLLedce 800 e £l Ol Graia cnira BECONS

junction is reverse biased by said third and fifth voltages and

said fourth PN junction is reverse biased by said fourth and fifth
voltages,

wherein said second and fourth voltages are provided by said
bias voltage generator, and

wherein a value of said second voltage is different from that
of =aid fifth voltage, énd a value of said third voltage is
different from that of said fourth voltage,

12. A semiconductor integrated circuit device according to
claim 11, further comprising a peripheral circuit in said main
surface of said semiconductor substrate, wherein said peripheral

circuit includes said first MISFET.

13. A semiconductor integrated cixcuit device according to
claim 1l, wherein said first conductivity type is p-type and said

second conductivity type is n-type.

14. A semiconductor integrated circuit device according to
claim 11, further comprising a capacitor element in said main
surface of said semiconductor substrate, wherein said capacitor
element is coupled to one of said source and drain regions of said
second MISFET.

15. A semiconductor integrated circuit device comprising:

a semiconductor substrate having a main surface of a first

THIS SHEET HAS BEEN
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54., _ A sem conductor integrated circuit device according to claim 46,

hayl g said first voltage applied to said first sem
reéion, sai d second vol tage applied to said second 9
region, and said third voltage applied to said main

sem conductor substrate, the val ue of the second voltage bei
different fromthat of said third voI@gge

38 - 55(new). A semconductor integrated circuit device cof

AGERENT, SHEET

surface of said

ng 06 MAR 1999

[prising. a

sem conductamdarivitateypeavi ng a main surface of a first co

hductivity tvpe:

2 st semconduptar 1508040l 5600, GANAUYIBRLY chiffeei9REPSLAR, 1O

said first conductivity t ,

opposite to sald flrst conduct1v1ty type, extending to a first

area of said main surface of said semiconductor substrate s¢ as to

form a first PN junction with said main surface of said

semiconductor substrate;

a second semiconductor region of said first conductivity type

in said first semiconductor region so as to form a
junction with said first semiconductor region, said
junction being surrounded by said first PN Jjunction
inside said

second first PN junction;

second PN
second BN
and being

a third semiconductor region of said second conductivity type

extending to a second area of said main surface of said

semiconductor substrate so as to form a third PN junction with

said main surface of said semiconductor substrate, said second

area being a different area from said first area;

a fourth semiconductor region of said second conduc

tivity type

extending to a third area of said main surface of said

semiconductor substrate so as to form a fourth EN junction with

said main surface of said semiconductor substrate, =aid

third area

being a different area from said first area and said second area;

a first MISFET, having source and drain regions of

said sescond

conductivity type in a fourth area of said main surface of said

semiconductor substrate, sald fourth area being a dif
from said first area , said second area and third area:

a second MISFET having source and drain regions of
conductivity type, said second MISFET being in s
semiconductor region;

a third MISFET, having source and drain regions of

ferent area

said second

aid second

said first

conductivity type in said third semiconductor region; and

a fourth MISFET, having source and drain regions of

conductivity type in said fourth semiconductor region;

said first

wherein a first voltage 1s applied to said first

semiconductor region, a second voltage is applied to said second

semiconductor region, a third voltage is applied to

said third

semiconductor region, a fourth voltage is applied to said fourth

THIS SHEET HAS BEEN
REPLACED




area of said main surface of said sem conductor substrate d%%s to forl nas.ar T
firsa PN junction with said-main surface of said sem condud rbéubstram,_,
a, second seni conduct or region of said first conductivity typg in said fi rs
sem conduct or region so as to forma second PN junction w th|s4 @ Wj’s‘;t}

sem conductor region, said second PN junction being surrourded by said i
first PN junction and being inside said second first PN jurctTom; a
third sem conductor region of said seednd conduct i vi ty type\___g_ggg;e__n_di,_r_lg____t_Q,,"a,,_,__
second area of said main surface of said sem conductor substrate so as to

forma thiggmfdbridiBedt OFediichh apal  FBFth swikage o4 %l@e&e'{bceﬂﬁ&l%é}fn
substrate, said second area bein different area fromsaid f rst zraFrea

a fourth sS8HFERTRIU o?alrcbg?%‘ﬁcﬁf‘g’é%ﬁ"d’ SHOghgetomditt FURt yStife JL%B(itte & ng
to a thi dencﬁTcﬁxalsOf:evéﬁdj bigBed bswafiaceirof arspifdfsknvalradast osaid
substrate so_as tg rmraofou th I?I_N__g gtlon th Ssal i,d ITB.ItI:’l gurfac df sai d
semi conductBFoEbEY r AT T1ER &% HiT'E aF e R B2 TRy JRtfefntt afdd Frcti%sai d
first ar eavahdam d saééohlali md e, junctborf |3r$treMeSEETblemaad rbg seud cehiand
drain regl fc aid.s d.c ndu tizy t d

mai n surfa o? st;nl d’q’l £ %%na uctsc?rl%sgﬁg‘%%/hat%ﬁp éil?our%h ar eggbgifL‘a‘éead

di fferent Byesaid fourth and fifth voltages,

wherein a value of said second voltage 1s set so that said
source and drain regions of sgaid second MISFET and said second
semiconductor .region may not be forward biased and a value of said
second voltage is set so that said source and drain regions of
said fourth MISFET and said fourth semiconductor region may not be
forward bilased,

wherein a value of sald second voltage is lower than that of
said £ifth voltage.

16 . A semiconductor integrated circuit device according to
claim 15, wherein said first conductivity type is p-type and said

second conductivity type is n-type.

17 . A semiconductor integrated circuit device according to
claim 15, wherein a value of said third voltage is different from
that of said fourth voltage.

THIS SHEET HAS B~ |
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fromsaid first area , said second area an?ﬁ@iﬁ’ﬂﬁér’e%m a nenory cell,
I n¢l udi ng a second M SFET havi ng source and drain regions of said second

conductivity type, said second M SFET being in said second

regi on; a third M SFET, having source and drain regions L@@EWSHEET
conductivity type in said third sem conductor region; and a fourth

M SFET, having source and drain regions of said first condyctji v} ySEPPigdd n
said fourth sem conductor region; 30 '

- 39- a bias voltage generator in said main surface of sgi d—senrronducto
substrat e, wherein a firstevrotkougeor e | ed to said flirst

sem conduct or
ABSTRACT:

The injection of minority carriers into a substrate
" caused by potential fluctuations ascribable to noise
etc. is prevented.

In a semiconductor device which has sources and
drains of insulated-gate field effect transistors or
collectors, bases and emitters of bipolar transistors
within a substrate and/or a plurality of isolation layers
isolated in the substrate, voltages having values outside

N a varying range of applied voltages to respective
electrodes of the source and drain or to the collector,
base and emitter are applied to the substrate and the

isolation layers.

