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An etch stop layer prevents damage to the underlying 
semiconductor material or metallization layer during etching 
of a dielectric layer overlying the etch stop layer. The etch 
stop layer, aluminum nitride or aluminum oxide is used 
underlying silicon dioxide to prevent damage to the semi- 
conductor material during a fluorocarbon based etch of the 
silicon dioxide. The etch stop layer is also used underlying 
a silicon dioxide layer and overlying a titanium nitride or 
titanium tungsten layer used in metallization to prevent 
etching of the titanium nitride or titanium tungsten layer 
during etching of the silicon dioxide. 

17 Claims, 3 Drawing Sheets 
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1 

METHOD UTILIZING AN ETCH STOP 
LAYER 

This apphcation is a continuation of prior application 
Ser. No. 08/268345, filed Jun. 29, 1994, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates, in general. to a semiconductor 
device, and more particularly, but not limited to, a semicon- 
ductor device and method of manufacture using an insulat- 
ing layer comprised of aluminum. 

A silicon dioxide layer is typically used overlying a 
semiconductor material. When forming small geometries, a 
reactive ion etch is used to remove portions of the silicon 
dioxide layer. As device geometries have shrunk, it has been 
di%cult to maintain a uniform etch of the silicon dioxide 
layer across a wafer without etching of the underlying 
semiconductor material. This difilculty results in reactive- 
ion etch induced damage to the surface of the semiconductor 
material. This damage to the semiconductor material surface 
results in poor device yield, poor electrical characteristics 
and pnformance of the semiconductor device. 

Another problem encountered with the use of a high 
power RIE to etch silicon dioxide is in forming metallization 
layers. Typically, a capping layer is formed over a metalli- 
zation layer in order to improve reliability. However, during 
the formation of vias in a silicon dioxide layer overlying the 
capping layer, the capping layer was also etched by the high 
power RIE. Thus, the capping layer was removed from the 
desired location on the semiconductor device, resulting in 
the fabrication of devices having poor reliability. 

Therefore, it would be desirable to have a manufacturable 
process which allows for the fabrication of semiconductor 
devices free of reactive ion etch induced damage and with- 
out etching of desirable layers which improve reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an enlarged, cross-sectional view of an 
embodiment of the present invention in a beginning stage of 
fabrication; 

FIG. 2 illusnates an enlarged, cross-sectional view of an 
embodiment of the present invention in an intermediate 
stage of fabrication; 

FIG. 3 illustrates an enlarged, cross-sectional view of an 
embodiment of the present invention in an intermediate 
stage of fabrication; 

FIG. 4 illustrates an enlarged, cross-sectional view of an 
embodiment of the present invention in an intermediate 
stage of fabrication; and 

FIG. 5 illustrates an enlarged, cross-sectional view of an 
embodiment of the present invention in an final stage of 
fabrication. 

DEI'AILED DESCRIPrlON OF THE DRAWINGS 

FIG. 1 illusirates an enlarged, cross-sectional view of an 
embodiment of the present invention in a beginning stage of 
fabrication. A semiconductor material 10 is provided which 
is preferably comprised of silicon. The formation of a MOS 
device in semiconductor material 10 will be described, 
although. a number of the processing steps of the following 
invention can be utilized to fabricate bipolar devices, In 
general, the formation of MOS devices is well known in the 
art, and therefore, will only be briefiy described. 

First, a field oxide layer 12 is formed on semiconductor 
material 10. Thereafter, a channel region 15 is formed in the 

active area using the field oxide layer 12 as a mask. A gate 
dielectric layer 16 is formed on a portion of semiconductor 
material 10. Subsequently, a gate layer 18, typically com- 
prised of polysilicon, is formed and patterned on gate 

5 dielectric 16. Source and drain regions 20 are formed 
utilizing gate layer 18 and field oxide layer 12 as masks. 

FIG. 2 illustrates the structure of FIG. 1 further along in 
processing. First, the exposed portions of gate dielectric 
layer 16 are removed. Then, a dielectric layer 25 comprised 

to of aluminum is formed over the structure of FIG. 2. In this 
invention, a dielectric layer comprised of aluminum (as 
referred to above and hereinafter) is comprised of aluminum 
nitride or aluminum oxide. Dielectric layer 25 comprised of 
aluminum is preferably formed by reactive sputtering of 

t5 aluminum using argon and nitrogen or oxygen gases. Other 
processes, such as metal-organic chemical vapor deposition 
may be used. In a preferred embodiment, dielectric layer 25 
comprised of aluminum is of a thickness between 100 and 
1000Angslroms. The lower limit is constrained by the desire 

zo to avoid pin-hole formation associated with thinner layers 
where dielectric layer 25 would lose its etch stop property, 
while the upper limit is constrained by the loss of dimen- 
sional control due to undercutting during formation of 
spacer 26 (discussed below). Most preferably, the thickness 

z~ of dielectric layer 25 ranges from about 300 to 500 ang- 
stroms in order to optimize both its etch stop property and 
ease of etching. Dielectric layer 25 acts as a sacrificial etch 
stop layer, as will be further described below. 

