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[57] ABSTRACT 
A monolithic complementary semiconductor device 
comprising n-type and p-type well regions separated by 
a dielectric isolation region extending from the surface 
into the substrate region. The well region includes a 
highly doped buried region which is located at the 
bottom of the well region and separates an active region 
in the wall from the substrate region. The isolation 
region is deeper than the buried region. The well-to 
well isolation is enhanced by the combination of the 
buried region and the deep dielectric isolation region. 
Packing density and the high speed operation can also 
be improved. 

3] Claims, 9 Drawing Sheets 
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COMPLEMENTARY SEMICONDUCTOR DEVICE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This application is a continuation application of appli 
cation Ser. No. 788,563 ?led Oct. 17, 1985 now aban 
doned. 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor 
device and, particularly, to a complementary mono 
lithic semiconductor device including a p type well and 
an n type well. 
As is well known in the art, there are two conductiv 

ity types in semiconductor, i.e., p type and n type. Semi 
conductor elements involving the structure of these 
opposite conductivity types include complementary 
elements such as pup and npn bipolar junction transis 
tors (BJT) and p channel and n channel ?eld effect 
transistors (FET). 
CMOS devices comprising n channel MOS FETs and 

p channel MOS FETs have the features of low power 
dissipation and high integration density, and are particu 
larly suitable for use in logic circuits. Npn BJTs have 
the advantages of fast operation and large output. 

For making semiconductor integrated circuits capa 
ble of achieving various functions, it is often required to 
form various semiconductor elements on the same sub 
strate. In such cases, semiconductor substrates includ 
ing p type and n type regions of relatively low impurity 
concentration are often required. For example, a 
CMOS large scale integrated circuit (LSI) is fabricated 
by forming n channel MOS FETs in the p type well and 
p channel MOS FETs in the 11 type well. A BI-CMOS 
LSI generally includes further It type wells each of 
which includes an npn BJT, in addition to the CMOS 
structure. 

In semiconductor integrated circuits, isolation be 
tween elements is needed. In MOS FETs, charge carri 
ers ?ow from the source to the drain along the surface, 
and isolation in the semiconductor bulk is usually un 
necessary. In case the channel is induced along the 
surface, there is a risk of creating a parasitic MOS PET, 
and therefore each MOS PET is often surrounded [y] 
by a region of high impurity concentration serving as a 
channel stopper. LOCOS (local oxidation of silicon) 
technique, in which thick oxide ?lms are formed selec 
tively, is also employed in many cases. 

In a CMOS integrated circuit, a p type well and 11 
type well coexist. The contiguous disposition of a p type 
well including 11 channel MOS FETs and an n type well 
including p channel MOS FETs entails a pnpn four 
layer structure, resulting possibly in the formation of a 
parasitic thyristor. Turning-on of this thyristor causes 
“latch.up“, precluding the related MOS FETs from 
operating as expected. In order to prevent latch-up, the 
pup and npn BJTs constituting the thyristor need to 
have low current ampli?cation factors B(pnp) and 
,B(npn). This requirement may be met by increasing the 
thickness and/or increasing the impurity concentration 
of the 11 region and p region which serve as base regions 
of these BJTs. 
One countermeasure is to form a p type well in an n 

type substrate (the remaining n type region becomes an 
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2 
n type well) and form 11 channel MOS FETs and p 
channel MOS FETs ‘in the p type well and the n type 
well, respectively, with a groove formed deeper than 
the p type well around the p type well (side wall portion 
of the pn junction). The groove surface may be covered 
with the insulator and ?lled with an appropriate ?ller 
material. In the surface of the p type well [n+1 n+ 
type regions for a channel MOS FET are doped, and in 
the surface of the n type well p+ type regions for p 
channel MOS FET are doped. The current path be 
tween the p+ type and n+ type regions is lengthened by 
the groove. In order to increase the distance from the 
p+ type region via the 11 type well (substrate) to the p 
type well, the groove is made to have a width of 1 pm 
and a depth of 5.5 pm, for example. A shallow p type 
well allows the npn type BIT, which is made up of the 
[n.t] M’ type region, p type well and n type well 
(substrate), to have a larger current ampli?cation factor 
B(npn), and therefore the p type well is also made 
deeper, e.g., 4 pm or more. Reference is made to Pro 
ceedings of Meeting of the Japanese Society of Applied 
Physics, Mar. 1982, p 692. However, despite the above 
dimensional consideration, the current ampli?cation 
factor (npn) of the npn BJT can be non-negligibly large, 
and also there is a risk of “punch-through” between the 
n+ type region and the :1 type well (substrate). 

In the case of BI-CMOS including vertical npn BJT s 
and CMOS FETs, the n type well including an npn BJT 
has an n+ type sub-collector buried region at the bot 
tom. An n type well for the npn BJT and :1 type and p 
type wells for the CMOS FETs are formed in the p 
type substrate. When the 11 type and p type wells for the 
CMOS FETs are provided at the bottom with an [n.t] 
n+ type and p type buried regions, a noise current ?ow 
ing in the wells can be drawn rapidly (due to a reduced 
well resistance), and the current ampli?cation factor of 
the parasitic BJT can be suppressed small due to the 
presence of the base region having a high impurity 
concentration. However, if the p type well and n type 
well are disposed contiguously, resulting in the forma 
tion of the lateral BIT structure, the effect of latch-up 
prevention is limited. In the npn BJT, the potential 
varies even in the semiconductor bulk. Insulation for 
the npn BIT is made by surrounding its periphery with 
a thick thermal oxidation ?lm which reaches the sub 
strate, with a p+ type region being pushed down by the 
oxidation front and located under the oxide ?lm. An 
oxide isolation region may also be provided between the 
p type and n type wells for the CMOS FETs. (Refer 
ence is made to Japanese Patent Unexamined Publica 
tion No. 57-188862.) 
However, it is unavoidable that the buried region is 

expanded by further diffusion during the heat process. 
Diffusion can occur not only in the vertical (depth) 
direction, but also in [he] the lateral direction. In 
order to separate the buried sub-collector sufficiently 
from the buried region of the contiguous well after the 
heat process, the oxide isolation region must be as wide 
a as 6-7 pm or more. Such a dimension of the isolation 
region makes a bar against the improvement in the pack. 
ing density. Furthermore, when a p+ region is formed 
under the oxide adjacent to the hi’ type sub-collector 
for the isolation of the BIT, the capacitance of the npn 
BIT becomes large due to the p+ n+ junction, hamper 
ing the enchancement of the operating speed. 
A preferred form of isolation for a complementary 