FIGURE 2
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reg| oh, a second voltage is applied to eggnd »sem copduct or _region, a
t hi kd voltage is applied to said thlrd.ggé?ég C

tor regi
voliage is applied to said fourth sem conductor region an ﬁRGEWEmUhSHg l
is applied to said main surface of said sem conductor substjfrate, so that
saidfirst PN junction is reverse biased by said first ard ti ¥ &h0CS 108G s,
sai g : Jfion is reversg bi ased by said first gnq_second
vol mmmnmﬂmlmﬂm PN junction 4 Feverse bi ased by saijd third and Tr1Tth
vol t 4ge% and®saifd fourth PN junction is reverse biased b Ld fourth and
fifth vol t ages, wherein said second and fourth vol tages are provided by
sai d bias vol tage generaiwghr 88dcrLarmpberei:n a val ue of said second vol tage
is different fyomghat of .sai giftg voltag’,g.c R a ¥g|ye f said third
voltage is di¥ferkht® FEBHCPRIPCEPEsEPY*FSuPh fage®™ (new). A
senicondu&ﬁ@rui&ﬁmgﬂdﬁ<ﬂﬁsmﬂa¢aafgdeeiééeadceﬁdeng toanhasnwﬁs further
conprisin er| ral ir it | C
senlcondug or° égﬁe;% erg#% ggl %gg g%e ?83%?03F955§%*g%%5 sai d
first NISFEﬁth a substrate and a plurality of isolation layers

U7

isolated in the substrate; a semiconductor device characterizé
in that a voltage outside a varying range of applied
voltages to respective electrodes of said source and
drain or said collector, base and emitter is applied
to at least one of said substrate and said plurality of
isolation layers.

2. In a semiconductor device which has sources
and drains of insulated-gate field effect transistors
or collectors, bases and emitters of bipolar transistors
within a substrate and a plurality of isolation layers
isolated in the substrate; a semiconductor device characterize
in that at least two unequal isolation voltages are
applied to said substrate and the isolation layers which
have conductivity types identical to each other, or to
the plurality of isolation layers which have conductivity
types identical to each other.

3. A semiconductor device having a semiconductor
body, a semiconductor element includign at least one
p-n junction provided in the body, power source means
for the semiconductor element, and power source means
for the body; characterized in that said power source
means for said body supplies a voltage so as to prevent
said p-n junction from being forward-biased even when
an input voltage opposite in polarity to an input voltage
which is -originally expetrted as an input to said semi-
‘conductor element has arrived.

4. A semiconductor device as defined in Claim 3,
characterized in that said semiconductor body is made
up of a semiconductor substrate, and an epitaxial grown

layer formed on said substrate.



57 (new). A sem conductor integrated circuit device according to

cl ai m 55,

wherein said first conductivity type is p-type and said
type is n-type.

u FLy
58(new). A sem conductor integrated ci K@ﬁégﬁggggﬁfyT
according to claimb55,

further conprising a capacitor elier

lent in
surface of said sem conductor substrate, wherein said cd

sai d i

o1Vl O

coupl ed to on"e'&

(new . SRR

Y.
having a main surface of a first

pgcif er celenght | i
f ource and drain regions of said {sgcond M SFET. 9
ﬂ%t!ﬁnt egrated_citcuit device conprisjr —

S

a

\ . . (o 3
S A semiconductor device as defined in Claim 3,

i i miconduct
characterized in that said semiconductor body is a se

layer provided on an insulating substrate. ‘ |
§. A semiconductor device as defined in Cla%m 4,
characterized in that said semiconductor element includes
MOS transistor.
* le?it ; semiconductor device as defined in Cla%m 4,
characterized in that said semiconductor element includes
bipolar transistor.
* lert : seiiconductor device as defined in Cla%m 4,
characterized in that said semiconductor elemént includes
at least a MOS transistor and a bipolar transxsto?.
9. A semiconductor device as{defined in Cla%m 3,
characterized in that said semiconductor elemént lS.
a semiconductor element to which an external input 1s
appll:i: A semiconductor device as defined in Claim 3,
characterized in that said semiconductor element forms
a semiconductor memory, and ‘that said semicond%ctor
element having said po-n junction not forward-blaéed
;s a semiconductor element to which an external input

is applied.



conductivity type,; 40 - a first sem conduct or

egion . of a

second conductivity type—epposite to said first conductivift uer
(RERIAOEMENT SHEET

extehding to i ; f"Eaid mai n surface of said sem
substrate so Egmumnmml“ t PN junction with said main sy
u

nate, s *a second sem conductor region jof

sem conductor s
conductivity type in said first sem coR@uctor region so as {t

gk |

forma secon

PN junction with said first sem conductor region, said secdnd PN junction
bei ng surrounded by said first PN junction and bei ng insi dé-sai-d-secoid

first PN jdhcti Arnsemiconductdriintbgssted chogtidévice cagpisingf sai d second
conductivity tygﬁ extengitgacl to a second area of said main surface of said
S S

sem conduct or sbk¥dst r &Y

surface of sai d@em ﬁqméil%‘énﬁl&or’ﬁdikﬁirrr@%;ﬁn e firs® @BRMSLIIE &y

area fromsaid first area,; a four sem conduct or region

VI B MALSEMAGE) PN j unction with sai d main.
gr?eé‘ iﬁ:?fﬁrgf ent

sal d second

conductivity type expemiannef saidamgin sdrfageeaf srid subistraie.n asfinst acags heingl

sem conduct or SUbStT g6 @Sl P bBhibohBib rdghb; unct i on wi th

)

(4)

(8)

(6)

)

C)

(9)

a second semiconductor region of said first conductivity type formed in a
second portion of said main surface of said substrate, said second portion
being different from said first portion, a second voltage being provided to
said second semiconductor region;

a third semiconductor region of a second conductivity type formed in a
third portion in a main surface of said substrate and within said first
semiconductor region, said second conductivity type being different from
said first conductivity type, a third voltage being provided to said third
semiconductor region;

a fourth semiconductor region of said second conductivity type formed in
a fourth portion of said main surface of said substrate, said fourth portion
being different from said first and second portions, a fourth voltage being
provided to said fourth semiconductor region;

a first MISFET of a second conductivity type channel formed in said first
semiconductor region;

a second MISFET of a second conductivity type channel formed in said
second semiconductor region; )

a third MISFET of a first conductivity type channel formed in said third
semiconductor region; and

a fourth MISFET of said first conductivity type channel formed in said
fourth semiconductor region;

wherein said first and second voltages are different from each other, and
wherein said third and fourth voltages are different from each other.

