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ling hot-carrier generation and injection, mostly in- volving positioning
of current path and ionization re- BACKGROUND OF THE INVENTION
gion to minimize adverse effects. These approaches also are only stop-gap
measures which will eventually This Invention relates to a semiconductor
device   5   fail as device sizes continue to be scaled down. fabrication
method and device design for suppressing   Processing aspects of
hot-carrier aging are also hot carrier effects in MOS integrated circuits
and  considered by Chen etal. it Is recognized as being de- more
particularly to a technique for minimizing proc-  sirable to reduce the
number of hot-carrier trapping ess-related aging effects in short
gate-length MQS-  sites and that trapping at the oxide-slicon Interface FET
devices.                                  10   is the main cause of
degradation. Countermeasures The problems of hot carriers, device aging and
re-  include forming and maintaining a high quality oxide liability have
been recognized as one of the major  layer and seeking to reduce Si-H bond
breakage dur- constraints in device scaling. The injection of hot car-  ing
hot-carrier injection. The latter approach propos- riers generated by
Impact ionization In the high drain  es to reduce the hydrogen content of
the device struc- field region of near-micrometer and submicrometer  15
ture. MOSFET devices degrades the device characteris-       Hydrogen has
long been used to fill dangling tics. The usual MOSFET processes and device
struc-  bonds, forming Si-H at the oxide-silicon interface to tures, having
a gate oxide layer in contact with the sil-  minimize the Interface states.
The Si-H bond can be icon substrate over the channel as shown in FIG. 1,
easily broken by injected hot carriers, however, cre- are susceptible to
hot-carrier trapping at the oxide-sil-  20  ating a trapped carrier at the
site of the broken bond. icon interface. The trapped carriers accumulate
over  It has been suggested to substitute fluorine for hydro- time and
gradually lead to a shift in threshold voltage  gen, orto sinter the
devices in a nitrogen atmosphere of the device that can amount to several
tenths of  instead of hydrogen. Chen et al conclude, however, volts or
more. This means that circuit design aspects  that it will become necessary
to scale down operating that are affected by gate threshold voltage are
sus-  25  voltage to 3.3 volts or below for submicrometer devic- ceptible
to change overthe usual lifetime of circuit us-  es. age. In practice, It
means that circuits designed with  Another solution to the dangling bond
problem such devices to very close tolerances and initially op-  was
proposed by S. Iwamatsu In Japanese Pat. erative are likely to fail after
some period of time. A  Appin. (Kokai) 56-125,846, filed March 7, 1980 and
recent article by Chen et al. entitled Suppression of  30   published
October 2, 1981. At that time, the state of Hot-Carrier Effects In
Submicrometer CMOS Tech-    the art in MOSFET technology used gate lengths
of nology," IEEE Transactions on Electron Devices, Vd.   several
micrometers. Hot carrier aging was not then 35, No. 12, Dec. 1988, pages
2210-2219, surveys    a problem because hot carriers were not generated In
state-of-the-art approaches to dealing with the prob-  the relatively long
gate-length devices of that period. lems of hot-carrier aging.
35  Iwamatsu addresses instead the problem of dangling Hot-carrier aging
was virtually nonexistent in cir-  bonds, explaining that the[err] system
has a con- cuits of MOSFETdevices with a gate length of several  stant
electric charge due to unsaturated bonds at the micrometers. It becomes
noticeable as gate length  interface. Because of the presence of
interfacial level shortens below 2 micrometers and becomes severe
density Qss developed at the interface under the in- atgate lengths of one
micrometerand below. Hot car-  40  fluence of this charge, It is difficult
to seta low thresh- rier generation Is caused principally by Ionization im-
old voltage in MOSFET devices. Iwamatsu proposes pact of drain current
carriers with the silicon substrate  to implant carbon into the silicon
substrate through lattice structure in a high electric field. As devices
are  the gate oxide layer followed by heat treatment In a scaled to smaller
size while maintaining a constant  hydrogen atmosphere. So far as known by
appli- drain voltage VD, the field strength increases. When   45  cants,
this technique has not been adopted commer- field strength increases above
about 10[err]volt/cm., hot  cially and appears to have given way to the
conven- carriers unavoidably begin to be generated. One ap-  tional use of
hydrogen alone, as discussed above, to proach to managing hot
carriereffects has been to re-  saturate silicon bonding locations at the
oxide silicon duce operating voltages for short gate Integrated cir-
interface. This practice, however, as applied in the cults. Commercial
integrated circuit technology uses   50  current state of the art, turns
outto be one of the pre- a standard 5 volts. Reductions to a range of 2.5-3
conditions for hot-carrier trapping in short gate-length volts have been
proposed to reduce the drain field In  MOS devices. submicron circuit
technologies. While providing some  Accordingly, a need remains for a
better techni- benefits, this approach leads to further problems of
que for suppressing hot-carrier aging in near- circuit compatibility,
reduced performance, and re-  55   micrometer and submicrometer MOSFET
devices duced noise immunity. Ultimately, as devices contin-  and the like.
