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(57) ABSTRACT 

Astructure and a method for providing structural stability at 
an interface between two poorly adhering layers in a semi 
conductor device involve providing anchoring channels in 
one of the poorly adhering layers through which the other 
poorly adhering layer can be anchored to a third layer. 
Speci?cally, the structure and method are applicable to a 
three-layer stack having a top layer of amorphous silicon, a 
middle layer of titanium nitride, and a bottom layer of oxide. 
In order to reduce susceptibility to delamination between the 
amorphous silicon layer and the titanium nitride layer, the 
anchoring channels are created in the titanium nitride layer 
to allow the amorphous silicon to attach to the oxide layer. 
Because the amorphous silicon layer and the oxide layer 
exhibit good adhesion between each other, delamination 
between the amorphous silicon layer and the titanium nitride 
layer is minimized. 
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100 PROVIDE A FIRST LAYER I 

I 
FORM A SECOND LAYER ONTO THE FIRST 102 

LAYER, SAID SECOND LAYER BEING FORMED I 
TO INCLUDE ANCHORING CHANNELS 

I 
DEPOSIT A THIRD LAYER ONTO THE 104 

SECOND LAYER AND INTO THE ANCHORING f 
CHANNELS OF THE SECOND LAYER 

FIG. 6 
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METHOD AND STRUCTURE FOR BONDING 
LAYERS IN A SEMICONDUCTOR DEVICE 

TECHNICAL FIELD 

[0001] The invention relates in general to semiconductor 
devices, and more particularly to improving adhesion 
betWeen certain layers that make up semiconductor devices. 

BACKGROUND OF THE INVENTION 

[0002] In the fabrication of semiconductor devices, layers, 
of dissimilar materials are sequentially formed on top of 
each other to de?ne a multi-layer structure. In some 

instances, tWo electrically conducting layers that are formed 
in direct contact With each other exhibit poor adhesion. Poor 
adhesion betWeen layers can have negative consequences, 
such as bubbling, blistering, and/or peeling at the interface 
betWeen the tWo layers. Bubbling, blistering, or peeling 
degrades the electrical contact betWeen the layers and in turn 
causes loW yield and loW reliability in fabricated semicon 
ductor devices. The susceptibility of a device to the negative 
effects of poor adhesion betWeen layers increases as the area 
of contact betWeen poorly adhering layers increases. 

[0003] A speci?c example of tWo layers that can exhibit 
poor adhesion to each other is titanium nitride and amor 
phous silicon. FIG. 1 is a depiction of a layer stack 10 that 
includes, from the bottom layer to the top layer, an oxide 
layer 12, a titanium nitride layer 14, an n-doped amorphous 
silicon layer 16, an intrinsic amorphous silicon layer 18, and 
a p-doped silicon layer 20. In the exemplary layer stack, the 
poor adhesion betWeen the titanium nitride 14 and the 
n-doped amorphous silicon 16 tends to cause delamination 
problems When the linear distance of contact betWeen the 
tWo layers exceeds approximately 200 pm in all directions. 

[0004] One approach to improving adhesion betWeen a 
titanium layer and a silicon layer in a semiconductor device 
is disclosed in US. Pat. No. 5,783,487 entitled “Method of 
Coupling Titanium to a Semiconductor Substrate and Semi 
conductor Device Thereof,” issued to Weeks et al. (herein 
after Weeks). The Weeks approach to improving adhesion 
betWeen a titanium layer and a silicon layer involves form 
ing an oxide layer betWeen the titanium and silicon layers. 
The oxide layer exhibits good adhesion With both the 
titanium and the silicon layers. The Weeks approach is also 
utiliZed to improve adhesion betWeen metal layers on the 
back side of a silicon chip. While the approach may Work 
Well for its intended purpose, the oxide layer deposited 
betWeen the titanium and the silicon layers prevents direct 
contact betWeen the titanium and the silicon layers. Depos 
iting an oxide layer betWeen the amorphous silicon 16 and 
titanium nitride 14 layers in the layer stack 10 of FIG. 1 
negatively affects the electrical characteristics of the layer 
stack by blocking electrical contact betWeen the amorphous 
silicon and titanium nitride layers. 

