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METHOD FOR FABRICATING
COMPLEMENTARY FIELD EFFECT
TRANSISTOR DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of my appli-
cation, Ser. No. 328,150, filed Dec. 7, 1981, now aban-
doned. '

TECHNICAL FIELD

This invention relates to semiconductor devices and,
more particularly, to complementary insulated-gate

field effect transistor {GFET) devices in which both p-

and n-channel conductivity type transistors are inte-
grated on asingle chip which comprises both surface
p-type and n-type tubs, wherein such transistors are
respectively located, and to methods for fabricating
such devices. : .
Complementary IGFET devices are well known in
the art for having the advantage of much lower power
dissipation than equivalent single channel conductivity
type devices. Therefore, such devices are particularly
suited for very-large-scale-integration (VLSI) random
logic circuit applications, such as microprocessors,
where the maximum number of gates that can be inte-
grated on a single chip and the maximum operating
speed of the circuit are largely determined by the maxi-
mum permissible power dissipation for the chip.
Complementary IGFET integrated devices are most
commonly manufactured with complementary metal-
oxide-semiconductor (CMOS) technology. In a conven-
tional CMOS process the n-channel transistors are
formed on the surface of a p-type tub region, hereafter
referred to as the p-tub, formed in a moderately doped
n-type substrate. The p-channel transistors are formed
directly on the surface of the n-type substrate. In order
to obtain close control over the threshold voltage of the
n-channel transistors, the impurity concentration of the
p-tub is normally made approximately an order of mag-
nitude greater than that of the n-type substrate. Recent
advances in semiconductor technology in areas such as
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photolithography, ion-implantation and plasma etching

have made feasible the fabrication of transistors having
shorter channel lengths than previously obtainable.
Although the use of shorter channel length transistors
provides the benefits of a higher scale of integration and
improved performance, such use also requires that the
impurity concentration of the substrate be raised to
allow the p-channel transistors to withstand normal
power supply voltages without exhibiting excessive
leakage currents. Owing to the dependence of the impu-
rity concentration of the p-tub on that of the substrate in
a conventional single-tub CMOS structure, raising the
substrate impurity concentration necessitates a propor-
tionate rise in the p-tub impurity concentration, which
causes an undesirable rise in the source/drain junction
capacitances of the n-channel transistors. Therefore, a
problem with conventional single-tub CMOS technol-
ogy is that scaling of the impurity concentrations to
permit the use of shorter channel transistors generally
gives rise to. excessive source/drain junction ‘capaci-
tances of the n-channel transistors. S

A known solution to the scaling problem in conven-
tional CMOS technology is to employ a separate n-type
tub region, hereafter referred to as the n-tub, for the
formation of the p-channel transistors. A CMOS tech-

45

55

60

65

p/

nology :which forms separate p- and n-tubs, hereafter
referred. to -as twin-tub CMOS technology, allows the
impturity .concentration in each tube to be optimized
independently of the other and provides n-channel tran-
sistors with-lower source/drain junction capacitances
than those provided by conventional CMOS technol-
ogy. However, prior art twin-tub CMOS processes
require an additional masking step for the formation of
the n-tub and have utilized spaced apart p- and n-tubs
for alignment purposes. Consequently, prior art twin-
tub CMOS processes have the disadvantage of being
more costly and requiring a larger chip area for a given
circuit than conventional CMOS processes.

Therefore, a need exists for a twin-tub CMOS process
requiring fewer masking steps and permitting more
efficient use of chip area than the prior art.

SUMMARY OF THE INVENTION

The disadvantages of the prior art discussed above
are substantially removed by the present invention. In

CMOS integrated circuit in which the n-tubs and p-tubs
are contiguous with one another with no spacing be-
tween. In another aspect, the invention is a method for
manufacturing a complementary IGFET device in
which p- and n-tubs are formed in a semiconductive
bulk region in a self-aligned manner using a single mask-
ing step. Additionally, in a preferred embodiment the
source/drain regions for both the p- and n-channel tran-
sistors are also formed using a single masking step.

