Three-Step Nitride Etching Process for Better Critical D nension

and Befter Vertical Sidewall Profile BACK i IshE B9
THE | MVENTI ON 1. Field of the Invention This invention rel ates
td a method for etching silicon nitride filns over pad oxides to produces
patterns of silicon nitride film having nearly vertical sidewalls, used
for sub-mcron, and particularly sub-half-m cron, devices in sen1conductor
integrated circuits. 2. EEscript|3n of the Related Art In

sem conductor devices and integrated circuits, silicon nitride filns are
commonly used for the purpose of surface passivation, and as a barrier
against inpurity contamnation;, it is also commonly used as ap oxidation
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BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a method for etching silicon nitride
films over pad oxides to produces patterns of silicon nitride film
having nearly vertical sidewalls, used for sub-micron, and
particularly sub-half-micron, devices in semicondueto; integrated
circuits,

2. Description of the Related Art

In semiconductor devices and integrated circuits, silicon
nitride films are commonly used for the purpose of surface
passivation, and as a barrier against impurity contamination; it is
also commonly used as an oxidation barrier for such purpose as the
LOCOS (LoCal Oxidation of Siliéon). the usual means for. the
formation of field oxides required under metal interconnects. The
silicon nitride f£ilm is usually formed atop a thermal silicon
dioxide commonly known as the pad oxide, which serves both to
minimize the density of the silicon surface states and to cushion
the semiconductor subétrate from the large intrinsic tensile stress
usually found in the silicon nitride film. In very small devices i
of submicroh, and particularly .the half micron and sﬁaller
dimensions, it is necessary that the patterning of the silicen

nitride films is made by reactive ion etching {(or plasma etching},



aioxide commonly known as the pad oxide, which serves both to mnimze the
density of the silicon surface states and to cushion the sem conductor
substrate fromthe large intrinsic tensile stress wusually found in the
si'licon nitride film In very small devices of submcron, and particularly
the half mcron and smaller dinensions, it is necessary that the

" patterning of the silicon nitride fllnszls made by reactive ion etching

(or plasma etching), - 2-

which is ani sotropic, as opposed to chemi cal etching which is | sotropic.
The patent of Powell (U. S. Pat. 5,015,331, 5/1991) is mainly concer ned
wth a nem/q$§| n.of a glasna etching parallel plate reactor by placing a

grid at the ST J6t AREFAFTIRICH e oPBORAd t|haMicak, ebehing ivwhich dshance
the etch seliqgkir¥piy. of silicon nitride with respect to photoresist,
using a gaseous m xture of NF3, He, and (Jerr], or to enhance the etch

selectivity of orXhelepasehb of pPesEECt UL &5 .phat orsean§t331usrs?99ﬁ)9§§exﬁa&%1 xture

of NF[err] and He. The patent of Babie et al. ( S. Pat. 5,431,772,

7/ 1995) concerned with a new design of a plasma etchlng parallel plate
reactor by placing a grid at the same potential with the lower
electrode, using it to enhance the etch selectivity of silicon
nitride with respect to photoresist, using a gaseous mixture of
NF;, He, and O,, or to enhance the etch selectivity of oxide with
respect to photoresist, using a gaseous mixture of NF; and He.

The patent of Babie et al. (U. S. Pat: 5,431,772, 7/1995)

described a two-step method of etching silicon nitride f£ilm, and
was mainly concerned with the problem of possible contamination of
the surface of the silicon nitride film by oxygen-containing
substances such as silicon dioxide or silicon oxynitride. That
invention comprises a first step of removing the surface oxide or
oxynitride from the silicon nitride layer in a reactive plasma of
fluorine-containing gases éonsisting essentially of SFgz, CF,, C,Fg
and NFy. In the second step, the main etch step, the silicon
nitride layer is etched with a high selectivity with respect to the
etching of the silicon dioxide underlayer, using a reactive plasma
gas mixture of HBr, or HBr and SiF,;, and an oxidant selected from
the group consisting of 0,, €O;, or N;O and a diluent gas such as
He, Ny, or Ar. The optimum process conditions are described to be
as follows: HBr flow 20.00 sccm, O, flow 0.45 sccm, He flow 1.05

sccm, pressure 100 mTorr, power density 1.65 W/cm?, magnetic field



described a two-step nethod of etching silicon nitride film and was

mai nly,. concerned with the probl em of possible contam nation of the surface
of *the silicon nitride filmby oxygen-containing substances such as
silicon dioxide or silicon oxynitride. That invention conprises a first
step of renoving the surface oxide or oxynitride fromthe silicon nitride
| ayer in a reactive plasnma of fluorine-containing gases consisting
essentially of SF6, CFlerr], Jerr]F[erd] - and NF[err]. In the second step,
the main etch step, the silicon nitride layer is etched with a high
selectivity with respect to the etching of the silicon dioxide underlayer,
using a reactive plasma gas mxture of HBr, or HBr and Si F4, and an
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are descri bediiNy/bto, atchosdiaueivilF ofl o3 Q3. 00 sccm Jerr] flow 0.45
sccm He flow 1.05 sccm pressure 100 mlorr, power density 1.65 Wcn2,

magnetic field

Other prior art inventions have also described sidicon nitgidgauss,
600 A/m n, They hayve nentioned a

