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METHOD TO CREATE COPPER TRAPS BY MODIFYING TREATMENT ON
o . THEDIELECTRICS SURFACE =~ |

- FIELD OF THE .IN-_\./'ENZLZION _
‘The present invention relates _genﬁe_r'ally to fabrica‘tibn: of

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

¢reating copper traps during fabrication of semiconductor devices.



P

'Si(')2 .'insulatirig layer and an 'inter'_mediate. SiOz' ihsula{'irig layer are stacked

BACKGROUND OF THE INVENTION
‘Without treatment, the dielectric surface1ssuscept1ble to copper (Cu)
penetration and diffusion. Thus there is potential damage to the device since Cu has
a long diffusion length, especially with the number of thermal cycleé present in the
normal process flow. - -
- . . . -

U.S. Patent No. 5,451,542 to Ashby describes a method for passivating

.compound semiconductor surfaces by photolytically disturbing molecular sulfur
- vapor with ultraviolet radiation to form reactive: sulﬁ;;-which__t‘hen re_acts with, and

- passivates, the compound semiconductor surfaces.

U.s. Patent._ No. 5,953,628 to Kawaguchi describes a method for

forming COpper wiring for a semiconductor de{rice within Si0, insulating layers. An

ot

successively. An opening is formed within the intermed-iéte Si0O, insulating layer

- and a copper wiring is formed within the opening. The copper wiring is covered

~with an anti-oxidation layer that is not a transition metal as in conventional

semiconductor devices, but is copper sulfide (Cu,S where 0 < x g 2).

U.S. Patent No. 5,990,008 to Koyama et al. describes a method of

forming high aspect copper structures that permits a heightened degree of copp"er



barying. For exampie, a fine connecting hole inay be formed in a layer insulating
film on a si_li_coﬁ substrate. A CVD-TiN barrier film is formed '_on' the etched

' ""iﬁ.éuiat':irig f11m as an adhesive ﬁlm,and al copper ﬁlin havmg tlruckness oflp.m is
 then formed over the TiN adhesive film. The copper film has a high level of pﬁrity

| with an oxygen concentration of 0.5 ppm or lower, and a sulfur concentranon of_.

-

0.06 ppm or lower A heat treatment is apphed and a copper fme contact hole.is

FS

formed without voids.

- U.S. Patent No. 5,431,774 to bouglas ‘describes a ﬁieth'éd qf dry
_etching metals, such as__copper_,'li_si_ng_' -acids in'an energeﬁc _enviroiﬁaent suchasa _'
plasma, laser, or afterglowlreac'tor, or by using ligands forfning volatiles at low
temperatares within a pulsed éﬁergetie environment. |

us. Pa_tent .No.. 5,821,168 to Jain 'd'escr_ibes a proc.ess.for forming a
semiconductor device in which an insulatirig layef is nitrided and thén covered bya
thin adhesion layer befere' depositing a cemposite copper'lay&. The pfocess does
not require a separate dlffusxon barner as a portlon of the msulatmg layer (5iO) is

converted to form a d1ffu31on barner film (S1ON) by perforrmng a plasma mtndmg

step.



U.S. Patent No. 5,831,283 to Batey et al. describes a layer for

~ passivating copper, aluminum, or other refractory metal films using ammonia-free

.silicon nitride:
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SUMMARY OF THE INVENTION

-

Accordingly, it is an object of the present invention to prevent copper

penetration and diffusion into the dielectric surface.

Another object of the present invention is to create a copper barrier by

-

strong adhesion with ligand sites binding copper.

A further object of the present invention is to create a polymer
_‘Vi;'_tgal’ copper barrier that is highly resistant to thermal cycles duie to the stability

<

of the polymers. - ' o e

g

< Other objécts will ép_pear hereinaffér_. S

It hias now b'een' di'_scqv;red ﬁta{ th:e_'abo{ze and other:objects of the .

present invention-may be .accompli_shed in the .foll'owing' .ﬁannér. Siaeciﬁcally, a
semicbnductbr structure including a patterried_dieleé;tric iéyer is provided.. 'I'he _
pattei‘ned dielectric layer includes an opé'ﬁing' and an upper_.surface. The dielect_fic —l
layer surface is 'then.passivated to form a paséivation layer. A _?netal plug-i_s formed
within the dieiectfic layer opening. The 'passi_vation iayer' prevents penetration and.
diffusion of metal out from the metal plug. into the semiconductor structure and the

patterned dielectric layer. ' T



BRIEF DESCRIPTION OF THE DRAWINGS
- The features and advantages of the method of the present invention

will be more clearly understood from the following description taken in conjunction

with the accompénying drawings in which like reference numerals designate

—-— . .
similar or corresponding elements, regions and portions and in which:

Fig. 1 and 4 schematically illustrate in cross-sectional representation

structures commori to the four embodiments of the present invention... . .

