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INTEGRATED CIRCUIT FABRICATION 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates to methods of integrated 
circuit fabrication and the devices produced thereby. 

BACKGROUND OF THE INVENTION 

[0002] It is becoming increasingly popular in the manu 
facture of modern integrated circuits to include intergral 
capacitors Within the integrated circuit. For example, many 
DRAM designs and many analog designs include intergral 
capacitors Within an integrated circuit chip. Often the 
capacitors are made by trenching into the silicon substrate. 

[0003] Those concerned With the development of inte 
grated circuits have consistently sought neW capacitor 
designs and methods for forming these designs. Of particu 
lar interest are fabrication methods Which produce capaci 
tors With increased capacitance Within small volumes. 

SUMMARY OF THE INVENTION 

[0004] An improved method of integrated circuit fabrica 
tion and an improved integrated circuit address the above 
concerns. 

[0005] A ?rst illustrative embodiment includes a method 
of integrated circuit fabrication Which includes forming a 
conductive plug having an outer surface With grooves; 

[0006] forming a dielectric Which ?lls the grooves; 
and 

[0007] forming a conductive material over the dielec 
tric; the conductive plug, the dielectric, and the 
conductive material together comprising a capacitor. 

[0008] A second illustrative embodiment includes a 
method of integrated circuit fabrication Which includes 
forming a patterned photoresist upon a ?rst material layer; 
and 

[0009] etching the ?rst material layer by a process 
Which forms grooves in the photoresist. 

[0010] A third illustrative embodiment includes a method 
of integrated circuit fabrication Which includes forming a 
transistor upon a substrate; 

[0011] forming a ?rst dielectric overlying the sub 
strate and the transistor; 

[0012] forming an opening Within the ?rst dielectric; 
the opening being de?ned by a Wall With grooves; 

[0013] forming at least one ?rst conductive material 
Within the opening, the ?rst conductive material 
having a respective Wall With grooves; 

[0014] forming a second dielectric covering a portion 
of the Wall of the ?rst conductive material; and 

[0015] forming a second conductor covering the sec 
ond dielectric. 

[0016] A fourth illustrative embodiment includes an inte 
grated circuit Which includes: 

[0017] 

[0018] 

a ?rst conductor having a Wall With grooves; 

a dielectric contacting the conductor; 
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[0019] 
[0020] the ?rst and second conductors and the dielec 

tric together comprising a capacitor. 

[0021] A ?fth illustative embodiment includes an inte 
grated circuit Which includes: 

a second dielectric contacting the dielectric; 

[0022] a transistor; 

[0023] a ?rst dielectric covering the transistor; 

[0024] a conductive plug partially embedded in said 
dielectric; the conductive plug having a top and a 
Wall, the Wall having grooves; 

[0025] a second dielectric covering the plug top and 
a portion of the grooved Wall; and 

[0026] a patterned conductive layer covering the sec 
ond dielectric. 

BRIEF DESCRIPTION OF THE DRAWING 

[0027] FIGS. 1 and 2 are cross-sectional vieWs of an 
illustrative embodiment of the present invention; and 

[0028] FIG. 3 is plan vieW of a portion of the integrated 
circuit shoWn in FIG. 2; and 

[0029] FIGS. 4, 5 and 6 are also partial cross-sectional 
vieWs of an illustrative embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] Turning to FIG. 1, reference numeral 11 denotes a 
substrate Which may be silicon, epitaxial silicon, doped 
silicon, etc. Reference numeral 13 denotes, illustratively a 
gate Which may include spacers 16 and 18, dielectric 14, and 
conductor 20. Reference numeral 15 denotes a source/drain. 
Reference numeral 17 denotes a dielectric Which may, 
illustratively be an oxide of silicon, perhaps formed from a 
chemical precursor such as TEOS. Desirably, the upper 
surface 21 of dielectric 17 is planariZed or considerably 
smoothed, illustratively by chemical mechanical polishing 
(CMP), or other means. Reference numeral 19 denotes a 
conductive material, illustratively a plug contacting source/ 
drain 15. Illustratively, conductor 19 may be a tungsten plug 
(or a copper plug). Plug 19 may, if desired, be surrounded by 
layers of titanium or titanium nitride. By Way of illustration, 
dielectric 17 may be approximately 8000 A thick over 
source/drain 15, and 6000 A thick over gate 13. The dimen 
sions of plug may be, for example, 0.24 microns by 0.24 
microns. Should the titanium and titanium nitride be utiliZed 
With plug 19, illustrative thicknesses are roughly 200 A of 
titanium, 600 A of titanium nitride. 

