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Aluminum-Neodymium Etch Process with Hydrogen Iodide 

FIELD OF IBE INVEN110N 
This inventi~ relates to plac;ma etch processes used in the manufacture of electronic devices 

such as liquid crystal displays and integrated circuits. More specifically, the invention relates to 
5 processes for etching intexalnnect lines composed of alwninUill-neodynlium alloy. 

l\ACKGROUND OF THE lNVENTION 

·. Aluminum. is the most commonly used material for fabricating interconnect lines in fhin film. 
transistor liquid aystal displays and in integrated circuits ()n silicon wafers. Instead of using pure 
a)uminum, it has been proposed to fonn the mterconnect lines of an alloy of aluminum and a small 

10 percentage of necxlymium in order to minimize the formation of hillocks in the lines. 
One obstacle to the use of aluminwn.:.neodymiuiu alloy is the difficulty of etching the 

neodymium. component, Conyentional plasma processes for etching alllmin:wn. such as those ba~ed 
on BC13 and CI2 gas mixtures, do not effectively etch neodYIDium, so that neodymium residue remains 
after the aluniinulll haS ·been completely etched. 

15 Therefore,·a need exists for a plasma etch poocess that effectively etches aluminum"'."neody.mium. 
alloys. 

SUM:MARY OF TilE INVENTION 
The present invention is a process and apparatus for etching an alloy of aluminum and . . 

neodymium using a plasma formed from a gas mixture of chlorine and hydrogen iodide (ID). The 
20 hydrogen io<fi:de is especially effective at etching the neodymium component of the alloy, and the 

chlorine is especially effective at etching the aluminum component. Preferably, the gas mixture further 
includes BCI3 to provide sputter etching by boron ions. 

Test.s of our preferred embodiments of the etching process ptoduced metal features having 
desirably smooth side wall surfaces. Additionally, we could control the taper of the side wall to 

25 achieve a desired angle between the side wall and the plane of the top or base of the metal features. We 
also found that our preferred etching process did not leave any con:osivc residue. 

30 

BRIEF DESCRIPTION OP THE DRA WlNGS 
Figures 1~4 arc sectional views of a substrate showing various stages of etching using the 

process of the present invention. 

Figure 1 shows the final stage after removal of the photoresist. 

Figure 2 shows the imtial stage before etching. 
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Figure 3 shows the substrate after etching of the metal film, before removal of the photoresist. 

Figure 4 shows the same stage as Figure 3, but with undercutting of the metal film due to 

insufficient Ill. 
Figure S is a schematic side view of a plasma chamber suitable for performing the etch process 

5 of the invention. 

DETAJLED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is a process and apparatus for etching an alloy of aluminum and 

neodymium. To illustril~ a practical applieation of the invention, Figure 1 shows the strQ.cture of a 

conventional electronic device or workpiece that could be fabricated using the invention. Specifically, 

10 Figure 1 illustra.te8 an electronic device or work.Piece 50 on which a met.al· inter<::onnect line I 0 has just 

been fabricate~ The intercomiect line 10 extends perpendicular. to the drawing page and typically 

functions to electrically connect together two components of th.~ eleelronic device. In the exemplary 

deviee, the interconnect line overlies a dielectric layer J 2, which in tum overlies various other layers of 

electronic devices designated jqintly as 14, which in tum overlies a subs~te 16 . 

15 . Etch Chamber Apparatus .· 
The process of our invention can be performed in any conventional process chamber or 

vacuum chamber suitable for pei:fonning plasma etch processes. Figure S shows a plasma etch 

chamber that is especially adapted for processing large substrate$, such as the glass substrates used to 

~fa.cture flat panel ~plays. This etch chamber can etch two workpieces SQ simnltaneou.o;ly. The 

20 chamber is described in more detail in commonly-assigned U.S. pa.tents S,843,277 and 5,895,549 and 

in CQn:unonly-assigned application SN 09/06 J ,013 filed 4115/98 by Goto, the entire content of each of 

which ~ hereby inco.tporated by reference into chis patent specification. 