Fig. 2 schematically illustrates in cross-sectional representation a

structure common to the first three embodiments of the present invention.

~ Fig. 3 schematically illustrates in cross-sectional representation a

structure of the fourth embodiment of the 'p;eéent inv_enféion.'
Fig. 5A is the chermical structure of pyridine.
Fig. 5B is the chemical structure of (2-pyridyl) - ethene.

| Fig. 5C is the chemical structure of (2-pyridyl) - triofluoroethane.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
I '—MU"nl'éss”c;tl{elﬁ'wise speciﬁed; all stru‘étures,.layers, etc. may be formed

or accomplished By conventional methods known in the prior art.

Process Common to Each of the Embodiments

Aé_cordingly_as' shown iri-‘Fig. 1, starﬁng_senﬁcénductor stnicture 10 is |
understood to possibly include é semiconductor wafer or substrate, active and .
passive devices qumed within the wafer, 'conducti_ve layers and dielectric layers"
-(e.g. , inter-poly oxide (IPO), iﬁtermetal die_lectrié (IMD), etc.) formed over the wafer
surface. The term “semiconductor st_ructuréi_' is me_an_{ fo'_i'nclude devices formed

within a semiconductor wafer and the layers overlying the wafer.

The upper surface of semicon_’du'ctor structure 10 can be comprised of
a dielectric layer, e.g. ILD léyer, an ILD layer with conductive plugs~ exposed, an
intermetal 1ayer (IMD), or an IMD layer With 'metal. phigs or lines exposed (not

" shown).

Dielectfic-layer 12 is formed over semiconductor . structure 10.

Dielectric layer 12 has a thickness from about 7000 to 16,000A; and more preferably



from about 4000 to 8000A. Dielectric layer 12 includes upper, outer exposed surface

15.

Dielectric layer 12 may.be a CVD low-k dielectric material, a spin-on

-—d1e1ectnc (SOD) material, s111con d1ox1de (SlO or ox1de"), porous ox1de, fluorme—

doped ox1de, carbon-doped 0x1de, or boron—phosphosﬂma glass (PSG). Dielectric
" layer 12 is preferably porous oxide for the first embodiment, and carbon doped

~oxide (for example Black D1a1mond'rM avallable from Apphed Matenals) for the

second, third and fourth embodlments

- As .shown in Fig. 2, dielectric layer 12 is pdtté_xjnéd and etched to form
‘opening 14 that extends to, and contacts the exposed metal plugs br lines on the
upper surfacé of semiconductor sfrdgture 10. Diélectr;lc 1ayér_ 12 may be patterned
Ey an overlying layer of .p}-lotoxh'-esist (hot shown), for é_xamﬁle. Upper surface 15 of

: -. dieléctric layer 12 extends into opening 14.

Opening 14 may be a dual damascene opening as shown in Fig. 2, or
another shape such as a single damascene opening. Openihg 14 has a minimum
| _opening from' about 1000to 50,000A wide, more prefei‘ably_from about 1000 to

10,000A wide, and most preferably from about 1000 to 50004 wide.



Formation of Generic Passivation Laver 18
‘Exposed surfacelSof etched dielectric layer 12 is then passivated to
form passivation layer 18 over dielectric layer 12. Passivation layer 18 may be
formed by one of four methods as deta11ed below m the respecnve four_ :
embodunents of the invention. Passwahon layer 18 is preferably from about 5 to

T000A thick, and more preferably from about 5 to 100A thick.

~ As shown in Fig. 4, regardless of' Which method is_ used to fofm _
passivation layer 18, 18, 187, 8_"’, passivation layer 18, 18’,18", 18" becomes a. .
virtual berfier to metal -plug_ZO. Metal plug 20 may'be com‘prised of copper (Cu),
alumirium copper alloy (Al(.Cu)),. gold (Aﬁ), silver (Ag) or aluminum (Al), and l'is

preferably copper (Cu).

