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A REPEAT ABLE END POINT J\1ETHOD FOR ANISOTROPIC ETCH OF INORGA."NIC 

BURIED ANTI-REFLECTIVE COATING LAYER OVER Sll.lCON 

BACKGROUND OF TI.IE INVENTION 

. ( 1) FIELDS OF THE INVENTION 

The present invention relates generally to fabrication of semiconductor devices 

and more particularly to a anisotropic etch proce.~ for a multilayer silicon self aligned gate (SAG) 

for metal oxide semiconductor field effect transistor (MOSFET) where the etching process of the 

inorganic buried ·anti-reflective coating (Bare) layer over silicon results in repeatable etch time end 

points for the removal of the Bare. 

(2) DESCRIPTION OF PRIOR ART 

The stacked gate multilayer structure of the cutTent reduced size FET's bas 

become conunon. As device size is reduced the etching process required to create the correct 

topography has become more c1itical. 

D1y etching is a process in which a gas or plasma contrurung at least one reactive 

species which is energized by a radio :frequency when placed in contact with a structure to be 

etched. This causes a reaction at the swface of the material to be etched wherein the reactant 

material is removed in the fo1m of a gas. 111e status of the etch process as it progresses through the 

v:uious materials of a multilayer gate element is monitored by an optical detector which monitors 

the optical emission from the plasma. The process begins with an application of a masking material 

such as photoresist (PR) on a multilayer semiconductor st111cture. The masking material patterns an 

area on the stiucture from the etch process, for instance, to create a field effect transistor (FET) 

gate structure. The structure or wafer is placed in a plasma reactor, that is, etcher, and etching is 

initiated. Two common problems with tltls chy etch process is the undercutting of the polysilicon 



gate layer, and the etch rate consistency of the process as it etches tlu·ough the vru.ious layers of a 

composite layer gate strncture. Another potentially serious environmental problem is the use of a 

reactant such as carbon tetrach.101ide (CCli), which can be potentially harmful to the environment 

as an owne destroying chemical .. 

A conunon siliconlpolysilicon etch process is based on fluorine. W11en rni\.1Ures 

such as carbon teh·afluo1ide (CE1) and o::-.-ygen (02) are disassociated in an electrical discharge, 

fluorine atoms are liberated and volatilize the silicon as silicon tetrafluoride (SiF4), Neveitheless, 

these processes are isotropic, that is they etch in all directions, laterally as well as vertically. with 

the same rate. Anisotropic or ve11ical only etches are not produced when fluorine is the sole 

enchant. 

For vertical (anisotropic) etches of silicon or polysilicon, the uses of gas 

mixtures such as CE1 and chlorine (Ch are u.c;ed. TI1e recombinants suppress etching in the lateral, 

that is in the horizontal direction. by recombining with the Ch atoms which have adsorbed on the 

etched polysilicon walls. Etching continues in the vertical direction perpendicular to the wafer 

surface because bombardment from the plasma suppresses the recombination mechanism. This 

sidewall passivation effect is described by S. M. Sze in his book VLSI Technology, Second 

Edition, McGraw-Hill Intemational Editions, New York, NY 1998, page 200. 

Fwtheimore, the selectivity of etch between polysilicon and gate oxide 

(poly:oxicle selectivity) must be as high as possible to minimize oxide loss. In addition to an etch 

step, most conventional processes include an overetcI1 step. Overetching is necessary in order to 

insure no unwanted residues are left on the wafer or device structure after etching. If etching was 

stopped at the "end point" as determined by the optical emission from the plasma, only parts of the 

wafer would be completely etched while othei· parts would still be covered by some remaining 
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polysilicon or buried or bottom anti reflective coating layer (Bare) material. The Bare layer is used 

to hoth help planarize the suiface and to reduce light scattering from the semiconductor su1face 

into the resist which helps in the def:tnltion of small images. The after etch residue is due to the non 

unifo1mity of both the initial poJysilicon or Bare fihn thickness and the etch rate. Many of the 

overetch process gases contain ch101ide such as CC.Lr which can be hannful to the enviromnent as 

an ozone destroying chemical as previously noted. 

