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Japan,    where do hereby declare the invention, for which we pray that a
patent may be granted to us, and    Qss stands for effective surface charge
per  50 the method  by which it is to be performed,    unit area, to be
particularly described in and by the    QB, bulk charge per unit area in
channel 10 following statement:--                          depletion layer;
This invention relates to semiconductor    [err], dielectric constant of
insulation film; and integrated circuits.                        t,
thickness of insulation film.         55 As known, semiconductor integrated
cir- cuits are such that active elements and pas-    In general, the
insulation film used in an 15  sive elements are incorporated in one main
MOS type semiconductor integrated circuit surface of a semiconductor
substrate. These  device, of which the active element is usually elements
are connected to each other via a  a P-channel MOS transistor, is thermally
metal layer  disposed on an insulation film, oxidized silicon oxide. The
threshold voltage  60 thereby forming an electronic circuit capable  VT of
the  MOS transistor is controlled by the 20  of switching operation  or
amplifying opera-  thickness of the silicon oxide film of its gate tion. In
such semiconductor integrated circuits, region. More specifically, when the
thickness various parasitic effects are observed because  of the silicon
oxide film of the gate region is various elements are incorporated into
one  about 0.2 microns, the threshold voltage [err]  65 substrate. This
-causes operating failure. For  is about 3 to 5 volts. (Note: The threshold
25  example, in an MOS semiconductor integrated  voltage VT in the gate
region is denoted by circuit, each circuit element is electrically  [err].
All values  shown hereinafter will be of isolated within the substrate from
the other  absolute value.) and is connected thereto by way of wiring.
Usually, the thickness of the silicon oxide  70 Practically, however, a
parasitic channel is  film  between  the elements is about 1.5 30  produced
between the elements which are sup-  microns, and the  threshold voltage
[err] in this posed to be isolated from   one another, if a  area is around
20 volts. (Note: The threshold wiring metal layer to which a high voltage
is  voltage [err] between the elements is denoted by applied is present on
the insulation film located  [err])                              75 on the
substrate between the  elements. As a    When a voltage above  [err] is
applied to 35 result, a parasitic leakage current is produced  the wiring
metal layer on the silicon oxide therein.              . .
film between the, elements, a parasitic channel The reason why the
parasitic leakage cur-  is produced immediately below the wiring rent is
produced is because an inversion layer  metal, and a leakage current is
produced  80 is induced on the substrate surface due to a  between the
elements. This phenomenon is 40  high voltage applied to the wiring metal
layer  usually called parasitic MOS effect. When a on the insulation film
between the elements,  wiring metal layer to which a high voltage is and
thus a conduction  channel  is formed  applied is present in the vicinity
of the region between the elements..                     between the
elements, the charge from  the  85 The threshold voltage [err] of the MOS
field  wiring metal layer  is spread on the silicon 45  effect transistor
used for the MOS (metal-  oxide film in the vicinity  of the region between
oxide-semiconductor)  integrated  circuit is  the elements, and the
potential of the silicon expressed as.                              oxide
film  near the wiring metal layer 



[Price 25p]    1,334,686 *                    - becomes high. Under this
condition, a para-  said one conductivity type formed at the whole sitic
channel is formed on the substrate sur-  of said area except for the areas
occupied by - face between the elements, and thus a leakage  the circuit
elements, the surface impurity con- current  is  produced.  This
phenomenon   centration of said highly doped region being 5  appears
distinctly in the edge portion of the  ten to one  hundred times higher
than the  70 wiring  metal   layer and, hence, this is called  impurity
concentration of the remainder  of "edge effect". The occurrence of the
edge  said substrate, an  insulation layer deposited on effect is
dependent upon external atmosphere  selected portions' of  said substrate,
and  a and voltage applied. Especially, the higher  wiring metal conductor
deposited on  a pre- 10 the humidity and the higher the voltage  determined
portion of the substrate and the  75 applied, the more frequently the edge
effect  elements,  electrically connecting said elements. occurs. This is
known as one of the causes of    In a circuit according to this invention,
the introducing failure into the MOS sernicon-  highly doped region is N
type when the sub- ductor integrated circuit.                strate has N
type conductivity  and P type 15    Such failure  can  be  prevented  if
the  when  the  substrate has P type conductivity.  80 threshold voltage
[err] is increased to a  value  Preferably  the upper  limit of the surface
above the power supply voltage used. For the  impurity concentration of the
highly doped purpose of increasing  the threshold voltage  region has  a
breakdown voltage, at a P-N [err], there is a methods in which the surface
junction formed by any overlapping with the 20  impurity concentration of
at least one portion  circuit element, as high as the supply voltage.  85
of the substrate between the elements is    By diffusing the impurity into
the surface increased. This method  is described, for  except for  those
parts occupied '.by  the example,  in  United  States  Patent   No.