Fii'st mbodiment — Pure Sul .r'T eatment

In the first embodiment, pasSiVation layer 18 is formed by treating
exposed surface 15 of etched dielectric layer 12_ with pure sulfur in a thermal

process having the parameters:



~flow rate of sulfur gas: from about 10 to 1000 cm’®/minute, and more

preferably from about 100 to 300 cm®/ minute;' ]

' temperature from about 25 to 500°C and more preferably from about 25 to

200°C; and

time: from about 10 to 100 seconds, and more preferably from about 10 t0 30

seconds.

- Pure sulfur passivation layer 18 is formed in a eeparate standard
passivation chemical vapor deposiﬁon (CVD) _chaniber with plasma enhanced RF
~ source or remote plasma appiieaﬁon.'I‘he pure sulfur gas. may be obtained from

Aldrich Chemicals or Merck.

- Pure sulfur passwanon layer 18is compnsed of SOS, SO bonds and is

from about 5 to 100A thick, and - more preferably from about 5 to ZSA t}:uck

- Second Embodiment ~ Sulfurﬁontammg Compormd Treatment

In the second embodunent pass1vat10n layer 18’ is formed by treatmg
exposed surface 15 of etched d1electr1c layer 12 with a sulfur—contammg gaseous

compound at the followmg._parameters:



concentration of sulfur-containing compound: from about 0.5 fo 100 at. %,

and more preferably from about 10 to 50 at. %
o temperaturefrom about 25 to 250°C, andmore prefe;ablf from agout 50 -to |
100°C; and |
- . time: froin about 10 to 300 seconds, and more preferably from a?oufc 10to 60

seconds.

. The structure is moved to a separate, remote plasma chamber with
remote RF source or downstream plasma to form pure sulfur passivation layer 18'.
| Thls plasma chamber may be a standard plasma asher available in manufacturing

line.

The sulfur—coftt_aining compound may comprise a mixture of NH, and
| 'HZS, and is most preferably H,S. |
Third Embodiment - (NH,).S Solution Treatment

- In the third embodiment, passivaticSn layer 18" is formed by treating
exposed surface 15 of etched dielectric layer 12 with a (NH,),S (aqg) solution at the

 following parameters:

11



concentration of (NH4)ZS (aqueous) (standard aqueous solution) from about
0.01 to 1 moles/liter, and more preferably 0.05to 0.5 moles/ 11ters, o

temperature from about 25 to 150°C and more. preferably from about 25 to
50°C; and

time: from about 10 to 200 seconds, and more preferably from about 30 to __69_

seconds. S - o : -

The structure is moved to a separate .charnber for formation of (NI-L)ZS
treated passivation layer 18". The separate chamber may be a simple and standard -

chermcal bath with a heater block for temperature control.

(NH,),S solution treatment passivation layer 18" is comprised of

sulfur terminated bonds and is from about 5to SOA,' and more preferably from .

about 5 to 20A.

- In the fourth embodiment' the more preferred embodiment because :
the surface termination w1th hgand sites 16 has a broader application, pass1vat10n

layer 18" is formed by modifying exposed surface 15 of etched dielectric layer 12

12



through a self-assembly technique. "Self-assembly” implies the spontaneous

formation of passivation layer 18™ without any additional processing or deposition.

Ligand sites 16 are formed on the exposed surface of etched dielectric

~ layer12and wi_"chin opening 14 at the following parameters: .
ligand: pyridine (see Fig. 5A‘) ;
criteria for selecting ligands:

additives: hydrogen and fluorine; |

polymers (2—pyr1dy1) ethene (see b1g 5B) and (2—pyr1dy1) trxoﬂuoroethane
(see Fig. 5C)
- temperature: from about 25 to 500°C and more preferably from about 200 to
| '400°c and | o

time: from about 10 0 500 seconds, and more preferably from about 30 to 60

seconds.