ue to be scaled down, the high field problem returns. Chen et al. discuss
other approaches to control- 2 



3                   EP 0 419 256 B1                 4 SUMMARY OF THE
INVENTION                           or less, a device according to the
invention builtto op- erate normally at [err] = 5.0 volts has a threshold
One object of the invention is to improve long-  shift of less than 70
millivolts at an aging time of 24 term reliability of very large-scale
Integrated (VLSI)  hours when operated at a drain-to-source voltage[err]
circuits without reducing operating drain voltages.  5   of 7.0 volts and a
gate voltage[err] of 2.5 volts. Another object is to reduce hot-carrier
aging ef-  The foregoing and other objects, features and fects in
short-channel MOSFET devices designed     advantagesof the Invention will
become more readily and operated in such circuits under conditions in
apparent from the following detailed description of a which impact
ionization is likely to occur.        preferred embodiment which proceeds
with reference A further object of the invention as aforemen-  10  to the
drawings. tioned is to minimize time-dependent threshold shift in such
devices.                                   BRIEF DESCRIPTION OF THE
DRAWINGS An additional object Is to attain the foregoing ob- jects without
materially complicating the process for   FIG. 1 is a cross-sectional view
of a metal-oxide- fabrication of such devices and circuits.     15  silicon
field effect transistor (MOSFET) illustrating The invention is a
hot-electron aging-resistant  hot carrier effects including hot carrier
generation,in- metal-oxide-silicon field effect transistor (MOSFET)
jection and trapping. and a process for fabrication of such devices in an
in-  FIG. 2 is a semilogarithmic graph of threshold tegrated circuit on a
silicon substrate having an upper  degradation vs. MOS gate length due to
hot carriers. substrate surface. Agate oxide layeron a first portion   20
FIG. 3 is a diagram of an enlargement of a portion of the substrate and
forms an oxide-silicon interface  of the gate oxide-silicon interface
lattice structure of atthe substrate surface. Aconductive gate contact is
a submicrometer MOSFET device like that of FIG. 1 formed over the gate
oxide. Conductive source and  processed in accordance with the invention.
drain contacts are formed on second and third por-     FIG. 4 is graph of
threshold degradation vs. aging tions of the substrate on opposite sides of
the gate ox-  25  time comparing results of examples of submicromet- ide
layer. A channel diffusion of dopant impurities in  er devices processed in
accordance with the inven- the first portion of the substrate under the
gate oxide  tion with results for a control example. defines a threshold
voltage of the transistor. Source and drain diffusions of dopant impurities
in the sec-  DETAILED DESCRIPTION ond and third portions of the substrate,
respectively,  30 are arranged to define a channel length such that hot
The Invention can be implemented in an integrat- carriers are generated in
the first portion of the silicon  ed circuit comprising a plurality of
metal-oxide-silicon substrate under normal operating conditions, In other
field effect transistor (MOSFET) devices fabricated words, the source and
drain diffusions are spaced so  by otherwise conventional processes, such
as that that field strength in the channel is at least 105 volts  35  shown
in FIG. 1. Although the invention is Illustrated per centimeter which is
sufficient to create Impact       in connection with an N-type (NMOS) FET
device, it ionization producing hot carriers. The first portion of  may be
used in PMOS FET device technology as well. the silicon substrate is doped
with carbon atoms in a  Referring to FIG. 1, a near-micrometer or sub-
concentration of at least [err] at the silicon-oxide  micrometer N-channel
MOSFET device is formed on interface, preferably in a concentration range
of  40   a P-type silicon substrate 12 having an.. upper sub- 10[err] to
10[err]so that trapping of the hot card-  strate surface 14.A gate oxide
layer 16 Is convention- ers at the interface is suppressed to minimize
thresh-  ally formed, preferably by thermal oxidation, on a first old
voltage shift over time.                       portion of the substrate.
The oxide layer contacts the According to one embodiment of the invention,
substrate silicon and forms an oxide-silicon Interface the carbon atoms are
implanted or diffused into a   45  18 at the substrate surface. Prior to
forming the oxide shallow layer of the substrate Immediately beneath
layer, a channel diffusion is formed, preferably by the substrate surface.
In another embodiment the   low-dosage ion implantation of boron dopant
Impuri- entire substrate is doped with carbon atoms. The ox-  ties, In the
first portion of the substrate under the gate ide-silicon interface can
include hydrogen atoms, In  oxide. This implant is diffused during thermal
oxida- which case a substantial portion of the hydrogen  50  tion to form
the gate oxide and serves to define an ini- atoms are bonded to carbon
atoms. Carbon has a     tial threshold voltage of the transistor,
conventionally higher bonding strength to hydrogen than does sili-  set at
about 0.7 volts. A conductive gate contact layer con so hot electrons are
less likely to dissociate the  20 is deposited and patterned to overlie the
gate ox- hydrogen from carbon atoms at the interface and    ide. This layer
can be formed by depositing, pattern- form hot carrier trapping sites.
