
METHOD OF PATTERNING A STACK 

BACKGROUND 

[0001] Contamination of the amorphous carbon layer during milling by residue of a 

metal mask may occur when using a metal sub-layer to transfer a pattern image from an 

imprinted resist to the magnetic layer. The residue of metal contaminates the 

amorphous carbon mask layer, resulting in affection of control dimensions bias and 

fidelity of patterning. Size and position control of features during a pattern fabrication 

process degrades drastically due to metallic residue mixed up with amorphous carbon 

mask layer residue left after stack patterning. Also, such a mixture is hard to clean up 

without affecting magnetic properties of the magnetic layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] FIG. 1 shows a block diagram of an overview of a method of patterning a stack 

of one embodiment. 

[0003] FIG. 2A shows a block diagram of an overview flow chart of a method of 

patterning a stack of one embodiment. 

[0004] FIG. 28 shows a block diagram of a continuation of an overview flow chart of a 

method of patterning a stack of one embodiment. 

[0005] FIG. 2C shows a block diagram of a continuation of an overview flow chart of a 

method of patterning a stack of one embodiment. 

[0006] FIG. 3A shows for illustrative purposes only an example of an oxide layer 

imprint structure of one embodiment. 

[0007] FIG. 38 shows for illustrative purposes only an example of template patterning 

in the resist layer of one embodiment. 

[0008] FIG. 4A shows for illustrative purposes only an example of UV light resist 

curing of the resist layer of one embodiment. 

[0009] FIG. 48 shows for illustrative purposes only an example of removing the 

pattern template from the resist layer of one embodiment. 
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(001 O] FIG. 5A shows for illustrative purposes only an example of a chemical de-scum 

of the pattern imprinted resist layer of one embodiment. 

(0011] FIG. 58 shows for illustrative purposes only an example of an etching in the 

oxide layer of one embodiment. 

(0012] FIG. 6A shows for illustrative purposes only an example of an etching in the 

amorphous carbon layer of one embodiment. 

[0013] FIG. 68 shows for illustrative purposes only an example of an oxide layer 

residue cleaning of one embodiment. 

[0014) FIG. 7A shows for illustrative purposes only an example of an etching in the 

magnetic layer of one embodiment. 

(0015] FIG. 78 shows for illustrative purposes only an example of an amorphous 

carbon layer residue cleaning of one embodiment. 

(0016] FIG. 7C shows for illustrative purposes only an example of a high fidelity image 

transfer to the magnetic layer of a stack of one embodiment. 

DETAILED DESCRIPTION 

[0017] In a following description, reference is made to the accompanying drawings, 

which form a part hereof, and in which is shown by way of illustration a specific example 

in which the invention may be practiced. It is to be understood that other embodiments 

may be utilized and structural changes may be made without departing from the scope 

of the present invention. 

General Overview: 

(0018] It should be noted that the descriptions that follow, for example, in terms of a 

method of patterning a stack is described for illustrative purposes and the underlying 

system can apply to any number and multiple types of layered imprint structures. In one 

embodiment the method of patterning a stack can be configured using a chemical 

application to de-scum the pattern imprinted resist layer. The method of patterning a 

stack can be configured to include multiple oxide compounds to deposit the oxide layer 
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and can be configured to include multiple chemical elements or compounds to use in 

the chemical etching in the various layers to achieve high fidelity image transfer 

patterning of the stack using the present invention. 

[0019] In the following descriptions chemical symbols are used where 02 means 

oxygen gas; CHF3 means trifluoromethane; Ar means argon gas, Si02 means silicon 

dioxide, Ta205 means tantalum pentoxide, CF4 means tetrafluoromethane and C4Fs 

means octafluorocyclobutane. The following descriptions include processes and 

features including RIBE meaning reactive ion beam etching; IBE meaning ion beam 

etching, RIE meaning reactive ion etching, UV light meaning ultraviolet light, CD 

meaning Control Dimensions and PFP meaning Pattern Fabrication Process. The 

chemical symbols, process abbreviations and layer descriptions may be used 

interchangeably with their full text descriptions maintaining the same meaning. 

[0020] FIG. 1 shows a block diagram of an overview of a method of patterning a stack 

of one embodiment. FIG. 1 shows an overview of a method of image transfer using an 

oxide layer wherein replacing a metal layer in a pattern fabrication process with an 

oxide layer 100 prevents contaminating of the amorphous carbon layer during milling or 

etching. Chemical etching of the non-metallic oxide layer will prevent any metallic 

residue, which may result in increased bias and fidelity affection. The imprint layered 

structure with an oxide layer allows use of chemical etch 110 processes to pattern a 

stack of one embodiment. 

[0021] The imprint layered structure with an oxide layer may include well-defined 

nanostructures of various thicknesses. The nanostructures provide well-defined 

topology, composition and functionality. Ion beams create chemical reactions using 

chemical gases injected into the beams which act as reactive agents for chemical 

etching of the imprint structure layers. The precisely positioned ion beam coupled with 

a chemical reactive agent may be used to remove surface structures with nanometer 

precision and in virtually any desired three-dimensional shapes of one embodiment. 

[0022] The imprint structure layers include an imprint resist layer. A step to imprint 

resist layer with a pattern template 115 is processed after deposition of the resist layer. 
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A template with for example a bit-patterned topography is placed on the resist layer. 