The plasma etch chamber has an interior enclosed by an electrically grounded chamber wall 52 

com.posed of a metal that will not contaminate the etch process, typically anodized aluminum. Two 

25 flat, rectangular workpieces or substrates 50 are mounted on opposite sides of a metal cathode 

electrode 54 by clamps 56. Figure 5 shows each workpiece 50 as extending in a plane that is 

perpendicular to the page of the figure. Dielectric spacers 58 electrically isolate the workpieces from 

the clamps. The cathode 54 is mounted on a hollow shaft 60 that rotates to orient the substrates 

vertically as shown during plasma processing. and to orient the substrates horizontally when they are 

30 being transported into and out of the chamber. 

Chlorine and hydrogen iodide gases are supplied by first and second gas tanks 62 and 64, 

respectively. BC13 gas optionally is supplied by a third gas tank 66. The fl.ow rate of each gas into the 
chamber interior is controlled by respective flow controllers 63, 65, and 67. The gases flowing from 
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the fl.ow controllers are dispensed into the chamber interior through two gas distribution manifolds 68_ 
Each gas distribution manifc;>ld has a planar, rectangular may of gas outlet apertures, the plane of tb.e 
array being parallel to the adjacent workpiece 50, i.e., pexpcndicular to the page as depicted in FJ.gUrC 

5. The gases are exhausted from the chamber by pump 70. which includes a throttle valve to regulate 
5 the toral gas pressure within the chamber. The arrows in Figure 5 illustrate the direction of gas flow. 

An RF electrical power supply, not shown, supplies RF power between two output termiaals 

that are ungrounded and grounded, respectively_ The ungrounded output terminal is coupled to the 

cathode electrode 54 via an RF transmission line that extends through the hollow shaft 60. The 
grounded output tenninal is eoupled to the chamber wall by virtue of the wall being electrically 

. . 

10 grounded. Consequently, the RF power flows between the cathode electrode and the chamber wall, 

which excites the gases within the chamber into a plasma state so as to form a plasma body adjacent 
each of the two ·workpiece.$ 50. 

An. electrical controller 72, preferably a programmable microcomputer, sends electrical signals 

to the fl.ow controllers to control their respective flow rates. The controller also sends electrical sigrials 
15 to the exhaust throttle valve to control the chamber pressw.:e and to the RF power supply to control the 

RF power output. The master controller 72 preferably is programmabl~ so that the process parameters 
such as flow rates, pressures. and power levels can-be adjusted by a human operator. 

Process 

If the electronic device is a liquid cxystal display, the substrate 16 typically would be glass, and 

20 the layers 14 of electrol\ic devices typically would include liquid crystal display cells and overlying thin 

film transistors. If the electronic device is an integrated circuit, the layers 14 typically wollld include 
transistors fabricated. in a single-crystal silicon substrate 16. 

A conventional method of fabricating a metal interconnect line is to deposit a blanket layer of 
the metal 10 over the dielectric 12 as shown in Figure 2, and to then deposit over the metal a layer of 

25 resist 18. The resist is patterned as shown in Figure 2 so that it only covers the portions of the metal 
layer that are intended to fom1 the int:crconnecl lines. The workpiece then is subjected to a plasma etch 

process that removes all ex.posed regions of the metal layer 10, thereby producing the structure shown 
in Figure 3. Lastly. the resist is removed. leaving the. structure shown in Figure 1-

When we state that the etch process removes "'exposed" regions of the metal layer, we define 
30 "exposed regions" to mean all portions of the metal layer that arc not covered by the resi8t 18. We 

consider such regions of the metal to be "ex.posed." even though the exposed surface may be covered 

by thin layer of native oxide as a result of exposure of the metal to oxygen, such as oxygen in the 

ambient atmosphere. 