i ving an et rate of .
9 g gpch 5rocesses with high selectivities with respect to silicon

dioxide underlayer. For example, U. S. Pat. 4,374,698 of Sanders

et al. described a process with a Si;N,/Si0, etch selectivity of 5,
using a gaseous mixture containing 62;5% of SiFy, some CF;Br or
CF,Cl,, and an oxidant gas such as NO {30%) or O, (3-10%) under the
preferred process conditions of 100 Pa pressure and an RF power 150
W, with a substrate temperature of 125 degrees centigrade. U. S.
Pat. 4,793,897 of Dunfiled et al. described a *Selective Film Etch
Process" using a gaseous mixture of NF;, SiFy, O, and He at a
pressure of 0.5 to 30 mTorr and an RF power of 100-150 W to achieve
a high SijN,;/Si0, etch selectivity.

In the fabrication of all kinds of integrated circuit devices,
a high SijN,/Si0, etch selectivity is important for accurately
controlling the etch end point and preventing damage to the silicon
substrate by over etching the oxide. The enhancement of the
Si3N4/Si02 etch selectivity is tbe aim of the prior art inventions
mentioned above. However, these prior art inveantions have not
addressed issues that become very important in the fabrication of
submicron devices, and particularly devices that are 0.5 pm or
smaller. A very important issue is the'requirement of the ability
of etch process is to accurately conform to the critical dimension

of these small devices. The critical dimension is determined not



Si[err]NJerr]/SiJerr] etch selectivity of 12.6:1. O her prior art
inventions have al so described silicon nitride etch processes with high
selsecti'vities with respect to silicon dioxide underlayer. For exanple, U
S. Pat. 4,374,698 of Sanders et al. described a process with a
Si[err]Nerr]/SiJerr] etch selectivity of 5, using a gaseous m xture
containing 62.5% of SiF[err], sone CF3Br or CF[err]C[err, and an oxi dant
gas such as NO (30% or (Jerr] (3-10% under the preferred process
conditions of 100 Pa pressure and an RF-péwer 150 W wth a substrate
tenperature of 125 degrees centigrade. U S. Pat. 4,793,897 of Dunfiled et
al . described a "Selective FilmEtch Process" using a gaseous m xture of
NF[ err], Si F4tr g ¢he] agoerddy @if aheppbsteli¢hogrépty tthaB0 defénes ahblean RF

power of 10Q-.150 .Wto achieve a-high Si[err]Nerr]/SiJ.err] etc ,
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devi ces,  a d119Bo®i f&irihb £/ S'AOL%FJ InighCReg RS He LEY L3iddiRepLand for
accurately controlling the etch end point and preventing danage to the
silicon subEsizgeldytovprodete hhighlyherexidel siddwaleshaficenentsidfcode
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process is to accurately conformto the critical dinension of these snall

devi ces. Th&igrid¢ cabvelr mensisimg sdodpeion nédomotthe required critical
dimension.

Beside the silicon nitride etch processes descriged by the
aforementioned prior art inventions, traditional nitride etch
process currently in use is a two-step process comprising a main
step using SF; and He in the gaseous plasma to get near the end
point, and a second step of high Si;N,/Si0, etch selectivity using
SFg and O, in the gaseous plasma so as to prevent the occurrence of
nonuniform patches éf unremoved silicon nitride without unduly
ovér-etching the pad oxide underneath the silicon nitride. Thus,
the second etch step is an over-etch step for silicon nitride, but
is one that will not over etch the pad oxide. Refer now to Fig. 1,
in which 1 is the silicon substrate, 2 is the pad oxide, 3 is the
silicon nitride layer, and 5 is the photoresist which has already
been developed to give the desired pattern. The structure of Fig.
1 is now ready for the reactive ion etching of the silicon nitride.
The main etch step of this two-step process generates a 65 to 75

degrees profile on the nitride sidewalls 4, as shown in Fig. 2.



-4- just by the accuracy of the photolithography that defines the
nitride pattern, but also by the degree of etch anisotropy of the silicon
nitride film A very high degree of etch anisotropy is desirable to
produce highly vertical sidewalls of the silicon nitride film thereby
conformng to the critical dinension fromthe top to the bottomof the

silicon nitride layer. A low etch aniso- tropy wll produce undesirable
sloping sidewalls of the silicon nitridg layer, causing deviation fromthe
required critical dinension. Beside the silicon nitride etch

processes described by the aforenentioned prior art inventions,
traditional nitride etch process currently in use is a two-step process
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unduly over-etching the pad oxide underneath the silicon nitride. Thus,

earlier is also a two-step process, using a gaseous mixture that
additionally contains CHF; in the first step, the main etch step,
which produces desirable vertical sidewalls in the silicon nitride
pattern. However, if allowed to go to the end point, this process
induces trenches in the pad oxide adjacent to the nitride edges, as
indicated by 6 in Fig. 3. Sometimes, it can even penetrate and
damage the silicon substrate and cause device failure. As an
example of the result of the over-etch using 95% of the end point
as trigger, using a gaseous mixture, in terms of flow rate, of CHF,
at 10 sccm, He at 250 sccm, and SFg at 70 sccm, with a gas pressure
of 300 mTorr, and RF power of 260 W, and an electrode gap of 0.9
cm, the loss of pad oxide is 184 A adjacent to the nitride edge,
and 142 A at the center between two nitride lines. Trenching of
pad oxide can be avoided if the main etch step is not carried to
the end point. Due to nonuniformity in both the nitride film and
the etching process, however, this then requires the main etch step
to reach a little short of the end point, and consequently a long
over-etch step. The over-etch step is not highly anisotropic, and
will etch the nitride sidewalls, causing them to recede as shown in
Fig. 4, and consequently resulting in a large critical dimension
bias: that is, the line width of silicon nitride pattern comes out

narrower than the critical dimension defined by photolithography.