[intergrated] integrated circuit is the use of an SOS 
substrate with the provision [0d] of oxide isolation 
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reaching the [saphire] sapphire substrate. Even in this 
case, reduction in the well resistance is limited, and the 
problem of increased manufacturing cost will result. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a monolithic 
complementary semiconductor device having a high 
latch-up voltage. 
According to one aspect of this invention, there is 

proposed a monolithic complementary semiconductor 
device, wherein a pair of contiguous wells with oppo 
site conductivity types are provided at their bottom 
with low resistivity buried regions at a substantially 
equal level, and with a dielectric isolation groove 
deeper than the buried regions being formed between 
the weels. The buried regions decrease the well resis 
tance, decrease the diffusion length of minority carriers, 
and prevent latch-up effectively. The dielectric isola 
tion groove deeper than the buried regions prevents the 
creation of a lateral parasitic thyristor, realizes a narrow 
isolation region, and prevents the both buried regions 
from forming a pn junction of high capacitance. 
A region with the impurity concentration higher than 

that of the substrate region may be provided at the 
bottom of the dielectric isolation groove. Such a region 
is effective for preventing punch-through in the periph 
ery of the buried sub collector or the BJT. 

In fabricating a CMOS integrated circuit, isolation 
between each MOS FET is basically unnecessary, and 
therefore more than one MOS FET may be formed 
within a well. By making at least one p type well and at 
least one 11 type well, with a desired number of n chan 
nel MOS FETs and a desired number of p channel MOS 
FETS being formed in the p type well and n type well, 
respectively, and with connection being made between 
both types of FETS, a desired CMOS integrated circuit 
can be fabricated. 

In the case of BI-CMOS, each BJT needs to be iso 
lated from the surrounding elements, and therefore it is 
desirable to provide a dielectric isolation groove around 
each BJT. More preferably, the dielectric isolation 
groove is provided at its bottom with a buried buffer 
region with a higher impurity concentration. The bur 
ied buffer region is preferably disposed deeper than and 
separated from the buried region at the well bottom. 
The dielectric isolation groove is of any [strcuture] 

structure provided that it [substanially] substantially 
serves as a dielectric isolation groove. For example, it 
can be realized by high-resistance polysilicon coated 
with oxide and/or nitride. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 to 3 are partial cross-sectional views of a 
semiconductor chip schematically showing fundamen 
tal embodiments of the present invention; 
FIG. 4 is a partial plan view of a semiconductor chip; 
FIG. 5 is a partial cross-sectional view of a CMOS 

integrated circuit; 
FIGS. 6a-6h are cross-sectional views showing the 

fabricating steps of the CMOS integrated circuit shown 
in FIG. 5; 
FIG. 7 is a partial cross-sectional view of a BI-CMOS 

integrated circuit; 
FIGS. 8a-8l are cross-sectional views showing the 

fabricating steps of another manufacturing method suit 
able for CMOS and BI-CMOS integrated circuits; 
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4 
FIG. 9 is a cross-sectional view of a chip showing the 

isolation in a CMOS integrated circuit, as a comparison 
example; and 

FIGS. 10a and 10b are cross-sectional views of a chip 
showing, the isolation in a BI-CMOS integrated circuit, 
as a comparison example. 

DETAILED DESCRIPTION OF THE 
INVENTION 

For the better understanding of the present invention, 
a comparison example of isolation in a CMOS inte 
grated circuit (c.f. Proceeding of Meeting of the Japa 
nese Society of Applied Physics, Mar. 1982, p 692 
which is incorporated by reference) will ?rst be de 
scribed in connection with FIG. 9. 

In the figure, a p channel MOS transistor 62 and an n 
channel MOS transistor 61 are separated from each 
other by a dielectric isolation region 21 (made of oxide 
film and polycrystalline silicon) dimensioned by lp. in 
width and 5.5g in depth. The isolation region 21 is made 
deeper than the p type well 30 so that the pnp parasitic 
BJT has an increased base width as shown by the arrow 
A in the ?gure, with the intention of decreasing the 
current ampli?cation factor of the pnp parasitic BJT 
and thus increasing the latch-up voltage. However, 
because the npn parasitic BJT in the portion indicated 
by the arrow B has a vertical transistor structure and 
the p well 30 serving as a base layer has a low impurity 
concentration, the npn parasitic BJT is expected to have 
a considerably large current ampli?cation factor. On 
this account, the pnpn structure may possibly create a 
thyristor which may be turned on. In addition, the p 
type region 30 may possibly be punched through. 
FIGS. 10a and 10b show a comparison example of 

BI-CMOS integrated circuit (c.f. Japanese Patent Unex 
amined Publication No. 57488862, published on Nov. 
19, 1982 which is incorporated by reference hereby). 
On the surface of a p type semiconductor substrate 1 
which is provided with embedded or buried regions 2 
and 3, an n type epitaxial layer 4 is grown to a thickness 
of about 2 pm. Portions of the epitaxial layer are con 
verted to p type regions. Respective regions in the epi 
taxial layer 4 is isolated by an insulator 5 made of a thick 
silicon oxide (SiOg) ?lm. A p+ region 27 pushed down 
by the oxide region 5 is disposed to surround the n+ 
sub-collector 2. Elements formed includes an npn bipo 
lar transistor 63, a p channel MOS transistor 62 and an 
n channel MOS transistor 6]. Embedded between the 
epitaxial layer 4 and the p type semiconductor substrate 
1 are n+ buried regions 2 in the portions of the bipolar 
transistor and pMOS transistor, and a p+ buried region 
3 in the portion of the nMOS transistor. 
The foregoing structure poses a serious problem in 

isolating, for example, the n+ buried regions 2 located 
on both sides of the isolation region 5. The n+ regions 
are subjected to various heat processes during the for 
mation of elements, and they diffuse not only in the 
depth direction, but also in the lateral direction as 
shown by FIG. 10b. The n+ buried regions 2 have their 
side faces diffusing in the lateral direction shown by the 
arrows in the ?gure. As a result, the distance between 
the adjacent n+ buried regions 2 becomes smaller than 
the width of the isolation region 5. Since the n+ buried 
regions 2 have the isolation breakdown voltage deter 
mined from the distance between them, it is necessary to 
design a wider isolation region 5 so as to accomodate 
the lateral diffusion of the n+ buried regions 2, when it 
is intended to ensure a desired breakdown voltage. 
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Therefore, it is dif?cult to realize a high-density semi 
conductor integrated device by decreasing the isolation 
width. In practice, it has not been feasible to make the 
isolation region 5 narrower than 7-6 pm. 

