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Another technique for reducing MOS transistor degradation is the lightly
doped drain (LDD), In which Technical Field
the concentration of conductivity-type determining impurities is reduced in
a neighborhood of the drain. This invention relates to semiconductor
devices   5   However, in this technique unwanted added series re- and more
particularly to transistor device structures  sistance in the drain outside
the transistor channel is In interested circuits and to methods for making
such  unavoidable, whereby the switching speed of the structures.
transistor is undesirably reduced, especiallywhen the added resistance is
comparable to the resistance of Background of the Invention
10  the channel itself, as is the case where the channel length is
approximately 0.5 micrometer or less. It is known in the art that
semiconductor devices,  Yet another technique for coping with the hot car-
particularly both bipolar and MOS (metal oxide sem-  rier problem is a
reduction in drain-source operating conductor) transistor devices, tend to
degrade with  voltages. This technique, however, entails not only use. That
is, for example, the transconductances [err]   15  loss of speed but also a
reduction in tolerable noise of these devices undesirably continue to
decrease af-  margins. Moreover In case the channel length goes ter
continued operation in the circuits. More specific  to approximately 0.5
micrometer or less, the reduction caly for a given MOS transistor a higher
drain-to-  in drain-source operating voltages would present a source
voltage [err] causes a higher rate of undesir-  serious obstacle to the use
of Bipolar Complementary able reduction of [err] and hence a lower lifetime
of  20   MOS (BICMOS) circuits because of the higher mini- useful operation
(operational lifetime) of the transis-  mum operating voltage requirements
of the bipolar tor.
transistors in such circuits. Each such device subject to this degradation
is    It would therefore be desirable to have a techni- incorporated in a
semiconductor body, typically sili-  que for reducing the rate of
degradation (increase the con; and the device comprises a p-n junction,
formed   25  operational lifetime) of MOS transistors, which does by the
interface of two regions of the semiconductor  not suffer from the
aforementioned problems. body, one of the regions having a relatively high
con-  EP-A-0419256, which forms part of the state of centration of
(conductivity-type determining) donoror  the art by virtue of Article
54(3)EPC, discloses a acceptor impurities, the other having a relatively
low  MOSFET doped with carbon in the channel region at concentration of
acceptorordonorimpurities, respec-  30  the interface with the gate oxide
to suppress hot elec- tively-i.e., a pan oran [err] junction, respectively.
The  tron trapping. The concentration is in the range[err] p-n junction
intersects the surface of the body at a lo-  - [err]. cation where the body
is coated with an insulating lay-  Patent Abstracts of Japan, vol.11, no.31
(E-475) er. Degradation Is believed to be caused by damage  (2478) 29th
January 1987 (JP-A-61-198681) disco- produced in the insulating layer
by"hot" (fast-moving)  35  ses a MOS device with Ne, Ar KrorXe Implanted
into charge carriers which are created in the region of rel-  the portions
of the source and drain regions adjacent atively low impurity
concentration, particularly in the  to the channel, to prevent hot
electrons from being neighborhood of the intersection of the p-n junction
trapped in the gate oxide layer. with the surface of the body. Accordingly,
because of  US-A-4837173 discloses implantation of Ge ions the higher
electric fields which are ordinarily present  40  near the location of the
source and drain regions at a In smaller sized devices and which cause a
more se-  dose of [err]. vere hot charge carrier problem, smaller sized
devic- es tend to have lower operational lifetimes.        Summary of the
Invention In U.S. Patent No. 4,704,547 issued to H. Kirsch on November 3,
1987, entitled "IGFET Gating Circuit  45  The aforementioned problems in
the prior art Having Reduced Electric Field Degradation," it was
techniques for increasing the operating lifetime (re- taught that the
degradation of MOS transistors due to  ducing the rate of degradation) of a
semiconductor hot carriers could be alleviated in complementary  device,
incorporated in a semiconductor body at a ma- transistor logic gates by the
technique of inserting an  Jor surface thereof and having a p-n junction
which in- extra (protective) transistor between the p-channel  50  tersects
the major surface, are alieviated in a transis- and n-channel transistors.