FIG. 2 illustrates an acceptable polysilicon etch profile. Substrate 10 is covered 

hy a gate oxide 12, polysilicon gate 14, silicide 16, another poly layer 18 covered by a "buried" or 

bottom anti.reflective coating layer (Bare) 20 and photoresist 22. The polysilicon gate sidewall is 

ve11ical; it is not Wldercut 24 as shown in FIG. 3, nor does it have a "foot" 26 at the base of the 

poly gate as shown in FIG. 4. Both undercutting and foot fonnation result from complicated etch 

(isorropic and anisotropic) and deposition reactions. For example, the undercutting can result from 

enhanced isotropic etching near the bottom of the st111cture. Foot fonnation can be caused by 

redeposition which can have a higher rate at the bottom of a small etching region. It is common 

_ industiy practice to eliminate ''foot" formation with poly.silicon gates by perfonning an overetch 

step after the main etch step. The overerch consumes the foot as well as any residual polysilicon on 

the oxide sutface. In order to prevent undercutting, it is necessary to form a dei)osit on the 

polysilicon sidewall to protect the side wall from ions in the plasma which can laterally etch the 

sidewall. A process is desirable that produces the proper gate profile without undercutting and 

other anomalies such as a "foot"', which uses chemical gases which are not hannful to the 

environment or reduce the c1uantities used of potentially hamuul gasses~ and is reproducible over 

many different wafers during a manufacturing process. 

The following tenns and abbreviations are or may be used herein; Polysilicon 
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(poly); Carbon (C); Carbon Tetrachloride (CC~); Carbon Tetrafluoride (Cf 4 ); Chlorine (Ch); 

Fluorine (F); field effect transistor (FET); Helium (He); Hydrogen (H); milli Torr (mT); standard 

cubic centimeters per minute (seem); Angstroms (A); microns (µm); watts (w); etch rate (ER); 

seconds (sec); ratio of one element {X) to another (Y) (X:Y), bottom (or bmied) anti-reflective 

coating (Bare), Centigrade (°C), self aligned gate (SAG) 

U.S. Pat. 5, 804, 088 issued to McKee and U.S. Pat. 5, 858, 621 issued to Yu 

et al show methods for etching multilayer PET gate strnctures containing anti-reflective coating 

Jayer(s). U.S. Pat. 5, 885, 902 issued to Blasingame et al. shows a process for etching a multilayer 

gate structure containing an arc layer with different reactant gases. U.S. Pat 5, 188, 980 issued to 

Lai describes an inet1 gas purge enchant process for a multilayer gate stmcture. U.S. Pat. 5, 453, 

156 issued to Cher et al. describes a multilayer gate element dty anisotropic etch eliminating CCL. 

from the c:nchant chemistty. 
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SlJ:tv.fMARY OF THE INVENTION 

Accordingly, it is the p:rimary objective of the invention to provide an effective 

and manufacturable process for cby etching a multilayer semiconductor structure that produces 

improved endpoint repeatability of the etch rate for the various semiconductor material layers, and 

more pru1icu1ar1y, Bare etch repeatability and the etch repeatability of the optional poly layer if 

used in the stmcture design .. 

It is also the objective of this invention to provide a ve11.ical, or anisotropic etch 

of the multilayer gate structure without undercutting or foot fo1mation. 

-·-·· ·--·- ---·· ·· A fu11her object of this invention is to reduee the use of process chemicals that 

could possibly have an environmental concern. 

In accordance with the objects of the invention a method for anisotropically 

etch.irtg a· stacked FET gate st111cture containing a bottom anti-reflective coating (Bare) layer is 

achiewcl. The structure is covered with a photoresist layer which is patterned to defines the gate 

region. The processing chemi.c;tty is predominantly carbon tetrafluoride, (Cf4) with the inclusion of 

.. chlorine (Ch) where fluo1ine (F) is generated in the plasm.a as the etchant for the stmcture. Dwing 

processing, the wafer is cooled with helium (He) that lowers the wafer temperature and promotes 

sidewall deposition wltich acts as a passivation layer producing a aniso1ropic etch. 

BR1EF DESCRIPTION OF THE DRA W1NGS 

FIG. I shows a cross section through a typical field effect transistor stacked 

gate stmcture with a patterned pllotoresist top layer prior to gate structure etching. 