[0031] Turning to FIG. 2, metal runner 25 is formed on 
top surface 21 of dielectric 17. By Way of illustration, metal 
runner 25 might be formed from 300 A of titanium, 600 A 
of titanium nitride, With 4500 A of aluminum, capped With 
250 A of titanium nitride. Dielectric 23 is next deposited 
over runner 25. Illustratively, dielectric 23 may be an oxide 
of silicon, perhaps formed by the decomposition of the 
chemical precursor such as TEOS. Illustratively, the thick 
ness of dielectric 23 may be 0.8 microns. 

[0032] Next, WindoW 27 is opened in dielectric 23. Illus 
tratively, WindoW 27 also partially penetrates dielectric 17 
due to over etching of the WindoW. (The over-etched Win 
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doW facilitates contact With later-formed layers 33, 35 and 
37 in FIG. 4.) By Way of illustration, the dimensions of 
WindoW 27 may be 0.24 microns by 0.74 microns. 

[0033] Applicants have discovered an etching process 
Which creates a multiplicity of grooves 29 in the sideWall of 
WindoW 27. (Subsequent processing steps, to be described in 
later detail beloW, Will shoW hoW WindoW 27 is ?lled With 
a conductive material Which later forms the bottom plate of 
a capacitor. Thus, the creation of grooves 29 makes it 
possible to form a capacitor’s bottom plate having increased 
surface area. Consequently, it is possible to form a capacitor 
With desirably increased capacitance Within a small vol 
ume.) 
[0034] As mentioned before, dielectric 23 is a oxide of 
silicon, illustratively formed by the decomposition of a 
plasma precursor such as TEOS. Illustratively, WindoW 27 is 
etched in a chemical reactor such as lam 9500, manufactured 
by Lam Research Corp., Fremont, Calif. A Shipley photo 
resist, for example that designated SPR 950, manufactured 
by Shipley Company, Marlborough, Mass. illustratively may 
be used. A typical exposure time is 500 milliseconds. The 

thickness of the photoresist may be approximately 7600 A 600 Watt bias poWer maybe applied to the loWer electrode 

and Zero Watt source poWer may be used. Etching gases may 

be CHF3 (170 cc/min.), CZF6 (30 cc/min.) and Ar (120 
cc/min.). Typical chamber pressure may be 30 milliTorr, 
With a range of 20-40 milliTorr being acceptable. Typical 
WindoW depth may be approximately 1 micron. The toler 
ance for each of the above parameters is 110%. Applicants 
have found that the above-described etching process tends to 
form grooves in the photoresist. These grooves are then 
transferred to the inside of the dielectric WindoW 27, thus 
forming grooves 29. It is noticed that preferred processing 
tends toWard thinner photoresist. Thinner photoresist has 
been observed to be more amenable to groove formation. 
Photoresist thicknesses above 10,000 A tend to produce very 
little or no grooving. More conventional oxide etch chem 
istries using C4138 and CZF6 tend to produce smooth Walls or 
at best, insigni?cant grooves. 

[0035] In addition, opening 31 is also formed over runner 
25. (Opening or WindoW 31 also has the above-mentioned 
grooves since it is formed during the same etching process.) 