Ligand sites 16 in-conjunctioz:l _with.'the additives with polymers form -
passivation layer. 1 8’” that has a strong bonding affinity with copper (Cu) to create
a virtual barrier. For example;, the following structures illustrate polymers with

additives and ligand sites 16:

13



C= or | C=

Where "L" is the ligand (ie. e.g. 'pyridine as shown in Fig. '_SA) attached to ligand
_ site 16. Also see Figs. 5B ((2-pyridyl) — ethene) and 5C ((2-pyridyl) -

 triofluoroethane).

These compounds for example, serve to form passivation layer 18" a
they repr-esent the selféassembly of the polYmers on the hydrophilic surface to
Wh.lCh the molecules (ligands) bond These compounds may be formed by a CVD

o method with direct plasma, ie. plasma enhanced chermcal vapor deposmon '
'(PECVD), remote plasma ie. downstream CVD or by a reactor w1th a high-

- pressure environment to form the self—assembly of the molecules

14



Process Common to Each of the Embodiments

—_—

As shown mF1g4, regardless of which embodiment is selected to

form passivaﬁon layer 18, 18',18", 18'", a.layer of metal is deposited over

pass1vat10n layer 18 18' 187, 18”’ and plananzed to remove the excess of the metal |

layer and the pornon of passxvahon layer 18, 18', 18", 8"’ from the upper -

horizontal surface of etched dielec_tric layer 12 to form planarized metal plug 20

~ within opening 14.
* Metal phig 20 may be formed from copper, aluminum, gold, ..
aluminum copper alloy (Al(Cu)), or silver (Ag), and is preferably copper. For
' purposes of illustration, metal p'lug'20 will be considered to be formed of copper
- hereafter. |
" Pass1vat10n layer 18, 18' 18" 18" serves asa vrrtual barrier layer
.a gamst the mlgratlon of copper from copper plug 20 into etched dielectric layer 12
and sermconc_i_uctor- structure 10 by, in effect, creating copper traps.

.Advantages of the Present Invention

The present invention:

15



strongly pass1vates the exposes etch dielectric layer 12 with sulfur or sulfur

contammg compounds in  the first, second and tl'urd embodunents to form

\. passivation layer 18,18, 18";
in the fou:th embodnnent a]lows for strong adhes1on W1th hgand s1tes 16 -
bmdmg copper so as to create a virtual Cu barrier (passwatlon layer 18”’) and

in the fourth embodiment, the resultmg structure is hlghly resistant to

thermal cycles due to stable polymer
~ While particular embodiiments of the present invention .hav.'e_b'ee.n

- {llustrated and described, it is not intended to limit -fhe inventi_oh, except as defined

by the folloWing claims.

16
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We claim:

- -

"1 A method -o.f_ 'preve;ﬁin;g- ‘metal penetrahon and d1ffu51on from metal .

structures formed over a semiconducto_r struchzfe, comprising the steps of:
prowdmg a semiconductor structure mcludmg a pattemed d1e1ectr1c layer o

havmg an opemng thereon, said pattemed dielectric 1ayer havmg an upper surface;
passivating sa1d d1electnc layer surface to form a passwatlon layer; and
forming a metal plug w1th1n said dielectric layer opening; .

Whereby said pass1va.t10n layer prevents penetration and diffusion of metal out

from said me__ta_l plug into said semiconductor structure and said patterned

. dielectric layer.

2 The method of claim 1, wherein said dielectric layer .is comprised of a
. material s‘elected fro'm the group corhprised of: sﬂiéon oxid'e, aCVD low-k dielectric
material, a spm-on—dlelectnc (SOD) matenal s111con ox1de, porous oxide, ﬂuorme-.

'doped ox1de, carbon-doped ox1de and boron—phosphosmca glass (PSG).

3. The method of claim 1, Whefein_éaid opening has a width from about.1000 to
10,000A.
4. The m_ethod of claim 1, wherein said dielectric layer is comprised of carbon

doped oxide,. and said opening 14 has a width from about 1000 to 5000A.

17.
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5. The method of claim 1, wherem said dielectric layer surface paselvat1on step

s selected from the group ‘compnsmg a thermal pure sulf'ur treatment passivation;

a sulfur—contammg compound treatment passivation; a (INH,),S solution treatment
passivation; and a self-assembly techniqﬁe sﬁrface_ modiﬁcaﬁop passivation.

-

6. The method of cla1m 1, wherem said pass1vat10n layer is from about 10 to

1000A tl'uck

- 7. - The method of claim 1, wherem said pass1vat10n layer is from about 10 to

100A thick.