12 A semiconductor integrated circuit according to claim 11, wherein a memory cell

is formed in said third semiconductor region, and wherein said memory cell
comprises said third MISFET.



different area area and sai d second area,; a TTTst -~
M SFET, havi ng amd drafnregi ons of said second conddcti i%yeéyp; ,jn
a fourth area of said main surface of said sem conductor sybstriate; salge%
fourth area being a different area fromsaid first area saic
and third area; a second. M SFET halfng source and draim regi ons of said
second congkicti yi i | +hed 4 ' i

sem conduc ?%l'r r é 5 %%hﬁ%dfﬂﬁctogﬁttﬁ? éﬁf@ﬁ@?%@bﬁé’ r@%‘t’? g g?‘}é‘ﬂ%'%ﬁ‘? gél“nl rrpeera?rgn S

of said first cealdincludes taycapasion eleswintiwhithrid coapiedotodune of sowrge @nd draih

a fourth M SFET, havi SOUL rain regions of said first conductivity
type in said f o{Refgnsy %a&‘gﬁwﬁﬁ\"@%ﬁgi on; wherein a first vol t age
is applied to said first sem conductor region, a second voltage is

appl i ed toq4ai dAS@RfIELhIBERY ﬁﬂ@a’dféwrcu@ab&ndmg tb kldidh ¥2Meeséin isﬁi@&ﬂ'sir?@ to
said third sem conductor region, a fourth voltage is applied to said tourth
is a semiconductor substrate of said second conductivity type, and wherein said

said main surWnductor substrate, said thi rR&P&ASE!\/}E&,‘iTn@-i@ET

third semiconductor region is electrically isolated from said substrate by said first
semiconductor region.

15 A semiconductor integrated circuit according to claim 12, wherein a peripheral
circuit is formed on said main surface of said substrate, and wherein said
peripheral circuit comprises said first, second and third MISFETs.

16. A semiconductor integrated circuit according to claim 11, wherein an input
protective element is formed in said third semiconductor region, and wherein
said input protective element comprises said third MISFET,

17. A semiconductor integrated circuit according to claim 16, wherein a drain region
of said third MISFET is electrically connected to an external via a resistance
element.

18. A semiconductor integrated circuit according to claim 15, wherein said substrate
is a semiconductor substrate of said second conductivity type, and wherein said

third semiconductor region is electrically isolated from said substrate by said first
semiconductor region.

19. A semiconductor integrated circuit according to claim 16, wherein a memory cell
is formed in said fourth semiconductor region, and wherein said memory cell
comprises said fourth MISFET.

20. A semiconductor integrated circuit according to claim 11, wherein a memory cell
is formed in said fourth semiconductor region, and wherein said memory cell
comprises said fourth MISFET.

21. A semiconductor integrated circuit device comprising:
(1) a substrate having a main surface;




-41- emcondtrct—m%e@—&n% fifth voltage is applied

surface of saU='
rever se bi ase

to SHEPLAGEMENT SHEET

=i ife l‘lﬁﬂm substrate, so that said first PN jfunctrionis -
Gl nd fifth voltages, said second PN

| i un
reverse biased*by® sd&i d"fifst* and second vol tages, said third BN{j 3n§t$gﬂ i?@
reverse biased by said third and fifth voltages and said fourth tRN-j-Rcti.Q0,

IS reverse biased by said fourth and tiggth voltages,

wher ¢in a val ue of

said second vol

set e.and drain. .reg
second M SFET a saIa 1r§ edﬁ'gog‘ﬂ‘rﬁtt%orﬁgl?&%ua ?‘Esé|°8Hd‘rlfévn¥1(9fpeot9rm8”ﬁradﬁsg
bi ased and a val ue opogfidhdof egianehaifPlshAgee i0F BRI sebstrdie! asaist VBREGS eyl
drain regions of said fourth MSFEIT and said fourth sem conductor region

may not be forward bPEvided to saidfiest spmicendustoe regiosai d second vol tage is
lower than that @f sgiglchhd 5BmicBhlEAS region of said first conductivity type formed in a

(4)

)

©)

@

(8)

@

(10)

second portion of said main surface of said substrate, said second portion
being different from said first portion, a second voltage being provided to
said second semiconductor region;

a third semiconductor region of a second conductivity type formed in a
third portion within said first portion, said second conductivity type being
different from said first conductivity type, a third voltage being provided
to said third semiconductor region;

a fourth semiconductor region of said second conductivity type formed in
a fourth portion of said main surface of said substrate, said fourth portion
being different from said first and second portions, a fourth voltage being
provided to said fourth semiconductor region;

a first MISFET of a second conductivity type channel] formed in said first
semiconductor region;

a second MISFET of said second conductivity type channel formed in
said second semiconductor region;

a third MISFET of a first conductivity type channel formed in said third
semiconductor region;

a fourth MISFET of said first conductivity type channel formed in

said fourth semiconductor region; and

a memory cell formed in said fourth semiconductor region, said memory
cell comprising said fourth MISFET,

wherein said first and second voltages are different from each other, and

wherein said third and fourth voltages are different from each other.

22. A semiconductor integrated circuit device according to claim 21, wherein said

memory cell includes a capacitor element which is connected to one of source
and drain regions of said fourth MISFET.

23. A semiconductor integrated circuit device comprising:

a semiconductor substrate having a main surface of a first conductivity type;



60 (new). A seniconductoer—i-ntegrated circuit device according 1EEBﬂ_Mrrh59r P

”m_””m ype is p-type and said second t‘l‘\/’f‘t"y“""
conductor integrated circuit d,V| ce

i ferem 1993 J

wherein said firpHf§
type€ is n-type. K
according to cl ai m 59, mhéresn value of said third voltage i
fromthat of said fourth voltage.

-42-

24,

25.

26.

27.

v

.29 -

a first semiconductor region of a second conductivity type, opposite fo said first
conductivity type, formed in said main surface of said semiconductor
substrate;

a second semiconductor region of said first conductivity type formed in said first
semiconductor region;

a first MISFET of said second conductivity type formed in a first region of said
main surface of said semiconductor substrate, said first region being different
from said first semiconductor region; and

a second MISFET of said second conductivity type formed in a surface of said
second semiconductor region;

wherein a first voltage is to be applied to said first semiconductor region, a
second voltage is to be applied to said second semiconductor region, and a
third voltage is to be applied to said main surface of said semiconductor
substrate, such that said first voltage is to be applied to said first
semiconductor region for electrically isolating said second semiconductor
region from said main surface of said semiconductor substrate, and wherein
a value of said second voltage is to be different from that of said third voltage.

A semiconductor integrated circuit device according to claim 23, further
comprising a third MISFET of said first conductivity type formed in a second
region of a surface of said first semiconductor region,

wherein said second region is different from said second semiconductor
region.

A semiconductor integrated circuit device according to claim 23, further

comprising voltage devices for applying said first voltage, said second voltage
and said third voltage.