In an exemplary embodiment of the invention, a rela-
tively thin oxide layer is first formed on a surface of a
silicon body. A nitride layer is then formed over the

oxide layer. Using a first masking step, the oxide and
‘nitride layers are selectively removed exposing a first

portion of the surface. The n-tub is then implanted into
the first portion of the surface. The first portion of the
surface is then oxidized to form a relatively thick oxide
layer. The remaining nitride layer is then removed and
the p-tub is implanted through the remaining relatively
thin oxide layer self-aligned to the n-tub, which is ~
screened by the relatively thick oxide layer. In an alter-
native embodiment, the p-tub is formed first, and the
n-tub subsequently.

After defining transistor areas in the silicon surface
and forming thin oxide and polysilicon gate layers in the
transistor areas and a relatively thicker field oxide layer
outside of the transistor areas, boron ions are implanted
into the source/drain regions of both the p- and the
n-channel transistors at a dose sufficient for forming the
sources and drains of the p-channel transistors. An ap-
propriate photoresist layer is then. selectively formed,
using another masking step, to cover only the p-channel
transistor areas. While the source/drain regions of p-
channel transistors are screened by the photoresist
layer, phosphorus ions are implanted into the source/-
drain regions of the n-channel transistors at a dose suffi-
cient to overcompensate the boron therein and to pro-
vide sufficient net n-type impurities for forming the
sources and drains of the n-channel transistors. In an
alternative embodiment, the selective donor implanta-
tion is done first, and the nonselective acceptor implan-
tation follows.

Thus, the practice of the present invention permits
the fabrication of a twin-tub complementary IGFET
device using only eight critical masking steps, in con-
trast with ten critical masking steps required by prior
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art twin-tub CMOS processes and nine critical masking
steps normally required by conventional single-tub
CMOS processes. Moreover, it permits the fabrication
of twin tubs which are contiguous with one another
with essentially no unmodified starting material in be-
tween. :

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 8 are cross-sectional views of a portion of
a twin-tub complementary IGFET device fabricated
according to the preferred embodiment of the present
invention; and ‘

FIG. 9 is a graph illustrating the dependence of the
p-channel transistor threshold voltage, Vrp, on the
threshold adjust implant dose for an n-tub implant dose,
dnTUB, of 2X 1012 cm—2,

DETAILED DESCRIPTION

In FIGS, 1 to 8 there are shown cross-sectional views
of a portion of a twin-tub complementary IGFET de-
vice fabricated according to the preferred embodiment
of the present invention. The device may, for example,
be a VLSI circuit in which case there would be a large
number of tubs of each type, each of which might con-
tain one or more transistors. Like reference numerals
are used throughout the Figures to denote like parts or
regions of the device.

Referring now to FIG. 1, silicon dioxide layer 10,
approximately 350 Angstroms thick, is thermally grown
on a surface 11 of a silicon body 12, which in this exam-
ple is a 10-20 um thick, 10-50 -cm, n-type (As doped)
epitaxial layer grown on a 0.008-0.03 Q-cm, n-type (Sb
doped), <100> monocrystalline silicon substrate 13.
Typically, the substrate would be a relatively large
wafer which would be cut up after processing into a
number of chips, each of which would include a VLSI
circuit employing a large number of p-channel and
n-channel transistors. The use of a relatively lightly
doped (n—) epitaxial layer on a relatively doped (n+)
substrate provides protection against SCR latch-up in
the device. A silicon nitride layer 14, approximately
1200 Angstroms thick, is formed on the silicon dioxide
layer by low pressure chemical vapor deposition
(LPCVD). .

Turning now to FIG. 2, the silicon nitride layer 14
and the silicon dioxide layer 10 are both selectively
removed, using conventional photolithographic and
etching techniques (first masking step), from a first
portion 20 of the surface 11. While a second portion 21
of the surface is screened by the remainder of the silicon
nitride layer 14, the first portion of the surface is im-
planted with phosphorus ions (P+) at a dose sufficient
to provide n-type impurities for forming the n-tub, as is
described in step 15 below.

Referring now to FIG. 3, after the n-tub implant, the
first portion 20 of the surface is cleaned and a layer of
silicon dioxide 30, approximately 4000 Angstroms
thick, is thermally grown thereon. The second portion
of the silicon surface 21 is screened from the oxidation
by the remainder of the silicon nitride layer 14.

