SURFACE TREATMENT:METHOD AND SYSTEM BACKGROUND OF THE | NVENTI ON Thi s
invention relates to the treatnent for.the.surface of a substance being
treated by use of plasna and part|cularly to a nmethod of supplying a bias
.voltage 5 to a substance of which the surface is to be treated. Fi.g. 2
'shows the nost typical conventional biasing nmethod called the RF biasing. A
substance 1 to be etchedxls cénnected t hroujh-a capacitor 2 to a

hi gh-frequency. power supply 3i A sine-wave voltage as 10 shown in Fig. 3 is
applied through the capacitor%Z to the substance 1. At this tine, since the

amount of eIeptron; é%;fﬁggT@ ﬁf”ﬁEéHﬁHkabe§YF§Eﬁozens of times |arger

t han t hat oflloﬁgg A arges are accunul ated on the substance-side
of the capacitor 2. Because of the capac- 15 itor charges, a voltage
shifted in the negative direction as shown in Fig. 4 appears on the

substrate. The posi- tive ions _for ' - .
_ AGCKGROUND OF THE IN@%ﬁ@*&g are accel erated by this negative

This invention relates to the treatment for the
.surface of a substance being treated by use of plasma,
and particularly to a method of supplying a bias voltage
5 +to a substance of which the surface is to be treated.
Fig. 2 shows the most typical conventional
biasing method called the RF biasing. A substance 1 to
be etched is connected through a capacitor 2 to a
high-frequency power supply 3. A sine-wave voltage as
10 shown in Fig. 3 is applied through the capacitor 2 to the
substance 1. At this time, since the amount of electrons
which a plasma 4 supplies is dozens of times larger than
that of ions, negative charges are accumulated on the
substance-side of tﬁe capacitor 2. Because of the cééac-
15 itor charges, a voltage shifted in the negative direction
as shown in Fig. 4 appears on the substrate. The posi-
tive ions for etching are accelerated by this negative
voltage and.perpendicularly incident on the substrate,
thus making it possible to etch the substrate in an
20 anisotropic shape.

_ Another idea is disclosed in-JP-A—56-13480
(laid-open on February 9, 1981) and JP-A-6-61182 (laid-
open on March 4, 1994) in which a pulse-waveform voltage
is used as a bias voltage. However, the importance of

25 the duty ratio and repetition frequency of a pulse wave



vol tage and perpendicularly incident on the substrate, thus making it .
possible to etch the substrate in an 20 ani sotropi c shape. Another idea is
di scl osed in JP-A-56-13480 (Il ai d-open on February 9, 1981) and JP-A-6-61182
(laid- open on March 4, 1994) in which a pul se-waveformvoltage is used as
a bias voltage. However, the inportance of 25 the duty ratio and repetition
frequency of a pul se wave -2- has never 2been consi dered so far except
that the present invention regards themas inportant. SUWARY OF THE

| NVENTI ON As sp@e hev@r et konsdidereidasov Fairagxcepte thathahe preSent 4,
its positive voltage is alnost zero al- though it-is required to accelerate

the el ectrons iifvietion regards them as important.

SUMMARY OF THE INVENTION
As seen from the substrate bias voltage wave
5 shown in Fig. 4, its positive voltage is almost zero al-
though it is required to accelerate the electrons in the
positive cycle in which the electrons impinge on the
substance. Therefofe, the electrons are little_acceler-
ated and impinge on the substrate. When fine pattern
10 etching is made by this biasing method, local charge
build-up occurs on the substance. Fig. 5 shows the
mechanism by which this charge build—up is caused. Since
ions 5 are aécelerated and perpendiculariy,impinge on the
substance, they can reach the bottom of a fine pattern.
15 Since electrons 6 are not accelerated and isotropically
impinge on the substance, they are blocked by a mask 7 so
as not to reach the bottom of a fine.pattern (electron
shading phenomenon). Therefore, the sides of the fine
pattern are charged up to have negative charges, and the
20 bottoms of the fine pattern are charged up to have posi-
tive charges.

The charge build-up due to this electron shad-
ing brings various troubles in the plasma etching. One
6f the most serious problems is local side etching

25 (notching) which occurs in polycrystalline silicon etch-
ing (working) for gate. Fig. 6 shows the mechanism of

this notching. The ions 5 of etching species are



positive cycle in which the electrons inpinge on the substance. Therefore,
the electrons are little accel er- ated and inpinge on the substrate. \Wen
fine pattern 10 etching is nmade by this biasing nmethod, |ocal charge
bui | d-up occurs on the substance. Fig. 5 shows the nechani sm by which this
charge build-up is caused. Since ions 5 are accelerated and perpendicul arly
| npi nge on the substance, they can reach 4 g bottomof a fine pattern. 15
Since electrons 6 are not accelerated and isotropically inpinge on the

substance, t he)ﬂﬁé@fé@.l@@% hohed gBEi ikres GlRirged viidieante tdedeat tom of a
fine pattern (el ectron shadi ng phenonmenon). Therefore, the sides of the

fine pattern arghe botsh WE ttheBihe qustitern dyartdes eleatndre stading ons of
the fine pattern are charged up to have posi- tive charges. The charge
bui | d-up due t pHdricnericrct rand ity inpinge mp the issde b ihePLareh-
pl asma etching. One of the nost serious problens is |local side etc
The ions incident to the side cause a local sié% etéhr¥b
5 called notch in the interface between a polycrystalline
silicon layer 8 and an underlying silicon dioxide film 9.

The charge build-up due to the electron shading
phenomenon also occurs in the metal wiring process, and
damages the gate oxide film. Fig; 7 shows this damaging

10 mechanism. The positive charges accumulated on the
bottoms of the fine pattern by the electron shading are
collected to a floating gate 12 which is connected to a
metal wiring conductor 11, and cause damages such as
dielectric breakdown to a gate oxide 14 between the

15 floating gate 12 and a substrate silicon 13.

Moreover, the charge build-up due to the elec-
tron shading phenomenon causes troubles, or undesirable
abnormal shapes such as subtrench or bowing in the etch-
ihg process for minute holes such as trench and contact

20 hole. Fig. 8 illustrates this generation mechanism. As
in the polycrystalline silicon etching, negative charges
are accumulated on the sides of a hole and positive
charges on the bottom of the hole. This charge build-up
deflects the ions 5 which serve as the etching species so

25 that the ions 5 impinge on the sides and bottom corners
of the hole. Therefore, the sides and bottom corners of

the hole are etched to produce undesirable abnormal’

shapes such as bowing 15 and subtrench 16.



25 (not chi ng)—whi-eh—eceurs—Tm pol ycrystalline silicon etch- ing (working)
for gate. Fig. 6 shows the chani smof this notching. The ions 5 of

et chi ng speci }h53° eliled fromthe positive ch '

caused on the ““7“1 ine pattern by the el ectronf{shHH8iSHEET HAS BEE‘;N
phenonenon, an on the side of the pattern.{The |@#RLA¢ﬁEdent
to the side cause a local side etch 10 5ca& l-ed notch in tThe intert ,
between a polycrystalline silicon layer 8 and an underlying silicon dioxide
film9. The charge buil dqHe Hiadeht RerRIrASdHO A <5 Ritrl idlg mfeteTeien edlexs-
occurs in the netal wiring process, and damages the gate oxide film Fig. 7
shows thi s danmagiciy sHadingh phedromeiion ,pdticrieby cvdvgey acouimvsa sPhrenshe

bottons of the fine pattern by the el ectron shading are
such as notch, charge build-up damage, bowing and

subtrench.

5 _ . Accbrding to one aspect of the invention, as
shown in Fig. 1, a pulse generator 17 for the bias supply
is provided in place of the conventional sine-wave
high-frequency power supply. This pulse generator sup-
plies a positive pulse voltage as the bias voltage_to the

10 substanée being treated. 1In this case, the duty ratio
and repetition frequency of this pulse voltage are se-
lected so that the maximum value of the potential of the
substance of which the surface is being processed is
higher than that of the above-mentioned plasma. The

15 specific values of the duty ratio and repetition fréquen—
cy are respectively 5% or below and 400 KHz or above,
preférably, 1% or above and 1 MHz ot_above.

We now consider that the pulse source 17 in
Fig. 1 supplies a positive pulselvoltage shown in Fig. 9.

20 The instant that the discharge has begun, the capacitor
has no charge stored, and the éame bias wave as the input
voltage as shown in Fig. 10 appears on the substance
being treated. When the bias wave is as shown in Fig.
10, the positive cycle in which a great amount of elec-

25 trons impinges is much shorter than the negative cycle in
which a small amount of ions impinges, so that the aﬁount
of the negative charges impinging in the positive cycle

is equal to that of the positive charges impinging in the



collected to a floating gate 12 which is connected to a netal wring
conductor 11, and cause damages such as dielectric breakdown to a gate

oxi de 14 between the 15 floating gate 12 and a substrate silicon 13.

Mor eover, the charge build-up due to the elec- tron shadi ng phenonenon
causes troubl es, or undesirable abnormal shapes such as .subtrench or bow ng
in the etch- ing process for mnute hol es suech as trench and contact 20
hole. Fig. 8 illustrates this generation nmechanism As in the

pol ycryst al | i n@eyjdtic®n c3icild.ng Theagdiores dher getadr chaggenilnatase @yale
sides of a hole and positive charges on the bottom of the hole. This charge
bui | d-up def | ebecontes izero,5 and d@s semesudd e chayigend ss gaduaed erpghenat
the ions 5 inpinge on the sides and bottom corners of the hole. Therefore,
the sides and lcopashtesr Zedd dHig-hd -holAcaprdinadived the SRS tehRIaS abl e

abnormal shapes such as bowi ng 15 and subtrench 16.
P voltage shown f% Fig. 10 1is mélntaaned during the etching

5. process. Of the substrate bias voltage wave in Fig. 10,
the negative voltage in the negative cycle accelerates
ions to impinge the substrate, and the positive voltage
in the positive cycle is supplied fo the substrate, thus
acceleratihg electrons to perpendicularly impinge on the

10 substance. Therefore, the electrons 6 and ions 5 can
impinge up to the bottoms of the fine patfern as illus-
trated in Fig. 11. In addition, since the total amount
of positive and negative impinging charges in one cycle
ié zero, there is no charge build-up due to the electron

15 shading phenomenon.

The positive cycle time which is much shortef
than the negative cycle time and one-cycle time were
estimated by simulation. As the parameters for the
simulation; the electron density, electron temperature

+ 20 and capacitance value were respectively selected to be
10'/cm®, 3 eV, 30 pF/cm®’ which are the standard values of
the efching system using a high-density plasma. In
addition, considering that chlorine gas is used as etch-
ing gas, the mass of the ion used in the simulation was

25 selected to be 35.5 au.

