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METHOD OF COPZEB TRANSPORT ZBEVENTION BY A SPUTTERED
' GETTERING LAYEK ON BACKSIDE OF WAFER

* ELELD OF THE INVENTION

'The present invention . relates "generally to fabrication of

semiconductor devices used in integréted circuits, and specifically to a method of

~preventing copper transport during fabrication of semiconductor devices.



BACKG ND OF THE INVENTION

A full-faced nitride film may be maintained on the backside of a wafer

to prevent diffusion of copper species into the wafer during further'processing.

U.S. Patent No.- 5,614,433 to Mandelman describes a method for
forming an silicon-on-insulator (SOI) complimentary metal oxide semiconductor
(CMOS) iﬁtegrqted circuit (IC), containing NFET’s (N-type field effect transistors)
and PFET’s (P-type field effect transistors). An ion implantation (I/ i) of alﬁminum
- (Al) is formed below the channel areas of NFET s that sﬁppfesses backside leakage
in the PFET’s and NFET's. o |

U.S. Patent No. 5,296,385 to M.os_leh_i. et al. describes a method for
semicopductor walfer backside prep_arati(_)h to pfev-'é'nt iﬁffared light transmission
through the w_afér By either heavily damagihg the Wafer backside or heavily doping
the back side wafer, and forming a top layer of s'ilicér{ nitride over the wafer -
| backside. | | | |

U.S. Patent No. 5,360,765 to Kondo et al. désc__ﬁbés 2 method for
~ forming -elecfr_édes of a semiconductér devic'e by forming a contact m.etal film over
a sil.icon substrate after-a clea_iu'ng process using a reverse sputtering_ of argon ions, -

- and then forming a nickel film as a soldering metal on the contact metal film. The



amount of argon atoms at the interface between the siiicon substrate and the contact
metal film is controlled to 1e$s than 4.0 X 10 atoms/cm?.

U.S. Patent No. 5,964-,953 to Mettifogo describes a process for
‘ removing aluminurh contamination &oﬁ the surface of an e.tched semiconductor-
wafer. The semiconductor wafer is first _1ap§ed ina lapping slurry containing
'_aluminum, ‘then etched, and then immersed iﬁ an aqueous bath comprising an

| alkaline component and a surfactant. = - . R o *

Us. _Paten_f No. 5,958,796 to Prall et al. describes a method of cleaning
waste matter from the backside of a semiconductor wafer substrate. A cover layer is
-deposited over the front side of the wafer and wasté matter is removed from the
" backside of the wafer either -byétching the waste matter from the Eackside with a’
sﬁitaBlé 'e'tchant, or f.by.' plana;izing th_é backside of the Wafer' wi’ch a 'chen.'.mical_

mechanical planarization (CMP) process.

U.s. i’aten_t No..3,'.9§7-,368 to .Petroff et al. -deééribes a rﬁethbd of
'eii__,rhinatihg étacking f'aﬁltsl in silicoﬁ devices by a g'e’_rtefing pfocess. Before any high |
o temp_eratuée _processing steps, a stressed layer is formed on the backside of the
wafer and is énnealed to cause the 'ﬁucleation sites to diffuse to a localized re_gioh
neéf the back';urface. The stressed layer may .o_:omiorise silicon nifridé or 'alurﬁinum

oxide. Enhanced gettering is achieved if interfacial misfit dislocations are



introduced into the back surface by, for example, diffusion of phosphorus therein,

before forming the stressed layer.



SUMMARY OF THE INVENTION

Accordingly, it is an object of the present_invention to prevent
transportation of copper on the back side of a wafer by a gettering process

E:ompri_sing sputtering a thin gettering layer on the wafer back side.