" Turning now to FIG. 4, the remainer of the silicon
nitride layer is removed by an etchant (H3PO4) which
does not attack the silicon dioxide layers 10 and 30. The
second portion of the silicon surface 21 is then im-
planted with boron ions (B+) through the relatively
thin silicon dioxide layer 10 at a dose sufficient to pro-
vide p-type impurities for forming the p-tub, as is de-
scribed in step 20 below. The first portion of the surface
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20 is screened from the boron implant by the relatively
thick silicon dioxide layer 30. Thus, the p-tub is im-
planted in a self-aligned manner to the oxide screened
n-tub, and both tubs are formed with a single masking
step. Since no spacing is required between the contigu-
ous p- and n-tubs, a more efficient usage of chip area is
obtained. It should be evident that the order of the
introduction of the two impurities can be reversed if
desired.

Referring now to FIG. 5, after the p-tub implant, the
oxide layers 10 and 30 (shown in FIG. 4) are both re-
moved. Both tubs 50 and 51 are then driven to a depth
of 5-6 pm in a thermal diffusion step, as is described in
step 23 below. Using a known selective oxidation tech-
nique and conventional photolithographic and etching
techniques (second masking step), silicon dioxide layers
52 and 53, both approximately 600 Angstroms thick, are
thermally grown in preselected transistor areas 54 and
55 in the silicon surface over the p-tub and the n-tub,
respectively, and a silicon dioxide layer 56, approxi-
mately 15,000 Angstroms thick, is thermally grown
over the other areas of the surface outside of the transis-
tor areas. As will become apparent upon completion of
the device, portions of layers 52 and 53 serve as the gate
insulator (gate oxide) of the p- and n-channel transistors,
respectively, while layer 56 serves as field insulator
(field oxide) of the device. In some instances, it may be
desirable to remove the initially grown layers 52 and 53
and to grow fresh layers for use as the gate oxide later
in the processing. A variety of techniques are available
to achieve these ends and an illustrative technique is
described hereinafter in steps 26 through 34, which
describe the well-known localized oxidation technique.
Basically, these steps involve covering the surface with
silicon nitride, and then patterning the silicon nitride by
photolithography to leave covered the regions 54 and
55 which are to serve as the active transistor region. As
known in the art, this advantageously is done by first
oxidizing the surface of the nitride, then patterning this
surface oxide by photolithography and then etching
away the nitride where this surface oxide has been re-
moved. After the silicon nitride has been removed from
the area between regions 54 and 55, the device is oxi-
dized to form the thick oxide region 56. After formation
of the thick oxide, the nitride remaining over the re-
gions 54 and 55 is removed, and the thin oxide layer
52,53 grown. These steps form steps 26 through 34 of
the detailed process set forth below.

At this point in the fabrication process, both tubs
have approximately the same surface impurity concen-
tration of approximately 1X10—16 cm—3. Since the
oxide layer 52,53 is 600 Angstroms thick and n-type
polysilicon is to be used as the gate conductor, the unad-
justed threshold voltages will be approximately 0.6 V
for the n-channel transistor and — 1.7 V for the p-chan-
nel transistor. It is usunally desirable from the standpoint
of device performance for the p- and n-channel transis-
tors to have threshold voltages of equal magnitude.
Therefore, the theshold voltage of the p-channel tran-
sistor is raised to the desired level of approximately
—0.6 V by selectively implanting boron ions into the
p-channel transistor area 55. Using conventional photo-
lithographic techniques (third masking step), a layer of
an appropriate photoresist 57 is formed to cover only
the n-channel transistor area 54. While the n-channel
transistor area is screened by the photoresist layer,
boron ions are implanted through the silicon dioxide
layer 53 into the p-channel transistor area 55 at a dose
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sufficient to raise the p-channel transistor threshold
voltage to the desired level, as is described in step 38
below. The dependence of the p-channel transistor
threshold voltage on the threshold adjust implant dose
is illustrated in FIG. 9.