However, the technique of  tor as set out in claim 1. that patent requires
the added transistor, which may   It is believed that this decrease In
degradation is be undesirable from the standpoints of speed perfor-
attributable-for example, in MOS transistors--to a mance and of consuming
precious semiconductor       prevention of the formation of hot charge
carriers at surface area, particularly in complex logic circuits;  55
ornearthe drain, or both, byvirtueofscattering of the and the technique may
not be convenient to use in the  carriers by the germanium atoms. It is
theorized that context of circuits other than complementary transis-  this
scattering reduces the number of hot charge car- tor logic gates and the
like.                       riers that can penetrate to the insulating
layer, where 2    
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damage the insulating layer and de-  purity region in the form of a
germanium doped region grade device performance. Because they are neutral,
16 formed prior to definition or formation of the gate moreover, the added
germanium atoms apparently     electrode 13 but subsequentto theformation
and pat- do not significantly reduce the desirable mobility of  terning of
the field oxide 11. At that stage, the germs- charge carriers in the
channel. However, it should be   5   nium region is formed, by example, by
Implantation understood that the successful results obtained in  with two
doses of germanium ions, one having an en- this invention do not depend
upon the correctness of  ergy of 25 keV and the other having an energy of
110 any theory.                                        keV, using a
standard source of germanium ions. An- Advantageously, in order to ensure
p-n junctions  nealing is then performed at a temperature of about that are
shallow, any required relatively high temper-  10  950 degrees C, typically
for approximately 30 to 60 ature annealing of the neutral germanium region
can  minutes. Preferably, however, to ensure shallow be (but not
necessarily) performed prior to Implanting  source and drain junctions,
this annealing of the ger- the conductivity-type determining impurity
required  manium region, which is performed advantageously to form the p-n
junction (which thereafter generally re-  for a longer time or at a higher
temperature (or both) quires a relatively low-temperature annealing).  15
than the annealing of the arsenic at the source and drain, is performed
prior to formation-as by the ar- Brief Description of the Drawing
senic implantation--of the source and drain region. Because of the
relatively low diffusivity of germanium FIG. 1 isa cross-section diagram of
an MOS tran-  In silicon, this annealing does not significantly sistor
device in accordance with a specific em-  20  change the depth of the
germanium doped region 16. bodiment of the invention;
In another embodiment (FIG. 2) of the invention, FIG. 2 is a cross-section
diagram of an MOS tran-  an MOS transistor device structure 200 has a
similar sistor device in accordance with another specific  structure to
that of the previously described transistor embodiment of the invention;
and               device 100 except the germanium is implanted sub- FIG. 3
1 a cross-section diagram of an MOS tran-  25  sequent to the formation of
the gate, and either prior sistor device in accordance with yet another
spe-  or subsequent to the formation of the source and cific embodiment of
the invention.             drain regions 14 and 15; and, in addition to the
25 keV Only for the sake of clarity, none of the drawings  and 110 keV
doses of germanium used for the previ- Is to scale. Elements In different
FIGURES which are  ously described structure 100, a dose of 160 keV (or
substantially the same are denoted by the same ref-  30  higher) germanium
is Implanted into the body 10 In or- erence numerals.
der to ensure that a portion of the germanium region 26 extends outside the
metallurgical p-n junction 25 Detailed Description
of the drain region 15 laterally into and substantially all the way across
the width of the channel (at the sur- As shown In FIG. 1 an n-channel MOS
transistor  35  face 10.5 underneath the gate oxide layer 12), where device
structure 100 includes a portion 10 of a p-type  It can suppress hot charge
carrier formation. Again, silicon semiconductorbody. Upon a topmajorsurface
an annealing of the germanium region preferably is 10.5 of this body 10 are
located a relatively thick field  performed prior to source and drain
implantation. oxide layer 11 and a thin gate oxide layer 12. Typically  In
yet another embodiment (FIG. 3) of the inven- this gate oxide layer 12 has
a thickness of about 12  40  tion an MOS transistor device structure 300
has a nanometer or less for a channel length (gate oxide  similar structure
to that of the previously described length) of about 0.8 micrometer or
less. Upon the gate  device structure 200 except for the presence of a
oxide layer 12 is located an [err] polycrystalline silicon  side-wall oxide
(or other Insulator) layer 32. The Im- gate electrode 13, as known in the
art. Source and  plantation of arsenic to form the source and drain re-
drain regions 14 and 15, respectively, are of [err] type   45  gions is
performed subsequent to side-wall oxide for- conductivity, typically as
formed by ion implantation  mation; whereas the implantation of the
germanium of 80 keV arsenic followed by annealing, typically at  to form
the germanium doped region 36 is performed about 900 degrees C for about 10
minutes. Metal or  prior to side-well oxide layer formation in order to en-
metal silicide source and drain electrodes (not       sure that a portion
of the germanium region 36 ex- shown) are typically attached to the
respective sur-  50  tends outside the drain region 15 laterally into (and
faces of the source and drain regions, to complete the  across) the
channel. In view of the offset of the drain transistor device 100 and to
supply It with electrical  region 15 relative to the germanium doped region
36 access to the rest of the circuit (not shown) integrated  caused by the
side-wall oxide formation, there Is no in the silicon body.