55  ing and doping a polysilicon laer, or by metal depos- The invention is
most applicable to MOSFET de-  ition and patterning. A sidewall spacer22 is
formed on 



vices in which the channel length is less than 2 micro-  both sides of the
gate structure 16, 20, conventionally - meters. When the channel length is
one micrometer  by deposition and anisotropic reactive Ion etching. 3    5
EP 0 419 256 B1                     6 The gate structure and sidewall
spacer serve as  changing the threshold voltage to about 0.9 to 1.0 a
self-aligning mask for implanting an N-type drain  volts. In a circuit
designed efficiently to operate at a diffusion in an exposed portion of the
substrate on  drain voltage VD of 5 volts and a gate voltage[err]of one
side of the gate structure and a similar source  2.5 volts, this much shift
can disrupt proper circuit op- diffusion (not shown) on the opposite side
of the gate   5   eration after an aging period that is unacceptably
structure. Optionally, this diffusion can be formed in  short. This aging
period varies, depending on the rate two steps: first, an N- diffusion 24
prior to forming the  of hot carrier generation, which depends on the drain
sidewall spacer and, second, an N+ diffusion after  field being sufficient
to cause impact ionization-ulti- forming the spacer. These diffusions are
preferably  mately a function of gate length. formed by ion implantation,
with the gate structure  10  FIG. 2 shows the dependence of aging
(threshold alone serving as a mask for the N- implant and the  degradation)
on MOS gate length after a 24 hour gate structure and spacer serving as a
mask for the  (1445 minutes) period of operation of conventional N+ implant
Subsequent heat treatment diffuses the  lightly-doped-drain (LDD) MOSFET
devices under implants downward and laterally a short distance be-
standard test conditions of VD = 7.0 volts, [err] = 2.5 neath the gate
structure and sidewall spacer.  15  volts. Data points along the abscissa
for gate lengths A conductive (metal, e.g., Al) drain contact 28 is  of 2.5
micrometers and 5 micrometers indicate a deposited over the exposed portion
of the substrate  threshold shift of less than one millivolt-i.e., below
containing the drain diffusion and a similar contact is  the measurable
limits-consistent with experience deposited on an opposite side of the gate
oxide layer,  prior to the advent of short gate-length MOSFET de- both in
contact with the substrate silicon surface 14.  20  vices. A data point at
2.0 micrometers indicates a The final device is conventionally annealed in
a hy-  threshold shift of one millivolt. From that point, drogen
atmosphere. Hydrogen atoms permeate         threshold shift increases
exponentially as gate length through the gate structure and bond to
dangling sili-  shortens: 33 mV at 1.5 micrometers; 160 mV at 1.0 con bonds
at the oxide-silicon interface.          micrometer, over 800 mV at 0.8
micrometer, and over In conventional operation of near-micrometer  25   one
volt at 0.6 micrometer. (less than 2 micrometers) and submicron gate-length
The present invention greatly reduces hot carrier devices, a depletion
region 30 forms between the N-  trapping by reducing trapping sites without
materially type and P-type regions of the substrate. When a suf-  altering
conventional fabrication processing. This is ficient positive bias is
applied to the gate 20, an inver-  accomplished by doping the first portion
of the silicon slon layer 32 forms in the P-region, forming an N-type   30
substrate, which underlies the gate oxide 16,with conduction path or
channel beneath the gate oxide  carbon atoms in a concentration of at least
10[err] 16. The spacing between the source and drain diffu-  at the
oxide-silicon interface 18, preferably in a con- sions defines a channel
length of the MOSFET de-   centration range of 10[err] to 10[err] This has
vice. A micrometer-sized device, having a drawn gate  been done two
different ways. Both techniques have length of 1.0 micrometer, typically
has an effective   35  proven equally successful in suppressing the trap-
channel length of about 0.8 micrometer.            ping of the hot carriers
at the silicon-oxide Interface In the context of the present invention, the
source  and minimizing threshold voltage shift over time. In and drain
diffusions are spaced such that hot carriers  the first approach, carbon
atoms are implanted or dif- 34 (electron and hole pairs) are generated by
impact  fused Into a shallow layer of the substrate silicon im- ionization
of drain current carriers in a high electric  40   mediately beneath the
substrate surface. This is pre- field (field strength at least [err] volts
per centimeter)  ferably done prior to forming the oxide layer 16. The
region of the channel adjacent the drain diffusion.  second approach simply
uses a silicon substrate that Some carriers (holes 36) are ejected from the
deple-  Is entirely carbon-doped when the crystal from which tion region as
a parasitic substrate current[err] Other  the wafer is cut is being grown.
carriers are Injected into the oxide-silicon interface   45   FIG. 3.
depicts the silicon-oxide interface struc- under the gate oxide layer. in
conventional devices,  ture of a MOSFET device when carbon doped in ac- the
latter carriers are trapped at the oxide-silicon in-  cordance with the
invention. Carbon atoms covalent- terface and form cumulative charges of
holes 38 and  ly bond In various sites in the silicon lattice 12 near
electrons 40. The net cumulative trapped charge    Interface 18, and may
also persist In sites In the oxide eventually becomes dominated by
electrons, forming   50  layer 16. Dangling bonds at the oxide-silicon
Inter- a net potential at the Interface which offsets the elec-  face are
saturated by hydrogen atoms. In convention- tric field induced by the
potential applied to the gate  al devices lacking the carbon atoms,
essentially all of 20. The net effect is to shift the threshold voltage at
the hydrogen atoms would be bonded to silicon atoms 



which conduction through the inversion channel com-  and, because of
relatively low bond strength, many of mences.
