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SURFACE MODIFICATION OF
SEMICONDUCTORS USING
ELECTROMAGNETIC RADIATION

becomes thicker, this granular structure can be seen as

surface roughness. This is in contrast With a smooth, “lay
ered groWth mechanism” Which results in an even, smooth

layer of deposited material.
BACKGROUND OF THE INVENTION

Surface roughness introduces a number of adverse effects
for processing the TEOS oZone ?lms and ?lms subsequently
deposited on the TEOS oZone ?lms. As photoresist is coated
on the Wafer surface to form holes (vias) for interconnecting

1. Field of the Invention

The ?eld of the invention comprises apparatus and meth
ods for manufacturing semiconductor devices.
2. Discussion of the Related Art

conductive layers, the photoresist’s surface adhesion is
10

introduces many re?ections resulting in poor dimensional

de?nition of the photoresist layer. During etching, the granu
lar surface reduces adhesion With the possibility of delami

features must therefore decrease. HoWever, as the space

betWeen device features decreases, the ability to electrically

15

isolate the devices becomes more dif?cult. To provide the

nation of the photoresist layer.
Additionally, as the gaps betWeen semiconductor device
features decreases, these gaps becomes increasingly more
dif?cult to ?ll adequately. As the surface ?lms increase in

electrical isolation as Well as mechanical structure to fabri

cate the devices, the narroW spaces are ?lled With silicon
dioxide or other suitable insulator. To separate the devices

Within the silicon substrate, spaces are provided by means of

decreased on rough surfaces. With the exposure of the

photoresist to the stepper light radiation, the granular surface

For the past 20 years, the integrated circuit (IC) device
density has doubled about every 18 months. As device
density increases, the space betWeen semiconductor device

20

thickness, the corresponding ?lm does not completely ?ll
the gap, resulting in the formation of a “void.” This is

shalloW trenches. These trenches are ?lled With silicon
dioxide Which can be derived from the reaction of tetraethy

especially the case if there is surface sensitivity of deposi
tion of materials Within the gap. Films deposited at loW

lorthosilicate (TEOS) and oZone.
The fabrication of shalloW trenches is currently carried

oZone concentration exhibit conformal coating of device
features, resulting in the formation of a void as the gap
becomes ?lled.

out by providing a semiconductor substrate, typically silicon
Wafer With a thermal oxide surface, Which is manufactured
by exposing a surface of silicon to an oxidiZing agent such
as oxygen at high temperatures to create a surface of SiO2.
Similarly, polysilicon interconnect layers as Well as con
ductive metal interconnects have spaces Which are to be
?lled With silicon dioxide or other suitable dielectric mate
rial to insulate the conductive layers from each other. The
dielectric material, such as SiO2, can be made of un-doped

silicate glass (USG) or non-doped silicon glass (NSG).
These terms are considered to be equivalent in this appli

cation. USG is deposited using the precursors, TEOS and
oZone, using a chemical vapor deposition (CVD) processing.
Conventionally deposited ?lms of USG based on TEOS/
oZone technology, hoWever, have several draWbacks. Of
these, one of the most important is the sensitivity of the

25

These un?lled gaps, or “voids” can trap contaminants

Which can degrade the integrated circuit device, and are not
effective dielectrics. The presence of voids therefore
30

al., J. Electrochem. Soc. 141(8):2172—2177 (1994)}.
35

40

either phosphorous doped silicate glass (PSG), spin on glass
(SOG), borophosphorous silicate glass (BSG), or combina

(Si3N4).
45

Conference on Solid State Devices and Materials, Sendai,

Thus, the semiconductor industry is interested in decreas
ing the effects of surface sensitivity and ensuring good gap
?lling With high quality dielectric materials. HoWever, to
date the problems of surface sensitivity and poor gap ?lling
have been not been adequately addressed.

I Surface Sensitivity

fully by reference.} Surface sensitivity is characteriZed by

Several approaches have been used to treat semiconductor
surfaces. Maeda et al. US. Pat. No. 5,484,749 described a

process Whereby semiconductor devices Were exposed to
heat and high frequency plasma to treat the surface of an
SiO2 layer prior to deposition of a TEOS oZone ?lm.
55

HoWever, this process requires additional costly plasma
treatment equipment.
Another approach by Maeda et al., US. Pat. No. 5,051,

deposit these ?lms.
Increasing the oZone concentration can result affect the

deposition rate and increased surface roughness, as re?ected
both in direct measurements of surface features using scan
ning electron microscopy, as Well as increased Wet etching
rates observed With aqueous HF solutions. One possible
hypothesis to account for surface roughness is the nucleation
mechanism, also knoWn as an “island groWth mechanism”
originating on the surfaces being covered. Depending on the
molecular makeup of the surface and its state, the TEOS
oZone begins deposition in a granular form. As the ?lm

Surface sensitivity is observed for several types of
substrates, including silicon dioxide formed either as ther
mal oxide, or as SiO2 deposited through TEOS oZone or
TEOS oxygen plasma processes (PECVD). The SiO2 can be
tions of PSG and BSG. Additionally, surface sensitivity can
be a problem for dielectric layers deposited on silicon nitride

pp:239—242 (1990); Fujino et al., J. Electrochem. Soc.
138(2):550—554 (1991); and Fujino et al., J. Electrochem.
Soc. 139(6):1690—1692 (1992), each incorporated herein
inconsistent and variable deposition rates and increased
roughness of the resulting ?lms as the process conditions are
varied. The process conditions of interest are deposition
temperature, deposition pressure, mole-fraction of the reac
tants (e.g., TEOS and oZone), and possibly some hardWare
conditions speci?c to the design of the reactor used to

oZone ?lms deposited using high oZone concentrations are

knoWn to exhibit better gap ?lling properties and have better
in situ ?oW characteristics than loW oZone ?lms {KWok et

deposited ?lm to the condition of the substrate on Which the

?lm is deposited. This is termed “surface sensitivity.” {See
KWok et al., J. Electrochem. Soc., 141(8):2172—2177
(1994); Matsuura et al., Proceedings of the 22“ International

decreases device reliability of the device. HoWever, TEOS/

60

380 Was to deposit the USG ?lm discontinuously. A ?rst
layer of USG is deposited using a loW oZone concentration,
and then a subsequent USG ?lm is deposited using a higher
oZone concentration. HoWever, USG ?lms using loW oZone
concentration have less desirable ?lm qualities, such as high

Water content and absorption, high etch rates, and shrinkage
during high temperature annealing, Which induces stress and
65

formation of voids or seams. {KWok et al., J. Electrochem.

Soc. 141(8):2172—2177 (1994).} Furthermore, the thickness
needed to overcome surface sensitivity of a loW oZone USG

6,015,759
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?lm may be as great as 1000 A, thus ?lling the gap With poor

Therefore, one aspect of this invention is the development
of methods for exposing thermal oxide substrates to elec
tromagnetic radiation in the vacuum ultraviolet and ultra
violet Wavelengths to reduce the surface sensitivity of sub

quality oxide and preventing ?lling the gap With high
quality, high-oZone oxide. As gaps decrease to 0.25 pm, after
a ?rst layer of a loW oZone USG ?lm, only 500 A Would be
available for a second layer of a effective high oZone USG
material to ?ll the gaps.

An additional approach is to modify the surface of the
USG ?lm. Maeda et al., US. Pat. No. 5,387,546 taught the
exposure of deposited semiconductor ?lms to ultraviolet
radiation during heating. The ultraviolet radiation Was pro
duced by a mercury lamp Which generates electromagnetic
radiation With Wavelengths of 185 nanometers (nm) and 254

sequently deposited ?lms, such as for example, dielectric
?lms.

Another aspect of this invention is the development of

methods for reducing surface sensitivity While maintaining
10

Yet another aspect of this invention is the development of
apparatus for exposing semiconductor Wafers to vacuum
ultraviolet light under conditions Which diminish surface

nm, as Well as some longer Wavelength radiation. HoWever,
because this process is carried out on layers of USG ?lm

Which have already been deposited, it does not deal With the
problem of surface sensitivity. Thus, there is a need for

15

permit improved gap ?lling With dielectric materials result
ing in the complete ?lling of the gaps.