Other objects will appear hereinafter.
It Ihas now been discovered that the above énd other bbjects of the
~present -inventio_n may be accomplished in the follo’wiﬁg mannef. Specifically, a
semiconductor wafer hdvir_1g a front side and a backside ié.p.r.o':vided. Met'él,i selected
from the groui: édmprising aluminum, (aluminum alloys, i.e.: aluminﬁm-copper,
aluminum-silicon, and alurlnir_\um-fcopper-silicon) is épﬁttered on the backside of
tI;e wafer .to. form a layer of metal The b:'ac_:k" side sputtered'#luminum layer mé_y be
~ partially oxidized ét_ldw tempera.ture- to further decrease .the copper penetration
possibility and to also p:ovide greater ﬂexibilit-y. m subsequent copper interconnect
_ related.px"oc'ess.ing. Once the back side layéi' is in place, the wafer can be processed :
as usual. The sputtered baék side .aluminur_n layer can be rembved du'ring..final._ .

backside grinding.



BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the method of preventing copper
transportation by sputtering a gettering layer on the back side of a wafer according
to the present invention wiil be more cleérly uhderétood from the “following
description taken m conjunction with the accompénying drawings in which like
reference numerals designate similar or corresponding elements, -regions and

portions and in which: o - ) B

Figs. 1 and 2 schematically illustrate in cross-sectional ~representation a

~ first embodiment of the present invention.

Fig. 3 and 4 schematically illustrate in cross-sectional representation a

‘'second embodimient of the present invention.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Accordingly Fig. 1 shows a schematic cross-sectional diagram bf
“semiconductor wafer_ 10 that ;nay be comprised of silicon or silicon-on-insulétor :
(SOI). Wafer 101"158 front side 11 and backside 13. Front side 11 of Wafer 10 is the
side of wafer 10 upon which semiconducfor devic'és will be formed, e.g. source,
 drain, FETS, etc.

Unless otherwise specified, all struc’cﬁres, layers, et.c. may be formed
or accor_hplished by ¢onvenﬁon§1 methods known in the prior art.

First Embodiment

. Fig.2 (with the common Fig. 1) illustratés the first embodiment of the -

. present invention. o R oo

" As shown in F1g 2, aiumiﬁum. or an aluminum 'alloy such as

| alﬁnﬁnu'm—cioppér, .alunﬁnum—_silicon, or a-l'umixmm-coppe_r.-silicjor.t rﬁore pfeferably
alﬁrhinum is .dep.osi?ced. on the | backside 13 of wafer 10 to _'fqrm' aluminum /
alumiﬁum alloy layer 12 befdre electroplating copper on the front side 11 of water
10 as di_'s.cussed bélow. A -barfiéf 1aye_r'(no't s?xown) such as Binary and tertiary metal
n_itrides, e.g. T1N or .TaN, or metal silicon nitfide’s, e.g. Ta,S5i N, n.1'ay'.also be used 'm.

conjunctibn with aluminum / aluminum alloy layer 12.



For purposes of illustration, aluminum / aluminum alloy layer 12 will
be referred to as aluminum la'yef 12. Wherever “aluminum” is used hereafter, it will
be considered to be either aluminum or any of the aluminum alloys specified above

unless specifically noted otherwise.

A key point of the invention is that aluminum is.a ‘natural getterer' for -
copper and- will bind elemental cdpper very securely. That is mobile ionic or
R elerhental copper become attached to, or trapped in, aluminum layer 12 and are
thus prevented from traveling or transporti%\g' into wafer 10 surfaces 11, 13. This
phenomenon is called getfering. Thus, éross contamination from 'coppér will be

eliminated from, for example, the‘fébrica’ciqn-toolé.' '

The aluminum is prefei;ably‘ depo_Si_ted by spuftering to form thin
~ aluminum layer 12, but in any éase Before de?bsition of copﬁer; ét the parairieters B
includiﬁg: pressure ~ fré)m_ about 0.1 to QOOO.mTorr; DC pdwer ~ from about 500 to

| 10,000 W; niﬁ"ogén. gas flow - from about 0 to 30 Sccm; and argon gas flow - from

about 0 to 100 sccm. -

Aluminum layer 12 is from about 20 to 10,0004 thick, more preferably -

from about. 750 to 700_0A thick, and most -preferably-from about 1000 to5000A thick.



