
(19) United States 
US 20010044203A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0044203 A1 
HUANG et al. (43) Pub. Date: NOV. 22, 2001 

(54) SURFACE TREATMENT OF LOW-K SIOF TO 
PREVENT METAL INTERACTION 

(76) Inventors: RICHARD J. HUANG, CUPERTINo, 
CA (US); GUARIONEX MORALES, 
SANTA CLARA, CA (US); SIMON 
CHAN, SARATOGA, CA (US) 

Correspondence Address: 
FOLEY & LARDNER 
WASHINGTON HARBOUR 
3000 K STREET NW 
SUITE 500 
WASHINGTON, DC 200075109 

( * ) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/443,376 

(22) Filed: Nov. 19, 1999 

Related US. Application Data 

(62) Division of application No. 09/157,240, ?led on Sep. 
18, 1998, noW Pat. No. 5,994,778. 

Publication Classi?cation 

1 m. . ..................... .. 7 ;H01L 23/ s 5 I C] 7 H01L 21/4 63 5 
(52) us. Cl. ............................................................ ..438/629 

(57) ABSTRACT 
A method for using loW dielective SiOF in a process to 
manufacture semiconductor products, comprising the steps 
of: obtaining a layer of SiOF; and depleting ?uorine from a 
surface of the SiOF layer. In a preferred embodiment, the 
depleting step comprises the step of treating the surface of 
the layer of SiOF With a plasma containing hydrogen. It is 
further preferred that the treated surface be passivated. The 
invention also encompasses a semiconductor chip compris 
ing an integrated circuit With at least a ?rst and second 
layers, and With a dielective layer of SiOF disposed betWeen 
the layers, Wherein the SiOF dielective layer includes a ?rst 
region at one edge thereof Which is depleted of ?uorine to a 
predetermined depth. 
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SURFACE TREATMENT OF LOW-K SIOF TO 
PREVENT METAL INTERACTION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to the ?eld 
of semiconductor chip processing, and more particularly, to 
the processing for an interlayer dielectric. 

[0003] 2. Description of the Related Art 

[0004] Fluorinated SiO2 (typically PECVD or HDP) can 
be used to loWer the dielectric constant of SiO2 from, for 
example, 4.0 to 3.6-3.8. The loWering of the dielectric 
constant is advantageous for a number of reasons, including 
to reduce the capacitance of the semiconductor device and 
thereby increase its performance. 

[0005] HoWever, ?uorine in SiO2 Will react With PVD 
barrier metals (Ti, TiN, Ta, TaN, Al, Cu, etc.) Which are 
subsequently deposited on the surface of the ?uorinated 
SiO2. This reaction betWeen ?uorine and the barrier metals 
Will cause delamination on ?at SiOF surfaces, as Well as 
inside via holes. 

SUMMARY OF THE INVENTION 

[0006] Brie?y, the present invention comprises, in one 
aspect, a method for using loW dielectric SiOF in a process 
to manufacture semiconductor products, comprising the 
steps of obtaining a layer of SiOF; and depleting the ?uorine 
from a surface of the SiOF layer. 

[0007] In a further aspect of this inventive method, the 
depleting step comprises the step of treating the surface of 
the layer of SiOF With a plasma containing hydrogen to yield 
a treated surface. 

[0008] In a yet further aspect of the present invention, the 
method comprises the step of passivating the treated surface. 

[0009] In a further aspect of the present invention, the 
passivating step comprises the step of applying substantially 
pure nitrogen plasma to the treated surface. 

[0010] In a yet further aspect of the present invention, the 
nitrogen plasma is applied at a loWer plasma bias poWer and 
a higher pressure than the hydrogen-containing plasma used 
in the treating step. 

[0011] In a further aspect of the present invention, the 
treating step is carried out in a CVD deposition chamber. 

[0012] In a yet further aspect of the present invention, the 
depleting step forms a depletion layer that is greater than or 
equal to 30 Angstroms in thickness. 

[0013] In a further aspect of the present invention, the 
passivating step comprises the step of forming a passivation 
layer that is less than or equal to 25 Angstroms in thickness. 