First, the substrate bias voltage wavé was
calculated under the conditions of the supplied pulse

voltage 200 V, repetition frequency 10 MHz and duty



-4- The present invention is to elimnate the elec- tron shading
phenonenon, thereby solving various problens such as notch, charge build-up
darmage, bowi ng and subtrench. 5 - According to one aspect of the

i nvention, as shown in Fig. 1, a pulse generator 17 f.or the bias supply is
provided in place of the conventional sine-wave hi gh-frequency power

supply. This pul se generator sup- plies apmsttive pul se voltage as the

bi as voltage to the 10 substance being treated. In this case, the duty

ratio and repetidtis fIe@eNC0Pf tHidgs PULZ and| IRghaw etlse-résackesl. so t hat
. the maxi num val ue of the potential of the substance of which the surface is

bei ng processeReferriyitprtd himeddafigpirdd\e vy etherdutgnethplasks . aghe 15
specific values of the duty ratio and repetition frequen-
small as 1%, the pulse voltage is risen up much positive
to accelerate electrons. In addition, self-bias is
5 generated during the interval between the pulses. When
the duty ratio of the pulse is as large as 10%, the pulse
has almost no positive part, and thus cannot accelerate
-electrons. |
Fig. 14 shows the relation between the duty
10 ratio and the magnitude of the positive part of this
. substrate bias voltage wave. This result can be divided
into the following three regions.
In the region A in which the duty ratio is 0.5%
or below, the magnitude of the electron accelerating
15 voltage appearing on the substrate surface when the pulse
is supplied islconstant without the effect of the repeti-
tion frequency. Etching is made chiefly.at a floating
potential. The positive charge build-up caused by the
electron shading at the floating potential is relieved by
20 the intermittent positive pulse voltage. Therefore, the
charge build-up eliminating effect can be increased with
the increase of the repetition frequency of the pulse.
In the region B in which the duty ratio is from
0.5% to 5%, the electron accelerating voltage is de-
25 creased with the increase of the duty ratio, but higher
than the plasma potential. Particularly, when the duty
ratio is 1% or below, the magnitude of the electron

accelerating voltage is 50% or above of the input pulse



cy are respectively 5% or bel ow and 400 KHz or above, preferably, 1% or
‘below and 1 MHz or above. W now consider that the pulse source 17 in Fig.
1 supplies a positive pulse voltage shown in Fig. 9. 20 The instant that
the di scharge. has begun, the capacitor has no charge stored, and the sane
bi as wave as the input voltage as shown in Fig. 10 appears on the substance
being treated. Wien the bias wave is as sh®w in Fig. 10, the positive
cycle in which a great amount of elec- 25 trons inpinges is nmuch shorter

than the negat ipeRkC WHi®H 1sMliadiye? etithigh D @iticelleriates elautnges. sdn hat
t he ambunt of the negative charges inpinging in the positive cycle is equal

to that of thegdaditiiors adpecribsdgiitd nefierence t® Figgatlidie idydihe
Therefore, the total charge in one cycle
substrate potential is shifted negative with respect to
the input voltage during the interval between the pulses,
.5 the self-bias is alsb generated. Therefore, it is possi—'
ble both to make high-speed etching by the self-bias and
to eliminate the charge build-up by the electron acceler-
ating voltage.
In the region C in which the duty ratio is 5%
10 or above, the electron accélerating voltage does not
| appear on the substrate surface. Since the substrate
potential is shifted too negafive with respect to the
input voltage,.the substrate potential becomes smaller
than the plasma potential when the pulse voltage is
15 supplied. Accordingly, the charge build-up cannot be
eliminated by the decrease of the electron shadipg.
Therefore, in order to suppress the electron
shading by the application of the pulse bias, it is
necessary to select a duty ratio in the region A or B.
20 If a duty ratio is selected from the region A, a large
negative bias is not generated on the substrate, and thus
it is possible to make high-selectivity etching with a
small effect of electron shading phenomenon. When a duty
ratio is selected from the region B, the electron shading
25 can be suppressed by the electron accelerating voltage,
and ions can be accelerated by the self-bias, so that
anisotropié and high-speed etching can be performed.

The same examination was made with respect to



becones zero, and as a result no charge is induced on the capacitor 2 in
Fig. 1. Accordingly, the substrate bias voltage shown in Fig. 10 is
mai nt ai ned during the etching 5 process. O the substrate bias voltage wave
in Fig. 10, the negative voltage in the negative cycle accelerates ions to
| npi nge the substrate, and the positive voltage in the positive cycle is
supplied to the substrate, thus accelerat+4 rg) -l ectrons to perpendicularly
i mpi nge on the 10 substance. Therefore, the electrons 6 and ions 5 can

i npi nge up to i heigsteidn (fredudifowast aihe gsulidd Us-Figsat e&b,i mé-ignhd 11.
In addition, since the total anmount of positive and negative inpinging
charges i n one 1% dhow stieersybgtrate ik awn wawegarder dchep chrditoiarns of

el ectron 15 shadi ng phenonenon. The positive cycle time which irs nuch
shorter than tiategatice Id.cirepstition nequangies 1 Mig.e ledMHz@andl by

sinmulation. As the paraneters for the sinulation, the electron density,
el ectron tenpeﬂé“h z. Referring to these figures, the positive part

5 of the pulse appears at repetition freguencies 10 MHz and
1 MHz, but the positive part almost disappears at repeti-
tion frequency 100 KHz. Fig. 18 shows the relation
between the repetition frequency and the height of the
positive part of the pulse. The height of the positive

10 part of the pulse is suddenly risen up at repetition
frequency 400 KHz or above. Particularly at repetition
frequency 1 MHz or above, the height of the positive part
of the pulse is substantially saturated. Therefo;e, if
the fepetition frequency of the pulse is selected to be

15 400 KHz or above, preferably, 1 MHz or above, a bias
voltage enough to accelerate electrons can be supplied to
the substance. being processed.

_The process on a fine pattern was made by using
this bias voltage, and the charge build-up was measured.

20 The magnitude of the charge build-up to be measured was
defined as the potential difference between the bottom of
a fine pattern of 0.3 p m level and the bottom of a wide
pattern of 10 p m or above. Fig. 40 shows the relation
between the magnitudé of the charge build-up and the duty

25 ratio. From Fig. 40, it will be seen that the magnitude
of the charge build-up is decreased with the increase of
the positive part of the pulse illustrated ih Fig. 14 and

suddenly decreased at duty ratio 5% or below. Particu-



20 and capacitance value were respectively selected to be [err] which are
the standard val ues of the etching systemusing a high-density plasma. In
addi tion, considering-that chlorine gas is used as etch- ing gas, the mass
of the ion used in.the sinulation was 25 selected to be 35.5 au. First, the
substrate bias voltage wave was cal cul ated under the conditions of the
supplied pul se voltage 200 V, repetition #requency 10 Mz and duty - 6-
ratios 1%and 10% Figs. 12 and 13 show the results. Referring to these
figures, when therthitunérttiei uty satld s Y thderamgeefnomt@gs¥itori sen
up nuch positive to accelerate electrons. In addition, self-bias is 5
gener ated duri ngg} hthe nteavge Ivet Wideup t Vel el $2szelPen
| The same examination was méde with réspect to
the repetition frequency. Fig. 41 shows the relation
5 between the magnitude of the charge build-up and the
repetition frequency. From Fig. 41, it will be under-
stood that the magnitude of the charge build-up is de-
creased with the increase of the'positive part of the
pulse illustrated in Fig. 18 and suddenly decreased at
10 repetition frequency 400 KHz or above. Particularly when
the repetition frequency is 1 MHz or above, the charge
build-up value is zero. _
Another important parameter of the pulse is the
through rate. When the through rate of the pulse is
15 slow, until the substrate potential reaches the‘plasma
potential, the electron current flowing from the plasma
causes a voltage drop to be developed across the capaci-
tor that is provided between the substance and the pulse
source in Fig. 1, so that no positivé potential appears
20 on the substrate. Therefore, in order to generate an
electron accelerating voltage on the substrate, it is
necessary that the through rate of the pulse be higher
than the speed of the voltage drop due to the electron
current. If the electron temperature T,, electron densi-
25 ty n, and capacitance value are 3 eV, 10*/cm® and 30
pF/cm?, respectively, the voltage drop speed due to the

electron current is calculated to be about 10°vV/us.

Therefore, it can be considered that a through rate of at



t he dﬁty ratio of the pulseis as large as 10% the pul se has al nost no

positive part, and thus cannot accelerate electrons. Fig. 14 shows the
rel ati on betTuched Hes Rient ratio and the magnitude offEHe
I
I

of this subst ge wave. This result can bel diH$ &
followi ng thr . '
bel

ow, the magnitude of the electron accel @bati ng 15 vo
the substrate surface when the pulse is supplied is.constant w thout the
effect of the rapait-10°wypsl ieqnesessakiCtongeneranee anhiedkelcrran ackdedat i ng
potential. The positive charge build-up caused by the el ectron shading at
the floating pEmting vcoltage awedtly Qbstrated erAvtuakiky ppPpulse pul se
vol tage. Therefore, the charge build-up elinmnating effect can be increased
Wi th the incredwmvigig ipwlsepeidth @f f¥ daifiemagnitude | 0 V rpndicrereyi on B

i n which the duﬂy rati-o is from .
tition frequency of 1 KHz was supplied and the relation

5 between the through rate of the pulse and the electfon
accelerating voltage waslmeasured. Fig. 42 shows the
result. From this fignre, it will be seen that the
electron accelerating voltage begins to generate at a
through rate of 10°V/ps or above and reaches the maximum

10 at a through rate of 5 X 10°V/us or above. |
From the above description, it will be under-
stood that in order to elininate the charge build-up due
to the electron snading phenomenon and solve the result-
ing problems, the pulse bias voltage to be supplied is
15 required to have a duty ratio of 5% or below and a repe-
tition frequency of 400 KHz or above, preferably é duty
ratio of 1% or above and a repetition frequency of 1 MHz
or above. |
Strictly speaking, these thresholds of duty
20 ratio and repetition frequency are specific fnr the
simulation conditions, and slightly changed depending on
the etching conditions and etching system. The threshold
of duty ratio is in inverse proportion to the mass of the
ion. The threshold of repetition frequency'is propor-
25 tional to the square root of electron temperature and
electron density, but in inverse proportion to the elec-
trostatic capacitance of the capacitor. However, in the

general high density plasma etching, the electron



0.5%to 5% the electron accelerating voltage is de- 25 creased with the
i ncrease of the duty ratio, but higher than the plasma potential.
Particularly, when the duty ratio is 1% or below, the magnitude of the
el ectron accel erating voltage is 50% or above of the input pulse -7-
peak which is large enough to accelerate electrons. In addition, as
described with reference to Fig. 12, if thelssubstrate potential is shifted.
negative with respect to the input voltage during the interval between the
pul ses, 5 the sRidsifids dlectrcvh aaigiatatird idialertidstatimsmpadie both
to make high-speed etching by the self-bias and to elimnate the charge
bui | d-up by t haatiectop capnstor ate rthes damgaralues [@s R&f o e whi ch
the duty ratio is 5% .
simulation, and the thresholds of duty ratio and repeti-
tion frequency are also substantially the same values as
5 set in the simulation.
A description will now be made of the action
and effects of the embodiments of the invention on the
problems caused by the electron shading phenomenon.
Fig. 19 shows the mechanism of solving the

10 notch-generation problem in the polycrystalline silicon
etching (working) for gate by the present invention. Ac-
cording to this invention, since the electrons 6
anisotropically impinge on the pattern, it is possible to
eliminate the charge build-up on the bottom and sides of

15 a fine pattern. Therefore, the ions 5 as the etching
species are not repelled from the pattern bottom, and
thus can produce anisotropic shapes without notch.

Fig.IZO shows the mechanism of removing the
charge build-up damage problem in the metal wiring pro-

20 cess. Since the positive charge build-up on the fine
pattern bottom is avoided, the positive charges are not
collected on the floating gate 12, and thus the gate
oxide film 14 between the floating gate 12 and the sub-
strate 13 is not damaged.

25 , Fig. 21 shows the mechanism of suppressing the
bowing and subtrench in the minute hole working for

trench and contact hole. Since the charge build-up is

not caused by the electron shading, the ions 5



10 or above, the electron accel erating voltage does not appear on the
substrate surface. Since the substrate potential is shifted too negative
with respect to the input voltage, the substrate potential becones snaller
than the plasma potential when the pul se voltage is 15 suppli ed.
Accordingly, the charge build-up cannot be elimnated by the decrease of
the el ectron shading. Therefore, in order 12 suppress the el ectron shading
by the application of the pulse bias, it is necessary to select a duty
ratio in the refiidbthdpidalidp dnipihghiton riid Gubstaeltect athd ridms fosan egi on
A, a large negative bias is not generated on the substrate, and thus it is
possi bl e t 0 makerddwiess ereictotidpi cetshdpes Witth sne mibtrsrcivtang howingon
shadi ng phenonenon. Wien a duty ratio is selected fromthe region B, the
el ectron shadi ng 25 can be suppressed by the el ectron accelerating voltage,
and ions can be accel erated by the self-biashuig t hat ani sotropic and

hi gh- speed et cBREEE: RESERIRIFQN QR THE DRAWI

Fig. 1 is a construction diagram of the surface
5 +treatment system for use in supplying a pulse bias,
according to the present invention. |

Fig. 2 is a construction diagram of the conven-
tional etching system for use in supplying an RF bias.

Fig. 3 is a diagram of the supplied bias volt-

10 age wave appearing when the RF bias is supplied as in the
prior art.

Fig. 4 is a diagram of thée substrate bias wave
appearing when the RF bias is supplied as in the prior
art.

15 Fig. 5 shows the mechanism of generating the
local charge build-up (electron shading phenomenon).

Fig. 6 shows the mechanism of generating the
local side etching (notch) in the polycrystalline silicon
working for gate.

20 Fig. 7 shows the mechanism of generating a
damage to the gate oxide film in the metal wiring pro-
cess.

Fig. 8 shows the mechanism of generating the
bowing and subtrench in the fine trench working.

25 Fig. 9 is a diagram of the bias input voltage
wave appearing when the pulse bias according to this

invention is supplied.