need for a 160 keV germanium dose In addition to the As thus far described,
the transistor device struc-  55   25 and 110 KeV doses. Again, preferably
an annealing ture 100 is quite conventional. In accordance with this  of
the germanium region is performed prior to the Im- embodiment (FIG. 1) of
the invention, however, the  plantatin of the source and drain regions.
device structure 100 further comprises a neutral im-  Transistor devices of
the kind shown in FIGS. 1,2, 3    
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fabricated and successfully tested,  10.5, such neighborhood thus extending
laterally be- and the implantations of germanium to concentration  yond the
junction into the channel for a distance ad- in the approximate range of
3x[err]to 1x[err] (3E17 to  vantageously equal to at least approximately
0.01 mi- 1E20) per cubic centimeter have resulted in signifi-  crometer.
cant improvements (reductions) in the rate of degra-   5  Instead of ion
Implantation, other methods can be dation of the transconductance. More
specifically, to  used for obtaining a germanium region in silicon, such
obtain the germanium concentration of 3E17 per cu-  as epitaxially growing
germanium-doped-silicon (sili- bic centimeter, a dose of 1E12 persquare
centimeter  con doped with germanium). Finally instead of silicon of 25 keV
germanium ions plus a dose of 3E12 per   MOS transistors, other
semiconductor devices, such square centimeter of 110 keV germanium ions
(plus  10  as bipolar transistors, or diodes that suffer from hot a dose of
3E12 per square centimeter of 160 keV ger-  carrier degradation can be used
in conjunction with manium Ions In the case of the structure 200) can be
the neutral impurity regions of this invention. In the used. To obtain the
germanium concentration of I E20  case of such bipolar transistors or
diodes, advanta- per cubic centimeter, a dose of 3E14 per square cen-
geously the neutral impurity region encompasses the timeterof 25
keVgermanium ions plus a dose of 1 El 5   15  regions of the devices where
detrimental hot carriers per square centimeter of 110 keV germanium ions
are formed, particularly at or near (or both) an inter- can be used. It
should be noted that doses of germa-  section of a p-n junction with a
semiconductor sur- nium In an amount above about 3E19 per cubic cen-  face.
timeter produce amorphous silicon; doses below that amount produce damaged
silicon. Higher germanium   20 concentration than I E20 per cubic
centimeter may  Claims prove to be useful in conjunction with higher
anneal- ing temperatures. It should be noted, however, that  1. A MOS
transistor formed in a device region of a experiments performed thus far on
structures of the    first conductivity type in a silicon substrate, said
kind shown in FIG. 1 have indicated that the germa-  25  transistor
comprising a drain region (15) in a sur- nium concentration in this kind of
structure (but not in  face region of said device region forming a pn-
structures like 200 and 300) should be limited to not  junction with the
device region and having a high- more than 1E19 per cubic centimeter.
er impurity concentration than the device region, Although the invention
has been described in       a channel contiguous with the drain region, a
por- terms of specific embodiments, various modifica-  30  tion (16, 26,
36) of the device region containing tions can be made without departing
from the scope     germanium atoms, the concentration of germani- of the
invention. For example, the polysilicon gate can  um atoms in the portion
being at least 3X[err] be a [err] polysilicon or a metal gate, instead of a
[err] poly-  atoms/[err] and also being at least as high as the silicon
gate. Moreover, in addition to n-channel tran-  Impurity concentration of
the device region at the sisters, p-channel silicon MOS transistors
similarly  35  intersection of the pn-junction with the surface of can
benefit from neutral germanium regions in the      the substrate, the
portion being contiguous with neighborhood of the drain junction. Also both
p-chan-  at least one-half the intersection of said pn-junc- nel and
n-channel transistor devices can be intercon-  tion with the surface (10.5)
of the substrate, said nected and integrated in the same silicon body, as
portion extending laterally beyond the drain re- known in the complementary
MOS (CMOS) integrat-  40    gion into the channel fora distance of at least
0.01 ed circuit art, with either or both of these types of de-  [err].