the second etch step is an over-etch step for silicon nitride, but 1is one
that w-ll not over etch the pad oxide. Refer nowto Fig. 1, in which 1is
the silicon substrate, 2 is the pad oxide, 3 is the silicon nitride |ayer,
and 5 is the photoresist which has already been developed to give the
desired pattern. The structure of Fig. 1 is nowready for the reactive ion
etching of the silicon nitride. The naig%etch step of this two-step
process generates a 65 to 75 degrees profile on the nitride sidewalls 4,
as shown in Fig. 2. - 5- Such
a sloping sidewall in the silicon nitride pattern seriously deviates from

desired ol thfabxdhdTRNY0RS el JL: 0P CPLARLEon 1 BLa s Uik N Topfl oD
devi ces. The current etch process we devel ope earT|er Is al so a two-step
process, usiwgich gasactiSadieptdbbe that surnddil Eiaidddny deetdeai.ns CHF[ err] in
the first step, the main etch step, which produces desirable vertical
sidewalls in the silicon nitride pattern. However, if allowed to go to the

end point, this process induces trenches in theﬂg%? oxi de adj acent to the
nitride edges, as indicated byURRY BFgTHS INVENTEON 1ps, it can even

penetrate and This invention describes a three-step process for etching
pattern in a laver of silicon nitride over a thin layer of silicon
dioxide known as "pad oxide' to produce nearly vertical sidewalls
of the silicon nitride layer, a critical feature required in the
fabrication of submicron devices, and particularly devices having
critical dimensions of 0.5 pm or smaller. The first stép, which we
shall call Main Etch 1 (MEl) is a highly anisotropic etch process
with a high etch rate, and is achieved by adding CHF; to the
gaseous mixture of SF; and He in the main etch step. This etch
step is carried out at a relatively high power and low pressure,
and achieves nearly vertical sidewall. Because the addition of
CHF; to the reactive gaseous mixture causes trenching of the pad
oxide, as well as critical dimension bias, the first step is used
to etch only about 80% of the silicon nitride'rather than to etch
to the end point. The second step, which we shall call Main Etch
2 (ME2), replaces CHF, with HBr and is carried out at higher
pressure and lower power, and is carried to a small over-etch
beyond the end point. The third step is an over-etch step (OE)
with a very high Si;N,/Si0, etch selectivity, intended for removing
silicon nitride residues that may still remaining on the pad oxide

due to nonuniformity in the nitride film and in the ME1l and ME2



damage the silicon substrate and cause device failure. As an exanple of
the result of the over-etch using 95% of the end point as trigger, using a
gaseous mxture, in terns of flowrate, of CHF3 at 10 sccm He at 250
sccm and SF6 at 70 sccm with a gas pressure of 300 nmTorr, and RF power
of 260 w, and an electrode gap of 0.9 cm the |oss of pad oxide is 184 A
adjacent to the nitride edge, and 142_Ajat the center between two nitride
lines. Trenching of pad oxide can be avoided if the main etch step is not
carried to the end point. Due to nonuniformty in both the nitride film
and the etching process, however, this then requires the main etch step

to reach a 'eitt:hiﬁr%ﬁh%iyg%fn.t B¢ SRGkMO ’Hxidﬁri?%,hcl@%%%ﬁ”%y;ﬁe' P8%k-rive

over-etch step. e over-etch step 1s not 'y anisotropic, and w |
etch the ni geisdousimiswalk sin GMiSi BPep DMehBatieC @ehaseBdiNitH. Fiths,4, and
consequently resulting in a large critical dinension bias: that is, the
line width PesptsheBROGRSS PEEhp At invent thesodines pearloweertingd rieridei tical

di6mensi on d%filhgﬁglpsx Qggta%l H‘LQ % rm%pm/rﬁe eliminates the pad oxide trenching

and reduces the critical dimension bias.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a silicon nitride layer over a pad oxide on a
silicon substrate, with a developed photoresist on it, ready for
reactive ion etching, a structure up to this point idéntical for
both the prior art and the present invention

Fig. 2 shows the prior art resulting structure of a silicon
nitride line pattern with sloping sidewalls following a traditional
nitride etch process.

Fig. 3 shows the prior art resulting structure of a silicon
nitride line pattern with nearly vertical sidewalls and a pad oxide
with trenches adjacent to the sidewalls following a current etch
process which includes CHF; in the reactive gaseous mixture in the
main etch step that reaches beyond the end point.

Fig. 4 shows the prior art resulting structure of a silicon
nitride line pattern with nearly vertical sidewalls which receded
from the edges of the photoresist following a current etch process
which includes CHF; in the reactive gaseous mixture in the main
etch step that stop short of the end point, followed by a long

highly selective over-etch.



