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Met.hod For Making The Same 5 Field of the Invention The invention rel ates \_:1
to sem conductor devices and a nethod of fabrication, and nore particularly

to sem conductor devices 10 having buried contacts to an underl i ng doped
regi on, such as a source-drain region of anIMOS transi stor and & ﬂ%ﬁﬂﬁﬁs
for their fabrication. 15 Background of the Invention !
In integrated circuits, a conmon feature is a buried contact, which is a
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region. The typical procedure in the formation of a burred contact first

i nvolves the formation of a plurality of field oxide or isolation regions
on and in the surface of a doped well or tub of sem conductor material or
on the doped surface of the 25 suléeldaod thesdnyentioqi el ectric materi al

| ayer, such as silicon dioxide or the like, is next forned over the
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diffusindsg having buried contacts to an underlying doped region, such as a
source-drain region of an MOS transistor and to methods for their
fabrication. |

15 : | Background of the Invention

In integrated circuits, a common feature is a buried contact,
which is a contact of a strip of conductive material such as a
metal, metal silicide or doped polycrystalline silicon (polysilicon),

20 to a doped semiconductor substrate region, such as a source/drain
region or a well region.' The typical procedure in the formation of a
buried contact first involves the formation of a plurality of field
oxide or isolation regions on and in the surface of a doped well or
tub of semiconductor material or on the doped surface of the

25 substrate itself. A dielectric material layer, such as silicon
dioxide or the like, is next formed over the substrate and contact
holes are cut through the dielectric material. Contact to the
substrate is achieved by forming a layer of doped polysilicon
extending at least part way into or over the hole, and by diffusing

30 impurity atoms from the polysilicon into the substrate to form a
doped contact region in the substrate.

However, as very-large-scale-integration (VLSI) devrces are
made ever smaller and the number of components in a device
increase, contacts, such as buried contacts, located on either side

35 of an isolation region must be placed closer together. The close
placement of the buried contacts within a device can result in the
overlap of the depletion regions associated with the doped contact
region of each contact. The overlap of the depletion regions then



30 inpurity®atoms fromthe polysilicon into the substrate to forma doped
contact region in the substrate. However, as very-|arge-scal e-integration
(VLSI) devices are made ever smaller and the nunber of conmponents in a
device increase, contacts, such as buried contacts, |ocated on either side
35 of an isolation region nust be placed cRoser together The cl ose

pl acenment of the buried contacts within a device can result in the overlap
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static-random aCCesLayers o glon of additional doping around doped regions
10 such as the source and drain regions are not unknown, in general.
For example, six transistor static-random-access-memory (SRAM)
cells are commonly formed with a field effect transistor in an n-
type well region and a diode in the p-type drain region. However,
buried contacts, present in the six transistor SRAM cell, are not
15 punch-through protected. In addition, counter doped source and
" drain regions are known, having heavily doped regions surrounding
the source and drain regions of a metal-oxide-semiconductor (MOS)
transistor. The surrounding features used in the six transistor
SRAM and the counter doped source-drain are within or part of the
20 individual transistors and are not correctly doped to provide any
kind of electrical punch-through prevention. Thus, devices of the
prior art do not provide the punch-through prevention function for
buried contacts associated with separate devices in close proximity
to each other.
25

Summary of the Invention

In one aspect the-invention provides a semiconductor
30 device having a plurality of punch-through protected buried
contacts comprising:
a semiconductor substrate region of a first conducti_vity type
having a principal surface;
an isolation region overlying a first portion of the principal
35 surface; | _ '
a dielectric layer overlying a second portion of the principal
surface;
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cells are commonly formed with a field effect transistor in an n- type well
region and a diode in the p-type drain region. However, buried contacts,
present in the six transistor SRAMcell, are not 1 5 punch t hr ough
protected. In addition, counter doped source and drain regions are known,
havi ng heavily doped regi ons surrounding th& source and drain regions of a
net al - oxi de- sem conductor (MJXS) transistor. The surroundi ng features used
in the six transistprpj o u r n r
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a second portigiteAdirid'@oPthéddidd purici-through prevention regions separating
the punch-through prevention regions from the principal surface;
10 and

at least one conductive layer overlying a portion of the
isolation region and a portion of the dielectric layer and extending
into the contact openings forming an electrical contact to the doped
contact regions.

15 In another. aspect the invention provides a method for
forming a semiconductor device comprising:

providing a semiconductor device region of a first
conductivity type having a principal surface and having a first and
second active regions therein separated by an isolation region;

20 forming subsurface punch-through prevention regions of the
first conductivity type in selected portions of the first and second
active regions;

forming a doped conductive layer having a portion in intimate
contact with the principle surface; and

25 forming doped contact regions of a second conductivity type in the
first and second active regions adjacent to the isolation region
extending from the principle surface to the subsurface punch-
through prevention regions wherein the subsurface punch-through
prevention regions surround a lower portion of the doped contact

30 regions and are separated from the principle surface by the doped
contact regions.

In practicing the invention, there is prowded a semiconductor
device having a plurality of punch-through protected buried
contacts. In accordance with one embodiment of the invention, a

35 semiconductor substrate of a first conductivity type is provided
having a principal surface. An isolation region overlies a first
portion of the principal surface and a dielectric layer overlies a



3 a plurality of contact openings in the dielectric layer adjacent to the
i solation region; a plurality of doped punch-through prevention regi ons of
the first conductivity type in the substrate region bel ow the contact 5
openings; a plurality of doped contact regions of a second conductivity
type at the principal surface beneath the céntact openings and extending to
t he doped punch-through prevention regions separating the punch-through
prevention reg 'BRORE ofr thec iSar SarRcel0 A2Bfirali S
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the punch-through prevention region separating the punch-through
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prevention region from the principal surface. At least one
conductive layer overlies a portion of the isolation region and a

10 portion of the dielectric layer and extends into at least a portion of
the contact openings forming an electrical contact to the doped
contact regions in the substrate.