Next. a dielectric layer comprised of silicon is formed 
over dielectric layer 25 comprised of aluminum, and an 
anisotropic etch is performed using a fluorocarbon plasma to 
etch the dielectric layer to form spacers 26 adjacent gate 
layer 18. Spacer 26 may be comprised of silicon dioxide or 
silicon nitride. Dielectric layer 25 comprised of aluminum 
acts as an etch stop to protect source and drain regions 20 
from exposure to the fiuorocarbon plasma. The thickness of 
the dielectric layer is determined by the desirable width of 
spacer 26. 

Damage to source and drain regions 20 is prevented by 
utilizing dielectric layer 25 comprised of aluminum as an 
etch stop layer. Dielectric layer 25 comprised of aluminum 
is not substantially etched by a fiuorocarbon based plasma 
etch. Without aluminum nitride layer 25, an overetch per- 
formed to form spacers 26 damaged the surface of semi- 
conductor material 10 in source and drain regions 20. This 
damage resulted in poor electrical characteristics of the 
MOS device. 

FIG. 3 filustrates the structure of FIG. 2 further along in 
5o processing. An ammonium hydroxide solution is used to 

remove the exposed portions of dielectric layer 25 composed 
of aluminum. A composite spacer comprised of dielectric 
layer 25 composed of aluminum and the dielectric layer of 
spacer 26 is thus formed adjacent to gate layer 18. Spacer 26 

5s acts as a mask when exposed portions of aluminum nitride 
layer 25 are removed. The ammonium hydroxide solution 
does not damage the surface of semiconductor matman in 
source and drain regions 20, thus a device may be formed 
with good electrical characteristics. 

so FIG. 4 illustrates the structure of FIG. 3 further along in 
processing. First, a silicide process is used to form silicide 
regions 30 over gate layer 18 and silicide regions 31 in 
source and drain regions 20. The silicide process is well 
known in the art. A dielectric layer 34 comprised of alumi- 

6s num is formed on the surface of the structure of FIG. 4. 
Dielectric layer 34 comprised of aluminum is preferably 
formed as disdosed above with reference to dielectric layer 
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25 comprised of aluminum. Subsequently, a dielectric layer 

35 is formed on the surface of dielectric layer 34 comprised 

of aluminum. Dieleciric layer 35 is preferably comprised of 

doped silicon dioxide. A via 36 is formed in dielectric layer 

35 and dielectric layer 34 comprised of aluminum by using 

the same etch processes as disclosed above to etch dielectric 

layer 25 comprised of aluminum to form spacer 26. Dielec- 

tric layer 34 comprised of aluminum also acts as an etch stop 

in this portion of the invention and prevents damage to 

underlying semiconductor material 10. 

FIG. 5 illustrates the structure of FIG. 4 further along in 

processing. A metal interconnect layer or metallization layer 

37 is formed on dielectric layer 35 and in vias 36 to make 

contact with source and drain regions 20. Metallization layer 

37 is typically comprised of a barrier metal layer (not 

separately shown) contacting the surface of semiconductor 

material 10 and a metal comprised of aluminum formed 

thereon. A capping layer 3$ comprised of a metal is formed 

on metallization layer 37 to improve the reliability of 

metallization Qyer 37. Capping layer 38 is used to improve 

the eleciromigration resistance and prevent stress-induced 

void formation of a metal interconnect layer. In this 

embodiment, capping layer 38 is comprised of titanium 

tungsten or titanium nitride and has a thickness of approxi- 

mately 125 Angstroms. 

If multilevel metallization will be formed, a portion of 
metallization layer 37 and capping layer 3$, may be 

removed using conventional etches so that only a portion of 

metallization layer 37 and capping layer 38 is left remaining 

over dielectric layer 35 and in vias 36 to form electrical 

contact to source and drain regions 20. 

Thereafter, a dielectric layer 39 comprised of aluminum is 

then formed on the surface of capping layer 38 and dielectric 

layer 35. Dielectric layer 39 comprised of aluminum is 

preferably formed as disclosed above with reference to 

dielectric layer 25 comprised of aluminum. Subsequently, a 

dieledric layer 40 is farmed and patterned to expose dielec- 

tric layer 39 comprised of alutninum and form vias 42. 
Dielectric layer 40 is preferably comlnised of silicon dioxide 

or spin on glass. Dielectric layer 39 comprised of aluminum 

acts as an etch stop during the etch of dielectric layer 40. 