As stated in the Background of the Invention, the IDQst commonly used roat'eri.al for 
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interconnect lines 10 is aluminwn. Alloying almirlnum with a small amount of neodymium would be 
advantageous for preventing die formation of hillock.-; in the interconnects, bu,c conventional plasma. . 
etch processes prior to our invention could not etch the ab1minurn-neodymiwn alloy without Leaving an 

excessive amount of neodymiwn residue. , 

5 Starting with a workpiece having a layer 10 of aluminumwneodymium alloy as shown in Figure 

2, our invention can etch the regions of the alloy not covered by r~ist 18 so as to produce the structure 

shown in Figure 3. In particular; our invention can be adjusted to etch the aluminnm and neodymium 
at approximately equal rates so as to leave no residue of neodymium. when the etch is completed. 

n1e process of our invention is to etch the aluminum.-neodymium anoy in a plasma formed 
. . 

10 from a gas mixture that includes cblorine and hydrogen iodide (HI). Chlorine ions and radicals in the 

plasma etch the aluminum component of the alloy by reacting with tlte aluminum to fonn A1Cl3. 

Iodine ions and radicals in the plasma etch the neodymium compcment of the alloy by reacting with the . 
neodymium to fonn NdI3• The Al°'3 and Ndl3 reactlon products are both volatile and are readily 

exhausted from the process chamber by exhaust pump 70. 

15 If the aluminum'-neodytnium alloy were etched using a conv~onal process usilig chlorine but 

no byd:rQgen iodid~.cblorine wo~ld react with some of the neodyr.oium to fOiliJ. NdC13. The fonnation . 
of NdC13 is highly undesirable because Nd03 is extremely non-volatil~ with a boiling point of about 

16006 c. Therefore. most of the NdC13 will remain OD the workpiece, unlike the previously discussed 

AI03 and NdI3 reaction products which readily evaporate so they can be exhausted.from the process 

20 chamber. One disadvantage of such NdC13 re$idue is that it obstructs etching of any underlying 

aluminum, thereby lea.~g a rough surface on the etched met.al. Another disadvantage is that, because 

it contains chlorine. the NdClj residue will corrode the workpiece unless it 'is subsequently washed off 

the workpiece. 

In contrast, because our process employs hydrogen iodide, formation of NdCl3 is avoided. 

25 Although the scope of our invention is not limited to a specific theocy of operation, we believe that 

supplying sufficient iowne ions in tlie phisma to react with the neodymium on the workpiece will 

prevent the formation of NdU3 because the rea.Ction 

Nd+ 3 CI+ ~ NdCl3 

requires a greater activation energy than the reaction 

30 Nd+3 I+~ NdI3 

Consequently, our process can be performed without leaving any corrosive residue on the worb.-piece, 

so that no subsequent cleaning step is required to avoid corrosion. 

The ratio of HI to chlorine in the gas mixture is proportional to the ratio between the respective 

volumcttic flow rates of these gases into the chamber. Th.is ratio preferably should be adjusted (by 

35 master controller 72 which controls flow controllers 63, 65) to be high enough to etch the neodymium 
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component of the alloy at a rate approximately equal to, or greatc;r th3n, the rate at which the aluminum 

component is etched. 

If the ratio of ID flow rate to chlorine flow rate is adjusted too low. the aluminum component 

of the alloy will finish etching before the ·neodynlium component is finished etching. If the etch 

5 process were stopped at that point, undesirable neodymium residue would remain on the workpiece. 

Conversely,. if the etch process were continued beyond that point until all the neodymium was 

.rem.oved.i then the chlorine ions would begin to etch the aluminum at the sides 20 of the interconneet 

lines below the res~, thereby producing a rough surface and, as shown in Figure 4, undesirable 

undercutting. A sufficiently high xatio of l{[ flow :rate to cblorine flow race will avoid these 

10 undesirable results. 