Attempts to improve the ?lling of gaps include the use of
20

materials deposited over conductive lines to decrease the
rate of deposition of USG ?lms at those locations. J ang et al.,

These and other features and advantages of the present
invention Will be apparent from the Detailed Description of
the Invention in conjunction With the

US. Pat. No. 5,536,681. By decreasing the rate of deposition
over the conductive lines, relatively more dielectric material
can be deposited Within the gaps, resulting in decreased
formation of voids. HoWever, this process requires at least 3

25

additional steps and additional equipment, is expensive, and
requires additional processing time, and therefore is not
ef?cient.
Chen, US. Pat. No. 5,489,553, exposed a thermal oxide
layer to HF. HF is a strong acid Which removes all surface

FIG. 1 is a depiction of an embodiment of the invention

radiation derived from a dielectric barrier discharge device.
30

radiation derived from an open emitter apparatus.
FIG. 3 is a depiction of an embodiment of the invention
35

rine atoms into the ?lm can result in the liberation of ?uoride
ions Which can introduce reliability problems as the ?uorine
ions combine With moisture to form HF. Moreover, the
presence of ?uorine atoms may themselves result in surface

141:2172, incorporated herein fully by reference}

40

harmful species into the dielectric ?lms.

of a thermal oxide substrate.
45

oxide substrate that had been pre-treated for 1 minute With
vacuum ultraviolet radiation according to this invention

of semiconductor Wafer surfaces Which are covered With

prior to deposition of the USG.
50

FIG. 4a' is a scanning electron photomicrograph of the
surface of a layer of USG deposited on top of a thermal

oxide substrate that had been pre-treated for 5 minutes With

and conductive.

vacuum ultraviolet radiation according to this invention

Yet another object is to provide apparatus for carrying out

ity.

FIG. 4c is a scanning electron photomicrograph of the
surface of a layer of USG deposited on top of a thermal

On the basis of the foregoing, one object of the invention
is to provide a method for decreasing the surface sensitivity

pretreatments Which eliminate or decrease surface sensitiv

surface of a layer of USG deposited on top of a silicon
substrate.

FIG. 4b is a scanning electron photomicrograph of the
surface of a layer of undoped silicate glass deposited on top

Therefore, there is a need for improved gap ?lling pro

various ?lms, such as, for example, dielectric ?lms.
Another object is to decrease surface sensitivity Without
adversely affecting the rates of deposition of dielectric ?lms

including a tool for processing semiconductor Wafers Which
includes a structure for exposing Wafers to electromagnetic
radiation.
FIG. 4a is a scanning electron photomicrograph of the

cesses Which can be carried out Without the introduction of

SUMMARY OF THE INVENTION

FIG. 2 is a depiction of an embodiment of the invention

for exposing semiconductor Wafers to electromagnetic

sition of TEOS oZone silicon dioxide ?lms. The formation of
SiOF moieties on the surface resulted in improved confor

sensitivity. { See KWok et al., J. Electrochem. Soc.

BRIEF DESCRIPTION OF THE DRAWINGS

for exposing semiconductor Wafers to electromagnetic

silicon dioxide, exposing bare silicon for subsequent depo
mal deposition of oxide; hoWever, the introduction of ?uo

sensitivity.
A further aspect of this invention is the development of
apparatus for pre-treating gaps in semiconductor devices to

improved Ways of reducing surface sensitivity.
II Gap Filling
nitrogen gas (N2) plasma to selectively treat dielectric

desired rates of deposition of thin ?lms, such as for example,
dielectric ?lms.

55

prior to deposition of the layer of USG.
FIGS. 5a and 5b are diagrams of a Wafer With shalloW

A further objective is to provide methods for improved
gap ?lling and suitable insulation for shalloW trench isola

trench isolation features shoWing complete gap ?lling by a

tion.

Wafer With electromagnetic radiation.

Yet another object is to provide semiconductor chips

TEOS oZone silicon dioxide dielectric after pre-treating the
60

incorporating dielectric layers deposited after pretreatment
of the substrate to decrease surface sensitivity.
Still another object is to provide methods for the
improved ?lling of narroW gaps resulting in feWer voids.
The invention includes apparatus and methods for pre
treating semiconductor surfaces to reduce the surface sen

sitivity of the ?lm.

FIG. 6 is an electron photomicrograph of a semiconductor

device shoWing the gap ?lling properties of USG after
pretreatment of a thermal oxide substrate With vacuum
65

ultraviolet radiation in accordance With this invention prior
to deposition of the layer of USG.
The Figures are more thoroughly explained in the
Detailed Description of the Invention.

6,015,759
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DETAILED DESCRIPTION OF THE
INVENTION

al., Balazs News, Number 20: 1—3 (October 1997); and
CamenZind et al., MICRO pp: 71—76 (October 1995), incor

porated herein fully by reference.

I Methods of Minimizing Substrate Surface Sensitivity
The present invention comprises methods and apparatus
for pre-treating semiconductor substrates With electromag

violet Wavelengths prior to the deposition of semiconductor

These theories are included only for descriptive purposes,
and the present invention does not rely upon any particular
of these theories for its operability. Furthermore, other
theories may account for surface sensitivity. Regardless of

layers, preferably dielectric layers. This pretreatment sub
stantially reduces the surface sensitivity of the deposition

sensitivity, the present invention uses electromagnetic radia

netic radiation of preferably vacuum ultraviolet and ultra

process so that thermal oxide surfaces can have layers of

the molecular source or mechanism responsible for surface
10

dielectric material deposited thereon at higher rates and With
surface smoothness nearly identical to the surface smooth
ness of dielectric materials deposited on bare silicon.

Moreover, the quality of the USG ?lm is high, providing
better dielectric properties and permitting effective electrical

15

insulation and the ?lling of gaps in the 0.25 pm range.
This invention is rooted in the recognition that surface
sensitivity is determined by the nature of the substrate
surface. The nature of the surface is determined at least

partially by the atomic and molecular species and hoW they

tion preferably in the ultraviolet and vacuum ultraviolet

ranges to prepare the surface prior to deposition of the layer,
preferably a dielectric layer.
According to some theories, surface modi?cation requires
the breaking of undesirable bonds and/or the formation of
desirable surface bonds or surface sites. These bonds include

Si—OH, Si—C, Si—N, among others. The bond energies of
some relevant bonds are shoWn in Table 1. These energies lie

in the visible, ultraviolet (UV) and vacuum ultraviolet
20

are bonded together on the substrate surface. The substrate

(VUV) range, and therefore electromagnetic radiation of
these Wavelengths Will interact With these bonds. Therefore,
it is possible to modify the bonding state of the thermal
oxide surface by exposing this surface to UV or VUV
radiation.

material, the methods by Which it is prepared, and the
ambient conditions to Which it is exposed prior to dielectric
deposition, are factors that in?uence the nature of the surface

and the quality of the subsequently deposited ?lm.