elements, the leakage current produced by the 3,456,169 issued to T. Klein.
However, the  parasitic MOS effect can be eliminated. More 25  edge effect
is not prevented by  such method.  especially, the edge effect is
effectively pre-  90 Generally, in an MOS semiconductor inte-  vented.
Moreover, 'the reliability of  the semi- grated  circuit, the  distance
between  the  conductor integrated circuit is improved, and elements is as
small as about 15 microns. In  the yield  rate is  increased. practice, it
is very difficult to diffuse an    This invention is particularly effective
in 30  impurity whose conduction type is the same as  an MOS type
integrated circuit. Therefore, 95 that of the substrate deeply in to the
narrow  the description  of the invention will be given region between the
elements since there is a  hereunder referring to an MOS type integrated
limitation on the photo-etching technique. It  circuit. is therefore very
probable that said deeply dif-    The invention will now be described, by
35  fused region between  the elements is. over-  way of example
with'reference to the accom- 100 lapped  with the source, drain, etc. of
the  panyingdrawings in which:- element whose conduction type is different
Figure 1 is a circuit diagram  showing a from  that of the substrate.
Therefore,  the  one bit shift register using MOS  transistors; breakdown
voltage  at the - P-N  junction    Figure 2 is a plan model view showing an
40  becomes low. In the operating state of an  example of an integrated
circuit formed into  105 MOS type integrated circuit, a  reverse bias  the
conventional structure based on the circuit is applied to such an
overlapped P-N junction   shown in Figure 1; having a low breakdown'
voltage. Therefore    Figure 3 is a plan model  view showing an the
breakdown voltage at the P-N  junction  MOS type integrated
circuit'embodying the 45  must be higher than  the power supply volt-
present invention; and                      110 age used. To obtain  a
breakdown voltage    Figure  4 is a graph illustrating the prin- 'higher
than the power supply voltage, it is  ciples  of the MOS 'semiconductor
integrated necessary that the impurity concentration of  circuit of the
present  invention. the layer diffused into the' region between the
Referring to Fig. 1 which shows a circuit 50  elements is not so high.
While, on the other  diagram of a one  bit shift register based on  115
hand, the surface impurity concentration must  P-channel MOS transistors,
the references [err] be as high  as  possible in order to  increase the
and [err] denote the main MOS transistors; [err] threshold voltage [err].
In short, it is very diffi-  and [err] the load MOS transistors operated 



cult to obtain a perfect isolation' between the  as resistors; [err] and
[err] the gate MOS tran- 55  elements and a high threshold voltage [err] by
sistors operated by clock pulses [err] and [err]; VDD, 120 diffusion of a
high surface impurity concentra-  the power source for operating these
tran- tion reigon only in the necessary area on the  sistors; [err] an
input; and [err] an output. substrate surface between the elements.