8. A method of preventing metal penetration and diffusion _froml metal
structures .formed over a semiconduetor structure, cbmprismg the steps ef:
providing a se_nfxicondﬁctor st'ruch.-i_i'e' i_ricluding 2 patte_fried ciiel'ect_ric layer
- havizig an operﬁng thereon; said patterned dielectric layer having an upper surface,;_
o thermally treeﬁng said patterned dielec;fric Iayef upper surface with sulfur to
passiva;ce_ said dielectric layer surfaee and fpfm_a passivatibri layer ;and o
formirig a metal plug Wlthm said dielectric layer opening;
| ;Arhereby said passivatilOn layer prevents penetration-and diffusion of metal out
from said metal | plug i.nto. .said eemicohductor structure and said patterned

dielectric layer. B S B

18
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9. The method of claim 8, wherein said dielectric layer is compnsed of a

_ matenal selected from the group compnsed of srhcon ox1de, carbon doped oxide,

- CVD low-k material, SOD low-k material, and porous oxide.

10. The method of claim 8, wherein said opening has a widt}r from about 1000 to

10,000A.

| 1_1. - The method of claim 8§, wherem said dielectric layer is comprised of porous o

_oxide, and sa1d opening. has a w1dth from about 1000 to '5000A.

12.  The method. of claim 8, wherein said passivation layer is from about 10 to

1000A thick.

13 ~ The .'mt_étho-d 'of claim 8, Wherein _'said'_thermal_ sulf.url- passivation step is '
~ conducted at the followmor parameters
flow ratc_-z.- of sulfur gas: from ‘about 10 to 1000 crrrs/ minute, and- more
- preferably fr'or_rt al_nouthO to 300 cm®/ nrirxute; o
| temparature: 'from about 25 to 500°C, and rrmore _pre'ferably from about 25 to
200°C; and o | |
time: 'from about 10 to 100 seconds, Iand more preferably from aboufc 10 to_30

seconds.

19
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14. A method of preventmg metal penetratlon and. d1ff1.1$10r1 from metal
structures formed over a senuconduc’cor structure, compnsmg the steps of |
prov1dmg a semiconductor structure including a patterned dielectric layer
. havmg an openmg thereon, sa1d pattemed d1e1ectnc layer having an upper surface,
treatmg said patterned chelectnc layer upper surface with a sulfur-containing
compound to passivate said dielectric layer surface and form a passivation layer ;
and |
forming a metal plug w1th.m said dielectric layer opening;
whereby sa1d pass1vat10n layer prevents penetratlon and diffusion of rrletal out .

from said metal plug into sald semiconductor structure and said patterned '

- dielectric layer.

15.  The method of claim 14, wherein said sulfu.r-cor{'taining'compound a mixture

of NH, and H,S.

16.  The method of claim 14, Wherein's_a.id dielectric llaye_r-is corrlprised-of a
material selected from the group comprised of: silicon oxide, a CVD low-k dielectric
“material, a spin-on-dielectric (SOD) material, silicon oxide, porous oxide, fluorine-

. doped oxide, carbon-doped oxide, and boron-phosphosilica glass (PSG).

20
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17.  The method of claim 14, wherein said opening has a width from about 1000

10 10,000A.

18.  The method of claim 14, wherein said dieiectric layer is comprised of carbon
. doped oxide, and said opening has a width from about 1000 to 50004A.
'19.  The method of cla'im.'14, wherein said passivation. layer is from about 10 to

1000A thick.

20 The method of -cla.im.. 14, wherein said "sul-fur-contaihing_' treatment
pa.ssivation step is conducted at the following pararoeters: B

eoncentration of sulfur-containirig eompound: from about 0.5 to 100 at. %,
: and more preferably from about 10 to 50 at. % - |

temperature from about 25 to 250°C and more preferably from about 50 to

100°C; and
* time: from about 10 to 300 seconds, and more preferably from about 10 o 60

seconds.
2. The method of claim 14, wherein said sulfur-containing compound is H;S.