An exanple of a measured critical dinension bias is -0.083 [err]m which
is not acceptable for sub-half-mcron devices.

SUMVARY OF THE | NVENTI ON This invention describes a three-step
process for etching pattern in a layer of silicon nitride over a thin

| ayer of silicon dioxide known as "pad oxide" to produce nearly verti cal
sidewalls of the silicon nitride layer, a critical feature required in the
fabrication of subm cron devices, and p‘arat icul arly devices having critical
dimensions of 0.5 [err]mor smaller. The first step, which we shall call
Main Etch 1 (MEl) is a highly anisotropic etch process wth a high etch
rate, and is achieved by adding CHF3 to the gaseous m xture of SF6 and He
in the main etch B¥®p5 shinissthe ghsukiiag s&uchrre of swilacon nigrade iébg hi gh

power and | o sur and. achi eves. near | ertical .sid L. Because
the additi on\ggf%ggﬁﬁ[”gﬁ"r PeEsY R ed‘éég%u%ﬁ%%?&?eggaut‘e%s% <& ng
of the pad @xegeor ahivelhvarichitical dinension bias, the first step is
used to etch only about 80% of the silicon nitride rather than to etch to

the end poi nt. ThBige6ostbwst e rebildingestsuabire @lfl a Mailhcoh alitr2dé NERAR,
replaces CHF3 with HBr and is carried out at higher pressure and |ower
power, and i $2EERFR P eWENG (FRE| SeRRRE- BEEh StBRhF i Reimvvantionnt. The
third step is an over-etch step (OE) wth a very high

Si[err]NJerr]/SiJerr] etch selectivity, intended for renmoving silicon

nitride residues that nmayesdrrplhrifi@BH D PRRERKED RAEOOKIEET

The gaseous plasma for etching silicon nitride traditionally
contains SF; as the main reactive component, together with other
reactive or inert gaseous components such as He. ,

To produce nearly vertical sidewalls in silicon nitride layer
for sub-half-micron devices, a highly anisotropic reactive ion
etching process is required. We have found that adding CHF; to the
gaseous plasma increases both the etch anisotropy and the etch
rate, both being desirable characteristics. This gaseous mixture,
under relatively low pressure and relative high RF power, tends to
produce desired nearly vertical sidewalls in the silicon nitride
pattern.

Start with the structure shown in Fig. 1, with a photoresist
already developed for the desired pattern on the silicon nitride
layer. The wafer with the structure of Fig. 1 is placed in a
reactive ion etching chamber. Gases are fed into the chamber
preferably at the following flow rates: SF¢ at 180 sccm, CHF; at 20
scem and He at 250 scem. The process conditions are: gas pressure

at 250 mTorr, RF power at 260 W, and electrode gap at 1.05 cm.



due to nonuniformty in the nitride filmand in the ME1l and ME2

-7- .etching. Oxygen, or another oxidant, is added to the reactive
gaseous mxture in this step to enhance etch selectivity. Thus, the etch
process of this invention produces nearly vertical nitride sidewalls, and
at the sane tine elinmnates the pad oxide trenching and reduces the
critical dinension bias. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fig. 1 shows a silicon ni¥ride | ayer over a pad oxide on a
silicon substrate, with a devel oped photoresist on it, ready for reactive
lon etching, a structure up to this point identical for both the prior art

and the presmder O¥&Y IcBRditio s,Ftﬁb & chNPYEe ﬂyea85?9r3éyg A/§§Hlf% o

structure of a silicon nitri I ne pattern wth sloping si

fol l owi ng a&/madi in onal exanptle) pleanat the phA€eatity is 2.3Ri.J. I3 adldOvsor @ pri or
art resultin tructure of a silicon nitride line pattern with nearly
vertical si $3% 1580t 958 diehe hPY 73S BFRTMS earhhisBAthidh RRPeFenal | s

followi ng a G4 ESMM i8LED Lo a high etch rate and a very high etch anisotropy
Lo produce a very vertical nitride sidewall profile, as desired.
Since MEl is used only to etch about 80% of the silicon nitride
layer, and is sufficiently far away from the end point, the
§i3N,/Si0;, etch selectivity is not a consideration in this step.

As mentioned in the prior art section, we found that CHF,
causes trenching of the pad oxide adjacent to the edges of the
silicon nitride sidewalls, as shown in Fig. 3. To avoid trenching
of the pad oxide and possible damage to the silicon substrate,
therefore, the first etch step, which we refer to as Main Etch 1
(ME1l), is used to etch down only 80% of the silicon nitride layer.
The resulting structure after MEl is shown in Fig. 5. To attempt
to etch closer, to but not yet reaching, the end point is not

. bPractical because of nonuniformity in both the nitride film and the
etching process; but we recognize the feasibility of using ME1l to
etch more the said 80% of the nitride.

If ME1 step is followed next by the traditional highly
selective over-etch step to remove the remaining nitride fiim,
including any residues that may exist, it would require a long
over-etch because of its low etéh rate, about 570 A/min using the
over-etch composition and process conditions. Because the over-

etch process is not as highly anisotropic as MEl etch process, it



process which includes CHF3 in the reactive gaseous mxture in the main
etch step that reaches beyond the end point. Fig. 4 shows the prior
art resulting structure of a silicon nitride line pattern with nearly
vertical sidewalls which receded fromthe edges of the photoresist
following a current etch process which includes CHF[err] in the reactive
gaseous m xture in the main etch step_tpgt_stop short of the end point,
followed by a long highly selective over-etch.