The sanme exam nation was made with respect to -8- the repetition
frequency of the pulse. Figs. 15, 16 and 17 show the substrate bias waves
under the conditions of duty ratio 1% repetition frequencies 10 MHz, 1 MHz
and 100 KHz. Referring to these figures, the positive part 5 of the pul se
appears at repetition frequencies 10 Mz and 1 MHz, but the positive part

al nost di sappears at repeti- tion frequenrc¥3180 KHz. Fig. 18 shows the

rel ati on between the repetition frequency and the hei ght of the positive
part of the pulse. The heght 10 fda piddgrant o themrdubdtrdte (hiae wave

suddenly risen up at repetition frequency 400 KHz or above. Particularly at
repetition fregqpmpearindgiwhen tho\mlsedias gocafdirng QmsbhilS/@-fpéﬂntJeﬁnt he
pul se is substantially saturated. Therefore, if
is supplied.
Fig. 11 shoﬁs the mechanism of decreasing the
5 local charge build-up according to this invention.

Fig. 12 is a graph showing the substrate bias
wave appearing when the input pulse of duty ratio ;% is
supplied. '

Fig. 13 is a graph showing the substrate bias

10 wave appearing when the input pulse of duty ratio 10% is
supplied.

Fig. 14 is a graph showing the relation between
the duty ratio of the input pulse and the magnitude of
the positive voltage of the substrate bias.

15 Fig. 15 is a graph showing the substrate bias
wave appearing when the input pulse of repetition fre-
quency 10 MHz is supplied. |

Fig.-16 is a graph showing the substrate bias
wave appearing when the input pulse of repetition fre-

20 quency 1 MHz is supplied.

Fig. 17 is a graph showing the substrate bias
wave appearing when the input pulse of repetition fre-
quency 100 KHz is supplied.

Fig. 18 is a graph showing the relation between

25 the repetition frequency of the input pulse énd_the
magnitude of the positive voltage of the substrate bias.

Fig. 19 shows the mechanism of reducing the

notch according to this invention.



the repetition frequency of the pulse is selected to be 15 400 KHz or
above, preferably, 1 MHz or above, a bias voltage enough to accel erate

el ectrons can be supplied to the substance being processed. The process on
a fine pattern was made by using this bias voltage, and the charge buil d-up
was neasured. 20 The nmagnitude of the charge build-up to be nmeasured was
defined as the potential difference betweebdthe bottomof a fine pattern of
0.3 p mlevel and the bottomof a wide pattern of 10 p mor above. Fig. 40
shows the relation betwegld.heo apivvs dhed medhanilsar ¢f reidudimg e t he
duty 25 ratio. FromFig. 40, it will be seen that the nagnitude of the
char ge bui | d- udanagée e ated gaitteh dxidd rfdlmasecording hesithise ipwen-of t he
pul se illustrated in Fig. 14 and suddenly decreased at duty ratio 5% or

bel ow. Particution.

Fig. 21 shows the mechanism of reducing the
5 subtrench and bowing according to this invention.

Fig. 22 is a construction diagram of the
micro-wave etching system to which this invention is ap-
plied. |

Fig. 23 is a graph showing the relation ambng

10 the duty ratio ahd repetition frequency of the pulse and
the through rate of the pulse source.

Fig. 24 is a graph showing one example of the
pulse voltage wave generated from the pulse source.

Fig. 25 is a graph showing the relation between

15 +the duty fatio of the pulse and the notch size.

Fig. 26 is a graph showing the relation between
the repetition frequency of the pulse and the notch size.

Fig. 27 shows the shape of poly (polycrystal-
line) silicon for gate worked according to this inven-

20 tion.

Fig. 28 shows the shape of polycrystalline
silicon for gate worked according to the conventional
method.

Fig. 29 is a graph showing the relation between

25 +the duty ratio of the pulse and the dielectric breakdown
rate of the gate oxide film.

Fig. 30 is a graph showing the relation between

the repetition frequency of the pulse and the dielectric



-9- larly when the duty ratiois in the range fromO0.5%to 5% the charge
buil d-up value is zero. The sane exam nation was nade with respect to the
repetition frequency. Fig. 41 shows the relation 5 between the magnitude of
the charge build-up and the repetition frequency. FromFig. 41, it wll be
under- stood that the magnitude of the charge build-up is de- creased with
the increase of the positive part of the-pubse illustrated in Fig. 18 and
suddenly decreased at 10 repetition frequency 400 KHz or above.

Particul arly whgdd@wreReitd igE thee @aier oxidel fim.or above, the charge
buil d-up value is zero. Another inportant paranmeter of the pulse is the

through rate. Wen the tHiQU@L riat & dfinting whiagt ishoidEng dhe @hange e

substrate potential reaches the plasma potential, the electron current

fl owi ng from t ehepldastyn meeise ofa thel madsed dyring iftahdng-oped across the

capact- Fig. 32 is a timing chart showing the change of
5 +the repetition frequency of the pulse during etching.

Fig. 33 is a construction diagram of the
micro-wave etching system capable of switching between
the pulse bias and the RF bias.

Fig. 34 is a timing chart showing the switching

10 between the pulse bias and the RF bias.

Fig. 35 shows the shape of the trench produced
according to this invention.

Fig. 36 shows the shape of the trench produced
according to the conventional method.

15 Fig. 37 is a waveform diagram of an example of
the input pulse voltage according to this invention.

Fig. 38 is a waveform diagram of an example of
the input pulse voltage according to this invention.

) Fig. 39 is a graph showing the relation between
20 +the repetition frequency of the pulse and the notch size
in the etching system of the embodiment 9.

Fig. 40 is a graph showing the relation between
the duty ratio of the pulse and the charge build-up
magnitude.

25 Fig. 41 is a graph showing the relation between
the repetition freguency of the pulse and the charge
build-up magnitude.

Fig. 42 is a graph showing the relation between



tor that is provided between the substance and the pul se source in Fig. 1,
so that no positive potential appears 20 on the substrate. Therefore,
order to generate an €l ectron accelerating voltage on the substrate, it
necessary that the through rate of the pul se be higher than the speed of

the voltage drop due to the electron current.

[err], electron densi- 25 ty [err] and capaei tance value are 3 eV, [err]

and 30 [err],

current is cal aWealt@F-duPeaA0\ds [t8id JpulHe P the iagrdftude @ siHier ed

respectively, the voltage drop speed due to the el ectron

in
is

If the electron tenperature

that a through rate of at -10- least [err] is necessary to generate an:

el ectron accel eleictirioly actidlagatihg Ro1bdyd.r at e.

pul se width of 1 [err], magnitude of 100 V and repe-

10

15

20

25

Fig. 43 is a construction diagram of the
micro-wave etching system of the invention which is
characterized in that the positive voltage is supplied
from the power supply for electrostatic chucks.

Fig. 44 is a graph showing the relation between
the through rate of the pulse and the magnitude of the
electron accelerating voltage.

Fig. 45 is a flow diagram of the processes for
WSi/Polycrystalline-Si gate.

Fig. 46 shows the mechanism of generating the

notching in SG pattern.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
(Embodiment 1)

Fig. 22 shows a micro-wave etching system for
processing polycrystalline silicon for gate in which the

pulse bias of the invention is used. 1In this system, a

microwave generated from a magnetron 18 is introduced

through a waveguide 19 into a discharge tube 20,'and a
high density plasma can be generated therein by the
electron cyclotronlresonance (ECR) between the introduced
microwave and the magnetic field produced by a coil 21.
In this system, the potential of this plasma is prevented
from being much. changed when the pulse is supplied, by
grounding the plasma by an earthed electrode 22 of which

the superficial area is four times or above as large as

Actual ly a pul se having



tition frequency of 1 KHz was supplied and the relation 5 between the
through rate of the pulse and the el ectron accel erating voltage was
nmeasured. Fig. 42 shows the result. Fromthis figure, it will be seen that
the el ectron accelerating voltage begins to generate at a through rate of
[err] or above and reaches the maxinum 10 at a through rate of 5 X [err] or
above. Fromthe above description, it wi+4llbe-under- stood that in order to
elimnate the charge build-up due to the el ectron shadi ng phenomenon and
sol ve the resukhati B¢ phebksebstane pubsénh areatetiageThe babsdppicecd is 15
required to have a duty ratio of 5* or below and a repe- tition frequency
of 400 KHz or bhkdng, etchbdr disl foamedt pfr at S6 whfey of beliogh sigeqo
repetition frequency of 1 MHz or above. Strictly speaking, these threshol ds
of duty 20 rat wbighd thepsurfioce wWesqkberpadly spdéige€.f8r the sinulation

conditions, and slightly_changed dependLn% aon )
polycrystalline silicon film deposited on the surface and

5 a resist mask formed on the poly (polycrystalline) sili-
con film. This substance 1 is connected through an
insulator 23 for electrostatic chucks which has an elec-
trostatic capacitance of 30 pF/cm?’ to a constant voltage
source 24 for electrostatic chucks and the pulse voltage

10 séurce 17. In this invention, the pulse voltage source
is required to have a high rising-up speed in order to
generate a pulse voltage 6f a high frequéncy, low duty
ratio and several hundred-V level. This rising-up speed
is normally expressed by é vaiue called through rate.

15 The through rate is obtained by dividing the risen-up
voltage by the rising-up time when the step voltage is

| generated, and it is peculiar to the pulse voltage gen-
erator. Fig. 23 shows minimum through rate of the pulse
generator which can provide the given duty ratio and the

20 given repetition frequency of the pulse voitage. In
order to generate a pulse voltage of repetition frequency
400 KHz or above, duty ratio of 5% or below and several
hundred-V level, it is necessary to use a pulse voltage
source having a through rate of 8 X 10° V/u sec or above.

25 In order to generate a pulse voltage of repetition fre-
quency 1 MHz or above and duty ratio of 1% or below, the
through rate of the pulse voltage generator is necessary

to be 10* V/u sec or above. The repetition frequency and



the etching conditions and etching system The threshold of duty ratio is
I n inverse proportion to the mass of the ion. The threshold of repetition
frequency is propor- 25 tional to the square root of electron tenperature
and el ectron density, but in inverse proportion to the elec- trostatic
capaci tance of the capacitor. However, in the general high density plasnma
etching, the electron density, electrenlgemaperature and el ectrostatic
capaci - tance of capacitor are the sanme values as set in the sinulation,

and the threshs dfatid Jof e pihd Qifildh ddrPbd IRl R Ly Al
substantially the sane values as 5 set in the sinulation. A description

w Il now be nad®mferdialdct iavaidabled futicies-baind lerkeithmathyvrave @ertdmtor
i nvention on the problens caused by the el ectron shadi ng phenonenon.
are 100 MHz or below and 0.1% or above, respectively.
Thus, the pulse voltage source 17 in this embodiment is
5 formed of this wide-band arbitrary-wave generator, 25 and
a high-speed wide-band power amplifier 26 of through rate
10° V/u sec. The signal from the wide-bénd arbitrary-
wave generator 25 is ahplified by the high-speed
wide-band power amplifier 26 to produce a pulse of repe-
10 tition frequency 10 MHz, duty ratio 1% and several
hundred-V level. Fig. 24 shows one example of the pulse
waves which can be generated by this power supply. When a
high-frequency pulse is generated, the pulse waveform is
not always rectangular as shown in Fig. 24. 1In addition,
15 the pulse is not linearly risen.up. Therefore, the pulse
width, the throughrate and the duty ratio that is the
function of the pulse width cannot be defined precisely.
In this patent specification, the half-width of the full
maximum of the pulse is defined as the pulse width, and
20 the pulse width divided by the repetition frequency is
| defined as the duty ratio. Also, the through rate of the
pulse is defined at the maximum gradient of the rising-up
portion of the pulse.
The electron density and electron temperature
25 were measured by the triple probe method in order to
examine the state of the generatéd plasma in this system.
The measured electron density and electron temperature

were respectively 10''/cm® and 3 eV which are the same as



Fig. 19 shows the nechani smof solving the 10 notch-generation problemin
the polycrystalline silicon etching (working) for gate by the present

i nvention. Ac- cording to this invention, since the electrons 6

ani sotropically inpinge on the pattern, it is possible to elimnate the
charge build-up on the bottomand sides of 15 a fine pattern. Therefore,
the ions 5 as the etching species are not 1®pelled fromthe pattern bottom
and thus can produce ani sotropi c shapes w thout notch. Fig. 20 shows the
mechani sm of r epRYi-BAGk RS onkAbEE the biovR-gemtdonpaokliaulatibhe net al
wiring pro- 20 cess. Since the positive charge build-up on the fine
pattern bottomis avoi dedhel polgpesisitat ldhar gidizon fdhec phltderad formelde

floating gate 12,

and thus the gate oxide film 14 between the floating gate

12 and the subonstthet eilicon ddbxddengdddm %8s etched by psdng? chdiegimne: he

mechani sm of suppressing the bowi ng and subtrench in the m nute hole
wor ki ng for plasma in this system. At this time, if the height of

5 +the pulse is too small, the voltagé for accelerating

electrons is reduced so that the electrons cannot be

forced to anisotropically impinge on the fine pattern.

