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(57) ABSTRACT 

The present invention is directed to a method of forming an 
FeRAM integrated circuit, Which includes performing a 
capacitor stack etch to de?ne the FeRAM capacitor. The 
method comprises etching a PZT ferroelectric layer With a 
high temperature BCl3 etch Which provides substantial 
selectivity With respect to the hard mask. Alternatively, the 
PZT ferroelectric layer is etch using a loW temperature 
?uorine component etch chemistry such as CHF3 to provide 
a non-vertical PZT sideWall pro?le. Such a pro?le prevents 
conductive material associated With a subsequent bottom 
electrode layer etch from depositing on the PZT sideWall, 
thereby preventing leakage or a “shorting out” of the result 
ing FeRAM capacitor. 
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FERAM CAPACITOR STACK ETCH 

RELATED APPLICATION 

[0001] This application claims priority to Serial No. 
60/353,535 ?led Jan. 31, 2002, Which is entitled “FeRAM 
Capacitor Stack Etch”. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to the ?eld 
of integrated circuit processing, and more particularly 
relates to an FeRAM structure and a method of manufacture 
thereof having a capacitor stack etch Which effectively 
etches the ferroelectric dielectric layer Without degradation 
thereof. 

BACKGROUND OF THE INVENTION 

[0003] Several trends exist, today, in the semiconductor 
device fabrication industry and the electronics industry. 
Devices are continuously getting smaller and smaller and 
requiring less and less poWer. A reason for this is that more 
personal devices are being fabricated Which are very small 
and portable, thereby relying on a small battery as its supply 
source. For eXample, cellular phones, personal computing 
devices, and personal sound systems are devices that are in 
great demand in the consumer market. In addition to being 
smaller and more portable, personal devices are requiring 
more computational poWer and on-chip memory. In light of 
all these trends, there is a need in the industry to provide a 
computational device that has a fair amount of memory and 
logic functions integrated onto the same semiconductor 
chip. Preferably, this memory Will be con?gured such that if 
the battery dies, the contents of the memory Will be retained. 
Such a memory device that retains its contents While a signal 
is not continuously applied to it is called a non-volatile 
memory. Examples of conventional non-volatile memory 
include: electrically erasable, programmable read only 
memory (“EEPROM”) and FLASH EEPROM. 

[0004] A ferroelectric memory (FeRAM) is a non-volatile 
memory that utiliZes a ferroelectric material, such as SBT or 
PZT, as the capacitor dielectric situated betWeen a bottom 
electrode and a top electrode. Both read and Write operations 
are performed for a FeRAM. The memory siZe and memory 
architecture affect the read and Write access times of a 
FeRAM. Table 1 illustrates the differences betWeen different 
memory types. 

TABLE 1 

FeRAM 
Property SRAM Flash DRAM (Demo) 

Voltage >0.5 V Read >1 V 3.3 V 
>0.5 V 
Write 

(12 v) 
(:6 V) 

Special Transistors NO YES YES NO 
(High Voltage) (LoW 

Leakage) 
Write Time <10 ns 100 ms <30 ns 60 ns 

Write Endurance >1015 <105 >1015 >1013 
Read Time (single/ <10 ns <30 ns <30 ns/ 60 ns 
multi bit) <2 ns 
Read Endurance >1015 >1015 >1015 >1013 
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TABLE 1-continued 

FeRAM 
Property SRAM Flash DRAM (Demo) 

Added Mask for 0 ~6-8 ~6-8 ~3 
embedded 
Cell Size (F~metal ~80 F2 ~8 F2 ~8 F2 ~18 F2 
pitch/2) 
Architecture NDRO NDRO DRO DRO 
Non volatile NO YES NO YES 
Storage I Q Q P 

[0005] The non-volatility of an FeRAM is due to the 
bi-stable characteristic of the ferroelectric memory cell. TWo 
types of memory cells are used, a single capacitor memory 
cell and a dual capacitor memory cell. The single capacitor 
memory cell (referred to as a 1T/1C or 1C memory cell) 
requires less silicon area (thereby increasing the potential 
density of the memory array), but is less immune to noise 
and process variations. Additionally, a 1C cell requires a 
voltage reference for determining a stored memory state. 
The dual capacitor memory cell (referred to as a 2T/2C or 
2C memory cell) requires more silicon area, and it stores 
complementary signals alloWing differential sampling of the 
stored information. The 2C memory cell is more stable than 
a 1C memory cell. 