15 Brief Description of the Drawings

FIG. 1 is a plan view of a circuit portion of a semiconductor
device showing a plurality of buried contacts formed in accordance
with the invention; '

20 FIG. 2 is a cross sectional view taken along the line 2-2 of
FIG.1 illustrating two adjacent buried contacts formed in
accordance with the present invention;

FIG. 3 is a cross sectional view taken along the line 3-3 of
FIG. 1 illustrating a portion of the circuit having a buried contact

25 formed in accordance with the invention and a transistor separated
from the buried contact by a field isolation region;

FIGs. 4 and 5 illustrate, in cross section, process steps in
accordance with the invention;

Fig. 6 is a computer generated plot illustrating the doping

30 profile through a buried contact formed in accordance with the
invention; and

FIG. 7 is a plot of experimental data taken from a structure
formed in accordance with the invention showing leakage current
versus voltage across the field isolation region for different punch-

35 through prevention doping concentrations.

It will be appreciated that for simplicity and clarity of

illustration elements shown in the FIGURES have not necessarily



first gonductivity type in selec first and second active
regi ons; forming a doped conduct V§ﬂ3éZ§¥W bortion in intimte
contact with the principle surfage; an EBA doped contact regions
of a second conductivity type in 'rst and second active regions

adj acent to the isolation region extending $romthe principle surface to
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ceni conduct or LETLIPAEE AT (FECERATERES to, MifhstS; b aBon@nd i ng
princi pal Surfelements.i sol ati on region overlies a first portion of the
principal surface and a dielectric |ayer overlies a 4 second portion of
the principal surface. A plurality of contact openings are fornmed in the
dielectric layer adjacent to the isolation region. A doped punch-through
prevention region of tIPefdiledt Description of a Preferred Embodiment

10 Within the context of the embodiment described herein, it will
be assumed that n-type contacts are being made to n-type source-
drain regions formed in a p-type well region within an n-type
substrate. The invention also applies to the reverse conductivity
type of situation such as p-type contacts being made to p-type

15 source-drain regions formed in an n-type well region within a p-
type substrate. Furthermore, in certain applications a well region
may not be present and the contact is made directly to doped
regions formed in the bulk substrate itself. Moreover, in certain

_ applications the well region can instead be a doped epitaxial layer

20 of semiconductor material overlying a single crystal semiconductor
substrate. The approach of the present invention is to locally
increase doping levels to avoid leakage currents. This produces an
extra region or layer of doping beneath the doped contact regions
which is of a different conductivity type than the contact regions,

25 but of the same doping type as the well region or bulk substrate in
which the device is fabricated. The PN junctions so formed serve as
a punch-through prevention means to electrically isolate the
contacts from each other. _

Shown in FIG. 1, in plan view, is one embodiment of a circuit

30 portion 10 of a semiconductor device fabricated in accordance with
the invention. The features shown in FIG. 1 include buried contacts
11, 12 and 13, a field isolation region 18 and separate conductive
layers 33, 34 and 35. A portion of conductive layer 34 forms the
gate of an MOS transistor 15 having source-drain regions 40 and 42.

35 Buried contacts 11, 12 and 13 are adjacent to field oxide region 18
and provide means for overlying conductive layers 35, 33 and 34 to
make electrical contact with source-drain regions 44, 42 and 46
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conductivity type is located in the substrate bel ow the contact 5

openi ngs. A doped contact region of a second conductivity type extends from
the principal surface within:-each contact opening to the punch-through
prevention regi on separating the punch-through prevention region fromthe
principal surface. At |east one conductive Payer overlies a portion of the

i solation region and a 10 portion of the dielectric |ayer and extends into -
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accor danctOwi tdevibes, microprocessor devices, and the like.
A cross section taken along the line 2-2 is shown in FIG. 2
depicting buried contacts 11 and 12. Doped contact regions 29 and
30 are formed in well region 14 adjacent to field oxide region 18
and overlie doped punch-through prevention regions 36 and 37
15 respectively. A channel stop 20, located in well region 14,
underlies and is coextensive with field isolation region 18. In the
cross sectional view of FIG. 2, channel stop 20 can be seen
extending between doped contact regions 29 and 30. A pad oxide
layer 22 overlies a portion of the surface of well region 14 on
20 either side of field isolation region 18. Conductive layers 33 and
35 overlie a portion of field isolation layer 18 and a portion of a
pad oxide layer 22 and make electrical contact to doped contact
regions 29 and 30 through contact openings in pad oxide layer 22. In
the case of polysilicon conductive layers, formation of an ohmic
25 contact to source-drain regions 42 and 44 is more readily achieved
if conductive layers 33 and 35 are of the same conductivity type as
doped contact regions 29 and 30.
The inventive structure shown in FIG. 2, offers a distinct
advantage over the prior art where the only punch-through
30 protection between adjacent buried contacts is a channel stop such
as channel stop 20. The formation .of punch-through prevention
regions 36 and 37, deep in the well or substrate surrounding the
lower portion of contact regions 29 and 30, insures that as the
buried contacts are brought close together, to meet stringent design
35 requirements of VLSI devices, current leakage between the buried
contacts will not occur.
As illustrated in FIG. 2, conductive layers 33 and 35 overlie



invention; and FIG 7 is a plot of experinental

formed in accordance with the invention show ng | eakage current versus
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10 taken along the line 3-3 of FIG. 1. Shown in FIG. 3 is a portion of
field isolation region 18 separating buried contact 13 from
transistor 15. As can be understood by referring to FIG. 1,
conductive layer 34 forms the gate of transistor 15 at one end and
makes contact to source-drain region 46 through buried contact 13
at the opposite end. A punch-through protection region 38
electrically isolates buried contact 13 from source-drain region 42.
A portion of channel stop 20 extends between doped contact region
31 and drain region 42. Thus, buried contacts 11, 12 and 13 are
electrically isolated from each other and from source-drain regions
of adjacent transistors by the punch-through prevention regions
formed in accordance with the invention. Those skilled in the art
will recognize that only a portion of an integrated circuit structure
is shown in FIG. 1 and that many different layout arrangements
having punch-through protected buried contacts are possible.