H the chlorine gas ;flow rate is adjusted too high, regardless of whether the HI flow xate is 

correspondingly high, we expect the result will be t:b.e same as described in the p.receding paragrap,h. 

The reason relates to the low vapor pressure of NdI3, the product of the neodymium etching :reaction. 

so that the slow ·evaporation iate of Ndl3 limits the rate at which the neodyiaium componeD.t of the 

15 alloy~ be etched. lf Hi is supplied to the chamber at a flow rate fu excess of the raterequire4 to 

achieve this maXimum :ne0dymium etch rate; the excess ~fi.will not furi:her increase the etch rate of the 

neodymiUII4 hence (he excess Ill simply will be wasted. More importantly, if the maximum ~tth :rate 

· of the neodymium component in the alloy is a certain Iiumber of ang8ttoms per min_.ute, than the 

chlorine gas flow rate preferably should not be in excess of the amount required to etch the al Umin.um. 

20 at the same rate. OtherwiSe, the excess chlorine will produce the same unde.tjrable ~ as an 

excessive ratio of chlo$e to m, as described in the preceding paragraph. 

Conversely, if the ratio of Ill flow rare t6 chlorine flow rate is somewhat higher than the ratio 

_at which the neodymiqm and aluminu.mcoinponents of the alloy are etched at the same rate, we do not 

expect any adverse effect on the quality of the etched features. Because the neodymiwn concentrati~n 

25 in the alloy typically is only a few percent, the neodymium component of the alloy cannot etch any 

faster than the aluminum. component, even in the presence of an excess of HI. The primary 

consequence of an excess ratio of HI to chlorine merely would be to decrease the concentration of 

chlorine in the gas mixture, thereby reducing the etch rate of Che aluminum. In other words, an excess 

HI flow rate results in a greater percentage of botb HI and chlorine gas that does not react with the 

30 alloy. thereby unnecessarily increa.c;ing the consumption of these expensive gases. 

Therefore. to maximize film quality and to avoid consuming a greater quantity of reagent than 

necessary. we prefer adju.~cing the HI gas flow rate to a le:vel not substantially greater than the level 

required to maximize the etch rate of the neodymium component of the alloy. We prefer adjusting the 

chlorine gas flow rate to equal or be slightly less than the level al which the etch rate of the alwuinum 

35 component equals the etch rate. in angstroms per minute, of the neodymium component at the selected 
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lil flow rate. Of course. the quality of the etched features also is strongly affected by other process 

parameters such as the flow rate of other process gas· constituents such as BCl3, chamber pressure, 

substrate temperature. and RF power. 

The .required ratio of m to chlorine in the gas mixture is proportional to the ratio of neodymium 

5 to aluminum in the alloy 10 to be etched. In testing our process by etching a layer of aluminum alloy 

composed of 88% wt alwninum, 1 % or 2% wt neodymi~ and 10% wt silicon, we obtained good 

results over a broad range of ratios between the CJ2 and fll gas flow rates. Specifically, Table 1 below 

shows good results with.such ratios xanging between 3:1 and 1:3. We did not tty m.Ore exrreme ratios, 

10 

or higher chlorine flow rates, to discover conditions that could produce undeSirable film. quality. 

All of the flow rates and gas ratios descn'bed above are controlled by the first and second gas 

flow controllers 63, 65 in response to commands froni the electrical master controller 72. 

As in conventional processes for plasma etching of aluminum. bef~e performing the main 

etching of the metal 10 it fypically is necessaey to perform a short '"break through etch"' step to remove 

native oxide from the smtace of the metal. Thi.c; conventionally is accomplished by sputter etching the 

15 wodcpi~e with relatively heavy ions, lypically boron ions produced by the plasma decomposition of 

BC13 gas supplied to the plasma: chamber. Typically the.the workpiece is mounted atop a cathode 

electrode that is coupled to an RF power supply through a capacitor that allows a negative DC bms 
voltage to develop between the cathode and the plasma body. 11Ie D.egative bias voltage accelerates the 

boron ions to bombard the workpiece. This initial break.through etch step can be performed with the 

20 chlorine and ID gas supplies turned off. 