[0036] FIG. 3 shoWs a top doWn vieW of opening 27 With 
grooves 29. The upper surface of plug 19 protruding into 
opening 27 is illustrated. Typically, the grooves are charac 
teriZed by sharp exterior points and depths of 200-500 

[0037] Turning to FIG. 4, openings 27 and 31 are ?rst 
?lled With, illustratively 200 A titanium (reference numeral 
33); 600 A titanium nitride (reference numeral 35); and a 
4000 A tungsten plug (reference numeral 37). Other con 
ductors may be used for plug 37 and layers 35 and 33 
eliminated. CMP may be utiliZed to smooth the upper 
surfaces of tungsten plug 37 (and layers 35 and 33), thereby 
making it ?ush With the upper surface of dielectric 23. 
Titanium layer 33 ?lls grooves 29 and opening 27, thereby 
later creating a capacitor’s bottom plate With greater surface 
area than Would be obtained if opening 27 had conventional, 
comparatively smooth sides. 

[0038] Turning to FIG. 5, opening 39 is created by aniso 
tropically etching a trench around tungsten plug 37 together 
With titanium nitride 35 and titanium 33. Outer surface 103 
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of titanium layer 33 exhibits grooves de?ned by its deposi 
tion Within grooved dielectric 23. Thus, grooved dielectric 
functions as a mold for the outer surface of titanium layer 33. 
Of course, the grooves in surface 103 are complementary to 
grooves 29 in dielectric 23. Opening 39 is ?lled, illustra 
tively With a dielectric having a high dielectric constant, for 
example 100 A of Ta2O5 (in FIG. 6). It Will be noted that 
TaZO5 layer 43 coats the inside of opening 39 (generally 
conformal to the grooves in layer 33), covers the top 
surfaces of tungsten 37, titanium nitride 35, and titanium 33, 
and also covers a small portion 91 of the upper surface 93 
of dielectric 23. Thus, dielectric 43 also exhibits grooves due 
to its conformal deposition. 

[0039] A variety of single or multi-layer conductors may 
be deposited over dielectric 43 to form the upper plate of the 
capacitor. For example, reference numeral 45 may denote, 
illustratively 1000 A of titanium nitride (Which becomes 
generally conformal to dielectric 43); reference numeral 47 
may denote 300 A of titanium; reference numeral 49 may 
denote 600 A of titanium nitride; and reference numeral 51 
may denote 4500 A of aluminum. Then conductors may also 
form runner 101. 

[0040] Capacitors formed by applicants’ process have 
been formed to exhibit 30-40% more capacitance per vol 
ume than capacitors formed Without grooves. 

[0041] It Will be noted in FIG. 3 that opening 27 is 
depicted With a round cross section, although many litho 
graphic reticles have square shaped reticles. HoWever, as 
those skilled in the art knoW, the shape of the WindoW 
produced in an oxide 23 is generally someWhat rounded as 
shoWn in FIG. 3. (Of course, as mentioned before, the 
overall shape of applicant’s WindoW is modulated by 
grooves 29.) 

[0042] The thicknesses of layers of titanium, titanium 
nitride, tungsten, silicon dioxide, etc. above are ideal and 
may be expected to vary approximately 110%. 

[0043] Further processing, including the deposition and 
planariZation of additional dielectrics, etc., may take place at 
this point. 

[0044] The inventive concept may be also adapted by 
those skilled in the art to damascene processes Which may 
illustratively use copper. For example, the tungsten plug 37 
(With or Without additional layers such as 35, 33) may be 
replaced by copper. 

[0045] Other conductors may also be damascene copper 
(eg 45 or 47 or 49). 

What is claimed: 
1. A method of integrated circuit fabrication comprising: 

forming a conductive plug having an outer surface With 
grooves; and 

forming a dielectric Which ?lls said grooves; and 

forming a conductive material over said dielectric; said 
conductive plug, said dielectric, and said conductive 
material together comprising a capacitor. 