Figure 2 is  a plan view  showing an example The present invention consists
in a semi-  of 'the integrated circuit  formed by diffusing 60  conductor
integrated  circuit, comprising  a  a  P type impurity of surface
concentration  125 semiconductor substrate of one conductivity  [err]
atoms/[err]  as source and drain regions type, circuit elements having'
regions of dif-  into an N-type substrate  of surface concentra- ferent
conductivity type from  the said  one  tion 2 X [err] atoms/[err]  from
the circuit conductivity type and formed in an area of  shown in Figure 1.
The reference 1 denotes a 65  the substrate surface, a highly doped region
of  power line; reference 2 is a wiring metal con- 130    1,334,686 ductor,
for the clock pulse [err]; 3  the load  cave curve. The practically usable
N-type dif- MOS transistor [err]; 4, the transistor [err] serv- fusion
surface impurity - concentration is ing as a gate operated by clock pulse
[err]; 5, an  located around the crossing point of the two input line; 6,
the main MOS transistor [err]; 7, characteristic curves. 5  the load MOS
transistor [err]; 8, the main MOS    The surface density of the N type
silicon  70 transistor Q4; 9, the transistor [err]    serving as a
substrate used for this MOS integrated cir- gate operated by clock pulse
[err]; 10 an output  cuit is about [err] atoms/[err]. In this line; 11, a
wiring metal conductor for the clock  structure, the threshold voltage
[err] is about pulse [err]; and 12, a grounding lead.        20 volts as
shown in Figure 4, when the thick- 10  'In  this integrated circuit shown
in Fig. 2, ness of the  silicon oxide film is 1.5 [err]. The  75 input
information is applied to the input [err]    breakdown voltage Vw of the
P-N junction is (5) and transmitted to the main MOS tran  about 150 volts.
In view of the fact that the sistor [err] (6), and further transmitted to
the  N-type  impurity  diffusion layer into the main MOS transistor
[err](8) by the clock pulse  region between the elements is overlapped on
[err]     which is applied to the transistor [err]  (4). the P+ source and
drain diffusion layer, it is  80 The  information is then transmitted to
[err]     known that the diffusion surface impurity con- (10) by the clock
pulse [err] applied to the tran-  centration is about 1 x [err] atoms/[err]
to sistor [err] (9). In this case, [err]  (3) and [err] (7)  1OX 10[err]
atoms/[err] in the range where the are operated as load MOS transistors. In
such  breakdown voltage  is above 30 volts and the 20 an MOS semiconductor
integrated circuit, the threshold voltage [err] is also above the 30 volts
85 parasitic leakage current due to the parasitic  of the power supply
voltage. MOS effect or edge effect seres as a sig-   Figure 3 shows the
region for N-type dif- nificant cause of deterioration  in the charac-
fusion, wherein the diffusion is made on the teristics. Specifically, the-
information at the  whole surface of the region 5  [err] distant from 25
point A between the transistors [err] (4) and  the source, drain and gate
regions. In this case, 90 [err] (8) is supposed to be held until the gate
it is strongly anticipated that the N-type dif- of the transistor [err](9)
is opened by the clock  fusion layer is overlapped on the P + diffusion
pulse [err]. While, if a leakage current is pro-  layer of the element when
the masking duced between the points  A and B  along the  accuracy and
pattern coincidence accuracy are 30   path indicated by the dotted line,
namely  taken  into  consideration. Therefore  low  95 30  between said
point A and the point B located  impurity concentration diffusion must be
made between the transistors [err] (6) and [err] (8), the so that the
breakdown voltage of the junc- current flows into the point B  and the
informa-  tion with the element is more than the power tion at the point A
is not held any mote. Supply voltage. 35  In Figure 2, the wiring metal
layer 11 for    The following means is used for making  100 the clock pulse
[err] is present in the vicinity  an N-type diffusion having a low surface
of the area of A and B. The potential of this  impurity concentration such
as 1 X10[err] atoms/ layer 11 is of pulse form with a large negative  [err]
to 1O x 10[err] atoms/[err] into an N-type potential. As a result, a