55  the hydrogen-silicon bonds would be disrupted by hot In conventional
micrometer-sized devices, a     carriers and the hydrogen atoms replaced by
a trap- threshold voltage initially set at about 0.7 volts will  ped
carrier. The bonding strength of carbon to hydro - commonly shift by 200 to
300 millivolts over time,  gen is greater than that of silicon,
sufficiently so that 4    7                   EP 0 419 256 B1
8 nearly all hydrogen atoms are retained at the inter-   tor (MOSFET), said
transistor comprising: face so that trapping sites remain permanently satu-
a silicon substrate (12) having an upper rated.
substrate surface (14); FIG. 4 compares aging characteristics over a 24-
a gate oxide layer (16) covering a first por- hour period of three examples
of devices made ac-   5   tion of the substrate and forming an
oxide-silicon cording to theinvention with a control example. All
interface (18) at the substrate surface; four examples were
micrometer-sized MOSFET de-                a conductive gate contact (20)
overlying vices made in the same wafer lot, according to the      the gate
oxide; same basic fabrication process steps and conditions           a
conductive source contact (28) covering except as next described. The
control example, for  10  a second portion of the substrate on one side of
which results are indicated by data points on curve     the gate oxide
layers, 40, was  ade without any detectable carbon in the             a
conductive drain contact covering a third substrate. According to a first
example of the inven-   portion of the substrate on an opposite side of the
tion, wafer 13, for which results are indicated by data  gate oxide layer,
points on curve 42, was made with an additional step   15     a channel
diffusion of dopant Impurities In of shallow (20 Key) implantation [err]
carbon        the first portion of the substrate under the gate atoms into
the substrate before forming the gate ox-    oxide defining a threshold
voltage of the transis- ide layer. Wafer 29, for which results are
indicated by  tor; data points on curve 44, was made as a second ex-
source and drain diffusions (24,26) of do- ample in the same manner as
wafer 13 butwith a car-  20  pant impurities in the second and third
portions of bon implant dose of [err] A third example was      the
substrate, respectively; made withouta separate carbon implantation step
but           the diffusions being arranged to define a substituted a
waferwhich was doped with carbon dur-     channel length such that, in use,
the field Ing silicon growth in a concentration of 2A parts per   strength
in the channel is at least 105 volts/cm, million on curve 48. All four
examples were tested un-  25  whereby hot carriers are generated by impact
der the same test conditions: VD = 7.0 volts, [err] =2.5  ionization in the
first portion of the silicon sub- volts. These conditions are more severe
than the usu-   strata; and al operating conditions for such devices, which
were         the first portion of the silicon substrate be- designed to
operate at [err] = 5.0 volts.            ing doped with carbon atoms in a
concentration The curve 40 for the control example exhibits a   30  of at
least[err]at the interface (18) so that typical characteristic of hot
carrier aging of conven-  trapping of the hot carriers atthe interface is
sup- tional short-channel MOSFET devices. It rises shar-     pressed and a
shift in the threshold voltage over ply at first (200 millivolts in 1,000
minutes) and then  time is minimized. gradually decreases in slope In a
rising exponential curve as hot electron trapping sites are filled. At the
35  2. The integrated circuit according to claim 1 in end of 24 hours, the
threshold shift for the control is  which the first portion of the silicon
substrate is 240 millivolts.                                         doped
with carbon atoms in a concentration Al three examples according to the
invention ex-    range of [err] hibit aging characteristics that are quite
similar to one anotherbutstrikinglydifferentfromthatofthecontrol  40   3.
The integrated circuit according to claim 1 or2 In example. Threshold shift
occurs more gradually, no      which the source and drain diffusions are
spaced more than 10 millivolts after five hours, 30 millivolts  so that the
channel length is less than 2 microme- in 15 hours, and 60 millivolts in 24
hours. In continued  ters. operation overa longer period, threshold shift
of such devices levels off at about 75-100 millivolts. With op-  45  4. The
integrated circuit according to claim 1, 2 or 3 timization of the process
according to the invention,   In which the carbon atoms are Implanted or
dif- further reductions In threshold shift are expected.     fused into a
shallow layer of the substrate imme- Having illustrated and described the
principles of  diately beneath the substrate surface. our invention In a
preferred embodiment thereof, it should be readily apparent to those
skilled in the art  so  5. The integrated circuit according to claim 1, 2
or 3 



that the invention can be modified In arrangement      in which the entire
substrate Is doped with said and detail without departing from such
principles.      carbon atoms. 6. The integrated circuit according to any
preceding Claims                                         55       claim In
which the oxide-silicon interface includes hydrogen atoms, a portion of
which are bonded to 1. An integrated circuit having a hot-electron aging-
carbon atoms. resistant metal-oxide-silicon field effect transis- 5    7
EP 0 419 256 B1                 8      *  C   L  M  S * nearly all hydrogen
atoms are retained at the inter-  tor (MOSFET), said transistor comprising:
face so that trapping sites remain permanently satu-        a silicon
substrate (12) having an upper rated.
substrate surface (14); FIG. 4 compares aging characteristics over a 24-
a gate oxide layer (16) covering a first por- hour period of three examples
of devices made ac-   5  tion of the substrate and forming an oxide-silicon
cording to the, Invention with a control example. All  interface (18) at
the substrate surface; four examples were micrometer-sized MOSFET de-
a conductive gate contact (20) overlying vices made in the same wafer lot,
according to the     the gate oxide; same basic fabrication process steps
and conditions         a conductive source contact (28) covering except as
next described.  The control  example, for  10  a second portion of the
substrate on one side of which results are indicated by data points on
curve   the gate oxide layer, 40, was made without any detectable carbon in
the           a conductive drain contact covering athird substrate.