- 8- Fig. 5 shows the resulting structure of a silicon nitride line
pattern with ﬂg 25{ vertical sidewalls following the first etch step of
this inventionh. Fig. 6 shows the resulting structure of a silicon
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conponent, together with other
photoresist pattern, as shown in Fig. 4. We call this phenomenon

critical dimension bias. A typical value of the critical dimension
bias from the such over-etch step is about 0.08 um, whereas a
typical value of the critical dimension bias from MEl is only about
0.02 um, which is acceptable. In the method of this invention, a
second step of main etch is added, which we refer to as Main Etch
2 (ME2), which is used to etch the silicon nitride to the end point
and slightly beyond, preferably 4 to 5 seconds, or about 10% over-
etch of the silicon nitride, beyond the end point. The reactive
gaseous mixture in ME2 does not contain CHF;, but contains instead
HBr. The preferred gas composition for ME2, as determined by the
flow rates of various components, is as follows: HBr at 30 sccm,
SF¢ at 120 sccm, He at 250 at scem. The gas pressure is increased
to 450 mTorr, the RF power is reduced to 210 W, and the electrode
gap is increased to 1.2 cm. With these process parameters, the
etch rate is about 1500 A/min (1402 A/min in one example), the
Si;N;/Si0, etch selectivity is 2.1, and the etch uniformity is 3.3%.
The ME2 step is used to etch to the end point, using 395% of the end
point as trigger, plus an additional 10% over etch. This will
slightly etch into the pad oxide, as shown in Fig. 6. The
additional 10% over etch, for about 4 seconds in etch time, is used
to reduce the length of step 3, the over-etch step (OE), required

to insure complete removal of all residues. The reason for the



reactive or inert gaseous conponents such as He. To produce nearly
vertical sidewalls in silicon nitride |layer  for sub-half-mcron devices, a
hi ghl y. ani sotropic reactive ion etching process is required. W have found
that adding CHF3 to the gaseous plasma increases both the etch ani sotropy
and the etch rate, both being desirable characteristics. This gaseous

m xture, under relatively |ow pressure qnd relati ve high RF power, tends
to produce desired nearly verti cal sideéMal s in the silicon nitride
pattern. Start with the structure shown in Fig. 1, with a photoresi st
al ready devel oped for the desired pattern on the silicon nitride |ayer.
The waf er wi tA¥efBEeRes forurhe afdiyipnal dverpebcedith ME2 pyartd LOngoPE dischi ng
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el ectrode gap at 1.05 cm -9-
Under these cdgdificarslyt heehereby r alldowimgabautred080idrer Lh/ mibe (&ri4al
dimension bias that would have occurred with a longer OE step. In
fact, ME2 does not produce a sidewall profile as wvertical as does
ME1l, and tends to produce slight flares in the sidewalls, as
indicated by 6 of Fig. 6. This sloping is however not as signifi-
cant as schematically shown, and does not has much impact on the
critical dimension because this sloping occurs only iﬁ the bottom
20%, or less, of the silicon nitride layer. _
The third step is the traditional Over-Etch (OE) step, which
is used for another 10% over-etch. The gaseous mixture has. the
following composition in terms of flow rates: HBr at 20 sccm, O,
at 10 sccm, and SFg at 120 sccm. The gas pressure is further
increased to 650 mTorr, the RF power is further reduced to 200 W,
and the electrode gap is kept at 1.2 cm. With these process
parameters, the etch rate is about 400 A/min (570 A/min in one
example) and the SijN,/Si0, etch selectivity is 10, with a 2.6% etch
uniformity. The structure after the OE step is not appreciably
different from the structure shown in Fig. 6, the reason being
that, because of the very high Si;N,/Si0O, etch selectivity of the
OE step, only the silicon nitride in the areas not covered by the
photoresist pattern will be significantly etched away in this OE

step, while very little of the pad oxide will be etched away. But



Amn in one exanple), and the uniformty is 2.3% In addition to the gas
ingredient CHF[err], the | ow gas pressure and the high RF power all
contribute to a high etch rate and a very high etch anisotropy to produce
a very vertical nitride sidewall profile, as desired. Since ME is used
only to etch about 80% of the silicon nitride layer, and is sufficiently
far away fromthe end point, the Si[err]Ngerr]/SiCIerr] etch selectivity
is not a consideration in this step. - TAs-nmentioned in the prior art
section, we found that CHF3 causes trenching of the pad oxi de adjacent to
the edges of the silicon nitride sidewalls, as shown in Fig. 3. To avoid
trenching of *hResidddonxiiteiand exosst bome damdon #&siduassiid aon Shst pat e,
therefore, the first etch step, which we refer to as Main Etch 1 (MEl), is
used to etch GOWH BhIBY &b photaresist i kash alirerfiebeery cetche@hawseshy t the

structure aft s sho | n_Fi 5, To attenpt to etch closer, to but
not yet reachigﬁeg%@#ﬁg%%d‘%}m tgggqﬁ)lste%ra&?f’?‘%&?sr’@écaﬁ% the FPGARE ORI ty
in both the noframe rbind 1A;a38d tehi : recogni.ze the
feasibility of usr?ﬁg VT rée{b? 1%0%6‘&:{&%@9%2{%5_@8%? o Rubi A EES. 8!