Tire buried regions 2 are disposed in contact with the 
p+ buried region 27. When high impurity concentration 
regions are in contact with each other, a large electro 
static capacitance is created at the contact surfaces. The 
n+ buried region 2 is the collector region of the npn 
bipolar transistor 63, and a large capacitance results in a 
low operating speed. Accordingly, the structure of the 
n+ buried regions 2 and pr buried region 3 in contact 
with each other is undesirable from the viewpoint of 
speeding up the operation of the circuit. 

Next, embodiments of the present invention will be 
described. 
FIG. 1 shows a semiconductor chip according to this 

invention. In a surface of a p+ type substrate 1, n+ type 
embedded or buried region 2 and p+ type embedded or 
buried regions 3 of high impurity concentration are 
formed, and then an n+ type region 20 and p+ type 
regions 30 are formed, respectively thereon. The n+ 
buried region 2 and n- region 20 in unison constitute an 
n type well 22, while each p+ buried region 3 and a p+ 
region 30 in unison constitute a p type well 23. At the 
boundary of the p type well 23 and the 11 type well 22, 
a narrow groove is formed deep into the substrate re 
gion 1, which is ?lled with the insulation ?ller to form 
a dielectric isolation region 21. It is important for the 
dielectric isolation regions to extend through the lightly 
doped region 20 and 30 and the heavily doped buried 
regions 2 and 3, thereby isolating the n type well 22 
from the p type wells 23 effectively. 
FIG. 2 shows another embodiment of this invention, 

in which like portions to those in FIG. 1 are indicated 
by the like numerals or symbols. In the arrangement, 
another n type well 24 is de?ned in the n type well 22, 
and surrounded by the dielectric isolation regions 21. 
There is also another dielectric isolation region 21 be 
tween the p well 23 and the n well 22. Each isolation 
region 21 extends through the buried regions 2 and 3 
into the substrate region 1. Further, a p+ buried region 
25 of higher concentration than the p- substrate region 
1 is provided at the bottom to the isolation region 1 so 
that it is in contact with the lower portion of each isola 
tion region 21. This p+ buried region is effective for the 
separation between adjacent n+ buried regions 2. For 
example, the buried region 25 prevents short-circuiting 
of the wells 24 and 22 that would occur when part of 
the substrate region 1 in contact with the surface of the 
isolation region 21 is inverted, and also prevents the p" 
substrate 1 from being punched through between ad ja 
cent n+ buried regions 2 when a BIT is formed in the 
well 24. The arrangement of FIG. 2 is particularly 
suited for fabricating BI-CMOS LSI. 
Forming a groove is prone to create crystal defects 

and the like at portions near the groove wall, and there 
fore regions near the groove are apt to be inferior in 
electrorrical characteristics. Moreover, separation of 
MOS FETs needs a LOCOS region. 
FIG. 3 is a cross-sectional view of a chip which is 

provided with thick oxide ?lms (LOCOS) inside the 
wells and between the wells. The thick oxide ?lm 26 
formed over the dielectric isolation region 21 prevents 
the MOS FET formed in the well from being in direct 
contact with the isolation region 21, and it is bene?cial 
to the reduction of leak current. 
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6 
FIG. 4 is a plan view showing an example of the chip 

layout. In the p type region 30, n type wells 22 sur 
rounded by the dielectric isolation regions 21, and a 
pn-isolated n type well 28 are formed. The dielectric 
isolation region is not always needed between wells, as 
shown, and it may be provided only for the necessary 
portions. 
FIG. 5 shows part of a CMOS integrated circuit. On 

a p- type substrate 1, an [n.,.] n+ buried region 2 and 
p+ buried region 3 are formed, on which are formed an 
n region 20 and p region 30, respectively. P+ regions 9 
are formed in the n type well 22 to form the source and 
drain of a p channel MOS FET 62, while n+ regions 6 
are formed in the p type well 30 to form the source and 
drain of an n channel MOS FET 61. A channel stopper 
16 is formed around the source and drain regions 6 
below the thick oxide ?lm 26. Over the channel region 
between the source and drain, a gate electrode 8 of 
polysilicon or the like is formed through a gate insula 
tion ?lm 7 of oxide or the like. The source and drain 
regions are provided with source and drain electrodes 
100. A dielectric isolation region 21 is provided around 
the n type well 22 including the p channel MOS FET 
62. 
The isolation region 21 isolates the nMOS transistor 

61 from the pMOS transistor 62. The isolation region 21 
may be made of a silicon oxide (S102) ?lm and polycrys 
talline silicon surrounded by the oxide ?lm. The isola 
tion region 21 extends at the boundary between the n 
type well 22 and the p type well 23, through n+ buried 
region 2 and p+ buried region 3 into the p- type [semi 
region] semi-region conductor substrate 1. 
The foregoing structure allows a signi?cant enhance 

ment of the resistance against the latch-up phenomenon 
speci?c to CMOS. Latch-up is caused by the parasitic 
thyristor effect arising between the pMOS transistor 62 
and the nMOS transistor 61. The structure shown in 
FIG. 5 has the dielectric isolation region 21 extending 
through the buried regions 2 and 3, and therefore the 
parasitic thyristor does not turn on. The reason is that 
the p+ buried region 3 and n+ buried region 2 exist in 
the base region of the parasitic npn and pnp transistors, 
respectively, preventing the diffusion of minority carri 
ers. As a result, the current gain falls, and a semiconduc 
tor device with further enhanced latch-up voltage can 
be obtained. 

Furthermore, this embodiment provides a new effect 
as will be described in the following. In the example 
shown in FIG. 9, the p type region 30 generally needs to 
have a depth of 4 pm or more in order to prevent the p 
region 30 from being punched through. Therefore, the 
dielectric isolation layer 21 has a depth of at least 4 pm. 