According to a first example of the inven-  portion of the substrate on an
opposite side ofthe tion, wafer 13, for which results are indicated by data
gate oxide layer, points on curve 42, was made with an additional step   15
a channel diffusion of dopant Impurities In of shallow (20 KeV)
implantation[err] carbon       the first portion of the substrate under the
gate atoms into the substrate before forming the gate ox-   oxide defining
a threshold voltage of the transis- ide layer. Wafer 29, for which results
are indicated by  tor; data points on curve 44, was made as a second ex-
source and drain diffusions (24, 26) of do- ample in the same manner as
wafer 13 but with a car-  20  pant impurities in the second and third
portions of bon Implant dose of 1E20/cm3. A third example was    the
substrate, respectively; made without a separate carbon implantation step
but        the diffusions being arranged to define a substituted a wafer
which was doped with carbon dur-          channel length such that, In use,
the field ing silicon growth in a concentration of 2.4 parts per  strength
in the channel is at least [err] volts/cm, million on curve 46. All four
examples were tested un-  25  whereby hot carriers are generated by impact
der the same test conditions: VD = 7.0 volts, [err] = 2.5     ionization in
the first portion of the silicon sub- volts. These conditions are more
severe than the usu-  strate; and al operating conditions for such devices,
which were        the first portion of the silicon substrate be- designed
to operate at [err] = 5.0 volts.           ing doped with carbon atoms in a
concentration The curve 40 for the control example exhibits a   30  of at
least[err] at the interface (18) so that typical characteristic of hot
carrier aging of conven-  trapping of the hot carriers at the interface is
sup- tional short-channel MOSFET devices. It rises shar-    pressed and a
shift In the threshold voltage over ply at first (200 millivolts in 1,000
minutes) and then  time Is minimized. gradually decreases in slope in a
rising exponential curve as hot electron trapping sites are filled. At the
35  2. The integrated circuit according to claim 1 in end of 24 hours, the
threshold shift for the control is  which the first portion of the silicon
substrate is 240 millivolts.                                        doped
with carbon atoms in a concentration All three examples according to the
invention ex-  range of [err] hibit aging characteristics that are quite
similar to one another but strikingly different from that of the control
40  3. The integrated circuit according to claim I or2 in example.
Threshold shift occurs more gradually, no     which the source and drain
diffusions are spaced more than 10 millivolts after five hours, 30
millivolts  so thatthe channel length is less than 2 microme- in 15 hours,
and 60 millivolts in 24 hours. In continued  ters. operation overa longer
period, threshold shift of such devices levels off at about 75-100
millivolts. With op-  45  4. The integrated circuit according to claim 1, 2
or 3 timization of the process according to the invention,  In which the
carbon atoms are Implanted or dif- further reductions in threshold shift
are expected.   fused Into a shallow layer of the substrate imme- Having
illustrated and described the principles of  diately beneath the substrate
surface. 



our Invention in a preferred embodiment thereof, it should be readily
apparent to those skilled in the art  50  5. The integrated circuit
according to claim 1 2 or 3 that the invention can be modified in
arrangement     in which the entire substrate Is doped with said and detail
without departing from such principles.     carbon atoms. 6. The integrated
circuit according to any preceding Claims
55       claim In which the oxide-silicon interface includes hydrogen
atoms, a portion of which are bonded to 1. An integrated circuit having a
hot-electron aging-  carbon atoms. resistant metal-oxide-silicon field
effect transis-    9                   EP 0 419 256 B1                  10
* C   L          S 7. The integrated circuit according to any preceding
13. The integrated circuit process according to any of claim in which the
source and drain diffusions are  claims 8-11 in which the doping step
includes pro- spaced so that the channel length is one micro-     viding as
said substrate a silicon wafer, the en- meter or less.
tirety of which is doped with carbon atoms. 5 8. An integrated circuit
fabrication process for mak-  14. The integrated circuit process according
to any of ing a   hot-eletron aging-resistant metal-oxide-    claims 8-13
inwhich hydrogen atoms in the ox- silicon field effect transistor (MOSFET)
compris-   ide-silicon interface are bonded to carbon atoms. Ing: providing
a silicon substrate (12) having   10  15 The integrated circuit process
according to any of an upper substrate surface (14);
claims 8-14 including spacing the source and forming a gate oxide layer
(16) over a first    drain diffusions so that the channel length is one
portion of the substrate with an oxide-silicon in-  micrometer or less.
terface (18) at the substrate surface; forrning a conductive gate contact
(20)   15 over the gate oxide;
Patentanspriche.. forming a conductive source contact over a second portion
of the substrate on one side of  1.