[0005] In vieW of the adhesion problems that exist 
betWeen some layers in semiconductor devices, What is 
needed is a technique that improves bonding betWeen poorly 
adhering layers, While maintaining some degree of electrical 
contact betWeen the layers. 
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SUMMARY OF THE INVENTION 

[0006] A method and structure for providing structural 
stability at an interface betWeen tWo poorly adhering layers 
in a semiconductor device involve providing anchoring 
channels in one of the layers through Which the other layer 
can be anchored to a third layer. Speci?cally, the structure 
and method are applicable to a three-layer stack having top 
and middle layers that tend to exhibit delamination When in 
direct contact With each other over large areas, and a bottom 
layer that bonds Well to both the middle and top layers. In 
order to reduce susceptibility to delamination betWeen the 
top and middle layers While, maintaining direct contact 
betWeen the top layer and the middle layer, anchoring 
channels are created in the middle layer to alloW the top 
layer to attach to the bottom layer, in effect tying the top 
layer doWn to the bottom layer. 

[0007] The structure and method are particularly appli 
cable to layer stacks in semiconductor devices, such as 
active pixel sensors, that include an oxide layer as the 
bottom layer, a titanium nitride layer as the middle layer, and 
an amorphous silicon layer as the top layer. In a preferred 
embodiment, the titanium nitride layer is deposited onto the 
oxide layer, and anchoring channels are created in the 
titanium nitride layer in order to expose portions of the oxide 
layer. The amorphous silicon layer is then deposited over the 
titanium nitride layer and into the anchoring channels in the 
titanium nitride layer. The anchoring channels provide direct 
contact betWeen the amorphous silicon layer and the oxide 
layer. Although direct contact is provided betWeen the 
amorphous silicon layer and the oxide layer, the contact 
betWeen the tWo layers is not electrically conductive. That is, 
the anchoring channels are not similar to electrically con 
ducting vias Which provide conductive paths betWeen layers. 
In order to prevent delamination betWeen the titanium 
nitride layer and the amorphous silicon layer, the anchoring 
channels are preferably separated by 200 pm or less. 

[0008] In another embodiment, the layer of titanium 
nitride is deposited onto the oxide layer, and portions of the 
titanium nitride layer are removed such that a pattern of 
isolated squares, or islands, of titanium nitride is created. 
Thus, in contrast to the ?rst embodiment in Which the 
patterned titanium nitride is continuous, in this second 
embodiment, the patterning of the titanium nitride forms 
isolated islands of the material. Amorphous silicon is then 
deposited over the titanium nitride islands and onto the 
exposed oxide layer, thereby anchoring the amorphous sili 
con layer to the oxide layer. In order to prevent delamination 
betWeen the titanium nitride layer and the amorphous silicon 
layer, each of the titanium nitride islands preferably has at 
least one linear dimension that is less than 500 pm, prefer 
ably less than 200 pm. 

[0009] An advantage of the invention is that yield and 
reliability of semiconductor devices formed With layers of 
marginal adhesion are improved because delamination is 
minimiZed. Moreover, structural stability is enhanced With 
out a loss of electrical connectivity betWeen the layers of the 
marginal adhesion. In addition, the improved adhesion can 
be achieved With little extra manufacturing cost. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a depiction of a layer stack in accordance 
With the prior art. 

[0011] FIG. 2 is a depiction of a preferred layer stack that 
provides openings through the middle layer in accordance 
With the invention. 

[0012] FIG. 3 is a depiction of another layer stack that 
provides openings through the middle layer in accordance 
With the invention. 

[0013] FIG. 4A is a top vieW of a layer stack that provides 
openings in the middle layer in accordance With the inven 
tion. 

[0014] FIG. 4B is a sectional vieW of the layer stack of 
FIG. 4A shoWing the openings in the middle layer in 
accordance With the invention. 

