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-1- S ' GETTERI NG OF | MPURI Tl ES BY

FGRM NG A' STABLE CHEM CAL COVPOUND Backgr ound of
the Invention 5 The present invention relates in general to

sem conduct or manuf acturing and, nore particularly, to the gettering of
inpurities in a sem conductor. -1 silicon, netal | rgsisiges,

particularly the heavy netallic 10 inpurities such as iron, copper, and
ni ckel , can produce deep eGEDVERING IO INMBYRERES ng undesi rabl (post

generation and r ec oOBYI FORMINGH STARPE CHMENMICAL EGMPOUND active reﬁg';d)ns
of the substrate. Sone netal inpurities diffuse very rapidfy in sili‘on

at nodest tenperatures, and due to their low solubility can florm 158g¢p 2134 -0

precipitates. Wien these pred@gskgroanadf of thet invemtion i con/ silicon

di oxide interface, the barrier height for electron transfer from t he
silicon to the oxide is reduced and the sites becone high current
density paths thatThesprasemt pwvemndionr ¢elatesidnt general tofsemicandisaior
precipitates a erseipi s Nl U ' of the
sen conduct or_rfr%g‘l\i/[l‘l!r %éet,lﬁ.{ng;%g%de’ gfj(?ﬁréer?t%% p?%%?%eﬁp-w Rlb @%&’ﬁe‘gﬁl&z iQ)gn w |

i ncrease becdieuidiies nd 1@ FEMIGINAUGIOkar ri er generation rate.

Accordingly, deviciy pslicenmnetaldeapadiRies, Opakticularly 1881 AeAYYChpstalipyi ce
may fail 10 impurities such as iron, copper, and nickel, can produce deep
energy level sites causing undesirable generation and
recombination of minority carriers in the active regions of the
substrate. Some metal impurities diffuse very rapidly in silicon
at modest temperatures, and due to their low sofubility can form
15 precipitates. When these precipitates form at the silicon/silicon
dioxide interface, the barrier height for electron transfer from
the silicon to the oxide is reduced and the sites become high
current density. paths that result in premature oxide failure. If
these precipitates form at or near a reverse biased P-N junction
20 of the semiconductor device, leakage current from the P-N
junction will increase because of the high minority carrier
generation rate. Accordingly, device performance degrades, or the
semiconductor device may fail.
The metal impurities can arise from a variety of sources.
25 For example, metal impurities may come from placing a material
on the wafer surface during processing, or from the processing
equipment itself. Once the metal impurities reside on an exposed
silicon region of the wafer, subsequent high temperature
processing allows the metal impurities to diffuse throughout the
30 substrate. A variety of techniques have been proposed to reduce
the concentration of contaminants: including uitra clean
processing, cleaning processes and gettering.
Ultra clean processing reduces contamination in the
manufacturing process thus lowering the level of contamination
35 that reaches the silicon substrate. Uitra clean processing
involves sophisticated ultra clean factories, and the use of ultra
pure chemicals and gases. While ultra clean processing has been
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cl eani nglpr odaaistay@f the semiconductor industry. Although several
' different techniques have been developed, each involves the
production of low energy sites that can trap the mobile
impurities. Among the most prevalent techniques are various
forms of backside damage, including mechanical abrasion, silicon
15 nitride or polysilicon deposition, and argon implantation. More
recently, techniques for producing damage on the front side of
substrates, but away from active semiconductor areas, have been
developed. The front side techniques tend to be more permanent
than the backside processes.
20 Another common method is oxygen precipitation gettering,
sometimes called denuded zone intrinsic gettering. In this
method a wafer with a specific range of oxygen concentration is
processed through particular cycles of heating and cooling to
produce denuded zones near the top and bottom surfaces of the
25 substrate and with a high concentration of oxygen precipitates in-
between the denuded zones. The oxygen precipitates serve as
gettering sites for the mobile impurities.
There are two basic gettering techniques: damage gettering
and oxygen precipitate gettering. Unfortunately, oxygen
30 precipitate gettering is not very effective in gettering some
impurities such as iron because iron does not form stable
precipitates at the oxygen precipitate sites. Hence, the iron
impurities may be re-emitted into the silicon substrate upon
subsequent processing. Damage gettering loses effectiveness
35 with subsequent high temperature processing which anneals much
of the damage. In addition, neither technique is applicable to



lim tfng their effectiveness. Substrate gettering techni ques and
structures have been the 10 nminstay of the sem conductor industry.
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FIG. 4 illustrates an MOS transistor with reactor atoms
implanted in the control gate and floating gate.