Turning now to FIG. 6, after the threshold adjust-
ment implant, the photoresist layer 57 is removed. A
layer of undoped polysilicon, approximately 6500 Ang-
stroms thick, is deposited over the device and it is subse-
quently doped with phosphorus. As described in step 43
of the detailed specification, this subsequent doping is
by way of a vapor diffusion step which heavily saturates
the polysilicon with phosphorus so that the various
subsequent ion implantations of the polysilicon has rela-
tively little effect on its conductivity. The polysilicon
layer is then patterned with conventional photolitho-
graphic and etching techniques (fourth masking step) to
form conductor strips 60 and 61 overlying the silicon
dioxide layers 52 and 53 and covering a central portion
of transistor areas 54 and 55, respectively. While the
silicon surface 11 is screened by the relatively thick
silicon dioxide layer 56 and the polysilicon layers 60 and
61, boron ions are implanted through the relatively thin
silicon dioxide layers 52 and 53 into the uncovered
portions of both the p- and the n-channel transistor
areas at a dose sufficient for providing p-type impurities
for forming the source/drain regions of the p-channel
transistor, as is described in step 53 below.

Referring now to FIG. 7, after the boron implant, a
layer of an appropriate photoresist 70 is formed and
patterned with conventional photolithography (fifth
masking step) to cover only the p-channel transistor
area 55. While the p-channel transistor area is screened
by the photoresist layer, the uncovered portions of the
n-channel transistor layer receive a phosphorus implant
at a dose sufficient to overcompensate the boron previ-
ously implanted therein and to provide net n-type impu-
rities for forming the source/drain regions of the n-
channel transistor, as is described in step 55 below.
Thus, the impurities for forming the source/drain re-
gions of both the p- and n-channel transistors are pro-
vided with only a single masking step. The impurities
remain near the surface until driven by a subsequent
thermal diffusion step. It is generally advantageous to
implant the impurities for the source/drain regions
through the gate oxide layers in order to avoid possible
contamination of the gate edges.

Alternatively, it is feasible to do the selective implan-
tation of phosphorus ions first and the nonselective
implantation of boron ions subsequently. In this case,
after formation of the gate conductors, as shown in
FIG. 6, the photoresist layer 70 would be deposited and
patterned as seen in FIG. 7 for the implantation of the
phosphorus selectively in the n-type regions not cov-
ered by the photoresist or the gate conductor. As such
implantation, the photoresist 70 would be removed, and
then there would follow the implantation of boron, as
seen in FIG. 6, nonselectively into both n-type and
p-type regions not covered by the gate conductors.
However, even in this alternative, the impurities for
forming the source/drain regions of both the p- and
n-channel transistors are provided with only a single
masking step.

Turning now to FIG. 8, a layer of undoped glass 91
and a layer of phosphorus doped glass 80 (p-glass) are
deposited over the entire device by LPCVD and
flowed at a high temperature (1100 degrees C.). During
the glass flow, the source/drain regions 81 to 84 of both

20

25

35

40

45

50

55

60

65

6

types of transistors are driven to a depth of 1.0-1.2 pm.
The glass layers are patterned with photolithography
and plasma etching (sixth masking step) to open contact
windows 85 to 88 for the source/drain regions 81 to 84,
respectively, and contact windows to polysilicon con-
ductors (not shown). The surfaces exposed by the
contact windows are cleaned, and the glass surrounding
the windows reflowed before an aluminum layer 89 is
deposited and patterned with conventional photolithog-
raphy and plasma etching (seventh masking step). A
low temperature hydrogen sinter is used to prevent the
aluminum in the contact windows from “spiking”
through the shallow source/drain regions. Finally, a
layer of silicon nitride 90 is plasma deposited over the
entire device and patterned with conventional photoli-
thography and plasma etching (eighth masking step) to
open vias (not shown) for bonding external connections
to the device.

‘It will be noted that because the polysilicon gate
conductors for both types of transistors are patterned in
the same step, and both conductivity type source/drain
regions are driven simultaneously to approximately the
same depth, any variations in etching or thermal drive
will affect both type transistors proportionately. There-
fore, such variations will have little effect on the current
drive ratios of the two types of transistors.

The active channel length of each type of transistor is
nominally 2.0 pm, which allows a maximum supply
voltage of 5.5 V. At higher supply voltages, the ava-
lanche current in the n-channel transistor becomes sig-
nificantly large, and it may become desirable to employ
longer channel lengths to avoid excessive leakage cur-
rents in the device.