Copper may then be deposited over the front side 11 of wafer 10 to
form, for example, plugs, lines, bonding pads, etc., by, for example electroplating,
PVD or CVD. For purposes of illustration, any copper so deposited will be

represented by copper layer 15.

- If wafer 10 is immersed into a copper electroplating bath, the pH of
. the electroplating. bath must be compatible with aluminum to brotect aluminum
layer 12. Specifically, the electroplating bath pH must be from about 4 to 9:

Alternatively, hot plating of aluminum can be performed.

-Wafer 10 may then be further processed to form semiconductor
- devices thereon Durmg the pass1vat10n layer deposrtron (not shown), any chemr-
absorbed copper 14 on surface 12a of thin aluminum 1ayer 12 will combine with

- alummum and thus would not be moblle any more. |

Absorbed copper 14 is only shown for illustration purposes.
Aluminum lé.yer 12 may getterer other impuriﬁes besides_ absorbed copper 14.
- Thin aluminum layer 12 may then be removed from backsrde 13 of

- wafer 10 durmg a back-grmdmg step, e.g. after BEOL (back-end of hne)



Second embodiment

Figs. 3 and 4 (with the common Fig. 1) illustrate the alternate
embodi;ment of the presert invention wherein the sputtered alumiﬁum layer is
partially oxidized to extend tlte'pernlissible pH range of the 'co'plpér eléétrbpiating_
bath. (As in the first embodiment “aluminum” is considered to be eitﬂer aluminum
or any of the aluminum alloys specified in the first embodiment unless specifically

" noted otherwise.)

As shown in Fig. 3, aluminum is depositéd on the backside 13 of wafer
iO to form aluminum layer 16 before electroplating copper on the front side 11 of

water 10 as discussed below. -' o

~ The aluminum is prefei:ably deposited by sputtering to form thin
aluminum layer 16 at the folloWing parameters: pressﬁre - from about 0.1 to 9000
. mTorr; DC power — from about 500 to 10,_000. w; nitrogen gaé flow — from about 0 to
. 30 Sccm; and argon gas flow ~ from about.0 to 100 sccm. |
Aluminum layer 16 is from about 20 to 10,0004 thick, more preferably

from about 750 to 7000A .thick, and most preferably from about 1000 to 50002\ thick:

10



.

Aluminum layer 16 is then partially oxidized by treating with oxygen
to form oxidized aluminum layer 17 over aluminum layer 16 at the following

parameters:
_ oxygen flow: from about 100 to 100,000 sccm; RF or microwave power: from
about 200 to 10,000W
_time: from about 5 to 3600.seconds: and

temperature: from about 50 to 400°C. __ “ -

Other gasses ‘that are added to oxygen include a forming gés (N,/H,) and
- fluorocarbon. The flow ratio of oxygen to fluorocarbon, and the flow ratio of
" oxygen to nitrogen within the N,/ Hz.forming- gas is from about1:1 to 1000: 1.
Oxidized aluminum la_yér 17 has a thickness of pre_fef.abiy from about

100 to 5004, and more preferably from about 200 to 400A.

Altemativeiy, alumin__tﬁ:n oxide ean be de_posite'd by sputtering an
aluminum oxide target at the_parametérs including: pressure ~ from about 0.1 to
9000 mTorr; RF power - from about 500 to 10,000W; argon gas flow from about 0 to

- 100 sccm; an nitrogen gas flow from about 0 0 30 scem.,

11



Alternatively, aluminum oxide can also be formed by reactive

‘sputtering of aluminum target with oxygen conditions.

As shown i—n'Fig. 4, copper may then be deposited over the front side
11 of wafer 10 to form, for example, plugs, lines, bonding pads, etc., by, for example
electroplating. For purposes of illustration, any copper so deposited will be :

represented by copper layer 11. S SR .