EineintegderteSchaltungmiteinernggenriberder the gate oxide layer and a
conductive drain con-   Aiterung durch heiBe EBekdronen resistenton Melall-
tact (28) over a third portion of the substrate on   20  Oxid-SiRi
wFeldeffskttransislor(MOSFET), wobel. an opposite side of the gate oxide
layer,           der Transistor folgende Merlanaie aufweist forming a
channel diffusion in the first por-  ein Siliziumsubstrat (12) mit elner
oberen tion of the substrate under the gate oxide to de-
Substratoberflfche (14); fine a threshold voltage of the transistor and
eine Gate-Oxidschicht (16), die ainen orstbn source and drain diffusions
(24,26) in the second   25  Abschnitt des Substrata bedeckt und eine Oxid-
and third portions of the substrate, respectively;  Silizium-GrenzflAche
(18) an der Substratober- arranging the diffusions to define a chan-
fliche bildet; nel length such that, in use, the field strength in  einen
leitffhigen Gate-Kontalt (20), der Ober the channel is at
least[err]volts/cm, whereby hot   dem 6ate-Oxid liegt; carriers are
generated by Impact ionization in the   30  ainen leltfahigen
Source-Kontakt (28), der alnen first portion of the silicon substrate; and
zweiten Abschnitt des Substrate auf dener Sakte doping the first portion of
the silicon sub-   der Gate-Oxidschlcht bedeckt strate with carbon atoms in
a concentration of at    einen leitfihigen Drain-KontaKd, der anen dritten
least[err] at the Interface (18) so that trap-  Abschnitt des Substrata auf
eaner gegenliberlie- ping of the hot carriers at the interface is sup-   35
genden Selte der Gate-Oxidschlcht bedeck; pressed and a shift in the
threshold voltage over   eine Kanaldiffuslon von Dotlerungsstfrstellen In
time is minimized.                                  deam ersten Abschnitt
des Substrata unter das Gate-Oxid, die elne Schwellenspannung des 9. The
integrated circuit process according to claim    Transistors festlegt; 10
In which the. first portion of the silicon sub-   40  Source- und
Drain-Diffuslonen (24, 26) von Do- strate is doped with carbon atoms in a
concentra-     tierungsstfbrstellen .in den zweiten bzw. dritten tion range
of [err]                                         Abschnitt des Substrats;
wobel die Diffusionen eingerichtet sind, um aine 10. The Integrated circuit
process according to claim   Kanallinge derart zu bestimmen, daS bel der 8
or 9 including spacing the source and drain dif-  45  Verwendung, bei der
die Feidtdrkae In dem Kanal fusions so that the channel length is less than
2   mindestens 105V/cm betrfigt, helBe Triger durch micrometers.
Sto~lonisation In dem ersten Abschnittdes Slizi- 



umsubstrats erzeugt warden; und wobel der er- 11. The integrated circuit
process according to claim   ste Abschnitt des Sillziumsubstrats mit
Kohlen- 8, 9 or 10 Including spacing the source and drain  50  stoffatomen
In eaner Konzentratlon von minde- diffusions so that the channel length is
one ml-    stens 1016Icmn an der Grenzflache (18) dotbert crometer or less.
ist, so dal ein Einfangen der hefi~en Triger an der Grenzfliche unterdrOcid
wird und sine Ver- 12. The integrated circuit device according to any of
schiebung der Schwellenspannung mit fort- claims 8-11 in which the doping
step Includes im-  55  schreltender Zeit minimlert ist. planting or
diffusing the carbon atoms Into a shal- low layer of the substrate
immediately beneath   2. Die integrierte Schaltung gemil Anspruch 1, bel-
the substrate surface.                              der der erste Abschnitt
des Slitziumsubstrats mit 6    11                  EP 0 419 256 B1
12      * C   L          S Kohlenstoffatomen In elnern Konzentrationsbe-
10VA/cm betragt, heile Triger durch Stogionisa- reich von 10161om3 bis
1020/cmz dotlert Ist.       tion in dem ersten Abschnitt des Siliztunmub-
. strata erzeugt werden; und 3. Die integrierte Schaltung gemral Anspruch I
Dotieren des ersten Abschnitte des Silziumsub- odor 2, bet der die
Source-und Drain-Dlffusionen   5  strat mRi Kohienoffatomen in ero Konzntra
derart beabstandetsind, dae die Kanallange Idei-   tion von mindestens I
016Icns an derGrenzflche nor ala 2 Mikrometer 1st.
( (18), SO daB elin Einfangen der heiteqYTrsger an der Grenzfilche
unterdrfcddt wird und eins Ver- ; 4. Die integriertO Schaltung gemill
Anspruch 1, 2      spchiebung der Schweltenspannung mit fort- odr 3, be!
der die Kohionstoffatonte in es fla-  10  0chroltender Zelt miniiertwird. .
che Schicht des Substrata unmittelbar unter der Substratoberfiache
implantlert oder diffundiert  9. Das Verfahren fOr Integrierte Schaltungen
go-: sind.                                               mA Anspruch 10,
bel demn der orate Abschnitt des Siliziumsubstrats mit Kohlenstoffatornen
In S. Die integrierte Schaltung gemrl Anspruch 1, 2   t5  einem
Konzentrationsberelch von 1 61/cmr  bis oder 3, bet der das gesamte
Substrat mit den        I 02/cm3 dotiert wird. Kohlenstoffatomen dotlert
ist. 10. Dss Verfahren fOr integrierte Schaltungen ge--- 6. Die integrierte
Schaltung gernaB elnem betiebi-     mal .Anspruch 8 oder 9, dos das
Beabstanden gen vorhergehenden Anspruch, be! der die OxId-  20  der Source-
und Drain-Dlffuslonen tnsechilelt, Sllizium-Grenzflache  Wasserstoffatome
eln-        so dea die Kanallange zwel Mikrometer oder ge- schlieSt, wobel
ein Teil derselben mit Kohlen-      ringer ist. stoffatomen gebunden ist..