To the first order the threshold voltages of the p- and
n-channel transistors are independent of one another.
Moreover, each of the gate conductors is n-type as a
result of being heavily diffused with phosphorus (step
43). In particular, the surface impurity concentrations of
the p- and n-tubs are determined primarily by the sepa-
rate tub implants and are relatively independent of the
impurity concentration of the bulk region in which they
are formed, since this is much lower. However, second
order effects such as dopant contamination during tub
oxidation and drives can affect the surface concentra-
tion of the tubs unequally.

Outside the transistor areas, the polysilicon conduc-
tors passing over the field oxide layer and the tubs form
parasitic transistors with a 13 V threshold voltage for
those over the p-tub and a — 19 V threshold voltage for
those over the n-tub. However, the threshold voltage of
a parasitic transistor near the border of the two tubs is of
a much smaller magnitude, owing to a significantly
lower surface impurity concentration at the border
caused by interdiffusion of the p- and n-tubs. Therefore,
to avoid excess leakage currents, the transistor areas

" should be sufficiently removed from a tub edge. For

example, in the instant design, it is desirable to maintain
at least a 7 pm spacing between the drain of an n-chan-
nel transistor and the edge of the p-tub.

In the description of the preferred embodiment given
above details of certain techniques and steps, which are
conventional and well known to those skilled in the art
of semiconductor device processing, have been omitted
for purposes of brevity, e.g., the cleaning of the silicon
wafers, the annealing of the silicon surface after ion
implantation, etching techniques, details of photolitho-
graphic patterning and other techniques known to the
art.
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Moreover, as is known to workers in the art, in some
instances it may be desirable to include, in our twin-tub
devices to serve as chanstops, regions of increased dop-
ing under the field oxide. An advantageous technique
for introducing such chanstops in twin-tub integrated
CMOS devices of the kind here involved is described in
the copending application, having a common assignee
of L. C. Parrillo, G. W. Reutlinger, and L. Wang, Ser.
No. 365,396, filed Apr. 5, 1982,

The following is a list of processing steps which may
be used to practice the present invention:

1. Substrate material: 0.008-0.03 Q-cm, N(Sb), < 100>,

19 mil thick.

2. Epitaxial layer: 10-50 ©2-cm, N(As), 10-20 pm thick.

. Clean wafer.

. Oxidation: 1000 degrees C., O, HCIl, 350 Angstroms.

. Clean: H2804, H20,.

. Oxide clean: 100:1 HF, 1 min.

. Nitride deposition: LPCVD, 1200 Angstroms.

. Oxide clean: 100:1 HF, 2 min.

. Oxidation of the silicon nitride: 1000 degrees C.,
steam, 11,000 Angstroms on Si.

10. Photolithography: define n-tub.

11. Oxide etch: 10:1 buffered HF, 2 min.

12. Strip photoresist.

13. Nitride etch: 180 degrees C., H3POj4, 30 min.

14. Oxide etch: 10:1 buffered HF, 2 min.

15. Implant n-tub: phosphorus, 30 KeV, 2.0x10!2

cm—2,

. Clean: H3S804, H20;.

. Oxidation: 1050 degrees C., steam, 4000 Anstroms.

. Oxide etch: 10:1 buffered HF, 30 sec.

. Nitride etch: 180 degrees C., H3PO4, 30 min.

. Implant p-tub: boron, 30 KeV, 7.0x10!12cm~2,

. Strip oxide: 10:1 buffered HF, 6 min.

. Clean: H2SOq4, H20;.

23. Tub driven-In: 1200 degrees C., 5 hr., 10% O3, 90%

N, 1100 Angstroms.

24. Oxide etch: 10:1 buffered HF, 2 min.
25. Ozxidation: 900 degrees C., O3, HCl, 40 min., 200

Angstroms.

