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An embodiment of the invention is a method of cleaning a 
(21) Appl. No.: 10/ 938,478 material stack 2 that has a hard mask top layer 8. The method 

involves cleaning the material stack 2 With a ?uorine-based 
plasma etch. The method further involves rinsing the mate 

(22) Filed: Sep. 10, 2004 rial stack 2 With a Wet clean process. 
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FRAM CAPACITOR STACK CLEAN 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a method of cleaning the 
surface of a ferroelectric capacitor stack in ferroelectric 
random access memories. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] FIG. 1 is a cross-section vieW of semiconductor 
Wafer having a ferroelectric capacitor stack. 

[0003] FIG. 2 is a How diagram illustrating the process 
How of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0004] The present invention is described With reference 
to the attached ?gures, Wherein similar reference numerals 
are used throughout the ?gures to designate like or equiva 
lent elements. The ?gures are not draWn to scale and they are 
provided merely to illustrate the instant invention. Several 
aspects of the invention are described beloW With reference 
to eXample applications for illustration. It should be under 
stood that numerous speci?c details, relationships, and 
methods are set forth to provide a full understanding of the 
invention. One skilled in the relevant art, hoWever, Will 
readily recogniZe that the invention can be practiced Without 
one or more of the speci?c details or With other methods. In 
other instances, Well-knoWn structures or operations are not 
shoWn in detail to avoid obscuring the invention. 

[0005] Referring to the draWings, FIG. 1 depicts a cross 
section vieW of a ferroelectric capacitor stack 2. The ferro 
electric capacitor stack 2 is located Within a ferroelectric 
random access memory (“FRAM”) array. In turn, the FRAM 
array is located betWeen the standard logic front-end 3 and 
back-end (not shoWn) of an integrated circuit. The front-end 
3 of the Wafer (i.e. the portion closest to the substrate) 
contains the transistor logic While the FRAM array contains 
non-volatile memory. The device’s interconnects and metal 
lines—used to move electrical signals and poWer throughout 
the device—are contained in the back-end portion of the 
integrated circuit (i.e. fabricated over the FRAM array). 
Other than the process for cleaning the ferroelectric capaci 
tor stack 2 (described herein), the processing steps for 
creating the ferroelectric memory array is any knoWn fab 
rication process, such as the fabrication process described in 
the commonly assigned patent US. Pat. No. 6,548,343 (Ser. 
No. 09/702,985, TI Docket Number TI-29970, ?led Oct. 31, 
2000), incorporated herein by reference and not admitted to 
be prior art With respect to the present invention by its 
mention in this section. 

[0006] In general, a single capacitor memory cell (referred 
to as a “1T/ 1C” or “1C” memory cell) has one transistor and 
one storage capacitor. Furthermore, as shoWn in FIG. 1, the 
bottom electrode 5 of the ferroelectric storage capacitor is 
generally electrically connected to the drain of a transistor. 
In the eXample application shoWn in FIG. 1, the FRAM 
memory array is located betWeen the front-end module and 
the back-end module. HoWever, other locations for the 
FRAM memory array are Within the scope of this invention. 
For eXample, the FRAM array may be placed over the ?rst 
level of metalliZation or near the top end of the back-end 
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module. Furthermore, it is Within the scope of this invention 
to have a FRAM array containing a dual capacitor memory 
cell (comprising tWo transistors and tWo ferroelectric capaci 
tors) instead of a single capacitor memory cell. 

[0007] In the eXample Wafer structure shoWn in FIG. 1, a 
barrier layer 4 is located betWeen the front-end module 3 and 
the bottom electrode 5 of the ferroelectric capacitor. HoW 
ever, the use of a barrier layer is optional. If a barrier layer 
is used, it may protect the conductive material located in the 
front-end module 3. Furthermore, a barrier layer may alloW 
the oXygen stable bottom electrode material to be thinner or 
alloW a higher process temperature to be used. In eXample 
application, the barrier layer 4 is comprised of TiAlN. 

[0008] The FRAM memory array contains numerous 
FRAM memory cells. The ferroelectric capacitor stack 2 
Within a FRAM memory cell contains ferroelectric material, 
such as lead Zirconate titanate (called “PZT” based on its 
chemical formula: Pb(Zr, Ti)O3) that functions as a capacitor 
dielectric 6 situated betWeen a bottom electrode 5 and a top 
electrode 7. In an eXample application, the bottom electrode 
5 is comprised of Ir and the top electrode 7 is comprised of 
a stack of IrOX 9 and Ir 10. 