If MEL step i%h¥ otdtabedrieidtalbyinbes igmdiibsonatei Y Yenisel eeth Ve QY efs et ch
step to renov turg__e_ emai ning nitride film including any residues that may
exist, it woul & Tequlte B™ SAEPakRfeFo et YALER O4uUsR: O Lintabthoned tushing atte,
about 570 A/ niAhdithBlai N nON&hGE Ch conposition and process conditions.
Because the over- etch process I's not as highly anisotropic as MEL etch

process, it The preferred gaseous compositions and process conditions are
summarized for clarity in Table 1. While the preferred process
conditions and reactive gas compositions have been thuS described,
it is apparent to those skill in the art of the fabrication of
semiconductor devices that numerous variations of these process
parameters and gaseous compositions are possible to achieve the
Same objective while still adhering to the three-step etch concept
of this invention.

What is claimed is:



- 10 - TS95221 wll also etch the nitride sidewalls at a significant
rate, causing themto recede fromthe horizontal positions defined by the
phot oresi st pattern, as shown in Fig. 4. W call this phenomenon critical
di mension bias. A typical value of the critical dinension bias fromthe
such over-etch ste is abaut.0.08 [err]m whereas a typical value of the
critical nemmnm umlﬂm 1 i s onI¥ about 0.02 [err]m which is
accept abl e. i nvent Pom, a second step of main etch is
added, which we refér to as Nhln Etch 2 (NEZ) which is used to etch the
5|I|con nitride to the end point and slightly beyond preferably 4 to 5

seconds, or abou gver- _etc ond t he end
poi nt. The reactrivég 3‘5580%% Wﬁ{hﬁde %rFetﬁEﬁn%(?é 1ﬁ8? ’E‘gﬁfﬁ?ﬁa@fﬁﬁfe?vﬁr but
contains i nspaAGxi bl -inT BemPEGIRELSH ﬁ@égﬂf&r&oéﬁé&r&s“ eém%ﬁ% s_determ ned
by the flowrates of various conponents, Is as Br af 30 sccm
SF6 at 120 sccm AHEimst 2H@pabfssain efhb @mmhessmg,ea Ilsighneceasexte tod 450

mlrorr, the RF power is reduced to 2% and the el ectrode
approximately 3,000 A/min 110% on the silicon nitride and a

very high etch anisotropy capable of producing better than
85 degrees vertical sidewalls in the silicon nitride layer,
to remove 80% to 90% of the silicon nitride layer,

A second step of main etch (ME2) having an etch rate of
approximately 1,500 A/min +10% and an etch. anisotropy
producing typically 70-85 degrees vertical sidewal, to
remove the remainder of the silicon nitride layer,

A third step of over-etch (OE) having an etch rate of about
400-600 A/min on the silicon nitride and a Si;N,/SiO; etch
selectivity of approximately 10 + 2, to remove ahy remaining
residues of silicon nitride.

2. The methad of claim 1 wherein said first step etch MELl uses

a reactive gas mixture containing a gaseous component CHF;. '

3. The method of claim 1 wherein said first step etch MEl uses

a8 reactive gas mixture containing a gaseous component SF.

4. The method of claim 1 wherein said first step etch MEl uses

& reactive gas mixture having a composition, as measured by the
flow rates of individual gas components, of SF¢ at 180 20 sccm,
CHF; at 20 + 2 scem and He at 250 % 25 scem.

5. The method of claim 1, wherein the process conditions for

said first etch step MEl are: gas pressure at 250 #25 mTorr, RF



gap is increased to 1.2 cm Wth these process paraneters, the etch rate
i s about 1500 A/mn (1402 A/mn in one exanple), the
Sl[err}N[err]/5|C{err] etch selectivity is 2.1, and the etch uniformty is
3.3% The tch to the end point, using 95% of the end
point as trigg 1 tional 10% over etch. This will slightly
etch into the ﬁ“ﬂlﬁm ' IIE%MOV\“ in Fig. 6. The additional 10% over
etch, for about : ch tinme,_i;g used to reduce the length of

step 3, the over-etch step (OE), require to insure conplete renoval of
al |l residues. The reason for the preference for the

addi ti onal ov t over t.h though havi ng
a smaller Si [ﬁear reﬁ\fgri’%o @ % ]angt%hecggﬁ %?%agl ?%/ %& oes not etch
the sidewal I's of ghermsd lxde‘éﬁ@d Mgt Eh & hayREreisl 901 I/GaRt! ¥m§ helegbpe 2l 10w ng
a reduction in the critical dinmension bias that would have occurred with a

| onger OE st eysed ho étatt thd/ERirdaes0+Ed ofridiucéliacai ddealide ayferl.e as
vertical as does _MEl, and tends to produce slight flares in the sidewalls,

as indicated by 8- oFbeimethgd qfj alaifopi WeeTeinhaaed efeqrnd £5Chi gFER ME2

uses a reactive gas mixture containing no CHFj,

8. The method of claim 1 wherein said second etch step ME2
uses a reactive gas mixture containing a component HBr

3. The method of claim 1 wherein said second etch step ME2
uses a reactive gas mixture having a composition, as measured by
the flow rates of individual gas components, of HBr at 30 + 3 sccm,
SFg at 120 % 12 sccm, He at 250 = 25 scem.