Detailed Description of the Preferred Embodiment

20 Referring to FIG. 1, a silicon substrate 10 is shown having a
front surface 12 and a back surface 14. Semiconductor devices
are formed in active regions 16 and 17. The processes of forming
active semiconductor devices into front surface 12, including ion
implantation, oxidation, photolithography, diffusion, cleaning,

25 etching, and chemical vapor deposition, are well known to those
skilled in the art of silicon process technology.

During each process step, metal impurities 18 may be left
at or near front surface 12. When substrate 10 is heated during
processing, metal impurity 18 may penetrate and diffuse

30 throughout the silicon substrate very rapidly. For example, at
1000°C, copper diffuses through thirty mils of silicon substrate
in about sixty seconds. In the absence of any appreciable
concentration gradient, metal impurity 18 follows a random path
as suggested by path 20. It is desirable to keep metal impurities

35 away from active regions 16 and 17 to prevent generation and
recombination of minority carriers which degrades performance,



4

- 3- . gettering in polysilicon |ayers, separated fromthe substrate by a

di électric |ayer. Accordingly, a need exists for gettering nobile
i mpurities that is applicable to silicon and polysilicon |ayers where
the 5 inpurities remain gettered during subsequent processing.

Brief Description of the Draw ng -4-FIG 1 illustrates a silicon

substrate with reactor atoms 10 combining with metal inpurities to form
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th reactor .
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' metal impurities, e.g. iron, that diffuse in close proximity to and
collide with the reactor atoms. The stable chemical compounds
10 do not decompose during subsequent processing, so the mobile
impurities bonded in the stable compounds remain substantially
immobilized, or gettered, at the reactor atom sites.

In the prior art, metal impurities are typically gettered by
precipitation at oxygen precipitate sites. However, some of the

15 metal impurities are likely to detach from their precipitate sites
during subsequent processing and potentially diffuse into the
active semiconductor regions. Thus, some metal impurities
gettered at oxygen precipitate sites do not form stable
precipitates. Notable among these metal impurities that do not

20 form stable precipitates is iron. In contrast, the present
invention substantially immobilizes the metal impurities by
forming stable compounds, e.g. iron bonds with sulfur to form
FeSy. The stable compounds formed by the present invention do
not decompose and release the metal impurities during subsequent

25 processing steps. Metal impurities are thus kept away from the
active semiconductor regions.

In FIG. 1, reactor atom 22 is introduced into silicon
substrate 10 through back surface 14. Reactor atom 22 may be
intfroduced by ion implantation and other well known methods such

30 as diffusion. Reactor atom 22 is chosen to be relatively immobile

' in silicon so that it remains substantially fixed in a region within
substrate 10. Reactor atom 22 is chemically reactive with metal
impurity atom 18. When the temperature becomes sufficiently
high, say 800-1000°C, and metal impurity 18 passes in the

35 attractive vicinity so as to collide with reactor atom 22, a
chemical bonding occurs to form a stable chemical compound 24.
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the silicon in close proximity to one another so that the solid
solubility of the reactor atoms in silicon is exceeded. Reactor
atom 22 may also form more complex chemical compounds with
more than two atoms, e.g. one bond with metal impurity 18 and

15 another bond with a silicon atom as illustrated by the more
complex chemical compound 26 of FIG. 1.

The metal impurities 18 that are highly mobile in silicon
and thus are of concern as contaminants during semiconductor
manufacture include iron, copper, nickel, zinc, and lithium.