A semiconductor integrated circuit device according to claim 25, wherein said
first conductivity type is p-type and said second conductivity type is n-type, and

wherein a value of said first voltage is greater than that of said second voltage
and that of said third voltage.

A semiconductor integrated circuit device according to claim 25, further

comprising a memory cell formed in said surface of said second semiconductor



62 . Wt ed circuit device conprising: REPLACEMEN T 3!’?5
sem conduct oraﬁm Trst conductivity type, having g nal n”"’"‘

sur faace; gﬂﬂ%ﬂﬂﬂ@’ tor region of a second conduct] 1y

opposite to sai'd first € ’|V|ty type, extending to said raifn sf’j ?gg

sai d sem conductor substrate so as to forma first PN junctign
sem conduct or substrate; a second-88ni conduct or region off said first

conductivity tYyp@on Bnd a'p@nbh@%t CIPAIT BARH G Qfid Fik® tegﬁons Bf §a§cli tgﬁa;ﬁe' %E‘R%&‘pﬂ

second PN junctidon with said first sem conduct or
junction being saidrsenmienndubipr substrater wherin Jsatdcme!mnanell beludgsisaid decani d

first PN juncti v ai n regions of
sai d second con@ﬁ%}t[ﬂ;ﬁn@{ éé”% iﬁ%?rcg[ﬁb%? ‘i?“'séi‘ﬂg':%] n surface of
sai d sem conduct or substrate said first portlon bei ng outside of said

first PN jpgcti Arbem;concﬁch&qﬁ@@ré\@éﬁléﬁzfun aéMb@sacé&urn@etoaéldm@l 27 WHePElh %g%d of
sai d second conducti vit e in said second sem conduct or reg| on;
first conducti IV ype is p-type and said second conductivity type is n- type and
wherein a value of said first voltage is greater than that of said second voltage

and that of said third voltage.

29. A semiconductor integrated circuit device according to claim 25, wherein said

value of said second voltage is lower than that of said third voltage.

30. A semiconductor integrated circuit device according to claim 29, further
comprising a bias generator coupled between a first power supply voltage and
a second power supply voltage and for providing a bias voltage, formed in said
main surface of said semiconductor substrate, wherein said second power
supply voltage is lower than that of said first power supply voitage, and said bias
voltage is lower than that of said second power supply voltage, and wherein said
second voltage applied to said second semiconductor region corresponds to said
bias voltage provided by said bias generator.

31. A semiconductor integrated circuit device comprising:

a semiconductor substrate having a main surface of a first conductivity type;

a first semiconductor region of a second conductivity type, opposite to said first
conductivity type, formed in said main surface of said semiconductor
substrate;

a second semiconductor region of said first conductivity type formed in said first
semiconductor region;

a first MISFET of said second conductivity type formed in a first region of said
main surface of said semiconductor substrate, said first region being different
from said first semiconductor region;

a second MISFET of said second conductivity type formed in a surface of said
second semiconductor region;

a first voltage device to apply a first voltage to said first semiconductor region;

a second voltage device to apply a second voltage to said second



e

structure for applying a first voltage to said first sem condEE_PQA{:‘:;{F’&@E;@nSE..EE?
~ R

a second volt em conductor region, and a §hjrd-volt

to said main sﬁl%ﬂﬂm ' m conductor substrate, so tha{ $aid, second
PN junction isllf ' r Hmy said first and second vol tage$, lahd' saidh
first PN junction s 'refer8e biased by said first and third yoltages, and a]

val ue of said second voltage is differ&ft-fromthat of said fhird voltage,

wherein said secoggmierdfctbrdiegicy: ahg9i on is junction-isol at edt~fronmsai-d-- -~
sem conduct or substrate by said first sem conductor region, 63 A
seni conduct or i tteld ¥okage devioe fo apply sethitd dioitagentp syd anain pusiace ofisaider

conprising a thir ' source and drain regions of said first
conductivity typeg?'%cgﬁgcé%mn ps("f)&‘?%el,on of said first sem conductor region,

wherein said sescaoll tiairsaidfirst soltage is applied to said first semiconductor region for

electrically isolating said second semiconductor region from said main surface

of said semiconductor substrate and wherein a value of said second voltage
is different from that of said third voltage.

32. A semiconductor integrated circuit device comprising:

a semiconductor substrate having a main surface of a first conductivity type;

a first semiconductor region of a second conductivity type, opposite to said first
conductivity type, formed in said main surface of said semiconductor substrate
so as to form a first PN junction between said first semiconductor region and
said main surface of said semiconductor substrate;

a second semiconductor region of said first conductivity type formed in said first
semiconductor region so as to form a second PN junction between said
second semiconductor region and said first semiconductor region;

a first MISFET of said second conductivity type formed in a first region of said
main surface of said semiconductor substrate, said first region being different
from said first semiconductor region; and

a second MISFET of said second conductivity type formed in a surface of said
second semiconductor region,

wherein a first voitage is to be applied to said first semiconductor region, a
second volfage is to be applied to said second semiconductor region, and a
third voltage is to be applied to said main surface of said semiconductor
substrate, so that said second PN junction is reverse biased by said first and
second voltages, and said first PN junction is reverse biased by said first and
second voltages, and wherein a value of said second \;oltage is to be different
from that of said third voltage.

33. A semiconductor integrated circuit device according to claim 32, further

comprising voltage devices for applying said first voltage, said second voltage
and said third voltage.



different fromsaid second seni conductor region. 64 A ] -
integrated circult device accordiTig to claim62, wherein sai REP&WH@T%HEEY
condlctivity typ w Lgﬂt"'mﬂmal d second conductivity typk |s

and wherein a vaﬁ!m voltage is greater than thht} of ‘lsﬁfﬂ 359
second vol tage and t hat "of sdid third vol t age. 65 A's conduct or
integrated circuit device accordl ng te 3@ -aim62, further conprising a
menory cellain 2aldeBaORY 8EeTaEAN IUCLRidAALORr . AMbiAtRCidiEy
in said first portion of sal surface o sai d sem conducCt or “suBstTr at e,
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eripheral circuyit, includes said
P P aving a maclln sursrace oI a ﬁrst conguclz%wlty type; a first semiconductor region

of a second conductivity type, opposite to said first conductivity type, formed in
said main surface of said semiconductor substrate; a second semiconductor
region of said first conductivity type, formed in said first semiconductor region:
a first MISFET of said second conductivity type formed in a first region of said
main surface of said semiconductor substrate, said first region being diﬂe{eﬁt
from said first semiconductor region; and a second MISFET of said second
conductivity type formed in a surface of said second semiconductor region, said
method comprising the steps of:
applying a first voltage to said first semiconductor region;
applying a second voltage to said second semiconductor region; and
applying a third voltage to said main surface of said semiconductor substrate,
wherein said first voltage electrically isolates said second semiconductor
region from said main surface of said semiconductor substrate, and
wherein a value of said second voltage is different from that of said third
voltage.