One embodiment of a process used to fabricate circuit portion
10 is shown in FIGs. 4-5. For purposes of illustration, only the
fabrication of features shown in FIG. 2, i.e., adjacent buried
contacts 11 and 12 will be described. Those skilled in the art will
realize that similar techniques apply to the fabrication of all
features shown in FIG. 1. As shown in FIG. 4, contacts 11 and 12 are

- formed on opposite sides of a field isolation region 18 which is

preferably a thick SiO2 field oxide. An optional channel stop 20
may be formed in substrate 14 prior to forming field isolation
region 18. In a preferred process, a thin pad oxide layer 22 is
formed to serve as a screen for subsequent implants and can also
function as a gate oxide layer in other parts of the circuit. After
pad oxide layer 22 is formed, a first polysilicon layer 23 is
deposited onto pad oxide layer 22. Next, a fayer of photoresist 24 is
provided and patterned using standard photolithographic techniques
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appllcatlons a wel | reglon may not be present and the contact is nmade
directly to doped regions formed in the bulk substrate itself. Mreover, in
certain applications the well region can instead be a doped epitaxial |ayer
of sem conductor material 20 overlying a single crystal sem conductor
substrate. The approach of the present inveion is to locally increase
doping levels to avoi d | eakage currents. This produces an extra region or
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44, 42 and 46 formed in pad oxide 22, the impurity may be introduced via

10 diffusion or other direct means. In a preferred process of the
invention, a dopant impurity of the same conductivity type as well
region 14 is introduced to form punch-through prevention regions
36 and 37, as shown in FIG. 4. The energy and dose of the implant
can be adjusted to produce locally heavy doping under the buried

15 contacts 11 and 12. For example, in the case of a p-type punch-
through prevention region, a boron implant dose of about 1X1012 to
1X1014 jons per square centimeter, implanted at an energy of about
160 to 260 KeV can be used to form a region which, following the
completion of all thermal process cycles, has a peak concentration

20 at about 450 to 650 nanometers below the principal surface of the
substrate. Those skilled in the art will realize that the particular
dose and energy ranges given above will result in a dopant
concentration in the substrate that is suitable for performing the
task of punch-through prevention in the illustrative embodiment

25 described herein, and that given different device device junction
depth requirements, dopant conductivity and structural
arrangement, different dose and energy combinations would be used.

After forming punch-through prevention regions 36 and 37, a

conductive layer 32 is formed by depositing a second layer of

30 conductive material to overlie first polysilicon layer 23, as shown
in FIG. 5. The second layer of conductive material is preferably
chemical vapor deposited (CVD) polysilicon doped with a n-type
dopant either during deposition, by introduction of dopant gases into
the CVD system during deposition, or alternatively, by introducing a

35 dopant after conductive layer 32 has been formed. Alternatively,
the second layer of conductive material can be a refractory metal
such as tungsten, cobalt, titanium, molybdenum, tantalum and the



6 respectively. Source-drain regions 46 and 44 are associated with ot her
MOS.trahnsi stors which for clarity of illustration are not shown in FIG 1.
In the particular enbodinent illustrated in FIG 1, the device features are
formed in a well region 14 of a single 5 crystal sem conductor substrate
16 and the structure shown is part of a nenop¥y array in an SRAM devi ce.
However, the present invention can also be used in many different MOS and
Bi CMOS ( bi pol arjjj@npl enent ary- MOS) devi ces havi ng buried contacts such as
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In boron atoms implanted into the substrate to form punch-through
protection regions 36 and 37 diffuse deeper into well region 14
below contact regions 36 and 37. The final boron dopant
distribution in well region 14 is determined by subsequent thermal
15 processing; however, the boron dopant concentration in punch-
through prevention regions 36 and 37 is remains greater than that
of well region 14 such that a PN junction is formed between contact
regions 29 and 30 and punch-through prevention regions 36 and 37.
For example, having formed punch-through prevention regions
20 36 and 37 with the boron implant described above, and wherein
conductive layer 32 is polysilicon n-doped with phosphorus to a
sheet resistance of about 25 to 35 W/square, dopant atoms are
diffused from conductive layer 32 into the substrate by a thermal
process carried out at about 900 to 1000--C for about 1 to 2 hours.
25 Following the formation of contact regions 29 and 30, a photoresist
pattern 25 is defined, as shown in FIG. 5, and conductive layer 32 is
anisotropically etched to form patterned conductive layers 33 and
35 shown in FIG. 2. Source-drain regions 42 and 44 are preferably
_ formed in a conventional manner by defining a source-drain
30 photoresist pattern to protect p-channel devices (not shown) and
implanting a n-type dopant such as phosphorus or arsenic into well
region 14. The thermal processing diffuses the boron dopant into
the substrate forming a PN junction about 250 to 350 nanometers
below the principal surface of the substrate.
35 A particular advantage of the present invention includes the
formation of punch-through prevention regions in the immediate
vicinity of the buried contacts and deeper than the source-drain