TABLE 1

25

There are several theories Which may account for surface

Bond Energies For Selected Bonds

sensitivity. One theory is that surface sensitivity is related to
the Wetting behavior of the substrate. Apure silicon surface

is hydrophobic, (that is, it repels Water), Whereas thermal
oxide, made by exposing a silicon surface to oxygen at

30

elevated temperatures, is hydrophilic, (that is, Water Wets the
surface). This theory therefore states that the surface sensi
tivity is related to the hydrophilicity of the substrate.
A second theory relates to the electrostatic interaction

betWeen the substrate surface and the deposited species.
{KWok et al., J. Electrochem. Soc. 141(8):2172—2177

35

(1994), incorporated herein fully by reference.} It is
observed that even on silicon Wafers, USG deposited With

high oZone concentrations shoWs surface sensitivity if ?uo
rine atoms are present instead of hydrogen. The deposition
of TEOS and oZone takes place through the formation of an

40

intermediate species, hypothesized to be electronegative, in
the gas phase. Because ?uorine is extremely electronegative,
this gas phase intermediate may be repelled by ?uorine
atoms on the surface. This results in loW deposition rates and

45

atoms, hydrogen atoms are not very electronegative, so
deposition of intermediates on substrates free of ?uorine is

H—H
C—C
Si—Si
N—N
O—O
C—H
Si—H
N—H
O—H
C—Si
C—N
C—0
Si—O
C=C
CEC

4.52
3. 60
1.83
1. 67
1.44
4.28
3.05
4.05
4.80
3.01
3.02
3. 64
3.82
6.34
9.22

274
344
678
745
861
289
406
306
259
413
410
340
324
195
134

Data from L. Pauling, The Nature of the Chemical Bond and
the Structure of Molecules and Crystals: An Introduction to
Modern Structural Chemistry, Third Edition, Cornell Uni

electromagnetic radiation and thereby be disrupted. With the
dissociation of these undesirable bonds, the contaminating
moieties can be removed from the surface. The electromag
netic radiation has sufficient energy to break the bonds,
55

thereby alloWing removal of the moieties from the surface.
II Types Of Electromagnetic Radiation Emitting Devices

Mercury-vapor lamps, hydrogen lamps, lasers, and the

of the resulting ?lm, thereby causing it to have a rough
surface. According to this theory, these bonds may form

dielectric barrier discharge lamps including excimer radia
tion devices are a feW different devices useful for obtaining
the UV and VUV radiation of this invention. With recent

When contaminants on the surface bind to the silicon or
60

advances in dielectric barrier discharge technology, it is noW
possible to make UV and VUV lamps that can provide
reasonably high intensity monochromatic radiation over a
large surface area. These types of lamps are therefore
suitable for practicing this invention. HoWever, because it is

65

possible to use any source of UV and VUV radiation, some

taminants on the substrate surface. Typical sources of
organic contamination are clean room air and the photoresist

residue from photolithography processes. The organic moi
eties found include silicon carbide, amides, silicones, orga

nophosphorous compounds, C6—C28 aliphatic or aromatic

Wavelength (nm)

As can be seen from Table 1, certain bonds can absorb

more rapid and more even.

oxygen atoms in the SiO2 ?lm.
A fourth theory relates to the presence of organic con

Energy (eV)

versity Press, Ithaca, NY, 1960; and Atkins, Physical
Chemistry, 3d Edition, Oxford University Press (1988),
incorporated herein fully by reference.

uneven deposition. According to this theory, unlike ?uorine

Athird theory relates to the presence of undesirable types
of silicon bonds on the surface. For example, the thermal
oxide surface is expected to have Si—O—Si, Si—H, and
Si—OH bonds on the surface along With some hydrocarbon
or other organic contaminants. According to this theory, the
presence of these types of bonds decreases the homogeneity

Bond

hydrocarbons, phthalates, alcohols (e.g., isopropyl alcohol),

aspects of the invention are not limited to any particular

N-methyl pyrrolidone, creosols and amines. CamenZind et

source of radiation.

6,015,759
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to the gas. When the dielectric breakdoWn occurs, small
microplasmas are formed across the gap. The current excites

Excimer devices are characterized by the use as emitter

moieties, atoms Which under normal temperatures and other
conditions do not form chemical bonds betWeen them. For
example, noble gases normally do not form interatomic

bonds. HoWever, under high energy conditions, noble gases
can form dimers. When these dimers break doWn, the energy
of the bonds is released as high energy electromagnetic
radiation. Depending on What the excimer gas is, the Wave
length of the emitted radiation may be in the ultraviolet or
vacuum ultraviolet range.

The bonds shoWn in Table 1 correspond to energies in the
UV and VUV ranges. Several types of devices are capable

10

the surface sensitivity to subsequently deposited USG ?lms.
A subset of useful lamps include dielectric barrier excimer

of generating electromagnetic radiation in the Wavelength
ranges needed. VUV or UV radiation can be provided by
dielectric barrier or silent discharge equipment using a
variety of gases or gas mixtures according to methods
knoWn in the art. VUV and UV radiation can be generated

lamps. Excimer lamps are knoWn in the art, and are exem
15

pli?ed by the devices described in KogelschatZ, US. Pat.
No. 5,432,398; KogelschatZ, US. Pat. No. 5,386,170; Elias
son et al., US. Pat. No. 4,837,484; Eliasson et al., US. Pat.

from noble gases and other atomic species (see Table 2).
TABLE 2

the gas and the resulting photons emitted are in the desired
VUV and UV ranges, depending on Which atomic species
are present in the gas. In the excimer process, the micro
plasmas deliver the energy to the gases inducing the forma
tion of dimers. As these dimers dissociate, the excimer
radiation is emitted. When emitted Within the exposure
chamber, these photons are directed at the surface of the
Wafer, and interact With molecules on the surface, decreasing

20

No. 4,945,290; Eliasson et al., US. Pat. No. 4,983,881;
Gellert et al., US. Pat. No. 5,006,758; KogelschatZ et al.,
US. Pat. No. 5,198,717; KogelschatZ, US. Pat. No. 5,214,
344; and KogelschatZ, US. Pat. No. 5,386,170. Each of the

aforementioned references in herein incorporated fully by

Emission Wavelengths For Selected Electromagnetic Radiation

reference.

Emitter

Any suitable lamp is useful for practicing the method of

Emitter Moiety

Wavelength (nanometers)

He2
Ne2
Ar2
Kr2
Xe2
N2

60-100
80-90
107-165
140-160
160-190
337-415

25

KrF

240-255

Hg/Ar

235

30

Deuterium

150-250

XeF
XeCl

340-360, 400-550
300-320

XeI
ArF

240-260
180-200

ArCl

165-190

ArCl/KrCl

165-190, 200-240

KrCl

200-240

Hg

185, 254, 320-370, 390-420

Se

196, 204, 206

this invention. These devices comprise a central electrode

surrounded by a quartZ dielectric. Surrounding the quartZ
dielectric is a chamber containing the emitter gas, such as Xe

or those exempli?ed by Table 2. Surrounding the chamber
containing the emitter gas, another dielectric shield, trans
parent to the UV or VUV Wavelengths generated encloses
the gas in the tube. Suitable materials include, but are not

limited to quartZ, LiF, MgF2, or CaF2. An outer electrode,
commonly of mesh Wire, surrounds the outer dielectric layer.
Excitation of the emitter gas results in the production of
electromagnetic radiation Which exits the tube inside the
35

exposure chamber. Because air in the chamber may absorb

the photons preventing them from reaching the substrate
surface, the exposure chamber is either evacuated or the air
is replaced With a gas Which does not absorb the Wavelength
of radiation produced by the emitter device. For a xenon
40

excimer device, suitable gases include nitrogen, argon,

Data from Eliasson et al., US. Pat. No. 4,983,881 and

helium, xenon or ammonia. For other emitter devices, non

KogelschatZ, US. Pat. No. 5,432,398, incorporated herein

absorbing gases are chosen accordingly to permit passage of
the photons to the substrate surface.
FIG. 1 depicts apparatus 100 of the invention for pre
treating thermal oxide substrates. An exposure chamber 104
houses a chuck 108 Which is capable of being heated by a

fully by reference.
These ranges of Wavelengths encompass the Wavelengths
equivalent to the energy of the undesired bonds on the

45

substrate surface. Although the Wavelengths above are those
exhibiting the maximum poWer, there is a bandWidth of the

heating device (not shoWn). The chuck 108 may be moved

Wavelengths generated by each of the above emitter moi

in any of 3 dimensions to optimiZe the exposure of the Wafer
to the radiation. It is important that radiation be evenly

eties. The bandWidths vary from about 1 to about 17 nm.