[0015] FIG. 5A is a top vieW of another layer stack that 
includes isolated squares of the middle layer in accordance 
With the invention. 

[0016] FIG. 5B is a sectional vieW of the layer stack of 
FIG. 5A that shoWs the isolated squares of the middle layer 
in accordance With the invention. 

[0017] FIG. 6 is a process How for creating a layer stack 
having improved adhesion. 

DETAILED DESCRIPTION 

[0018] FIG. 2 is a depiction of a preferred layer stack 30 
that improves adhesion betWeen tWo poorly adhering layers. 
The layer stack includes, from the bottom layer to the top 
layer, an oxide layer 32, a titanium nitride layer 34, an 
n-doped amorphous silicon layer 36, an intrinsic (not doped) 
amorphous silicon layer 38, and a p-doped silicon layer 40. 
As described With reference to FIG. 1, adhesion betWeen the 
amorphous silicon layer 36 and the titanium nitride layer 34 
is inherently poor, and the resulting poor bonding strength 
tends to cause problems With yield and reliability, especially 
When contact betWeen the tWo layers exceeds approximately 
200 pm in all directions. On the other hand, the titanium 
nitride layer 34 exhibits good adhesion to the oxide layer 32 
and amorphous silicon bonds Well to oxide. 

[0019] In order to improve adhesion betWeen the amor 
phous silicon layer 36 and the titanium nitride layer 34, 
openings 42 are formed through the titanium nitride layer to 
provide anchor points betWeen the tWo layers. The openings 
act as anchoring channels, alloWing the amorphous silicon to 
bond directly to the oxide layer 32. Because the amorphous 
silicon layer adheres Well to the oxide layer, delamination at 
the interface 46 betWeen the amorphous silicon and the 
titanium nitride is minimized. In the prior art layer stack of 
FIG. 1, the amorphous silicon layer 16 is completely 
separated from the oxide layer 12 by the titanium nitride 
layer 14, Which leads to the delamination problems, as stated 
above. Although one example of an anchoring pattern is 
shoWn in FIG. 2, there are many variations of patterns and 
shapes that can be implemented to provide direct contact 
betWeen the amorphous silicon layer and the oxide layer, 
While areas of direct interface 48 betWeen the titanium 
nitride and the oxide layers are maintained. 
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[0020] Creating the structure of FIG. 2 involves ?rst 
depositing a layer of titanium nitride 34 onto the oxide layer 
32, With the oxide layer being formed on a substrate of 
silicon, for example. In a preferred embodiment, the thick 
ness of the oxide layer ranges from approximately 300 A to 
2 pm, and the thickness of the titanium nitride layer ranges 
from approximately 100 to 2,000 After deposition, por 
tions of the titanium nitride layer are removed to create the 
openings 42, or anchoring channels, in the titanium nitride 
layer. The openings must pass completely through the tita 
nium nitride layer in order to provide improved adhesion. 
Preferably, the openings in the titanium nitride layer are 
created utiliZing knoWn photolithographic and etching tech 
niques. 
[0021] After the desired pattern of titanium nitride is 
removed, the amorphous silicon layer 36 is deposited onto 
the remaining titanium nitride layer 34 and into the openings 
42 formed Within the titanium nitride layer. The amorphous 
silicon is deposited at a preferred thickness that ranges from 
approximately 200 to 30,000 The amorphous silicon 
forms a strong bond With the oxide layer 32 at the interface 
48 points Within the openings. AlloWing direct contact 
betWeen the amorphous silicon layer and the oxide layer, and 
limiting the area of continuous interface 46 betWeen the 
amorphous silicon and titanium nitride layers improves 
adhesion and reduces the problems of bubbling, blistering, 
peeling, etc. The subsequent layers of the layer stack are 
deposited, as needed, to create the desired integrated circuit 
components, such as transistors, capacitors, resistors, and 
diodes. 