In this embodiment, the problem of punch-through 
concerns with the 11 region 20. The 11 region 20 is fol 
lowed at its bottom by the n+ buried layer 2, and there 
fore punch-through does not occur even if the n region 
20 is made thinner. The 11 region 20 may have a depth of 
0.5-2.0 pm, or typically 1 pm, while the [n+1 n+ 
buried region 2 may have a depth of 0.5-3.0 pm, or 
typically 1.5 pm. The dielectric isolation region 21 has 
a depth so that the region at least extends through the 
buried region, e.g., as deep as 2.5 pm, and it can be a 
shallow isolation region 1 as compared with the com 
parison example. Generally, the isolation region 21 is 
formed by etching or milling a deep groove in a semi 
conductor layer using the dry etching technique. The 
deeper the groove is, the more serious problems arise as 
concerns the decrease in the machining or processing 
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accuracy and the occurrence of distortion or lattice 
defects by the machining or processing. Accordingly, 
the presence of the buried region in this embodiment 
allows a shallower isolation region 21, which signi? 
cantly facilitates the device fabricating process. 
The location of the groove is aligned or registered 

with the boundary of buried regions. Here, when the 
width of a groove is 1 pm, there is a positional tolerance 
of 0.5 pm on each side of the desired location (i.e. 
boundary). Even when the location of the groove is 
displaced more than this tolerance, it only results in 
occurrence of a small region of opposite conductivity 
type at the bottom portion of a well. Such a small region 
does not produce particularly harmful effect. The isola 
tion region 21 surrounds the n type well region 22 and 
isolates it electrically from the p type well region 23. It 
is not necessary to provide dielectric isolation for all the 
n type well regions 22, but the dielectric isolation region 
may be provided only in necessary portions for the 
latch-up resistance or the like. The n type well at the 
right end of the ?gure is only provided with a pn isola 
tion. 

Moreover, according to this embodiment, since the 
side face of the n+ buried region 2 is de?ned by the 
dielectric isolation region 21 which extends through the 
buried regions 2 and 3, adverse influences by the lateral 
diffusion of the [n.t] n+ buried region, as explained in 
the example shown in FIGS. 10a and 10b can be 
avoided. This allows the dielectric isolation region 21 to 
have a decreased width from 6-7 [m] pm of the case 
of FIGS. 10a and 10b down to l_2 um. 
Moreover, according to this embodiment, the n+ 

buried region 2 is in contact at its circumference with 
the isolation region 21, and is separated from the p+ 
buried region 3, resulting in a smaller electrostatic ca 
pacitance at the circumferential portion. Thus, a fast 
operating integrated circuit can be realized. 

Next, an example of the fabricating process for the 
above-mentioned CMOS integrated circuit will be de 
scribed in connection with FIGS. 6a~6h. 

First, n+ to-be-buried regions 2 and p+ to-be-buried 
regions 3 are formed in a surface region of a p- type 
silicon substrate 1 as shown in FIG. 6a and thereafter an 
n type epitaxial layer 10 having a substantially uniform 
distribution of impurity concentration is grown on the 
substrate 1 to a thickness of about 2 pm. The surface of 
the epitaxial layer 10 is subjected to oxidation so that a 
thin oxide ?lm 12 of about 50 nm in thickness is formed, 
which is then coated with a nitride (Si3N4) ?lm 13. 
Next, selective etching is conducted to partially remove 
the nitride ?lm 13 at areas registered with the n+ buried 
regions 2, while leaving the nitride ?lm over the p bur 
ied regions 3. The conventional photoresist process is 
employed for the above selective etching. Next, phos 
phorus is doped by ion implantation into portions where 
the nitride ?lm 13 is absent. Phosphorus is implanted 
through the thin oxide ?lm 12 into the surface of the n 
type epitaxial layer 10, and an n type region 20 is formed 
in the subsequent processing step. Portions coated with 
the nitride ?lm 13 is not doped with phosphorus due to 
masking by the ?lm 13. 
Following the phosphorus ion implantation, the 

wafer is heat-treated in an oxidizing atmosphere, with 
the result that the oxide film on the phosphorus-doped 
region further grows, while no oxidation takes place in 
portions coated with the nitride ?lm and the original 
thin oxide thickness is retained, as shown in FIG. 6b. In 
this embodiment, the thicker portion 14 of the oxide 
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8 
?lm is made 150 nm. FIG. 6b shows the state when the 
nitride ?lm 13 is removed. 

Next, the entire wafer surface is coated with a thick 
nitride ?lm 13 to a thickness of about 200 nm, and part 
of the nitride ?lm where the dielectric isolation region is 
to be formed is removed, as shown in FIG. 6c. Thereaf 
ter, silicon is dry-etched through the mask of nitride _ 
?lm, and a groove 15 of about 1-2 pm in width and 3-4 
pm in depth is formed. It may be preferable to lightly 
wet-etch the dry-etched groove surface to remove the 
contamination and the damaged layer. 

Next, the interior wall of the groove is oxidized so 
that an oxide ?lm 210 is formed to a thickness of about 
200 nm as shown in FIG. 6d. Then, polycrystalline 
silicon 211 of high resistivity is embedded in the groove, 
and the surface of the polycrystalline silicon exposed at 
the opening of the groove is oxidized to an oxide ?lm. 
In such a way, the dielectric isolation region 21 is com 
pleted. After removing the nitride ?lm 13, boron is 
implanted on the entire wafer surface. Since the region 
doped with phosphorus in the process of FIG. 6a has 
the thick oxide ?lm 14 (see FIG. 6b), boron is not im 
planted in this area. Whereas, the oxide ?lm in portion 
12 not doped with phosphorus remains thin, and boron 
is implanted into the surface of the n type epitaxial layer 
10 in this area. 

Next, the doped phosphorus and boron are diffused at 
a temperature of l000'-l200° C. until they reach the 
n+ and p+ embedded regions 2 and 3. Thus, n regions 
20 and p regions 30 are formed, as shown in FIG. 6e. A 
nitride ?lm 13 is formed again, and is patterned to leave 
portions (referred to as “active regions 60“) on the 
surface of the n region 20 and p region 30 where semi 
conductor elements such as MOS transistors will be 
made later. Then, boron implantation is conducted on 
the patterned wafer. Boron is implanted only in the 
portion where there is no nitride ?lm and no thick oxide 
?lm as shown by 16. This implanted region serves as a 
channel stopper for the nMOS transistor. 