t he case of polysilicon conductive |layers, formation of an ohmc 25
contact to source-drain regions 42 and 44 is nore readily achieved if
conductive layers 33 and 35 are of the sane conductivity type as doped
contact regions 29 and 30. The inventive structure shown in FIG 2, offers
a distinct advantage over the prior art wherld t he only punch-through 30
protection between adjacent buried contacts is a channel stop such as
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extending from the two polysilicon nodes 11 and 12 under the field
10 isolation region, thus aiding in lateral punch-through protection.
Regions 36 and 37 also help prevent punch-through to a buried layer
or to substrate 16, being of opposite conductivity from that of well
region 14. The method of the present invention provides lateral and
vertical punch-through protection without additional masks while
15 maintaining a shallow doping profile in the active device regions
such as source and drain regions 40 and 42. Computer simulated
doping profiles and experimental results, described below, have
demonstrated that such regions as 36 and 37 situated below the
contact region deep in the well region will prevent lateral and
20 vertical electrical punch-through between adjacent buried contacts.
Shown in FIG. 6 is a computer simulation plot of the doping
profile through the buried contact structure. The plot represents
the dopant concentration in the well region as a function of depth
into the well region. The simulation program estimates the dopant
25 profiles in the well region after all of the implantation and thermal
cycling is complete and thus is representative of the actual dopant
profiles in a device upon completion of the fabrication sequence. In
the plot, the boron dopant concentration curve is labeled as B and
the phosphorus dopant concentration curve is labeled as P. It is
30 apparent from the plot that the peak boron concentration lies well
below the surface of the well region (denoted as 0.00 on the x axis)
and also below the peak phosphorus concentration at about 500
nanometers from the surface.
Shown in FIG. 7 is a plot of leakage current beneath field
35 isolation region 18 between adjacent buried contacts as a function
of voltage across the field isolation region. The three curves shown
in the plot represent different doping concentrations in punch-



FIG 3, illustrates, in cross section, a region of circuit portion 10 taken
along the line 3-3 of FIG 1. Shown in FIG 3 is a portion of field

i solation region 18 separating buried contact 13 from1 0O transistor 15.
As can be understood by referring to FIG 1, conductive |layer 34 forns the
gate of transistor 15 at one end and nakes tdntact to source-drain regi on
46 through buried cont act 13 at the opposite end. A punch-through

protection regtm lb?\a\'ég"oh.%oﬁet &8d 37 e‘#héol@iﬁj‘@br\?é; {dbeTed
source-drain rg ort i on ends et vvea
2

doped cont act Qf‘yr? "%’ncf\ﬁr erP"PﬁﬁT‘% Iggnagﬁugurrgur&, EH ac RUECEs 9’1'"9
and 13 are el em racmifdsanbeohmtredhbr noeaait which lacksf panchahrorghr ain

ot i n accoPlatetiors {TAS| G 1Y éﬂ%ﬁ&&ﬁ@g@";ﬁ?gﬁg@r & SUrifigabt oe.
recogni ze that cumepta|SpGDﬂStﬁﬂtbf present eyen @ aiveryi lowt Yollage cacrosshithe
in FIG 1 and hgﬂi iSBIAtidH fr&%fcﬁﬂtm'g?@lﬁrgﬁr h?@%grén%m “F% Rurgggch- t hrough

protected buried contacts ar 0SSi rocess used to

fabricate circlepresanting les ?gesﬁﬂmmn alasat &ﬂf}erqfﬁr 899?Bgses of
illustration, eBhgehtratiohs ilpursch-tiwough fprotastiin yegivhd raeCIa?ad Zaalaré,

SR W e O b Ve i N
features df®wnformHAh@ régioks.shAwsignifieatt réduction airt $edkage dcurzent aatf or med
oh, SEPELL®, L ffadbg bl ool 10’ Sfuseg SUidkRUN e piof FRffiGE the 2
sensitivity of Ieakage current reductlon to the specific dose used to
form the regions is demonstrated by the reduction in leakage
current between about 9 and 12 volts with an increase in dose from
15 1X1012 to 5X1012 ions per square centimeter.

Thus it is apparent that there has been provided, in accordance
with the invention, a semiconductor device having punch-through
protected buried contacts which fully meets the advantages set
forth above. Although the invention has been described and

20 illustrated with reference to specific illustrative embodiments
thereof, it is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that variations and modifications can be made without departing
from the spirit of the invention. For example, other doping

25 techniques such such as focused molecular beam deposition can be
used. Additionally, trench isolation structures can be used in place
of the field isolation regions shown in the FIGURES. Furthermore,
other dielectric materials can be used such as silicon nitride,
oxide/nitride composites, oxynitrides, and the like. It is therefore

30 intended to include within the invention all such variations and
modifications as fall within the scope of the appended claims and
equivalents thereof.



may be formed in substrate 14 pri I sol ation region 18.

In.a preferred process, a thin paq
screen for subsequent inplants ang [ as a gateho |d | ayer
in other parts of the circuit. Afte de tayer 22 iS SB “R"'
first polysilicon layer 23 is deposited ont"d2 pad oxi de | ayer 2 '“
| ayer of photoresist 24 is provided and patterned using standar

phot ol i t hographi ¢ t echni ques 8 to for@QUAMSontact openings 26 and 28
which wi Il defy Wai ped regions 36 and 37. Once the photoresist pattern 24
s in place, a!n RO nplant is perfornmed through first polysilicon | ayer 23
and pad oxide layer 22 5 to form punch-through preventron regi ons 36 and 37
in well region 14. Al ﬁﬁ?jé 0 W

by cont act openr ngsle\Zéé '%@é%r Hg%bb P'%Vg{ge? ?IB&M Ppﬁi %‘%?Ear face
of well reBiorProtected kunied (capastsdd Thal2, él&)eﬁ@?‘ﬂf&ﬁéﬂgforrred in pad

oxi de 22, the lWpurats’eﬂ%bﬁ&JM@?rQﬂb'@l@dté“l@gl&I i 4)f oti anfipst @bh@lhcﬁ'vit?c'[
means. In a prefer nvention, a dopant inpurity of th

sane conducti WWP§ [" %Sa\,%rmcrp@g %‘H*aﬁ?'l s introduced to form
punch-t hr ough preveanusolatm aregi®® @8) dverlying leovirst rpdittion o©f e energy

and dose of ”bq'ilj'rgi?)la?msurface;
10 a dielectric layer (22) overlying a second portion of the
principal surface;

a plurality of contact openings in the dielectric layer (22)
adjacent to the isolation region (18);

a plurality of doped punch-through prevention regions (36, 37,

15 38) of the first conductivity type in the substrate region below the
contact openings;

a plurality of doped contact regions (29, 30, 31) of a second
conductivity type at the principal surface beneath the contact
openings and extending to the doped punch-through prevention

20 regions (36, 37, 38) separating the punch-through prevention
regions from the principal surface; and

at least one conductive layer (33, 34, 35) overlying a portion
of the isolation region and a portion of the dielectric layer and
extending into the contact openings forming an electrical contact to

25 the doped contact regions (29, 30, 31).