Therefore, the pulse height is necessary to be at least

20 V. However, if the pulse voltage is too large, the

10 energy for accelerating the ions is increased to deterio-

rate the selectivity of the polycrystalline silicon

relative to the silicon dioxide film. Therefore, the

pulse height is desired'to.be 2 KV or below. In this

embodiment, the pulse voltage was fixed to 100 V, and

15 first the notch size was examined with the repetition

frequency set to 10 MHz and with the duty ratio changed.

Fig.

25 shows the results. From the figure, it will be

seen that the notch size becomes the minimum when the

duty ratio is in the range from 0.5% to 5%. Particularly

20 in the pattern which is not conductive to the silicon

substrate (hereinafter, called FG pattern), the notch

size is zero when the duty ratio is in this range. In

the pattern which is conductive to the substrate (here-

inafter, called SG pattern), the notching does not com-

25 pletely disappear. We found that the incomplete disap-

pearance of the notching in the SG pattern is ascribed to
the negative DC voltage supplied from the voltage source

24 for electrostatic chucks. Fig. 46 shows the mechanism



trench and contact hole.. Since the charge build-up is not caused by the

el ectron shading, the ions 5 - 12 anisotropically inpinge on the
substrate, and thus can produces ani sotropi c shapes with no subtrench and
bow ng. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a construction diagram
of- the surface 5 treatnment systemfor use in supplying a pul se bias,
according to the present invention. Fig.-220s-a construction diagram of the
conven- tional etching systemfor use in supplying an RF bias. Fig. 3 is a

di agram of t he oFupRinea@tings thdld diffeagmasnye WhpPead negarime tod tHalgebi as
Is supplied as in the prior art. Fig. 4 is a diagramof the substrate bias
wave of, for example, -500 V is supplied as a voltage for
electrostatic chucks, there appears on the rear substrate
13 a potential which is about 20 V lower than that on the
5 surface of the underlying dioxide film 9. Therefore,
-since the potential on the SG pattern which is conductive
to the substrate is about 20 V lower than that on the
surrounding dioxide film, the positive ions 5 are de-
flected to the SG pattern side to be easy to obliquely
10 impinge. The obliquely impinging ions promote the gener-
ation of the notching. Thus, when a voltage of + 506 v
or above is supplied from the voltage source by changing
the polarity of the VOltage source for electrostatic
chucks as shown in Fig. 43, the SG pattern is held at a
15 potential which is 20 V higher than that on the surround-
ing dioxide film 9. Aécordingly, it is hard for the
positive ions to obliquely.impinge on the SG pattern.
The same measurement as in Fig. 25 was made by use of
this system. In this case, when the duty ratio was_in
20 the range from 0.5% to 5%, the notching completely disap-
peared not only from the FG pattern but also from the SG
pattern.
Then, the change of the notch size on the FG
pattern was examined with the duty ratio set to 1% and
25 with the repetition frequency changed. Fig. 26 shows the
result. From Fig. 26, it will be séeh that the notch
size is decreased with the increase of the'repetition

frequency. Particularly, when the repetition frequency



appearing when the RF bias is supplied as in the prior art. 15

Fig. 5 shows the nmechani sm of generating the | ocal charge buil d-up

(el ectron shadi ng phenonenon). Fig. 6 shows the mechani sm of generating the
| ocal side etching (notch) in the polycrystalline silicon working for gate.
20 Fig. 7 shows the mechani sm of generating a damage to the gate
oxide filmin the metal wiring pro- cess- Zig- 8 shows the nechani sm of
generating the bowi ng and subtrench in the fine trench working. 25

Fig. 9 is a di agr apookuzherbiadsve)pithey abitatie siaee igppeaairkgbiheret-he pul se
bi as according to this invention is supplied.
duced, or effect on the notch reduction is large.

-In addition, the through rate of the pulse was

examined. The change of the notch size on the FG pattern
5 with respect the through rate of the pulse was measured

with the pulse voltage selected to be 100 V, pulse width
set to 100 ns and repetition frequency fixed to 10 KHz.
Fig. 44 shows the result. From Fig. 44, it will be
understood that the notch size starts decreasing at a

10 through rate of 10°V/ps and becomes the minimum at 5 X
10°V/pus or above.

The fine patterns of polycrystalline silicon
were etched by supplying a pulse voltage of repetition
.frequency 10 MHz, duty ratio 1% and height 100 V in the

15 system of this embodiment. Fig. 27 shows the shape of
the processed polycrystalline silicon. For reference,
the shape of the polycrystalline silicon etched by RF
bias is shown in Fig. 28.  When the RF bias was used the
notch appeared, but when the pulse bias was used the

20 notch disappeared with the result that the etched shape
became anisotropic.

The effect of this embodiment can be achieved
not only by the microwave etching system, but also by
plasma etching systems using other discharge systems such

25 as an inductively couled plasma etching system and a

Helicon plasma etching system.



- 13 - Fig. 10 is a diagramof the substrate bias wave appearing when the
pul se bias according to this invention is supplied. Fig. 11 shows the
mechani sm of decreasing the 5 | ocal charge build-up according to this
invention. Fig. 12 is a graph showi ng the substrate bias wave appearing
when the input pulse of duty ratio 1%is supplied. Fig. 13 is a graph
showi ng the substrate bias 10 wave appeari2® when the input pulse of duty
ratio 10%is supplied. Fig. 14 is a graph showing the relation between the
duty ratio of fhmbodiwlerit!l29e and the nagnitude of the positive voltage of
the substrate bias. 15 Fig. 15 is a graph showi ng the substrate
bi as wave appeari ng when Thee metalt winling proceset waiso caimrd.edqggaric Pyl EheHz
i's supplied.
system of the embodiment 1.
First, the change of the dielectric breakdown
5 rate of the gate oxide film with respect to the duty
ratio was examined with the repetitidn frequency set to
10 MHz. Fig. 29 shows the result. From Fig. 29, it will
be seen that the rate of the dielectric breakdown is
decreased with a decrease of the duty ratio of the pulse.
10 Particularly when the duty ratio is 5% or below, the rate
of the dielectric breakdown is suddenly decreased, thus
the effect of reducing the charge build-up damage being
increased in the metal wiring etching process. Then, the
change of the dielectric breakdown rate of the gate oxide
15 film with respect to the repetition frequency at the duty
ratio of 1% was examined. Fig. 30 shows the result. As
seen from Fig. 30, the dielectric breakdown rate is
decreased with the increase of the repetition frequency.
Particularly when the repetition frequency is 400 KHz or
20 above, the dielectric breakdown rate is remarkably re-
duced, and thus the effect of reducing the charge
build-up damage is large.
The charge build-up and notch phenomena due to
the electron shading are caused during bver-etching after
25 the residual film thickness of the etched film becomes
zero, or after just etching. Therefore, there is no need

to supply the pulse bias of this system for all the time

from the beginning to the end of etching. That is, the



Fig. 16 is a graph show ng the substrate bias wave appearing when the input
pul se of repetition fre- 20 quency 1 MHz is supplied. Fig. 17 is a graph
showi ng the substrate bias wave appearing when the input pul se of
repetition fre- quency 100 KHz is supplied. Fig. 18 is a graph showi ng the
rel ati on between 25 the repetition frequency of the input pulse and the
magni t ude of the positive voltage of the-2®strate bias. Fig. 19 shows the
mechani sm of reducing the notch according to this invention. - 14 - Fig.

20 shows the nﬁﬁmaéi pAkel ofegnssNgykitemdnaBg ot bet Bappatiedonndy fluring
according to this inven- tion.
the over-etching after just etching, and in this case the
charge build-up and notch can be reduced. Thus, methods
of switching bias voltages before and after the just
5 etching are proposed in the folloWing embodiments 3, 4

and 5.

(Embodiment 3)
The polycrystalline silicon for gate was pro-
cessed by using the system of embodiment 1. In this em-

10 bodiment 3, the repetition frequency of the pulse was set
to 10 MHz, and.the duty ratio of the pulse was changed
from 50% to 1% during the interval from the start of the
etching to when the residﬁal polycrystalline silicon film
thickness becomes zero, or to the just etching time as

15 shown in the timing chart of Fig. 31. In addition,
during the over etching after the just etching, the duty
ratio of the pulse was fixed to 1%. In this case, too,
the processed polycrystalline silicon shapes were aniso-
tropic without notch as in Fig. 27.

20 Although in this embodiment the duty ratio of
the pulse was fixed to 1% after the just etching, the
same effect was achieved even when the duty ratio of the
pulse was fixed to 1% before the just etching.

In addition, the method of this embodiment is

25 effective not only when the notch is reduced in the
polycrystalline silicon processing for gate, but also

when the charge build-up damage is reduced in the metal



Fig. 21 shows the nechanismof reducing the 5 subtrench and bow ng
according to this invention. Fig. 22 is a construction diagram of the

m cro-wave etching systemto which this invention is ap- plied. Fig. 23 is
a graph showi ng the relation anong 10 the duty ratio and repetition '
frequency of the pulse and the through rate of the pulse source. Fig. 24 is
a graph show ng one exanple of the pul se-valt age wave generated fromthe
pul se source. Fig. 25 is a graph showing the relation between 15 the duty

ratio of .the pufieirapdetdeimpl ch size. Fig. 26 is a graph showi ng the

rel ati on between the repetition frequency of the pulse and the notch size.
Fig. 27 shows the shape of poly (polycrystal- line) silicon for gate worked
according to this inven- 20 tion. Fig. 28 shows the shape of

pol ycrystal | i ne{ Embodiment 4)

The polycrystalline silicon for gate was pro-
cessed by use of the system of embodiment 1. in this
5 embodiment 4, the duty ratio of the pulse was fixed to
1%, and the repetition frequency of the pulse was changed
from ;0 KHz to 10 MHz during the interval from the start
of the etching to the just etching time as shown in the
timing chart of Fig. 32. In addition, during the over
10 etching after the just etching, the repetition frequency
was fixed to 10 MHz. 1In this case, too, the processed
polycrystalline silicon shapes were anisotropic without
notch as in Fig. 27.
Although in this embodimeht the repetition fre-
15 quency of the pulse was fixed to 10 MHz after the just
etching, the same effect was achieved even when the
repetition frequency of the pulse was fixed to 10 MHz
before the just etching.
In addition, the method of this embodiment is
20 effective not only when the notch is reduced in the
polycrystalline silicon processing for gate, but also
when the charge build-up damage is reduced in the metal

wiring etching.

(Embodiment 5)
25 The polycrystalline silicon for gate was etched

by use of the plasma etching system which, as shown in



silicon for gate worked according to the conventional nethod. Fig. 29 is a
graph showing the relation between 25 the duty ratio of the pulse and the
di el ectric breakdown rate of the gate oxide film Fig. 30 is a graph
showi ng the rel ation between the repetition frequency of the pulse and the
dielectric - 15 - breakdown rate of the gate oxide film Fig. 31 is a
timng chart show ng the change of the dut®5ratio of the pul se during
etching. Fig. 32 is a timng chart showi ng the change of 5 the repetition

frequency of tiaguuisse @an REpPISNiahy: onie) 0f33 ipulsec wRAttaget iamd di agr am of
the m cro-wave etching system capabl e of sw tching between
sine-wave voltage as a bias. In this embodiment 5, as
shown in the timing chart of Fig. 34, a sine-wave voltage
of 10 MHz was supplied until the just etching was
5 reached, and during the over etching the pulse voltage
was switched to a pulse voltage of duty ratio 1% and
repetition frequency 10 MHz. In this case, too, the
processed polycrystalline silicqn_shapes were anisotropic
without notch as in the embodiment 1.

10 Although in this embodiment the bias voltage
was switched from the sine-wave to the pulse at the just
etching time, this bias switching may be made before the
just etching, and in this case the same effect can be
achieved.

15 - In addition, . the méthod of this embodiment is
effective not only when the notch is reduced in the
polycrystalline silicon processing for gate, but also

when the charge build-up'damagé is reduced in the metal

wiring etching.