[0022] FIG. 3 is a depiction of another preferred layer 
stack 50 that improves adhesion betWeen tWo poorly adher 
ing layers. The layer stack includes, from the bottom layer 
to the top layer, an oxide layer 52, a titanium nitride layer 54, 
an n-doped amorphous silicon layer 56, an intrinsic amor 
phous silicon layer 58, and a p-doped silicon layer 60. The 
layer stack also includes metal vias 62, or plugs, that form 
parts of devices such as transistors, capacitors, resistors, etc. 
Although the metal vias are only shoWn in FIG. 3, metal 
vias can also be present in the layer stack 30 of FIG. 2. In 
contrast to the embodiment of FIG. 2, the embodiment of 
FIG. 3 includes a discontinuous amorphous silicon layer 56 
that is in contact With both the titanium nitride layer 54 and 
the oxide layer 52. Although the amorphous silicon does not 
entirely ?ll the openings 64 in the titanium nitride layer, 
there is suf?cient surface contact of the amorphous silicon 
With the oxide layer that delamination betWeen the amor 
phous silicon and the titanium nitride is prevented. In the 
embodiment of FIG. 3, the amorphous silicon layer is 
formed into a discontinuous layer in order to achieve par 
ticular device characteristics. 

[0023] Creating the structure of FIG. 3 involves ?rst 
etching via holes into the oxide layer 52, and then depositing 
the metal, for example tungsten, into the via holes. Next, the 
titanium nitride layer 54 is deposited on top of the oxide 
layer and the metal vias 62. Portions of the titanium nitride 
layer are then removed to create a pattern of openings 64 that 
pass completely through the layer. After the desired pattern 
of openings is formed in the titanium nitride layer, the 
amorphous silicon layer 56 is deposited onto the remainder 
of the titanium nitride layer and into the openings formed 
Within the titanium nitride layer. Portions of the amorphous 
silicon are then removed to create the structure of FIG. 3. 
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The subsequent layers (amorphous silicon layer 58 and 
p-doped silicon layer 60) are deposited as needed to create 
the desired device. As With the structure of FIG. 2, layer 
deposition and removal is accomplished using knoWn semi 
conductor fabrication techniques. 

[0024] FIGS. 4A and 4B are top and sectional vieWs of 
one embodiment of a layer stack that improves adhesion 
betWeen an amorphous silicon layer and a titanium nitride 
layer. Referring to FIG. 4A, a layer of titanium nitride 74 is 
deposited onto the oxide layer 72, and then a repeating 
pattern of openings 70 is created in the titanium nitride layer 
in order to expose the oxide layer. The exposed oxide layer 
alloWs contact to be made betWeen the amorphous silicon 
layer and the oxide layer. The amorphous silicon layer is 
then deposited over the titanium nitride layer and into the 
openings to create the desired layer stack. 

[0025] FIG. 4B is a sectional vieW of FIG. 4A, taken 
along line 4B-4B. The openings 70 in the titanium nitride 
layer 74 provide direct contact betWeen the amorphous 
silicon layer 76 and the oxide layer 72. The openings shoWn 
in FIGS. 4A and 4B should be suf?ciently large (preferably 
1-10 pm) to enable good step coverage and provide good 
adhesion betWeen the amorphous silicon and the oxide, and 
the distance betWeen openings should be small enough to 
prevent delamination at the interface 80 of the amorphous 
silicon and the titanium nitride layers. In an embodiment, the 
linear distance betWeen openings in the titanium nitride 
layer is less than 500 pm in at least one linear direction, 
preferably less than 200 pm in at least one linear direction. 
That is, there should be no point on the titanium nitride layer 
that is greater than 250 pm from an anchoring channel, and 
preferably no greater than 100 pm from at least one anchor 
ing channel. 

[0026] FIGS. 5A and 5B are top and sectional vieWs of 
another embodiment of the layer stack that improves adhe 
sion betWeen the amorphous silicon layer and the titanium 
nitride layer. Referring to FIG. 5A, a layer of titanium 
nitride 86 is deposited onto the oxide layer 84 and then 
portions of the titanium nitride layer are removed such that 
a repeating pattern of isolated squares, or islands, of titanium 
nitride is created. The amorphous silicon is deposited over 
the titanium nitride islands and onto the exposed oxide layer 
to create the desired layer stack. 