{Newman et al., Aust. J. Phys. 48:543-556 (1995), incor
porated herein fully by reference} Thus, these emitters can

50

subsequently deposited USG ?lm. A semiconductor Wafer
112 is held on top of the chuck. A lamp 116 is disposed
Within the chamber 104 in any con?guration Which is

be used to expose the surface of a semiconductor substrate

to a spectrum of electromagnetic radiation, thereby increas
ing the number and types of chemical bonds Which may be
dissociated.
A Dielectric Barrier or Silent Discharge Lamps
Dielectric barrier discharge devices, also knoWn as silent

55

suitable for providing even exposure of the Wafer to the

radiation. In this ?gure, the lamp 116 is shoWn on the top of
the chamber. Suitable lamps may be any conventional emit
ter lamps knoWn in the art, including, but not limited to those
disclosed in US. Pat. Nos. 5,432,398, 5,214,344, and US.

discharge devices, consist of tWo conductive plates, each
covered With a dielectric layer and are separated from each

other by an emitter gas-containing gap. Examples of such

distributed over the surface, as variations in the surface
pretreatment can result in variations in the thickness of the

60

Pat. No. 5,198,717, incorporated herein fully by reference.

emitter gases are shoWn in Table 2. The dielectric barrier

The poWer and exposure times are selected to minimiZe

decreases the conduction through the gap, and therefore, the
generation of current ?oW betWeen the plates requires a
higher voltage. When the voltage is suf?cient to overcome
the resistance of the dielectric materials, the resulting current
through the gas is substantially higher than Without the
dielectric layer, and consequently, more poWer is delivered

the surface sensitivity of the USG ?lm deposition. The
poWer output of the excimer lamps is in the range of from
about 0.005 W/cm2 to about 100 W/cm2. Preferably, the
poWer output is in the range of from about 0.1 W/cm2 to
about 5 W/cm2, and more preferably about 1 W/cm2 Expo

65

sure times can vary inversely With the poWer output of the

6,015,759
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generator. However, these exposure guidelines can be
altered depending upon the pre-existing state of the surface.
For cleaner surfaces, less power and/or shorter exposure

emitted. In this way, it is possible to ensure that some UV or
VUV radiation reaches the interior of the gaps to exert the

durations are necessary.

desired conditioning effects on the substrate. This embodi
ment also permits the use of emitter gases which generate

The lamp as shown comprises two or more emitter
devices 120 which are arranged so as to provide radiation
exposure over the wafer surface. Re?ective elements 124

shorter wavelengths than can conveniently pass through the
quartZ or other windows in conventional excimer lamps.
Such gases include He, Ne and Ar. Additionally, other types

re?ect the emitted radiation 126 back down into chamber
104 to increase exposure of the wafer to the radiation. An
inlet port 128 permits the introduction of gas 132 into the
exposure chamber 104. The gas 132 is any suitable gas or
mixture of gases which do not absorb the wavelengths of

10

excimer radiation produced by lamp 120. Gases are drawn

208, which is positioned under the open emitter device 216.

out of the chamber 104 through an exhaust port 136.

Alternatively, the chamber 104 is evacuated substantially to
remove air, and thereby decrease the absorption of radiation

15

126.
Any of several lamps are suitable for this invention. Table
3 shows some characteristics of lamps.
20

TABLE 3

Type

Power

Range

Density

Low P Hg 6-150
Low P
1500-

Hg, Type

2000

ABB
Med. P

75-

Hg

60,000

Fusion

6000

Max.
Radiant

Power at

7»

(nm) 7»

(nm)

0.2-0.3
10-15

6-45
90-500

253.7 200-550
253.7 2000-6000

253.7
253.7

40-300

1.5-

254

700-5000

254

Power at

7»

270

201-

28,000

201

500

250
251- 50,000

250
251

300

300

301- 35,000
350
308
11,700
222
11,700
172
8500

301
350
308
222
172

25

The power and exposure times are selected to minimize

3500
240

335
10,000
10,000
10,000

50
50
50

330
330
240

of radiation different from the ?rst emitter gas. Alternatively,
these gases may be used for subsequent conditioning of the
wafer while inside the chamber 204. The chamber 204 is
evacuated through an exhaust port 240 by a pump (not

shown).

30

Type H

XeCl
KrCl
Xe

Max.
Irridiance

7»

(Watts) (W/cm2)

Electrodes 220 are arrayed along one side of the chamber
204. Emitter gas 224 is fed in through a port 228, and ?ows
past electrodes 220. Alternating current in electrodes 220
excites emitter gas 224, and the excited gas enters chamber
204. Wafer 212 is exposed to photons 232, where the
pretreatment occurs. Optionally, bias ?ow for the introduc
tion of other gases is via an inlet port 236. These other gases

may be used as emitters, capable of producing wavelengths

Characteristics of UV and VUV Lamps

Power

of radiation, such as x-rays and electron radiation are useful.
FIG. 2 depicts a device 200 to treat semiconductor devices
with electromagnetic radiation. A chamber 204 houses a
chuck 208, which can be heated and is moveable in 3
dimensions. A semiconductor wafer 212 is held on chuck

35

the surface sensitivity of the USG ?lm deposition. The
power output of the emitter lamps is in the range of from
about 0.005 W/cm2 to about 100 W/cm2. Preferably, the
power output is in the range of from about 0.1 W/cm2 to
about 5 W/cm2, and more preferably about 1 W/cm2 Expo
sure times can vary inversely with the power output of the
generator. However, these exposure guidelines can be
altered depending upon the pre-existing state of the surface.
For cleaner surfaces, less power and/or shorter exposure
durations are needed.

40

FIG. 3 depicts a tool 300 used for pretreatment and
deposition of dielectric ?lms of the invention. Wafers to be
processed are loaded onto loading stations 304. A robotic

Data taken from Braun et al., Photochemical Technology,

arm 308 transfers wafers to a cooling station 312. The

John Wiley & Sons, New York, (1991), Oldring et al., (eds.)
Chemistry & Technology of UV & EB Formulation for
Coatings, Inks, & Paints, Vol. 1, STA Technology (1991),
Heraeus Noblelight, Product Catalogue, Heraeus Noblelight
GmbH, Hanau, Germany, each reference incorporated
herein fully by reference.

pretreatment station 316 contains the electromagnetic radia
tion emitter devices. Pretreatment station 316 can be similar
to the stand alone systems shown in FIG. 1 or FIG. 2. After
45 pretreatment, the robotic arm 308 transfers the wafers to a

cluster tool 316 containing multiple deposition stations.
II Pretreatment Of Wafers With Electromagnetic Radiation
Exposing thermal oxide substrate to the electromagnetic

B Open Emitter Process
An alternative device of this invention for exposing

radiation as described above results in decreased surface
wafers to VUV or UV radiation involves the introduction of 50 sensitivity. To perform such exposure, wafers are preferably

introduced into equipment containing VUV and/or UV light

the emitter gas directly into the chamber and generating
electromagnetic radiation within the chamber without the
necessity of enclosing the source in an additional contain
ment vessel, such as a quartZ tube. This type of process is
herein termed an “open emitter” process. It differs from a
standard dielectric discharge device described above in that
the emitter gas is not enclosed within a separate vessel, but

sources. According to at least one theory, the radiation
excites the molecular bonds on the surface of the silicon

dioxide substrate, and the undesired bonds are broken,
55

rather, the wafer to be treated is exposed directly to the
emitter gas within the chamber. The emitter gas ?ows into
the chamber and past an array of electrodes with alternating
polarity relative to their neighbors on either side. As elec
trical charge passes into the electrodes, electrical ?elds are
set up between the electrodes. The electrical ?elds excite the

60

gas, forming, among other species, dimers with high bond
energy. The excited gas molecules can either emit the 65

photons while above the surface, or may penetrate into the
gaps in the device features, where the photon may be

enabling contaminating moieties to leave the surface.
The typical process includes three stages. A ?rst condi
tioning step involves exposing the wafer to various tem
peratures and gaseous environments. The time of this initial
conditioning step is in the range of from about 0 to about 10
minutes, preferably from about 0 seconds to about 30
seconds, and more preferably for about 10 seconds. The
temperatures are from about 25° C. to about 700° C.,
preferably from about 100° C. to about 300° C., and more
preferably about 200° C. The chamber pressure is in the
range of about 10'5 Torr to about 1500 Torr for both the
closed and open emitter systems, preferably about 1 Torr to
about 100 Torr, and more preferably at about 10 Torr for the

6,015,759
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closed emitter system. For the open emitter system, pre

then polymeriZe to form the USG ?lm. The How rate of
TEOS is in the range of about 0.05 gm/min. to about 1.5

ferred pressures are in the range of about 300 Torr to about
900 Torr, and more preferably about 760 Torr. The gases are

gm/min, and preferably about 0.15 to about 0.4 gm/min. The

injected into the reaction chamber, and may be heated,
cooled, and/or mixed prior to injection, and may also include

oZone concentration should be in the range of about greater

than 0% to about 18% by volume, preferably in the range of
about 5% and 12% by volume. The deposition temperature

vaporiZed chemicals.

can be in the range of about 100° C. and about 600° C., and
preferably about 400° C. Under these conditions, the rates of
deposition of USG on pre-treated thermal oxide are nearly

The gases Which can be used include inert gases and
reactive gases.