[0006] As illustrated in prior art FIG. 1, a 1T/1C FeRAM 
cell 10 includes one transistor 12 and one ferroelectric 
storage capacitor 14. A bottom electrode of the storage 
capacitor 14 is connected to a drain terminal 15 of the 
transistor 12. The 1T/1C cell 10 is read from by applying a 
signal to the gate 16 of the transistor (Word line WL)(e.g., 
the Y signal), thereby connecting the bottom electrode of the 
capacitor 14 to the source of the transistor (the bit line BL) 
18. Apulse signal is then applied to the top electrode contact 
(the plate line or drive line DL) 20. The potential on the bit 
line 18 of the transistor 12 is, therefore, the capacitor charge 
divided by the bit line capacitance. Since the capacitor 
charge is dependent upon the bi-stable polariZation state of 
the ferroelectric material, the bit line potential can have tWo 
distinct values. A sense ampli?er (not shoWn) is connected 
to the bit line 18 and detects the voltage associated With a 
logic value of either 1 or 0. Frequently the sense ampli?er 
reference voltage is a ferroelectric or non-ferroelectric 
capacitor connected to another bit line that is not being read. 
In this manner, the memory cell data is retrieved. 

[0007] Acharacteristic of the shoWn ferroelectric memory 
cell is that a read operation is destructive. The data in a 
memory cell is then reWritten back to the memory cell after 
the read operation is completed. If the polariZation of the 
ferroelectric is sWitched, the read operation is destructive 
and the sense ampli?er must reWrite (onto that cell) the 
correct polariZation value as the bit just read from the cell. 
This is similar to the operation of a DRAM. The one 
difference from a DRAM is that a ferroelectric memory cell 
Will retain its state until it is interrogated, thereby eliminat 
ing the need of refresh. 

[0008] As illustrated, for eXample, in prior art FIG. 2, a 
2T/2C memory cell 30 in a memory array couples to a bit 
line 32 and an inverse of the bit line (“bit line-bar”) 34 that 
is common to many other memory types (for eXample, static 
random access memories). Memory cells of a memory block 
are formed in memory roWs and memory columns. The dual 
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capacitor ferroelectric memory cell comprises tWo transis 
tors 36 and 38 and tWo ferroelectric capacitors 40 and 42, 
respectively. The ?rst transistor 36 couples betWeen the bit 
line 32 and a ?rst capacitor 40, and the second transistor 38 
couples betWeen the bit line-bar 34 and the second capacitor 
42. The ?rst and second capacitors 40 and 42 have a 
common terminal or plate (the drive line DL) 44 to Which a 
signal is applied for polarizing the capacitors. 

[0009] In a Write operation, the ?rst and second transistors 
36 and 38 of the dual capacitor ferroelectric memory cell 30 
are enabled (e.g., via their respective Word line 46) to couple 
the capacitors 40 and 42 to the complementary logic levels 
on the bit line 32 and the bar-bar line 34 corresponding to a 
logic state to be stored in memory. The common terminal 44 
of the capacitors is pulsed during a Write operation to 
polariZe the dual capacitor memory cell 30 to one of the tWo 
logic states. 

[0010] In a read operation, the ?rst and second transistors 
36 and 38 of the dual capacitor memory cell 30 are enabled 
via the Word line 46 to couple the information stored on the 
?rst and second capacitors 40 and 42 to the bar 32 and the 
bit line-bar line 34, respectively. A differential signal (not 
shoWn) is thus generated across the bit line 32 and the bit 
line-bar line 34 by the dual capacitor memory cell 30. The 
differential signal is sensed by a sense ampli?er (not shoWn) 
that provides a signal corresponding to the logic level stored 
in memory. 

[0011] A memory cell of a ferroelectric memory is limited 
to a ?nite number of read and Write operations before the 
memory cell becomes unreliable. The number of operations 
that can be performed on a FeRAM memory is knoWn as the 
endurance of a memory. The endurance, is an important 
factor in many applications that require a nonvolatile 
memory. Other factors such as memory siZe, memory speed, 
and poWer dissipation also play a role in determining if a 
ferroelectric memory is viable in the memory market. 