26. Nitride deposition: LPCVD, 1200 Angstroms.

27. Oxidation: 1000 degrees C., steam, 11,000 Ang-
stroms on Si. :

28. Photolithography: define active transistor regions.

29. Oxide etch: 10:1 buffered HF, 1 min.

30. Strip photoresist.

31. Nitride etch: 180 degrees C., H3POy, 25 min.

32. Oxidation: 1000 degrees C., steam, 15,000 Ang-
stroms.

33. Oxide etch: 10:1 buffered HF, 1 min.

34. Nitride etch: 180 degrees C., H3PO4, 25 min.

35. Oxide etch: 10:1 buffered HF, 1 min.

36. Oxidation: 1000 degrees C., Oz, HCl, 600 Ang-
stroms.

37. Photolithography: define threshold, adjust implant
region.

38. Threshold adjust implant: boron, 30 KeV, 7Xx10!!
cm—2,

39. Plasma strip photoresist.

40. Clean: HySO4, HyOs.

41. Oxide clean.

42. Polysilicon deposition: LPCVD, 620 degrees C.,

6500 Angstroms.

43. Phosphorus diffusion: 1000 degrees C., PBr3, 30 min.
44. P-Glass removal: 15:1 HF, 4 min.

45. Clean: H2S04, HO3.

46. Photolithography: define polysilicon pattern.
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. Plasma etch polysilicon: anisotropic etch.

. Plasma strip photoresist.

. Photoresist frontside.

. Plasma etch backside polysilicon.

. Strip photoresist.

. Clean: H;S04, H203.

. Implant P-plus: Boron, 30 KeV, 1X1015 cm—2.

. Photolithography: define region for n-pius implant.

55. Implant N-plus: phosphorus, 100 KeV, 4x 1015
cm—2,

56. Plasma strip photoresist.

57. Clean: H2S0Q4, H20:.

58. Glass deposition: LPCVD undoped layer and P-

Glass layer.

. Glass flow: 1100 degrees C., Nz, 20 min.

. Photoresist frontside.

. Oxide etch backside: 10:1 buffered HF, 2 min.

. Strip photoresist.

. Clean: H3S04, H,0;.

. Oxide clean: 30:1 buffered HF, 30 sec.

. Phosphorus getter: 1000 degrees C., PBr3, 45 min.

. P-Glass removal: 15:1 HF, 4 min.

. Photolithography: define windows.

. Plasma etch oxide.

. Plasma strip photoresist.

. Clean: H,S04, HyO3.

. Glass reflow: 1100 degrees C., N3, 5 min.

. Hydrogen anneal: 500 degrees C., Hj, 2 hr.

. Oxide etch: 30:1 buffered HF, 2 min.

. Clean: H,SQ04, H203.

. Oxide clean: 30:1 buffered HF, 1 min.

. Aluminum deposition: 1 pm.

. Photolithography: define aluminum pattern.

. Plasma etch aluminum.

. Aluminum sinter: 300 degrees C., Hz, 30 min.

. Nitride deposition: plasma deposition, 1.4 pm.

. Photolithography: define nitride windows.

. Plasma etch nitride. ;

. Plasma resist strip.

. Clean.

While this invention has been described in terms of a

particular process for fabricating the integrated comple-

mentary IGFET device, it will be understood by those
skilled in the art that various changes in the details of
the process and the device may be made without de-
parting from the spirit and scope of the invention. For
example, other appropriate semiconductive materials
may be substituted for silicon. The p- and n-tubs may be
formed directly in the substrate of a wafer instead of in
an epitaxial layer. The bulk region in which the tubs are
formed may be p-type rather than n-type. Other impuri-
ties of like conductivity type may be substituted for
boron or phosphorus for forming the tubs or the sour-
ce/drain regions and the source/drain regions may be
provided by other deposition techniques instead of ion
implantation. Additionally, other materials appropriate
for forming the various layers used for screening the
implants may be substituted for those used in the pre-
ferred embodiment.

