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(57) ABSTRACT 
The invention includes a number of methods and structures 
pertaining to semiconductor circuit technology, including: 
methods of forming DRAM memory cell constructions; 
methods of forming capacitor constructions; DRAM 
memory cell constructions; capacitor constructions; and 
monolithic integrated circuitry. The invention includes a 
method of forming a capacitor comprising the following 
steps: a) forming a mass of silicon material over a node 
location, the mass comprising exposed doped silicon and 
exposed undoped silicon; b) substantially selectively form 
ing rugged polysilicon from the exposed undoped silicon 
and not from the exposed doped silicon; and c) forming a 
capacitor dielectric layer and a complementary capacitor 
plate proximate the rugged polysilicon and doped silicon. 
The invention also includes a capacitor comprising: a) a ?rst 
capacitor plate; b) a second capacitor plate; c) a capacitor 
dielectric layer intermediate the ?rst and second capacitor 
plates; and d) at least one of the ?rst and second capacitor 
plates comprising a surface against the capacitor dielectric 
layer and Wherein said surface comprises both doped rugged 
polysilicon and doped non-rugged polysilicon. 
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METHODS OF FORMING CAPACITORS 

TECHNICAL FIELD 

[0001] The invention pertains to semiconductor capacitor 
constructions and to methods of forming semiconductor 
capacitor constructions. The invention is thought to have 
particular signi?cance in application to method of forming 
dynamic random access memory (DRAM) cell structures, to 
DRAM cell structures, and to integrated circuitry incorpo 
rating DRAM cell structures. 

BACKGROUND OF THE INVENTION 

[0002] A commonly used semiconductor memory device 
is a DRAM cell. A DRAM cell generally consists of a 
capacitor coupled through a transistor to a bitline. A semi 
conductor Wafer fragment 10 is illustrated in FIG. 1 shoW 
ing a prior art DRAM array 83. Wafer fragment 10 com 
prises a semiconductive material 12, ?eld oXide regions 14, 
and Wordlines 24 and 26. Wordlines 24 and 26 comprise a 
gate oXide layer 16, a polysilicon layer 18, a silicide layer 20 
and a silicon oXide layer 22. Silicide layer 20 comprises a 
refractory metal silicide, such as tungsten silicide, and 
polysilicon layer 18 typically comprises polysilicon doped 
With a conductivity enhancing dopant. Nitride spacers 30 are 
laterally adjacent Wordlines 24 and 26. 

[0003] Electrical node locations 25, 27 and 29 are betWeen 
Wordlines 24 and 26 and are electrically connected by 
transistor gates comprised by Wordlines 24 and 26. Node 
locations 25, 27 and 29 are diffusion regions formed Within 
semiconductive material 12. 

[0004] A borophosphosilicate glass (BPSG) layer 34 is 
over semiconductive material 12 and Wordlines 24 and 26. 
An oXide layer 32 is provided betWeen BPSG layer 34 and 
material 12. Oxide layer 32 inhibits diffusion of phosphorus 
from BPSG layer 34 into underlying 

[0005] Conductive pedestals 54, 55 and 56 eXtend through 
BPSG layer 34 to node locations 25, 27 and 29, respectively. 
Capacitor constructions 62 and 64 contact upper surfaces of 
pedestals 54 and 56, respectively. Capacitor constructions 62 
and 64 comprise a storage node layer 66, a dielectric layer 
68, and a cell plate layer 70. Dielectric layer 68 comprises 
an electrically insulative layer, such as silicon nitride. Cell 
plate layer 70 comprises conductively doped polysilicon, 
and may alternatively be referred to as a cell layer 70. 
Storage node layer 66 comprises conductively doped hemi 
spherical grain (HSG) polysilicon. 

[0006] A conductive bitline plug 75 contacts an upper 
surface of pedestal 55. Bitline plug 75 may comprise, for 
eXample, tungsten. Together, bitline plug 75 and pedestal 55 
comprise a bitline contact 77. 

[0007] Abitline 76 eXtends over capacitors 62 and 64 and 
in electrical connection With bitline contact 77. Bitline 76 
may comprise, for eXample, aluminum. 

[0008] The capacitors 62 and 64 are electrically connected 
to bitline contact 77 through transistor gates comprised by 
Wordlines 26. A ?rst DRAM cell 79 comprises capacitor 62 
electrically connected to bitline 76 through a Wordline 26 
and bitline contact 77. A second DRAM cell 81 comprises 
capacitor 64 electrically connected to bitline 76 through 
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Wordline a 26 and bitline contact 77. DRAM array 83 
comprises ?rst and second DRAM cells 79 and 81. 