SUMMARY OF THE INVENTION 

[0012] In essence, the instant invention relates to the 
fabrication of an FeRAM device Which is either a stand 
alone device or one Which is integrated onto a semiconduc 
tor chip Which includes many other device types. Several 
requirements either presently eXist or may become require 
ments for the integration of FeRAM With other device types. 
One such requirement involves utiliZing, as much as pos 
sible, the conventional front end and back end processing 
techniques used for fabricating the various logic and analog 
devices on the chip to fabricate this chip Which Will include 
FeRAM devices. In other Words, it is bene?cial to utiliZe as 
much of the process How for fabricating these standard logic 
devices (in addition to I/O devices and potentially analog 
devices) as possible, so as not to greatly disturb the process 
How (and thus increase the process cost and complexity) 
merely to integrate the FeRAM devices onto the chip. 

[0013] The folloWing discussion is based on the concept of 
creating the ferroelectric capacitors in a FeRAM process 
module that occurs betWeen the front end module (de?ned to 
end With the formation of W contacts) and the back end 
process module (mostly metalliZation). Other locations of 
the FeRAM process module have also been proposed. For 
eXample, if the FeRAM process module is placed over the 
?rst layer of metalliZation then a capacitor over bar structure 
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can be created With the advantage that a larger capacitor can 
be created. One disadvantage of the approach is that either 
Metal-1 or a local interconnect must be compatible With 
FeRAM process temperature (W for example) or the 
FeRAM process temperature must be loWered to be com 
patible With standard metalliZation (Al~450 C., Cu-LoW 
K~400 C.). This location has some advantages for commod 
ity memory purposes, but has cost disadvantages for 
embedded memory applications. Another proposed location 
for the FeRAM process module is near the end of the back 
end process ?oW. The principal advantage of this approach 
is that it keeps neW contaminants in the FeRAM module (Pb, 
Bi, Zr, Ir, Ru, or Pt) out of more production tools. This 
solution is most practical if the assumption is that all of the 
equipment used after deposition of the ?rst FeRAM ?lm 
must be dedicated and cannot be shared. This solution has 
the draWback of requiring FeRAM process temperatures 
compatible With standard metalliZation plus Wiring of the 
FeRAM capacitor to transistor and other needs of metalli 
Zation are not compatible With a minimum FeRAM cell siZe. 

[0014] The requirements for the other locations Will have 
many of the same concerns, but some requirements Will be 
different. 

[0015] The FeRAM process module must therefore be 
compatible With front-end process How including the use of 
W contacts (currently standard in most logic ?oWs) as the 
bottom contact of the capacitor. The FeRAM thermal budget 
must also be loW enough so that it does not impact the 
front-end structures such as the loW resistance structures 
(such as tungsten plugs and silicided source/drains and 
gates) required by most logic devices. In addition, transistors 
and other front-end devices such as diodes are sensitive to 
contamination and the FeRAM process module cannot con 
taminate these devices either directly (diffusion in chip) or 
indirectly (cross contamination through shared equipment). 
The FeRAM devices and process module must also be 
compatible With a standard back end process ?oW. Therefore 
the FeRAM process module must have minimum degrada 
tion of logic metalliZation resistance and parasitic capaci 
tance betWeen metal and transistor. In addition, the FeRAM 
devices must not be degraded by the back end process How 
With minimal, if any, modi?cation. This is a signi?cant 
challenge since ferroelectric capacitors have been shoWn to 
be sensitive to hydrogen degradation and most logic back 
end process ?oWs use hydrogen/deuterium in many of the 
processes (SiO2, Si3N4, and CVD W deposition, SiO2 via 
etch, and forming gas anneals). 

[0016] Commercial success of FeRAM also requires mini 
miZation of embedded memory cost. Total memory cost is 
primarily dependent on cell siZe, periphery ratio siZe, impact 
of yield, and additional process costs associated With 
memory. In order to have a cost advantage per bit compared 
to standard embedded memories such as embedded DRAM 
and Flash it is necessary to have cell siZes that are not much 
larger than these competing technologies. Some of the 
methods discussed in this patent to minimiZe cell siZe is to 
make the process How less sensitive to lithography misalign 
ment, have the capacitor directly over the contact, and using 
a single mask for the capacitor stack etch. 