The template may be a mirrored topography that includes recesses. The recesses are 

filled in by the resist material through capillary action. The imprint resist layer may be 

configured to cure or harden when exposed to UV light. The template is removed after 

the UV light curing. The surface of the hardened resist layer has the pattern topography 

transferred by using the template of one embodiment. 

[0023] After the imprint of the resist layer is completed and the template removed a 

residual layer (scum) is left on a top of the oxide layer. A scum on the surface of the 

imprint resist layer may harden more rapidly and cause ion beam deflections which may 

result in poorly defined underlying etched surfaces and structures. The method of 

patterning a stack allows a chemical de-scum of pattern imprinted resist layer 120 to be 

performed of one embodiment. 

[0024] The chemical de-scum process is used to remove the residual layer (scum) left 

on top of the oxide layer. The post imprint scum has varying thicknesses from feature to 

feature (dot to dot) within the same magnetic stack or disk. The variations in scum 

thicknesses persist between the variations of one magnetic stack to another. 

[0025] A result of scum thickness variations is the continual adjustments of the 

processing time during an oxide etching. A stack is processed using exposure in 

plasma during an oxide etch for a period of time. The depth of the milling or etch of the 

oxide layer is controlled by the duration of the exposure time. Inconsistent mill depths 

of the oxide layer due to scum thickness variations may result in the possibility of CD 

variation and incomplete milling of the oxide layer. The chemical de-scum of pattern 

imprinted resist layer 120 resolves the continual adjustments of the plasma exposure 

times caused by the scum thickness variations and increased possibility of CD variation 

and incomplete milling of the oxide layer. The chemical de-scum process using oxygen 

gas as a reactive agent may include a reactive ion beam etching process (RIBE) or 

Reactive Ion Etching (RIE). The removal of the resist layer scum using a chemical 

process is fast and cost effective of one embodiment. 
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[0026] The method of patterning a stack allows use of chemical etch 110 processes to 

pattern the remaining imprint layers. Chemical etching may include processes such as 

reactive ion beam etching. In one embodiment a step may include oxide layer RIBE 

with CHF3 130. In this step reactive ion beam etching may be used to etch or remove a 

portion of the oxide layer to create the pattern structure in the oxide layer. A chemical 

such as trifluoromethane (CHF3) is used as a reactive agent. The ion beam is guided 

into the patterned areas to be removed and the CHF3 gas is introduced to cause the 

portions of the oxide layer to be removed to react and vaporize. The reaction is 

controlled to remove only the oxide layer by the selection of the chemical reactive 

agent. The oxide layer is configured to include materials that are non-metallic and 

include materials wherein metals in the materials can be chemically etched to prevent 

metals from contaminating the amorphous carbon layer below. The chemical etching of 

the oxide layer is fast, cost effective and results in decreased control dimensions bias 

and fidelity affection of one embodiment. 

[0027) The patterning process progresses from one layer to the underlying layer in 

steps. The previously patterned layer becomes the mask for the underlying layer. 

Residue of the materials from prior patterned layer creating a mask may be deposited 

on the underlying layer yet to be patterned. The chemical etching of the oxide layer 

may deposit residue on the underlying amorphous carbon layer of one embodiment 

[0028) A step is included in the method of high fidelity image transferring to pattern a 

stack that may include a post oxide etch residue cleaning with CHF3 135. The chemical 

etch for cleaning oxide layer residue from the amorphous carbon layer prior to the 

patterning process of the amorphous carbon layer. The post oxide etch residue 

cleaning with CHF3 135 is a short exposure time period that removes residue but leaves 

the oxide mask for use in patterning the amorphous carbon layer. The post patterning 

oxide layer residue cleaning process prevents residue from damaging the magnetic 

layer of one embodiment. 

[0029] In one embodiment the next step may include using a chemical etching 

process to pattern the amorphous carbon layer. The chemical etching process may 
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include an amorphous carbon layer RIBE with 02 140. The amorphous carbon layer is 

an amorphous carbon that reacts with oxygen gas. A reactive ion beam etching (RIBE) 

process wherein oxygen gas is introduced may be used to remove the portions of the 

amorphous carbon layer in the pattern configuration. The amorphous carbon layer is an 

adhesive layer that after a chemical etching process is used as a mask to pattern the 

magnetic layer of one embodiment. 

[0030] An oxide layer residue cleaning with CHf3 145 is pertormed to remove any 

oxide layer etch residue and the oxide layer itself to avoid the contaminating of 

amorphous carbon with this residue during IBE of magnetic layer. The amorphous 

carbon has little or no reaction with the chemistry used in the oxide layer residue 

cleaning with CHF3 145. The result is a clean amorphous carbon layer and underlying 

magnetic layer surtace free of residue materials used as a mask for amorphous carbon 

layer patterning such as oxide. Residue materials that remain may affect the magnetic 

layer patterning quality in following process steps. The plasma exposure used in the 

cleaning process would only affect surtaces in the layers that later would be milled away 

during magnetic layer patterning of one embodiment. 