2. The semiconductor device of claim 1 further comprising a

channel stop region (20) of the first conductivity type in the

substrate region underlying the isolation region (18) extending
30 between at least two contact regions (29, 30).

3. A semiconductor device as claimed in claim 1, wherein said
isolation region (18) overlying a first portion of the principal
surface has first and second sides;
35 - said plurality of contact openings in the dielectric layer (22)
are adjacent to the first side of the isolation region (18);
a first portion of a conductive layer (34) overlying a portion

R A
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can be_ adjusted to produce locally heavy doping under the buried 1 5

contacts 11 and 12. For exanple, i T p-type punch- through
prevention region, a boron inplant d-hg'g %%?BEEHC 12 to [err] ions per
square centineter, inplanted at an [ g

|

ut_146p to 260 KeV can be
used to forma region which, foll ow ng thelobrrpl etion of all thernal
process cycles, has a peak concentration 20 at about 450 to 650 nanoneters -

Ceal i ze that ﬁé“ﬁ%‘??ﬁﬁf Soien 1B andcace °ﬁ“’e‘$q’ff‘v“e?"?é!)év"e‘“bh&ﬁrrteg%?’t !
in a dopant cAREHRX ‘Ph 951999??& %ﬁﬁ‘é’i’&? 302"\@%% '@P ieak or i ng
the task of pm‘mﬂat:tlrtoutjte m@auhtcarnach regmns (29);r ati ve enbodi rrent 25
descri bed here aat gl

oaul remente. —dopard B[l A2 15 I8 W*ﬁa?ﬁﬁ@ Adigceni’r dpgl

dose and eﬁerggecm'tdamdeloﬁiheolﬂoéaw uegion A183r form ng punch-t hr ough

prevention regions 3 C u r by depositing
a second | ayer of 3 con Fe 6n %@eﬁat t%aggfer?%z ré?lcfrp (Fmgl dl ’Ipfl'é:l(ﬁ}am
e I

I TS
| ayer 23, as shown &fhange Sregfﬁ@ indermediale do the cscmﬂﬁgt{
preferably cheegioh (M@)camdkeposited (CVD) polysilicon doped W|th a n-type
dopant either durin de Qsjtio by, i ntr f p to the
CVD system duri ng o%;ﬁﬁqooﬂci) rﬂpn ﬁ Pﬁlﬁﬁ%\ﬂﬁ% ayﬁ@ :ﬂﬁ @‘%}'ﬂﬁ a9§ dopant
after contiOct ielectrayder o'nzaqmrt]eanof dheednel&btrm nayer 22) mmlwagomel ayer

of conducti ve be a refractory metal such as tungsten, cobalt,
@6@ y g
titanium noly enum alum and the

o~

4, The semiconductor device of claim 3 further comprising a
channel stop region of the first conductivity type in the substrate

15 region underlying the isolation reglon extending from the contact
region to the drain region.

5. A method for forming a semiconductor device comprising:
providing a semiconductor device region (14) of a first
20 conductivity type having a principal surface and having a first and
second active regions therein separated by an isolation region (18);
forming subsurface punch-through prevention regions (36, 37,
38) of the first conductivity type in selected portions of the first
and second active regions;
25 forming a doped conductive layer (33, 34, 35) having a portion
in intimate contact with the principle surface; and
forming doped contact regions (29, 30, 31) of a second
conductivity type in the first and second active regions adjacent to
the isolation region (18) extending from the principle surface to the
30 subsurface punch-through prevention regions (36, 37, 38) wherein
the subsurface punch-through prevention regions (36, 37, 38)
surround a lower portion of the doped contact regions (29, 30, 31)
and are separated from the principle surface by the doped contact
regions (29, 30, 31).
35
6. A method for forming a semiconductor device as claimed in

claim 5:
This Sheet Has Been Rep

UM 0 R [T




d, in a preferred

9 like. Next, doped contact regions 29
OfueondusEEEs tayers 32 into wel |

enbodi nent, by diffusing dopant ato it
region 14 bel ow the contact openings|in pggppaced de | gyer 22, as shown in
FIG 5. The final dopant concentrati ' tial distribution of
dopant atons in punch-through prevention reTg'ﬂons 36 and 37 bel ow cont act

regions 29 and 30 is determned by the specific inplant dose and energy and

the particul ar ther pedvigiry es snaypé esingle deiystahgilicort esisbstiite {d6) hRadingy

t hermal processing used t or m.con t LQn .an 0] h 0 tons
I npl anted i nt og?'rtg %ﬁ&% rvg?@ Eeﬁ'ﬁgrmuﬁéﬁg%ﬁrﬁlfég"gr g?%c‘@’?@n%@ﬁhoﬁéaw
and 37 di f f useadpéineipalntsairfadd; regi on 14 bel ow contact regions 36 and 37.
The final boron dop oSt ki QUL QR e g | S )

subsequent ther nal gﬁgj'ﬁﬂéqéﬁgsPﬂgg'ﬁgmggﬁra‘f%t ﬂ%oggﬁgnéd%%gén&fcaor'lc n't)xggi)on
in punch- Shr oaverlying, dhei first: agdosecandanstive regipBsai ns greater than that

of well region 14 sigimihgah phdhbresist invask Salyer "2d)beverAging aabact regi ons

29 and 30 and punch-t hrough eventio egi onsS 36 and 37..For .exanple, .