negative charge is  silicon substrate whose surface impurity con- 40
spread on the oxide film from the metal layer  centration is 1 x10 [err]
atoms/[err].      105 11, and the corresponding area on the silicon     For
example, diffusion from a glass layer oxide film stands uniformly at a high
negative  will be described below. According to this potential. If this
negative potential is greater  method, a glass layer containing phosphorus,



than the threshold voltage [err] of the same  which is an N-type impurity,
is deposited on 45  area, a parasitic leakage current is produced  an
N-type silicon substrate having a diffusion  110 along the path indicated
by the dotted line  window by a vapor-growth process. In this between the
points A and B. Consequently, the  case, the phosphorus in the glass layer
is kept information at the point A is not held any at a low concentration
so that a low concentra- more.                                     tion
diffusion such as 10[err] atoms/[err] is made 50    Figure 4 is a.graph
showing characteristics  possible. The resultant wafer is placed in a 115
obtained at various impurity concentrations,  furnace in an inactive gas
atmosphere wherein wherein the abscissa indicates N-type silicon  the
diffusion is done by heating treatment. impurity concentration, the
ordinate (on the  Thereafter, the glass layer is removed. Another left) the
threshold voltage [err] of a 1.5 [err] thick  diffusion method is such that
antimony penta- 55  oxide film, and the ordinate (on the right) the
chloride is used for the source. The N-type  120 breakdown voltage [err] at
a junction between  layer using antimony pentachloride is hardly the
diffused region and a circuit element at  diffused into a silicon substrate
and therefore the surface. As indicated by the characteristic  is suited
for low concentration diffusion. The curves, the oxide film threshold
voltage [err] is highly doped region may be formed not by 60 increased in
proportion as the N-type diffusion diffusing an impurity into the substrate
but by 125 surface  impurity  concentration  increases.  epitaxially
growing a semiconductor layer of Whereas, the breakdown voltage at the
junc-  the specific impurity concentration on the sur- tion with the
diffused region is decreased in  face of the substrate. proportion as the
N-type diffusion impurity    In  the  MOS  type  integrated  circuit 65
concentration increases and comes out in a con-  described above, an N-type
region having such  130    4
1,334,686                                        4 a nature that its
impurity concentration is  ductivity type, circuit  elements having regions
higher than that of the silicon substrate  and  of different conductivity
type from said one  40 the breakdown voltage of the P-N  junction
conductivity type  and formed in an area of formed by overlapping the
N-type region with  the substrate surface, a highly doped region 5  a P+
region of the element is sufficiently  of said one conductivity type formed
at the higher than the power supply voltage  even  if whole of said area
except for the areas such a P-N junction is formed whereby the  occupied by
the circuit elements, the surface  45 threshold voltage [err] between the
elements  impurity concentration of said highly doped can be increased. For
this purpose, the sur-  region being ten to one hundred times higher 10
face impurity concentration of said N-type  than  the . impurity
concentration  of the region is ten to one-hundred times higher  remainder
of said substrate, an insulation than that of the substrate. As a result,
the  layer deposited on selected portions of said  50 parasitic MOS. effect
or the edge effect which  substrate, and  a wiring  metal conductor has
hitherto been a significant cause of  deposited on a predetermined portion
of the 15 deterioration  in the characteristics of MOS  substrate and the
elements, electrically con- integrated circuits is eliminated, and the
yield necting said elements. rate is improved. Thus, according to this
2. A semiconductor integrated circuit as  55 invention, it is  possible to
manufacture highly  claimed in claim 1, wherein the said one con- reliable
MOS   semiconductor  integrated  ductivity type is N-type. 20  circuits.