35. A method according to claim 34, wherein said first conductivity type is p-type
and said second conductivity type is n-type, and wherein a value of said first
voltage is greater than that of said second voltage and that of said third voltage.

36. A method according to claim 34, wherein said value of said second voltage is
lower than that of said third voltage.

37. A method of operating a semiconductor integrated circuit device, the
semiconductor integrated circuit device comprising a semiconductor substrate
having a main surface of a first conductivity type; a first semiconductor region
of a second conductivity type, opposite to said first conductivity type, formed in
said main surface of said semiconductor substrate so as to form a first PN
junction between said first semiconductor region and said main surface of said
semiconductor substrate; a second semiconductor region of said first
conductivity type formed in said first semiconductor region so as to form a
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said voltage i & mlboncpuctor region, said method comprising the steps of:

applying a first voltage to said first semiconductor region;

applying a second voitage to said second semiconductor region; and

applying a third voltage to said main surface of said semiconductor substrate,

wherein said second PN junction is reverse biased by said first and second
voltages, and said first PN junction is reverse biased by said first and
second voltages, and wherein a value of said second voltage is different
from that of said third voltage.

38. A semiconductor integrated circuit device comprising:

a semijconductor substrate having a main surface of a first conductivity type,;

a first semiconductor region of a second conductivity type, opposite to said first
conductivity type, extending to said main surface of said semiconductor
substrate so as to form a first PN junction with said main surface of said
semiconductor substrate;

a second semiconductor region of said first conductivity type, in said first
semiconductor region so as to form a second PN junction with said first
semiconductor region, said second PN junction being surrounded by said first
PN junction and being inside said first PN junction;

a first MISFET, having source and drain regions of said second conductivity type
in a first portion of said main surface of said semiconductor substrate, said first
portion being outside of said first PN junction;

a second MISFET, having source and drain regions of said second conductivity
type in said second semiconductor region; and

structure for applying a first voltage to said first semiconductor region, a second
voltage to said second semiconductor region, and a third voltage to said main
surface of said semiconductor substrate, so that said second PN junction is
reverse biased by said first and second voltages, and said first PN junction is
reverse biased by said first and third voltages, and a value of said second
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44,

A semiconductor integrated circuit device according to claim 38, further
comprising a third MISFET, having source and drain regions of said first
conductivity type in a second portion of said first semiconductor region, wherein
said second portion is different from said second semiconductor region.

A semiconductor integrated circuit device according to claim 38, wherein said
first conductivity type is p-type and said second conductivity type is n-type, and

wherein a value of said first voltage is greater than that of said second voltage
and that of said third voltage.

A semiconductor integrated circuit device according to claim 38, further
comprising a memory cell in said second semiconductor region, and a peripheral
circuit in said first portion of said main surface of said semiconductor substrate,
wherein said memory cell includes said second MISFET and said peripheral
circuit includes said first MISFET.

A semiconductor integrated circuit device according to claim 41, wherein said
first conductivity type is p-type and said second conductivity type is n-type,
wherein a value of said first voltage is greater than that of said second voltage
and that of said third voitage, and wherein said value of said second voltage is
lower than that of said third voltage.

A semiconductor integrated circuit device according to claim 41, wherein said
memory cell includes said second MISFET and a capacitor element which is
electrically connected with one of said source and drain regions of said second
MISFET.

A semiconductor integrated circuit device according to claim 38, further
comprising a bias generator, coupled between a first power supply voltage and
a second power supply voltage and for providing a bias voltage, in said main
surface of said semiconductor substrate, wherein said second power supply
voltage provides a voltage lower than that of said first power supply voltage, and
said bias voltage is lower than that of said second power supply voltage, and
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reglon surface of said semiconductor substrate, the value of the second voltage being

different from that of said third voltage.

46. A semiconductor integrated circuit device comprising:

a semiconductor substrate having a main surface of a first conductivity type;

a first semiconductor region of a second conductivity type, opposite to said first
conductivity type, extending to said main surface of said semiconductor
substrate so as to form a first PN junction with said main surface of said

semiconductor substrate;

a second semiconductor region of said first conductivity type in said first
semiconductor region so as to form a second PN junction with said first
semiconductor region, said second PN junction being surrounded by said first
PN junction and being inside said first PN junction;

a first MISFET, having source and drain regions of said second conductivity type
in a first portion of said main surface of safd semiconductor substrate, said first
portion being outside of said first PN junction;

a second MISFET, having source and drain regions of said second conductivity
type in said second semiconductor region;

a first voltage device to apply a first voltage to said first semiconductor region;

a second voltage device to apply a second voltage to said second
semiconductor region; and

a third voltage device to apply a third voltage to said main surface of said
semiconductor substrate,

wherein a first voltage is applied to said first semiconductor region, a second
voltage is applied to said second semiconductor region, and a third voltage is
applied to said main surface of said semiconductor substrate, so that said
second PN junction is reverse biased by said first and second voltages, and
said first PN junction is reverse biased by said first and third voltages,and
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47. A semiconductor integrated circuit device according to claim 48, further
comprising a third MISFET, having source and drain regions of said first
conductivity type in a second portion of said first semiconductor region, wherein
said second portion is different from said second semiconductor region.

48. A semiconductor integrated circuit device according to claim 46, wherein said
first conductivity type is p-type and said second conductivity type is n-type, and

wherein a value of said first voltage is greater than that of said second voltage
and that of said third voltage.

49. A semiconductor integrated circuit device according to claim 46, further
comprising a memory cell in said second semiconductor region and a peripheral
circuit in said first portion of said main surface of said semiconductor substrate,
wherein said memory cell includes said second MISFET and said peripheral
circuit includes said first MISFET.

50. A semiconductor integrated circuit device according to claim 49, wherein said
first conductivity type is p-type and said second conductivity type is n-type,
wherein a value of said first voltage is greater than that of said second voltage
and that of said third voltage, and wherein the value of said second voltage is
lower than that of said third voltage.

51. A semiconductor integrated circuit device according to claim 49, wherein said
memory cell includes said second MISFET and a capacitor element which is

electrically connected with one of said source and drain regions of said second
MISFET.