[0009] Together, layers 11, 12, and 13 form a hard mask 8. 
The hard mask 8 facilitates the proper shaping of the 
ferroelectric capacitor stack 2 during the fabrication process. 
In the eXample application the hard mask 8 is comprised of 
a material stack of TiAlN 11, TiAlON 12, and TiAlN 13. The 
hard mask 8 is made thick enough to retain its integrity 
during all etch processes (i.e. 50-500 nm thick). Further 
more, the hardmask is comprised of layers of conductive 
material in order to electrically couple the ferroelectric 
capacitor’s top electrode 7 to the rest of the FRAM array 
and/or the back-end module. In this eXample application, the 
hard mask 8 is comprised of a top and bottom layer of 
TiIAlN separated by a middle layer of TiAlON; hoWever the 
hardmask may be comprised of TiN, AlN, Ti, TiO2, Al, 
AlOX, TiAl, TiAlOX, or any stack or combination thereof. 

[0010] Referring again to the draWings, FIG. 2 is a How 
diagram illustrating the process How of the invention. Other 
than process steps 212 and 214, the process steps should be 
those that are standard in the industry. 

[0011] Step 200 is the optional formation of a barrier layer 
4 over the front-end module 3. Preferably, the barrier layer 
4 is formed by depositing TiAlN by reactive sputter depo 
sition. HoWever, other deposition techniques such as chemi 
cal vapor deposition (“CVD”) or plasma enhanced CVD 
(“PECVD”) may be used. 

[0012] Next, the bottom electrode layer 5 is formed (step 
202) on the barrier layer 4 or directly on the front-end 
module 3. In the eXample application, the bottom electrode 
is comprised of iridium that is deposited by sputter deposi 
tion. 

[0013] The capacitor dielectric layer 6 is formed on the 
bottom electrode layer 5 (step 204). The capacitor dielectric 
is PZT in the eXample application because it has the highest 
polariZation and the loWest processing temperature of the 
available ferroelectric materials. HoWever, other ferroelec 
tric materials may be used, such as doped PZT, doped and 
alloyed PZT, or strontium tantalite and other layered per 
ovskites. The preferred deposition technique for PZT is 
metal organic chemical vapor deposition (“MOCVD”). 
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However other deposition techniques may be used, such as 
sol-gel or metal organic decomposition. 

[0014] The top electrode layer 7 is formed (step 206) on 
the capacitor dielectric layer 6. In the example application, 
the top electrode is comprised of tWo layers (9, 10). HoW 
ever, the top electrode can be formed using just one layer. In 
the example application, the iridium layer 9 is deposited by 
physical vapor deposition (“PVD”) and the iridium oxide 
layer is deposited by reactive PVD. 

[0015] In step 208, the hard mask layer 8 is formed, 
patterned, and etched. In the example application the hard 
mask 8 is formed by a material stack consisting of TiAlN 11, 
TiAlON 12, and TiAlN13. Preferably, all of these layers are 
deposited by sputter deposition in the same chamber Where 
the ?lm composition is changed during the deposition pro 
cess by varying the gas composition. 

[0016] Any conventional form of patterning can be used to 
pattern the hard mask 8, but a photoresist mask is preferable. 
After the photoresist is patterned then the hard mask 8 is 
etched (for example, using chlorine chemistries). After the 
hard mask 8 is etched the photoresist is removed With a 
conventional ash process. 

[0017] Using the patterned hard mask 8 as a template, a 
plasma chamber is noW used to etch (step 210) the remaining 
layers of the ferroelectric capacitor stack 2. Generally mul 
tiple etch processes are used to etch the various layers of the 
ferroelectric capacitor stack 2. 

[0018] The plasma etch process leaves contamination on 
the FRAM capacitor stack 2; therefore, the next step is to 
remove the etch damage and/or residues With a post-etch 
clean. In accordance With the present invention, the 
unWanted material is removed from the semiconductor 
Wafer using a cleaning process comprised of a plasma etch 
(step 212) and a Wet clean (step 214). In the best mode 
application, the plasma etch clean (step 212) is performed in 
the same machine as the capacitor stack etch (step 210). As 
an example, the machine used for the stack etch and the 
plasma etch clean may be the Mattson Asher. In an alterna 
tive application, an etcher made by Applied Materials 
(“AMT) uses a directional etch process to form the capacitor 
stack and then a Mattson Asher uses an isotropic plasma etch 
to perform the plasma etch clean. 