[0014] In a further embodiment of the present invention, a 
method is provided for using loW dielectric SiOF in a 
process to manufacture semiconductor integrated circuit 
chips, comprising the steps of: obtaining a layer of SiOF; 
treating in a CVD-TiN deposition chamber a surface of the 
layer of SiOF With a plasma containing hydrogen to deplete 
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?uorine from the surface; passivating the treated surface 
With substantially pure N2 plasma; and depositing a layer of 
TiN. 

[0015] In a yet further embodiment of the present inven 
tion, a semiconductor chip is provided comprising: an inte 
grated circuit With at least a ?rst and second layers, and With 
a dielectric layer of SiOF disposed betWeen said tWo layers, 
Wherein the SiOF dielectric layer includes a ?rst region at 
one edge thereof Which is depleted of ?uorine to a prede 
termined depth. 

[0016] In a further aspect of this inventive embodiment, 
the predetermined depth of the ?rst region is greater than or 
equal to 30 Angstroms. 

[0017] In yet a further aspect of the present invention, the 
depth of the second region is less than or equal to 25 
Angstroms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a process ?oW diagram for a method in 
accordance With the present invention. 

[0019] FIG. 2 is a cross-section of a select group of layers 
on a semiconductor chip. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] The present invention Will be described in its 
conteXt of use With an interlayer dielectric layer in a con 
ducting layer stack on a semiconductor chip. HoWever, the 
invention has broad application in any situation Where SiOF 
is utiliZed as a layer. 

[0021] Referring noW to the draWings, FIG. 1 is a process 
?oW diagram for a method in accordance With the present 
invention. FIG. 2 illustrates a semiconductor chip 10 in 
accordance With present invention comprising a bulk sub 
strate and various process layers, designated generally by the 
numeral 12. A further layer 14 of same type is then depos 
ited. By of eXample, this further layer 14 might be a 
conducting layer such as a metallic layer. For purposes of 
describing the present invention, an SiOF layer 16 is shoWn 
as being deposited on this layer 14. The SiOF layer 16 may 
be formed, by Way of eXample, but not by Way of limitation, 
by introducing a ?uorine species during an SiO2 PECVD or 
HDP. Typically, after this SiOF deposition step, vias are 
etched through the SiOF layer 16. This via etch step is 
folloWed by a resist strip step and a solvent clean step, in the 
Well knoWn manner. 

[0022] The present invention then requires application of 
a process to deplete the ?uorine form the top surface of the 
SiOF layer 16 to yield a depleted layer 18 having a desired 
thickness. In a preferred embodiment this thickness of the 
depleted layer 18 is equal to or greater than 30 Angstroms. 

[0023] In a preferred embodiment, the step used to form 
the depletion layer 16 is accomplished by treating the 
surface of the SiOF layer 16 With a plasma containing 
hydrogen. For eXample, the plasma may be pure hydrogen, 
or it may be a diluted H2 plasma, for eXample an HZ/N2 
plasma. The purpose of diluting the hydrogen plasma is to 
make the hydrogen less volatile. 

[0024] The hydrogen in the plasma Will bond With the 
?uorine atoms to form HF, Which, because of its high vapor 
pressure and loW boiling point, Will be vaporiZed and 
evacuated from the system. 
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[0025] In a preferred embodiment, the hydrogen plasma 
treatment is performed in a CVD deposition chamber, such 
as, for example, an Applied Material CVD deposition cham 
ber. The CVD chamber may be the same chamber used to be 
used to deposit a subsequent conducting layer, such as TiN. 
Preferably the CVD chamber for the plasma treatment 
should have a slightly elevated temperature (5-50° C. 
higher) relative to the temperature used to deposit the 
subsequent conducting layer. For eXample, if a temperature 
falling in the range of 375° C. to 450° C. is to be used to 
deposit a subsequent conducting layer 22, then a slightly 
elevated temperature that is 5° C. to 50° C. higher than the 
conducting layer CVD deposition temperature is used during 
the hydrogen plasma treatment step. The purpose of the use 
of this elevated temperature is to loWer the potential that 
heating during the subsequent conducting layer deposition 
step Will drive the ?uorine atoms from the bulk SiOF layer 
16 into the ?uorine-depleted layer 18. 