vices having the neutral germanium impurity regions described above, to
reduce the rate of device degra-  2. The transistor of claim 1 in which an
insulating dation. In addition, MOS transistor devices of this in-  layer
(11, 12) overlies the surface of the sub- vention can be interconnected and
integrated with bi-  45  strate where the pn-junction intersects it. polar
transistors in the same semiconductor body. Also, a single annealing step
can be used to re-  3. An integrated circuit comprising the transistor re-
pair simultaneously both the germanium and the ar-     cited in in claim 1
or 2. senic damage at a temperature and for a time suff I- cient for
repairing the damage due to the germanium   50 implantation. However, in
the case of fabricating a de-  Patentanspruche vice of the kind shown in
FIG. 2, the parameters of such a single annealing step must be carefully
adjust-  1. MOS-Transistor1wier-in einem Bauteilbereich el- ed to ensure
that in the device 200 the germanium re-  nes ersten LeitfAhigkeitstyps in
elnem Siliclum- gion 26 extends beyond the metallurgical p-n junction   55
substrat ausgebildet let, wobei der Transistor el- 25 into the p-type
silicon body 10 everywhere in a     nen Drain-Bereich (15) in einer
Oberfilche des neighborhood of at least one-half the intersection of
Bauteilbereicha umfallt, welcher elnen p-n-Ober- the metallurgical p-n
junction 25 with the surface     gang mit dem Bauteilbereich bildet und
eine h8- 4    



5                   EP 0 419 128 B1                 6 and 3 have been
fabricated and successfully tested,  10.5, such neighborhood thus extending
laterally be- and the implantations of germanium to concentration  yond the
junction into the channel for a distance ad- in the approximate range of
3x1017 to 1x[err] (3E17 to  vantageously equal to at least approximately
0.01 ml- 1E20) per cubic centimeter have resulted in signifi-  crometer.
cant improvements (reductions) in the rate of degra-   5  Instead of ion
implantation, other methods can be dation of the transconductance. More
specifically, to  used for obtaining a germanium region in silicon, such
obtain the germanium concentration of 3E17 per cu-  as epitaxially growing
germanium-doped-sillicon (sili- bic centimeter, a dose of 1E12 per square
centimeter  con doped with germanium). Finally instead of silicon of 25 keV
germanium ions plus a dose of 3E12 per   MOS transistors, other
semiconductor devices, such square centimeter of 110 keV germanium ions
(plus  10  as bipolar transistors, or diodes that suffer from hot a dose of
3E12 persquarecentimeterof 160 keVger-    carrier degradation can be used
in conjunction with manium ions in the case of the structure 200) can be
the neutral impurity regions of this invention. In the used. To obtain the
germanium concentration of I E20  case of such bipolar transistors or
diodes, advanta- per cubic centimeter, a dose of 3E14 per square cen-
geously the neutral Impurity region encompasses the timeterof 25 keV
germanium ions plus a dose of 1E15   15  regions of the devices where
detrimental hot carriers per square centimeter of 110 keV germanium ions
are formed, particularly at or near (or both) an inter- can be used. It
should be noted that doses of germa-  section of a p-n junction with a
semiconductor sur- nium in an amount above about 3E19 per cubic cen-  face.
timeter produce amorphous silicon; doses below that amount produce damaged
silicon. Higher germanium   20 concentration than I E20 per cubic
centimeter may    Claims prove to be useful in conjunction with higher
anneal- ing temperatures. It should be noted, however, that  1. A MOS
transistor formed in a device region of a experiments performed thus far on
structures of the   first conductivity type in a silicon substrate, said
kind shown in FIG. 1 have indicated that the germa-  25  transistor
comprising a drain region (15) in a sur- nium concentration in this kind of
structure (but not in  face region of said device region forming a pn-
structures like 200 and 300) should be limited to not  junction with the
device region and having a high- more than 1E19 per cubic centimeter.
er impurity concentration than the device region, Although the invention
has been described in       a channel contiguous with the drain region, a
por- terms of specific embodiments, various modifica-  30  tion (16, 26,
36) of the device region containing tions can be made without departing
from the scope    germanium atoms, the concentration of germani- of the
invention. Forexample, the polysilicon gate can  um atoms in the portion
being at least 3x[err] be a [err] polysilicon or a metal gate, instead of a
[err] poly-  [err] and also being at least as high as the silicon gate.