[0017] In accordance With one aspect of the present inven 
tion, a method of forming an FeRAM capacitor is provided 
in Which the etching of the ferroelectric capacitor stack is 
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greatly improved. The method comprises an etch of the 
capacitor stack using a patterning hard mask, for example, a 
TiAlN hard mask. An etch of the PZT ferroelectric layer 
during the capacitor stack etch comprises a BCl3 etch at a 
substantially high temperature, for example, about 150° C. 
or more (e.g., 350° C.). Surprisingly, the BCl3 PZT etch at 
a relatively high temperature is substantially selective With 
respect to the overlying patterned hard mask, thereby pro 
viding a quality etched PZT ?lm Without substantial hard 
mask erosion, thereby resulting in good critical dimension 
control of the capacitor stack. 

[0018] In accordance With another aspect of the present 
invention, the capacitor stack comprises iridium top and 
bottom electrode layers, and a PZT ferroelectric layer dis 
posed betWeen the top and bottom electrode layers. A nitride 
hard mask, for example, TiAlN, is formed and patterned 
over the capacitor stack layers. A Cl2+O2 or a Cl2+CO etch 
is employed to pattern the top electrode layer, Wherein the 
oxygen content therein helps provide a substantial etch 
selectivity With respect to the hard mask. The PZT layer is 
then etched With a BCl3 etch at a temperature of at least 
about 150° C. Unexpectedly, the high temperature BCl3 etch 
provides good selectivity With respect to the hard mask 
despite the fact that no oxygen is provided during such etch, 
thereby providing for a high quality etched PZT ?lm Without 
substantial erosion of the hard mask. Accordingly, a minimal 
capacitor stack critical dimension is maintained. The bottom 
electrode is then etched in a manner similar to that of the top 
electrode layer. 

[0019] In accordance With another aspect of the present 
invention, a capacitor stack etch is disclosed in Which a 
sideWall pro?le of the PZT ferroelectric layer is made 
non-vertical. Use of a sloped or non-vertical PZT sideWall 
pro?le is not obvious because typically vertical or closely 
vertical sideWalls are desired to minimiZe the critical dimen 
sion of the capacitor. The PZT sideWall pro?le is made 
non-vertical (e.g., less than about 88 degrees) in order to 
facilitate ion impingement thereon during the subsequent 
etch of the bottom electrode layer. The ion impingement 
(e.g., chlorine ions) on the sloped PZT sideWall during the 
bottom electrode layer etch ensures that re-deposition of 
conductive bottom electrode material onto the PZT sideWall 
does not occur by having the removal rate thereof be greater 
than the deposition rate due to re-sputtering. Accordingly, 
after the bottom electrode etch, no bottom electrode material 
resides on the PZT sloped sideWall, thereby preventing 
leakage or a shorting out of the FeRAM capacitor. 

[0020] In accordance With still another aspect of the 
present invention, a capacitor stack etch having a sloped 
PZT sideWall pro?le comprises etching the PZT layer With 
a ?uorine+Cl2+oxidiZer etch chemistry at a loW temperature, 
for example, about 60° C. The loW temperature causes the 
sideWall pro?le of the PZT to not be vertical (a non 
anisotropic etch). In addition, the loW PZT etch temperature 
surprisingly eliminates gaps or voids in the PZT ferroelectric 
layer that occurred With ?uorine containing etch chemistries 
at high temperatures. In one particular example, the PZT 
etch comprises a CHF3+Cl2+O2+N2 at a temperature of 
about 60° C., resulting in a PZT sideWall pro?le of less than 
about 88 degrees. A PZT sideWall angle of less than 88 
degrees is suf?cient to ensure no net deposition of conduc 
tive material thereon during the subsequent patterning of the 
underlying bottom electrode layer. 
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[0021] To the accomplishment of the foregoing and related 
ends, the invention comprises the features hereinafter fully 
described and particularly pointed out in the claims. The 
folloWing description and the annexed draWings set forth in 
detail certain illustrative aspects and implementations of the 
invention. These are indicative, hoWever, of but a feW of the 
various Ways in Which the principles of the invention may be 
employed. Other objects, advantages and novel features of 
the invention Will become apparent from the folloWing 
detailed description of the invention When considered in 
conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a prior art schematic diagram illustrating 
an exemplary 1T/1C FeRAM memory cell; 

