
i. 
A METHOD TO FABRICATE.A FLOATING G~TE WITH A SLOPING· 

SIDEWALL FOR.A FLASH MEMORY 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The invention relates to a method of fabricating 

semiconductor memory stru~tures, and.more particularly, to 

.the formation. of a floating gate with a sloping sidewall 

for a· Flash Memory Cell. 

(2) Description of the Prior Art 

Flash EEPROMs are. a well-known cla.ss of semiconductor 

devices in the art. These devices are used in many digital 

circuit applications where binary data must be retained 

even if the application system·power is removed. Further, 

these . devices allow the data to be altered, ·or re-written, 

during normal operations. 

EEPROM memory devices.employ· floating ·gates; that is 

· Field ~ffect Transistor ( FET) gates·· completely surroµnded . 

by an isolating layer such as silicon oxide •. ·The presence 

of charge on.these floating gates effectively shifts· the 

threshold voltage of the FET.· This effect can be detected 
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by additional circuitry such that the charge.state of the 

floating.gate can be used to represent binary information. 

Specifical)y, FLASH EEPROM memories employ EEPROMcells in 

a configuration that allows for the bulk erasing, or 

flashing 1 of large bl.ocics .Of memory cells in a normal 

circuit application without using any external data. erasing 

source, such as ultra-violet.light. 

FIG. 1 shows a cros~ section•l view of a partially 

completed prior art EE.PROM memory cell. The cell contains a 

substrate 11 typically composed of lightly P- doped 

monocrystalline silicon. Isolation regions 12 extend above 

and below the substrate surface to effectively isolate this 

memory cell from.surrounding cells .. The region defined 

along the substrate surf ace between the two isolation 

regions 12 is called the active region. A tunneling oxide 

l~yer 13 overlays the substrate li and ·the isolation 

regions 12. A polysiiicon-floating gate 14 over~ays the 

tunneling-oxide-13. The tunneling oxide 13 serves as an 

isolator between.the floating gate 14 and the substrate 11. 

Ail .interpoly dielectric film:1~, typically comprised of 

oxide-nitride-oxide~ or ONO, overlays the floating gate 14~ 

Another layer of pol°ysilicon forms the control gate 16 of 

the memory cell. The interpoly dielectric film 15 serves 
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as an isolator between the control gat~ 16 and the floating 

gate 14~ The overlaying layers of control gate 16, 

interpoly dielectric 15, floating gate 14, and tunneling 

oxide· 13 over substrate 11 form a stacking gate structure. 

Data is stored in the EEPROM cells by the storage of a 

charge on the floating gate. 14. Because this gate .14 is 

electrically isolated from both the substrate 11 and the 

control gate 16, a charge can be stored-for indefinite 

periods without any volta9e applied to the gate 14. To 

. charge or write data to the floating gate 14, a voltage must 

be ap~lied from the control gate 16 to the substrate lL 

_This voltage is divided across the capacitor formed by the 

control gate 16, the interpoly dielec~ric 15~ and the 

floating gate 14, and.the capacitor formed by the floating 

·gate 14, the tunneling oxide 13, and the s·ubstrate 11. If 

the voltage from the floating gate 14 to the· substrate 11 

is large.enough, charge movement will occur as electrons 

tunnel from the ·substrate 11 t;o t_he floating gate 14 

through the_ tunneling oxide layer· 13. When the voltage 
. . 

from control gate 16 to substrate 11 is reduced or removed, 
. . : 

the charge is trapped on the floating gate 14 and the data 

is retained in the memory cell. The presence of thi·s 
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charge increases the threshold vol_tage of the memory cell 

FET, and.this can be detected by a cell sense circuit. 

A prominent feature of the prior art cell shown in· 

Fig. 1 is severe topology introduced·by-the field oxide 12 

isolation~ Because the polysi1icon floating gate 14· 

overlaps this isolation 12, as well as the tunneling oxide. 

layer ·13, all.of the subsequent layers of material reflect 

this topology. Notably, · a sharp co_rner exists at the 

polysilicon floating gate edge 18. This sharp corner 

causes problems with the integrity of the interpoly 
. . 

dielectric 15. · The .effective breakdown probability of the 

interpoly dielectric is increased, as is the amount of· 

charge leakage between.the floating gate 14 and the control 

gate 16. The effect of this charge leakage is the 

performance· of the Flash memory cell is deteriorated. As 

charge leaks off the floating gate ·14, the effective 

threshold voltage of the memory cell FET is altered, 

compromising the data held on the cell. 

