
US 2003.01091.44A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2003/0109144 A1 

Goto et al. (43) Pub. Date: Jun. 12, 2003 

(54) SELECTIVELY ETCHING SILICON USING Related U.S. Application Data 
FLUORINE WITHOUT PLASMA 

(63) Continuation of application No. 09/535,420, filed on 
(75) Inventors: Haruhiro Harry Goto, Saratoga, CA Mar. 27, 2000, now Pat. No. 6,500,356. 

(US); William R. Harshbarger, San 
Jose, CA (US); Kam S. Law, Union Publication Classification 
City, CA (US) 

(51) Int. Cl." ..................... H01L 21/302; H01L 21/461; 
Correspondence Address: HO1L 21/311 
Patent Counsel (52) U.S. Cl. ......................... 438/734; 438/689; 438/695; 
MS 2061 438/735 
Applied Materials, Inc. 
P.O. BOX 450-A 
Santa Clara, CA 95052 (US) (57) ABSTRACT 

(73) Assignee: Applied Materials, Inc. 
A process for Selectively etching Silicon from a workpiece 

(21) Appl. No.: 10/329,205 without etching Silicon oxide or Silicon nitride. The principal 
etchant gas is molecular fluorine gas (F) that is not excited 

(22) Filed: Dec. 24, 2002 to a plasma State. 



US 2003/0109144 A1 

SELECTIVELY ETCHING SILICON USING 
FLUORINE WITHOUT PLASMA 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This patent application is a continuation of appli 
cation Ser. No. 09/535,420 filed Mar. 27, 2000. 

FIELD OF THE INVENTION 

0002 The invention relates to processes for etching a 
Silicon film on a workpiece. More specifically, the invention 
relates to processes for Selectively etching Silicon without 
etching Silicon oxide or Silicon nitride. 

BACKGROUND OF THE INVENTION 

0.003 Electronic devices containing silicon-based semi 
conductors, Such as integrated circuits and flat panel dis 
plays, generally are fabricated by depositing many Succes 
Sive layers of Silicon, metal and dielectric and patterning the 
layers to form various electronic circuitry components Such 
as transistors, resistors, capacitor, and interconnect conduc 
torS. 

0004. The most commonly used dielectric materials are 
Silicon oxide and Silicon nitride. Silicon layers can function 
as Semiconductors or conductors depending on their level of 
impurity doping. 

0005 To form the desired electronic component struc 
tures, it is necessary to etch a pattern in one layer of material 
without etching adjacent layers. However, most etch pro 
ceSSes intended to Selectively etch one specific material, 
Such as Silicon, unavoidably etch to Some extent layers of 
other materials, Such as Silicon oxide or Silicon nitride, that 
are adjacent to or underlying the layer that is intended to be 
etched. 

0.006) Selective etch processes can be characterized by a 
selectivity ratio, which is the ratio between the amount of 
desired material removed to the amount of undesired mate 
rial removed by the etch proceSS per unit time. An etch 
process generally will have different Selectivity ratioS rela 
tive to different undesired materials. High selectivity is very 
difficult to achieve. 

0007. Therefore, a need exists for a process for selec 
tively etching Silicon without etching Silicon oxide or Silicon 
nitride. 

SUMMARY OF THE INVENTION 

0008. The invention is a process for selectively etching 
Silicon without etching Silicon oxide or Silicon nitride. The 
principal etchant gas is molecular fluorine gas (F) that is not 
excited to a plasma State. 
0009 I discovered that, when not decomposed in a 
plasma, molecular fluorine gas effectively etches Silicon 
without etching Silicon oxide or Silicon nitride to any 
measurable extent. Therefore, a Silicon etch process using 
molecular fluorine can achieve essentially infinite etch Selec 
tivity relative to Silicon oxide and Silicon nitride. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.010 I tested the selectivity with which molecular fluo 
rine would etch Silicon without etching Silicon oxide or 
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Silicon nitride. Instead of performing Such tests using a 
Substrate having multiple layers of Silicon and dielectric, I 
attempted to etch three separate Substrates on which these 
three respective films had been deposited. 
0011 Specifically, three 80x80 mm glass substrates were 
prepared by depositing three different films on the three 
Substrates, namely, amorphous Silicon, Silicon oxide, and 
Silicon nitride, respectively. The three Substrates then were 
mounted on a Susceptor within a conventional vacuum 
chamber. The susceptor was heated to 450° C. The substrate 
temperature was estimated to be about 65 degrees cooler 
than the susceptor, i.e., about 385 C. Molecular fluorine 
(F) gas was supplied to the chamber at a flow rate of 1000 
Sccm while an exhaust pump reduced the chamber preSSure 
to about 260 millitorr (mT). 
O012) The result of this test was that the amorphous 
silicon was etched at a rate of 5000 A/min. However, no 
etching of the Silicon nitride or Silicon oxide could be 
detected. Therefore, this etch proceSS using molecular fluo 
rine in the absence of a plasma demonstrated effective 
etching of Silicon with essentially infinite Selectivity against 
etching of Silicon oxide and Silicon nitride. 
0013. Other tests demonstrated the importance of not 
exciting the molecular fluorine to a plasma State. Plasma 
excitation was found to decompose a portion of the molecu 
lar fluorine into atomic fluorine that did etch the silicon 
oxide and Silicon nitride dielectric materials, thereby making 
the etch process nonselective against these dielectric mate 
rials. 