20 (Embodiment 6)
The pulse voltage of repetitidn frequency 10
MHz and duty ratio of 1% was supplied for trench etching
by use of the system of embodiment 1. Fig. 35 shows the
cross section of the produced trench. For reference, the
25 cross section of the trench produced by normal RF bias
etching is shown in Fig. 36. The bowing 15 and subtrench

16 which appeared when the RF bias was used disappeared



the pulse bias and the RF bias. Fig. 34 is a timng chart show ng the
sw tching 10 between the pul se bias and the RF bias. Fig. 35 shows the
shape of the trench produced according to this invention. Fig. 36 shows the
shape of the trench produced according to the conventional nethod. 15
Fig. 37 is a waveform di agram of an exanple of the input pul se voltage
according to this invention. Fig. 38 is a @&veformdiagram of an exanpl e of
the input pul se voltage according to this invention. Fig. 39 is a graph
show ng t he relwhigrortheetpudase Hidshof e idriventfircrg wersc \suppliiesd pdrs® and
the notch size in the etching systemof the enbodinent 9. Fig. 40 is a
graph showi ng tthas dihet ianedsetseatiiahdafutan mntiiseotfonie shapse wirkh tthe
charge buil d-up magni tude. 25 Fig. 41 is a graph show ng the
rel ati on bet we&®ttom corners rounded. Also, the pattern size dependen-

cy of the etching speed called microloading disappeared.

5 While in this embodiment the trench working was
described, the same effect can be achieved in the pro-
cesses for producing holes such as contact holes and for

producing minute trenches such as U-trench for isolation.

( Embodiment 7)

10 The pulse wave voltage of this system can'be
éonsidered to have the effect of reducing the notch and
charge build-up even if a noise wave voltage or the like
is superimposed on the pulse voltage provided that this
noise Qoltage is negligible as compared with the pulse

15 voltage.

Thus, in this embodiment, a composite wave
voltage formed of a pulse voltage and a sine wave as
shown in Fig; 37 was generated from the pulse generator
in Fig. 22 and supplied as a bias to etch the polycrys-

20 talline silicon for gate. In this case, too, the notch
reduction effect can be achieved as in the embodiment 1.

While in this embodiment a sine-wave voltage of
which the cycle is twice as long as that of the pulse was
superimposed on the pulse voltage, the same effect as in

25 this embodiment can be achieved irrespective of the cycle
and amplitude of the sine-wave voltage to be superimposed

on the pulse voltage.



t he repetition frequency of the pul'se and the charge buil d-up magnitude.
Fig. 42 is a graph showing the rel ati on between - 16 - the through rate
of the pulse and the magnitude of the electron accelerating voltage. Fig.
43 is a construction diagramof the mcro-wave etching systemof the
I nvention which is 5 characterized in that the positive voltage is supplied
fromthe power supply for electrostatic eh@gks. Fig. 44 is a graph show ng
the relation between the through rate of the pulse and the magnitude of the
el ectron accel erating volt@oggadi®ion, the method.oflSthis cerdib@dimenyrten of
the processes for WSi/Polycrystalline-Si gate. '

effective not only for reducing the notch in the working

of polycrystalline silicon for gate, but also for reduc-

ing the charge build-up damage in the metal wiring'etch-

5 ing and the bowing and subtrench in the process for

minute holes such as trench.

(Embodiment 8)
In the system of embodiment 1, a composite wave
voltage formed of a pulse voltage and a positive DC
10 voltage as shown in Fig; 38 was generated from the pulse
generator and supplied as a bias to etch the polycrys-
talline silicon for gate. 1In this case, too, the notch
reducing effect was achieved as in the embodiment 1.
While in this embodiment a positiﬁe DC voltage was super-
15 imposed on the pulse voltage, the same effect as in this
embodiment can be achieved irreépectiVe of the magnitude
and polarity of the DC voltage superimposed on the pulse
voltage.
In addition, the method of this embodiment is
20 effective ﬁot only for reducing the notch in the working |
.of polycrystalline silicon for gate, but also for reduc-
ing the charge build-up damage in the metal wiring etch-
ing and the boWing and subtrench in the process for

minute holes such as trench.

25 (Emquiment g9)

A ferroelectric material of Pb (Zr, Ti) O, was



Fig. 46 shows the nechani sm of generating the notching in SG pattern
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 15 (Enbodi nent 1) Fig. 22 shows a
m cro-wave etching systemfor processing polycrystalline silicon for gate
in which the pulse bias of the invention is used. In this system a

m crowave generated froma magnetron 18 is introduced 20 through a
wavegui de 19 into a discharge tube 20, and28 high density plasm can be
generated therein by the electron cyclotron resonance (ECR) between the

i ntroduced m chuay e ihid cHB AR ZB Ford wettnostattid chucksn drhi s
system the potential of this plasma is prevented 25 from being nuch

changed when t RthepWyartdns i pbRIiment gr.ourkd reg nesmlt , asihe wlegtrm:r t hed
el ectrode 22 of which the superficial area is four tinmes or above as | arge
as static capacitance of the insulator 23 was increased to 3
nF/cm® or above. The repetition frequency of the_pulse
5 necessary for eliminating the charge build-up due to the
electron shading phenomenon was able to be reduced by two
digits by this improvement. Thus, since the through rate
of the pulse voltage source can be reduced by two digits,
the cost of the pulse voltage source can be decreased.

10 The polfcrystalline silicon fo: gate was pro-
cessed by the improved system. The change of the notch
size with respect to the repetition frequency was exam-

| ined with the pulse voltage set to 100 V and with the
duty ratio of the pulse fixed to 1%. Fig. 39 shows the

15 result. From Fig. 39, it will be seen that the notch
size starts to be suddenly reduced at repetition frequen-
cy 4 KHz or above and reaches almost zero at repetition
frequency 10 KHz or above. In addition, when a pulse
voltage of repetition frequency 100 KHz was supplied to

20 etch, the shape of the etched polycrystalline silicon was
as anisotropic as that shown in Fig. 27.

While in this embodiment Pb (Zr, Ti) O, ﬁas
used for making the insulator for electrdstatic chucks,
other ferroelectrics may be used and in this case, simi-

25 1lar effect can be achieved. For example, when (Pb, Ba)
Nb,0, was used, the threshold frequency can be reduced to
1/200 that in the embodiment 1. In addition, the thresh-

old frequency can be reduced to 1/50 by (Sr, Ba) Nb,O,



-

- 17 - that of the substance 1 being treated. The substance 1 being etched
Is formed of a Si wafer of 6-inch size of which the surface was thermally
oxi di zed, a polycrystalline silicon filmdeposited on the surface and 5 a
resi st mask formed on the poly (polycrystalline) sili- con film This
substance 1 is connected through an insulator 23 for electrostatic chucks
whi ch has an elec- trostatic capacitance-o2936 [err] to a constant voltage
source 24 for electrostatic chucks and the pul se voltage 10 source 17. In

this invention,td he/300 35 \BATHREE $uULFR0 By PRTLDed t® ha3® byhi gh
rising-up speed in order to generate a pul se voltage of a high frequency,
| ow duty ratio Bndig@yer ahdhtodlg2000| byea. sdhid soduhgonpofpBbd (Mg,
normal |y expressed by a value called through rate. 15 The through rate is
obt ai ned by di Whii i-Pb&ifssen-up vol tage by the rising-up tine when the
step voltage is
(Embodiment 10)
5 Fig. 45 is a flow diagram of processes for
WSi/Polycrystalline-Si gate. Referring to Fig. 45,
first, n+Polycrystalline-Si, WSi, and SiO, are sequen-
- tially depbsited on a silicon dioxide film by CVD. Then,
a photoresist is coated over the substrate, and pattern-
10 ing is made by lithography to form a resist pattern.
This resist pattern is used as a mask, and the SiO, layer
is anisotropically dry-etched through the mask by CF,/O0,
mixture gas plasma. Then, both the WSi layer and
Polycrystalline-Si layer are anisotropically dry-etched
15 by Cl, gas plasma. Then, the resist pattern is removed
by downflow ashing. Then, the remaining SiO,/WSi/Poly-
crystalline-Si is used as a mask, and phosphorus is
lightly doped'throﬁgh'the mask so that an n-light doped
drain layer is formed in the Si substrate. Thereafter,
20 Silicon dioxide SiO, is deposited by CVD, and it is
etched back to form a spacer on the outer periphery of
the gate. This spacer is used as a mask, and phosphorus
is heavily doped through the mask to form an n+diffusion
layer. The pulse bias of this embodiment was used in the
25 Wsi/Polycrystalline-Si film etching process of the pro-.

duction processes shown in Fig. 45. A description will

be made of a bias application method in the



generated, and it is peculiar to the pul se voltage gen- erator. Fig.. 23
shows m ni nrum through rate of the pul se generator which can provide the
given duty ratio and the 20 given repetition frequency of the pul se
voltage. In order to generate a pul se voltage of repetition frequency 400
KHz or above, duty ratio of 5% or bel ow and several hundred-V level, it is
" necessary to use a pul se voltage source hagong a through rate of [err] sec
or above. 25 In order to generate a pul se voltage of repetition fre- quency

1 Mz or above wgi)/EblycFpdtal Dind % DrethnYy prscdds OUGLNcs ea Highe pul se
vol tage generator is necessary to be [err] sec or above. The repetition
frequency and bias Nbltahs Wwasitnecedsdiye forr schevWsh karebeeguhmingit ed by
the comercially avail abl e wi de-band arbi trary-wave generat or
after the start of discharge, the RF bias was supplied
which is able to make a high bias with ease. In the
5 following Po1ycrysta1line—Si layer'etching, since high
selectivity and little notching were required, the bias
voltage was switched from RF bias to pulse bias at the
start of the Polycrystalline-Si layer etching. The gate
produced as above has higher-precision diménsions and
10 thus less dispersion in its effective channel length than
that produced by the convention method. 1In addition, the
gate can be produced to have stable characteristics since
the gate oxide film is little damaged by the charge
build-up and since the V., shift is also small.
15 As described above, the charge build-up due to
the electron shading phenomenon can be reduced, and as a
result the notch, charge build-up damage, bowing and
subtrench due to the electron shading can be suppressed

from generation. Also, the microloading can be effec-

20 tively reduced.



dre 100 MHz or bel ow and 0.1% or above, respectively. Thus, the pulse -
voltage source 17 in this enbodinent is 5 formed of this 1
arbitrary-wave generator, 25 and a hi gh-speed w de-band powamﬂmmhllw ‘m‘ﬂl“l
of through rate [err] sec. The signal fromthe wi de-band arbitrary+ waves *
generator 25 is anplified by the high-speed w de-band power anplifier 26 to
produce a pul se of repe- 10 tition frequen8y 40 MHz, duty ratio 1% and
several hundred-V level. Fig. 24 shows one exanple of the pul se waves which
can be gener at ebaATMg:hi s power supply. When a high-frequency pulse is
generated, the pul se waveformis not always rectangular as shown in Fig.

24. In addition,. 15 the Alserfacectreatmant ymethah figr surplfing.athe
pul se width, the throughrate and the duty ratio that is the function of the

pul se wi dt h caPl@smse tgefa fapshangesahich 4 Rlages df & PFESSUWER on, the
hal f-wi dth of the ful] nBX|nun1of the ulse |s defi ned as t&y'pulse wndth
and 20 the pul ¥&HEh hantey éﬁ%% i bias

voltage to said substance to treat said substance, where-
in a positive pulse-wave voltage is supplied as said bias
voltage, and that the duty ratio and repetition frequency
of said pulse are set so that the maximum value of the
potential of said substance during said treatment is
larger than the potential of said plasma.

2. A dry-etching method for supplying a plasma to
a substance which is placed in a pressure-reduced chamber
and to be processed, and supplying a bias voltage to said
substance to étch said substancé, wherein a positive
pulse-wave voltage is supplied as said bias voltage, and
that the duty ratio and repetition frequency of said
pulse are set so that the maximum value of the potential
of said substance during said etching is larger than the
potential of said plasma.