[0023] FIG. 2 is a prior schematic diagram illustrating an 
exemplary 2T/2C FeRAM memory cell; 

[0024] FIG. 3 is a fragmentary cross-sectional vieW of a 
partially fabricated device containing FeRAM capacitors 
and transistors associated thereWith fabricated in accordance 
With one exemplary aspect of the present invention; 

[0025] FIG. 4 is a How chart diagram illustrating a method 
of forming an FeRAM capacitor in accordance With another 
exemplary aspect of the present invention; 

[0026] FIGS. 5 and 6 are fragmentary cross-sectional 
vieWs of tWo neighboring FeRAM capacitor stacks having a 
bottom electrode diffusion barrier layer etched and a result 
thereof; 
[0027] FIG. 7 is a schematic diagram illustrating an 
apparatus for forming a PZT ferroelectric ?lm in accordance 
With the present invention; 

[0028] FIGS. 8-11 are graphs illustrating various perfor 
mance characteristics of a PZT ferroelectric ?lm formed in 
accordance With the present invention; 

[0029] FIGS. 12 and 13 are fragmentary cross section 
diagrams illustrating hoW an etch of the bottom electrode 
diffusion barrier layer causes a rounding of the hard mask 
layer Which may cause a contamination of a top electrode 
layer; 
[0030] FIG. 14 is a How chart diagram illustrating a 
method of forming a multi-layer hard mask layer in accor 
dance With the present invention; 

[0031] FIGS. 15a and 15b are fragmentary cross section 
diagrams illustrating steps in etching the bottom electrode 
diffusion barrier layer using a multi-layer hard mask accord 
ing to the present invention; 

[0032] FIG. 16 is a How chart diagram illustrating a 
method of forming an FeRAM capacitor Wherein a sideWall 
diffusion barrier layer is deposited and selectively patterned 
prior to the patterning of the bottom electrode diffusion 
barrier layer according to the present invention; 

[0033] FIGS. 17 and 18 are fragmentary cross section 
diagrams illustrating steps in depositing and selectively 
patterning a sideWall diffusion barrier layer prior to pattern 
ing a bottom electrode diffusion barrier layer according to 
the present invention; 

[0034] FIG. 19 is a fragmentary cross section diagram 
illustrating an etch of the bottom electrode diffusion barrier 
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layer after the deposition and patterning of the sidewall 
diffusion barrier layer according to the present invention; 
and 

[0035] FIGS. 20 and 21 are fragmentary cross section 
diagrams illustrating hoW identi?cation of aluminum oxide 
“ears” are employed to ascertain Whether the sideWall dif 
fusion barrier layer is suf?ciently thick on sideWalls of 
FeRAM capacitors stacks according to the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] The present invention Will noW be described With 
respect to the accompanying draWings in Which like num 
bered elements represent like parts. While the folloWing 
description of the instant invention revolves around the 
integration of the FeRAM devices With logic devices and 
other devices Which can be found on a digital signal pro 
cessor, microprocessor, smart card, microcomputer, micro 
controller or system on a chip, the instant invention can be 
used to fabricate stand-alone FeRAM devices or FeRAM 
devices integrated into a semiconductor chip Which has 
many other device types. In particular, the improved per 
formance of the FeRAM device of the instant invention 
compared to standard semiconductor memories appears to 
make FeRAM the memory of choice for any handheld 
device Which requires loW poWer and large degree of device 
integration. 

[0037] The ?gures provided hereWith and the accompa 
nying description of the ?gures are provided for illustrative 
purposes. One of ordinary skill in the art should realiZe, 
based on the instant description, other implementations and 
methods for fabricating the devices and structures illustrated 
in the ?gures and in the folloWing description. For example, 
While shalloW trench isolation structures (“STI”) are illus 
trated, any conventional isolation structures may be used, 
such as ?eld oxidation regions (also knoWn as LOCOS 
regions) or implanted regions. In addition, While structure 
102 is preferably a single-crystal silicon substrate that is 
doped to be n-type or p-type structure 102 (FIG. 3) may be 
formed by fabricating an epitaxial silicon layer on a single 
crystal silicon substrate. 