What is claimed is:

1. A method for manufacturing a complementary

MOS device in a silicon body comprising:

(1) forming a first screening layer above a surface of
the silicon body and selectively removing the first
layer from a first portion of the surface leaving a
second portion of the surface covered by the re-
mainder of the first layer;
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(2) while using the remainder of the first layer to
screen the second portion of the surface, providing
impurities of a first conductivity type into the first
portion of the surface for forming a first tub region;

(3) forming a second screening layer above the first
portion of the surface while the second portion of
the surface is screened by the remainder of the first
layer;

(4) removing the remainder of the first layer;

(5) while using the second layer for screening the first
portion of the surface, providing impurities of the
second conductivity type into the second portion
of the surface for forming a second tub region
contiguous to the first tub region;

(6) removing the second layer;

(7) forming gate insulator layers above selected tran-
sistor areas in the first and second portions of the
surface and a thicker third layer above other areas
of the surface outside the transistor areas;

(8) forming gate conductors overlying the gate insu-
lator layers and covering a central portion of each
of the transistor areas; and

(9) subjecting the surface of donor and acceptor ion
implantations, the acceptor implantation being un-
masked to permit penetration in both the n-type
and p-type tubs, and the donor implantation being
masked to permit penetration into only the p-type
tub whereby p-type source/drain regions are
formed in the n-type tubs and n-type source/drain
regions are formed in the p-type regions, each
aligned with the gate conductors.

2. The method of claim 1 in which the unmasked
acceptor implantation is done before the masked donor
implantation.

3. The method of claim 1 in which the unmasked
acceptor implantation is done after the masked donor
implantation. )

4. A method for manufacturing a complementary
IGFET device in a semiconductor body comprising:

(1) forming a first screening layer above a surface of
the semiconductor body and selectively removing
the first layer from a first portion of the surface
leaving a second portion of the surface covered by
the remainder of the first layer;

(2) while using the remainder of the first layer to
screen the second portion of the surface, providing
impurities of a first conductivity type into the first
portion of the surface for forming a first tub region;

(3) forming a second screening layer above the first
portion of the surface while the second portion of
the surface is screened by the remainder of the first
layer;

(4) removing the remainder of the first layer;

(5) while using the second layer for screening the first
portion of the surface, providing impurities of the
second conductivity type into the second portion
of the surface for forming a second tub region
contiguous to the first tub region;

(6) removing the second layer;

(7) forming gate insulator layers above selected tran-
sistor areas in the first and second portions of the
surface and a third layer above other areas of the
surface outside the transistor areas;

(8) forming gate conductors overlying the gate insu-
lator layers and covering a central portion of each
of the transistor areas;

(9) while using the third layer and the gate conduc-
tors for screening, providing impurities of the sec-
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ond conductivity type into uncovered portions of
each transistor area in an amount sufficient for
forming source/drain regions of transistors of the
“second channel conductivity type in the first tub
. region;

(10) forming a fourth screening layer above the sur-
face and selectively removing the fourth layer from
the second portion of the surface; and

(11) while using the remainder of the fourth layer for
screening the transistor areas in the first portion of
the surface, providing impurities of the first con-
ductivity type into the uncovered portions of the
transistor areas in the second portion of the surface
in amounts sufficient to overcompensate the impu-
rities of the second conductivity type therein and
to form the source/drain regions of transistors of
the first channel conductivity type in the second
tub region.

§. A method as recited in claim 4 wherein after form-
ing the gate insulator layers and the third layer, a fifth
screening layer is formed above the surface and selec-
tively removed from the first portion of the surface and
while using the fifth layer for screening the transistor
areas in the second portion of the surface, impurities of
the second conductivity type are provided into the
transistor areas-in the first portion of the surface in
amounts sufficient to adjust the threshold voltage of the
transistors of the second channel conductivity type to'a
desired level. .

-6.-A method as recited in claim 4 wherein prior to
forming the first layer, a relatively thin layer is formed
on the surface and is selectively removed from the first
portion of the surface when the first layer is removed
therefrom; the remainder of the relatively thin layer
remaining on the second portion of the surface when
the remainder of the first layer is removed therefrom;
the impurities for forming the first tub region are pro-
vided by ion implantation directly into the first portion
of the surface; the impurities for forming the second tub
region are provided by ion implantation through the
relatively thin layer into the second portion of the sur-
face; the impurities for adjusting the threshold voltage
of the transistors of the second channel conductivity
type are provided by ion implantation through the gate
insulator layers into the transistor areas in the first por-
tion of the surface; the impurities for forming the sour-
ce/drain regions of the transistors of the second channel
conductivity type are provided by ion implantation
through the gate insulator layers into the uncovered
portions of each transistor area; and the impurities for
forming the source/drain regions of the transistors of
the first channel conductivity type are provided by ion
implantation through the gate insulator layers into un-
covered portions of the transistor areas in the second
portion of the surface.