Thereafter, dielectric layer 39 comprised of aluminum is 

removed by using an ammoniuin hydroxide etch as dis- 

closed above, The ammonium hydroxide etch is selective to 

dielectric layer 39 comprised of aluminum and does not etch 

capping layer 38, 
In the past, without the use of dielectric layer 39 com- 

prised of aluminum, capping layer 38 was etched during the 

patterning of dielectric layer 40 to form vias 42 because 

capping layer 3$ was thin and was etched at approximately 

the same rate as dielectric layer 40. Because an overetch of 

dielectric layer 40 is required, capping layer 38 was often 

totally etched at the same time. 

Thus, even though capping layer 3$ was formed to 

improve reliability, this objective was not being achieved in 

the past. Use of dielectric layer 39 coinprised of aluminum 

thus prevents the removal of capping layer 38 and results in 

devices which are manufactured with high reliability. A 

second metallization layer 45 is formed on the surface of 

dielectric layer 40 and makes contact to capping layer 38 

through vias 42. 
As can be readily seen, a device utilizing aluminum 

nitride during various processing steps enables a device to 

be manufactured without damage to source and drain 

regions and without removal of reliability enhancing layers. 

In particular, the removal of a titanium tungsten or titanium 

nitride layer capping a metal interconnect layer during the 

etch of an overlying dielectric layer is prevented by using an 

aluminum nitride layer as an etch stop. It is also important 

to note that throughout the process, the dielectxic layers 

s comprised of aluminum are used as sacrificial etch stop 

layers; the portion of the dielectric layer comprised of 
aluminum which must be removed, is removed prior to 

exposure of the structure to a high temperature step. If a high 

temperature step is performed after the dielectric layer 

io comprised of aluminum is exposed to a fiuorocarbon based 

etchant, but before its removal, it has been discovered that 

it becomes impossible to remove using any known, conven- 

tional etchants. 
We claim: 

is 1. A method of forming a semiconductor structure, com- 

prising the steps of: 
providing a semiconductor mataM 

forming a first metaliizaion layer over the semiconductor 

material; 

forming a layer comprised of titanium over the first 

metaliization layer; 

forming a dielectric layer comprised of aluminum nitride 

over the layer comprised of titanium; 

zs forming a dielectric layer comprised of silicon over the 

dielectric layer comprised of aluminum nitride; 

removing a portion of the dielectric layer comprised of 
silicon over the layer comprised of titanium; 

removing a portion of the dielectric layer comprised of 
aluminum nitride over the layer comprised of titanium; 

and 

forming a second metallization layer over the layer com- 

prised of titanium. 

2. The method of claim 1 wherein the step of forming the 

layer comprised of titanium comprises forming the layer 

comprised of titanium to be comprised of titanium nitride. 

3. The method of claim 1 wherein the step of forming the 

layer comprised of titanium comprises forming the layer 

comprised of titanium to be comprised of titanium tungsten. 

4. The method of claim 1 wherein the step of forming the 

dieledric layer comprised of silicon comprises forming the 

dielectric layer comprised of silicon to be comprised of 

silicon dioxide. 
5. The method of claim 1 wherein the step of removing the 

portion of the dielectric layer comprised of silicon comprises 

removing the portion of the dielectric layer comprised of 

silicon with a fiuorocarbon based dry etchant. 

6. The method of claim 1 wherein the step of removing the 

portion of the dielectric layer comprised of silicon comprises 

removing the portion of the dielectric layer comprised of 

silicon with a fiuorocarbon based dry etchant, wherein the 

dielectric layer comprised of aluminum nitride acts as an 

etch stop layer. 
7. The method of claim 1 wherein the step of removing the 

portion of the dielectric layer comprised of aluminum nitride 

comprises removing the portion of the dielectric layer com- 

prised of aluminum nitride with an ammonium hydroxide 

etchant 
8. The method of claim 1 furlher comprising the steps of: 

forming a gate layer over a portion of the semiconductor 

material; 

forming a channel region in a portion of the semiconduc- 

tor material underlying the gate layer; 

6s forming a source region and a drain region in a portion of 

the semiconductor material adjacent the channel 

region; and 
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forming a spacer adjacent the gate layer over a portion of 
the semiconductor material, wherein the spacer is com- 
prised of a dielectric layer comprised of aluminum and 
a dielectric layer comprised of silicon, and wherein the 
first metallization layer makes electrical contact to the s 
source region and the drain region. 