Next, local oxidation is conducted using the above 
nitride ?lm so that a ?eld oxide ?lm 11 with a thickness 
of 1 pm is formed in portions excluding the active re 
gions 60, as shown in FIG. 6f. Next, the oxide ?lm is 
removed from the active regions 60 and, after a high 
quality gate oxide ?lm 7 silicon is deposited to a thick 
ness of 0.3 pm by the chemical vapor deposition (CVD) 
method. Then, the polycrystalline silicon layer is pat 
terned as desired to form the gates 8 of MOS FETs, as 
shown in FIG. 6g. 

Next, by the self alignment method using the above 
polycrystalline silicon gate, the source/drain regions 9 
of pMOS FET are formed in the active surface region 
of the n region 20 and the source/drain regions 6 of 
nMOS FET are formed in the active surface region of 
the p region 30, as shown in FIG. 6h. In this embodi 
ment, the nMOS source and drain 6 are formed by 
arsenic ion implantation and the pMOS source and 
drain 9 are formed by boron implantation to a depth of 
0.3 pm and 0.4 pm, respectively. Following the forma 
tion of the source and drain, a passivation ?lm 18 of 
phosphosilicate glass is formed to a thickness of 0.5 nm, 
and then contact windows 17 are opened. 

Finally, wirings 100 of aluminium or the like are 
formed and a ?nal passivation layer-110 is coated to 
complete the device shown in FIG. 5. 

Although the dielectric isolation region 21 was de 
scribed as a groove ?lled with oxide and poly-Si, any 
material or combination of materials can be used pro 
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vided that it can serve as a dielectric isolation. It may be 
formed of an insulator or a combination of insulators 
such as oxide, nitride and organic insulators. Alterna 
tively, it may be an insulator-coated semiconductor. 
Also, although vertical grooves having substantially 
vertical side walls were shown, the grooves may have 
other cross sectional shapes. For example, the side wall 
may be slanted as in V groove. 

FIG. 7 is a schematic crosssectional view of a BI 
CMOS integrated circuit, in which the same or equiva 
lent portions to those in FIG. 5 are referred to by similar 
numerals or symbols. This embodiment differs from the 
previous one shown in FIG. 5 in that an npn vertical 
bipolar transistor 63 is formed in the n region 24. The 
bipolar transistor 63 has an emitter region 41 formed 
from heavily doped n type polycrystalline silicon 42. 
An n+ type region is diffused therefrom into the single 
crystal Si region. A p type base region 43 and collector 
contact region 44 are formed by the ion implantation, as 
employed in the usual BJT process. The bipolar transis 
tor 63 is isolated from each other by the dielectric isola 
tion region described in connection with FIG. 5. For 
avoiding punch-through and formation of an npn para 
sitic transistor between the n+ buried regions, a p+ type 
buffer region 25, as mentioned in connection with FIG. 
2, is further formed under the dielectric isolation region 
21. The p+ type region 25 is distanced from the n+ type 
embedded subcollector region 2. 
Due to on-chip integration of bipolar transistors and 

CMOS transistors, this embodiment realizes a novel 
LSI device having both properties of high driving abil 
ity featured by bipolar transistors and high integration 
and low power dissipation by CMOS. Moreover, the 
use of the deep dielectric isolation region 21 of insulator 
for the above bipolar transistor enables a smaller collec 
tor capacitance, whereby speed-up of the circuit can be 
enhanced. 
Although CMOS transistors and npn bipolar transis 

tors are integrated in the foregoing embodiment, this 
invention is not limited to such a combination, but can 
also be applied to the integration of various types of 
semiconductor elements. 
As described above, semiconductor elements formed 

in well regions of different conductivity types can be 
integrated at a high density on a single chip without 
causing latch-up or punch-through, whereby an inte 
grated circuit with superior isolation can be obtained. 
FIGS. 8a-8l show another example of the method for 

fabricating wells having isolation regions suitable for 
use in the foregoing embodiments. 

Initially, a surface of an epitaxial silicon substrate 1 
having a buried layer is subjected to thermal oxidation 
to form a thermal oxide ?lm 35 of 430 A, for example, 
as shown in FIG. 8a. Next, an oxidation resistance mask 
36, e.g., a silicon nitride ?lm, of 1500 A in thickness is 
deposited and a polysilicon ?lm 33 with a thickness of 
H110 A is further deposited thereon. 
A polysilicon HLD film 31 with a thickness of 5000 A 

is formed on the polysilicon ?lm 33 by high-tempera 
ture, low-pressre deposition (HLD). Formation of an 
oxide ?lm 35 is not compulsory. The I-ILD ?lm 37 
formed on the polysilicon ?lm 33 may be of different 
material provided that it has an etching rate faster 
enough than that for the ?lms 36 and 33 for a selected 
wet etching. The thickness of the ?lm 37 is so selected 
that it will not be etched off entirely until the coming 
processing step 8g. The ?lms 35, 36, 33 and 37 are given 
an arbitrary total thickness provided that they will not 
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be etched off during the process until the isolation 
groove is formed. Subsequently, a photoresist 38 is 
patterned in the usual photolithographic process as 
shown‘ in FIG. 8b, and then the HLD film 37 and 
polysilicon ?lm 38 are removed by the dry etching 
method as shown in FIG. 8c. Next, wet etching is con 
ducted using ammonia ?uoride liquid, for example, so 
that the HLD ?lm 37 is removed in narrow pattern 
portions, and a narrow polysilicon section 39 is formed 
as shown in FIG. 8d. For wide pattern portions, a sec 
tion 34 with missing HLD ?lm 37 on it is formed by side 
etching. Next, the photoresist 38 is removed, and by 
conducting dry etching until the silicon nitride ?lm is 
removed, narrow patterns 39 and 34 are formed as 
shown in FIG. 8c. The condition of wet etching shown 
in FIG. Rd is determined such that the HLD ?lm on the 
narrow pattern 39 is removed and a predetermined 
width of the pattern 34 is obtained. Setting of the width 
of the pattern 39 on the photomask is restricted by the 
value twice or less the setup width for the pattern 34. 
Using a ?lm, instead of the HLD ?lm 37, which meets 
the wet etching condition faster enough than that for 
both of the silicon oxide ?lm and silicon nitride ?lm, 
etching may be continued until the oxide ?lm 35 is 
exposed in FIG. 8c. In this case, the polysilicon ?lm 33 
may be dispensed with. 