10. The method of claim 1 wherein the process conditions for
said second etch step ME2 are: gas pressure at 450 % 50 mTorr, RF
power at 210 W +10%, and the electrode gap at 1.2 cm #10%.

11. The method of claim 1 wherein said second etch step ME2 is
used to etch the remainder of the.silicon nitride layer to the end
point, using 95+3% trigger, and an additional over-etch of about-
10£2% of the nitride layer, or about 4 + 1 seconds over-etch beyond
the end point.

12. The method of claim 1 wherein said third etch step OE uses
@ reactive gas mixture containing a gas component of 0,.

13. The method of claim 1 wherein said third etch step OE uses
a gas mixture containing no CHF;.

14. The method of claim 1 wherein said third etch step OE uses

a reactive gas mixture having a composition, .as measured by the



cant as schematically shown, and does not has nuch inpact on the critical
di mensi on because this sloping occurs only in the bottom 20% or |ess, of
the silicon nitride |ayer. The third step is the traditional
Over-Etch (OE)—step, whirh s used for another 10% over-etch. The gaseous

m xture has the " co osition in terns of flowrates: HBr at 20
sccm (err] u ’ﬂ 6 at 120 gccm The gas pressure-is

further increa the RF B is further reduced to 200 W
and the electrode gap is kept at 1.2 cm Wth these process paraneters,
the etch rate is about 400 AAmin (570 A/ mn in one exanple) and the
Si[err] N er rf¥csi Eptes Jofetohiwaher tgasi tympanelds. wift HBa & 8% £t lscem, O,
uniformty. The structure after the CE step is not appreciably different
fromthe strifctdr& HRFFi Ankisgs & 12Re*}2SS6M- being that, because of the

very hioh. Sl e nbN ghsldghers oighhs Slacthviny gabelbe cSRiSLGR Bl Y the

silicon nitride € ‘ar eas not covere otoresist pattern wll
be significasdiley t@iﬁﬁbe@téﬁ/@k‘.e{: nog hire:Ofas s;tm,sumlw 65 % Isot hrexrxaf RFhe pad

oxide will be etched away. But
12 - power at 200 20 W, and the electrode gap at 1.2 cm +10%.

16. The method of claim 1 wherein said third etch step{ OE is
used for an over-etch that is equivalent to 10% of the silicon
nitride layer, or about 4 seconds.

17. A method of making a pattern with sharp vertical sidewalls
and good critical dimensions in the first layer filnt of one
material over a second layer film of another material, using a
three-step etching process comprising

A first main etch (ME1l) to remove 80 to 90% of said first layer,
A second main etch (ME2) to remove the remaining part of said
first layer, with an equivalent to 10 * S% beyond the end

point of rhe etching of said first layer,
A third etch step to clean up any residues of said first layer
material left over said second layer film.

18. The method of 17 wherein the etch rate of MEl is substan
tially higher than the etch rate of ME2.

19. The method of 17 wherein the etch anisotropy, as defined by
the ratio of the vertical to the lateral etch rate, for MELl is rmuch
larger than the etch anisotropy of ME2.

20. The method of 17 wherein the etch selectivity, as defined

by the ratio of the etch rate of said first layer material to the



the silicon nitride, except sone randomresidues, in all areas not
covered by the photoresist had al ready been etched away by the
ovér-etching in ME2, the OE step acconplishes only the cleaning up of any

remai ni ng r angderty—secattered—+esi dues not shown in Fig. 6. The tot al

critical dinengj he third etch step is about -0.035 [err]m
conpared to a ﬂ!ﬁm HIIH@”Iﬁ”] m obt 'Ened using the traditional etch
met hod. € prafemred gaseous cﬁng sitions and process conditions are
summari zed for clarity in Table 1. Wiile the preferred process conditions
and reactive gas conpositions have been thus described, it is apparent to
those skill in the art of the fabrication of sem conductor devices that
nuner ous variatjons of these process araneters gase Shukhons
are possi bl ee?‘&{‘a‘iar‘ﬁee% $338 sesand iﬁ%@f“?@%ﬂ %i'I%Pngiel hﬁ%ﬁ?ﬁﬁo the
three-step egghag f i ed NGBt ORreater tnWhag. i s claimed is:

- 13 - 5 ?L.&R%?%%e}é@staﬁéxg 1?rﬁet'hod of etching silicon nitride |ayers
over pad oxides in sem conductor integrated circuits conprising




A first step of main etch (MEl) having a high etch rate of

approximately 3,000 A/ mn 10%on the silicon nitride and a very
high etch ani sotropy capabl e of producing better than 85 degrees
vertical sidewalls in the silicon nitride |ayer, to remove 80%to
90% of the silicon nitride |ayer, A second step of main etch (Me2)
havi ng an etch rate of approximately 1,500 A/mn [err]10% and an
et ch ani sotropy produci ng typi cdy 70-85 degrees verti cal

sidewal, to remove the remai nder of the silicon nitride |ayer,

A third step of over-etch (CE) having an etch rate of about 400- 600

Almn on the silicon nitride and a Si[err]Nerr]/SiJerr] etch
selectivity of approximately 10 [err] 2, to renmove any remai ning

residues of silicon nitride. 2. The nethod of claim1l wherein said
first step etch ME1l uses a reactive gas m xture 8i ning a gaseous
conponent CHF[err]. 3. Thi rptywherein said first step
etch MEl uses a reactive gas m {|gaseous conponent