0014. Although the Silicon etch process was tested only at 
a substrate temperature of about 385 C. (a susceptor tem 
perature of 450° C), the temperature need not be that high. 
It is a matter of routine experimentation to determine the 
minimum temperature to which a Substrate or workpiece 
must be elevated in order to cause the molecular fluorine gas 
to react with and remove a Silicon layer exposed on the 
Substrate. 

0015. Although the silicon etch process was tested with a 
reagent consisting of essentially 100% pure molecular fluo 
rine gas, the proceSS should perform Similarly if the fluorine 
gas is mixed with a carrier gas. The carrier gas may be a 
mixture of one or more nonreactive gases, or it may be 
include any gases that are, in the absence of a plasma, 
nonreactive with the material (e.g., Silicon oxide or Silicon 
nitride) other than Silicon against which the Silicon etch 
process is desired to be Selective. 
0016 Although the silicon etch process was tested only at 
a chamber pressure of 260 millitorr, the process is expected 
to also perform well at much higher chamber preSSures, 
including atmospheric pressure (760 torr). 
0017 Even if the process is performed at atmospheric 
preSSure, it is desirable to perform it within a Sealed chamber 
Such as a conventional vacuum chamber in order to protect 
the Substrate or workpiece from contamination by Sub 
stances in the ambient atmosphere. For example, it is 
important to exclude atmospheric hydrogen and water vapor 
from the chamber, because these Substances would react 
with the fluorine reagent to produce hydrofluoric acid (HF), 
which is extremely corrosive and potentially hazardous. AS 
another example, it may be important to exclude atmo 
Spheric oxygen and nitrogen from the chamber, because 
these Substances may react to Some extent with the Silicon 
layer to be etched So as to form Silicon oxide or Silicon 
nitride that cannot be etched by the molecular fluorine. 
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0.018. Any type of sealed chamber or vacuum chamber 
should be Suitable for performing the Silicon etch process of 
the invention. The primary requirements are that the cham 
ber components not release any Substances that would 
contaminate the Substrate or workpiece being etched, and 
that any chamber components in thermal contact with the 
Substrate be capable of withstanding the temperature to 
which the Substrate is heated. The vacuum chamber used in 
the test of the invention described above was a conventional, 
commercially available Semiconductor fabrication proceSS 
chamber intended primarily for performing etching and 
chemical vapor deposition (CVD) processes on large Sub 
Strates or workpieces, especially the glass Substrates used for 
fabricating thin film transistor (TFT) flat panel displays. 
0019. The design and operation of conventional vacuum 
chambers for Semiconductor processing are described in the 
following commonly-assigned U.S. patents, the entire con 
tent of each of which is hereby incorporated by reference in 
this patent specification: U.S. Pat. No. 4,854,263 issued 
Aug. 8, 1989 to Chang et al.; U.S. Pat. No. 5,000,113 issued 
Mar. 19, 1991 to Wang et al.; U.S. Pat. No. 5,366,585 issued 
Nov. 22, 1994 to Robertson et al.; and U.S. Pat. No. 
5,844,205 issued Dec. 1, 1998 to White et al. 

1. A process for Selectively etching Silicon from a work 
piece without etching Silicon oxide or Silicon nitride, com 
prising the Steps of 

mounting the workpiece within a chamber interior, and 
Supplying to the chamber interior a gas mixture including 

one or more gases while Sealing the chamber interior to 
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prevent any gas other than Said gas mixture from 
entering the chamber interior, wherein 
Said one or more gases includes molecular fluorine, and 
the molecular fluorine is not excited to a plasma State. 

2. A proceSS according to claim 1, further comprising the 
Step of: 

heating the workpiece Sufficiently for the molecular fluo 
rine to react with any exposed Silicon on the workpiece. 

3. A proceSS according to claim 1, further comprising the 
Steps of 

before the Step of Supplying the gas mixture, depositing 
Silicon on the workpiece; and 

during the Step of Supplying the gas mixture, elevating the 
temperature of the workpiece sufficiently for the 
molecular fluorine to react with the Silicon. 

4. A process according to claim 1, wherein the gas mixture 
consists essentially of molecular fluorine. 

5. A process according to claim 1, wherein the gas mixture 
includes no Substantial amount of any reactive gas other than 
molecular fluorine. 

6. A process according to claim 1, wherein the gas mixture 
includes no Substantial amount of any Substance that reacts 
with Silicon oxide in the absence of a plasma. 

7. A process according to claim 1, wherein the gas mixture 
includes no Substantial amount of any Substance that reacts 
with Silicon nitride in the absence of a plasma. 
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