[0031] The next step includes a chemical or non-chemical (IBE) etch of the magnetic 

layer to embed the pattern to be transferred by the amorphous carbon layer mask. An 

ion mill process in one embodiment may be used to pattern the magnetic layer IBE with 

Ar 150. The ion milling with argon gas introduced creates a clean well-defined etch of 

the magnetic layer. The etching of the magnetic layer is followed by an amorphous 

carbon residue cleaning with 02 155. The amorphous carbon residue cleaning with 0 2 

155 is a chemical removal of any residue on the magnetic layer that may remain after 

the patterning of magnetic layer. The amorphous carbon residue cleaning with 0 2 155 

is the final step that leaves the magnetic layer free of any contamination from the 

Pattern Fabrication Process of one embodiment. 

[0032] The magnetic layer is free of any contamination that may cause degradation or 

deterioration of the size and position of image features. The prevention of 

contamination prevents affecting Control Dimensions (CD) bias and the magnetic 
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properties of the patterned stack. The stack patterning accomplished 160 using the 

method of patterning a stack provides a simple, cost effective and fast patterning of the 

stack with high fidelity of the image transferred and high quality throughput of one 

embodiment. 

Detailed Description: 

[0033] FIG. 2A shows a block diagram of an overview flow chart of a method of 

patterning a stack of one embodiment. FIG. 2 shows the method of image transfer 

using an oxide layer replacing a metal layer in a pattern fabrication process with an 

oxide layer 100. The replacement of a metal is used to create an oxide layer imprint 

structure 200. The creation of the oxide layer imprint structure begins with a stack with 

magnetic layer substrate deposited 202 of one embodiment. 

[0034] The next step is to deposit an amorphous carbon layer upon magnetic layer 

204. The amorphous carbon layer uses an amorphous carbon to create a hard mask 

that will be used to transfer the pattern image to the magnetic layer. The deposition of 

the amorphous carbon to form the amorphous carbon layer in one embodiment may be 

deposited in a thickness of 4-20 nm or more. 

[0035] A step to deposit an oxide layer upon amorphous carbon layer 210 is the 

replacement of the metal layer. The thickness of the oxide layer may for example be 

deposited in a layer of 3 nm or more. The initial step to image transferring is to deposit 

a resist layer upon oxide layer 220. The resist layer may be created using a spin­

coating process of one embodiment. 

[0036] The next step to transfer the image is to imprint resist layer with a pattern 

template 115. The pattern template may include a pattern template fabricated for 

patterned stacks such as bit-patterned or discrete track media. The pattern template is 

placed on the resist layer with the pattern topography making contact with the resist 

material. The recesses of the pattern topography are filled with resist materials through 

capillary action. A UV light resist curing 222 hardens the resist layer including the filled 

recesses of one embodiment. 
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[0037] A step follows to remove the patterning template 224 by lifting the template off 

when the resist layer is cured. An imprinted resist material may develop an imprint 

resist scum 230 on the surface of the imprinted resist layer. A scum on the surface may 

interfere with the additional etching processes such as deflecting beam projections. 

The interference may cause incomplete etching and reduce the fidelity of the pattern 

image transfer. The method of patterning a stack allows use of chemical etch 11 O 

processes. A step in one embodiment uses the chemical de-scum of pattern imprinted 

resist layer 120 of one embodiment. 

[0038] In one embodiment a chemical etch process such as 02 reactive ion beam 

etching 232 may be used to remove the imprint resist scum 230. The oxygen gas 

injected into the ion beam reacts with the imprint resist scum 230 to dissolve or vaporize 

the surface scum. The chemical de-scum process may include processes using oxygen 

gas as a reactive agent such as a reactive ion beam etching process (RIBE) and 

Reactive ion etch (RIE}. The chemical de-scum of pattern imprinted resist layer 120 

leaves the surface of the oxide layer free of resist scum 230 residue contamination in 

preparation for an image transfer to the oxide layer as shown in FIG. 28 of one 

embodiment. 

Oxide layer image transfer: 

[0039] FIG. 2B shows a block diagram of a continuation of an overview flow chart of a 

method of patterning a stack of one embodiment. FIG. 28 shows a pattern imprinted 

resist layer 240 from FIG. 2A being used to transfer the image to an oxide layer 245. In 

one embodiment the oxide layer RIBE with CHF3 130 chemical etching process may be 

used to etch the oxide layer 245. The trifluoromethane is injected into the ion beam to 

provide a reactive ion beam etching of the oxide layer 245. The patterning of the oxide 

layer using trifluoromethane as a reactive agent may include chemical etch processes 

such as a reactive ion beam etching process (RIBE) and reactive ion etch (RIE) of one 

embodiment. 
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[0040] The chemical etch of the oxide layer 245 prevents contamination of the 

magnetic layer (isolated by amorphous carbon). Etching of amorphous carbon and 

Imprinted UV resist mask with chemistry chosen (CHF3) is insignificant {chemical 

reaction with amorphous carbon with CHF3 chemistry is very slow, compare to etching 

of Si02 layer, in one embodiment. In other embodiments the chemical etch of the oxide 

layer 245 may include the use of other chemistry for example CF4 or C4F8, with the 

same effect of one embodiment. 

[0041) Oxide mask material, oxide beneath the imprinted resist, 245 may remain on 

the amorphous carbon layer 255. A post oxide etch residue cleaning with CHF3 135 

step is included to remove this residue from the amorphous carbon layer 255 after 

chemical etch of the amorphous carbon layer 255. This step will prevent oxide 

materials from contaminating the magnetic layer 265. A short exposure time period 

during the post oxide etch residue cleaning with CHF3 135 step will remove the oxide 

residue deposits on the amorphous carbon layer 255 and leave the patterned oxide 

layer 250 intact. The oxide mask is used in patterning the amorphous carbon layer 255 

of one embodiment. 