FIG. 2 is a cross section view of an ideal gate stmcture after etching. 

FIG. 3 is a cross section view of a prior art semiconductor device showing the 

effects of undercutting during the etclring process. 
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FIG. 4 is a cross section \;jew of a p1ior ru1 semiconductor device showing the 

effects of underetching. 
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DESCRIPTION OF THE PREFERRED EMBODil\.1.ENTS 

Refening to Fig. 1 n cross sectional view of a partially completed integrated 

circuit is sho\Vn. A substrate 10 composed of monocrystalline silicon fonns the basis of the 

structure. A thin silicon dioxide (SiOi) layer 12, typically the gate oxide layer, overlays the 

substrate 10. This layer 12 may have a thickness of between 10 and 100 A. Overlaying this oxide 

dielectric layer 12 is a polysilicon layer 14 which may be composed of silicon doped with 

phosphorous and may have a thickness of between 500 to 2500 A Overlayjng the poly layer 14 is 

a tungsten silicide (Wsh::) layer 16 of thickness between 500 AND 1500 A. As an option if 

required by the design. there can be on top of this Wsfa: layer 16 another poly layer 18 sometimes 

refeffecl to as the •poly cap', typically between 500 ancl 1000 A in thickness. These layers 

comprise the essential elements of the multilayer silicon gate element. Layer 20 is the Bare layer 

which improves the pbotolithography patterning process and is typically between 100 and 800 A in 

thickness, and typically composed of an inorganic material such as Six0yNz or TixNy. Layer 22 is a 

patterned photoresist layer used to create a pattern in the underlying structure layers. 

A wafer to be etched_ is placed ~~_tween the lower and upper electrodes or 

plates in a transfonner coupled plasma (TCP) dty etch chamber such as manufactured by the 

Lam Research Corporation. For the first step, a nominal vacuum of 10 mT is provided by the 

chamber vacuum pump. The temperature inside tl1e chamber is maintained between about 20 and 

65 degrees centigrade (°C). Outing the plasma-on operation the gap betvveen the lower and upper 

electrode plates is preferably between about 5 and 30 cm. Chlorine, helium and carbon 

tetrafluoticle gases flow into the chamber through gas feed valves the flow rate of which is 

controlled by Mass Flow Controllers (l'v.IFC) which adjust the gas flow according to electronic 

signals from a computer. The nominal flow rate for the Bare etch is between about 27 to 33 seem 
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of chlorine, between about 45 and 55 seem of CF." and between about 45 and 55 seem of He. 

The appropriate nominal molar equivalent gas mb;:ture ratios would be 3:5:5. TI1ese quantities can 

be varied ±10~ .. o to allow for machine and ma1erial variations. A suitable radio :frequency (RF) 

generator with a power of between about 150 and 500 watts is applied. The first step lasts until 

the Bare is removed. The endpoint detector is a photodiode which observes the light emitted 

during the process as measured in counts. A wavelength typically utilized by the detector is 405 

run. W11en the Bare layer has been etched tlu·ough, the light emission intensity increases, and 

continues to inci-ease during the poly cap layer etch. The poly cap layer is sometimes not required 

for the structure , and can therefore be considered optional for the structure. The 100% overetch 

is pe1fo1med with the same gas mixture and flow rates as the Bare and poly etches. The emission 

intensity begins to decrease at the poly cap etch endpoint. TI1e prior process produced less 

discrimination in emission intensity as more wafers were processed, and resulted in increasing 

etch endpoint times. This undesirable characteristic could intpact the quality of the resulting 

etched device and device critical dimensions. The process of the invention improves emission 

intensity disc1imination for the various layers as well as reduces the initial Bare and Bare and poly 

cap end point etch tintes which also reduces the quantity of fluo1ine used reducing any potential 

enviromnental impact. 