11. Des Verfahren fOr Intogrierte Schaltungen gW- 7. Die integrierte
Schaltung gemsB elnom beliebi-  25  mRS Anspruch 8, 9 odor 10, das des
Beabstan- gen vorhergehenden Anspruch, bel der die Sour-      den der
Source- und Drain-Dlffusionen dn- ce- und Drain-Diffuslonen derart
beabstandet        schilaet, so daB die Kanslinge sin Mlikrom-ter . sind,
deg die Kanallange einen Mikrometer oder      odor geringer tat. kieiner
ist. 30  12. Dos Verfahren fOr IntegrIerte Schaltungen ge- 8. Ein
Herstellungsverfahren fOr sine integrierte      m aeinem bellebigen
derAnsprOche 8 bis 11, bel Schaltung zum ierstellen sines gegen Alterung
dem der Dotierungsschritt das Implantboren odeL.. durch heile Eleitronen
resistenten Metall-Oxid-     Diffundleren der Kohlenstoffatome In
eineflache Siliztum-Feldeffekttranststors (MOSFET), das        Schicht des
Substrate unmittelbar unter der folgende Merkanale aufweist
35      Substratoberflache einschflelt Vorsehen sines Siliziumsubstrats
(12) mit elner oberen Substratoberflache (14);                 13. Das
Verfahren fur Integrierte Schaltungon ge- Bilden elner Gate-Oxildschicht
(16) Ober einem      mM einem bellebigenderAnsprflche8bbs11,bet ersten
Abschnitt des Substrats mit elner Oxid-      dem der Dotlerungsschritt dos
Vorsehen sines Silizium-Grenzflache (18) an der Substratober-  4o
SllIziumwafers als das Substrat sinscillelt, wo- flache;
bet die Gesamthettdesselben mit Kohlenstoffato- Bilden ednes leitfahigen
Gate-Kontakts (20) Ober    men dotiert wird. dem Gate-Oxid; Bilden sines
leitfihigen Source-KontaktsOberei-  14. Das Verfahren fOr integrierte
Schaltungen ge- 



nem zwvelten Abachnitt des Substrata auf ainer  45  mS elnem  belleblgen
der Ansprlche 8 bis 13, Selts der Gate-Oxidachicht und sines leitfahigen
bel dem Wasserstoffatoms in der Oxld-SWzlum- Drain-Kontakts (28) Ober olnen
dritten Abschnitt    Grenzfliche mit Kohlenstoffatomen gebunden des
Substrats auf etner gegenflberllegenden         sind. Selte der
Gate-OxIdschicht; Bilden etner Kanaldiffusion In dem ersten Ab-  s0  15.
Des Verfahren fOr integrierte Schaltungen ge- schnitt auf deam Substrat
unter dem Gate-Oxid,      mAE einem belbbigen der AnsprOche 8 bW  14, um
sine Schwellenspannung des Transistors           das das Beabstanden der
Source- und Drain- festzulegen, und von Source- und Drain-
Diffusionen elnschileet, so del die Kanallange Dlffusbonen (24, 26) in dam
zwelten bzw. dritten    ein Mikrometer odor geringer tat. Abschnitt des
Substrata;                   s5 Einrichten der Diffuslonen, um sine
Kanallinge derart zu bestimmen, dea bel der Verwendung, bel der die
Feldatarie In dem Kanal mindestens 7    13                  EP O 419 256 I8
14     *lC   L  1    S 1 Revqndlcatlons
5. Circuit int6gr6 selon la revendication 1, 2 ou 3, dans lequei
llnt6gralItb du substrat est dope avec *    t. Circuit Integr6 comportant
un transistor A effet de  lesdits atomes de carbone. champ
metal-oxyde-silclum (MOSFET) r6sistant contre la viellilssement par
6iectrons chauds, le-   6   6. Circuit int6gr6 selon I'une quelconque des
reven- dit transistor comprenant:                         dications
pr6c6dentes, dans lequel l'interface un substrat de siliclum (.12)
comportant      oxyde-silicium contlent des atomes d'hydrogane, une surface
supeieoure de substrat (14);.          dont une partie est 116i aux atomes
de carbons. une couche d'xyde de grille (16) recou- urant une premiere
partie du substrat et consti-  *o  7. CiRAuit int6grb solon l'une
quelconque des reven- tuant une interface oxyde-silicium (18) a la sur-
dictions precidentes, dana loquel les diffusions ; face du substrat;
desource etde drain sontespac6es de fagon quo un contact de grille
conducteur (20) recou-  la longueur de canal soit de un micrometre ou vrant
l'oxyde de grille;                           moins. un contact de source
conductbur (28) re-  t5 couvrant une seconds partbs du substrat sur un  B.