3. A dry-etching method for supplying a plasma to
a substance which is placed in a pressure-reduced chamber
and to be processed, and supplying a bias voltage to said.
substance to etch said substance, wherein a positive
pulse-wave voltage of repetition frequency 400 KHz or |
above and duty ratio 5% or below is suppliéd as said bias
voltage. _

4. _ " A dry-etching method for supplying a plasma to

a substance which is placed in a pressure-reduced chamber



Qefined as the duty ratio. Also, the through rate of the pulse is defined
at 't he maxi mum gradi ent of the rising-up portion of the
density and el ectron tenperature 25 were neasured

method in order to exanmine the state of the gener at ed pI mun‘u‘ HI'II"I“I
system The neasured el ectron density and el ectron tenper

respectively [err] and 3 eV which are the 32me as - 19 © the condltlons
of the above-nentioned sinulation. The polycrystalline silicon fine pattern
formed on the Sidd a@) vl Prdieddddn Wi ehupidying usibigs Madrtage piassaid n
this system At this tinme, if the height of 5 the pulse is too small, the

\t;ol tage for accalbtainics @ esteloremids sukkenteso wheneirh@ Qs Fom cannot
e

pulse-wave voltage of repetition frequency 1 MHz or above
and duty ratio 1% or below is supplied as said bias volt-
age.

5. A dry-etching method according to claim 2,
wherein the through rate of said pulse is 10°V/us or
above.

6. A dry-etching method according to claim 3,
wherein the duty ratio and repetition frequency of said
pulée are 0.5% or above and 100 MHz or below, respec-
tively. |

7. A dry-etching method according to claim 3,
wherein the magnitude of said pulse vbltage is in the
range between 20 V and 2 kV both inclusive.

8. A dry-etching method for supplying a plasma to
a substance which is placed in a pressure-reduced chamber
and to be processed, and supplying'a bias voltage to said
substance to etch said substance, wherein the waveform of
said bias voltage is switched from a sine wéve to a pulse
wave during etching. |

9. A dry-etching method for supplying a plasma to
a substance which_is placed in a pressure-reduced chamber
and to be processed, and supplying a bias voltage to said
substance to etch said substance, wherein a voltage
formed of a positive pulse wave having repetition fre-
quency 400 KHz or above and duty ratio 5% or below and of

a sine wave superimposed on said positive pulse wave is



forced to anisotropically inpinge on the fine pattern. Therefore, the pul se
Hei ght iIs necessary to be at least 20 V. However, if the pulse voltage is
too large, the 10 energy for accelerating the ions is_increased to deterio-
rate the selectivity of the polycrystalline silicon relative to the silicon
di oxide film Therefore, the pulse height is desired H an . oW.
In this enbodi nent, the pul se voltage was 88xed to 10 mﬂ umHm”ﬁﬂ, t he
notch size was examined with the repetition frequency Set‘td 10 Mz &nd
with the duty rafdd idenaedaild biad voiQgd.ne results. Fromthe figure, it
wi Il be seen that the notch size becones the mnimumwhen the duty ratio is
in the range frngn 0. 5% t ca S8¢y-dedhing | metlyo®@ (fomn supplaingran phasha i o not
conductive to the silicon substrate (hereinafter, called FG pattern), the
notch size i s zersubstemdeavitigly irsatpladed iin tehipresguge-geduged mhanher
which is conductive to the substrate (here- inafter, called SGGPattern

t he notching dead heyprocessed, and supplying a bias voltage to sa d

substance to etch said substance, wherein a voltage
formed of a positive pulse wave having repetition fre-
quency 1 MHz or above and duty ratio 1% or below and of a
sine wave superimposed on said positive pulse wave is
supplied as said bias voltage.

11. A dry-etching method for supplying a plaSma to
a substance which is placed in a pressure-reduced chamber
and to be processed, and supplying a bias voltage to said
substance to etch said substance, wherein a voltage
formed of a positive pulse wave having repetition fre-
guency 400 KHz or above and duty ratio 5% or below and of
a positive or negative DC voltage superimposed on said
positive pulse wave is supplied as said bias voltage.

12. A dry-etching method for supplying.a plasma to
a substance which is placed in a pressure-reduced chamber
and to be processed, and supplying a bias voltage to said
substance to etch said substance, wherein a voltage
formed of a positive pulse wave having repetition fre-
quency 1 MHz or above and duty ratio 1% or below and of a
positive or negative DC voltage superimposed on said
positive pulse wave is supplied as said bias voltage.
13. A dry-etching method for supplying a plasma to
a substance which is placed in a pressure-reduced chamber

and to be processed, and supplying a bias voltage to said



25 pletely dhmmmmamL—ﬁMr+ﬁﬂﬁd—%hat t he i nconpl ete di sap- pearance of the
notching in th S?ﬁ tern |s ascrlbed to the negative DC voltage supplied

fromthe volta de| ectrostatic chucks. Fi .- -
: gﬂ H ing this difference. We HEET HASHBEEA

mechani sm
of , for exanple plied as a voltage for el tro ERLACEBhucks
t her e appears on the rear substrate 13 a-p®#ential which Ts about 20 vV——
| ower than that on the 5 surface of the underlying dioxide film?9.
Therefore, singaydtane & ietchoRdilde substainc,n whidirein @ puldkshiave to the
substrate is about 20 V |lower than that. on the surrounding dioxide film
the positive i erdtage dslsuddldedas cailde Baspaildagesi dad dhad ddey to
obliquely 10 inpinge. The obliquely inpinging ions pronote the gener-

duty ratio of said pulse wave voltage is changed during

etching so that said substance can be etched substantial-
ly anisotropically.

14. A dfy-etching method for supplying a plasma to
a substance which is placed in a pressure-reduced chamber
and to be processed, and supplying a bias voltage to said
substance to etch said substance, wherein a pulse-wave
voltage is supplied as said bias voltage, and that the
repetition frequency of said pulse wave voltage is
changed during etching so that said substance can be
etched substantially anisotropically.

15. A dry-etching method for holding a suﬁstahce
being treated on a table within a pressure-reduced cham-
ber by use of an electrostatic chuck mechanism having an
insulator of which the electrostatic capacitance per unit
area is 3 nF/cm?’ or above, and supplying a plasma and a
bias voltage to said substance to etch said substance,
wherein a positive pulse-wave voltage of repetition
fréquency 4 KHz or above and duty ratio 5% or below is
supplied as said bias voltage.

16. A dry—étching method according to claim 15,
wherein thé repetition frequency and duty ratio of said
positive pulse-wave voltage are 10 KHz or above and 1% or
below, respectively.

17. A dry-etching method for holding by electric

absorption power a substance which is placed on a table



ation of the notching. Thus, when a voltage of + 500 V or above is supplied

fromthe voltage source by changing the polarity of the voltage source for
el ectrostatic chucks as shown in Fig. 43, the SG pattern is held at a 15

potential which is 20 V higher than that on the surroun u"l“ﬁuﬂnﬂﬂ ﬂt"ﬂ”lm
9. Accordingly, it is hard for the positive ions to obl

the SG pattern. The sane neasurenent as +n3%ig. 25 was nade by"us® of this
system In this case, when the duty ratio was in 20 the range fromO0.5%to

5% the notchi g &0 HeRistine-disited @tiibaiotand |ty eorbrdatdd; Eupmyr but
also fromthe SG pattern. Then, the change of the notch size on the FG
pattern was exdmgned plidsma endla \bireet ivoldsige d-ol Badidd skbstiarice ko etch
repetition frequency changed. Fig. 26 shows the result. FromFig. 26, it
will be seen tlseid irubstanieesi sheneided abae-wave ved tage dis Suppkind

repetition frequency Particularly, when the repetition freglency
as said bias voltage and that a positive voltage is

supplied to said table to generate said electric absorp-
tion power.

18. - A dry-etching method according to claim 17,
wherein said positive voltage is + 500 V or above.

19. A surface treatment system comprising means
for supplying a plasma to a substance which is placed in
a pressure-reduced chamber and to be treated, and means
for supplying a bias voltage to said substance to be
treated, wherein said means.for supplying said bias |
voltage includes a power amplifier of which the through
rate is 8 X 10°V/p sec or above or a pulse voltage gener-
'atbr of which the throughrate is 8 X 10?V/p sec or above.
20. A surface treatment system comprising means
for supplying a plasma to a substance which is placed in
a pressufe—reduced chamber and to be treated, and means
for supplying a bias voltage to said substance to be
treated, wherein said means for supplying said bias
voltage includes a power'amplifier of which the through -
rate is 10*V/p sec or above or a pulse voltage generator
of which the through rate is 10*V/p sec or above.

21. ' An etching system'comprising means for supply-
ing a plasma to a substancé which is placed in a
pressure-reduced chamber and to be treated, and means for

supplying a bias voltage to said substance to be treated,



-. 21 - is 400 KHz or above, the notch size is remarkably re- duced, or

gffect on the notch reduction is large. In addition, thethroughrate—of—

t he pul se was exam ned. The change of the notch size on :
Wi th respect the through rate of the pul se was neasured ﬂ EWF%HI II
vol tage selected to be 100 V, pulse width set to 100 ns & _ *

frequency fixed to 10 KHz. Fig. 44 shows-tBg result. FromFig. 44, it wll

be understood that the notch size starts decreasing at a 10 through rate of
[err] and becongferdith nédiidnieaiis ¥or [Ripdlyinglnia b Wdmedyd tans of

pol ycrystalline silicon were etched by supplying a pul se voltage of

repetition freclanies H pgdwir dcinplirfiter cfowinicch aitghtthifugh irateels 8 X
JIFV/p sec or above or a pulse voltage generator of which
the through rate is 8 X 10°V/p sec or above.
22. - An etching system cbmprising means for supbly-
ing a plasma to a substance which is placed in a
pressure-reduced chamber and to be treated, and means for
supplying a bias voltage to said substance to be treated,
wherein said means for supplying said bias voltage in-
cludes a power amplifier of which the through rate is
10%V/pu séc or above or a pulse voltage generator of which
the through rate is 10°V/p sec or above.
23. A dry-etching system comprising means for
supplying a plasma to a substance which is placed in a
pressure-reduced chamber and to be treated, and means for
supplying a bias voltage to said substance to be treated,
wherein said means for.sﬁpplying said bias voltage in-
cludes a power amplifier or pulse generator in claim 5.
24. A surface treatment system accofdipg to claim
19, wherein an earthed electrode of which the superficial
area is four times or above as large as that of said
substance being treated is pfovided within said chamber.
25. A dry-etching 5ystem according to claim 21,
wherein an earthed electrqde of which the superficial
area is four times or above as large as that of said sub-
stance being treated is provided within said chamber.
26. ‘A dry-etching system cdmprising means for

supplying a plasma to a substance which is placed in a



~

15 syst em of ~##% enbodi nent. Fig. 27 shoms the shape of “the processed

pol ycrystalline silicon. For reference, the shape of the

silicon etched by RF bias is shown in Fig. 28. \Wen the Ranm!gm&n" }W#m,
t he notch appeared, but when the pul se bias was used the

di sappeared with the result that the etched shape becane ani sotropic. The
effect of this enbodi nent can be achi eved 8%Bt-only by the m crowave etching
system but al so by plasma etching systens using other discharge systens
such 25 as an igydghinee!nediidE EHinse 1T Rid bes WiieRitall)d ah Maldetrbpl asma

etching system - 22 - (Enbodinent 2) The netal wiring process was
carried out by sfetic chuck mechanism for making said substance to stick

fast to a table within said chamber, and means for sup-
plying a pulse-wave bias voltage to said substance being
treated, wherein said electrostatic chuck mechanism
includes an insulator of which the electrostatic capaci-
tance per unit area is 3 nF/cm®’ or above.

27. A dry-etching system according to claim 26,
wherein said insulator is formed of a ferroelectric

material.



sysr%n1df'the enbodi ment 1. First, the change of the dielectric breakdown 5
rate of the gate oxide filmwi th respect to the duty ratio was exam ned =
with the repetition frequency set to 10 MHz. Fig. 29 shows the result. From
Fig. 29, it will be seen that the rate of the dielectric breakdown is :
decreased with a decrease of the duty r?pjééff the pulse. 10 Particularly
when the duty ratio is 5% or below, thelra of the dielectric breakdown is
suddenly decreased, thus the effect of reducing the charge buil d-up damage
being increased in the netal wiring etching process. Then, the change of

the dielectric breakdown rate of theﬁ:{(ﬁ_o de 15 filmw th respect. to the
repetition frequency at the duty ratio of 1% was exam ned. Fig. 30 shows

the result. As seen fromFig. 30, the dielectric hreakdown rate is

decreased with the increase of t repetitli cy. Particularly when
the repetition frequency is 400 KWHz or {20 above, the dielectric breakdown
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ducet, anhd thus the effect of reducing the charge build-up damage is |arge.
The charge buil d-up and notch phenonena due to the el ectron shading are
caused during over-etching after 25 the residual filmthickness of the
etched filmbecones zero, or after just etching. Therefore, there is no
need to supply the pulse bias of this szg}?ﬂsfor all the time. fromthe
beginning to the end of etching. That i§" the - 23 - pulse bias of this
system has to be supplied only during the over-etching after just etching,
and in this case the charge build-up and notch can be reduced. Thus,

met hods of swi tching bias voltages before .and after the just 5 etching are
proposed in the foll ow ng enbodi nents 3, 4 and 5. :

FIG. 3

NAALAA
WAARIE

TIME

SUPPLIED BIAS VOLTAGE

FIG. 4

SUBSTRATE STAGE
POTENTIAL




( Enbodi nent 3) The polycrystalline silicon for gate was pro- cessed by
using the systemof enbodinent 1. In this em 10 bodi nent 3, the repetition
frequency of the pulse was set to 10 Mz, and the duty ratio of the pulse
was changed from 50%to 1% duri.ng the interval fromthe start of the
etching to when the residual pol ycrystaéls)« silicon filmthickness becones
zero, or to the just etching time as 15%sh in the timng chart of Fig.
31. In addition, during the over etching after the just etching, the duty -
ratio of the pulse was fixed to 1% IEFKBS ase, too, the processed

pol ycrystalline silicon shapes were ' opic without notch as in Fig.