If waif_'er 10 is immersed into a copper electro-plating'bath,_the pH of

the electroplating bath must be compati_ﬁle with partially oxidized aluminum to

| profec’& aluminum layer 16 / oxidized aluminum layer 17. Since layer 16 is partially -

oxidized (i.e. oxidized layer 17), the _-péﬁ_n@ssible pH range of the electroplating bath

is greater than in the first embodiment discussed above. -
Specifically, the electropla_ting bath pH may be from about 4.1 to9.1.
. Wafer 10 :may then be further .p.roce_ss_ed _to. form_-semiconductor'
devices thereon. During the passivation layer deposition (not shown), any chemi- .

absorbed copper 18 on sufface_ 17a of thin oxidized alﬁrﬁinum_layer 17 / aluminum

layer- 16 will combiiﬁ_e with aluminum and thus would not be '_mobile any more. |

12



Absorbed copper 18 is only shown for illustration purposes. Oxidized
aluminum layer 17 / aluminum layer 16 may getterer other impurities besides

- absorbed copper 18.

Thin oxidized aluminum layer .-17 / aluminum layer 16 may be
removed from backside 13 of wafer 10 during a back-grinding step, e.g. after BEOL
 (back-end of line). |

-

Regardless whether the first embodiment of second embodiment éf
the present invention is selected, a single alufninum sputter layer 12, 16 acts as a
| gettering.la.yer. for cop_pé; and can 1a§t through BEOL (Back—end of li;ie) processing. .
Ful'rthér,. aluminum gettering layer 12, 16 may be finally removed duriﬁg back

" grinding step.
. While particular embodiments of the present invention have been

~ jllustrated and described, it 1s not intéﬁded to limit the invention, except as defined

by the following claims. -
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LA MS
We claim:

1. . A method of preventing copp.er transport on a semi;onduc.tor wafer,
Eompfising the steps of: |
' _pfoviding a-semicoﬁductor wafer having a front side and a backside;

sputtering metal on said backside of said wafer to _form a iayer of inetal; said
metal being selected from the group comprising aluminﬁm_, ahirﬁinum-copperj _
alumirium-silicori, and aluminum-copper—'éili-con; | |

depositing copper on said front side of said Wafér; and

further proéessiﬁg said wafer; | |

wheréby said metal layer 'bir\dé any stray elemental copper.

2. - The method of claiin 1, wherein said mefal layer is from about 20A to -

© 10,000A thick.

3.  The method of claim 1., wheréi_n said metal layer is from about 10004 to

" 50004 thick. B

4.  The mefhoél of claim 1, wherein Sai_d copper is deposited on said front side of
said wafer by'irhmersing said wafer into an electroplating bath having a pH from

about 4 t& 9,

14
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5. ° The method of claim 1, wherein said metal is sputtered at a pressure from
about 0.1 to 9000 mTorr, a DC power from about 500 to 10,000W, with a nitrogen

gas flow from about 0 to 30 sccm and an argon gas flow from about 0 to 100 sccm.

6. The method of claim 1, including the steps of
s_ubj_ec_tihg said wafer to back-end of line processing; and

back grinding said backside of said wafer to remove said metal layer. -

7. The method of claim 1, including the step of

treating said wafer with oxygen to partiaily oxidize said metal layer; |
wherein said copper is deposited on said front side of said wafer by immersing said
wafer 10 into an électroplating bath having a pH'frorri about4.1t09.1;

-

whereby said partially oxidized metal layer binds any stray elemental copper..

8 - The method of claim 1, wherein said topper deposition is accomplished by a
method selected from the group including electroplating, PVD and CVD.
9. The method of claim 1, including the steps of

treating said wafer with oxygen to partially oxidize said metal 1éyer whereby o
saiél partially oxidized metal layer binds any's'lcray elemental copper;

subjecting said wafer to back-end of .line.proc'essing; and

15 .
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back grinding said backside of said wafer to remove said partially oxidized

metal layer.