Next, it type impurity phosphorus is implanted to 
portions where the oxide ?lm 35 is exposed by ion im 
plantation as shown in FIG. 8f, and an n type layer is 
formed. Next, the polysilicon ?lm remaining in portions 
39 and 34 is removed, or otherwise this may be removed 
after the subsequent oxidation shown in FIG. 8g. Next, 
the silicon nitride ?lm 36 is used as a mask to form a 
thermal oxide ?lm 35' to a thickness of 4000 5. example, 
as shown in FIG. 8g. The oxide ?lm 35' is made thick 
enough so as to be used as a maskfor ion implantation 
following silicon dry etching described later. Next, by 
removing the silicon nitride ?lm in the pattern portions 
39 and 34 using hot phosphoric acid liquid, for example, 
and then by etching the oxide ?lm, narrow regions of 
exposed silicon are formed as shown in FIG. 8h. Next, 
silicon is dry~etched to form grooves 19 as shown in 
FIG. 8i. 

Next, when necessary, a channel stopper or buffer 
region 25 is formed at the bottom of each groove 
through the ion implanting of boron fluoride, for exam 
ple, and the annealing process. Next, the remaining 
HLD ?lm 37 is removed and, after the silicon nitride 
?lm 36 has been removed using hot phosphoric acid 
liquid, p type impurity such as boron ?uoride is ion 
implanted to form a p type diffusion layer as shown in 
FIG. 8i. For this process, the oxide ?lm 35' must have a 
sufficient thickness so that it works as a mask of boron 
?uoride implantation. If necessary, oxidation may be 
conducted again before removal of the silicon nitride 
?lm 36. Thereafter, the isolation groove is ?lled by the 
conventional process and the dielectric isolation region 
is formed. For example, after the interior wall of the 
groove is oxidized, it is coated with a silicon nitride ?lm 
l8, and then the groove is ?lled with polycrystalline 
silicon 19 as shown in FIG. 8k. Next, the selective oxi 
dation region is patterned, and selective oxidation is 
conducted by forming a channel stopper 16 through the 
ion implantation of boron fluoride, for example, in the 
selective oxidation region on the p type diffusion layer. 
The process for reducing the stepping of the oxide ?lm 
is added here when necessary, and the dielectric isola 
tion region is completed as shown in FIG. 81. This pro 
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cess provides a semiconductor structure with the for 
mation of dielectric isolation grooves at the boundary 
between p type and n type diffusion region and at arbi 
trary position in the n type diffusion region. Finally, 
bipolar and CMOS structures are formed in respective 
isolated regions by the conventional method, and the 
semiconductor device is completed. 
The foregoing processes may be modi?ed in such a 

way of exchanging the position of the silicon nitride 
?lm 36 and the polysilicon ?lm 33, or providing another 
cost of ?lm to realize a structure of three layers or more. 
Alternatively, a single layer of silicon nitride ?lm may 
be formed to an appropriate thickness in place of the 
combination of the silicon nitride ?lm 36 and polysili 
con ?lm 33, and etching may be done up to the mid 
point of the thickness. 
Although in the foregoing embodiment grooves are 

formed at the boundary between p type and n type 
diffusion layers and in an n type diffusion layer, it will 
be appreciated that the present invention is applicable to 
the structure having isolation grooves at the boundary 
between p type and n type regions and possibly at arbi 
trary position in any n or p type region, the structure 
having isolation grooves at the boundary between re 
gions or different concentration of p type or n type and 
at arbitrary position in one type of region, and the struc 
ture having isolation grooves at arbitrary position in a 
single p type or 11 type diffusion region, etc. 
We claim: 
1. A monolithic complementary semiconductor de 

vice comprising 
a semiconductor substrate region of a ?rst conductiv 

ity type, the substrate region having a surface; 
semiconductor embedded regions of high impurity 

concentration disposed [ion] on and directly in 
contact with the surface of said substrate region 
and comprising at least a ?rst embedded region of 
said ?rst conductivity type and a second embedded 
region having a second conductivity type which is 
opposite to said ?rst conductivity type, the ?rst and 
second embedded regions having a spacing there 
between; 

semiconductor well regions, of low impurity concen 
tration compared to said embedded regions, dis 
posed on said embedded regions, the semiconduc 
tor well regions extending to and forming a main 
surface, and comprising at least a ?rst well region 
of the ?rst conductivity type disposed on said ?rst 
embedded region and a second well region of the 
second conductivity type disposed on said second 
embedded region, whereby the same spacing as 
between the ?rst and second embedded regions is 
provided between the ?rst and second well re 
gions; and 

an insulating member extending from said main sur 
face into said substrate region and ?lling the space 
between (1) said ?rst well and embedded regions 
and (2) said second well and embedded regions 
nearest thereto, said insulating member surround 
ing said second well and embedded regions, and 
not surrounding said ?rst well and embedded re 
gions, whereby the ?rst well and embedded re 
gions are separated from the second well and em 
bedded regions by said insulating member. 

2. A monolithic complementary semiconductor de 
vice according to claim 1, further comprising; 
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12 
a ?rst doped region of said second conductivity type 

disposed in said ?rst well region adjacent to said 
main surface; and 

a second doped region of said ?rst conductivity type 
disposed in said second vwell region adjacent to said 
main surface. 

3. A monolithic complementary semiconductor de 
vice according to claim 2, further comprising: 

a third doped region of said second conductivity type 
disposed in said ?rst well region adjacent to said 
main surface and separated from said ?rst doped 
region by a predetermined distance; 

?rst gate means for establishing an electric ?eld and 
controlling a current path between said ?rst and 
third doped regions; 

a fourth doped region of said ?rst conductivity type 
disposed in said second well region adjacent to said 
main surface and separated from said second doped 
region by a predetermined distance; and 

a second gate means for establishing an electric ?eld 
and controlling a current path between said second 
and fourth doped regions. 

4. A monolithic complementary semiconductor de 
vice according to claim 1, wherein said semiconductor 
is silicon and said insulating member includes a body of 
polycrystalline silicon and a layer of insulating material 
surrounding the body of polycrystalline silicon. 

5. A monolithic complementary semiconductor de 
vice according to claim 4, wherein said insulating mate 
rial includes silicon oxide. 

6. A monolithic complementary semiconductor de 
vice according to claim I. further comprising: 
a semiconductor isolation region of said ?rst conductiv 

ity type having a higher impurity concentration than 
that of said substrate region disposed in said substrate 
region under said insulating member and surround 
ing said second embedded region. 