[0042) A next step in one embodiment includes the amorphous carbon layer RIBE 

with 02 140 which may be performed in the amorphous carbon layer 255. The 

patterning of the amorphous carbon adhesive layer may include a chemical etch using 

oxygen gas as a reactive agent including a reactive ion beam etching process, or RIBE. 

The 02 chemistry will remove the pattern imprinted resist layer 240 materials for 

example at an accelerated etch rate such as 5 times faster than the etch rate of the 

amorphous carbon during the patterning of the amorphous carbon layer 255. The 

accelerated etch of the resist materials removes the patterned imprinted resist layer 248 

materials completely during etch of the amorphous carbon layer 255. The portions of 

the amorphous carbon layer 255 to be removed in the pattern design are dissolved or 

vaporized by the oxygen gas that is injected into the ion beam. The reactive ion beam 

etching of the amorphous carbon layer 255 results in high fidelity including size and 

position control in the pattern image transfer of one embodiment. 
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[0043] Etch of the patterned oxide layer 250 and patterned amorphous carbon layer 

260 may leave oxide residue on the on patterned amorphous carbon layer (255). The 

oxide residue may poison the amorphous carbon layer 260 after the magnetic layer 265 

patterning. An oxide layer residue cleaning with CHF3 145 is used to remove any oxide 

residue and also removes the patterned oxide layer 258. The oxide layer residue 

cleaning with CHF3 145 may include chemical etch process using CHF3 chemistry such 

as RISE or RIE. The removal of the oxide materials leaves the magnetic layer 265 and 

remaining portion of amorphous carbon layer 255 free from contamination prior to the 

patterned layer magnetic layer 265 patterning processes of one embodiment. 

Magnetic layer patterning: 

[0044] FIG. 2C shows a block diagram of a continuation of an overview flow chart of a 

method of patterning a stack of one embodiment FIG. 2C shows in one embodiment 

an etch process step in the magnetic layer 265. This step may include an IBE with Ar in 

magnetic layer 280 to transfer the pattern image using the patterned amorphous carbon 

layer 260 mask. The IBE in magnetic layer 280 may include using a non-chemical etch 

for example an ion mill or milling process such as an ion beam etching process using 

argon gas. The argon gas is injected into the ion beam. The injected Ar and ion beam 

act to dissolve or vaporize those portions of the magnetic layer 265 to be removed in 

the patterning image transfer. The IBE with Ar in magnetic layer 280 results in high 

fidelity of the image transfer of one embodiment. 

[0045) A final step in the method of patterning a stack may include the amorphous 

carbon residue cleaning with 02 155. The amorphous carbon residue cleaning with 0 2 

155 removes pattern imprinted amorphous carbon layer 268 and any amorphous 

carbon layer 255 residue deposited during the magnetic layer 265 etching process. The 

amorphous carbon residue cleaning with 02 155 using 0 2 chemistry is easily 

accomplished since there is no contamination associated with metallic and I or Oxide 

residue mixed up with the amorphous carbon. The amorphous carbon residue cleaning 

with 02 155 leaves the surfaces of the patterned magnetic layer 270 free from 
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contamination. This will leave the surface of stack or media clean of any residue, for 

the purpose of general stack or media use for example in hard drives to minimize the 

head I stack or media space losses incurred by any remaining residue. The stack 

patterning accomplished 160 provides high fidelity of the image transfer, high definition 

of the pattern and higher quality in the completed stacks of one embodiment. 

[0046] The steps of the method of patterning a stack results in stack patterning 

accomplished 160 with simplicity and prevention of increased bias and pattern 

dislocation. The method of high fidelity image transferring to pattern a magnetic stack 

using an oxide layer allows chemical etch processes to transfer the pattern image with 

high fidelity in stack structures such as bit-patterned and discrete track media in a 

pattern fabrication process of one embodiment. 

Oxide layer imprint structure: 

[0047] FIG. 3A shows for illustrative purposes only an example of an oxide layer 

imprint structure of one embodiment. FIG. 3A shows an oxide layer imprint structure 

300 using the method of high fidelity image transferring to pattern a magnetic stack 

using an oxide layer for replacing a metal layer in a pattern fabrication process with an 

oxide layer 100. The oxide layer 245 has replaced a metal layer in a PFP. The oxide 

layer 245 may include a deposition thickness of the oxide layer such as 1-3 nm or more 

for example using compounds such as silicon dioxide (Si02) or Tantalum Pentoxide 

(Ta20s). The compounds used to form the oxide layer 245 contain no metal. The non­

metallic oxide layer is used to prevent contamination of the amorphous carbon layer 255 

with un-deposited metallic residue. The oxide layer imprint structure 300 includes the 

imprint resist layer 310, the oxide layer 245, the amorphous carbon layer 255 and the 

magnetic layer 265 of one embodiment. 