[0026] The other parameters for the hydrogen plasma 
treatment step Will be determined empirically. Typically, the 
pressure in the CVD chamber Will be in the millitorr to torr 
range, the energy parameter Will be in the several hundred 
Watt range, and plasma treatment time Will range from 20 
seconds to several minutes. OptimiZed parameters Will be 
determined based on the desired thickness of the depletion 
layer 18. 

[0027] In a preferred embodiment, the depleted layer 18 is 
then passivated to form a passivation layer 20 Which is less 
than the thickness of layer 18. One purpose of the passiva 
tion is to bond non-volatile atoms into the depleted layer 18 
to lessen the potential for ?uorine atoms from the bulk SiOF 
layer 16 diffusing up into the depleted layer 18 and thereafter 
reacting With the conducting layer atoms of the subsequently 
deposited layer 22. This passivation step may be carried out 
by sWitching to a pure N2 plasma in the CVD chamber to 
form SiON to a thickness that is less than the thickness of the 
depletion layer 18. For eXample, the passivation layer 20 
could have a thickness of 25 Angstroms or less, for eXample. 
Typically, a higher source poWer Will be used in the CVD 
chamber, for eXample, 300-400 Watts, to cause the nitrogen 
to bond With the SiO surface to yield an SiON dielectric 
barrier. This passivated dielectric barrier layer lessens the 
potential that ?uorine atoms Will diffuse up to the surface of 
layer 16 and react With, for eXample, a Ti or TiN barrier 
metal. 

[0028] Note that less bias poWer (the bias poWer is dif 
ferent than the plasma poWer) and a higher pressure condi 
tion should be used to treat sideWalls and vias in the SiOF 
layer 16. For eXample, a bias poWer of less than 100 Watts 
could be utiliZed. One purpose for the loWer bias poWer is 
to make the plasma less directional so that it Will affect the 
sideWalls. 

[0029] The eXact thickness of the passivation layer 20 may 
be optimiZed empirically. Note that a SIMS analysis may be 
performed to measure the thickness of the depletion layer 18 
and the thickness of the passivation layer 20. Ultimately, 
optimiZation is achieved When the depletion and passivation 
layer thickness are such that it can be assumed that the 
subsequent layer 22 Will not peel off during the remaining 
process steps for the semiconductor chip. 

[0030] A typical device realiZed using the present inven 
tion method might have bulk SiOF layer 16 of 8,000 
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Angstroms to 15,000 Angstroms, With a depletion layer 18 
of 50 Angstroms, and a passivation layer 20 of 25 Ang 
stroms. 

[0031] Next, a conducting layer 22 is deposited. By Way of 
eXample, an in-situ deposition of optimiZed CVD-TiN may 
accomplished in the previously mentioned CVD chanber 
using a nitrogen-rich initial layer. This deposition Would 
then be folloWed by a standard blanket tungsten deposition 
to form a layer 24. Note that the present invention is not 
limited to TiN and Ta. A variety of metals are available to 
form these conducting layers, including Ti, TiN, Ta, Al, and 
Cu, for eXample. 

[0032] It should be noted that although the present inven 
tion is particularly advantageous When used to form an SiOF 
inter-metal dielectric layer, it has application in any situation 
Where the ?uorine atoms in an SiOF layer are causing 
interaction and/or adhesion problems With other layers. 

[0033] The foregoing description of a preferred embodi 
ment of the invention has been presented for purposes of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise form disclosed, 
and modi?cations and variations are possible in light of the 
above teachings or may be acquired from practice of the 
invention. The embodiment Was chosen and described in 
order to eXplain the principles of the invention and its 
practical application to enable one skilled in the art to utiliZe 
the invention in various embodiments and With various 
modi?cations as are suited to the particular use contem 
plated. It is intended that the scope of the invention be 
de?ned by the claims appended hereto, and their equiva 
lents. 