[0027] FIG. SB is a sectional vieW of FIG. 5A, taken 
along line 5B-5B. The exposed areas 90 of oxide provide 
direct contact betWeen the amorphous silicon layer 92 and 
the oxide layer 84. The titanium nitride islands of FIG. 5A 
and 5B should have dimensions that are no larger than the 
minimum dimensions that cause delamination betWeen the 
amorphous silicon and the titanium nitride. Preferably, the 
islands have at least one linear dimension that is less than 
500 pm, more preferably less than 200 pm. Although square 
islands and square openings 78 and 90 are shoWn in FIGS. 
4A and 5A, other shaped openings and/or islands are 
possible. In addition to the described patterns, other opening 
patterns, including non-repeating patterns can be utiliZed to 
provide anchoring betWeen the amorphous silicon layer and 
the oxide layer. 

[0028] In variations of the preferred embodiments, the 
titanium nitride layer may also be a titanium layer or a 
combination titanium nitride/titanium layer. Other metals, 
including aluminum, copper, and/or tungsten, are possible. 
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The oxide layer is preferably silicon dioxide although other 
dielectric layers such as silicon nitride are possible. 

[0029] FIG. 6 is a process How diagram of a preferred 
method for fabricating a layer stack that provides improved 
adhesion betWeen layers. In a step 100, a ?rst layer is 
provided. In a step 102, a second layer is formed on the ?rst 
layer With the second layer including anchoring channels 
formed completely through the second layer. In a step 104, 
a third layer is deposited on the second layer and into the 
anchoring channels Within the second layer, such that the 
third layer bonds to the ?rst layer, thereby providing good 
structural stability in joining the ?rst, second and third 
layers. 

[0030] Although the preferred layer stacks include oxide, 
titanium nitride, and amorphous silicon, the approach of 
providing openings in a middle layer to improve adhesion 
betWeen tWo layers applies equally to other three-layer 
stacks. Speci?cally, the approach can be applied to three 
layer stacks in Which tWo layers that exhibit poor adhesion 
to each other must be attached to a third layer that exhibits 
good adhesion to both of the other tWo layers. 

What is claimed is: 
1. A semiconductor device fabrication method for bond 

ing second and third layers formed of materials having Weak 
adhesion characteristics With respect to each other, said 
method comprising the steps of: 

providing a ?rst layer, said ?rst layer being electrically 
non-conductive, said ?rst layer having properties Which 
provide relatively strong adhesion When in contact With 
either said second layer or said third layer; 

forming said second layer on said ?rst layer, said second 
layer having a ?rst surface in contact With said ?rst 
layer and having a second surface opposite said ?rst 
surface, said second layer being formed to include 
anchoring channels that pass from said ?rst surface of 
said second layer to said ?rst layer, said second layer 
being electrically conductive; and 

depositing said third layer on said second surface of said 
second layer and into said anchoring channels Within 
said second layer such that said third layer bonds to said 
?rst layer, thereby providing structural stability in 
joining said ?rst, second and third layers. 

2. The method of claim 1 Wherein said step of depositing 
includes a step of creating an electrically non-conductive 
bond betWeen said ?rst layer and said third layer. 

3. The method of claim 2 Wherein: 

said step of providing said ?rst layer includes a step of 
depositing an oxide layer; 

said step of forming said second layer includes a step of 
depositing a titanium nitride layer; and 

said step of depositing said third layer includes a step of 
depositing an amorphous silicon layer. 

4. The method of claim 2 Wherein said step of forming 
anchoring channels Within said second layer includes a step 
of etching anchoring channels into said second layer, said 
anchoring channels being completely surrounded by a con 
tinuous portion of said second layer. 

5. The method of claim 4 Wherein no point on said second 
layer is greater than 250 pm from at least one of said 
anchoring channels. 
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6. The method of claim 5 wherein: 

said step of providing said ?rst layer includes a step of 
depositing an oXide layer; 

said step of forming said second layer includes a step of 
depositing a titanium nitride layer; and 

said step of depositing said third layer includes a step of 
depositing an amorphous silicon layer. 