Patterning template: 

[0048] FIG. 38 shows for illustrative purposes only an example of template patterning 

in the resist layer of one embodiment. FIG. 38 shows the placement or setting of the 
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patterning template 320 on the resist layer 310 of a stack being fabricated. The 

patterning template 320 illustrates the reverse image of the pattern design. Recesses 

from the bottom surface of the patterning template 320 will be used to form domain 

trenches after the patterning is completed. The projections toward the bottom of the 

patterning template 320 will form islands or tracks in a patterned stack such as a bit­

patterned or discrete track stack. The chemical etch processes allowed by the method 

of patterning a stack will be used to etch the pattern in the oxide layer 245, amorphous 

carbon layer 255 and magnetic layer 265 of one embodiment. 

Resist layer UV light curing: 

[0049] FIG. 4A shows for illustrative purposes only an example of UV light resist 

curing of the resist layer of one embodiment. FIG. 4A shows the patterning template 

320 after being set into place on the imprint layers structure 200 of FIG. 2. The imprint 

resist layer 310 materials have flowed through capillary action into the recesses of the 

patterning template 320 to fill the voids. In one embodiment the imprint resist layer 310 

materials may be a spin-coated resist in a layer thickness of for example 30 nm or 

more. The imprint resist layer 310 layer thickness will be changed through the 

placement of the patterning template 320. The areas of the imprint resist layer 31 O will 

be thin where the template projections are closest to the oxide layer 245, amorphous 

carbon layer 255 and magnetic layer 265. The filled recesses will be thicker. A process 

such as UV light resist curing 222 may be used to harden the imprint resist layer 310 

materials. The cured imprint resist layer 310 materials will retain the reverse 

topography of the patterning template 320 of one embodiment. 

Removing a patterning template: 

[0050] FIG. 48 shows for illustrative purposes only an example of removing the 

pattern template from the resist layer of one embodiment. FIG. 48 shows the removal 

of the patterning template 320 from the cured resist materials. The oxide layer 245 also 

provides high adhesion of the resist layer. The high adhesion generates a clean resist 
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peel or removal of the template after UV irradiation of the resist layer. The patterning 

template 320 is lifted off to reveal the pattern imprinted resist layer 240. The pattern 

imprinted resist layer 240 may develop a resist scum 400 on the surface after the 

patterning template 320 is removed. The oxide layer 245, amorphous carbon layer 255 

and magnetic layer 265 will be patterned through other processes of one embodiment. 

Chemical de·scum: · 

[0051] FIG. SA shows for illustrative purposes only an example of a chemical de-scum 

of the pattern imprinted resist layer of one embodiment. Chemical processes may be 

used in the method of patterning a stack for etching and other removals of layered 

materials. One such chemical process in one embodiment is the chemical de-scum of 

pattern imprinted resist layer 120. A chemical de-scum of pattern imprinted resist layer 

120 may include a process such as a reactive ion beam etching process using oxygen 

gas as a reactive agent. 

[0052] The scum that may develop on the surface of the pattern imprinted resist layer 

240 materials may cause irregularities in the projection of ion beams used in etching the 

various layers. These irregularities may include deflection of the ion beam path. The 

deflections may for example prevent materials 'from being removed within the pattern 

design or cause the removal of materials outside the pattern boundaries. These layer 

materials removal irregularities may interfere with the proper functioning of the 

patterned layers. 

[0053] In one embodiment a process such as 02 reactive ion beam etching 232 is 

used for removal of the resist scum 400. Injected oxygen gas in concert with the ion 

beam will dissolve or vaporize the scum on the surface of the pattern imprinted resist 

layer 240. A small portion of the pattern imprinted resist layer 240 may be removed to 

assure full removal of the resist scum 400. The 02 reactive ion beam etching 232 

prevents affecting the oxide layer 245, amorphous carbon layer 255 or magnetic layer 

265 of one embodiment, it only does a chemical etch of thin resist scum 400 layer of 

pattern imprinted resist layer 240. 
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Chemical etching of the oxide layer: 

[0054] FIG. 5S shows for illustrative purposes only an example of an etching in the 

oxide layer of one embodiment. The chemical etch of the oxide layer 245 prevents 

contamination of the amorphous carbon layer 255 with un-deposited metal that would 

create increased bias. The pattern imprinted resist layer 240 is used as a mask to 

pattern the oxide layer 245. A chemical etch such as a reactive ion beam etching 

process using chemistry such as trifluoromethane (CHF3), tetrafluoromethane (CF4) or 

octafluorocyclobutane (C4Fa) as a reactive agent may for example etch the oxide layer 

fast, while etching of the amorphous carbon layer 255 is suppressed of one 

embodiment. 

(0055] The oxide layer 245 in one embodiment may be etched using the oxide layer 

RISE with CHF3 130 which allows use of chemical etch 110 of FIG. 1 processes. The 

trifluoromethane is introduced near the ion beam projections to react with the oxide 

layer 245. The chemical reaction dissolves or vaporizes those portions of the thin oxide 

layer 245 in the pattern designed areas. The oxide layer RISE with CHF3 130 prevents 

removal of the amorphous carbon layer 255 or magnetic layer 265. The chemical 

etching process creates a pattern image transfer with high fidelity. No metal is included 

in the oxide layer 245. The oxide layer RISE with CHF3 130 prevents leaving any un­

deposited metal to affect bias of one embodiment. The patterned oxide layer 245 forms 

a mask for patterning the amorphous carbon layer 255 in the next step, using a 

chemical etch. 