A prior art attempt to reduce the sharpness of the 

floating gate e.dge is taught in U.S. Patent 5,635,416 to 

Chen et al. Chen et al teaches the form~tion of tunnel 

oxide and the first part of the floating gate polysilicon 
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prior to the formation of the isolation oxide. The second· 

part of the floating gate extend~ on to .the isolation 

oxide. U.S. Patent 5,573,979 to· Tsu et al shows a sloped 

. polysilicon sid.ewall for a memory device. However, Tsu is 

directed at capacitor ~lectrodes and teaches a sloping 

sidewall method for what are termed-unreactive and barrier 

layers such as platinum.and titanium nitride, respectively, 

in the formation of three~dimensional capacitor nodes for 

DRAM. U.S. Patent 5,554,564 to Nishioka et al shows a 

method of rounding the bottom capacitor electrode through 

the oxidation of the noble metals used. 

SUMMARY OF THE INVENTION 

A principal object of the present invention is to 

provide an effective and very manufacturable method of 

fabric.ating a float"ing gate structure for a Flash EEPROM 

cell .. 

Another object of ·the present invention is to provid~ 

an effective and very manufacturable method of fabricating 

a floating gate structure for a·Flash EEPROM device·having 

an improved profile and perfQ.rrnance. 
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Yet another object of the pre~ent invention. is to. 

provide an effective and manufacturable floating gate 

structure for a Flash EEPROM device. 

In accordance with the objects of this invention, a 

new method of fabricating.floating gates for Flash EEPROM 

devices having an improved profile and performance is 

achieved. A.· semiconductor substrate is provided. Field 

o·xide regions are formed in this substrate. A tunneling 

oxide layer is provided·overlying both the substrate and 

the field oxide regions. A first polysilicon layer is 

deposited overlying the tunneling oxide layer. A · 

photoresist layer is deposited overlying the fi~st 

polysilico.n layer. The photoresist layer is patterned and 

etched leaving the photoresist layer where the floating · 

gates are to be defined. The photoresist layer, the first 

polysilicon layer and the tunneling oxide are specially 

etched to both define the floating gate structures and ·to 

create non-vertical, sloping sidewalls. The remaining 

photoresist layer ·is removed. An interpoly di~lectric is 

deposited overlying the floiting gates· and the rest of the 

wafer. A second polysilicon layer is deposited overlying 

the interpoly dielectric com.pleting the fabrication of the 

floating gates for the Flash/EEPROM devices. 



.,, 
. \i 

7 

Also in accordance with the objects. of this invention, 

a floating _gate for a Flash EEPROM device having an 

impr<;>ved profile and performance is achieved. Field·oxide 
. . 

isolations define.active areas in the semiconductor 

substrate. A tunneling oxide overlies the semiconductor 

substrate~ A·polysilicon floating gate with non-vertical, 

sloping sidewall·s overlie.s the tunneling oxide. An 
. · . 

. interpoly dielectric overlies. the. polysilicon layer. A · 

control gate of polysilico_n ov~rlies the interpoly 

dielectric to complete the. floating gate structure· for the 

Flash EEPROM device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings forming a material pa.rt 
. 

of this description, there is shown: 

Fig. 1 schematically illustrates in cross-sectional 

representation a partially completed Flash ·EEPROM structu~e 
~· 

in acc9rdance with prior art. 



8 
Figs. 2 through 6 schematical~y illustrate .in cross-

sectional representation a pref erred embodiment of the 

present inv~ntion. 

DESCRIPTION OF THE. PREFERRED·EMBODIMENTS 

Without unduly limiting the scope of the invention, a 
. . . 

preferred embodiment.will be described herein. Referring 

now more particularly to.Fig. 2,' there is illustrated a 

portion of a partially completed memory cell. 