We claim: 
1. A method for using loW dielectric SiOF in a process to 

manufacture semiconductor products, comprising the steps 
of: 

obtaining a layer of SiOF; and 

depleting the ?uorine from a surface of the SiOF layer. 
2. Amethod as de?ned in claim 1, Wherein said depleting 

step comprises the step of treating the surface of said layer 
of SiOF With a plasma containing hydrogen to yield a treated 
surface. 

3. A method as de?ned in claim 1, further comprising the 
step of passivating the treated surface. 

4. A method as de?ned in claim 3, Wherein said passivat 
ing step comprises the step of applying substantially pure 
nitrogen plasma to the treated surface. 

5. A method as de?ned in claim 4, Wherein said nitrogen 
plasma is applied at a loWer plasma bias poWer and a higher 
pressure than said hydrogen-containing plasma used in said 
treating step. 

6. A method as de?ned in claim 2, Wherein said treating 
step is carried out in a CVD-TiN deposition chamber. 

7. A method as de?ned in claim 6, Wherein said treating 
step is carried out at a higher temperature than a temperature 
for CVD-TiN. 

8. A method as de?ned in claim 1, further comprising the 
step of depositing a TiN layer on said treated surface. 

9. A method as de?ned in claim 8, further comprising the 
step of depositing a tungsten layer over said TiN layer. 

10. Amethod as de?ned in claim 6, further comprising the 
step of depositing a TiN layer on said treated surface. 
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11. Arnethod as de?ned in claim 1, wherein said depleting 
step forms a depletion layer that is greater than or equal to 
30 Angstrorns in thickness. 

12. A method as de?ned in claim 3, Wherein said passi 
vating step comprises the step of forming a passivation layer 
that is less than or equal to 25 Angstrorns in thickness. 

13. Arnethod as de?ned in claim 3, Wherein said depleting 
step forms a depletion layer that is greater than or equal to 
30 Angstrorns in thickness, and Wherein said passivating 
step comprises the step of forming a passivation layer that is 
less than or equal to 25 Angstrorns in thickness. 

14. A method for using loW dielectric SiOF in a process 
to manufacture serniconductor integrated circuit chips, corn 
prising the steps of: 

obtaining a layer of SiOF; 

treating in a CVD-TiN deposition chamber a surface of 
said layer of SiOF With a plasma containing hydrogen 
to deplete ?uorine from said surface; 

passivating said treated surface With substantially pure N2 
plasma; and 

depositing a layer of TiN. 
15. Arnethod as de?ned in claim 14, Wherein said treating 

step is carried out at a higher temperature than a temperature 
for CVD-TiN. 

16. A serniconductor chip comprising: 

an integrated circuit With at least a ?rst and second layers, 
and With a dielectric layer of SiOF disposed betWeen 
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said tWo layers, Wherein said SiOF dielectric layer 
includes a ?rst region at one edge thereof Which is 
depleted of ?uorine to a predetermined depth. 

17. Aserniconductor chip as de?ned in claim 16, Wherein 
said ?rst and second layers are rnetallic layers. 

18. Aserniconductor chip as de?ned in claim 16, Wherein 
said ?rst region includes a second region, extending from 
said edge to a depth Which is less than said depth of said ?rst 
region, said second region being passivated. 

19. Aserniconductor chip as de?ned in claim 16, Wherein 
said second region is passivated With nitrogen. 

20. Aserniconductor chip as de?ned in claim 17, Wherein 
said second layer is adjacent to said ?uorine depleted region 
and is comprised of TiN. 

21. Aserniconductor chip as de?ned in claim 16, Wherein 
said predetermined depth of said ?rst region is greater than 
or equal to 30 Angstrorns. 

22. Aserniconductor chip as de?ned in claim 18, Wherein 
said predetermined depth of said ?rst region is greater than 
or equal to 30 Angstrorns and said depth of said second 
region is less than or equal to 25 Angstrorns. 

23. Aserniconductor chip as de?ned in claim 18, Wherein 
said depth of said second region is less than or equal to 25 
Angstrorns. 


