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INTRODUCTION |

Cirzgi smtroduction of plasma processing to the mgnufacture of 1ntegratec}
VL over the last 15 years has contributed significantly to the advent o

ng, pél ‘aSma-assisted etching techniques have rgplaced. chemical etgh-
has re rlucularly Where strict dimensional control is required. Sputtering
hancepaced Cvaporation for the deposition qf metal.s,. and plasma en-
alternat-c mical vapor deposition (PECVD) is providing an attractive

Ve to Conventional atmospheric and low pressure CVD methods.
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Il ETCHING

In this section the basic principles of plasma_—assisted etchl.ng are intro-
duced. Melliar-Smith and Mogab [1] have {ewewed_the su})Ject, and the
mechanisms of these processes have been dlscusseq in Qetall by_ Flamm ¢y
al. [2]. Reviews of specific techniques such as reactive 10n etching [3] and

ion milling [4] are also available.

A Anisotropy

The greatest advantage of dry or plasma-assisted etching processes
over wet chemical etching techniques for VLSI circuit fabrication is the
superior dimensional control. Fundamental to dimensional control, the
accurate replication of a photoresist feature into the underlying film, is the
concept of anisotropy. In an anisotropic etch, the rate of etching perpen-
dicular to the wafer surface is much greater than that lateral to the sur-
face. In an isotropic etch, the etching rates are equal in both directions,
which causes undercutting of the masking material and a change in dimen-
sion of the etched pattern by at least twice the film thickness.

B Selectivity

In addition to a degree of anisotropy, a VLSI etching technique re-
quires selec(nvity of the film to be etched over both the masking resist and
the often thin underlying substrate. Further, the best results have been
ol:)tamed when the etch yields volatile products which can be removed by
i/oel a‘:ﬁ?f;i;eactgr vacuum system. The requirements for selectivity and
Cl, and Br) ap;rol ucts have led to the use of gases containing halogens (F,
made up of thep}? slm a etchants. In the plasma environment, compounds
hydrogen dissoci;ltogens as well 43 carbon, sulfur, nitrogen, silicon, Of
participate in the et LO form reactive atoms, radicals, and ions which
iently grouped inte fh INg reactions. These plasmas have been conven
rated fluorocarb e primarily generate free F atoms, unsatu-

aroons, and those generating Cl and Br species [2].

C Etch Profiles

Four types of etch profiles r

1 . . 0-
cesses are shown in Fig, | esulting from plasma-assisted etching P’
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Fig. 1. Etch profiles resulting from plasma-assisted etch processes.

(?) A selective isotropic etch with little or no etching of the initiz}l
fesist pattern yields an undercut profile (Fig. 1a). Dimensional control is
difficult with this type of etch, because after the film has beeq cleared,
latera] etching often occurs at an increased rate due to the increased

Wailability of reactant. _
) A selective anisotropic etch results 1n X

nderlying film (Fig. 1b). _ ]
t ©) The application of a selective anisotropic etch prepares a con
aTOIIed slope on the edge of the etched film (Fig. 1C)-'P1215m{Jl para;]netirs
© adjusteq so that the resist has a significant anisotropic etch rate,

"Sulting ; ioi i file into the underlying
g In th original resist pro

Materia) - tran§fer of the OLE | when the steep step prepared by
deposited films.

cellent pattern transfer
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(d) Theresu
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D Equipment

Its of a nonselective anisotropic etch are shoy,
nature of this process, significant er,
d, as well as a chang
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Four basis types of equipment used for plasma-assisted etching g,

shown in Fig. 2.

(a) In a barrel etcher (Fig. 2a), the plasma serves only to produce
reactive etchant species [2]. The plasma is often isolated from the Wafers
by an etch “‘tunnel,”” leaving the reactant species to reach the wafers by
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Ausion. The qesign of this reagtor and the hj
]sult in isotropic et(;h profiles. S_13N4 and polyc
ith this type of equipment, but its most comm
gist strippIng- . .

0 Ina planar plasma (or diode) reactor (Fig. 2b), the wafers are
Joaded on the grounQed electrode.

() Inareactive ion etcher (RIE) (Fig. 2c), the wafers are loaded on
the powered electrode. The difference in size of the grounded electrode
(the whole chamber) and the powered electrode, coupled with operation
at low pressure (<100 mTorr) cause a negative dc bias to appear on the
powered electrode of the RIE system. This causes significant positive ion
bombardment of the electrode surface, resulting in an ion-assisted aniso-
tropic etch. Though the planar plasma etcher shown in Fig. 2b operates at
a higher pressure (100 mTorr-several Torr), it can be made to produce
significant ion bombardment and hence anisotropy by using a reduced
frequency (<1 MHz). For a discussion of this point, see Ref. 2. Both the
planar etcher and the reactive ion etcher schematically described in Figs.
2b and ¢ are popular for patterning films where dimensional control and
selectivity are required, such as Si {polycrystalline and single crystal),
§i0,, and Al alloys.

