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ADVANCED DAMASCENE PLANAR STACK CAPACITOR 

FABRICATION METHOD 

DESCRIPTION 

BACKGROUND OF THE INVENTION 

Field of the Invention 
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The present invention generally relates to 

fabrication of Dynamic Random Access Memory (DRAM) 

cells and, more particularly, to increasing capacitor 

storage for.DRAM cells. 

Background Description 

lncreased capacitor charge storage is critical 

in future DRAM cells. One way to achieve this 

objective is to increase the area of the storage 

node. This must be accomplis~ed without increasing 

the overall cell dimension for a given dielectric_ 

thickness. Many suggestions have been proposed in the 

literature to increase the capacitor area in DRAM 

cells such as a corrugated capacitor structure, a 

three dimensional capacitor structure, a pillar in 

trench structure, a rough polysilicori structure, and 

a ring structure. Some of the drawbacks of these 

proposals are that complex multi-processing steps 
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increase processing costs of the microelectronic 

device and decrease device yield and that it is very 

difficult to control the structure and multi-layer 

film at nanometer dimensions. Diffusion controls film 

roughness. As a result, the process will not be able 

to extend in the nanometer scale dimension. 

In the past, damascene metal interconnect and 

planarization processes had been developed and used 

for Back End of the Line (BEOL) metal wiring for 

microelectronic devices (IBM Jqurnal of Research and 

Developments, Vol. 39, ·.No. 1, January 1995, pp. 167-

188 and IBM Journal of Research and Developments, 

Vol. 39, No. ~~ March_1995, pp. 215-227). 

! 
SUMMARY OF THE INVENTION 

It is therefore an object of the present 

invention to provide a simple.damascene fabrication 

process for high aspect surface area ratio for stack 

capacitor structure suitable for gigabit DRAM device. 

According to the invention, capacitor storage 

charge is increased by increasing storage node area. 

A high aspect surface ratio stack capacitor is 

.·produced without increasing overall cell dimensions. 

The node is formed with layers of low doped and high 

doped concentration borophosphosilicate glass which 

can be deposited by a single process step with 
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precise nanometer dimensions. These layers are 

selectively etched so that either doped or uftdoped 

layers wilt have a higher etch rate. This etching 

creates finger-like projections in the node,_ which 

provide for greater surface area using a very 

simplified precess requiring fewer processing·steps. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and 

advantages.will be better understood from the 

following detailed descripti·on of a pref erred 

.embodiment of the invention with reference to the 

drawings, in which: 

-Figure 1 is a flow chart of the steps of the 

invention; 

Figure 2 is a schematic of a cross section of 

the structure as it appears after the first step of 

' the inventive process; 

Figure 3A is a schematic of a cross section of 

the structure as it appears after the fourth step of 

the inventive process; 

Figure 3B shows of detail of the structure shown 

.. in Figure 3A; 

Figure 4 is a schematic of a cross section of 

the structure as it appears after the eighth step of 

the inventive process; and 
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Figure 5 is a schematic of a cross section of 

the structure as it appears after the final step of 

the inventive process. 

DETAILED DESCRIPTION OF A PREFERRED 

EMBODIMENT OF THE INVENTION 

Referring now to the drawings, and more 

particularly to Figure 1, there is shown a flow chart 

of the steps of the inventive method. First, as shown 

in block 1, a borophosphosilicate glass (BPSG} layer 

is deposited by low pressure chemical vapor 

deposition (LPCVD) with a·modulation of dopant 

concentration of phosphorous by_ a single deposition 

step. A cross section showing this is shown in Figure 

2. Such layers can be obtained in a chemical vapor 

deposition (CVD) reactor of multi-gas outlets such as 

the Lam Integrity 9800. Other· CVD reactors of similar 

configuration can also be used for the BPSG film 

deposits. The preferred temperature range is 725°C to 

750°C, but the required modulation of the dopant 

concentration.can be obtained at any temperature 

below 800°C. 

As can be seeh in Figure 2, there are a 

substra~e 21 and multiple layers of alternating low 

22 and high 23 dopants (boron and phosphorous) BPSG 

films. The concentration of a dopant may range from 
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about 0.1% to about 10% by weight for each dopant. 

The BPSG film could have a total dopant concentration 

of about 20% by weight with about 10% by weight of 

phosphorous and 10% by weight of boron. A low dopant 

concentration layer may have a concentration range of 

less than 0.5% to about 1% by weight and a high 

dopant concentration layer may have a concentration 

range of about 3% to about 10% by weight. The layers 

can be BPSG, phosphosilicate glass (PSG}, or 

borosilicate glass (BSG) films. The thickness of the 

laye:i::s may range from about 1 to about 1000 nm. 