Conventional pl~ etch processes for aluminum typically continue to supply BC13 in the 

process gas mixture during the main chlorine-based reactive plasma etch process that follows the 

breakthrough etch step. The BCl.3 sputter etches the workpiece; while the chlorine reactively etch.es the 

workpiece. Plasma etch processes that include both reactive etching and sputter etching are referred to 

2S as reactive ion etching (RIB). 

30 

35 

Including BCl.3 in the process gas mixture. so as to sputter etch the substrate with boron ions 

sini.ultaneously with the main CI2-HI reactive etch process, would be expected to help increase the 

temperature at the substta.te surface, which should help increase the neodymium etch rate by promoting 

the evaporation of the NdI3 reaction product. 

Furthennore, including BCl3 would be ex.pected to provide benefits similar to lhose it provides 

in conventional RIB processes: to avoid undercutting of the side wall 20, to shape the side wall wilh a 

controlled taper angle, and to scavenge water vap9r. Accordingly, our preferred implementation of the 

etch process includes BC13 along with chlorine and hydrogen iodide in the process gas ~ture, and 

the cathode electrode is negatively biased as described above. 

Including BC13 avoids undercutting because sputter etching is more vertically directional 
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(anisotropic) than reactive etching. Reactive etching alone can produce undesirable undercutting of the 

side wall 20 of the me~ features, as shown in Figure 4. 

In fabricating metal gate electrodes for thin ftlm transistors, 8uch as in liquid crystal displays, it 

is desirable to shape the side wall 20 of each gate electrode 10 so that it has a. 45° taper as shown in 

5 Figures l and 3, instead of being vertical (zero taper) as in most single crystal silicon \ntegrated 

- circuits. This tapCr can be achieved by providing enough B03 to slowly sputter etch back the edges of 

the .resist 18 while the metal 10 is being etched. {ncreasing the proportion of B03 -in the process gas 

mixture incrCases the raper angle of the interconnect side walls. (The taper angle is measured relative 

to the vertical axis, so ~at a vertical side wall is said to have zero taper.) Similarly, the taper angle of 

IO the side wall can be increased by reducing the flow rates of the chlorine and ID gases so as to decrease 
the metal etch rate relative to the photoresist etch rate. 

As in a conventional process for plasma etching of aluminum, it is preferable to cool the 
cathode asse~ly 54 on which the work:picce 50 rests to maintain the assembly at a regulated 

temperature, preferably about 60° to so· c .. This prevents the workpiece from becoming too hot 

15 during etching, because workpiece temperatures above 120· can damage typical .photoresist materials 

18. ID the preferred etch chamber shown in Figure 5. coolj,ng fluid such as wat~ is pumped through a 

conduitwilhlli. the hollow shaft 60 so that the fluid ~es th(ough channels within the cathode 
assembly. 

Comparative Example-. Control 

20 . As a control, we. tried etching an aluminum-ncodymiwn film using a conventional process for 

plasma etching of aluminum, peifonncd in a conventional plasma etch chamber. Specifically, we 

etched 300 x 350 mm glass substrates on which a metal film bad been deposited consisting of 89% 

aluminum, 10% silicon, and I% neodymiwn by weight. The chlorine flow rate was 50 seem, and 

B03 flow rate$ of both 15 seem and 50 seem were te..~ted. The chamber pressure ~as 7 mTorr. The 

25 plasma was ca~acitively excited by 2000 watts of RF power at a frequency of 13 MHz. The substrate 

was initially sputter etched by BC13 for J minute before the Cl2 was rurned on. for the putpose of 

removing native oxjde from the metal film. 

SEM photographs of the etched film show that the side walls of the metal lines had undesirably 

rough and rippled swfaces. We presume this roughness is due to neodymium or NdC13 material 

30 remaining on the film after etchjng. 