20 Reactor atoms 22 that are substantially immobile in silicon and
that can form stable compounds with mobile contaminating atoms
18 are selected from Group VIA of the periodic table. Choices of
reactor atoms 22 include sulfur, selenium and tellurium. Sulfur
has a solid solubility of less than 1017/cm3 in silicon. Thus, an

25 implant of 2x1014/cm?2 of reactor atoms within a depth of 2000
angstroms giving an average sulfur concentration of 1019/cm3
would provide sufficient free reactor atoms to react with the
mobile impurities. A sulfur source for ion implantation is sulfur
hexafluoride (SFg) ionized in a plasma. Implant energies are the

30 same as those commonly utilized for donor and acceptor implant
into silicon, say 20-120KV. Doses higher than 2x1074/cm2 may
be used where contamination is extreme.

It is important that the implanted reactor atoms combine
with the metal impurity to form a stable chemical compound.

35 Chemical compounds with high melting points are indicative of
stable compounds. Some examples of compounds that would
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In FIG 1, repsddtiviBt QuitR2specifiet et eimpQtitiesl | | FoR exampiebssuififre 10
t hrough back surface eact or _atom

14. R 22 D t d
i mpl ant ati on and seleniuf.reagiop Homs HB@E’NSécHﬁ%l@m%@I@i b]% u?grﬁ'.e?%qe:ag? or
atom 22 i10 chivsporities beoppéraiaindeizing rtooforne stable ichesniciat wompouhds i t
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atom 22 is che y reacti et al _irrBurity,atoml& When the
t enper at ure beconeSuguingi ta d1iQ.y2, substriage, 184ds shownowdihe reactor sai®me:t al

\mpurity 18 Poosafiplahtblctiteught (AL SUffatkC D! o Yetferlfy TRbione Wi th
reactor atom 22, ad " chem c %)ém |é\g17occ‘ursdtdqt,f rmats al:% e 02 m cal
conpound 24. around active regions an . In addition, reactor atoms
15 are introduced through back surface 14 by way of ion implantation
to form another gettering region. The gettering regions collect
impurities that combine with reactor atoms 22 contained therein
to form stable chemical compounds. During wafer processing,
rapidly diffusing metal impurities may enter substrate 10 through
20 active regions 16 and 17 where silicon is exposed. The impurities
diffuse throughout substrate 10 and bond to reactor atoms 22 to
form the stable chemical compounds, thereby preventing
generation and recombination of minority carriers in active
regions 16 and 17 by the impurities.
25 In FIG. 3, an MOS ftransistor is shown fabricated in substrate
10. The MOS transistor includes source region 36 and a drain
region 38. Gate oxide layer 40 is formed above the channel
between source region 36 and drain region 38. Gate oxide layer 40
may be composed of thermally grown or deposited layers of Si0s.
30 A polysilicon gate 44 is formed at interface 42 of gate oxide 40.
it is known that mobile metal impurities may be present in the
polysilicon, possibly introduced during the polysilicon deposition
cycle or during subsequent processing. Reactor atoms 46 are
introduced by ion implantation into the top surface of polysilicon
35 gate 44 to bond with the metal impurities to form stable
compounds. The reactor atoms thus getter the metal impurities