52. A semiconductor integrated circuit device according to claim 46, further
comprising a bias generator, coupled between a first power supply voltage and
a second power supply voltage and for providing a bias voltage, in said main
surface of said semiconductor substrate, wherein said second power supply
voltage is lower than that of said first power supply voltage, and said bias
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further conprisi | |5f| & ™ havi ng source and drai n; rEgions of ~sar
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second M SEET andefiddhdRetol MiegrtedCtifduit devidecdamiasirgpi d first M SFET.

a semiconductor substrate of a first conductivity type, said semiconductor

-

substrate having a first area, a second area other than said first area and a
third area in said first area;

a first semiconductor region of a second conductivity type, opposite to said first
conductivity type, in said first area of said semiconductor substrate so as to
form a first PN junction with said semiconductor substrate;

a second semiconductor region of said first conductivity type, in said third area
so as to form a second PN junction with said first semiconductor region, said
second PN junction being surrounded by said first PN junction and being
inside said first PN junction;

a first MISFET, having source and drain regions of said second conductivity type
in said second area of said semiconductor substrate;

a second MISFET, having source and drain regions of said second conductivity
type in said third area of said semiconductor substrate; and

structure for applying a first voltage to said first semiconductor region, a second
voltage to said second semiconductor region, and a third voltage to said main
surface of said semiconductor substrate, so that said second PN junction is
reverse biased by said first and second voltages, and said first PN junction is
reverse biased by said first and third voltages, and wherein a value of said
second voltage is different from that of said third voltage.

54. A semiconductor integrated circuit device according to claim 486, having said first
voltage applied to said first semiconductor region, said second voltage applied
to said second semiconductor region, and said third voltage applied to said main
surface of said semiconductor substrate, the value of the second voitage being
different from that of said third voitage.
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wher ei n sai dm type is p-type and said secend cortucttvrt
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In conductivity type:;

a first semiconductor region of a second conductivity type,
opposite to said first conductivity type, extending to a first
area of said main surface of said semiconductor substrate so as to
form a first PN Jjunction with said main surface of said
semiconductor substrate;

a second semiconductor region of said first conductivity type
in said first semiconductor region so as to form a second PN
junction with said first semiconductor region, said second BN
junction being surrounded by said first PN Jjunction and being
inside said '
second first PN junction:

a third semiconductor region of said second conductivity type
extending to a second area of said main surface of said
semiconductor substrate so as to form a third PN junction with
said main surface of said semiconductor substrate, said second
area being a different area from said first area;

. a fourth semiconductor region of said second conductivity type
extending to a third area of said main surface of "said
semiconductor substrate so as to form a fourth PN junction with
said ma;n surface of said semiconductor substrate, said third area
being a different area from said first area and said second area;

a first MISFET, having source and drain regions of said second
conductivity type in a fourth area of said main surface of said
semiconductor substrate, said fourth area being a different area
from said first area , said second area and third area:;

a memory cell, including a second MISFET having source and
drain regions of said second conductivity type, said second MISFET
being in said second semiconductor region;

a third MISFET, having source and drain regions of said first
conductivity type in said third semiconductor region; and

a fourth MISFET, having source and drain regions of said first
conductivity type in said fourth semiconductor region;
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surroundedreglon’ a third voltage is applied to said third semiconductor
region, a fourth voltage is applied to said fourth semiconductor
region and a fifth voltage is applied to said main surface of said
semiconductor substrate, so that said first PN junction is reverse
biased by said first and fifth voltages, said second PN junction
is reverse biased by said first and second voltages, said third BN
junction is reverse biased by said third and fifth voltages and
said fourth BN junction is reverse biased by said fourth and fifth
voltages,
wherein said second and fourth voltages are provided by said
bias voltage generator, and
wherein a value of said second voltage is different from that
of said fifth voltage, and a value of said third voltage is
different from that of said fourth voltage.

56(new). A semiconductor integrated circuit .device according - to
claim 55, further comprising .a peripheral circuit in said main
surface of said semiconductor substrate, wherein said peripheral
circuit includes said first MISFET. .

57(new). A semiconductor integrated circuit device according to
claim 55, wherein said first conductivity type is p-type and said
second conductivity type is n-type.

58 (new). A semiconductor integrated circuit device according to

claim 55, further comprising a capacitor element in said main

surface of said semiconductor substrate, wherein said capacitor

element is coupled to one of said source and drain regions of said
" second MISFET.

59 (new). A semiconductor integrated circuit device comprising:

a semiconductor substrate having a main surface of a first
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first PN junctjon; a first M SFET, having source and drain regions o
sai d second® PEySIRHFHER sai d second area of sai d seni conduct or
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I Vit , in said ,third area of said sem ¢conduct or
second Condgr(ft Isaldy glys% semsn.conductor reggon so as to %orm a second BN

junction with said first semiconductor region, said second BN
junction being surrounded by said first PN junction and being
inside said '

second first BN junction;

a third semiconductor region of said second conductivity type
extending to a second area of said main surface of said
semiconductor substrate so as to form a third BN Jjunction with
said main. surface of said semiconductor substrate, said second
area being a different area from said first area;

a fourth semiconductor region of said second conductivity type
extending to a third area of said main surface of said
semiconductor substrate so as to form a fourth PN junction with
said main surface of said semiconductor substrate, said third area
being a different area from said first area and said second area;

a first MISFET, having source and drain. reqions of said second
conductivity type in a fourth area of said main surface of said
semiconductor substrate, said fourth area being a different area
from said first area , said second area and third area;

- a2 second. MISFET having source and drain regions of said second
conductivity type, said second MISFET being in said second
semiconductor region;

2 third MISFET, having source and drain regions of said first
conductivity type in said third semiconductor region; and

a fourth MISFET, having source and drain regions of said first
conductivity type in said fourth semiconductor region;

wherein a first voltage 1is applied to said first
semiconductor region, a second voltage is applied to said second
semiconductor region, a third voltage is applied to said third

semiconductor region, a fourth voltage is applied to said fourth
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junction is reverse biased by said first and f£ifth voltages, said
second BN junction is reverse biased by said first and second
voltages, said third PN junction is reverse biased by said third
and fifth voltages and said fourth BN junction is reverse biased
by said fourth and fifth voltages,

wherein a wvalue of said second wvoltage is set so that said
source and drain regions of said second MISFET and said second
-semiconductor region may not be forward biased and a value of said
second voltage is set sc that said source and drain regions of
said fourth MISFET and said fourth semiconductor regicn may not be
forward biased,

wherein a value of said second voltage is lower than that of
said £ifth voltage. '

60 (new). A semiconductor integrated circuit device according to
claim 59, wherein said first conductivity type is p-type and said
second conductivity type is n~-type. '

Glénew). A semiconductor integrated circuit device according to.-
claim 59, wherein a value of said third voltage is different from
that of said foﬁrth'voltaget '