Next, as indicated by block 2 of Figure 1, the 

product is mask patterned. Plasma enhanced chemical 

vapor deposition (PECVD) ·film deposited at low 

temperature {<300°C} can be used to form spaces to 

reduce dimensions of the lithography opening. The 

film can be deposited.using the referenced plasma CVD 

system with Sill.t + NH3 + N2 reactants. The top nitride 

film is th~n etched off leaving spacer behind. 

In the step shown in block 3, the BPSG is then 

reactive ion etched {RIE) . In the step shown in block 

4, wet etching is then done to form a fingered 

structure. Any wet etch solution can be used for 

_.which the BPSG_etch rate depends on the boron and 

phosphorous dopant. content. 

Figure 3A shows the resulting fingered 

structure. In Figure 3A, there are the substrate 21 
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and layers of low doped phosphorous (2% by weight) 

BPSG film 22 and high doped phosphorous BPSG film (6% 

by weight) 23 having an e~ch via 24. The walls of the 

via 24 are distinguished by fingers 25 which form as 

a result of the varying etch rates between the 

_ layers. Figure 3B, an enlarged detail of the· fingers 

shown in Figure 3A, illustrates the depth 26 and 

repeat 27 dimensions of the fingers 25. Depth 

dimension 26 can be controlled by the dopant content. 

The repeat 27 distance depends on the period of 

layers in the BPSG and hence can be controlled by the 

variation of the platen rotation rate in the reactor. 

A rapid thermal anneal step c~n be implemented after 

wet etching to evenly distribute the B and P dopants 

in the BPSG. 

Returning to Figure 1, in the step shown in 

block 5, conformal titanium nitride is deposited as 

conducting film. Titanium nitride films can be formed 

by either conventional or plasma Electron Cyclotron 

Resonance plasma using TiC12 and nitrogen-based 

precursors and as NH3 and/or N~. The titanium nitride 

film enhances the adhesion between the oxide layer 

and subsequent T~205 film. It also may improve the 

··overall electrical leakage. It should be noted that 

other conducting, conformal film, such as TaN or CoN, 

can also be used for the same purpose. 
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In the step shown in block 6, thin (12-15 nm) 

conformal tantalum oxide (Ta20 5 ) deposition in the 

reactor. In _addition to Ta20 5,, any other conformal, 

nonconducting film with appropriately high dielectric 

constant could also be used. An alternative film 

which is both conformal and high dielectric constant 

is SrTi03 : Other highly conformal dielectric constant 

films of the same types ·can be used for the same 

purpose. Then, in the step shown in block 7, 

conductive polysilicon (dpped p or n-type depending 

on devices} is deposited. _In the step shown in block 

8, the polysilicon, Ta20 5 , and titanium nitricie 

conducting lay~r is removed with chemical mechanical 

polish (CMP}. - ; 
The structure after the eighth step is shown ih 

Figure 4. Here, the sUbstrate 21 and high 22 and low 

23 dopant layers are.as they were in Figure 3A. The 

fingers 25 and the bottom of the via are now coated 

first with thin layer 28 of TiN and then with thin 

layer 29 of Ta20 5 • The via has been filled with doped 

polysilicon 30. 

Next, in the step shown in block 9 of Figure 1, 

a partial etch is performed with wet etching back to 

the doped polysilicon. In the step shown in block 10, 

a thin Ta20 5 /TiN film is deposited. An alternative 

dielectric, as previously discussed may also be used. 

In the step shown in block 11, a chemical mechanical 
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polish (CMP) is done to touch up and remove Ta20 5 /TiN 

up-layer. Spin-on glass can be used to protect the 

lower area prior to CMP. Finally, in the step shown 

in block 12, BPSG film is plasma CVD deposited. 

Figure 5 shows the structure obtained after this 

final step. Ta20 5 /TiN layers 31 and 32 have been 

deposited ~ver the doped polysilicon, and plasma BPSG 

33 has been deposited over the whole structure. 

After the formation of the capacitor,· the 

electrodes can be contacted by standard techniques 

either from the fabricated silicon.substrate or from 

above. These steps have to be implemented either in 

the fabrication of the silicon substrate before 

synthesis of the capacitor or in the subsequent steps 

leading up to the first level electrical wiririg of 

the devices (M0 ) • 

The key to the formation of fingered stacked 

capacitor is the wet etch selectivity between 

alternate deposited layers. By selecting material~ 

that could be deposited in the same process chamber, 

shorter process times and better defect control can 

be realized. 