Examples of inert gases include He, Ar, Ne, Kr, and Xe.
Examples of reactive gases include NH3,
chloro?uorocarbons, Cl2 and HCl, F2 and derivatives such
as SF6. Additionally, Br2, O2 and its derivatives such as
Ozone (03), H2, and gases Which can dissociate into Cl, F,

10

Br, O, and S are also useful. Examples of chemicals Which

may be injected include HF, HCl, H2504, ClSO3, or H202.
These materials may be injected alone, or mixed With a
carrier has such as nitrogen, hydrogen or oxygen plus any of
the inert gases listed above.
The purpose of the inert gases is to generate the excimer
radiation. The reactive gases and derivatives of non-reactive

15

of deposition of USG ?lms is increased, compared to the
20

are not uncommon using standard TEOS and oZone con

TEOS deposition on thermal oxide substrates to rates com
25

30

35

40

Furthermore, an oZone ?lm can be deposited, in Which the
oZone concentration is in the range of from about 0.5 volume

% to about 18 volume %, preferably in the range of from
about 5 volume % to about 12 volume %. Depositing USG

cause excess damage to the electronic devices. The most

under these ranges of oZone concentration results in ?lms
45

Post conditioning steps can be used to maintain the
desired surface conditions for extended periods of time up to

and including about 2 Weeks. Post-conditioning processes
can be performed using various combinations of
temperature, chamber pressure, and gas environment. Any

desirable dielectric and mechanical properties to the ?lm.
Moreover, the surface pre-treatment results in a much

of the deposited USG ?lm is in the range beloW about 10 A,
and preferably is betWeen about 2 A and 8 A root mean
square deviation from planarity.

useful poWer densities are in the range of about 0.005 W/cm2

to about 100 W/cm2, preferably about 0.1 W/cm2 to about 5
W/cm2, and more preferably about 1 W/cm2.

about 2000 A per minute, and can reach about 5000 A per
minute.
After deposition, the ?lm can be annealed by heating to
about 900° C. in nitrogen atmosphere for a feW minutes,

more even distribution of USG. The ?nal surface roughness

123 nm to about 225 nm, and more preferably about 147 nm
to 172 nm. It is also possible to use radiation of shorter

Wavelengths, Which includes x-ray and electron sources
Which generate radiation With Wavelengths beloW 100 nm.
Any reasonable poWer density can be used Which does not

parable to those on bare silicon. After radiation pre
treatment, the TEOS deposition rates are often greater than

preferably for about 30 minutes. This annealing step is
knoWn to increase the density of the USG layer, reducing the
Water content of the ?lm, and thereby conferring more

several times at either the same or different conditions of

temperature, pressure, and environmental gas conditions.
The radiation used is usually in the range of about 100
nanometers (nm) to about 450 nm, preferably from about

deposition on untreated thermal oxide alone. The rates of
deposition on untreated thermal oxide are considerably
loWer than on bare silicon. Rates as loW as 500 A per minute

centrations. Radiation pre-treatment increases the rate of

radiation, thereby forming reactive moieties.
The second stage or processing period involves exposure
to the electromagnetic energy, preferably in the form of
VUV or UV light. The exposure period is in the range of
from about 10 seconds to about 30 minutes, preferably from
about 20 seconds to about 50 seconds, and more preferably
about 30 seconds. This step may be repeated for up to

Without compromising the rate of deposition of the USG
?lm.
The physical-chemical processes of this invention have
desired effects on ?lm manufacture. First, because contami
nants are removed from the thermal oxide surface, the rate

gases Which, upon exposure to electromagnetic radiation,
dissociate and form reactive species, react With the Wafer
surface to produce a surface With loWer surface sensitivity.
In the case of the chemicals, their vapors are injected into the
reaction region to dissociate under the electromagnetic

identical to the rates of deposition of USG on bare silicon.
Thus, the concentration of oZone Which can be used in the
deposition of the layer can be increased to over 6 volume %

With more desirable surface qualities. Moreover, the
increased deposition rates increase the ef?ciency of gap

?lling, thus, enabling the production of semiconductor
devices With high device density and good electrical insu
50

lation.
One possible reason for the improved gap ?lling is that

of the above gases or mixtures of gases can be used,

Without pretreatment, the uneven distribution of USG on the

preferably including oxygen, nitrogen, and/or ammonia. A

gap sideWalls may create barriers to the penetration of

gaseous environment permits the attachment of ionic species
to the surface of the Wafer, rendering it neutral to absorption
of contaminants removed during the treatment. For example,

reactive intermediates into the gap, thereby decreasing fur
55

ther deposition Within the gap. By creating a more even
deposition of USG on the sideWall surfaces of the gaps, there

ammonia Which upon heating to 400° C. for the TEOS oZone

Will be less opportunity for barriers to form, and therefore,

deposition, Would be released from the surface, exposing the
underlying surface With the loW surface sensitivity.
III Deposition of Dielectric Materials
Deposition of USG ?lms is accomplished by standard

there Will be less hindrance to the diffusion of intermediates
into the gaps. As the intermediates continue to How into the
gaps, the deposition of the ?nal TEOS oZone ?lm Will

iZation (TP). Typically, a cap layer of silicon nitride (Si3N4)
may optionally be applied over portions of the thermal oxide

continue until the gap is completely ?lled.
Prior methods of ?lling gaps have focused upon the
deposition of a ?oW-like ?lm Within the gap. These prior
methods have found that higher temperatures, around 500°
C., produce conformal ?lms of high oZone USG. HoWever,

methods in the art. Deposition methods commonly use

chemical vapor deposition (CVD) and transport polymer

60

layer, prior to depositing a TEOS oZone ?lm. Using these

65 as a conformal layer ?lls a gap, the area in the middle of the

processes, precursors such as TEOS and oZone are reacted

gap can be the site of formation of a “Weak seam,” or an area

together to form reactive intermediate molecules, Which can

of poor quality ?lm Where the tWo sides of the conformal
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?lm converge. This type of void degrades device perfor
mance and may result in trapping of contaminants Which can

TABLE 4

decrease device reliability. Moreover, high temperature
deposition results in deposition of particles and increases the
consumption of chemicals.