Prockideofabrication de circuit intgr6 pourrea- c6te de la couche d'oxyde
de grille;               liser un transistor a effet de champ m6tal-oxyde-
un contact de drain conducteur recouvrant     sililum (MOSFET) r6sistant
contre le vlelllisse- une trolbibme partie du substratsurle co6t6 oppo- .
ment par 6eectrons chauds, comprenant: s6 de la couche d'oxyde de grille;
20            ia r6alisation d'un substrat en silicum (12) une diffusion de
canal d'lmpuret6s de do-     comportant une surface sup6rieure de substrat
pant, dans la premblre partie du substrat, sous    (14); I'oxyde de grille,
d6finissantla tension de seuit du    la realisation d'une couche d'oxyde de
gril- transistor;                                        I s(16) au-dessus
d'une premibre partie du subs- des diffusions de source et de drain (24,
25  trat, avwc une Interface oxyde-silicium (18) A la 26) d'impuret6s de
dopant respectivement dane      surface du substrat; lea seconde et
trolsibme parties du substrat            la formation d'un contact do
grille conduc- les diffusions 6tant amenag6es de fagon       tour (20)
au-dessus de I'oxyde de grille; A d6finlr une longuour de canal tolle quo
lors de       la formation d'un contact de source l'utilisation,
I'intensite de champ dane Is canal sat  30  conducteur au-dessus d'une
seconds partlb du au moins de 106 volts/cm, ce par quoi des por-
substrat sur un cote de la couche d'oxyde de gril- tours chauds sont
g6n6r6s par lonisation d'ir-     le et d'un contact de drain conductour
(28).au-. pact dans la promiere partie du substrat de sili-  dessus d'une
trolsieme partbe du substrat sur Is clum; et
cOti oppos6 de la couche d'oxyde de grillse; la premiere partle du substrat
de silicium   35    la formation d'une diffusion de canal dane 6tant dopee
avec des atomes de carbons solon       la premibre partle du substrat, sous
l'oxyde de une concentration au moins de 1016 /cm3 A l'intbr-  grille,
d6finissantla tension de seuil du transistor face (18), de sorte quo le
pi6geage des porteurs   etdediffusions de source et de drain (24, 26) re-
chauds soft suppfime a li'nterface, et quo le d6-  pectivement dane les
secondo et troisibme par- calage de la tension de seull soft minimIs6 dane
40  ties du substrat; le temps.
I'amenagement des diffusions de fagon A 



d6finir une longueur de canal tells quo, bors de 2. Circuit int6gr6 solon
la roevndication 1, dane le-  l'utilisation, I'intenslit du champ dane le
canal quel la premibre partie du substrat desilicium est  soit au moins de
106 volts/cm, ce par quoi des dopee aveo des atomes de carbone selon une
45    portours chauds sont g6n~rhs par lonisation plage de concentration de
1016 /cm3 A 1020 lcmr.   d'impact dans la premiere partie du substrat de
silicium; et 3. Circuit lntegr6 solon la revendication I ou 2, dana      le
dopage de la premiere partio du subs- lequel les diffusions de source et de
drain sont   trat de silicium avoc des atomes de carbono se- espac6es de
fagon quo la longueurdu canal solt  so  Ion une concentration au molns de
1016 k$n  A Inferioure A 2 micrombtres.                        I'lnterface
(18), de sorts quo Is pi6geage des por- tours chauds solt supprim6 A
I'Intorface, et quo le 4. Circuit integr6 solon la revendication 1, 2 ou 3,
d6calage de la tension de seull soit minimIs6 dans loquel lee atomes de
carbons sont Implan-     dane le temps. tMs ou diffus6s dans une couche du
substrat peu   55 profondo, situ6e juste en-dessous de la surface  9.
ProcWd6 pour circuit Int6gr6 solon Ia revendica- du substrat.
tion 8, dans loquel la premiere partie du substrat.- - de silicium oet
dop6e avec des atomes de carbo- 8    ne selon une plage de concentration de
101 Icm3 b 1OP0/cm3. 10. Proc6d6 pour circuit Int6gr6 solon la revendica-
tlon 8 ou 9, comportant un espacement des dif-   5 fusions de source at de
drain tel quo la longueur du canal solt inferieure A 2 micrometres. 11.
Proc6d6 pour circuit intigr6 solon la rovendica- tion 8 9 ou 10, oomportant
un espaoorent des  10 diffusions de source at de drain tel quo la Ion-
gueur du canal solt de 1 micrombtre ou mohns. 12. Proc6de de circuit
Intigr6 selon l'une quelconque des revendlcatlons 8 a 11. dans lequel l
tape do   15 dopage comporte l'implantation ou la diffusion des atomes de
carbone dans une couche de substrat peu profonde, situie Juste on-dessous
de la surface du substrat '      '                    ,   ~~~~~~~~~~~20 13.
Proced6 pour circuit Int6gr6 solon l'une quelcon- quo des rovendications 8
a l, dans lequol l'etape de dopage comporte la realisatlon en tant quo dit
substrat dune tranche de silicum, dontl int6gra- Iite eat dop6e avec les
atomes de carbone.  25 14. Procede pour circuit intigr6 selon l'une
quelcon- quo des revendicatlons 8 & 13, dans lbquel des atomes d'hydrogbne
situ6s dane l'interface oxy- desiliclum sont 116s aux atomes de carbone.
30 15. Proc6d6 pour circuit Int6gre selon l une quelcon- quo des
revendlcations 8 A 14, comportant un es- pacement des diffuseons de source
et de drain tel quo la longuour de canal solt de un micrombtre ou   35
moins 40 45 50 55 9    