[0019] In the best mode application, the plasma etch clean 
(step 212) is performed using CF4/O2 as the etchant. More 
speci?cally, a diluted CF4/O2 etchant (i.e. 0.5-2% CF4) is 
used under loW pressure (~1.0 mTorr), moderate source 
poWer (i.e. 1200 W), no bias poWer, and a loW temperature 
(~60° C.) for a moderate period of time (i.e. 40-80 seconds). 
HoWever, it is Within the scope of this invention to use any 
isotropic ?uorine-based plasma etch With appropriate pro 
cessing conditions to accomplish the stack etch clean. 

[0020] After the ?uorine-based plasma etch (step 212) a 
Wet clean process (step 214) is performed in order to remove 
?uorine and any remaining unWanted material (such as IrF, 
PbF, and TiF). In the best mode application, the Wet clean is 
a tWo step process comprising a rinse With deioniZed Water 
folloWed by a rinse With an aqueous acidic solution such as 
a dilute hydrochloric acid solution. 

[0021] During the Wet clean process (step 214) the Wafers 
are rinsed in a tank using an appropriate process such as a 
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quick dump rinse. The tank contains deioniZed Water that 
removes ?uorine and other soluble etch residues. After the 
deioniZed Water rinse, the Wafers are transferred to another 
tank that contains a solution of dilute hydrochloric acid. For 
example, the solution may be +1:10 HCl:H2O at 30° C. and 
the Wafers may be held in the tank for approximately 200 
seconds. The dilute HCl process is folloWed by an appro 
priate deioniZed Water rinse process such as a quick dump 
rinse. The hydrochloric acid rinse removes remaining ?uo 
rine and other unWanted materials. HoWever, the hydrochlo 
ric acid rinse may also cause a slight additional etching of 
the surface of the ferroelectric capacitor stack 2. 

[0022] The use of solutions containing other concentra 
tions of hydrochloric acid is With in the scope of this 
invention. Moreover, the use of other Wet clean processes is 
Within the scope of this invention. For example, after the 
deioniZed Water rinse the Wafers may be further rinsed With 
an organic solvent (i.e. ethyl alcohol), sulfuric acid, or 
phosphoric acid instead of hydrochloric acid. 

[0023] Alternatively, the Wet clean process may be only a 
deioniZed Water rinse. Furthermore, the Wet clean process 
may consist of only a phosphoric acid rinse, only a hydro 
chloric acid rinse, only a sulfuric acid rinse, or only an 
organic solvent rinse. 

[0024] Other modi?cations to the invention as described 
above are Within the scope of the claimed invention. As an 
example, the Wet clean process (step 214) may be performed 
in an ultrasonic tank. In addition, the Wet clean process may 
consist of numerous rinses in solvent, acid or aqueous 
solutions. 

[0025] The clean up plasma etch (step 212) described 
above may be performed using any other Well knoWn 
machine generating an isotropic plasma. In addition, the 
same chamber of the plasma etcher may be used for more 
than one of the above described etch processes. In addition, 
instead of CF4/O2, any other ?uorine-based etchant, such as 
C2136 or NF3, may be used for the clean up etch. 

[0026] Instead of using PZT as the ferroelectric material, 
other materials such as SrBi2Ta2O9 may be used. Further 
more, instead of using this invention to fabricate planar 
ferroelectric capacitors, it may be used to fabricate the three 
dimensional cup-shaped capacitor. As an example, this 
invention could be used to fabricate capacitor under bitline 
structures. 

[0027] Instead of forming the bottom electrode, 5, on the 
barrier layer, 9, the bottom electrode, 5, may be formed 
directly on the front-end module 3. In addition, instead of 
SiC, the barrier material 4 may be silicon nitride, silicon 
oxide, nitrogen-doped silicon carbide, or oxygen-doped sili 
con carbide. Furthermore, instead of Ir, the bottom electrode 
may be comprised of other materials such as Pt, IrO2 or 
SrRuO3. Similarly, instead of Ir/IrOx, the top electrode may 
be comprised of other materials such as Pt, IrO2, or SrRuO3. 

[0028] This invention can be used in the fabrication of 
stand-alone FRAM devices or FRAM devices integrated 
into a semiconductor chip that has many device functions 
other than those described herein. Moreover, the invention is 
applicable to semiconductor Wafers having different Well 
and substrate technologies, transistor con?gurations, and 
metal connector materials or con?gurations. The invention 
is also applicable to other semiconductor technologies such 
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as BiCMOS, bipolar, SOI, strained silicon, pyroelectric 
sensors, opto-electronic devices, microelectrical mechanical 
system (“MEMS”), or SiGe. 