27. 20 Al t hough in this enbodinment the duty ratio of the pulse
was fixed to 1% af t3 % s achi eved even.
when the duty rati oZgg A///;}/%'// ’/ // ust etching. .
In addition, the meZj / / 4
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25 effective not only when the notch is reduced in the polycrystalline
silicon processing for gate, but also when the charge buil d-up damage is
reduced in the netal - 24 - wiring etching. (Enbodi ment 4) The

pol ycrystalline silicon for gate was pro- cessed by use of the system of
enbodinent 1. In this 5 enbodi ment 4, t?ﬁ/ggﬁy rati o-of the pul se was fixed-
to 1% and the repetition frequency of e | se was changed from 10 KHz to
10 MHz during the interval fromthe start of the etching to the just . -
etching tinme as shown in the tininq:aggit f Fig. 32. In addition, during
the over 10 etching after the just ¥e *nd, the repetition frequency was

fixed to 10.'\(“'2-'!@/%/’//'//// / ’,’Jé;%j///ﬁz%’ .
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pol ytrystalline silicon shapes were anisotropic without notch as in Fig.

27. Although in this enbodinent the repetition fre- 15 quency of the pul se
was fixed to 10 MHz after the just etching, the sane effect was achi eved
even when the repetition frequency of the pulse was fixed to 10 Mz before
the just etching. In addition, the nethgﬂ/ggsthls enbodi nent is 20
effective not only when the notch i's reduc in the polycrystalline silicon
processing for gate, but also when the charge buil d-up damage is reduced in
the netal wiring etching. (Enbodinent 5) 25 , The pol ycrystalline
silicon for gate was etched by use of the plasma etchlng system whi ch, as

shown in
FIG. 9
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- 25 - Fig. 33, can supply any one of a pulse voltage and a sine-wave
voltage as a bias. In this enbodinent 5, as shown in the timng chart of
Fig. 34, a sine-wave voltage of 10 MHz was supplied until the just etching
was 5 reached, and during the over etching the pul se voltage was sw tched
to a pul se voltage of duty ratio 1% and Dﬁég%ltlon frequency 10 MHz. In
this case, too, the processed polycryst 1”1 silicon shapes were

ani sotropic without notch as in the enbodiment 1. 10 Al t hough in -
this enbodi nent the bias voltage was sw tched fromthe sine-wave to the
pul se at the just etching tine, this bias switching may be nade before the
just etching, and in this case the sane effect can be achieved. 15

In addition, the nethod of this enbodinent is effective not only when the
notch is reduced in the polycrystalllne silicon processing for gate, but

al so

FIG. 11
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when't he charge buil d-up damage is reduced in the netal wiring etching. 20
(Enbodi nent 6) The pul se voltage of repetition frequency 10 MHz and duty
ratio of 1% was supplied for trench etching by use of the system of

enbodi ment 1. Fig. 35 shows the cross section of the produced trench. For
reference, the 25 cross section of the gggﬁ'produced by normal RF bias
etching is shown in Fig.. 36. The bow ng ‘X d subtrench 16 whi ch appeared
when the RF bias was used di sappeared - 26 - when the pul se bias of the
i nvention was supplied, and thus the cross section had an ani sotropi c shape
with the bottom corners rounded. Al so, the pattern size dependen- cy of the
et ching speed called m crol oadi ng di sappear ed.

FIG. 12
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5 ' ’ VWhile in this enbodi nent the trench working was descri bed, the
sane effect can be achieved in the pro- cesses for producing holes such as
contact holes and for producing mnute trenches such as U-trench.for

i sol ation. (Enbodi nent. 7) 10 : The pul se wave voltage of this
system can be considered to have the ef @f reducing the notch and
charge build-up even if a noise wave voltage . or the like is superinposed on
t he pul se voltage provided that this noise voltage is negligible as
conpared with the pulse 15 voltage. Thus, in this enbodi nent, a .conposite
wave voltage forned of a pul se voltage and a sine wave as shown in Fig. 37
was generated fromthe pul se generator in Fig. 22 and supplied as a bias to
etch the polycrys- 20 talline silicon for gate. In this case, too, the
notch reduction effect can be achieved as in the enbodinent 1. Wile in
this enbodi rent a sine- wave vol tage of FIG 14
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which the cycle is twice as long as that of the pul se was superinposed on
the pul se voltage, the sane effect as in 25 this enbodi nent can be achieved
irrespective of the cycle and anplitude of the sine-wave voltage to be
superi nposed on the pul se voltage.. - 27 - In addition, the method of

this enbodiment is effective not only fg; Eggucing the notch in the working
of polycrystalline silicon for gate, bu él for reduc- ing the charge
bui | d-up damage in the nmetal wiring etch- 5 ing and the bow ng and .
subtrench in the process for mnute holes such as trench. (Enbodiment 8) In’
the system of enbodinent 1, a conposite wave voltage forned of a pul se

vol tage and a positive DC

FIG. 16
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10 vbltage as shown in Fig. 38 was generated frbh1the pul se generator and

supplied as a bias to etch the polycrys- talline silicon for gate.
t he notch reducing effect was achi eved as in the enbodi nent 1.

case,

t 00,

In this

While in this enbodi nent a positive DC voltage was super- 15 inposed on the

pul se voltage,

I rrespective of the magnitude and pol a

on the pul se vol tage.

I n" addi ti on,

the nmethod of this enbodi ment

the sane effect as in-trkf %geodinent can be achi eved
G4

the DC voltage superi nposed
is 20

effective not only for reducing the notch in the working of polycrystalline

silicon for

nmet al

gate, but also for reduc- i

W ring etch-
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e rge buil.d-up damage in the
_ i.ng and the bow ng a!glgﬂbtﬂgﬁch In the process for
m nute holes such as trench. 25 (Enmbodinment 9) A ferroelectric material

of
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- 28°- used to nmake the'insulator 23 for electrostatic chucks in the system
of enmbodinent 1. ‘As a result, the electro- static capacitance of the

i nsul ator 23 was increased to 3 nF/cn2 or above. The repetition frequency
of the pulse 5 necessary for elimnating the charge build-up due to the

el ectron shadi ng phenonenon was abl e ti ﬁzé%?uced by two digits by this

| mprovenent. Thus, since the through rat he pul se voltage source can
be reduced by two digits, the cost of the pul se voltage source can be '
decreased. 10 - The pol ychﬂa I %@ silicon for gate was pro-
cessed by the inproved system The chande the notch size with respect to
the repetition frequency was exam ined with the pulse voltage set to 100 V
and with the duty r hows t he 15
result. FromFig. 3%% :4
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size'starts to be suddenly reduced at repetition frequen- cy 4 KHz or above
and reaches al nost zero at repetition frequency 10 KHz or above. In
addition, when a pul se voltage of repetition frequency 100 KHz was supplled
to 20 etch, the shape of the etched polycrystalllne silicon was as

ani sotropic as that shown in Fig. 27. X\E ezegn this enbodiment Pb (Zr, Ti)
03 was used for making the insulator f £i2Btrostatic chucks, ot her
ferroelectrics may be used and in this case, sim- 25 lar effect can be
achi eved. For exanple, when (Pb, Ba) [err] was used, the threshold
frequency can be reduced to 1/200 that in the enbodinent 1. In addition,
the thresh- old frequency can be reduced to 1/50 by [err] - 29 - to

1/ 300 by [err] to 1/10 by [err], to 1/30 by '

FIG. 22
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[err] and to 1/2000 by a sol i d solution of Pb (My, Nb) 03-PbTi CB.

(Enbodi nent 10) 5 Fig. 45 is a flow diagram-of processes for
W5i / Pol ycrystalline-Si gate. Referring to Fig. 45, first,

n+Pol ycrystal line-Si, Wsi, and [err] are -sequen- tially deposrted on a
silicon dioxide filmby CVD. Then, ghg ?Ie? st is coated over the
substrate, and pattern- 10 ing is nad f hography to forma resist -
pattern. This resist pattern is used as a mask, and the [err] layer is
ani sotropically dry-etched through the mask by CF4/02 m xture gas pl asna.
Then, both the WS | ayer and Polycrystalline-Si |ayer are anisotropically
dry-etched 15 by [err] gas plasma. Then, the resist pattern is renoved by .
downf | ow ashi ng. Then, the remai ni-ng.[eﬁrme Iline-Si is used as a
mask, and phosphorus is lightly doped t mask so that an n-1ight
doped drain layer is formed in the Si substrate. Thereafter,
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20 Si'licon dioxide [err] is deposited by CVD, and it is etched back to form
a spacer on the outer periphery of the gate. This spacer is used as a nask,
and phosphorus is heavily doped through the mask to form an n+diffusion

| ayer. The pul se bias of this enbodi mrent was used in the 25 :

W5i / Pol ycrystalline-Si fil-metching pr eﬁZﬁ%%% the pro- duction processes
showmn in-Fig. 45. A descriptionwill b f a bias application nethod
in the - 30 - WGi/Polycrystalline-Si etching process. Since a high bias
vol tage was necessary for the Wi layer etching after the start of :

di scharge, the.RF bias was supplied which is able to make a high bias with
ease. In the 5 follow ng Polycrystalline-Si |ayer etching, since high
selectivity and little notching were reﬁ“@p, e bias
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vol tage was switched fromRF bias to pulse bias at the start of the

Pol ycrystalline-Si |ayer etching. The gate produced as above has

hi gher - preci si on di mensions and 10 thus | ess dispersion in its effective
channel length than that produced by the convention nethod. In addition,
the gate can be produced to have stablﬁgéh%ggcteristics-since t he gate
oxide filmis little danmaged by the ch e bui l d-up and since the Vt shift
is also small. 15 ) As described above, the charge build-up due to
t he el ectron shadi ng phenonenon can be reduced, and as a result the notch,
charge buil d-up damage, bow ng and subtrench -due to the el ectron shading
can be suppressed from generation. Al so, the mcrol oading can be effec- 20
tively reduced. - 31 - o
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CLAI MS: 1. A surface treatnent nethod for supplying a plasma to a
substance which is placed in a pressure- reduced chanber and to be
processed, and supplying a bias voltage to said substance to treat said
substance, where- in a positive pul se-wave voltage is supplied as said bias
vol tage, and that the duty.ratio and rg;&?égon frequency of said pulse are
set so that the nmaxi num val ue of the potent of said substance during
said treatnent is larger than the potential of said plasm. 2. A
dry-etching nmethod for supplying a plasma to a substance which is placed in
a pressure-reduced chanber and to be processed, and supplying a bias

vol tage to said substance to etch said.auggsﬁn§¥ wherein a positive

pul se-wave voltage is supplied as said Ui ofr¥ge, and that the duty
ratio and repetition frequency of said pulse are set so that the maxi num
val ue of the potenti al Ofé% Id substance dyring said efching is Iarger than
t he ' ' '
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potential of said plasma. 3. A dry-etching nethod for supplying a

pl asma to a substance which is placed in a pressure-reduced chanber and to
be processed, and supplying a:bias voltage to said substance to etch said
substance, wherein a positive pul se-wave voltage of repetition frequency
400 KHz or above and duty rati-o 5% or. Ee}g\%gs supplied as said bias
vol t age.” 4. A dry-etching nmethod it upplying a plasma to a

subst ance mhlch is placed in a pressure-reduced chanber and to be
processed, and supplying-a bias voltage to said substance to etch said
substance, wherein a positive pul se-wave Eﬁge;gﬁ repetition frequency 1
MHz or above and duty ratio 1% or bel ow i I as said bias volt- age.