havi ng 1or med PERNFRRIHEIREHWRHClRBION ! ediaving RpetuRas-alighed; 1 4 morieron

i npl ant descr i bfdhebfirst, anddsebendi active regions adjacent to the field oxide
region (18); :

10 implanting boron atoms at an energy of about 160 to 260 KeV
and a dose of about 1X1012 to 1X1014 ions per square centimeter
into the first and second active regions through the openings to
form subsurface punch-through prevention regions (36, 37, 38) at a
depth of about 250 to 350 nanometers in the well region (18);

15 etching contact openings in the dielectric layer (22) using the
openings in the photoresist mask layer (24) as etch masks to expose
a portion of the principle surface;

removing the photoresist mask layer (24);
forming a phosphorus-doped polysilicon layer (32) to overlie

20 at least a portion of the field oxide layer (18) and having a portion
thereof extending into at least one of the openings to contact the
principle surface; and

diffusing phosphorus atoms from the polysilicon layer (32)
into the active region to form doped contact regions (29, 30, 31)

25 separating the punch-through prevention regions (36, 37, 38) from

the principle surface. :

7. The method of claim 6 further comprising etching the
polysilicon fayer (32) after diffusing phosphorus atoms to form a

30 patterned conductive layer (33, 34, 35) contacting at least a portion
of the exposed principle surface in contact openings.

R
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conductive layer 32 is polysilicon n-doped wi'th phosphorus to a sheet

resi stance of about 25 to 35 Wsquare, dopant atons are diffused from
conductive layer 32 into the substrate by a thermal process carried out at
about 900 to [err] for about 1 to 2 hours. 25 Follow ng the formation of
contact regions 29 and 30, a photoresist patltern 25 is defined, as shown in
FIG 5, and conductive layer 32 is anisotropically etched to form patterned
conductive layers 33 and 35 shown in FIG 2. Source-drain regions 42 and 44
are preferably forned i.n a conveptional mgnner. by definipg_a source-drain
30 photoresist pAtPEMHCPBAYFIAreblevice Hiaviag ékﬂcbe&“'?HGB Bretasted nBuried

i npl anting a n-type dopant Gothcts antddselsod ForrMakirrThel S8amearel | regi on
14. The thermal processing diffuses the boron dopant 1nto the substrate
formng a PN junction about 250 to 350 nanoneters bel ow the princi pal
surface of Hhe substrate. 35 Abstrpet t ok ther Didelmstinge of the present

i nvention includes the formati on of punch-through prevention regions in the
i mmedi ate vicinity of the buried contacts and deeper than the source-drain

1 0 regions. Procesddjasent heuriedoeoniacts efid,t $20\k3)- fosaednat \thel pringipa
in ;Ahi ch sour;%ﬁa?éél dfegl wel @rre%mgét@% %'grah f(;mj fea seAiEbAlAELor
pertormnce. AL evngé, éach’ ﬁa\yinlésg doggd Contact ?egign (29, 30 31) of one
10 conductivity type and a punch-through prevention region (36, 37,
38) of the opposite conductivity type surrounding the lower portion
of the doped contact region are provided. By performing an extra
implant or other impurity introduction step while the mask to etch
the contacts through the dielectric layer remains in place, the
15 procedure to provide punch-through protected buried contacts is
integrated into current processes without an extra mask. Such a
structure and procedure enables buried contacts to be spaced
closely together without over-doping the well region (14) in which
source-drain regions (40, 42, 44, 46) are also formed thus avoiding
20 a degradation in device performance.

FIG. 2 accompanies this abstract.




increase the doping in the channel stop under the field isolation 5

regi on,” however this has not proven to be effective in stopping current

| eakage between cl osely spaced buried contacts. The electric field fromthe
| ocal Iy hi gher boron doping in punch-through prevention regions 36 and 37
wi Il pinch-off the depletion regions extending fromthe two polysilicon
nodes 11 and-12 under the field 1 0O isolation region, thus aiding in

| ateral punch-through protection. Regions 3 and 37 al so hel p prevent
punch-through to a buried |layer or to substrate 16, being of opposite
conductivity fromthat of well region 14. The nethod of the present

i nvention providf@ teral and vertical punch-through protection w thout
additional masks"whil& 1 5 rmaintaining a shall ¢w doping profile in the
active device regions such as source and dpai n rggi ons 40 and 42. Conputer
sinmul ated doping profiles and experinentalf resultg, described bel ow, have
denonstrated that such regions as 36 and 37 situatfed bel ow t he cont act
region deep in the well region will preveft |ateral and 20 vertical

el ectrical punch-t en adj acent jburjgd qontacts. Shown in FIG 6
is a conputer sinulfation plot] of thg dopi g profilje thrqygh the buried
contact structure. €5\t he dopant(’ con ration in the well

region as a functi regi \mul ati on program
estimates the -qgg = af4t he
i npl antation and t b an Hepr dsentati ve of
the actual dop#@ i ez i vice uponjcongletion of jtkegabrication
sequence. In |

¥ 33 35
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the plot, the.boron dopant concentration curve is |abeled as B and the
phosphorus dopant concentration curve is labeled as P. It is 30 apparent
fromthe plot that the peak boron concentration |lies well below the surface
of the well region (denoted as 0.00 on the x axis) and al so bel ow t he peak
phosphorus concentration at about 500 nanoneters fromthe surface. Shown in
FIG 7 is a plot of |eakage current beneagﬂ field 35 isolation region 18
bet ween adj acent buried contacts as a fun 4on of vol tage across the field
i solation region. The three E5ves shown in the plot repreggnt different
dopi ng concentrationS'incgﬁﬁg - t hrough protection ?éafons 36 and. 37.