While the invention has been described in terms 

of a single preferred embodiment, those skilled in 

the .art will recognize .that the invention can be 

practiced with modification within the spirit and 

scope of the appended claims. 
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CLAIMS 

Having thus described our invention, what we 

claim as new and desire to secure by Letters Patent 

is as follows: 

1. A method of making a stack capacitor comprising 

the steps of: 

providing a substrate; 

depositing alternating layers of low 

concentration doped oxide film and high concentration 

doped oxide film on said substrate; 

mask patterni~g said layers forming· a via; 

dry etching said layers; 
.. 

selectively wet etching said layers; 

depositing thin layers of a conformal, 

conducting film and a conformal, high dielectric 

constant film on a bottom and a multiplicity of sides 

of said via; 

filling said via with dope polysilicon; 

planarizing said via filled with polysilicon; 

wet etching said polysilicon; 

depositing thin layers of a conformal, 

.. conducting film and a conformal, high dielectric 

constant film over said polysilicon; and 

depositing borophosphosilicate glass over said 

layers and polysilicon. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \ti\ 
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2. A method of making a stack capacitor as in claim 

1, wherein said step of depositing is chemical vapor 

depositing. 

3. A method of making a stack capa~itor as in .claim 

1, wherein said.low doped oxide film is selected from 

the group consisting of borophosphosilicate glass, 

phosphosilicate glass, and borosilicate glass; and 

whe~ein said high doped oxide film is selected 

from the group consisting of borophosphosilicate 

glass, _phosphosilicate glass, and borosilicate glass. 

4. A method of making a stack capacitor as in claim 

1, ·wherein said low doped oxide film has a 

concentration range of 0.5 to 1 % by weight. 

5. 'A method of making a stack capacitor as in claim 

1, wherein said high doped oxide film has a 

concentration range of 3 to 10 % by weight. 

6. A method of making a stack capacitor as in claim 

1, wherein said low doped oxide film has a thickness 

of 1 to 1000 nm. 

7. A method of making a stack capacitor as in claim 

1, wherein said high doped oxide film has a thickness 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \ti\ 
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of l to 1000 nm. 

8. A method of making a stack capacitor as in ctaim 

1, wherein said conducting, conformal film is 

selected from the group consisting of TiN, TaN, and 

CoN; and 

wherein said. conformal, high dielectric constant 

f ilrn is selected from the group consisting of Ta20 5 

and SrTi03 • 

9. A method of making a stack capacitor.as in claim 

1, wherein said conducting, conformal film is TiN; 

and 

wherein said conformal, high dielectric constant 

film is Ta20s. 

10. A stack capacitor comprising: 

a substrate having alternating layers of low 

concentration doped oxide film and high concentration 

doped oxide film; 

a via having walls with finger like projection 

lined with conformal, conducting film and conformal, 

high dielectric constant film and-filled with 

_polysilicon; and 

a layer of borophosphosilicate glass covering 

said layers and said via. 

111111111111111111111111111111 
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11. A stack capacitor as in claim 10, wherein said 

low doped oxide film is selected.from the group 

consisting of 'borophosphosilicate glass, 

phosphosilicate glass, and borosilicate glass; and 

wherein said high doped oxide film is selected 

from the group consisting of borophosphosilicate 

glass, phosphosilicate glass, and borosilicate glass. 

12. A stack capacitor as in claim 10, wherein said 

low doped oxide film has a concentration range of 

0.5% to 1% by weight. 

13. A stack capacitor as in claim 10, wherein said 

high doped oxide film has a concentration range of 

3% to 10%-by weight. 

14. •A stack capacitor. as in claim 10, wherein said 

low doped oxide film has a thickness of 1 nm to 1000 

nm. 

15. A stack capacitor as in claim 10, wherein said 

high doped oxide film has a thickness of 1 nm to 1000 

nm. 

16. A stack capacitor as in claim 10, wherein said 

conducting, conformal film is selected from the group 

1111\llt 1\11\11111\ \11\1 \\ \II\ 
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consisting of TiN, TaN, and CoN; and 

wherein said_conformal, high dielectric constant 

film is selected from the group consisting of Ta
2
0

5 

and SrTi03 • 

17. A stack capacitor as in claim 10,wherein said 

conducting, conforma~ film is TiN; and 

wherein said conformal, high dielectric constant 

film is Ta20 5 • 
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