Effect Of VUV Radiation On SiO Deposition On Thermal Oxide

Unexpectedly, We have found that pre-treating the thermal
oxide surface With electromagnetic radiation enables the
deposition of a ?oW-like ?lm at loW temperatures, Which
actually ?lls the gaps better than does a conformal ?lm. The
desired gap ?lling properties of the high oZone USG ?lms
are obtainable using the UV/VUV pretreatment process of
this invention at temperatures of about 400° C. The advan
tage of this invention over the prior art is that With ?oW-like

0

Substrate
Si
Thermal
Oxide
10 Thermal
Oxide
Thermal
Oxide

Treatment

Ratio of Growth on

Growth Rate (A/min)

SiOZ/Si (%)

None
None

946
786

100
83

172 nm, 1 min

913

97

172 mn, 5 min

935

99

deposition, there is no Weak seam in the middle of the gap,

and therefore, there is less degradation of device perfor
mance and increased device reliability. Moreover, particle
deposition is minimiZed, as is the consumption of chemicals
by depositing at 400° C.
This is only one possible theory to account for the
improved gap ?lling of the present invention, and We do not

15

silicon. HoWever, VUV pretreatment for as short a time as

1 minute substantially increased the groWth rate of TEOS
oZone ?lms on thermal oxide compared to untreated thermal
20

rely upon this or any other particular theory of operability.

sition rate Was 97% of that observed for silicon. Additional

on thermal oxide compared to silicon. Thus, We conclude
25

The folloWing Examples demonstrate the effects of pre
treating semiconductor a substrate With electromagnetic
radiation on the deposition rate, surface roughness, and gap
?lling properties of subsequently deposited TEOS oZone

that VUV pre-treatment substantially increases the rate of
deposition of TEOS oZone ?lms on thermal oxide substrates.

Example 2
Effect of VUV Pretreatment on Smoothness of USG Films
To determine the effect of pre-treating substrate on the
30

?lms.

oxide substrate. After 1 minute of pre-treatment, the depo

pre-treatment increased the deposition rates further, With
treatment for 5 minutes resulting in 99% of the groWth rate

Other theories may account for the observations, and all are
considered to be part of this invention.
EXAMPLES

Table 4 shoWs that thermal oxide decreases the rate of

TEOS oZone ?lm deposition by 17% compared to bare

smoothness of TEOS oZone ?lm, We performed experiments
on bare silicon substrates or on thermal oxide substrates With

Example 1
Effect of VUV Pretreatment on Rate of Deposition of USG
Films
To determine the effect of VUV pretreatment on the rate 35

of deposition of USG ?lms, experiments Were conducted on
silicon and thermal oxide Wafers. Control Wafers had a USG
?lm deposited on bare silicon. Other Wafers Were of

the Wafer Was 4 cm, the exposure time Was either 1 minute
or 5 minutes, and the chamber pressure Was 0.2 millibar.

untreated thermal oxide, and still other Wafers Were exposed
to VUV radiation of 172 nm using a Xe excimer lamp as

40

depicted in FIG. 1. The poWer density Was 15 W/cm2, the
temperature Was room temperature, the lamp distance from

FIG. 4a shoWs a scanning electron micrograph of a TEOS
oZone ?lm deposited as in Example 1. The TEOS ?oW rate
Was 0.4 gm/min., the oZone concentration Was 120 gm/m3,

the deposition temperature Was 400° C., and the deposition

the Wafer Was 4 cm, the exposure time Was either 1 minute
or 5 minutes, and the chamber pressure Was 0.2 millibar.

After exposure, ?lms of USG Were deposited using a

and Without pretreatment With VUV radiation. FIGS. 4a—a'
shoWs the effect of VUV treatment on the smoothness of the
surface of a TEOS oZone ?lm after deposition.
Exposure Was accomplished using a Xe excimer lamp as
shoWn in FIG. 1. The poWer density Was 15 W/cm2, the
temperature Was room temperature, the lamp distance from

45

time Was 5 minutes. The surface appears smooth, With
minimal surface roughness, In contrast, a TEOS oZone ?lm

thermal chemical vapor deposition (CVD) process. In the
absence of pretreatment, the rate of deposition and the ?lm

deposited under the identical conditions, except that the
substrate Was thermal oxide (FIG. 4b), shoWs a granular

properties Were dependent upon the concentration of oZone
in the deposition process. At very loW oZone concentrations

observed for the bare silicon substrate (FIG. 4a).

(beloW about 0.1%), the rate of deposition of USG ?lms is
very loW. At oZone concentrations above about 0.25%, the
rate of deposition increases rapidly. Above oZone concen
trations at about 0.5%, the rate increases further, but more
sloWly. The maximal rate of deposition occurs at about
1—2% oZone, and further increases in oZone concentration

appearance and much greater surface roughness than Was
50

Pretreatment of an otherWise identical thermal oxide

substrate With 1 minute of VUV in vacuum (FIG. 4c),
resulted in the surface roughness of the TEOS oZone ?lm
being substantially reduced compared to the TEOS oZone
?lm deposited on untreated thermal oxide. This smoother
55

actually decrease deposition rates. Moreover, at higher
oZone concentrations, deposition rates on untreated thermal
oxide Were progressively less than the rates on bare silicon.

HoWever, pretreatment With VUV radiation increased the
deposition rate of USG ?lms on thermal oxide substrates.
Table 4 shoWs the results of studies in Which We compared
the deposition rates of TEOS oZone ?lms on either bare
silicon substrate, or thermal oxide substrates either With or
Without VUV pre-treatment. The TEOS ?oW rate Was 0.4

60

gm/min, the oZone concentration Was 120 gm/m3, the depo
sition temperature Was 400° C., and the deposition time Was
5 minutes.

65

surface provides the advantage of decreasing re?ections of
the stepper light radiation, and thereby results in higher
dimensional de?nition of the photoresist layer. Moreover,
during etching, the reduced speckling of the surface reduces
the adhesion With the possibility of delamination.
Furthermore, increasing the duration of VUV treatment

(FIG. 4d) further decreased the surface roughness of the
TEOS oZone ?lm. In fact, the surface of the 5 minute treated
substrate appeared nearly identical to that of TEOS oZone

deposited on bare silicon (FIG. 4a).
Therefore, We conclude that VUV pretreatment substan
tially decreases the surface sensitivity of TEOS oZone based

silicate glass ?lms.

6,015,759
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Example 3

exposing the surface of the Wafer to electromagnetic
radiation having a Wavelength betWeen about 60

Effects of VUV Pre-Treatment On TEOS Ozone Gap Filling
To determine Whether the gap ?lling by TEOS oZone ?lms

nanometers and about 550 nanometers suf?cient to
remove contaminants from said semiconductor surface.

Was satisfactory after VUV pretreatment, We studied shallow

4. The method of claim 3, Wherein the contaminants
comprise at least one of excess H2O, carbon-containing

trench isolation (STI) patterned Wafers With 0.25 pm gaps.
A thin layer of thermal oxide Was created on top the silicon

Wafer, and the tops of the trenches Were capped With layers

molecules, Si—OH bonds, Si—F bonds, and Si—O—Si

of silicon nitride. The Wafers Were then pretreated With VUV
as in Example 1, and then Were subjected to TEOS oZone

bonds.

oxide deposition using chemical vapor deposition. The

radiation is in the range of vacuum ultraviolet Wavelengths.
6. The method of claims 1 or 3, Wherein the electromag

oZone concentration Was 120 gm/m3, the deposition tem
perature Was 400° C., the TEOS ?oW rate Was 0.18 gm/min,

5. The method of claim 1, Wherein the electromagnetic
10

netic radiation comprises Wavelengths in the range of about

standard liters/min, the ?lm groWth rate Was 500 A/min., and

vacuum ultraviolet to about ultraviolet Wavelengths.
7. A method for preparing a semiconductor Wafer, com

the deposition time Was 10 minutes. The ?lm Was then

annealed at 900° C. for 30 minutes under N2 atmosphere.
The Wafer Was then cracked and prepared for scanning
electron micrography using a 6:1 buffered oxide etch (ROE)
for 8 seconds.
FIGS. 5a—b depict the different layers of a semiconductor
Wafer device 500. FIG. 5a depicts the silicon substrate 504
With patterned trenches, and a layer of thermal oxide 508
deposited evenly over the entire surface of the Wafer, includ
ing the bottoms and sideWalls of the trenches. Caps of
silicon nitride 512 cover the tops of the trenches. FIG. 5b
depicts a similar Wafer Which has been pre-treated With
electromagnetic radiation and subsequently had a layer of
high TEOS oZone ?lm 516 deposited over the entire surface
of the Wafer.
FIG. 6 is a scanning electron micrograph of a STI Wafer
treated as described above for FIG. 5. As is apparent, the
gaps are completely ?lled With TEOS oZone, With no visible
defects in the gaps. Furthermore, the surface of the ?lm

prising:
15

20

radiation of at least one of vacuum ultraviolet Wave

and
exposing said moiety to an electric ?eld sufficient to
generate at least one of vacuum ultraviolet and ultra
25

violet radiation from said moiety; thereby exposing the
Wafer to said radiation.
8. A method for preparing the surface of a semiconductor