[0009] If capacitors 62 and 64 are inadvertently shorted 
together, a so-called “double bit failure” Will occur. Such 
double bit failures can occur if a stray piece of polysilicon, 
or HSG polysilicon, breaks off during formation of DRAM 
array 83 and disadvantageously electrically connects capaci 
tors 62 and 64. Prior art capacitor fabrication methods 
employ chemical-mechanical polishing (CMP) of HSG 
polysilicon. HSG polysilicon pieces can break off during 
such CMP processes and cause double bit failures. It Would 
be desirable to develop alternative DRAM constructions 
Which could be formed by methods avoiding double bit 
failures. 

SUMMARY OF THE INVENTION 

[0010] The invention includes a number of methods and 
structures pertaining to semiconductor circuit technology, 
including: methods of forming DRAM memory cell con 
structions; methods of forming capacitor constructions; 
DRAM memory cell constructions; capacitor constructions; 
and integrated circuitry. For instance, the invention encom 
passes a method of forming a capacitor Wherein a mass of 
silicon material is formed over a node location, and Wherein 
the mass comprises eXposed doped silicon and eXposed 
undoped silicon. The method can further include substan 
tially selectively forming rugged polysilicon from the 
eXposed undoped silicon and not from the eXposed doped 
silicon. Also, the method can include forming a capacitor 
dielectric layer and a complementary capacitor plate proXi 
mate the rugged polysilicon and doped silicon. 

[0011] As another eXample, the invention encompasses a 
capacitor having a capacitor dielectric layer intermediate a 
?rst capacitor plate and a second capacitor plate, Wherein at 
least one of the ?rst and second capacitor plates has a surface 
against the capacitor dielectric layer, and Wherein said 
surface comprises both doped rugged polysilicon and doped 
non-rugged polysilicon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Preferred embodiments of the invention are 
described beloW With reference to the folloWing accompa 
nying draWings. 
[0013] FIG. 1 is a schematic cross-sectional vieW of a 
semiconductor Wafer fragment comprising a prior art 
DRAM array. 

[0014] FIG. 2 is a schematic cross-sectional process vieW 
of a semiconductor Wafer fragment at preliminary process 
ing step of a processing method of the present invention. 

[0015] FIG. 3 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 2. 

[0016] FIG. 4 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 3. 

[0017] FIG. 5 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 4. 

[0018] FIG. 6 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 5. 

[0019] FIG. 7 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 6. 
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[0020] FIG. 8 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 7. 

[0021] FIG. 9 is a top vieW of the FIG. 8 Wafer fragment. 

[0022] FIG. 10 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 8. 

[0023] FIG. 11 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 10. 

[0024] FIG. 12 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 11. 

[0025] FIG. 13 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 12. 

[0026] FIG. 14 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 6 processed 
according to a second embodiment of the present invention. 

[0027] FIG. 15 is a vieW of the FIG. 2 Wafer fragment at 
a step subsequent to that of FIG. 14. 

[0028] FIG. 16 is a top vieW of the FIG. 15 Wafer 
fragment. 
[0029] FIG. 17 is a vieW of the FIG. 2 Wafer fragment at 
a step subsequent to that of FIG. 15. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0030] This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the US. Patent 
LaWs “to promote the progress of science and useful arts” 
(Article 1, Section 8). 
[0031] Methods of forming DRAM arrays of the present 
invention are described With reference to FIGS. 2-17, With 
FIGS. 2-13 pertaining to a ?rst embodiment of the invention, 
and FIGS. 14-17 pertaining to a second embodiment of the 
invention. In describing the ?rst embodiment of the present 
invention, like numerals from the preceding discussion of 
the prior art are utiliZed Where appropriate, With differences 
being indicated by the suf?x “a” or With different numerals. 

[0032] Referring to FIG. 2, a semiconductor Wafer frag 
ment 10a is illustrated at a preliminary step of a process of 
the present invention. Wafer fragment 10a comprises a 
semiconductive material 12a, ?eld oxide regions 14a, and a 
thin gate oxide layer 16a. Over gate oxide layer 16a is 
formed polysilicon layer 18a, silicide layer 20a and silicon 
oxide layer 22a. Silicide layer 20a comprises a refractory 
metal silicide, such as tungsten silicide, and polysilicon 
layer 18a typically comprises polysilicon doped With a 
conductivity enhancing dopant. Layers 16a, 18a, 20a and 
22a can be formed by conventional methods. 