7. A method as recited in claim 4 wherein the semi-
conductive body is relatively lightly doped n-type sili-
con, the first layer is formed by depositing silicon ni-
tride, the relatively thin layer is formed by thermally
growing silicon dioxide, the impurities for forming the
first tub region are phosphorus ions, the second layer is
formed by thermally growing a relatively thick layer of
silicon dioxide, the impurities for forming the second
tub region are boron ions, the gate insulator layers are
formed by growing relatively thin layers of silicon diox-
ide, the third layer is formed by thermally growing a
relatively thick layer of silicon dioxide, the fourth layer
is formed by depositing a layer of an appropriate photo-
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resist, the fifth layer is formed by depositing a layer of
an appropriate photoresist, the impurities for adjusting
the threshold voltage of the p-channel conductivity
type transistors are boron ions, the gate conductors are
formed by depositing a layer of undoped polysilicon
which is subsequently doped with phosphorus impuri-
ties and patterned, the impurities for forming the sour-
ce/drain regions of the p-channel conductivity type
transistors are boron ions, and the impurities for form-
ing the source/drain region of the ni-channel conductiv-
ity type transistors are phosphorus ions.

8. A method for manufacturing a complementary
MOS device which is characterized by the method for
forming source/drain regions in each of two contiguous
tub regions of opposite conductivity type of a silicon
body comprising the steps of:

forming a thin oxide layer over the areas of each of

the two tub regions where transistors are to be
formed and a relatively thicker layer silicon oxide
layer over the p-n junction region between the two
regions;

depositing a polysilicon layer over the body and pat-

terning it to form gate conductors over the central
portion of the two transistor areas; and

subjecting the body to donor and acceptor ion im-

plantations, the acceptor implantation being un-
masked to permit penetration in both the n-type
and p-type tub regions, and the donor implantation
being masked to permit penetration into only the
p-type tub region whereby p-type source/drain
regions are formed in the n-type tub regions and
n-type source/drain regions are formed in the p-
type tub regions, each aligned with the gate con-
ductors.

9. The method of claim 8 in which the unmasked
acceptor implantation is done before the masked donor
implantation.

10. The method of claim 8 in which the unmasked
acceptor implantation is done after the masked donor
implantation. v

11. A method for manufactursing a complementary
IGFET device comprising:
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(1) forming a first screening layer above a surface of
a semiconductor body of relatively high resistivity
and selectively removing the first layer from a first
portion of the surface leaving a second portion of
the surface covered by the remainder of the first
layer;

(2) while using the remainder of the first layer to
screen the second portion of the surface, providing
impurities of a-first conductivity type into the first
portion of the surface for forming a first tub region;

(3) forming a second screening layer above the first
portion of the surface while the second portion of
the surface is screened by the remainder of the first
layer;

(4) removing the remainder of the first layer;

(5) while using the second layer for screening the first
portion of the surface, providing impurities of the
second conductivity type into the second portion
of the surface for forming a second tub region
contiguous to the first tub region;

(6) removing the second layer;

(7) forming gate insulator layers above preselected
transistor areas in the first and second portions of
the surface and forming a field oxide above other
areas of the surface outside the transistor areas;

(8) forming gate conductors overlying the gate insu-
lator layers and covering a central portion of each
of the transistor areas; and

(9) forming source/drain regions aligned with said
gate conductors in each of the transistor areas by
donor and acceptor ion implantations.

12. A method in accordance with claim 11 in which
the acceptor implantation is unmasked to permit pene-
tration into both surface regions while the donor im-
plantation is masked to permit penetration into only the
p-type tub region whereby p-type source/drain regions
are formed in the n-type tub region and n-type source/-
drain regions are formed in the p-type tub regions.

13. A method in accordance with claim 12 in which
the acceptor implantation is done first.

14. A method in accordance with claim 12 in which

the donor implantation is done first.
® 0 % % &
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