7. The method of claim 2 Wherein said step of forming 
anchoring channels Within said second layer includes a step 
of etching continuous areas Within said second layer to 
create a plurality of spaced apart second layer islands. 

8. The method of claim 7 Wherein no point on said second 
layer islands is greater than 250 urn from at least one of said 
anchoring channels. 

9. The method of claim 8 Wherein: 

said step of providing said ?rst layer includes a step of 
depositing an oXide layer; 

said step of forming said second layer includes a step of 
depositing a titanium nitride layer; and 

said step of depositing said third layer includes a step of 
depositing an amorphous silicon layer. 

10. A semiconductor device structure for retarding 
delarnination betWeen layers in a three-layer stack cornpris 
ing: 

a ?rst layer having ?rst and second opposing surfaces; 

a second layer patterned to reside on a ?rst portion of said 
?rst surface of said ?rst layer, such that said second 
layer is not in contact With a second portion of said ?rst 
surface of said ?rst layer, said second portion de?ning 
anchoring channels; and 

a third layer on a surface of said second layer that is 
opposite to said ?rst layer, said third layer residing 
Within said anchoring channels such that an electrically 
non-conducting bond is formed betWeen said third 
layer and said ?rst layer, thereby tying said third layer 
doWn to said second layer and reducing susceptibility 
to delarnination betWeen said second layer and said 
third layer. 

11. The semiconductor device structure of claim 10 
Wherein said ?rst layer is an oXide layer, said second layer 
is a titanium nitride layer, and said third layer is an arnor 
phous silicon layer. 

12. The semiconductor device structure of claim 10 
Wherein said second layer exists on said ?rst surface of said 
?rst layer in a repeating pattern. 

13. The semiconductor device structure of claim 12 
Wherein said second layer eXists as a continuous layer 
having a plurality of said anchoring channels through said 
continuous layer. 
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14. The semiconductor device structure of claim 13 
Wherein no point on said second layer is more than 250 urn 
from at least one of said anchoring channels. 

15. The semiconductor device structure of claim 10 
Wherein said second layer eXists as a plurality of non 
continuous islands on said ?rst surface of said ?rst layer. 

16. The semiconductor device structure of claim 15 
Wherein no point on said non-continuous islands is more 

than 250 urn from at least one of said anchoring channels. 

17. Aserniconductor device fabrication method for bond 
ing an amorphous silicon layer to a titanium nitride layer, 
said amorphous silicon layer and said titanium nitride layer 
having relatively Weak bonding characteristics With respect 
to each other, said method comprising the steps of: 

providing an oXide layer Which has relatively strong 
bonding characteristics With respect to arnorphous sili 
con and titanium nitride, said oXide layer being elec 
trically non-conductive; 

forrning said titanium nitride layer onto said oXide layer, 
including forrning anchoring channels Within said tita 
niurn nitride layer, said anchoring channels eXposing 
portions of said oXide layer for bonding With said 
amorphous silicon layer; and 

depositing said amorphous silicon layer onto said tita 
niurn nitride layer and into said anchoring channels in 
order to provide structural stability at the interface of 
said titanium nitride layer and said amorphous silicon 
layer, said amorphous silicon layer forming relatively 
strong bonds With said eXposed portions of said oXide 
layer, said relatively strong bonds betWeen sand arnor 
phous silicon layer and said oXide layer being electri 
cally non-conductive. 

18. The method of claim 17 Wherein said step of forming 
said titanium nitride layer includes a step of limiting the 
distance betWeen said anchoring channels to 200 urn or less 
in at least one linear direction. 

19. The method of claim 17 Wherein said step of forming 
anchoring channels Within said titanium nitride layer 
includes a step of etching continuous areas Within said 
titanium nitride layer to create a plurality of titanium nitride 
layer islands. 

20. The method of claim 19 Wherein each one of said 
titanium nitride islands is no more than 200 urn in at least 
one linear direction. 