10. A method of _preVeﬁting cépper tranéport on a semiconductor wafer,
comprising th;e steps of:
- providing a semiconductor wafer having 'a' front side and a backside;

sputfering metal on said backside of said wafer to fofm a layer of metal; said -
metal bein'g' selected from the group comprising aluminum, alufhinﬁm-coppér‘,
aluminum-silicon, and aluminum-copper-silicon; |

depositing copper on said front side of said wafer by immérsing'said wafer
“intoan electroplating bath having a predetermined pH; and |
further processiﬁg said wafer; |

whereby said metal layér binds any stray elemental copper.

11.  “The method of claim 10, wherein said metal layer is from about 20A to-

10,0004 thick.

'12.° The method of claint 10, wherein said metal layér is from..al')ou_t 1000A to

5000A thick.

13. The method of claim 10, wheréiﬁ sa1d predetermined pH of said

eIECtroplating bath is from about 4 t0 9.

16
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14.  The method of claim 10, wherein said metal is sputtered at a pressure from
about 0.1 to 9000 mTorr, a DC power from about 500 to 10,000W, with a nitrogen

~ gas flow from about 0 to 30 sccm and an argon_gas flow from about 0 to 100 scem. -

15.  The method of claim 10, including the steps of
subjecting said wafer to back-end of line processing;and. . -

‘back grmdmg sa1d backside of said wafer to remove said metal layer

. 16.  The method of claim 10, including the step of

| treatmg said wafer with oxygen to parnally oxidize sa1d metal layer 16;
" wherein said predetermmed pH of sa1d electroplatmg bath is from about 411t09.1;

and

. ‘whereby said partially oxidized metal layer binds any stray elemental copper.

17. The method of c1a1m 10, Where1n said copper deposmon 1s accomphshed by -
a method selected from the group mcludmg electroplatmg, PVD and CVD.
18 ~The method'of claim 10, including the steps of

treating sald ‘wafer W1th oxygen to partially oxidize said metal layer whereby
sa1d parnally oxidized metal layer binds any stray elemental copper,

‘ subjecting said wafer to back-end of line processing; and

17
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back grinding said backside of said wafer to remove said partially

oxidized metal layer.

19. A method of preventing copper transport on a semlconductor wafer,

compnsmg the steps of:

~ providing a semiconductor wafer haviné a front side and a backside;

spu.ttermg metal on said backside of said wafer to form a layer of metal
having a thickness from about 20 to 10,0004; said metal bemg selected from the
group comprising aluminum, alummum-copper, aluminum-silicon, and alummum-
co?_per-.silicon; - | | |

depositiﬁg coppef on said front side of said wefer By immersing said wafer
into an electroplatmg bath having a predetermmed pH; and | |

- further: processmg sa1d wafer;

whereby said metal layer binds any stray eleinen_tal copper.

20 ‘The method of claim 19, mcludmg the step of

treatmg said wafer with oxygen to partlally ox1d1ze sa1d metal layer;

wherem said predetermmed pH of sa1d electroplatmg bath is from about 4.1 to 9.1;

and
.-whereby said part_ially oxidized metal layer binds any stray elemental copper. .
21. - The method of claim 19, including the step of

18

_—

(T .



treating said wafer with an oxygen flow from about 100 to 100,000 sccm, at a
RF power from about 200 to 10,000W, at a temperature from about 50 to 400°C, for
from about 5 to 3600 seconds;

whereby said partially oxidized metal layer binds any stray elemental copper.

22.  The method of claim 19, including the step of
 treating said wafer with an oxygen mixture flow from about 100 to 100,(500
sccm, at a RF poWer from about 200 to 10,000W, at a temperattire from about 50 to
| 400°C, for from about 5 to 3600'seconds; |
Said: oxygen mixture comprised of okygen, fluorocarbon, and an NZ/ H, forming gas
wheréin the flow ratio of oxjgen ; -ﬂuofbcarbdn and the flow ratio of oxygen : N,
within the N, /H, forming gas is from about 1 :1 ._t_ol 1000 : 1;

wherein said partially oxidized metal layer binds any stray elemental copper;
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