Semiconductor substrate 21 is preferably composed of 

monocrystalline silicon. Isolation regions are formed in 

or <;m the semiconductor substrate 21 to isolate·· active 

regions fr.om one another. For example, as !3hown in Fig. 2, 

field oxidation regions 22 are formed through the method 

known as local oxidation.of silicon (LOCOS). 

The surface of the substrate is oxidized to form the 

tunneling oxide layer 23 to a thickness of-between.about 30 

and 80 Angstroms. 

Referring now to F~g. 3, a first ·polysilicon layer 24 

is deposited conventionally.overlying ~h~ tunneling oxide 
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preferably to a thickness of· between abo-µt 1000 and 2500 

Angstroms • 

. Referring to Fig. 4, a layer of photoresist 25 is 

deposited overlying the first polysilicon layer 24 to a 

thickness of between about 6 and.8 microns. The 

photoresist layer 25 is exposed to a conventional 

photolithographic masking_ operation. The photoresist layer 

.. 25 is· developed conventionally to open areas where the 

first polysilicon layer 24 also must be etched away. 

Referring now to Fig. 5,.the first polysilicon layer 

is now preferably etcl:1ed using a reacti:ve ion etching (RIE) 

process. This is the key feature.of the invention method. 

In the conventional art, the polysilicon is etched using an 

anisotropic etch that results .in very steep, ideally· 

vertical, edg~s. In the invention, the polysilicon is 

etched .usi_ng an isotropic etch that removes material in 

both the vertical as well as the horizontal directions. 

The resulting.structural profile is shown in Fig. s~ The 

sidewalls of the floating gate 24 :J;ormed an obtuse angle 

with respect to· the surface of the isolation region 22 as 

indicated by 27. The angle 27. formed by the sloped 
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sidewai"l edges and the ;i.solation region 22 is .. between about 

95 and 105 degrees. 

The.process composition, gas flow, pressure, and 

pla.srna potential ·for the RIE . etch. were carefully developed 

to achieve the d.esired etching ·profile. Specifically, Cl2 

gas is flowed at between about 50 SCCM and 150 SCCM, CF4 gas 

is flowed at between .about 50 SCCM and 150 SCCM, HBr gas is 

f iowed at between about 50 SCCM and 150 SCCM, and 0 2 gas is 

fiowed at between about 1 SCCM and 5 SCCM. A pressure of 

between about 5 rnilliTorr and 20 milliTorr is maintained 

during etching. Finally a plasma is generated using Tep 

coil. with a top coil power range between about 100 w~tts 

and 250 watts and a bottom bias power range of between 

about 50 watts and 150 watts. 

Following the polysilicon etch, the remaining 

photoresist layer 25 is now removed. Referring .now to Fig. 

6, a layer of interpoly dielectric 28 is deposited · 

overlying the floating gate 24. The interpoly.dielectric 

laye_r. is· preferably an oxide-nitride-oxide, or ONO, stack. 

The interpoly dielectric is comprised of a first layer of 

silicon oxide having_a thickness of betw~en about 30 and 

160 Angstroms, a second iayer of silicon nitride ·having a 
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thickness o·f between about 30 and 160 ·Angstroms, and a 

topmost layer of· silicon oxide having .a.thickness.of 

between about 30 and 100 Angstroms. 

·A second polysilicon layer 29 is deposited overlying 

the interpoly dielectric. This layer will form the control 

gate of the completed Flash. EEPROM device. 

It can now be demonstrated how ·the process features 

positively impact the per~ormance and.manufacturability of 

the floating gate structure. Compare the cross section of 

the pref erred embodiment yersion of the floating gate 

depicted in Fig. 6 with the cross· section of the prior art 

floating gate of Fig. 1. · The edges of the floating gates 

of the preferred embodiment have sloping sidewalls. This 

sloping translates into ··a likewise sloped corner of the 

overlying interpoly dielectric. Because·of this profile, 

there are.fewer points of leakage in the dielectric_ and, 

therefore, the floating gate of the pref erred embodiment 

holds charge better than that of the prior·art~ 

The pro_cess of the present· invention provides a very 

manufacturable process .for fabricating a floating gate· 

having. _slo~ing sidewalls for a Flash EEPROM. The device 
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improves on the prior art as described above .. and represents 

a new approach to Flash EEPROM device processing. 