9. A method of forming a semiconductor structure, com- 
prising the steps of: 

providing a semiconductor material; 

forming a gate layer over a portion of the semiconductor 
material; 

forming a channel region in a portion of the semiconduc- 
tor material underlying the gate layer; 

forming a source region and a drain region in a portion of ts 
the semiconductor material adjacent the channel 
region; 

forming a first dielectric layer comprised of aluminum 
over the semiconductor material and the gate layer; 

forming a first dielectric layer comprised of silicon over zo 

the first dielectric layer comprised of aluminum; and 

forming a spacer adjacent to the gate layer by removing 
a portion of the first dielectric layer comprised of 
silicon and by removing a portion of the first dielectric 
layer comprised of aluminum while using the first 
dielectric layer comprised of silicon as a mask. 

10. The method of claim 9 wherein the step of forming the 
first dielectric layer comprised of aluminum comprises 
forming the first dielectric layer comprised of aluminum to 
be comprised of aluminum nitride. 

11. The method of claim 9 further comprising the steps of: 
forming a first metallization layer over the source region 

and the drain region; 

forming a laya comprised of titanium over the first ss 
metallization layer; 

forming a second dielectric layer comprised of aluminum 
over the layer comprised of titanium; 

forming a second dielectric layer comprised of silicon 
over the second dielectric layer comprised of alumi- 4o 

num; 

removing a portion of the second dielectric layer com- 
prised of silicon; 

removing a portion of the second dielectric layer com- 
prised of aluminum; and 

forming a second metallization layer over the layer com- 
prised of titanium. 

12. The method of claim 11 wherein the step of forming 
the layer comprised of titanium comprises forming the layer so 
comprised of titanium to be comprised of titanium nitride. 

13. The method of claim 11 wherein the step of forming 
the layer comprised of titanium comprises forming the layer 
comprised of titanium to be comprised of titanium tungsten. 

14. The method of claim 9 wherein the step of removing ss 
the portion of the first dielectric layer comprised of silicon 
comprises removing the portion of the first dieleclric layer 
comprised of silicon with a fluorocarbon based dry etchant. 

15. The method of claim 9 wherein the step of removing 
the portion of the first dielectric layer comprised of alumi- 6o 
num comprises removing the portion of the first dielectric 
layer comprised of aluminum with an ammonium hydroxide 
etch ant. 

16. A method of forming a semiconductor structure, 
comprising the steps of: 

providing a semiconductor material; 

forming a gate layer over a portion of the semiconductor 
material; 

forming a channel region in a portion of the semiconduc- 
tor material underlying the gate layer; 

forming a source region and a drain region in a portion of 
the semiconductor material adjacent the channel 
region; 

forming a spacer adjacent the gate layer over a portion of 
the semiconductor material, wherein the spacer is com- 
prised of a first dielectric layer comprised of aluminum 
and a first silicon dioxide layer; 

forming a second dielectric layer comprised of aluminum 
over a portion of the semiconductor material over the 
source region and the drain region and over the spacer 
and the gate layer; 

forming a second silicon dioxide layer over the second 
dielectric layer comlxised of aluminum; 

removing a portion of the second silicon dioxide layer 
over a portion of the source region and a portion of the 
drain region; 

removing a portion of the second dielectric layer com- 
prised of aluminum over a portion of the source region 
and a portion of the drain region; 

forming a first metallization layer to make electrical 
contact with the source region and the drain region; 

forming a layer comprised of titanium over the first 
metallizanon layer; 

forming a third dielectric layer comprised of aluminum 
over the layer comprised of titanium; 

forming a third silicon dioxide layer over the third dielec- 
tric layer comprised of aluminum; 

removing a portion of the third silicon dioxide layer over 
the layer comprised of titanium, using the third dielec- 
tric layer comprised of aluminum as an etch stop; 

removing a portion of the third dielectric layer comprised 
of aluminum over the layer comprised of fitanium; and 

forming a second metallization layer over the layer com- 
prised of titanium, 

17. A method of forming a semiconductor structure, the 
method comprising the steps of 

providing a semiconductor mataial; 
providing a dielectric layer comprised of aluminum over- 

lying the semiconductor material; 

removing a portion of the dielectric layer comprised of 
aluminum after the step of providing the dielectric layer 
comprised of aluminum and prior to exposing the 
dielectric layer to an anneal; 

exposing the dielectric layer to an anneal after the step of 
removing the portion of the dielectric layer; and 

exposing the dielectric layer comprised of aluminum to a 
fiuorocarbon based etchant after providing the dielec- 
tric layer comprised of aluminum and before removing 
the portion of the dielectric layer comprised of alurni- 
num. 

Petitioner Micron Ex-1036, 0007