[0033] Referring next to FIG. 3, polysilicon layer 18a, 
silicide layer 20a and silicon oxide layer 22a are etched to 
form Wordlines 24a and 26a. Such etching can be accom 
plished by conventional methods. BetWeen Wordlines 24a 
and 26a are de?ned electrical node locations 25a, 27a and 
29a, With Wordlines 26a comprising transistor gates Which 
electrically connect node locations 25a, 27a, and 29a. Node 
locations 25a, 27a and 29a are diffusion regions formed 
Within semiconductive material 12a. 

[0034] Referring to FIGS. 4 and 5, a nitride layer 28a is 
provided over Wordlines 24a and 26a and subsequently 
etched to form nitride spacers 30a laterally adjacent Word 
lines 24a and 26a. 
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[0035] Referring to FIG. 6, an insulative material layer 
34a is formed over material 12a and over Wordlines 24a and 
26a. Insulative layer 34a may comprise, for example, BPSG, 
and can be formed by conventional methods. Insulative 
layer 34a comprises an upper surface 35a. 

[0036] Openings 38a, 39a and 40a are formed extending 
through insulative layer 34a to node locations 25a, 27a and 
29a, respectively. 

[0037] Referring to FIG. 7, an undoped silicon layer 100 
is formed over insulative layer 34a and Within openings 38a, 
39a and 40a. Undoped silicon layer 100 narroWs openings 
38a, 39a and 40a, but does not ?ll such openings. Undoped 
silicon layer 100 preferably has a thickness of from about 50 
Angstroms to about 1000 Angstroms, With a thickness of 
about 300 Angstroms being most preferred. Undoped silicon 
layer 100 preferably comprises substantially amorphous 
silicon. Such substantially amorphous layer can be 5-10% 
crystalline. Undoped silicon layer 100 can be formed by 
conventional methods, such as, for example, by deposition 
utiliZing either silane or disilane. For purposes of the con 
tinuing discussion, and for interpreting the claims that 
folloW, “undoped” silicon is de?ned as silicon having a 
dopant concentration of less than 5><1018 atoms/cm3, and 
“doped” silicon is de?ned, as silicon having a dopant 
concentration of at least 5><1018 atoms/cm3. “Undoped” 
silicon preferably comprises less than or equal to 1><1018 
atoms/cm3, and “doped” silicon preferably comprises at 
least 1><1019 atoms/cm3. 

[0038] A doped silicon layer 102 is formed over undoped 
silicon layer 100 and Within openings 38a, 39a and 40a. In 
the shoWn embodiment of the invention, doped layer 102 
completely ?lls openings 38a, 39a and 40a. HoWever, in 
alternative embodiments of the invention, such as the 
embodiment discussed beloW With reference to FIGS. 14-17, 
layer 102 can only partially ?ll openings 38a, 39a and 40a. 
As Will be appreciated by persons of ordinary skill in the art, 
the thickness of layer 102 Will vary depending on Whether 
layer 102 is chosen to completely ?ll openings 38a, 39a and 
40a, or to partially ?ll such openings. Doped silicon layer 
102 preferably comprises doped polysilicon, and can be 
formed by conventional methods. 

[0039] After formation of layers 100 and 102, an upper 
surface of Wafer fragment 10a is planariZed to remove layers 
100 and 102 from over insulative layer 34a. Such planariZa 
tion can be accomplished by, for example, chemical-me 
chanical polishing (CMP). 

[0040] Referring to FIG. 8, after the above-discussed 
planariZation, pedestals 104, 106 and 108 remain in open 
ings 38a, 39a and 40a (shoWn in FIG. 7), respectively. 
Pedestals 104, 106 and 108 comprise undoped silicon layer 
100 and doped silicon layer 102, and are over node locations 
25a, 27a and 29a, respectively. Pedestals 104, 106 and 108 
also comprise exposed upper surfaces 116, 118 and 120, 
respectively. 

[0041] FIG. 9 illustrates a top vieW of the FIG. 8 Wafer 
fragment, and shoWs that pedestals 104, 106 and 108 actu 
ally comprise a core of doped silicon layer 102 surrounded 
by undoped silicon layer 100. 

[0042] Referring again to FIG. 8, insulative layer 34a is 
selectively removed relative to the silicon of pedestals 104, 
106 and 108 to form a neW upper surface 37a loWer than 