[0038] In accordance With the present invention, a plural 
ity of methods are disclosed Which decrease a reduction of 
an iridium oxide bottom electrode during a subsequent 
formation of a ferroelectric dielectric layer in an FeRAM 
capacitor. By decreasing a reduction of the iridium oxide 
bottom electrode, a fatigue resistance of the FeRAM cell is 
improved substantially over the prior art. 

[0039] Referring initially to FIG. 3, an exemplary, frag 
mentary cross section of a semiconductor device 100 is 
provided in Which tWo devices are illustrated. A ?rst device 
103 represents a partially fabricated version of am FeRAM 
cell in accordance With the present invention, and a second 
device 105 represents any high-voltage transistor, loW 
voltage transistor, high-speed logic transistor, I/O transistor, 
analog transistor, or any other device Which may be included 
in a digital signal processor, microprocessor, microcom 
puter, microcontroller or any other semiconductor device. 
Except for the speci?c cell structure provided in the device 
103, the structures utiliZed therein may be the same as the 
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device structures of the device 105 (except for some possible 
variations in the transistors due to the-different device types 
that device 105 may be). 

[0040] Basically, gate structures 106 include a gate dielec 
tric (for example, comprising silicon dioxide, an oxynitride, 
a silicon nitride, BST, PZT, a silicate, any other high-k 
material, or any combination or stack thereof), a gate 
electrode (for example, comprising polycrystalline silicon 
doped either p-type or n-type With a silicide formed on top, 
or a metal such as titanium, tungsten, TiN, tantalum, TaN or 
other type metal). The gate structures 106 further comprise 
sideWall insulators (for example, comprising an oxide, a 
nitride, an oxynitride, or a combination or stack thereof). In 
general, the generic terms oxide, nitride and oxynitride refer 
to silicon oxide, silicon nitride and silicon oxy-nitride. The 
term “oxide” may, in general, include doped oxides as Well, 
such as boron and/or phosphorous-doped silicon oxide. 
Source/drain regions 108 may be formed via, for example, 
implantation using conventional dopants and processing 
conditions. Lightly doped drain extensions 109 as Well as 
pocket implants may also be utiliZed. In addition, the 
source/drain regions 108 may be silicided (for example, With 
titanium, cobalt, nickel, tungsten or other conventional 
silicide material). 

[0041] A dielectric layer 112 is formed over the entire 
substrate 102 and is patterned and etched so as to form 
openings for contacts to the substrate and gate structures 106 
to be formed (see, e.g., step 202 of FIG. 4). These openings 
are ?lled subsequently With one or more conductive mate 

rials, such as a plug 114 (for example, comprising a metal 
such as tungsten, molybdenum, titanium, titanium nitride, 
tantalum nitride, or a metal silicide such as Ti, Ni or C0, 
copper or doped polysilicon). A liner/barrier layer 116 may 
or may not be formed betWeen the plug 114 and dielectric 
112. Such a liner/barrier layer 116 is illustrated in FIG. 3 and 
comprises, for example, Ti, TiN, TaSiN, Ta, TaN, TiSiN, a 
stack thereof, or any other conventional liner/barrier mate 
rial. Preferably, the contacts are formed so as to land on the 
silicided regions of the source/drain regions and gate struc 
tures. 

[0042] The dielectric layer 112 comprises, for example, 
SiO2 (doped or undoped With preferable dopants such as 
boron or phosphorous) possibly With a layer of hydrogen or 
deuterium containing silicon nitride next to the gate. After 
deposition of the diffusion barrier 116 it is likely that the 
barrier Will be planariZed for improved lithography of over 
lying layers using a process such as chemical mechanical 
polishing (CMP). In addition, an added diffusion barrier/etch 
stop (not shoWn) may be included near the top surface of 
layer 112 such as AlOX, AlN, Si3N4, TiO2, ZrO2, or TaOX 
that Would be deposited after the planariZation process. This 
diffusion barrier is particularly useful if damascene pro 
cesses are used to create the via or metalliZation to the 
contact. The formation of the plug 114 Will require etching 
through this optional barrier/etch stop. 

[0043] Formation of metal structures that are situated 
above the contacts is considered to be part of the back end 
processes. Other than the speci?c FeRAM process module, 
the back end process steps may be those standard in the 
semiconductor industry. The metalliZation may be, for 
example, either Al or Cu based. The Al is preferably etched 
While the Cu is preferably used in a damascene approach. 


