Wafer, comprising:
30

providing a semiconductor substrate, Wherein the surface
of said substrate has a layer of dielectric material

thereon; and
exposing the surface of the Wafer to electromagnetic
radiation having a Wavelength between about 60

than otherWise Would be obtained. As the ?lm groWs more 35

rapidly in the gap, there is less tendency for the ?lm to form
“breadloaf” shapes over the features, and extending in
betWeen the tops of the top gaps, Which Would prevent

nanometers and about 550 nanometers and having an

intensity in the range of about 0.005 Watts/cm2 to about

100 Watts/cm2.
9. The method of claim 1, Wherein the electromagnetic
radiation is derived from an excimer device.

10. The method of claim 1, Wherein the electromagnetic
40

The foregoing examples and description are intended to

radiation is derived from a dielectric barrier discharge appa
ratus.

be illustrative only, and are not intended to be limiting to the
scope of the invention. Further understanding of the scope of

the invention can be found by referring to the Figures and
the Claims.
What is claimed is:
1. A method for preparing the surface of a semiconductor
Wafer to reduce surface sensitivity, comprising:
providing a semiconductor substrate, Wherein the surface
of said substrate has a layer of dielectric material

evacuating said chamber;
introducing a moiety capable of emitting electromagnetic
lengths and ultraviolet Wavelengths into said chamber;

appears smooth, With no visible surface roughness.
The VUV radiation pre-treatment increases the deposition
rate of the USG ?lm, permitting ?lm groWth more rapidly

reactive intermediates from having access to the interior of
the gaps.

providing a semiconductor Wafer, Wherein the surface of
said substrate has contaminants thereon;
placing said Wafer in a chamber;

11. The method of claim 9, Wherein the excimer apparatus
uses a noble gas.

12. A method for preparing a semiconductor Wafer to
45

reduce surface sensitivity, comprising:
providing a semiconductor substrate, Wherein the surface
of said substrate has contaminants thereon;
placing said Wafer on a chuck in a chamber Which does

not contain a gas capable of absorbing electromagnetic

radiation; and

thereon; and

exposing said Wafer to electromagnetic radiation having a

exposing the surface of the Wafer to electromagnetic
radiation having a Wavelength betWeen about 60

Wavelength in the range of about 60 nm to about 550

nanometers and about 550 nanometers suf?cient to

nm derived from one of an excimer lamp, a dielectric

reduce the surface sensitivity of said semiconductor
surface.
2. The method of claim 1, Wherein the dielectric material
is selected from the group consisting of thermal oxide,

barrier discharge apparatus and a open excimer appa
ratus for suf?cient time to substantially remove the
contaminants from said surface.
13. A method for preparing a semiconductor Wafer, com

silicon dioxide deposited by plasma enhanced chemical
vapor deposition, silicon dioxide deposited by high density
plasma enhanced chemical vapor deposition, phosphorous
silicate glass, borophosphorous glass, spin on glass, and
silicon nitride.
3. A method for preparing the surface of a semiconductor

Wafer to reduce surface sensitivity, comprising:
providing a semiconductor substrate, Wherein the surface
of said substrate has contaminants thereon; and

55

prising:
60

providing a semiconductor Wafer, Wherein the surface of
said substrate has contaminants thereon;
placing said Wafer in a chamber;

evacuating said chamber;
introducing a moiety capable of emitting electromagnetic
radiation of at least one of vacuum ultraviolet Wave

lengths and ultraviolet Wavelengths into said chamber;
and

6,015,759
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providing a semiconductor Wafer, Wherein the surface of
said Wafer comprises a layer of dielectric material;

exposing said moiety to an electric ?eld sufficient to
generate at least one of vacuum ultraviolet and ultra

violet radiation from said moiety; and

exposing the surface of said Wafer to at least one of
vacuum ultraviolet radiation and ultraviolet radiation

exposing said Wafer to the at least one of the vacuum

ultraviolet radiation and ultraviolet radiation for suffi
cient time to substantially remove the contaminants
from the surface of said semiconductor substrate.

sufficient to reduce surface sensitivity; and
depositing on said surface, a layer of undoped silicate

14. The method of claim 13, Wherein the moiety is
selected from the group consisting of helium, neon, krypton,

25. The method of claim 24, Wherein the dielectric
material is selected from the group consisting of thermal

KrF, KrCl, mercury, selenium, XeF, XeCl, argon/?uorine,

glass.
10

mercury/argon, deuterium, nitrogen, argon, xenon, oxygen,
and ammonia.
15. An apparatus for preparing the surface of a semicon

ductor Wafer, comprising:
a chamber;
a heated chuck in said chamber for holding a semicon

and silicon nitride.
15

comprising:

dimensions;
a source for providing at least one of vacuum ultraviolet

a pump to decrease the pressure in said chamber.

26. A method for manufacturing a layer of undoped
silicate glass on the surface of a semiconductor Wafer,

ductor Wafer, Wherein said chuck is moveable in three

radiation and ultraviolet radiation Within said chamber
over said chuck;
an inlet port for introducing gas into the chamber;
an exhaust port for evacuating the chamber; and

oxide, silicon dioxide deposited by plasma enhanced chemi
cal vapor deposition, silicon dioxide deposited by high
density plasma enhanced chemical vapor deposition, phos
phorous silicate glass, borophosphorous glass, spin on glass,

20
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16. The apparatus of claim 15, further comprising a
re?ector for directing the radiation to the Wafer.
17. An apparatus for preparing the surface of a semicon

providing a semiconductor Wafer, Wherein the surface of
said Wafer has contaminants thereon;
exposing the surface of the Wafer to at least one of
vacuum ultraviolet radiation and ultraviolet radiation
sufficient to remove contaminants from said surface;
and

depositing on said surface, a layer of undoped silicate

glass.
27. The method of either claim 24 or claim 26, Wherein

the undoped silicate glass is manufactured using tetraethy

ductor Wafer, comprising:

lorthosilicate and oZone in one of a transport polymeriZation
30

and chemical vapor deposition process.
28. The method of claim 27, Wherein the percentage of

a source for providing vacuum ultraviolet radiation Within
said chamber over said chuck.
35

oZone to oxygen is betWeen about 0 and about 18% by
volume.
29. The method of claim 27, Wherein the percentage of
oZone to oxygen is betWeen about 0.5 and 8% by volume.
30. The method of claim 27, Wherein the percentage of
oZone to oxygen is betWeen about 1% and 5% by volume.
31. The method of claim 27, Wherein the flow rate of

a chamber;

a heated chuck capable of being moved in three dimen
sions in said chamber for holding a semiconductor

Wafer; and
18. The apparatus of claim 17, further comprising a source
for providing ultraviolet radiation Within said chamber rela
tive to said chuck.
19. The apparatus of claim 17, Wherein the source of the
vacuum ultraviolet radiation is derived from dielectric bar

40

32. The method of claim 27, Wherein the flow rate of

rier discharge.

tetraethylorthosilicate is about 0.18 gm/min.

20. The apparatus of claim 17, Wherein the source of the

33. The method of claim 27, Wherein the thermal chemical

vacuum ultraviolet radiation is an excimer apparatus.