(d) Inanion milling apparaiis (Fig. 2d), the ion producing plasma is
isolated from the sample to be ciched. An ion beam is produced and
directed onto the sample, resulting in a purely physical etching process
and an etch profile such as that shown in Fig. 1d.1

gh pressures usually used
rystalline Si can be etched
On use today is in photore-

Parameters Affecting Anisotropy and Selectivity E

Many parameters affect the anisotropy and selectivity of a plasma-
assisted etch. Most important are the chemical nature of the reactant gas
Or gases, the reactor type, gas pressure, and applied rf power and fre-
quency. The gas flow, electrode materials and spacing, wafer tempera-
ure, and number of wafers etched at one time (loading) can also have
“enificant effects. +

Mechanisms for Producing Anisotropy and Selectivity F

pThe Mechanisms active in producing anisotropy and se[egtivity in
Sma-assisted etching processes have been described in detail in Ref. 2.

TF .
t o ATeview of this type of ion etching, see reference [4].
O detailed discussions of these parameters, see references [1-4].
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Briefly, anisotropy as produced by positive ion bombardment cgp e

achieved by three mechanisms.

(a) Ions can sputter adsorbed reaction prod_ucts from the surface.

(b) Ions can produce lattice damage, creating more active sites fo;
reaction. .

(c) lon bombardment can remove an adsorbeq la)_/e'r 'that inhibits etch.
ing (by reacting with the etchant or simply by inhibiting access to the
surface by the etchant).

Since the ions are directed perpendicular to the surface, all three mech-
anisms result in anisotropic etching as described in Fig. 1b. Selectivity s
more difficult to engineer into an etch process. One method is to adjust
the plasma parameters and etch-gas chemistry so that one material is
essentially only physically sputtered whereas the other is etched at an
enhanced rate by chemical reaction. Alternatively, when chemical reac-
tion limits the selectivity, the etch-gas composition can be adjusted to
favor the chemically enhanced etching of one material over the other.
Selectivity is most often achieved empirically.

TABLE i

Summary of Plasma Etching with F-Atom Source Plasmas

Materials Gases Anisotropy Selectivity

Si F,, CF,-0,, Isotropic High over SiO;,

CF¢-0,, Si,N,, metals,
C3F4-0,, SF,- silicides
0,, SiF,/0,,

. NF;, CIF,

Sio, Isotropic at low Very high over 11I-
ion energy; V compounds
anisotropic at

Si,N, high ion energies

Selective over Si0x

Similar to SiO, :
in isotropic range

TiSi,, TaSi,,

MOSiZs Wslz

Ti, Ta, Mo, W, Nb

TazN

Partially aniso-
tropic at high ion
energies

Anisotropic at high
ion energies

Isotropic at low
ion energy

High over SiO2:
Si,Ny; ~1:10%
Si

High over Si0: &
high powers;
selective over
TaOz

Selective over
Ta0,, SiO2

4A_12£).3/
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TABLE 11
Summary of Etching with Unsaturated Fluorocarbon Plasmas
/
Vaterials i Anisotropy Selectivity
5 CF,, CF Partially anisotropic at
low pressure,
high ion energy
G0y, SicNy  CEs, GoFs, C:Fs,  Anisotropic at high ion  High over Si and III-V
CHF;, CF, or energies compound )
Cst with Hz, P ’
CH4, Csz, or
C,H, additions
TiO, High over Ti
V,05 High over V
TABLE Il

Summary of Plasma Etching in {tlorine- and Bromine-Containing Plasmas

Materials

Gases

Anisotropy

Selectivity

Si

-V Compounds

Al

Ti
Cr

Cro
Ay !

Cl,, CCly, CF,(ly,
CFsCl, Cly/
C,F;, Cl,/CCly,
Br,, CF;Br

Clz, CC14, CF2C12’
CClL/0,, Cly/
0,, Br,

Cl,, CCly, SiCly,
BCl;, Cl,/CCl,,
Cl,/BCl;, Cly/
CH,Cl, SiClLy/
Cl,

Br,

Cl,/O,/Ar
CCly/O,/Ar
Cl,/Ar, CCly/Ar
C,CLF,, CL,

Anisotropic at high

and low ion ener-
gies; isotropic for
doped Si under high
pressure conditions
with pure Cl,

Anisotropic at high

and low ion energies
(for chlorocarbon
and BCl; mixtures);
isotropic for Br; and
Cl, under some
conditions

Anisotropic at high

and low (for chloro-
carbon mixtures and
BCls) ion energies;
isotropic for Cl,
without surface
inhibitor

Anisotropic at low ion

energies

High over SiO,

High over SiO,,
AlgO;, CI',
MgO

High over ALO;
and some
photoresists

1:1vs CrO, at
>20% O,
High vs Cr