thal'inpurity 18 is thus gettered to reactor atom 22 to prevent its
random noti on around substrate 10 and possi bl e introduction into
active regions 16 and 17. Reactor atom 22 is further chosen such
that the chemcal 5 conpound formed with netal inpurity 18 is stable
during subsequent hi gh tenperaturerocessing steps. In order that
reactor atom 22 renains free to bond to netal inpurity 18, it nmust be
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ITlhleufr; th ef' l@ﬁ&;tﬂ}:é i § 50 éatndg?gm' %rﬁ éﬁbgﬁ m@@uﬁﬁapfwﬁbﬁan 1zalreus- e
of concern gg‘ §t9ﬂeéfnﬂ?‘|%rﬁa§“9Jlef‘?f&n§g '3!/‘5‘50 I‘%‘a%ﬁ L34 Eeg‘HEI ude
i ron, copper 50nisetmedi o, gatedokidehlayer £0 atwasltlwe chianmel 2etWedn ar e
substan 1 ok B ek PR Vi, oS Bl ThgleBpe compouncs
peri odi c1@ablsepachigisc gatefregions b8aand bt cﬁateeaxidazlam Sﬂlamip, sel eni um
and telluri ugohwliliédh gate regions 50 and 54 form a capacitor. Gate oxide
layer 40 and interpoly gate oxide layer 52 are dielectrics
composed of thermally grown or deposited layers of Si0s.
Aiternately, gate oxide layers 40 and 52 may be layered
15 structures such as superimposed thermal and deposited Si0s
layers, or oxide-nitride-oxide (ONO) sandwiches. Polysilicon gate
54 operates as the control gate for gate region 50 in a floating
gate configuration of a memory device such as an EPROM or
EEPROM. Alternatively, gate region 50 may operate as the gate of
20 an MOS transistor having source region 36 and drain region 38.
it is desirable to keep metal impurities away from
polysilicon-silicon dioxide interfaces between gate oxide layer
40 and gate region 50, between gate region 50 and gate oxide
layer 52, and between gate oxide layer 52 and gate region 54. The
25 metal impurities may precipitate at the interfaces and degrade
the performance of the memory device. Accordingly, reactor
atoms 56 are ion-implanted into polysilicon gate regions 50 and
54. The reactor atoms are implanted at or near the top surface of
gate region 54 as shown. The reactor atoms getter the metal
30 impurities and prevent precipitating at the interface between
gate region 54 and gate oxide layer 52 which could have a
detrimental effect on performance and reliability of the MOS
transistor.
Reactor atoms 56 are introduced into polysilicon gate
35 region 50 in an area approximately at one-half of its thickness. A
first layer of gate region 50 is formed on gate oxide layer 40 one-



has a solid solubility of Iess than 10[err]/cnierr] in silicon. Thus, an 25
i ipl ant of 2x10[err]/cnferr] of reactor atons within a depth of 2000
angstrons giving an average sul fur concentration of 10[err]/cnferr]

woul d provide sufficient free reactor atons to react with the nobi | e

I mpurities. A sulfur source for ion inplagation is sulfur

hexafl uoride (SF6) ionized in a plasma. |Inplant energies are the 30 sane

as those comtplf thttotaIZﬂﬂcknesslondThearréa@mem@mg apé aign-implanted ointo

wher o cont anitAg: 1G5 81 Wi Tatdader, THE iy HERNERS! of BotysgilicoR® Uoe
i npl ant ed r eagater regions50oisbitnen depositedy t Aaynmecbile mpetal timpuritias m a

stabl e chem C S g t oints
are indicati \Cf’%ﬂtgﬁ ﬂﬁpﬁﬂ%"@\ ﬁsn}@én BQDBHHQ thrFQc{Hr gtémgo%ﬁgtgo t hat
woul d 5 form stable compounds away from polysmcgn s:hco&u@gdgnt.m ly

| mobi i ze 1 nfflrkdge| LT rt Btéimisy B! getter HRBP MGG iAliRRASST NY
limts include ron sulfl H oint of 1195C, and
iron pyrite ( ‘%%g?ﬂ'ﬁﬁ at ﬂﬂ%lmeHP(@le&é en 92§ 19d@xanpl es
of stable corag en@i? ahdl gaiengegibnBoyupnd Between qyatet region 180 whel Gateer r] Se,
Cuferr]sS, ZnE§<gé $§§£§g? Nl [err]S[err]2 and Li[err]S. In addition,

mul tiple type at ons may be inmplanted to take advantage of
i ndi vi dudl react orBytrow it shoulddoee iappreciated thatcthie ceaetos atomsairda i es.

For exanple, sl t¥4ct appreciably with the silicon in substrate 10, but remain
within the specific regions during subsequent processing. The
reactor atoms are chosen to form stable chemical compounds with
mobile metal impurities that diffuse in close proximity so as to

15 collide with the reactor atoms. The stable chemical compounds
do not decompose, i.e. impurities detach from the reactor atoms,
during subsequent processing. The mobile impurities thus become
immobilized at the reactor atom sites. The reactor atoms may be
introduced broadly into the back side of the substrate, and into

20 unused areas such as scribe grids in the front side of the
substrate. The reactor atoms may also be introduced into
polysilicon gate layers of MOS ftransistors.