The following sunima1izes the conventional or prior art process and the new 

process described by the invention. 
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TABLE 1 

PRIOR ART: Conventional Bare Etch Process Nominal Parameters 

STEP Pressure Power Plate Spacing Flow rate seem/Gas 
mToff Watts* cm 

Stat1 Bare etch 10 TCP-200 8.1 50/CF.1 - 100/He 
BP- 150 

Main Bark etc11 10 TCP-200 8.1 50/CF.1 - 100/He 
BP- 150 

Overetch 10 TCP-200 8.1 50/CF4 - 100/He 
BP- 150 

TABLE2 

NEW PROCESS: Invention Bare Etch Process Nominal Parameters 

STEP Pressure ... Power Plate Spacing Flow rate seem/Gas 
mTon- Watts* cm 

Start Bare etch 10 TCP-200 8.1 30/CLi. - 50/CF.1 -

BP- 150 50/He 
Main Bark etch 10 TCP-200 8.1 30/CL.i - 50/CF.i -

BP- 150 50/He 
Overetch 10 TCP-200 8.1 30/CL.i - 50/Cf 4 -

BP- 150 50/He 
*NOTE: Etching power (watts); TCP= Transfonner Coupled (top) Plate; BC= Bottom Plate 

Bare etch endpoint time in seconds as monitored by the optical detector with a 

typical wavelength of 405 nanometers (nm) is shown below for the previous process and the new 

process described by the invention. It ic; noted that for the previous process the variation in etch 

end point times vaties from 50 seconds to 77 seconds over 15 wafers, a nominal 54 percent 

change in end point time. The process of the invention varies nominally by± two seconds or 

typically less than 6~'o over a nm of 15 wafers. It should be noted that the new process takes less 
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time to complete the etch. This has the potential to improve throughput and to reduce the amount 

of gas being used, desira hle att1ibutes for cost improvement and to reduce the environmental 

effect. 

TABLE3. 

PRIOR ART: Bare etch endpoint times"' vs. the number of wafers processed. 

Wafer number 1 2 5 10 12 15 

Bare structure endpoint 50 52 55 64 66 77 
etch time (sec.). 

TABLE4 

NEW PROCESS: Bare etch endpoint times* vs. the number of wafers processed. 

Wafer number 1 2 5 10 12 15 

Bare structure endpoint 35 33 34 35 36 36 
etch time (sec.) 
*NOTE: Times are typical and representative, but can vary from lot to lot due to no11nal potential 
variation in power, flow and other processing parameters. 

While the invention has been particularly shown and described with reference 

to the prefeffed embodiments thereof, it will be understood by those skilled in the art that various 

changes in fonn and details may be made without departing from the spirit and scope of the 

invention. 
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CLAIMS 

I The process of etching a first and second layer on a multilayer self aligned gate structure on 

a suitable substrate through a pattemed resist layer which will have a repeatable end point and 

reduced etch end point time which process comprises 

etching said layers with a gas flow mi'1ure of chlorine (Clz) and carbon tetrafluoride 

5 (CF4 ) and helium (He) gasses into a plasma reactive etching chamber containing said gate 

sbucture. 

detecting the etch endpoint said fu'St layer; 

etching said second layer of said gate structure with said same gas mh.iure 

detecting the endpoint of said second layer etch 

10 pe:rfonn.ing a 100% over etch to assure no residue of said layers rem.ams; 

completing the etching and fabrication of said gate structure 

2. The process of claim I wherein said first layer is an inorganic bottom antfreflective coating 

layer (Bare) composed ofSi,.OyNz to a thickness of between 100 and 500 A 

3. The process of claim 1 wl1erein said second layer is a poJ:ysilicon (poly) layer to a thickness 

15 of between 500 and 1000 A 

4. The process of clahn 1 wherein the flow of said C12 is between 10 and 100 seem 

5. The process of claim I in which the flow of said CF 4 is betweenl 0 and 100 seem 

6. The process of claim 1 in which the flow of said He gas is between I 0 and 200 seem 

7. TI1e process of claim 1 whereby the ratio of said Ch to CF4 to He is 3:5:5 

20 8. The proce.~s of claim 1 in which during the flow of said gasses the radio frequency power is 

between I 00 and 500 watts for the upper plate, and between 50 and 500 watts for the bottom 

plate 
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9. The process of claim 1 in which said etch chamber is a vacuum chamber and has a vacuum 

of less than 100 mT and a temperature between 20 and 100 •c. 

l 0. The process of claim 1 whereby the wavelength of said photocliode optical detector used to 

detect etching endpoints is between 200 and 500 run. 