The top curve, |abeled " | -Prior Art" represents eakgg¥ current in a

device forned i pagcordance Wth the pr|o 5 Iac g punch- thrqggh
protection. As can NeloOsw ollép LR ~§j~\ N

LTIV 4 Azavzazzqznv ﬁaaznv';zpvzazld

s re&tese i p=] ealdhge -

current is cong
I sol ati on regi qp—Hp—He pr o
current data atydi Y4 ent dona t contex
regions 36 and 38 are al so shown in the plot/and g
i npl ant dose uged to 1 0 formthe regi onQ<A sigpificant reduction in

| eakage curren{ at voltages bel ow about 12 volts is evig@nt ifjn the plof.
Further, the -




t

sensitivity of |eakage current reduction to the specific dose used to form
the regions is denonstrated by the reduction in | eakage current between

about 9 and 12 volts with an increase in dose from1 5 [err] to [err] ions
per square centineter. Thus it is apparent that there has been provided, in
accordance with the invention, a senicondu&kgr devi ce havi ng punch-through
protected buried contacts which fully neet he advant ages set forth above.

Al t hough the invention has peen descrj bed and 20 [iTTustrated with
reference to specific illusjratjive enpodinments thereof, it Js not intended
that the invention be limthkd t22thosk illysBPatile edBodi npnts. Those
skilled in the art will recpgnize tha fre~ens| and nodi f} cati ons can be
made wit hout sdep } he 5 BN «~Qn. t her
doping 25 té&gh ” - 9OSY, NI n<oe
used. Addi ti onatFA &5 185 USRI RAT- a6 1 he
field isolation\regions sfowmnZon th £, ernoB@, othher dieleftric
mat eri al s can be) used su as sili L] [nitri onposi t e§,
oxynitrides, and the likd. It is tharefore i ftended to include wi tyhin

the invention afl such vdriations and nodidd“cations as fall wifthin the
scope of the appended cl & ms &b6d equfval ents thereof. 37
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- 12 - Cains 1. A nmethod for formng a sem conductor device conprising:
5., R provi ding a sem conductor device region of a first
conductivity type having a principal surface and having a first -and second
active regions therein separated by an isolation region; form ng subsurface
punch-t hrough prevention regions 10 of the first
conductivity type in selected portions of4t4she first and second active
regions; formng a doped conductive |ayer“having a portion in intinate
contact with the principle surface; and 15 - form ng doped
contact regions of a second conductivity type in the first and second
active regtdbng adjacent to the Tsotattom regirom extending from tne
principle durflace to the subsurface punch-t hrough prevention regions 20
wherein thegépbsurface punch-through prevention regions surround a | opgr
portion of theg doped contgct regions and are separated fromthe prifeuple
surface by gfe doped cont act regions. Ba
©
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25 2. The method of claim1 further cbrrprising form Mg GREET |
regions of the second ‘conductivity type in the first a REPLACEAS Qﬁaﬂ

regi ons adjacent to the doped contact regions. 30
claim1 wherein the step of formng the doped contact

out by diffusing dopant directly fromthe oped conduct i ve layer into the
first and second active regions. : A nethod for formng a

sem conduct or qevic \ f
afirst  DREr BrafRTHd Hete. PEGY ek E%% 3B, SieHsions o Lofis tamer o
first and secorejeﬂmnmearegemggemedl rel p&r ¢y ather staraclaitys egi on;
formng a diel gajhpgy ! Wfﬁe’re"%hhiﬂé’r& dt & g keanfbférence numerals have

second active regions; over
sem conduct or cheméepegteﬂwamngnd Gp |tpgw@¥°qts ﬁ°r|56¥ 891"19‘ t he
first and sgcorglefgséhtss I €gi ons adj acent to the isolation region,

Detailed Description of a Preferred Embodiment

Within the context of the embodiment described herein, it will
10 be assumed that n-type contacts are being made to n-type
source-drain regions formed in a p-type well region within an n-
type substrate. The invention also applies to the reverse
conductivity type of situation such as p-type contacts being
made to p-type source-drain regions formed in an n-type well
15 region within a p-type substrate. Furthermore, in certain
applications a well region may not be present and the contact is
made directly to doped regions formed in the bulk substrate
itself. Moreover, in certain applications the well region can
instead be a doped epitaxial layer of semiconductor material
20 overlying a single crystal semiconductor substrate. The
approach of the present invention is to locally increase doping
levels to avoid leakage currents. This produces an extra region
or layer of doping beneath the doped contact regions which is of
a different conductivity type than the contact regions, but of the
25 same doping type as the well region or bulk substrate in which
the device is fabricated.
Shown in FIG. 1, in plan view, is one embodiment of a circuit
portion 10 of a semiconductor device fabricated in accordance
with the invention. The features shown in FIG. 1 include buried
30 contacts 11, 12 and 13, a field isolation region 18 and separate
conductive layers 33, 34 and 35. A portion of conductive layer
34 forms the gate of an MOS transistor 15 having source-drain
regions 40 and 42. Buried contacts 11, 12 and 13 are adjacent to
field oxide region 18 and provide means for overlying conductive
35 layers 35, 33 and 34 to make electrical contact with source-
drain regions 44, 42 and 46



10 - \ i ntroduci ng a dopant of the first conducti vi {fy L o tn
first and second activeé redgions through the openings to for nﬁéé’&?ﬁpﬁﬁgsygm

punch-through prevention regions in the active device regign; et v 1897
contact openings in the dielectric |ayer usigg 15 "Dat ﬂ @ """"""

openi ngs of the mask | ayer as etch masks t xpose the active region,
formng a conductive |ayer overlying sem conductor device region and
extending into the contact openings to cont Q%b’k‘ge principle surface; and
20 di ffusing dopant atons of a conductivity type from
the conductive layer into the active region to formcontact regions

separating the punch-q4 thr | r | e
surface. 25 5. The 1.mat h%qﬁﬁmﬁlqm B?ﬁﬁ'ﬁﬁeén%%&ﬁ%qdr}gogt c‘%}mﬁg t he
conductive | ayeCOMPERIAR; f usi ng dopant atons to forma patterned