ELECTRIC

DISCHARGE ON
POWER SUPPLY |OFF - OFF
PULSE BIAS ON
POWER SUPPLY |OFF| OFF
| 50 %
DUTY RATIO §
: )
OF PULSE ore! 19% . OFF
JUST END OF
THICKNESS OF ETCHING ETCHING
POLY-SILICON OVER
LAYER ETCHING 4
TIME
FIG. 32
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| | JUST END OF

" THICKNESS OF ETCHING ETCHIN

POLY-SILICON OVER CHING
LAYER F ETCHING }

TIME



5. " Adry-etching nethod according to claim2, wherein the through
rate of said pulse is [err]. or above. 6. ~ A dry-etching nethod
according to claim 3, wherein the duty ratio and repetition frequency of
said pul se are 0.5% or above and 100 MHz or bel ow, respec- tively. 7. .

A dry-etching nethod according to claighf, éﬁﬁrein t he magni tude of said
pul se voltage is in the range between 4 2 kV both inclusive. 8.

A dry-etching nmethod for supplying a plasna to a substance which is placed
in a pressure-reduced chanber and to be processed, and supplying a bias
vol tage to said substance to etch said substance, wherein the waveform of
said bias voltage is swtched froma sine wave to a pul se wave during
etching. 9. A dry-etching nethod for supplying a plasm to a
substance which is placed in a pressure- reduced chanber

FIG. 33
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and to bé processed, and supplying a. bias voltage to said substance to etch
wherein a voltage forned of a positive pul se wave havi ng
repetition fre- quency 400 KHz or above and duty ratio 5% or below and of a .

sai d subst ance,

sine wave superinposed on said positive pulse wave is -

as said bias voltage. 10.

processed,

A dry-etchi n%
to a substance which.is placed in a préS&dr2

and supplying a bias voltage to said substance to etch said -

33 --supplied ,
met hod for supplying a plasm
educed chanber and to be

substance, wherein a voltage forned of a positive pul se wave havi ng

repetition fre- quency 1 Miz or above and duty ratio 1% or bel ow and of a
si ne wave superinposed on said positive p

vol t age.

ELECTRIC
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POWER SUPPLY

RF BIAS :
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11. *~ ° A dry-etching nethod for supplying a plasma to a substance which
is placed in a pressure-reduced chanber and to be processed, and supplying
a bias voltage to said substance to etch said substance, wherein a voltage
formed of a positive pulse wave having repetition fre- quency 400 KHz or

above. and duty ratio 5% or below and of a positive or negative DC voltage
superinposed on said positive pul se w0 /%éuppl I ed as said bias voltage.

12. A dry-etching nethod for supplying a plasnma to a substance which
is placed in a pressure-reduced chanber and to be processed, and supplying
a bias voltage to said substance fgléach | d substance, wherein a voltage

formed of a positive pul se wave having réepéetition fre- quency 1 M or

above and duty ratio 1% or bel ow and of a positive or. negative DC voltage
superi nposed on said positiVve, G 4;,-plied as sai d bias voltage.
13. A dry-etching nethod WPl asma to a substance which
Is placed in a pressure-reduce

13
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and to be processed, and sUppIying a bias voltége to said - 34- subst ance
to etch said substance, wherein a pul se-wave voltage is supplied as said
bi as voltage, and that the duty ratio of said pul se wave voltage i s changed

during etching so that said substance can be etched substantial- |y
ani sotropical ly: 14. A dry-etchkgq ?giéod for. supplying a plasma to a
substance which is placed in a pressur®e-re ed chanber and. to be

processed, and supplying a bias voltage to said substance to etch said
substance, wherein a pul se-wave voltage is supplied as said bias voltage,
and that the repetition frequency of said pul se wave voltage i s changed
during etching so that said substance can be etched substantially

ani sotropical ly. : FIG 37 _
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15. = " A dry-etching nethod for holding a substance being treated on a
table within a pressure-reduced cham ber by use of an electrostatic chuck
mechani sm havi ng an insul ator of which the electrostatic capacitance per
unit. area is 3 nF/cn2 or above, and supplying a plasma and a bias voltage
to said substance to etch said substance, wherein a positive pul se-wave

vol tage of repetition frequency 400 KiZ20of 28ove and duty ratio 5* or bel ow
is supplied as said bias voltage. 16. A dry-etching nmethod according
to claim15, wherein the repetition frequency and duty ratio of said
positive pul se-wave voltage are 10 KHz or above and 1% or bel ow,

respectively. 17. A dry-etching f hol ding by electric
,abso_r ption power a substance .which is F&'g éﬁ{l tabl e
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-35- 'in a pressure-reduced chanber and to be treated, supply- ing a plasm
and a bias voltage to said substance to etch said substance, wherein a

pul se-wave voltage is supplied as said bias voltage and that a positive
voltage is supplied to said table to generate said electric absorp- tion
power. 18. A dry-etching method according to claim17, wherein said
positive voltage is + 500 V or above. 28/2 A surface treatnment system
conprising neans for supplying a plasna to a substance which is placed in a
pressure-reduced .chanber and to be treated, and neans for supplying a bias
voltage to said substance to be treated, wherein said neans for supplying
sai d bias voltage includes a power anplifier of which the through rate is 8
X [err] sec or above or-a pul se voltage gm a42 of which the
throughrate is 8 X [err]sec or above urface treatnent system
conpri sing neans
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for supplying a plasma to a substance which is placed in a pressure-reduced
chanmber and to be treated, and neans for .supplying a bias voltage to said
subst ance to be treated, wherei n sai d means for suppl yi ng sai d bias vol tage
i ncl udes a. power anpllfler of which the through rate is [err] sec or above
or a pul se vol tage generator of mhicgﬁﬁp%% hrough rate is [err] sec or
above. 21. An etching systemc i|”ng nmeans for supply- ing a
plasma to a substance which is placed in a pressure-reduced chanber and to
be treated, and neans for supplying a bias voltage to said substance to be
treated, - 36 - wherein said means for supplying said bias voltage in-
cludes a power anplifier of which the through rate is 8 X [err] sec or
above or a pul se voltage generator of which :

FIG. 43
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the through rate is [err] sec or above. 22. An etching system -
conprising nmeans for supply- ing a plasma to a substance which is placed in
a pressure-reduced chanber and to be treated, and neans for supplying a

bi as voltage to said substance to be treated, wherein said neans for
supplying said bias voltage in- cludes a r anplifier of which the
through rate is [err] sec or above or2h5 Eﬁg vol t age generator of which
the through rate is [err] sec or above. A dry-etching system
conprising nmeans for supplying a plasna to a substance which-is placed in a
pressure-reduced chanber and to be tr means for supplying a bias
vol tage to said substance to be treat ?gh ¢£ sai d neans for supplying
sai d bias voltage in- cludes a power anplifier or pul se generator in claim
5. 24. A surface treatnent system according to claim19, wherein an
eart hed el ectrode of whi ch the superf|C|aI area is f our tines or above as

| arge as that of said -Si— A A
r*Poly-Si CVD 8i02 — -

* WSI ———Z 777N '
_ ////////@%ﬁﬁ/l’}%
WSi CVD |
*} | SiO2
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subsfancé'being treated is provided Wi thin said chanber. 25. A
dry-etching systemaccording to claim21, wherein an earthed el ectrode of
which the superficial area is four times or above as |large as that of said

sub- stance being treated is provided within said chanber. 26. A
dry-etching system conprising neans for sugﬁé%ing a plasma to a substance
which is placed in a - 37 - pressurZGé d chanber and to be treated,

an el ectro- static chuck nechani smfor naking said substance to stick fast
to a table within said chanber, and nmeans for sup- plying a pul se-wave bias,
voltage to said substance being treated, wherein said electrostatic chuck
mechani sm i ncludes an insulator of which the electrostatic capaci- tance
per unit area is 3.[err] or above.

FIG. 46
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27. A dry-etching systemaccording to claim26, wherein said
insulator is forned of a ferroelectric material.

ABSTRACT OF THE DISCLOSURE

SURFACE TREATMENT METHOD AND SYSTEM

A pulse voltage of duty ratio 5% or below and
repetition frequency 400 KHz oz:" .above is supplied in
order to suppress the notch, charge build-up damage,
subtrench and bowing due to the electron shading phenome-
non. Thus, a cycle for accelerating electrons occurs in

the substrate bias, so that the electron shading phenome-

non does not occur.

(Figure 1 should accompany the abstract when published)
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The present inventibn is to eliminate the elec-
tron shading phenomenoh, thereby solving various problems
such as notch, charge build-up damage, bowing and
subtrench.

According to one aspect of the invention, as
shown in Fig. 1, a pulse generator 17 for the bias_supply
is.provided'in plade.of the conventional sine-wave
high-frequency power supply. This pulse generator sup-
plies a positive pulse voltage as the bias vnltage to fhe
substance being treated. In this case, the &ﬁty ratio

and repetition frequency of this pulse voltage are se-

lected so that the maximum value of the potential of the

substance of which the surface is being processed is
higher than that of the above-mentioned plasma. The
specific values of the duty ratio and repetition frequen-
cy are respectively 5% or below and 400 KHz or ébove,'
prefe::_‘abiy, 1% or below -and 1 MHz or above. :

We now consider that the pulse source 17 in
Fig. 1 supplies a positive pulse voltage shown in Fig. 9.
The instant that the discharge has begun, the capacitor
has no charge stored, and the same bias wave as the input
voltage as shown in Fig. 10 appears on the substance
being treated. When the bias wave is as shown in Fig.
10, the positive cycle in which a great amount of eiec-
trons impinges is much shorter than the negative dyéie in
which a small amount of ions impinges, so that fhe amount
of the negative charges impinging in the positive cycle

is equal to that of the positive charges impinging in the
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least 10%V/us is necessary to generate an electron accel-
erating voltage on the substrate. Actually a pulse
having pulse width of 1 us, magnitude of 100 V and repe-
tition'frequency of 1 KHz was supplied and the relation
between the through rate of the pulse and the electron
accelerating voltage was measured. Fig. 42 shows the
result. From this figure, it will be seen that the
electron accelerating volpage begins to generate at a
through rate of 10°V/ps or above and reacheé.the maximum
at a through rate of 5§ X 10°V/us or above.

From the above description, it will be under-
stood that in order to eliminate the charge build-up due
to the electron shading phenomenon and solve the result-
ing problems,_the pulse bias voltage to be supplied is

required to have a duty ratio of 5% or below and a repe-

.tition frequency of 400 KHz or above, preferably a duty

ratio of 1% or below and a repetition frequency of 1 MHz
or above. ' _

Strictly speaking, these thresholds of duty
ratio and repetition frequency are specific for the |
simulation conditions, and slightly changed deéending on
the etching conditions and'etching system.. The threshold
of duty ratio is in inverse proportion to the mass of the
ion. The threshold of repétition frequency is propor-
tional to the square root of electron temperature and
electron density, but in inverse proportion to the elec-
trostatic capacitance of the capacitor. However, in the

general high density plasma etching, the electron
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‘ substance to-etch said substance, wherein a pulse-wave
voltage is supplied as said bias voltage, and.fhat the
duty ratio of said pulse wave voltage is changed during
etching so that said substance can be etched substantial-
ly anisotropica;lf.

14. A dry-etching method for supplying a plasma to
a substance which is placed in a pressure-reduced chamber
and to be processed, and supplying a bias voltage to said
éubstance to etch said substance, wherein a pulse-wave
voltage is'supplied as said bias voltage,'and that thé
repetition frequency of said pulse wave voltage is
changed during etching so that said substance can be
etched substantially anisotropically.

15. A dry-etching method for hoiding a substance
being treated on a table within a pressure-réduced cham-
ber by use of an electrostatic chuck mechanism having an
insulator of which the electrostatic cépacitance per'hnit
area is 3 nF/cm" or above, and supplirihg 'a plasma and a
bias voitage to said substance to etch said substance,
wherein a positive pulse-wave voltage of repetition
frequency 400 KHz or above and duty ratio 5% or below is
supplied as said bias voltége.

16. A dry-etching method according to claim 15,
‘wherein the repetition frequency and duty ratio of said
positive pulse-wave voltage are 10 KHz or above and 1% or
below, respectively. _

7. A dry-etching method for holding by electric

absorption power a substance which is placed on a table

(TR