SF[err]. 4. The met hod of
uses a reactive g 1

| first step etch MELl
s neasured by the fl ow

rates of individugl at 180 [err] 20 sccm f CHF[ err]
at 20 [err] 2 scgmand He at 250 25 sccm 5. The net hod qff—e+a@m 1,
wherein the procegs conditions for said first etch step ME1l are\ gas
pressure at 250 [erj Z5 mrorr, RF \ 2

FIG. 1

3
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FIG.2  PRIOR ART



-14- power at 260 W([err]10% and electrode gap at 1.05 cm 10% 6.
The nmethod of claim1l wherein said first etch step MEl is used to etch th
first 80[err]5%of the silicon nitride |ayer. 7. The nethod of claim
1 wherein said second etch step ME2 uses a reactive gas m xture containing
no CHF[err]. 8. The method of claim 1l wherein said second etch step
ME2 wuses a reactive gas m xture containing a conponent HBr 9. The
met hod of claim 1l wherein said second et/gh step ME2 uses a reactive gas

m xture having a conposition, as neasured by the flow rates of individual
gas conponents, of HBr at 30 [err] 3 sccm SF6 at 120 [err] 12 sccm He at
250 [err] 25 sccm 10. The nmethod of claim 1l wherein the process
conditions for said second etch step ME2 are: gas pressure at 450 50
mrorr, RF power at 210 W 10% and the electrode gap at 1.2 cm[err] 10%
11. The method of claim 1l wherein said second etch st8p ME2 is wused to
etch the remainder of the silic LiLl the end point, using
953% trigger, and an additional 102% of the nitride

| ayer, or about 4 1 seconds ov end point. - 12. The
met hod of claiml1 wherein said { Ises,4a reactive gas

m xture containing a gas conponent O Qerr]|. ” The nethod of claim
1 wherein said third etch §5BﬂW3E uses

A3

) N—2

FIG. 8 Priaor Art
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a gas mxture containing no CHF[err]. 14. The method of claiml
wherein said third etch step CE uses a reactive gas mxture having a
conpqsition, as neasured by the 15 flow rates of individua
gas conponents, of HBr at 20 [err] 2 sccm (err] at 10 [err] 2 sccm and
SF[err] at 120 [err] 12 sccm 15. The nmethod of claim 1l wherein the
process conditions for said third et y step OE are: gas pressure at 650
[err] 50 mTorr, RF power at 200 [err?'io W and the electrode gap at 1.2
cm 10% 16. The nmethod of claim 1l wherein said third etch step( CE is
used for an over-etch that is equivalent to 10%of the silicon nitride

| ayer, or about 4 seconds. 17. A nethod of making a pattern with sharp
vertical sidewalls and good critical dinmensions in the first layer film of
one nmaterial over a second layer filmof another material, using a
three-step etching process conprising A first t™h etch (ME1l) to renove
80 to 90% of said first |ayer, |, } ch (ME2) to renove the

remai ni ng part of said fi bqui valent to 10 5%
beyond t he end poi nt of t irst |ayer, A third
etch step to clean up any resi hyer4_ material |eft
over said second |layer film ‘?//
L A9
) N2
1
G, .
6 <
\EN A3
[ 2
1

FIG. 6



18. The method of 17 wherein the etch rate of ME1l is substan tially higher
than tthe etch rate of ME2. 19. The nmethod of 17 wherein the etch

and sotropy, as defined by the ratio of the vertical to the lateral etch
rate, for MEl is nmuch |larger than the etch ani sotropy of ME2. 20. The
met hod of 17 wherein the etch selectivity, as defined by the ratio of the
etch rate of said first layer material to the etch rate of

sai d second layer material, of the third etch is mich greater than MEl and
ME2, and is gr6ﬁ§gg$-q;ﬁgqu5;1dé Etching Process for Better Critical Dimension

and Better Vertical Sidewall Profile

ABSTRACT

This invention describes a three-step process for etching a
layer of silicon nitride over a thin layer of silicon dioxide on a
semicondutor substrate for producing silicon nitride pattern with
nearly vertical sidewalls, very small critical dimension bias and
no trenching in the silicon dioxide, comprising a first step of a
highly anisotropic etch process with a high etch rate, achieved by
adding CHF; to the gaseous mixture of SF. and He, carﬁied out at a
relatively high power and low pressure, used to etch the bulk of
the silicon nitride layer, a second step of lower ethc anisotropy
and etch rate, achieved by replacing EHF; with HBr, carried out at
higher pressure and lower power, used to etch out the remainder of
the nitride layer with a small over-etch beyond the end point, a
third step of high SiyN./SiQ, etch selectivity, achieved by adding
an oxidant to the reactive gas mixture, used to remove any remain-

ing silicon nitride residues.

(FIGURE 5 IS SUGGESTED FOR PUBLICATION)}