Chemical etching of the amorphous carbon layer: 

[0056] FIG. 6A shows for illustrative purposes only an example of an etching in the 

amorphous carbon layer of one embodiment. FIG. 6A shows a pattern imprinted resist 

layer 240 of FIG. 28 and a patterned oxide layer 250 after the chemical etching 

process. In one embodiment the next step is to pattern the amorphous carbon layer 

255. The method of patterning a stack allows a chemical etch such as the amorphous 
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carbon layer RIBE with 02 140. The patterning of the amorphous carbon layer 255 may 

include a chemical etch using oxygen gas as a reactive agent sµch as a reactive ion 

beam etching process. The reactive agent, oxygen gas, is injected into the area to be 

etched. The precisely focused ion beam causes chemical reaction between the 02 and 

the amorphous carbon layer 255 materials and removes the patterned imprinted resist 

layer 248. The amorphous carbon layer 255 materials to be removed in accordance 

with the pattern design are dissolved or vaporized in the chemical reaction. The oxygen 

reactive ion beam etching of the amorphous carbon layer 255 materials prevents 

affecting the magnetic layer 265. The resulting etch of the amorphous carbon layer 255 

is clean, fast, cost effective and is providing high fidelity of the pattern image transfer of 

in one embodiment. Removal of resist mask residue 248 at this point will leave Oxide 

mask residue with no protection. It will allow of cleaning oxide residue in the next step. 

Oxide layer residue cleaning: 

[0057] FIG. 68 shows for illustrative purposes only an example of an oxide layer 

residue cleaning of one embodiment. FIG. 68 shows the patterned amorphous carbon 

layer 260. An oxide layer residue cleaning with CHF3 145 may be used to remove any 

oxide layer residue and removes the patterned oxide layer 258. The oxide layer residue 

cleaning with CHF3 145 may include a chemical etch process using CHF3 chemistry 

with RIE or RIBE which is etching the oxide materials fast, while almost no etching of 

the amorphous carbon layer materials occurs. The oxide layer residue cleaning with 

CHF3 145 leaves the patterned amorphous carbon layer 260 and the magnetic layer 

265 free from any contamination from oxide residue from the patterned oxide layer 250 

of FIG. 28. 

Etching of the magnetic layer: 

[0058] FIG. 7 A shows for illustrative purposes only an example of an etching in the 

magnetic layer of one embodiment. FIG. 7A shows the patterned amorphous carbon 

layer 260 being used as the pattern mask for the IBE with Ar in magnetic layer 280. 
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This mill process of patterning the magnetic layer 265 may include sputter-etch such as 

·an ion beam etching process using argon gas as an agent to pattern the magnetic layer. 

Argon is one of the noble gases, is stable and resists bonding with other elements. The 

argon gas is injected into the ion beam and the magnetic layer 265 materials to be 

removed according to the pattern design are dissolved or vaporized in the process. The 

exposure time and intensity of the precisely guided focused ion beam can be controlled 

to accurately set the depth of the etching in one embodiment. 

Amorphous carbon layer residue cleaning: 

[0059] FIG. 78 shows for illustrative purposes only an example of an amorphous 

carbon layer residue cleaning of one embodiment. FIG. 78 shows the amorphous 

carbon residue cleaning with 02 155 and may include the use of other gases, or their 

mixture using processes such as RIE or RIBE with oxygen gas as a reactive agent The 

0 2 chemistry easily etches the patterned amorphous carbon layer 260 of FIG. 2C and 

any residue from the patterned amorphous carbon layer 260 of FIG. 2C milling 

processes. The 02 chemistry has insignificant affect on the patterned magnetic layer 

270. The amorphous carbon residue cleaning with 02 155 removes the patterned 

amorphous carbon layer 268 and any amorphous carbon layer 255 of FIG. 28 

patterning residue resulting in the patterned magnetic layer 270 being free from 

contamination. 

High fidelity image transfer patterned stack: 

[0060] FIG. 7C shows for illustrative purposes only an example of a high fidelity image 

transfer to the magnetic layer of a stack of one embodiment. FIG. 7C shows the 

patterned magnetic layer 270 of a stack. The patterned magnetic layer 270 is free of 

contamination from residue produced in the milling of the other layers. The stack 

patterning accomplished 160 using the oxide layer imprint structure 300 of FIG. 3A 

produces the high fidelity image transfer in a PFP used for example for bit-patterned 

and discrete track media of one embodiment. 
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[0061] The foregoing has described the principles, embodiments and modes of 

operation of the present invention. However, the invention should not be construed as 

being limited to the particular embodiments discussed. The above described 

embodiments should be regarded as illustrative rather than restrictive, and it should be 

appreciated that variations may be made in those embodiments by workers skilled in 

the art without departing from the scope of the present invention as defined by the 

following claims. 

[0062] All elements, parts and steps described herein are preferably included. It is to 

be understood that any of these elements, parts and steps may be replaced by other 

elements, parts and steps or deleted altogether as will be obvious to those skilled in the 

art. 
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[0063] CONCEPTS 

This writing presents at least the following concepts. 

Concept 1. A method of fabricating a stack, comprising: 

replacing a metal layer of a stack imprint structure with an oxide layer; 

patterning the oxide layer using chemical etch processes to transfer the pattern 

image; and 

cleaning etch residue from the stack imprint structure to substantially prevent 

contamination of the metal layers. 