7. A monolithic complementary semiconductor de 
vice according to claim 1, wherein said embedded re 
gions further [comprises] comprise a third embedded 
region of said second conductivity type, said well re 
gions further [comprises] comprise a third well region 
of said second conductivity type, the third well region 
being disposed on the third embedded region. the device 
further comprising: 

a base region of said ?rst conductivity type formed in 
said third well region adjacent to said main surface; 

an emitter region of said second conductivity type 
formed in said base region adjacent to said main 
surface; and 

a collector contact region of said second conductivity 
type formed in said third well region adjacent to 
said main surface. 

8. A monolithic complementary semiconductor de 
vice according to claim 7, further comprising: 

a semiconductor isolation region of said ?rst conduc 
tivity type, having a higher impurity concentration 
than that of said substrate region, disposed in said 
substrate region under said insulating member and 
surrounding said third embedded region. 

9. A monolithic complementary semiconductor de 
vice according to claim 8, further comprising: 
a ?rst and a third doped region of said second con 

ductivity type disposed in said ?rst well region 
adjacent to said main surface with a predetermined 
distance therebetween; 
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?rst gate means for establishing an electric ?eld and 
controlling a current path between said ?rst and 
third doped regions; 

a second and fourth doped regions of said ?rst con 
ductivity type disposed in said second well region 
adjacent to said main surface with a predetermined 
distance therebetween; and 

second gate means for establishing an electric ?eld 
and controlling a current path between said second 
and fourth doped regions. 

10. A monolithic complementary semiconductor de 
vice according to claim 9, further comprising: 

a channel stop region of said ?rst conductivity type 
formed in said ?rst well region, surrounding said 
?rst and third doped regions and disposed adjacent 
to said insulating member. 

11. A monolithic complementary semiconductor de 
vice according to claim 8, wherein said semiconductor 
isolation region is separated from said embedded re 
gions. 

12. A monolithic complementary semiconductor 
structure according to claim 19, further comprising: 

a semiconductor buffer region of said ?rst conductiv 
ity type, having a higher impurity concentration 
than that of said substrate region, disposed in said 
substrate region under said insulating member, and 
surrounding and separated from said second em 
bedded region. 

13. A bipolar and complementary MOS integrated 
circuit device comprising: 

a semiconductor chip of a ?rst conductivity type 
having a high resistivity, said chip having a surface; 

a bipolar junction transistor (BJT) well formed in said 
semiconductor chip, extending from said surface of 
the chip, and including a vertical BIT which has a 
heavily doped sub-collector region of a second 
conductivity type, embedded at the bottom of said 
BIT well; 

complementary MOS ?eld effect transistor (CMOS 
[FET] FE T) wells formed in said semiconductor 
chip, extending from said surface of the chip, and 
including a ?rst well of the ?rst conductivity type 
which includes a MOS transistor of the second 
conductivity type and has a ?rst heavily doped 
embedded region of the ?rst conductivity type 
buried at the bottom of said ?rst well, and a second 
well of the second conductivity type which includes 
a MOS transistor of the ?rst conductivity type and has 
a second heavily doped embedded region of the 
second conductivity type buried at the bottom of 
[sad] said second well; 

dielectric isolation member disposed in said semicon 
ductor chip, vertically extending from the surface 
of said chip to a depth deeper than said ?rst and 
second heavily doped embedded regions, and sepa~ 
rating said BJT and CMOS FET wells from one 
another, said dielectric [insolation] isolation mem 
ber surrounding said BIT well and said second well 
of said second conductivity type but does not sur 
round said ?rst well of the ?rst conductivity type; 
and 

semiconductor isolation region of said [?rs] ?rst 
conductivity type having a higher impurity con 
centration than that of the semiconductor chip, 
disposed under said dielectric isolation member in 
said semiconductor chip, and surrounding and sep 
arated from said sub-collector region. 
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14. A monolithic complementary semiconductor de 

vice according to claim 1, further comprising ?eld ef 
fect transistors of opposite conductivity type provided 
respectively in surface portions of the ?rst and second 
well regions. 

15. A monolithic complementary semiconductor de 
vice according to claim 1, wherein the ?rst and second 
embedded regions are disposed at a substantially equal 
level beneath the main surface. 

16.'A monolithic complementary semiconductor de 
vice according to claim 1, wherein said insulating mem 
ber includes a thick oxide ?lm at said [gain] main 
surface. 

17. A monolithic complementary semiconductor de 
vice according to claim 1, wherein said insulating mem 
ber has side walls extending vertically from said main 
surface. 

18. A monolithic complementary semiconductor de 
vice according to claim ,1, wherein said insulating mem 
ber is a dielectric isolation member including insulating 
material interposed between (I) the ?rst well and em 
bedded regions and (2) the second well and embedded 
regions, in said spacing therebetween. 

19. A monolithic complementary semiconductor 
structure comprising: 

a semiconductor substrate region of a ?rst conductiv 
ity type, the substrate region having a surface; 

semiconductor wells disposed contiguously on said 
substrate region, with at least one semiconductor 
well of a ?rst conductivity type and at least one 
semiconductor well of a second conductivity type 
which is opposite to said ?rst conductivity type, 
the semiconductor wells of the ?rst and second 
conductivity types being spaced from each other; 

the semiconductor wells of the ?rst conductivity type 
each comprising a ?rst embedded region of high 
impurity concentration of said ?rst conductivity 
type disposed contiguously on the substrate region 
and a semiconductor active region of low impurity 
concentration compared to said ?rst embedded 
region disposed on said ?rst embedded region; 

the semiconductor wells of the second conductivity 
type each comprising a second embedded region of 
high impurity concentration of said second con 
ductivity type disposed contiguously on the sub 
strate region and a semiconductor active region of 
low impurity concentration compared to said sec 
ond embedded region disposed on said second 
embedded region; 

the semiconductor active regions of the semiconduc 
tor wells forming a main surface of the structure; 
and 

an insulating member extending from said main sur 
face into said substrate region and ?lling the space 
between the semiconductor wells of the ?rst and 
second conductivity types, so as to separate the 
semiconductor wells of the ?rst and second con 
ductivity types [form] from each other, said insu 
lating member surrounding said at least one semi 
conductor well of the second conductivity type 
and not surrounding said at least one semiconduc 
tor well of the ?rst conductivity type. 