3.  A  semiconductor integrated circuit as In the above description, this
invention is  claimed in  claim 1 or  2, wherein said circuit described as
applied to an MOS semicon-  element comprises an MOS transistor as the  60
ductor integrated circuit. However, it will be  active element. apparent
that the invention is applicable to    4. A semiconductor integrated
circuit as 25  other semiconductor integrated circuits. In  claimed in
claim I or 2, wherein said surface such a case, an impurity of  the same
con-  impurity concentration of said highly doped ductivity type as the
substrate is deeply dif-  region  is 1X10[err] atoms/[err] to 1OX10[err]
65 fused into the surface except at the element i e. atoms/[err]. collector
region of the bipolar transistor and    5. A semiconductor integrated
circuit con- 30  resistor element etc.                      structed,
arranged and adapted to operate sub- Moreover, it would be apparent to one
stantially  as hereinbefore  described  with skilled in this art that the
spacing between the  reference to, and as illustrated in, Figures 3  70
circuit element region and the highly diffused  and 4 of the accompanying
drawings. 



region shown in the embodiment can be 35  eliminated.
MATHYS & SQUIRE, Chartered Patent Agents, WHAT WE CLAIM  IS:-
10, Fleet Street, 1. A semiconductor integrated circuit com-
London, E.C.4. prising a semiconductor substrate of one con-      Agents
for the Applicants. Printed for Her Majesty's Stationery Office, by the
Courier Press, Leamington Spa, 1973. Published by The Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.
4                                           1,334,686
4 a nature that its impurity concentration is  ductivity type, circuit
elements having regions higher than that of the silicon substrate and  of
different conductivity type from said one  40 the breakdown voltage of the
P-N  junction  conductivity type and formed in an area of formed by
overlapping the N-type region with  the substrate surface, a highly doped
region 5  a P+  region of the element is sufficiently  of said one
conductivity type formed at the higher than the power supply voltage even
if  whole of said area except for the areas such a P-N junction is formed
whereby the  occupied by the circuit elements, the surface  45 threshold
voltage [err] between the elements  impurity concentration of said highly
doped can be increased. For this purpose, the sur-  region being ten to one
hundred times higher 10  face impurity concentration of said N-type  than
the . impurity  concentration  of  the  .: region is ten to one-hundred
times higher  remainder of said substrate, an insulation than that of the
substrate. As a result, the  layer deposited on selected portions of said
50 parasitic MOS effect or the edge effect which  substrate, and  a wiring
metal conductor has hitherto  been a significant cause of  deposited on a
predetermined portion of the 15  deterioration in the characteristics of
MOS  substrate and the elements, electrically con- integrated circuits is
eliminated, and the yield  necting said elements. rate is improved. Thus,
according to this    2. A semiconductor integrated circuit as  55
invention, it is possible to manufacture highly  claimed in claim 1,
wherein the said one con- reliable   MOS   semiconductor  integrated
ductivity type is N-type. 20  circuits.
3. A  semiconductor integrated circuit as In the above description, this
invention is  claimed in claim 1 or 2, wherein said circuit described as
applied to an MOS semicon-  element comprises an MOS transistor as the  60
ductor integrated circuit. However, it will be  active element. apparent
that the invention is applicable to    4. A  semiconductor integrated
circuit as 25  other semiconductor integrated circuits. In  claimed in
claim 1 or 2, wherein said surface such a case, an impurity of the same
con-  impurity concentration of said highly doped ductivity type as the
substrate is deeply dif-  region is 1X10[err] atoms/[err] to  1OX 10[err]
65 fused into the surface except at the element i.e.  atoms/[err].
collector region of the bipolar transistor and    5. A semiconductor
integrated circuit con- 30  resistor element etc.
structed, arranged and adapted to operate sub- Moreover, it would be
apparent to one  stantially  as  hereinbefore  described  with skilled in
this art that the spacing between the  reference to, and as illustrated in,
Figures 3  70 circuit element region and the highly diffused  and 4 of the
accompanying drawings. region shown in the embodiment can be 35
eliminated.                                            MATHYS & SQUIRE,
Chartered Patent Agents, WHAT WE CLAIM  IS:
10, Fleet Street, 1. A semiconductor integrated circuit com-
London, E.C.4. prising a semiconductor substrate of one con-        Agents
for the Applicants. Printed for Her Majesty's Stationery Office, by the
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