While specific embodiments of the present invention have
been shown and described, further modifications and

25 improvements will occur to those skilled in the art. 1t is
understood that the invention is not limited to the particular
forms shown and it is intended for the appended claims to cover
all modifications which do not depart from the spirit and scope of
this invention.
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I mpurities to form stabl conpounds. The reactor atons thus getter the

metal inpurities
4, The semiconductor substrate of claim 2 wherein said group

VIA atoms includes selenium.

5.  The semiconductor substrate of claim 2 wherein said group
VIA atoms includes tellurium.

6. The semiconductor substrate of claim 2 wherein said
impurities includes iron, copper and nickel.

7. A method of gettering impurities (18) in a semiconductor
substrate, comprising the steps of:
disposing reactor atoms (22) into the semiconductor
substrate (10); and
5 immobilizing the impurities by combining with said reactor
atoms to form a stable chemical compound (24).

8. The method of claim 7 wherein said reactor atoms are group
VIA atoms.

9. The method of claim 8 wherein said step of disposing
includes the steps of implanting said group VIA reactor atoms
into the semiconductor substrate.

N
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ef fect on perfortmamces reliability of the MOS transistor. 5

FIG 4 illustrates an MOS transistor with two polysilicon gate regions
50 and 54. Conponents having a simlar fuRjgtion are assigned the sane
reference nunbers used in FIG 3. Gate region 50 is fornmed on gate

oxi de | ayer 40 above the channel between source region 36 and drain

regi on 38. Gaty OXI I e tes gate regions 50 and 54. Gate
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oxi de layer 52
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rr].

conmposed of thmwnh&*uhﬂﬂ@ﬂ“s@bsﬁ%ﬂ?s'ted layers of SiO[e
Alternately, gate oxide layers 40 and 52 may be layered 15 structures such

as superinposed thermal and deposited SiO[err] | ayers, or

oxi de-nitride-oxide (ONO sandw ches. Polysilicon gate 54 operates as
the control gate for gate region 50 in a floating gate configuration
of a menory device such as an EPROM or EEPROM Alternatively, gate
region 50 may operate as the gate of 20 an MOS transistor having source
region 36 and drain region 38. It is desirable to keep neta
inmpurities away from pol ysilicon-silicon dioxide interfaces between
gate oxi de | ayer 40 and gate region 50, between gate region 50 and

gate oxide

| THIS SHEET HAS BEEN
REPLAGED

T




Iayer‘ 52, and between gate oxide |ayer 52 and gate region 54. The 25 netal

inpurities may precipitate at the interfaces and degrade t he

per formance of the nmenory device. Accordingly, reactor atons 56 are
ion-inmplanted into polysilicon gate regions 50 and 54. The reactor
atons are inplanted at or near the top,gurface of gate region 54 as

shown. The reactor atonms getter the metal 30 inpurities and prevent
precipitating at the interfacegPeErPRENG OF IMPYURITIESI on 54 and gate oxide

| ayer 52 which could hg\quéRMINgsggﬁéB'@éﬁlEm A?_céowg;(@@mpr mance and

reliability of the MOS or atons 56 are
introduced into polysilicon gate 35 region 50 in an area approximtely at

one-hal f of its thickness. A Apstrddt’ o “-@/q])ls@]og%e region 50 is forned
on gate oxide |ayer 40 one- its total thickness. The

reactor atons are ion-inplanted into the top of the first layer. The
remai ni ng t hi ckneReaetondtymis I(QQP are irtpdGucediipko 28 sificohesuldspaty t ed.

Ay ot TEHGH, /TG bhRntataf o ol RBL VAl FRR T B TP 4B
oxi de i nfami stable Themiealccompounds (24)s ghea establleecommiundqadm ties
and brovent fBEUBIdfibheg dhd | iafoddd AEARRAPIERARA! BuPN'SubseqliBke" 52
10 ~processing steps. Sucﬁ metal lmpunt:es are detnmental to
semiconductor devices formed in active regions (16, 17) in the
silicon substrate. The reactor atoms such as sulfur are chosen to
be substantially immobile in silicon at normal semiconductor
processing temperatures. The metal impurities such as iron are
15 effectively gettered to increase performance and reliability of
semiconductor devices formed in the active regions (16, 17) in
the silicon substrate.