[0029] While various embodiments of the present inven 
tion have been described above, it should be understood that 
they have been presented by Way of example only, and not 
limitation. Numerous changes to the disclosed embodiments 
can be made in accordance With the disclosure herein 
Without departing from the spirit or scope of the invention. 
Thus, the breadth and scope of the present invention should 
not be limited by any of the above described embodiments. 
Rather, the scope of the invention should be de?ned in 
accordance With the following claims and their equivalents. 

1-16. (Cancelled) 
17. A method of manufacturing a semiconductor Wafer 

having a ferroelectric capacitor stack having a hard mask top 
layer comprising: 

forming a layer of bottom electrode material; 

forming a layer of dielectric material over said layer of 
bottom electrode material; 

forming a layer of top electrode material over said layer 
of dielectric material; 

forming a layer of hard mask material over said layer of 
top electrode material; 

forming a layer of photoresist over said layer of hard mask 
material; 

patterning said photoresist; 

etching said photoresist; 

etching said hard mask material; 

ashing said photoresist; 

etching said layer of top electrode material, said layer of 
dielectric material, and said layer of bottom electrode 
material to form said ferroelectric capacitor stack; 

cleaning said ferroelectric capacitor stack With a ?uorine 
based plasma etchant; and 

rinsing said ferroelectric capacitor stack With a Wet clean 
process. 

18. The method of claim 17 Wherein said ?uorine-based 
plasma etchant is CF4/O2. 

19. The method of claim 17 Wherein said ?uorine-based 
plasma etchant is NF3. 

20. The method of claim 17 Wherein said ?uorine-based 
plasma etchant is C2136. 

21. The method of claim 17 Wherein said Wet clean 
process is a deioniZed Water rinse. 

22. The method of claim 17 Wherein said Wet clean 
process is a deioniZed Water rinse folloWed by a hydrochlo 
ric acid rinse. 

23. The method of claim 17 Wherein said Wet clean 
process is a deioniZed Water rinse folloWed by a phosphoric 
acid rinse. 
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24. The method of claim 17 Wherein said Wet clean 
process is a deioniZed Water rinse folloWed by an organic 
solvent rinse. 

25. The method of claim 17 Wherein said Wet clean 
process is an organic solvent rinse. 

26. The method of claim 17 Wherein said Wet clean 
process is a phosphoric acid rinse. 

27. The method of claim 17 Wherein said Wet clean 
process is a dilute HCl acid rinse. 

28. The method of claim 17 Wherein said rinsing step 
further etches said ferroelectric capacitor stack. 

29. The method of claim 17 Wherein said rinsing step 
further includes the use of ultrasonic energy. 

30. The method of claim 17 Wherein said layer of hard 
mask material comprises a bottom layer of TiAlN, a middle 
layer of TiAlON, and a top layer of TiAlN. 

31. The method of claim 17 Wherein said layer of dielec 
tric material is PZT. 

32. A method of manufacturing a semiconductor Wafer 
having a ferroelectric capacitor stack comprising: 

sputter depositing a ?rst layer of iridium; 

metal organic chemical vapor depositing a layer of PZT 
over said ?rst layer of iridium; 

physical vapor depositing a second layer of iridium over 
said layer of PZT; 

reactive physical vapor depositing a layer of iridium oXide 
over said second layer of iridium; 

sputter depositing a ?rst layer of TiAlN over said layer of 
iridium oXide; 

sputter depositing a layer of TiAlON over said ?rst layer 
TiAlN; 

sputter depositing a second layer of TiAlN over said layer 
of TiAlON; 

forming a layer of photoresist over said second layer of 
TiAlN; 

patterning said photoresist; 

etching said photoresist; 

etching said second layer of TiAlN said layer of TiAlON, 
and said ?rst layer of TiAlN; 

ashing said photoresist; 

etching said layer of iridium oxide, said second layer of 
iridium, said layer of PZT, and said ?rst layer of iridium 
to form said ferroelectric capacitor stack; 

cleaning said ferroelectric capacitor stack With a CF4/O2 
plasma etchant; 

rinsing said ferroelectric capacitor stack With deioniZed 
Water; and 

rinsing said ferroelectric capacitor stack With dilute 
hydrochloric acid. 

* * * * * 