21. A semiconductor Wafer, Wherein the surface of said
semiconductor Wafer comprises a layer of dielectric
material, and Wherein said surface of said semiconductor
Wafer has been prepared by exposing said surface to elec
tromagnetic radiation having a Wavelength betWeen about

45

34. The method of claim 27, Wherein the thermal chemical

35. The method of claim 26, Wherein the layer of undoped
silicate glass is conformal.

60 nanometers and about 550 nanometers sufficient to

36. A method for reducing the surface sensitivity of a

semiconductor Wafer, comprising:
providing a semiconductor substrate comprising dielectric

thermal oxide, silicon dioxide deposited by plasma

material; and

enhanced chemical vapor deposition, silicon dioxide depos
55

deposition, phosphorous silicate glass, borophosphorous

37. The method of claim 36, Wherein the dielectric
material is selected from the group consisting of thermal

23. A semiconductor Wafer, Wherein the surface of said

semiconductor Wafer has been prepared by exposing said
60

of absorbing electromagnetic radiation to electromagnetic
radiation having a Wavelength in the range of about 60 nm
to about 550 nm sufficient to remove contaminants from said

surface to reduce surface sensitivity.
24. A method for manufacturing a layer of undoped
silicate glass on the surface of a semiconductor Wafer,

comprising:

exposing the surface of the Wafer to electromagnetic
radiation sufficient to permit subsequent deposition of

an undoped silicate glass layer.

glass, spin on glass, and silicon nitride.
surface in a chamber Which does not contain a gas capable

vapor deposition process is carried out at a temperature
betWeen about 100° C. and about 600° C.

vapor deposition process is carried out at a temperature of
about 400° C.

reduce the surface sensitivity.
22. The semiconductor Wafer of claim 21, Wherein the
dielectric material is selected from the group consisting of

ited by high density plasma enhanced chemical vapor

tetraethylorthosilicate is from about 0.05 gm/minute to
about 1.5 gm/minute.

oxide, silicon dioxide deposited by plasma enhanced chemi
cal vapor deposition, silicon dioxide deposited by high
density plasma enhanced chemical vapor deposition, phos
phorous silicate glass, borophosphorous glass, spin on glass,
and silicon nitride.
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38. The method of claim 36, Wherein the undoped silicate
glass layer has a root mean square deviation from planarity
is no greater than about 10

6,015,759
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39. The method of claim 36, wherein the undoped silicate
glass layer is a TEOS oZone based oxide layer.

nanometers suf?cient to remove contaminants from said

semiconductor surface.
53. A method for preparing a semiconductor Wafer to

40. The method of claim 36, Wherein the root mean square

of (the deviation from planarity is betWeen about 2 and about
8 A.

reduce surface sensitivity, comprising:
5

41. A method for manufacturing an integrated circuit,

radiation; and

providing semiconductor device structures on a semicon

exposing said Wafer to electromagnetic radiation having a

ductor substrate;
providing conducting lines overlying said semiconductor

Wavelength in the range of about 60 nm to about 550
nm derived from one of an excimer lamp, a dielectric

device structures Wherein a gap is formed betWeen said

barrier discharge apparatus and a open excimer appa

conducting lines;

ratus for suf?cient time to substantially remove con

providing a dielectric layer on the surfaces of said sub
strate Wherein said gap remains betWeen said conduct

ing lines;

taminants from said surface.
54. An apparatus for preparing the surface of a semicon
5

treating said dielectric layer With electromagnetic radia

layer; and
?lling said gap With undoped silicate glass.

Wafer;
a source for providing at least one of vacuum ultraviolet
20

is a material selected from the group consisting of thermal

oxide, silicon dioxide deposited by plasma enhanced chemi
cal vapor deposition, silicon dioxide deposited by high
density plasma enhanced chemical vapor deposition, phos
phorous silicate glass, borophosphorous glass, spin on glass,
and silicon nitride.
43. The method of claim 26 Wherein the rate of deposition

25

of undopedosilicate glass ?lm on thermal oxide is betWeen
about 500 A per minute and 5000 A per minute.
44. The method of claim 26 Wherein the rate of deposition

of undoped s°ilicate glass ?lm on thermal ogride is betWeen

radiation and ultraviolet radiation Within said chamber
relative to said chuck;
an inlet port for introducing gas into the chamber;
an exhaust port for evacuating the chamber; and
a pump to decrease the pressure in said chamber.

55. A semiconductor Wafer having a surface prepared by
exposing said surface to electromagnetic radiation having a
Wavelength betWeen about 60 nanometers and about 550
nanometers suf?cient to reduce the surface sensitivity.
56. A method for reducing the surface sensitivity of a

3O

about 1000 A per minute and about 2000 A per minute.
45. The method of claim 26 Wherein the rate of deposition

semiconductor Wafer, comprising exposing a surface of the
Wafer to electromagnetic radiation suf?cient to permit sub

sequent deposition of an undoped silicate glass layer.

of undoped silicate glass ?lm on thermal oxide is about 1500
A per minute.

46. Amethod of post-conditioning a pre-treated dielectric

ductor Wafer, comprising:
a chamber;
a chuck in said chamber for holding a semiconductor

tion to decrease the surface sensitivity of said dielectric

42. The method of claim 41, Wherein the dielectric layer

placing said Wafer on a chuck in a chamber Which does

not contain a gas capable of absorbing electromagnetic

comprising:

35

layer comprising;

57. A method for reducing the surface sensitivity of a
semiconductor Wafer having a dielectric material, compris
ing exposing a surface of the Wafer to electromagnetic
radiation sufficient to permit subsequent deposition of an

undoped silicate glass layer.

providing a pre-treated dielectric layer; and
exposing said pre-treated dielectric layer using a moiety
Which protects said pre-treated dielectric layer from

58. The apparatus of claim 15, Wherein the source of the
vacuum ultraviolet radiation is derived from dielectric bar

rier discharge.

contamination.

59. The apparatus of claim 15, Wherein the source of the

47. The method of claim 46, Wherein said moiety is
selected from the group consisting of ammonia, chlorine,

vacuum ultraviolet radiation is an excimer apparatus.

HCl, F2, SP6, a chloro?uorocarbon, Br2, 02, H2, HF, H2504,
ClSO3, and H202.

ductor Wafer, comprising:

48. A method for preparing a semiconductor Wafer, com

prising:

60. An apparatus for preparing the surface of a semicon
45

placing said Wafer in a chamber having a moiety capable
of emitting electromagnetic radiation of at least one of

a chamber;
a heated chuck in said chamber for holding a semicon

ductor Wafer, Wherein said chuck is moveable in three

dimensions;

vacuum ultraviolet Wavelengths and ultraviolet Wave

a source for providing at least one of vacuum ultraviolet

lengths into said chamber; and

radiation and ultraviolet radiation Within said chamber
relative to said chuck;
an inlet port for introducing gas into the chamber;
an exhaust port for evacuating the chamber; and

exposing said moiety to an electric ?eld sufficient to
generate at least one of vacuum ultraviolet and ultra

violet radiation from said moiety; thereby exposing the
Wafer to said radiation.

a pump to decrease the pressure in said chamber.

49. The method of claim 48, Wherein the step of placing
said Wafer in said chamber comprises using a lock loader.
50. The method of claim 12, Wherein said chuck is

61. An apparatus for preparing the surface of a semicon

ductor Wafer, comprising:

moveable in three dimensions.
51. Amethod for preparing the surface of a semiconductor

Wafer With a layer of dielectric material, comprising expos
ing the surface of the Wafer to electromagnetic radiation
having a Wavelength betWeen about 60 nanometers and

a chamber;
a chuck in said chamber for holding a semiconductor
60

tion Within said chamber relative to said chuck;
an inlet port for introducing gas into the chamber;
an exhaust port for evacuating the chamber; and

about 550 nanometers sufficient to reduce the surface sen

sitivity of said semiconductor surface.
52. Amethod for preparing the surface of a semiconductor

Wafer to reduce surface sensitivity, comprising exposing the
surface of the Wafer to electromagnetic radiation having a
Wavelength betWeen about 60 nanometers and about 550

Wafer;
a source for providing vacuum ultraviolet radiation radia
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a pump to decrease the pressure in said chamber.
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