FIG. 1 accompanies this abstract.

20



odeé | ayer 40. 10 By now it should be appreciated that the reactor
afons do not react appreciably with the silicon in substrate 10, but
remai n wi thin the specific regions during subsequent processing. The
reactor atons are chosen to form stable chem cal conpounds with nmobi | e
metal inpurities that diffuse in close proximty so as to 15 collide with
the reactor atons. The stable chem cal conpounds do not deconpose, i.e.
inmpurities detach fromthe reactorl%;qns, during subsequent processing.
The nobile inmpurities thus becone i rmobi i zed at the reactor atom
sites. The reagtor g oms nay ge izpt roduced broadly into the back side
of the substrate_ _ang into 2 unused areas such as scribe grids in the
front side of thel substr ._The rebhctor atons may al so be introduced
into pol y$i |l i con gateftayeks of transi stors. Wi | e

speci fic enbofi pgnts ofpghe sent inantion have been shown and
descri bed, fufther i ficationg andpg5f inprovenents will occur to those
skilled in the art ' cundegstopd that the invention is not limted
to the particplar forms Shown and {t is intended for the appended
clainms to cover 7 alr nooarrrecarrons which do not depart fromthe spirit
and scope of 22 this invention. 14
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“What is elaimed is: 1. A sem conduct or substrate conprising a ngw(j,pg

regi on ' reactor el enment .gshi ch conbines with an inpurity to

forn1aLE ‘ iﬂd that inmobilizes said ippurity. 2.  The

semi co y s of claim1l wherein said | eed apestfmRAEEY ! udes
3 [ Y=Y

sul fur. The sem conduct or subgipgs of cl LN..S31 d reactor

el enent includes sel eni um 4. The sem conduc %%Paééate off dlaim 1

wherein said reactor elenent includes tellurium 5 e ijcdnduct or
L.ron, copper, |or

substrate of cl g§j . |.said inpurity includg
ni ckel . 6. i)‘lﬁéﬂg‘ﬁiﬁf@é%lsr egion in a sem conductor device congrising a

gettering region for immobilizing an inpurity b jpurity
with a reactor elenment in said gettering region to forma cheni cal conpound
that i nmobil.i zesA samicanduetor substrate comprising a gettering region that includes

a reactor element which combines with an impurity to form a chemical

compound that immobilizes said impurity.

2. The semiconductor substrate of claim 1 wherein said reactor element
includes sulfur,

3. The semiconductor substrate of claim 1 wherein said reactor slement
includes selenium.

4, The semiconductor substrate of claim 1 wherein said reactor element
includes tellurium.

5 The semiconductor substrate of claim 1 wherein said impurity
includes iron, copper, or nickel.

6. A polysilicon region in a semiconductor device comprising a gettering
region for immobilizing an impurity by combining said impurity with a
reactor element in said gettering region to form a chemical compound that
immobilizes said impurity.

7. The polysilicon region of claim 6 includes said gettering region in a
gate of an MOS transistor.

8. The polysilicon region of claim 7 wherein said reactor element
includes sulfur.

9. The polysilicon region of claim 7 wherein said reactor element
includes selenium.



7. The po f claim6 includes said gettering region in a
gat e of an M\mmg“mﬂm The a0l ysilicon region of claim7 wherein
sai d reactor erent imclsudés sul fur. 9. The polysilicon region of
claim7 wherein said reactor el enent includes sel enium 10. The
pol ysilicon regi on of cI aim7 wherein said reactor el enment includes

tellurium Thero ysilicon region_of claim6 wherein said inpurity
i ncl udes i rmq C‘B’;g)gp wporr\.r@gl@n of claim 7 wherein said reactor element

includes tellurium.

11.  The polysilicon region of claim 6 wherein said impurity includes iron,
copper, or nickel.
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