AL
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In a semiconductor device which has sources and

drains of insulated-gate field effect transistors or

collectors, bases and emitters of bipolar transistors

within a substrate and/or a plurality of isolation layers

isolated in the substrate, voltages having values outside

a varying range of applied voltages to respectiﬁe

electrodes of the source and drain or to the collector,

base and emitter are applied to the substrate and the

isolation layers.
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62 ,. A semiconductor integrated circuit device comprising:

a semiconductor substrate, of a first conductivity type,
having a main surface;

a first semiconductor region of a second conductivity type,
opposite to said first conductivity type, extending to said main
surface of said semiconductor substrate so as to form a first PN
junction with said semiconductor substrate;

a second semiconductor region of said first conduétivity type,
in said first semiconductor region so as te form a second PN
junction with said first semiconductor region, said second PN
junction being surrounded by said first PN junction and bein§
inside said first PN junction;

a first MISFET, having source and drain regions of said secend
conductivity type in a first portion of said main surface of said

‘semiconductor substrate, said first portion being cutside of said

first PN junction;

a second MISFET, having source and drain regions of said
second conductivity type in said second semiconductor region; and

structure for applying a first voltage to said first
semiconductor region, a second voltage to said second
semiconductor region, and a third voltage to said main surface of
said semicondunctor substrate, so that said éecond PN jJunction is
reverse biased by said first and second voltages, and said first
PN junction is reverse biased by said first and third yoltages,
and a value of said second voltage is different from that of said
third voltage, wherein said second semiconductor region is
junction-isolated from said semiconductor substrate by said first

semiconductor region.

63 , . A semiconductor integrated circuit device according to
claim 62, further comprising a third MISFET, having source and
drain regions of said first conductivity type in a second portion
of said first semiconductor region, wherein said second portion is
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sdid semi conducﬂmngmmemﬂ"merel n said peripheral circuit $ A mgg
first M SFET. Lt A sémitonductor integrated circuit deyike accordin
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conductivity type is n-type. 84 A sem conductor integrated circuit
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said main surface of said sem conductor substrate, wherein saige- Gl.tor

el ement is coupled to one of said source and drain regions of said second
M SFET. 685 . 2Asemigarchnttior ointegragedt etirwiltcdevideiamerdéderit ng to

claim 62, wherein said first conductivity type' is p-type and said
second conductivity type is n~type, and wherein a value of said
first voltage is greater than that of said second voltage and that

of said third voltage.

65 . A semiconductor integrated circuit device according to
claim 62, further comprising a memory cell in said second
semiconductor region, and a peripheral circuit in said first

N portion of said main surface of said semiconductor substrate, and
wherein said memory cell includes said second MISFET and said
peripheral eircuit includes said first MISFET.

66 . A semiconductor integrated circuit device according to
claim 65, wherein said first conductivity type is p-type and said
second conductivity type is n-type, wherein a value of said first
voltage is greater than that of said second voltage and that of
said third voltage, and wherein said value of said second voltage
is lower than that of said third voltage. .

67 . A semiconductor integrated circuit device according to
claim 65, wherein said memory cell includes said second MISFET and

(

a capacitor element which is electrically connected to one of said
source and drain regions of said second MISFET.

68 . A semiconductor integrated circuit device according to
claim 62, further comprising a bias generator circuit formed in
said main surface of said semiconductor substrate and having a
voltage input and a ground input thereto, said bias generator
circuit providing said second voltage applied to said second
semiconductor region, wherein ground potential of said ground
input is lower than a voltage inputted by said voltage input, and
wherein said second voltage applied to said second semiconductor

region is lower than the ground potential.
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70 . A semiconductor integrated circuit device according to

claim 62, wherein said second PN junction is completely surrounded

by said first PN junction both in plane view and in cross-

sectional view.

71 . A semiconductor integrated circuit device comprising:

2 semiconductor substrate, of a first conductivity type,

having a main surface;

a first semiconductor region of a =mecond caonductivity type,

opposite to said first conductivity type, extending to said main

surface of said semiconductor substrate so as to form a first PN _

junction with said semiconductor substrate;

a second semiconductor region of said first conductivity type,

in said first semiconductor region so as to form a second BN

junction with said first semiconducter region, said second PN

junction being surrounded by said first PN junction and being

inside said. first PN junction;

a first MISFET, having source and drain regions of said second

conductivity type in a first portion of said main surface of said

S semiconductor substrate, said first portion being outside of szaid

first PN junction;

a second MISFET, having source and drain regions of said

second conductivity type in said second semiconductor region; and

a first voltage device to apply a first voltage to said first

semiconductor region;
a second voltage device to apply a second voltage to

second semiconductor region; and

'3

said

a third veltage device to apply a third voltage to said main

surface of said semiconductor substrate, so that said second PN

junction is reverse biased by said first and second voltages, and

said first PN junction is reverse biased by said first and third

voltages, wherein a value of said second voltage is different from
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72 . B semiconductor integrated circuit device according to
claim 71, further comprising a third MISFET, hzving source and
drain regions of said first conductivity type . 1 a second portion
of said first semiconductor region, wherein sa.d second portion is

different from said second semiconductor region.

73 . A semiconductor integrated circuit device according to
claim 71, wherein said first conductivity type is p-type and said
second conductivity type is n-type, and wherein a value of said
first voltage is greater than that of said second voltage and that
of gaid third voltage.

74 . A semiconductor.integrated circuit device according to
claim 71, further comprising a memory cell in said second
semiconductor region, and a peripheral circuit in said first
portion of said main surface of said semiconductor substrate, and
wherein said memory cell includes said second MISFET and said .
peripheral cirenit includes said first MISFET.

75 . A semiconductor integrated circuit device according to

7 claim 74, wherein said first conductivity type is p-type and said
second conductivity type is n-type, wherein a value of said first
voltage is greater than that of said second voltage and that of
said third voltage, and wherein said value of said second voltage
is lower than that of =zaid third voltage.

1

76 . A semiconductor integrated circuit device according to
claim 74, wherein said memory cell includes said second MISFET and
a capacitor element:which is elesctrically connecfed to one of said
source and drain regions of said second MISFET.

77 . A semiconductor integrated circuit device according to

claim 71, further comprising a bias generator circuit formed in
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78 . A semiconductor integrated circuit device according to
claim 71, vherein said semiconductor substrate includes a
. semiconductor epitaxial layer of said first conductivity type on a
- semiconductor body of said first conductivity type.