Comparative Ex.ample - Invention 

We tested our process by etchlng 300 x 350 mm glass sub:;trates on which a Al-Nd metal film 

had been deposited consisting of 88% aluminum. 10% silicon, and ejther l % or 2% neodymium by 
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weight Because the 2% Nd film presented a more challenging test than the 1 % Nd film tested in the 

Control described above, Table l only shows the results for the 2% Nd film. However, the test 

results also were successful with the 1 % Nd film. 

Various combinations of chamber pre.~sure, flow rates of HI and chlorine, and RF power were 

5 tested as detailed in Table 1. In all tests, the plasma was capacitively excited by the stared RF power at 
a frequency of 13 MHz. The flow rate of B03 was 50 sCCins in all tests except Run 11, in which it 
was only 15 seem. The metal f.tlm was etched to endpoint as indicated by a 3960 A optical endpoint 
detector. and then over-etched for 90 seconds. Also, in all test.s the substrate was initially sputter 
etched by BCJ3 for 1 minute before the CI2 and HI were turned.on, for. the purpose of removing native 

10 oxide from the metal film.. (Run l was slightly differept, as 10 seem of C12 was supplied during the 
initial sputter etch, which was conducted for 2 minutes.) 

All combinations of test p~eters etched the aluminum-neodymium film with excellent 
results, with the following exceptions: Run 2 exhibited metal feamres having a small amount of 
surface roughness due to residue. Rwi 12 exhibited some pitting in the side walls of the metal 

15 features. 

·Run 11 was the only run that exhibited coxrosion after exposure to atmosphere. We believe 
this corrosion wa$ d~ to the BCI3 flow rate being ()nly 15 seem during Run 11; it was 5Q seem mall 
other runs. As ·stated earlier, B03 beneficially scavenge$ water vapor, so inadequate BC13 could­
result in water residue that p~om.otes corrosion. 

20 Other than the exceptions just noted, SEM photographs of each of the test substrates showed 
that the metal lines proQ.uced by our etch process had side walls that were smoothly and uniformly 
tapered and had smooch surfaces free of residue. Furthemiore, we found tliat. after etching by our 

process. the metal films were free of corrosion after 72 hours exposure to ordillacy (non clean room) 
atmosphere. evidencing an absence of chlorinc-contilning residue on the film. Therefore, no anti-

25 corrosion treatment should be required after performing our etch process. 

This Sheet Has Been Replaced 
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Table 1 - Etching 2% Nd/ Al with HllOiBCl3 
I. 

I 11 II Run CJi (seem) Hl(scc:m) Pressure RF Power Etch Rate Etch 
(mT) (kW) I (Almin.) Uniformity It I 

I 1 50 50 7 2.0 I 333 25% I 
I 2 75 25 7 2.0 I 210 21% I 
I 25 75 7· 2.0 I 421 - 47% I 3 

I 4 75 150 10.5 2.0 516 42% I 
I 5 50 50 15 2.0 I 320 40% 

I I 6 100 100 15 2.0 I 356 47% 

I - I l 7 100 100 15 2.5 470 59% 

I 8 so so 7 2.5 533 40% I 
I 9 60 140 15 2.5 I 551 52% I 
I 10 60 140 15 2.5 I 640 52% I 
I 11 60 140 15 . 2.5 592 33% I . 

I 12 60. 140 30 2.5 I 457 26% I 
l 13 100 140 15 2.5 I 532 32% 

I I . 14 75 75 8 2.0 422 31% 

I 15 130 • 70 8 2.0 365 27% I ... 

This Sheet Has Been Replaced 
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CLAIMS I lllllll llllll lllll lllll II llll 
* C L M S * 

I 1. A method of etching an aluroinum-noodymium alloy, com.prising the steps of: 
2 providing a vacuum chamber that encloses an interior; 
3 positioning within the interior of the vacuum chamber a workpiece having at least one exposed. 
4 region composed of an alloy of aluminum and neodymium; 
5 supplying gases into the interior of the cllamber. wherein said gases include chlorine and 
6 hydrogen iodide; and 
7 coupling energy to the gas mixture so as l'O form a plasma body adjacent the workpiece. 