Moreover, in addition to n-channel tran-  impurity concentration of the
device region at the sistors, p-channel silicon MOS transistors similarly
35  intersection of the pn-junction with the surface of can benefit from
neutral germanium regions in the     the substrate, the portion being
contiguous with neighborhood of the drain junction. Also both p-chan-  at
least one-half the intersection of said pn-junc- nel and n-channel
transistor devices can be intercon-  tion with the surface (10.5) of the
substrate, said nected and integrated in the same silicon body, as
portion extending laterally beyond the drain re- known in the complementary
MOS (CMOS) integrat-  40   gionintothechannelforadistance of at least 0.01
ed circuit art, with either or both of these types of de-  [err]. vices
having the neutral germanium impurity regions described above, to reduce
the rate of device degra-  2. The transistor of claim 1 In which an
insulating dation. In addition, MOS transistor devices of this in-  layer
(11, 12) overlies the surface of the sub- vention can be interconnected and
integrated with bi-  45  strate where the pn-junction intersects it. polar
transistors in the same semiconductor body. Also, a single annealing step
can be used to re-  3. An integrated circuit comprising the transistor re-
pair simultaneously both the germanium and the ar-    cited in in claim 1
or 2. senic damage at a temperature and for a time suffi- cient for
repairing the damage due to the germanium   50 implantation. However, in
the case of fabricating a de-  Patentanspruche vice of the kind shown in
FIG. 2, the parameters of such a single annealing step mustbe carefully
adjust-  1. MOS-Transistor, der in einem Bautellbereich ei- ed to ensure
that in the device 200 the germanium re  -nes ersten Leltflhigkeitstyps in
elnem Silcium- gion 26 extends beyond the metallurgical p-n junction  55
substrat ausgebildet ist, wobel der Transistor el- 25 into the p-type
silicon body 10 everywhere in a    nen Draln-Bereich (15) in elner
Oberfldche des neighborhood of at least one-half the intersection of
Bauteilberelchs umfallt, welcher einen p-n-lber- the metallurgical p-n
junction 25 with the surface    gang mit dem Bautelibereich bildet und  ane
hW- 4 *   C    L     M    S    *   
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Verunreinigungskonzentration hat als der Bautelbereich, onen Kanal, der mit
dem Drain- Bereich zusammenhAngend let, ehen Abschnitt (16, 26,36) des
Bauteilberelchs, derGermanlum- atome enthIlt wobei die Konzentration der
Ger-   5 maniumatome in dem Abschnitt wenigstens 3 x 101'AtomecrmS
betragtund ebenfallswenigstens
..    : so hoch wie die Verunrehnigungskonzentratbon- des Bauteilberelchs
am Schnittberelch des p-n- Obergangs mit der Oberflache des Substrates 1o
Ist, wobei der Abschnitt mit wenigstens einer Hlifte des Schnittberelcho
des p-n-Obergangs mit der Oberflache (10.5) des Substrates zusam-
menhangend !et, wobei sech dorAbschnittseltlich 0ber den Draln-Berelch in
den Kanal Ober einen   15 Abstand von wenigstens 0,01 pm erstrecit. -
2. Transistor nach Anspruch 1, bei welchem elne Isollerschicht (11, 12)
fiber der Oberflache des Substrats iiegt wo der p-n-Obergang diese   20
schneldet. 3. Integrierte Schaltung umfassend den In An- spruch I oder 2
erwahnten Transistor. 25 Revendications 1. Un transistor MOS form6 dans une
r6gion de dis- positif dun premier type de conductivit6 d'un   30 substrat
en sillcium, co transistor comprenant une r6glon de drain (15) dans une
r6gion de sur- face de la reglon de dispositif, formant une jonc- tion p-n
avec la region de disposatif et ayant une concentration en Impuretes
supeileure A celle de   35 Ia r~gion de dispositif, un canal contigu A la
r6- gion de drain, une partie (18, 26, 38) de la region de dispositif
contenant des atomes de germa- nium, la concentration d'atomes de germanium
dans cette partie etant au moins de 3 x 1017 ato-  40 nmes/cm3 et etant
egalement au mons aussi ele- vee que la concentration en impuretes de la
re- gion de dispositif A l'intersection de la jonction p- n avec la surface
du substrat, la partle precit~e Atant oontigug A au moins la moitie de
'lIntersec   45 tIbn de la Jonction p-n avec la surface (10.5) du substrat,
et cette partie s etendant lathralement au-dela de la reglon de drain et A
ltInterleur du ca- nal sur une distance d'au mains 0,01 pm. 50 2. Le
transistor de la revendication 1, dans lequel .une couche isolante (11, 12)
recouvre la surface du substrat a l'endroit auquel la jonction p-n la
rencontre. 55 - 3. Un circuit integre comprenant le transistor spci- f 16
dans la revendication 1 ou 2. *    C   L   M  S   *    