While the invention has been particularly shown and 

· described with reference to. the prefe·rred embodiments 

thereof, it will be understood by those skilled in the art 

that various changes in form and details may be .made 

without departing from the spirit and scope of the 

invention. 
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1. A method for fabrication of an integrated circuit 

device comprising: 

providing a semiconductor substrate; 

providing field oxid• isolation regions in said 

5 substrate; 

providing a silicon oxide layer overlying said 

isolation regions and said substrate; 

depositing a first polysilicon layer overlying 

·said silicon oxide layer; 

10 forming a photoresist mask overlying said first 

polysilicon layer; 

etching away said first polysilicon layer and. 

said silicon oxide layer in ·areas not covered by said 

photoresist mask to create structures with outwardly 

15 . sloping sidewall edges; 

removing said photoresist mask; 

depositing an interpoly dielectric layer 

overlying said structures, said sloping sidewall 

edges, and·.said isolation regions; 

20 depositing a second polysilicon layer overlying_ 

said interpoly dielectric; and· 

completing said fabrication of said integrated 

circuit device. 
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2. The method according to Claim 1 . .wherein said first 

polysilicon lay_er is deposited to a thickness of 

between about 1000 and 2500 Angstroms. 

3. The method according to Claim 1 wherein said etching 

away to create said structures with outwardly ·sloping 

sidewall edges uses an isotropic etching process. 

4. The method according to Claim 1 wherein said step of 

etching away to create said structures with outwardly 

sloping sidewall edges uses a reactive ion etch 

process.comprising Cl2 gas flowed.at between about 50 

5 SCCM and 150 SCCM, CF4 gas flowed at between about 50 

SCCM and 150 SCCM, HB.r gas flowed at between about 50 

SCCM and 150 SCCM, and 0 2 ·gas fl.owed at between about 1 

SCCM and·5 SCCM, a pressure of between about 5 

milliTorr and 20 milliTorr; and.plasma generation 

10 using Tep coil with a top coil power range between· 

about 100 watts and 250 watts and a bottom bias power 

range of between about 50 watts and 150 watts. 

·s. The method according to Claim 1 wherein said etching 
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to create said structures with outwardly sloping 

sidewall edges· forms said sloping sidewall edges that 

intersect said isolation regions at an obtuse angle of 

5 .between about 95 and 105 degrees. 

6. The method according to Claim 1 wherein said 

photoresist layer is deposited to a thickness of 

between about 6 and 8 microns. 

7·.. The method. according to. Claim 1 wherein said step 

of depositing said interpoly dielectric layer 

comprises: 

depositing a first layer of silicon oxide 

5 ove~lying said first polysilicon layer to a thickness 

10 

of between about 30 and 100 Angstroms; 

deposition a layer of silicon nitride overlying . 

said first layer of silicon oxide to a thickness of 

between about 30 and 100 Angstroms; and 

forming a second layer of silicon oxide overlying 

said layer of silicon nitride to a thick.ness .of 

bet.ween about30 and 100 Angstroms. 

8. A method for fabrication of stacked gate st·ructure 

for a Flash EEPROM cell:· 
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providing a semiconductor substrate; 

providing field oxide isolation regions in said 

5 · substrate; 

providing a tunn~ling oxide layer overlying said 

isolation regions and said substrate; 

depositing ·a first polysilicon layer overlying 

said tunneling oxide layer; 

10 forming a photoresist mask overlying said first 

poly.Silicon layer; 

isotropically etching away said first polysilicon 

layer and said tunneling oxide layer ih areas not 

covered by said photoresist mask to create said. 

15 floating gates with outwardly sloping sidewall edges; 

etching away said photoresist layer; 

depositing an interpoly dielectric layer 

overlying said floating gates, said sloping sidewall 

edges, and said isolation· regions; 

20 . depositing a second polysilicon layer overlying 

said interpoly dielectric; and 

completing said _fabrication of stacked gate 

structures in said Flash EEPROM cells. 