22 A method o_f;preventing metal penetration'and diffusion from metal

structures formed over a semiconductor structure, comprising the steps of:
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providing a semiconductor structure including a patterned dielectric layer

havmg an opening thereon; said patterned drelectnc 1ayer having an upper surface,

| treatmg said pattemed d1e1ectr1c layer upper surface wrth an (NH,),S

solution to passivate said drelectnc layer surface and form a passivation layer; and
formmg a rnetal plug wrthm saJd drelectnc layer opemng,
whereby said pass1vat10n layer prevents penetra'aon and diffusion of metal out

from said metal plug into said semiconductor structure and said patterned

dielectric layer.

23. The method of claim 22, wherein_s‘_a_id_' dielectric layer is comprised of a

material selected from the group comprised of: silicon oxide, a CVD low-k dielectric

material, a spin-on-dielectric (SOD) material, silicon oxide, porous oxide, fluorine-

B dqped oxide, carrbc')n-doped oxide, and boron-phosphosilica glass (PSG).

24.  The method of claim 22, wherein said opening has a width from about 1000

. t010,000A.

25.  The method of claim 22, wherem said drelectnc 1ayer is compnsed of carbon

‘doped oxide, and said openmcr hasa wrdth from about 1000 to 5000A.

26. The method'_ of claim 22, wherein said passivation layer is from about 10 to

1000A thick. = B - -
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27.  The method of claim 22, wherein said (NH4)ZS solution treatment passwatmn |
hstep is conducted at the followmg parameters
| _ from about 0.01 to 1 moles/liter, and more preferably 0.05 to. 0.5 moles/liters
of (NH,),S (aqueous) (standard aqueous solution); S
o temperature: frc.)m' about 25 to '150°C, and more p_referabiy from about 25 to
50°C; and | |
time: from about 10 to 200 seconds, and more preferably from about 30 to 60

seconds.

28 A method of pre'v.enting metal p'enetratien and diffuéien from metal
structures formed_c)y_er asemico_nductor structu.re,lc'omprising the steps of:

providing a semieonductor structure including a patterned dieleetric layer
' 'havmg an openmg thereon; said pattemed d1electnc laver havmg an upper surface

mod1fy1ng sa1d upper surface through a self-assembly techmque to passwate |

'sald d1e1ectr1c layer surface and form a pass1vat10n layer, and
formmg a metal plug wlthm said d1e1ectr1C*1ayer openmg;
' Whereby said passwatmn layer prevents penetratlon and diffusion of metal out

from sa1d metal plug into sa1d sem1conductor structure and said patterned _

dielectric layer.
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29. - The method of claim 28 wherein said dielectric layer is comprised_ of a
material selected from the group compnsed of: silicon ox1de, a CVD low-k dielectric

matenal a spm-on—dlelectnc (SOD) matenal silicon oxide, porous oxlde, fluorine-

doped oxide, carbon-doped oxide, and boron-phosphos111ca glass (PSG).

-

30. The method of claim 28, wherein said opening has a width from about 1080
to 10,000A. | |

31 .The method of claim 28, wherein said dielectric layer is comprised of carbon

. doped oxide, and said opening has a width from about 1000 to 5000A.

'32.  The method of claim 28, wherein said passivation layer is from about 10 to

1000A thick.

' 33.  The method of claim 28, wherem said self—assembly techmque passivation

: step mcludes the steps of

formmg hgand sites, mcludmg polymers on sa1d d1e1ectr1c Iayer upper

surface said ligand sites mcludmg pyndme ligands;

wherem said self—assembly techmque pass1vat1on step is further conducted at the

followmg parameters:
additives: hydrogen and fluorine; -

polymers:(2-pyridyl) - ethene and (2-pyridyl) - trioﬂuoroethene;
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temperature: from about 25 to 500°C; and

time: from ab;)ut 10 to 500 seconds.

34.  The method of claim 28, wherein said self-assembly technique..passiv.ation
step includes the steps of: . -

forming ligand sites, iﬁéluding polymef_s, on said di-electri_c layer upper
s;lrface;. said ligand sites includihg pyridine ligands;
wherein said_self-_asseﬁbly technique passivation sfep is fx.u_'thef conducted at the
following parameters: |

additives: hydrogen and fluorine; | |

| Polymers:(Z-pyridyl) - ethene and (2‘-py;‘idyl) - triofluoroethane;
te}x\perature: from ab_ouf __2.0_0. ,tol_400‘_’(.'.‘; and '

" time: from about 30 to 60 seconds.
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