Concept 2. The method of Concept 1, further comprising cleaning oxide layer etch 

residue remaining on an amorphous carbon layer, chemically etching the amorphous 

carbon layer, cleaning amorphous carbon layer etch residue remaining on the magnetic 

layer and patterning the magnetic layer, wherein the cleaning oxide layer and the 

cleaning amorphous carbon layer prevents contamination of the magnetic layer. 

Concept 3. The method of Concept 2, further comprising depositing one or more 

materials to form the oxide layer, wherein the oxide layer is configured to be chemically 

etched. 

Concept 4. The method of any one of the preceding Concepts, further comprising 

using a chemical de-scum to remove surface scum that develops on the surface of an 

imprint structure resist layer after being imprinted. 

Concept 5. The method of Concept 4, wherein using the chemical de·scum process 

includes using oxygen gas as a reactive agent with a reactive ion beam etching 

process. 
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Concept 6. The method of any one of the preceding Concepts, wherein the patterning 

of the oxide layer includes chemical etching using trifluoromethane as a reactive agent 

with reactive ion beam etching and reactive ion etching. 

Concept 7. The method of Concept 6, wherein the chemical etch of the oxide layer 

Includes using a chemical etch chemistry configured to process etching the oxide layer, 

while etching of an amorphous carbon layer is suppressed. 

Concept 8. The method of any one of Concepts 1-5, wherein the patterning of the 

amorphous carbon layer includes using a chemical etch process with oxygen gas and 

reactive ion beam etching. 

Concept 9. The method of any one of Concepts 1-5, wherein the patterning of the 

magnetic layer includes using an argon gas etch process including ion beam etching. 

Concept 10. The method of any one of the preceding Concepts, wherein the chemical 

etching transfers the pattern image with a predetermined fidelity including bit-patterned 

and discrete track media pattern images. 

Concept 11. An apparatus, comprising: 

means for replacing a metal layer of an imprint structure with an oxide layer to 

substantially prevent metallic residue contamination of an amorphous carbon layer; and 

means for patterning an imprint structure using chemical etch processes to 

transfer pattern images with a predetermined fidelity. 

Concept 12. The apparatus of Concept 11, further comprising means for depositing an 

oxide layer in an imprint structure in deposition thicknesses of the oxide layer including 

at least 3 nm. 
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Concept 13. The apparatus of Concept 11 or 12 further comprising means for 

depositing one or more materials to form the oxide layer, wherein the oxide layer is 

configured to be chemically etched wherein amorphous carbon and imprinted resist 

layers. 

Concept 14. The apparatus of any one of Concepts 11-13, further comprising means 

for a chemical de-scum of the imprinted resist layer using a process including a reactive 

ion beam etching process using oxygen gas as a reactive agent. 

Concept 15. The apparatus of any one of Concepts 11-14, further comprising means 

for patterning the oxide layer using a chemical etch process including reactive ion beam 

etching using trifluoromethane as a reactive agent. 

Concept 16. The apparatus of any one of Concepts 11-14, further comprising means 

for patterning of an amorphous carbon layer using chemical etching including reactive 

ion beam etching including oxygen gas as a reactive agent. 

Concept 17. The apparatus of any one of Concepts 11-14, further comprising means 

for patterning the magnetic layer using an etch process including an ion beam etching 

process using argon gas as an agent. 

Concept 18. A stack imprint structure, comprising: 

an imprint structure; 

an oxide layer, wherein the oxide layer includes one or more materials configured 

to be etched using chemical etching to pattern the imprint structure and wherein pattern 

images are transferred to the imprint structure with a predetermined fidelity. 

Concept 19. The stack imprint structure of Concept 18, wherein the oxide layer 

materials are configured to be chemically etched using chemistry for patterning, while 
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amorphous carbon layers and imprinted resist layers resist being etched by the same 

chemistry. 

Concept 20. The stack imprint structure of Concept 18 or 19, wherein the oxide layer 

deposited materials is configured to include a thickness of at least 3 nm. 

Concept 21. The stack imprint structure of Concept 18 or 20, wherein the oxide layer is 

configured to be chemically etched using reactive ion beam etching with 

trifluoromethane as a reactive agent to avoid etching other imprint structure layers 

during the oxide layer etch and to prevent fidelity degradation of other layers due to 

mask erosion and un-controlled etch. 

Concept 22. The stack imprint structure of any one of Concepts 18-21, wherein oxide 

layer etch residue is configured to be removed using etching processes wherein 

trifluoromethane is introduced to remove oxide etch residue after an amorphous carbon 

layer patterning process. 

Concept 23. The stack imprint structure of any one of Concepts 18-22, wherein an 

imprint structure amorphous carbon layer is configured to include patterning of the 

amorphous carbon layer using at least one of a chemical etch including reactive ion 

beam etching or a reactive ion etching process using oxygen gas as a reactive agent 

Concept 24. The stack imprint structure of any one of Concepts 18-23, wherein an 

imprint structure magnetic layer is configured to include patterning of the magnetic layer 

using an ion beam etching process using argon gas for sputter-etch. 

Concept 25. The stack imprint structure of any one of Concepts 18-24, wherein the 

imprint structure amorphous carbon layer etch residue is configured to be removed 

using etching processes, wherein at least one of oxygen gas or a mixture of compatible 
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gases are introduced to remove amorphous carbon residue left after magnetic layer 

patterning. 
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What is claimed is: 

1. A method of fabricating a stack, comprising: 

replacing a metal layer of a stack imprint structure with an oxide layer; 

patterning the oxide layer using chemical etch processes to transfer the pattern 

image; and 

cleaning etch residue from the stack imprint structure to substantially prevent 

contamination of the metal layers. 