20. A monolithic complementary semiconductor 
structure according to claim 19, wherein said insulating 
member is a dielectric isolation member including [in 
sulting] insulating material interposed between the 
semiconductor wells of the ?rst and second conductiv 
ity types in the space therebetween. 
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21. A bipolar and complementary MOS integrated 
circuit device according to claim 13, wherein said heav 
ily doped sub-collector region of a second conductivity 
type embedded at the bottom of said BJT well, and the 
?rst and second heavily doped embedded regions re 
spectively buried at the bottom of the ?rst and second 
wells, are in direct contact with semiconductor material 
of the semiconductor chip of ?rst conductivity type. 

22. A bipolar and complementary MOS integrated cir 
cuit device comprising: 
a semiconductor chip of a ?rst conductivity type having 
a high resistivity. said chip having a surface; 

a bipolar junction transistor (BJT) well formed in said 
semiconductor chip. extending from said surface of 
the chip. and including a vertical 3] T which has a 
heavily doped sub-collector region of a second conduc 
tivity type. embedded at the bottom of said BJT well; 

complementary MOS ?eld effect transistor (CMOS 
FET) wells ?armed in said semiconductor chip, ex 
tending from said surface of the chip, and including a 
?rst well of the ?rst conductivity type which includes a 
MOS transistor of the second conductivity type and 
has a ?rst heavily doped embedded region of the ?rst 
conductivity type buried at the bottom of said ?rst 
well. and a second well of the second conductivity type 
which includes a MOS transistor of the ?rst conduc 
tivity type and has a second heavily doped embedded 
region of the second conductivity type buried at the 
bottom of said second well; 

dielectric isolation member disposed in said semiconduc 
tor chip, vertically extending from the surface of said 
chip to a depth deeper than said ?rst and second 
heavily doped embedded regions, said dielectric isola 
tion member surrounding said BJT well; and 

semiconductor isolation region of said ?rst conductivity 
type having a higher impurity concentration than that 
of the semiconductor chip, disposed under said dielec 
tric isolation member in said semiconductor chip, and 
surrounding and separated from said sub-collector 
region. 

23. A bipolar and complementary MOS integrated cir 
cuit device according to claim 22, wherein said dielectric 
isolation member, surrounding said BJ T well, does not 
surround the CMOS FE T wells. 

24. A bipolar and complementaqt MOS integrated cir‘ 
cuit device according to claim 22. wherein said dielectric 
isolation member, surrounding said BJ T well, does not 
surround said ?rst well of said ?rst conductivity type. 

25. A bipolar and complementary MOS integrated cir 
cuit device according to claim 22, wherein said second well 
of the second conductivity type is also surrounded by said 
dielectric isolation member. 

26. A bipolar and complementary MOS integrated cir 
cuit device according to claim 25, wherein said dielectric 
isolation member. surrounding said 8.! T well, does not 
surround said ?rst well of said ?rst conductivity type. 
22 A bipolar and complementary MOS integrated cir 

cuit device according to claim 22. wherein said dielectric 
isolation member, surrounding said BJT well, separated 
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type from the ?rst well of the ?rst conductivity type. 

28. A bipolar and complementary MOS integrated cir» 
cuit device comprising: 
a semiconductor chip of a ?rst conductivity type having 

a high resistivity. said chip having a surface; 
a bipolar junction transistors (51]) well formed in said 

semiconductor chip. extending from said surface of 
the chip, and including a vertical BJT which has a 
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heavily doped sub-collector region of a second conduc 
tivity type. embedded at the bottom of said 3] T well; 

complementary MOS ?eld effect transistor (CMOS 
FET) wells formed in said semiconductor chip. ex 
tending from said surface of the chip, and including a 
?rst well of the ?rst conductivity type which includes a 
MOS transistor of the second conductivity type and 
has a ?rst heavily doped embedded region of the ?rst 
conductivity type buried at the bottom of said ?rst 
well, and a second well of the second conductivity type 
which includes a MOS transistor of the ?rst conduc 
tivity type and has a second heavily doped embedded 
region of the second conductivity type buried at the 
bottom of said second well; 

dielectric isolation member disposed in said semiconduc 
tor chip, vertically extending from the surface of said 
chip to a depth deeper than said ?rst and second 
heavily doped embedded regions, and separating said 
8.! T and CMOS FE T wells from one another. said 
dielectric isolation member surrounding said BJ T 
well but does not surround said CMOS FET wells; 
and 

semiconductor isolation region of said ?rst conductivity 
type having a higher impurity concentration than that 
of the semiconductor chip, disposed under said dielec 
tric isolation member in said semiconductor chip, and 
surrounding and separated from said sub-collector 
region. 

29. A monolithic complementary semiconductor struc 
ture comprising: 
a semiconductor substrate region of a ?rst conductivity 

type, the substrate region having a surface; 
semiconductor wells disposed contiguously on said sub 

strate region, with at least one semiconductor well of a 
?rst conductivity type and at least one semiconductor 
well of a second conductivity type which is opposite to 
said ?rst conductivity type, the semiconductor wells of 
the ?rst and second conductivity types being spaced 
from each other; 

the semiconductor wells of the ?rst conductivity type 
each comprising a ?rst embedded region of high im 
purity concentration of said ?rst conductivity type 
disposed contiguously on the substrate region and a 
semiconductor active region of low impurity concen 
tration compared to said ?rst embedded region dis 
posed on said ?rst embedded region; 

the semiconductor wells of the second conductivity type 
each comprising a second embedded region of high 
impurity concentration of said second conductivity 
type disposed contiguously on the substrate region and 
a semiconductor active region of low impurity concen 
tration compared to said second embedded region 
disposed on said second embedded region; 

the semiconductor active regions of the semiconductor 
wells fbrming a main surface of the structure; and 

an insulating member extending from said main sud'ace 
into said substrate region, said insulating member 
surrounding said at least one semiconductor well of 
the second conductivity type and not surrounding said 
at least one semiconductor well of the ?rst conductiv 
"1’ type 

30. A monolithic complementary semiconductor struc 
ture according to claim 29, wherein said insulating mem 
ber separates the semiconductor wells of the ?rst and sec 
ond conductivity types from each other. 

31. A monolithic complementary semiconductor struc 
ture according to claim 29, wherein said insulating mem 
ber extends from said main surface into said substrate 
region in the space between the semiconductor wells of the 
?rst and second conductivity types. 

' i i t O 