· 9. The method a~cordi~g to Claim: 8 w.herein said first 
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polysilicon layer ii depo~ited to a thickness of 

between about 1000 and 2500 Angstroms. 

10 ~ The ·meth.od according to Claim 8 wherein said step 

of isotropically etching away to ·create said floating 
. . 

.gates with outwardly sloping sidewall edges uses a 

reactive ion etch process comprising Cl2 gas flowed at 

5. between about 50 SCCM and 150 SCCM, CF4 gas flowed at 

between about 50 SCCM and 150 SCCM, HBr gas flowed at 

between about 50 SCCM and 1~0 SCCM, and 02 gas flowed 

at between about 1 SCCM and 5 SCCM, a pressure of 

between about 5 miiliTorr and 20 milliTorr, and plasma 

10. generation using Tep coil with a top coil power range 

between about 100 watts and 250 watts and a bottom 

bias power range of between about 50 watts and 150 

watts.; 

11. The method according to Claim 8 wherein said 

etching to create said floating gate·s with sloping 

sidewall edges forms said sloping sidewall ·edges that 

intersect said isolati6n _regions· at an obtuse angle of 

5 between about 9S.and 105 degrees .. 

12. The method according· to Claim 8 wherein tunneling 
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oxide is provided to a thickness of petween about 30 

and 100 _Angstroms. 

· -13. The method according to Claim 8 wherein said 

step of depo~iting_ said interpoly dielectric layer 

comprises: 

depositing a.first layer of silicon oxide 

5 overlying said first polysilicon layer to a thickness 

of between about 50 and 200 Angstroms; 

d~position a l~yer of silicon nitride overlying 

said first layer of .silicon oxide to a·thickness of 

. between about 30 and 200 Angstroms; anci 

10 depositing~ second iay~r of ·silicon oxide 

overlying said layer of silicon nitride to a thickness 

of between·about 30.and 100 Angstroms . 

. 14. A stacked gate for a Flash EEPROM device 

comprising: 

field.oxide isolation regions on and in a 

semiconductor substrate to isolat·e the active device 

5 ar_ea; 

a·tunneling oxide layer overlying said 

semiconductor substra t·e; 
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a first polysilicon layer overlying said 

. tunneling oxide layer wherein said polysilic.on _layer 

10 and said.tunneling oxide form a floating gate and. 

wherein the .sidewall edges of sald floating gate are 

15 

outwardly sloped; 

an ·interpoly dielectric layer overlying said 

floating gate; and 

a second polysilicon layer overlying said­

interpoly dielectric layer wherein said second 

polysilicon layer forms a control gate overlying said 

floating gate completing the slacked gate for a Flash 

. EEPROM device. . 

15. The device according to claim 14 wherein said 

tunneling oxide has a thickness of_ between about 30 

and 200 Al'lgstroms. 

16._ The device. according to claim 14 wherein said 

first p~lysilicon has a thickness of between about 

1000 ·and 2500 Angs.troms. 

17. The device according to claim 14 wherein ~t 

least one of said sidew_all edges of said floating gate· 

extends over said isolation region •. 
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18. The dev.ice according to claim 14· wherein said 

sidewall edges of said floating gate are sloped such· 

·that said sidewall edges intersect said isqlation · 

. regions at an obtuse angle of between about 95 and 105 

5 .degrees. 

19. The device according to claim 14 wherein said 
. .· 

interpoly dielectric layer comprises: 

a_ first !aye~ of silicon oxide overlying said 

first polysilicon layer having a thickness of between 

5 about 30 and 100 Angstroms; 

a layer of silicon nitride overlying said first 

layer of silicon oxide havirig a ·thickness of between 

about 30 and 100 Angstroms; and 

a second layer ot .silicon 6xid~ overlying.said 

10 layer of silicon nitride having a thickness of between 

about 30 and lQO Angstroms. 

20. The device according to claim 14 wherein saiQ 

semiconductor substrate is comprised of 

monocrystalline silicon. 