1 2. A method according to claim l, wherein the supplying step comprises supplying the hydrogen 
2 iodide in the gas mixture in a proportion that is high enough to achieve removal of substantially all 
3 neodymium· species from any areas of the alloy from which substantially all of the aluminum ·is 
4 removed. 

1 3. A method according to claim 1, wherein the supplying step further ~rises adjusting the ratio 
2 between the flow rate of the chlorine and the flow rate of the hydrogen iodide so that the aluminum and 
3 neodymium components of the alloy are etched at approximately the same rate. 

1 4. A method according to claim 1, wherein the supplying step further comprises adjusting the ratio 

2 between the volumetri<4 fl.ow rate of the chlorine and the volumetric flow ·rate of the hydrogen iodide in 
3 the range of 1:3 to 3: 1. 

l 5. A method according to claim l, wherein the supplying step further comprises supplying BC13 gas 

2 into the interior of the chamber. 

1 6. A mech.od according to claim 5, ft.Q:ther comprising the step of: 

2 applying to a cathode electrode within the chamber a negative volta~ relative to an adjacent 
3 portion of the plasma body; 

4 wherein the positioning step further comprises positioning the workpiece directly adjacent the 
5 cathode electrode, between the cathode electrode and said adjacent portion of the plasma body. 

1 7. Apparatus for etching an aluminum-neodymium alloy on a workpiece, comprising: 
2 a vacuum chamber that encloses an interior, 
3 a workpiece support member adapted for holding said workpiece at a position within che 
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4 

5 

6 

interior of the chamber; 

a first container containing chlorine gas; 

~ second container containing hydrogen iodide gas; 

111111111111111111111111111111 
* C L M S * 

7 a fast flow controller. coupled between the first container and the interior of the.chamber, for 

8 regulating a flow of chlorine gas from the first container to the chamber interior; 

9 a second flow controller, coupled between the second container and the interior of the chamber, 

10 for regulating a flow of hydrogen iodide gas from the second container to the chamber interior; and 

11 an energy source coupled to supply to the gases witltj.n the chamber interior sufficient energy to 

12 form a plasma body. · 

1 8. Apparatus according to claim 7. further comprising: 

2 a master cc>niroller that C()IIllilands the fust and second flow controllers to maintain a ratio 
3 between the hydrogen iodide fl.ow rate and the chlorine flow rate that is high enough to achieve 

4 removal of substantially all neodymium species from any areas of the alloy from which substantially all 

5 of the aluminum is removed. 

1 9; Apparatus according to claim 7, further comprising: 

2 a master controller that commands the first and second flow controllers to maintain a ratio 

3 between the hydrogen iodide fl.ow rate and the chlorine tlow rate so that the aluminum. and neodymium 

4 components of the alloy are etched ·at approximately the same rate . 

. . 
1 10. ApparalllS according to claim 7, further comprising: 

2 a master controller that commands the first and second fl.ow controllei:s to maintain a ratio 

3 between the hydrogen iodide fiow rate and the chlorine flowtate that is in the range of 1:3 to 3:1, by 

4 · volume. 

1 11. Apparatus according to claim 7, further comprising: 

2 a third container containing BCl3 gas; and 

3 a third flow controller. coupled between the third container and the interior of the chamber, for 

4 regulating a flow of BC13 gas from the third container to the chamber interior. 

1 12. Apparatus according to claim l 1. further comprising: 

2 a cathode electrode positioned adjacent the workpiece position; and 

3 an electrical power supply connected to the cathode electrode so as to apply to the cathode 

4 electrode a negative voltage relative to an adjacent portion of the plasma body. 
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