2. A method of integrated circuit fabrication comprising: 

forming a patterned photoresist upon a ?rst material layer; 
and 
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etching said ?rst material layer by a process Which forms 
grooves in said photoresist. 

3. The method of claim 2 in Which said grooves in said 
photoresist are transferred to material layer, thereby produc 
ing grooves in said material layer. 

4. The method of claim 2 in Which said ?rst material layer 
is a dielectric. 

5. The method of claim 4 in Which said material layer is 
an oXide of silicon. 

6. The method of claim 4 in Which an opening de?ned by 
a Wall is formed in said dielectric, said grooves being present 
in said Wall. 

7. The method of claim 6 in Which a second material is 
formed conformally Within said opening, said second mate 
rial having a Wall With grooves. 

8. The method of claim 7 in Which a portion of said ?rst 
material layer is removed, thereby eXposing said Wall of said 
second material. 

9. The method of claim 8 in Which a third material is 
formed overlying said Wall of said second material. 

10. The method of claim 9 in Which a fourth material is 
conformally formed upon said third material. 

11. The method of claim 10 in Which said fourth and 
second materials are conductive and said third material is 
dielectric, said second third and fourth materials thereby 
forming a capacitor. 

12. A method of integrated circuit fabrication comprising: 

forming a transistor upon a substrate; and 

forming a ?rst dielectric overlying said substrate and said 
transistor; and 

forming an opening Within said ?rst dielectric; said open 
ing being de?ned by a Wall With grooves; and 

forming at least one ?rst conductive material Within said 
opening, said ?rst conductive material having a respec 
tive Wall With grooves; and 

forming a second dielectric covering a portion of said Wall 
of said ?rst conductive material; and 

forming a second conductor covering said second dielec 
tric. 

13. A method of integrated circuit fabrication comprising: 

forming a gate upon a silicon substrate; and 

forming a source/drain Within said silicon substrate; and 

forming a ?rst planariZed TEOS dielectric over said gate 
and said substrate; and 

forming a WindoW in said ?rst planariZed TEOS dielec 
tric, exposing said source/drain; and 

forming a tungsten plug Within said WindoW; and 
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forming a second TEOS dielectric over said ?rst TEOS 
dielectric; and 

forming a WindoW in said second TEOS dielectric, said 
WindoW being de?ned by a Wall With grooves; and 

forming a ?rst layer of titanium Within said WindoW, said 
?rst titanium layer having an outer Wall With grooves; 
and 

forming a ?rst layer of titanium nitride Within said Win 
doW and contacting said layer of titanium; and 

forming a tungsten plug Within said WindoW and contact 
ing said ?rst layer of titanium nitride; and 

forming an opening in said second dielectric eXposing 
said outer Wall of said layer of titanium; and 

forming a layer of tantalum pentoXide covering said 
exposed outer Wall of said layer of titanium; and 

forming a patterned second layer of titanium nitride in 
contact With said layer of tantalum pentoXide; and 

forming a patterned second layer of titanium in contact 
With said second layer of titanium nitride; and 

forming a patterned layer of aluminum in contact With 
said second patterned layer of titanium. 

14. An integrated circuit comprising: 

a ?rst conductor having a Wall With grooves; and 

a dielectric contacting said conductor; and 

a second dielectric contacting said dielectric; and 

said ?rst and second conductors and said dielectric 
together comprising a capacitor. 

15. The device of claim 14 in Which said ?rst conductor 
is titanium. 

16. The device of claim 14 in Which said dielectric is 
tantalum pentoXide. 

17. The device of claim 14 in Which said second conduc 
tor is titanium nitride. 

18. An integrated circuit comprising: 

a transistor; and 

a ?rst dielectric covering said transistor; and 

a conductive plug partially embedded in said dielectric: 
said conductive plug having a top and a Wall, said Wall 
having grooves; and 

a second dielectric covering said plug top and a portion of 
said grooved Wall; and 

a patterned conductive layer covering said second dielec 
tric. 