5 11. The process of etching a SAG gate stmcture from a multilayer stmcture patterned with 

· photoresist on top of a first layer consisting of a Bare mate1ial, and a second layer consisting of 

a po1ysilicon cap, which said process minimizes or eliminates the undercutting of the 

poJysilicon layer and minimizes Bare etch time which process consists of 

etching said first layer with a gas flow mi."l:ture of chlorine (Ch) and carbon 

10 tetrafluodde (Cf4) and helium (He) gasses into a plasma reactive etching chamber containing 

said gate st:mcture. 

detecting t11e etch endpoint of said first inorganic layer; 

etching said second layer of said gate structure with said same gas mixture 

passivating the sidewall with a polymer coating created by said fluorine based species 

15 while cooling said stmcture with He providing an anisotropic etch profile 

detecting the endpoint of said second layer etch 

perf onning a 100% over etch to assw-e no residue of said layers remains; 

completing the etching and fabrication of said gate stmcture 

12. The process of claim 11 wherein said Bare first layer is composed of SixOyNz to a 

20 thickness of between 100 and 500 A 

13. The process of claim 11 wherein said second layer is a polysilicon (poly) layer to a 

thickness of between 500 and l 000 A · 

14. The process of claim 11 wl1erein the flow of said Cl2 is between 10 and I 00 seem 
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15. The process of clahn 11 in which the flow of said CF.1 is between IO and 100 seem 

16. The process of claim 11 in whlch the flow of said He gas is between 10 and 200 seem 

17. The process of claim 11 whereby the ratio of said Cl2 to CF4 to He is 3:5:5 

18. The process of claim 11 whereby the flow of said cooling He is between 10 and 200 seem 

5 19. The process of claim 11 in wiuch during the flow of said gasses the radio frequency 

power is between I 00 and 500 watts for the upper plate, and between 50 and 500 watts for 

the bottom plat~ 

20. The process of claim 11 in which said etch chamber is a vacuum chamber and has a 

vacuwn of less than 100 mT and a temperature between 20 and 100 °C. 

IO 21. The process of claim 11 whereby the wavelength of said photodiocle optical detector used 

to detect etching endpoints is between 200 and 500 mn. 

22 The process of etching a SAG gate from a multilayer structw·e containing a top first 

Bare layer followed by tungsten silicide, polysilicon and gate oxide layers which process 

minimizes the vruiation in stmcture critical dimensions (CO) as well as preserving the proper 

15 integrity of the multilayer elements by producing a well controlled Bare etch which process 

consists of 

etching said fast Bare laye:r with a gas flow rni~ture of chlorine (Cl2) and 

carbon tetrafluoride (CF4) and helium (He ) gasses into a plasma reactive etching chamber 

containing said gate stmctw·e. 

20 detecting the etch endpoint of said first Bare layer; 

cooling said gate structure with He to enable sidewall passivation from polymer 

created by said fluorine species during etching providing an anisotropic etch profile 

perfonnmg a 100~·6 over etch to assure no residue of said first layer remains; 
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completing the etching and fabdcation of said gate structure 

23. The process of claim 22 wherein said fast Bare layer is composed of SixOyNz to a 

tltlckness of between 100 and 500 A 

24. The process of claim 22 wherein the flow of said Ch is between 10 and 100 seem 

5 25. The process of claim 22 in which the flow of said CF4 is betweenlO and 100 seem 

26. The process of claim 22 in which the flow of said He gas is between 10 and 200 seem 

27. The process of claim 22 whereby the ratio of said C12 to Cf4 to He is 3:5:5 

28. The process of claim 22 whereby the flow of said cooling He gas is between 10 and 200 

seem 

1 O 29. The process of claim 22 in which dUJ.ing the flow of said gasses the radio :frequency 

power i~ between 100 and 500 watts for the upper plate, and between 50 and 500 watts for 

· the bottom plate 

30. The process of claim 22 in which said etch chamber is a vacuum chamber and has a 

vacuum ofless than 100 mT and a temperature between 20 and 100 °C. 

15 31. The process of claim 22 whereby the wavelength of said photocliode optical detector used 

to detect etching endpoints is between 200 and 500 run. 

20 
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