2. The method of claim 1, further comprising cleaning oxide layer etch residue 

remaining on an amorphous carbon layer, chemically etching the amorphous carbon 

layer, cleaning amorphous carbon layer etch residue remaining on the magnetic layer 

and patterning the magnetic layer, wherein the cleaning oxide layer and the cleaning 

amorphous carbon layer prevents contamination of the magnetic layer. 

3. The method of claim 2, further comprising depositing one or more materials to 

form the oxide layer, wherein the oxide layer is configured to be chemically etched. 

4. The method of any one of the preceding claims, further comprising using a 

chemical de-scum to remove surface scum that develops on the surface of an imprint 

structure resist layer after being imprinted. 

5. The method of claim 4, wherein using the chemical de-scum process includes 

using oxygen gas as a reactive agent with a reactive ion beam etching process. 

6. The method of any one of the preceding claims, wherein the patterning of the 

oxide layer includes chemical etching using trifluoromethane as a reactive agent with 

reactive ion beam etching and reactive ion etching. 
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7. The method of claim 6, wherein the chemical etch of the oxide layer Includes 

using a chemical etch chemistry configured to process etching the oxide layer, while 

etching of an amorphous carbon layer is suppressed. 

8. The method of any one of claims 1-5, wherein the patterning of the amorphous 

carbon layer includes using a chemical etch process with oxygen gas and reactive ion 

beam etching. 

9. The method of any one of claims 1-5, wherein the patterning of the magnetic 

layer includes using an argon gas etch process including ion beam etching. 

10. The method of any one of the preceding claims, wherein the chemical etching 

transfers the pattern image with a predetermined fidelity iQcluding bit-patterned and 

discrete track media pattern images. 

11. An apparatus, comprising: 

means for replacing a metal layer of an imprint structure with an oxide layer to 

substantially prevent metallic residue contamination of an amorphous carbon layer; and 

means for patterning an imprint structure using chemical etch processes to 

transfer pattern images with a predetermined fidelity. 

12. The apparatus of claim 11, further comprising means for depositing an oxide 

layer in an imprint structure in deposition thicknesses of the oxide layer including at 

least 3 nm. 

13. The apparatus of claim 11 or 12 further comprising means for depositing one or 

more materials to form the oxide layer, wherein the oxide layer is configured to be 

chemically etched wherein amorphous carbon and imprinted resist layers. 
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14. The apparatus of any one of claims 11-13, further comprising means for a 

chemical de-scum of the imprinted resist layer using a process including a reactive ion 

beam etching process using oxygen gas as a reactive agent. 

15. The apparatus of any one of claims 11-14, further comprising means for 

patterning the oxide layer using a chemical etch process including reactive ion beam 

etching using trifluoromethane as a reactive agent. 

16. The apparatus of any one of claims 11-14, further comprising means for 

patterning of an amorphous carbon layer using chemical etching including reactive ion 

beam etching including oxygen gas as a reactive agent. 

17. The apparatus of any one of claims 11-14, further comprising means for 

patterning the magnetic layer using an etch process including an ion beam etching 

process using argon gas as an agent. 

18. A stack imprint structure, comprising: 

an imprint structure; 

an oxide layer, wherein the oxide layer includes one or more materials configured 

to be etched using chemical etching to pattern the imprint structure and wherein pattern 

images are transferred to the imprint structure with a predetermined fidelity. 

19. The stack imprint structure of claim 18, wherein the oxide layer materials are 

configured to be chemically etched using chemistry for patterning, while amorphous 

carbon layers and imprinted resist layers resist being etched by the same chemistry. 

20. The stack imprint structure of claim 18 or 19, wherein the oxide layer deposited 

materials is configured to include a thickness of at least 3 nm. 
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21. The stack imprint structure of claim 18 or 20, wherein the oxide layer is 

configured to be chemically etched using reactive ion beam etching with 

trifluoromethane as a reactive agent to avoid etching other imprint structure layers 

during the oxide layer etch and to prevent fidelity degradation of other layers due to 

mask erosion and un-controlled etch. 

22. The stack imprint structure of any one of claims 18-21, wherein oxide layer etch 

residue is configured to be removed using etching processes wherein trifluoromethane 

is introduced to remove oxide etch residue after an amorphous carbon layer patterning 

process. 

23. The stack imprint structure of any one of claims 18-22, wherein an imprint 

structure amorphous carbon layer is configured to include patterning of the amorphous 

carbon layer using at least one of a chemical etch including reactive ion beam etching 

or a reactive ion etching process using oxygen gas as a reactive agent. 

24. The stack imprint structure of any one of claims 18-23, wherein an imprint 

structure magnetic layer is configured to include patterning of the magnetic layer using 

an ion beam etching process using argon gas for sputter-etch. 

25. The stack imprint structure of any one of claims 18-24, wherein the imprint 

structure amorphous carbon layer etch residue is configured to be removed using 

etching processes, wherein at least one of oxygen gas or a mixture of compatible gases 

are introduced to remove amorphous carbon residue left after magnetic layer patterning. 
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