79 .. A semiconductor integrated circuit device according to
claim 71, wherein said second PN junction is completely surrounded
by said first PN junction both in plane view and in cross~

sectional view,

80 . A semiconductor integrated circﬁit device comprising:

a semiconductor substrate of a first conductivity type, said
semiconductor substrate having a first aréa, a second area other
than said first area and a third area in said first area;

a first semiconductor region of a second conductivity type,
opposite to said first condunetivity type, in said first area of
said semiconductor substrate so as to form a first PN junction
with said semiconductor substrate;

a second semiconductor region of said first conductivity type,
in said third area so as to form a second PN junction with said
first semiconductor region, said second PN junction being
- surrounded by said first PN junction and being inside said first

PN junction;

a first MISFET, having source and drain regions of said second
conductivity type in said second area of said semiconductor
substrate; -

a second MISFET, having source and drain regions of said
second conductivity type in said third area of said semiconductor

substrate; and
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sem conduct or ik t “3, t device according to claim89,{ fjurther
cenprising aj pﬁlﬁ“ﬁ Hﬂ in said main surface of said se 'c@gdﬁggomaﬂ
SFET. "~ 91

substrate, whelel nc sai d®pefipheral circuit includes said first
A sem conductor integrated circuit devicg according to claim 89, ‘
said first conductivity type is p-type and said second conductjivity type is |
n-type. structure for applying a first voltage device to said fI¥st e

semiconductor region, a ‘second voltage to said second
semiconductor region, and a third voltage to said semiconductor-
substrate, so that said second PN junction is revers$e biddud By -
said first and second voltages, and said first PN junction is
reverse biased by said first and third voltages, wherein a value
of said second voltage is different from that of said third
voltage, and wherein said second semiconductor region is junctien-
isolated from said semiconductor substrate by said first

semiconductor region.

81 A semiconductor integrated circuit device comprising:

a semiconductor substrate, of a first conductivity type,
having a main surface;

a first semiconductor region of a second conductivity type,
opposite to said first conductivity type, extending to said main
surface of said semiconductoxr substrate so as to form a first PN
junction with said semiconductor substrate;

a second semiconductor region of said first conductivity type,
in said first semiconductor region so as to form a second BN
junction with said first semiconductor region, said second BN
junction being surrounded by said first PN junction and being
inside said first PN junction;

a third semiconductor region of said first conductivity type
S extending to a first portion of said main surface of said

semiconductor substrate, said firsf portion being outside of said
first PN junction; -

a first MISFET, having source and drain regions of said second
conductivity type in said first portion of said main surface of
said semiconductor substrate; and

a second MISFET, having source and drain regions of said
second conductivity type in said second semiconductor region,

wherein a first voltage is applied to said first semiconductor
region, a second voltage is applied to said second semiconductor
region, and a third voltage is applied to said third semiconductor
region,

wherein said first PN junction is reverse biased, and said



92 A sem conductor integrated circuit device according t‘RE‘P!.ﬁCEWﬁT SHEET
furt her conﬁFT§rng~a~gapagLL9L*eIenent in said main surface of
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of said sour @’ a,ns of said second M SFET. 93 h A
sem conduct or |ntegFate |t devi ce gecording to claim 89, ereln said
second sem conductor region is junction- isolated fromsaid-third

sem conduct Lo 40bRN RSl 151 FSveRTHIABEHST OF T egi on.

wherein a value of said second voltage is different from that

of said third veltage, and
wherein said second semiconductor region is junction-isolated
from sazid semiconductor substrate by said first semiconductor

region.

82 . A semiconductor integrated circuit device according to
claim 81, further comprising a peripheral circuit in said main
surface of said semiconductor substrate, wherein said peripheral
circuit includes said first MISFET.

g3~ . A semiconductor integrated circuilt device according to
claim 81, wherein said first conductivity type is p-type and said
second conductivity type is n-type.

84 . A semiconductor integrated circuit device according to
claim 71, further comprising a capacitor element in said main
surface of said semiconductor substrate, whereiﬁ said capacitor
element is coupled to one of said source and drain regions of
said second MISFET.

85 . A semiconductor integrated circuit device according to
claim 81, wherein said semiconductor substrate includes a
= semiconductor epitaxial layer of said first conductivity type on a
semiconductor body of said first conductivity type.
86 . A semiconductor integrated circuit device according to
claim 81, wherein said second PN junction is completely surrounded
- by said first PN function both in plane view and in cross-

sectional view.

87 . A semiconductor integrated circuit device according to
claim 81, wherein said first MISFET is in said third semiconductor

region,

88 . A semiconductor integrated circuit device according to
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claim 87, wherein §ai#l second semiconductor région is jumetiom-
isolated from said third semiconductor region by said first

semiconductor region.

89 . A semiconductor integrated circuit device comprising:

a semiconductor substrate, of a first conductivity type,
having a main surface; .

a first semiconductor region of a second conductivity type,
opposite to said first conductivity type, extending to said main
surface of said semiconductor substrate so as to form a first PN
junction with said semiconductor substrate; )

a second semiconductor region of said first conductivity type,
in said first semiconductor region s¢ as to form a second PN
junction with said first semiconductor region, said second PN
junction being surrounded by'said first PN junction and being
inside said first PN junction; )

said semiconductor substrate having a first portion, outside
of said first PN junction, extending to said main surface of said
semiconductor substrate, said first portion having higher impurity
concentration than, and being of the same conductivity type as, a
remaining portion of said semiconductor substrate;

a first MISFET, having source and drain regions of said second
conductivity type in said first portion of said semiconductor
substrate; and

a second MISFET, having source and drain regions of said
second conductivity type in said second semiconductor regioﬂ,

wherein a first voltage is applied to said first semiconductor
region, a2 second voltage is applied to said second semiconductor
region, and a third voltage is applied to said first portion of
said semiconductor substrate,

wherein said first PN junction is reverse biased, and said
second PN junctien is reverse biased,

wherein a value of said second voltage is different from that
of said third veltage, and

wherein said second semiconductor region is junction-isolated
from said semiconductor substrate by said first semiconductor

region.
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90 . A semiconductor integrated circuit device accordi

claim 89, further comprising a peripheral circuit in said iain
surface of said semiconductor substrate, wherein said peripheral

circuit includes said first MISFET.

91 . A gemiconductor integrated circuit device according to
claim 89, wherein said first conductivity type is p-type and said
second conductivity type is n-type.

92 . A semiconductor integrated circuit device according to
claim 89, further comprising a capacitor element in said main
surface of said semiconductor substrate, wherein said capacitor
element is coupled to one of said source and drain regions of
sald second MISFET.

93 . A semiconductor integrated circuit device according to
claim 89, wherein said second semiconductor region is junctioen-
isolated from said third semiconductor region by said first -

semiconductor region.

E
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ABSTRACT:

The injection of minority carriers into a substrate
caused by potential fluctuations ascribable to noise
etc. is prevented.

In a semiconductor device which has sources and
drains of insﬁlated-gate field effect transistors or
collectors, bases. and emitters of bipolar transistors
within 2 substrate and/or a plurality of isclation layers
isolated in the substrate, voltages having values outside
a varying range of applied voltages to respective
electrodes of the source and drain or to the collector,

base and emitter are applied to the substrate and the
isglation layers.

FIGURE 2