conductive lgyer contacti Qg-o@id,hgaat sénﬁ@éﬁdgetd?f dé@i%ee)‘é?ﬁﬁﬂ olciifigtdevi ce
region. 30 6. The net ho

f clai r risin
source-drain regions in the fi rcaotndg’?g &Rﬁ 9 §e9 ﬂg?ﬂﬁ?ce and

having a first and second active regions therein
separated by an isolation region;
forming subsurface punch-through prevention regions
10 of the first conductivity type in selected
portions of the first and second active regions;
forming a doped conductive layer having a portion in
intimate contact with the principle surface;
. and
15 forming doped contact regions of a second
conductivity type in the first and second active-
regions adjacent to the isolation region '
extending from the principle surface to the
subsurface punch-through prevention regions
20 wherein the subsurface punch-through
prevention regions surround a lower portion of
the doped contact regions and are separated
from the principle surface by the doped contact
_regions.
25 _
2. The method of claim 1 further comprising forming
source-drain regions of the second conductivity type in the first
and second active regions adjacent to the doped contact regions.

30 3. The method of claim 1 wherein the step of forming
the doped contact regions is carried -out by diffusing dopant
directly from the doped conductive layer into the first and
second active regions.

35 4. A method for forming a semiconductor device
comprising:
~ providing a semiconductor device region of a first

* c L M S *



357 7. A nethod for formng a sem conductor devices

n-type single crystal silicon substrate having an p-type pr.mmmfepﬁeﬁ%f
t herein, -14- the well region having a principal surfage; formng a

field oxide region in the well region sepa.!(?tlng t he. wel | r@@eoﬂar}m}lﬁ&?st

and second active regions; 5 di zi ng the priecphe—surtace—ts

forma dielectric |ayer overly| ng the first and second active regions;

ore s oot oresi st msk | gy, Nind MmiAg, B pAYEl, AGHESE Bl o

second active regions adjacenthawingha firsé andxserondqalive iragians ithgrajbr on

atons at an energy of about 1 bout 1X1012 to
1X1014 15 i o%sbﬁ ergép By\eéﬁggﬁ?l?rtr@%?egi o

second active regions thrfﬁtl@lﬂgh@ dkﬁlﬁﬁﬂ& layer VR BQu:"(FjﬁtcE?%Ll 0 tﬁpgugh
_prevention g second active regions;
forming a patterned mask layer overlying the
semiconductor device region having openings
aligned to a portion of the first and second
active regions adjacent to the isolation region;
10 introducing a dopant of the first conductivity type
into the first and second active regions through
the openings to form subsurface punch-through
prevention regions in the active device region;
etching contact openings in the dielectric layer using
15 . ~ the openings of the mask layer as etch masks to
expose the active region;
forming a conductive layer overlying semiconductor
device region and extending into the contact
_ _ ‘openings to contact the principle surface; and
20 diffusing dopant atoms of a second conductivity type
from the conductive layer into the active region
to form contact regions separating the punch-
through prevention reglons from the principle

- surface.
25

5. The method of claim 4 further comprising etching the
conductive layer after diffusing dopant atoms to form a
patterned conductive layer contacting at least a portion of the
exposed active device region.

30 :

6. The method of claim 5 further comprising forming
source-drain regions in the first and second active device
regions.

35 7. A method for forming a semiconductor device:

providing a n-type single crystal silicon substrate
having an p-type well region formed therein,

* [ L M s *



regi ‘ons at a dept h of about 250 to 350 nanoneters in th
et ching contact openings in the dielectric |ayer using t @E{)’béﬁ
mask | ayer as etch masks to expose a portion of the pri

-

'~

2 ”'-.%2%?5

Dpl eygu$f on Ia'v |

removi ng the photoresist mask; forming a p gl_sphorus dop
to 25 overlle at least a

ortion of the fTerd oxide layer

and having a portion thereof extending into at |east one of the openings to

pol'yer 1icon 30 o P € SUrTAce: iRl atbRInBVRREY X0 PHhdbal Surt
contact regions separati nformhiagoanfield roxddghregionciit ithe wedi mlonr omt he
principle surface. 8. The ”%BQQ@E@ thle"Well Ll‘ébﬂﬁ'f iAfHirst' Meéé‘ébﬁw

the 35 polysilicon |layer after phospho

us atons to

.the
orm doped

patterned conductive |ayer conﬂ&ﬂvﬁngegwn%ast a portion of the exposed
principle syface in contggidigig)ithas principlel Burfdbe toTfernieahdiblectrie ai m

8 further conprising inpl antl

regions;

9ayer overlying the first and second active

forming a photoresist mask layer overlying the
semiconductor device region having openings
10 aligned to a portion of the first and second
active regions adjacent to the field oxide

region;

implanting boron atoms at an energy of about 160 to
260 KeV and a dose of about 1X1012 to 1X1014
15 jons per square centimeter into the first and
| second active regions through the openings to
form subsurface punch-through prevention
- regions at a depth of about 250 to 350

nanometers in the well region;

20 _ etching contact openings in the dielectric layer usmg
the openings in the mask layer as etch masks to
expose a portion of the principle surface;

removing the photoresist mask;

- forming a phosphorus-doped polysilicon layer to
25 overlie at least a portion of the field oxide
layer and having a portion thereof extending
into at least one of the openings to contact the

principle surface; and

diffusing phosphorus atoms from the polysilicon

30 layer into the active region to form doped
contact regions separating the punch-through
prevention regions from the principle surface.

8. The method of claim 7 further comprising etching the
35 polysilicon layer after diffusing phosphorus atoms to form a
patterned conductive layer contacting at least a portion of the

exposed principle surface in contact openings.

* [o L M S *




e

REBLACEMENY SHEET |

Date 2. 8. N{N . ‘997 ......
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9. The method of claim 8 further comprising implanting
phosphorus atoms into the well region to form n-type source-

drain regions.
5
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