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DIRECT ALIGNMENT SCHEME BETWEEN MULTIPLE LITHOGRAPHY LAYERS

BACKGROUND

[0001] “Flash plus logic” integration may refer to a flash memory cell and logic, such as a Static Random Access Memory (SRAM), [formed on a shared substrate? Correct].  A flash memory cell may typically have a wordline and a bitline to access the cell.  The SRAM may also have a wordline and a bitline.

[0002] A flash plus logic fabrication process may use a “pattern registration” model (Alex, Pattern registration model is commonly used in all semiconductor planer process and is not unique to flash plus logic fabrication process.  Please see bleow definition of “registration”), which is described on pages 273-274 in “Lithography” in VLSI Technology by D.A. McGillis published in 1983.  [pls define “registration”:This term is generally used in mask alignment scheme.  Registeration of mask alignment scheme is the process and/or the accuracy of the upper masking layer aligning to the underline layer in the typical semiconductor planer process]  The “pattern registration” model may be based on components of a nesting tolerance requirement [pls define “nesting tolerance”  Should be it better phrased ‘The “pattern registration” model may be based on the registration tolerance requirement on the compnenets of variations of the nesting mask alignment scheme’?] between two mask layers registered to one another.  The two layers may be called a “registered layer” and a “registering layer” [with the registered layer formed first? Correct.  Or I should say the registered layer is the underline layer.].  The magnitude of the nesting tolerance may depend on the following factors:

[0003] - edge uncertainty of the registered layer;

[0004] - edge uncertainty of the registering layer; and

[0005] - overlay uncertainly of the alignment system [e.g., lithography tool?].

[0006] [An alignment of the registering layer may be “direct” or “indirect” with respect to the registered layer [pls confirm or edit]Alignmnet scheme is called direct alignment when top layer registers to underline layer directly.  Indirect alignment is referred to the nesting tolerance between layers registering via intermediate layer(s)  For example, the third layer aligned to the first layer INDIRECTLY due to direct alignment of the 3rd  layer to the 2nd then 1st layers].  The estimated nesting tolerance of a “direct” alignment scheme, TD, may be modeled as:
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are 1-sigma of CD [pls define Critical Dimension; term is used for the feature size of a mask] distribution [pls explain, or I should say 1-sigma varation of feature size distribution, I’m not sure what is the question on the “distribution”] of the registered layer and the registering layer. 
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 is 1-sigma of registration distribution of an alignment process.  
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 is the number of sigma required for the tolerance distribution.  
[0009] The estimated nesting tolerance of an “indirect” alignment scheme, 
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 may be expressed as:
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[00011] where “i” is the number of alignment steps in the alignment scheme.
DESCRIPTION OF DRAWINGS

[00012] Fig. 1 illustrates a dual polysilicon patterning scheme, such as a flash memory cell plus logic.

[00013] Fig. 2 illustrates a flash plus logic configuration in accordance with an embodiment of the present application.  
[00014] Fig. 3 illustrates an example of a method for forming the flash plus logic in Fig. 2.  

DETAILED DESCRIPTION
[00015] Fig. 1 illustrates a dual poly [polysilicon correct] patterning scheme, such as a flash [memory cell or flash memory array] 100 plus logic 120 (“flash + logic”) [on a shared substrate? correct].  A flash [memory cell see above] 100 may have a flash bitline contact 101A, a flash diffusion [layer or strip? “Layer” is fine.  It is indeed in for form of strip] 102A, and flash wordlines (e.g., SMS [pls define “SMS”] SMS is Abbreviation of Self-aligned MoS, it’s used to called SAMOS in earlier Flash Technology.  The masking layer and the subsequent etch process are used to defined Flash Wordline as well Flash Control Gate.) 104A, 104B.  The logic 120 in Fig. 1 may include a Static Random Access Memory (SRAM) bitline contact 101B, a transistor source/drain (S/D) contact 101C, an SRAM diffusion [layer or strip “Layer” is fine.  It is indeed in for form of strip] 102B, SRAM wordlines (e.g., polysilicon (PLY) Please note that PLY is used for SRAM to distinguish SMS) 103A, 103B and transistor gates (e.g., polysilicon) 103C, 103D.

[00016] [any other materials besides polysilicon and SMS that may be used?  Alex, Polysilicon is used for both SMS and PLY.  Polysilicon is the material and SMS and PLY are the features using polysilicon]
[00017] The integrated flash plus logic pattern in Fig. 1 may have (a) the flash bitline contact 101A aligned to one or more flash wordlines (Alex, the alignment is done layer by layer not feature by feature.  So, when contacts align to wordlines, it is not at per contact per wordline basis) 104A, 104B, and (b) the SRAM bitline contact 101B aligned to one or more (see comment above) SRAM wordlines 103A, 103B.  For a dual polysilicon patterning scheme in a technology like flash plus logic, state-of-the-art stack gate spaces Y2 between the flash bitline contact 101A and wordlines 104A, 104B and spaces Y1 between the SRAM bitline contact 101B and wordlines 103A, 103B may typically be different by about 10%. [pls confirm that “gate” refers to wordline gate is part of wordline polysilicon.  Wordline is the continuation of gates]  
[00018] An additional un-landed [pls define “un-landed”  This term is generally used in contrast to the conventional contact process which is fully landed on diffusion or poly silicon.  Fully landed contact means contact is completely enclosed by landing layer, diffusion of polysilicon, with all sources of variation in fabrication process. Un-landed contact means contact may be partially landed on diffusion and poly in fabrication processes.] contact 101C, e.g., NESL (Nitride Etch Stop Layer), may be added to the flash 100 plus logic 120.  A contact-to-gate registration requirement for the contact 101C in a flash plus logic process may be a problem [does “registration” mean aligning the contact to transistor gates 103C-103D?  if not, pls explain “registration”] correct.  The additional un-landed contact process flow may enable the contact 101C to be “directly” aligned to a polysilicon gate [e.g., wordline] of a flash-based technology [Pls specify other examples of “technology” besides flash memory cell] or a logic-based technology [pls specify other examples of “technology” besides SRAM].  For example, the un-landed contact 101C may be aligned to either a flash wordline 103A or an SRAM wordline 104A in flash plus logic integration.  While maintaining tight registration capability [pls explain “capability” specification] with “direct” alignment to one gate [e.g., logic wordline 103A] correct, the contact-to-gate space for “indirect” alignment may be larger [e.g., “indirect” alignment is to a flash wordline 104A] correct.  This may result in a different design rule of flash plus logic technology than flash-based or logic-based technologies.  [This may be undesirable.] correct
[00019] A possible solution to the problem described above is to increase contact-to-flash wordline space Y2 for a flash plus logic process (to accommodate indirect alignment registration [pls explain how this would accommodate indirect alignment] The problem to solve is how to use the same Design Rule for Flash Only and Flash+Logic Technology.  With larger contact to SMS spacing required by Flash+Logic Technology due to indirect alignment, Flash Only Technology will produce large foot print than its capability.) while maintaining the contact-to-SRAM wordline space Y1 as dictated by direct [alignment?]ok registration requirement.  The increase in contact-to-flash wordline space may be accomplished by increasing flash cell size, which may result in [an undesirable]correct die size increase. 

[00020] Alternatively, the increase in contact-to-flash wordline space Y2 may be accomplished by reducing flash wordline width through additional process development, which may result in an [undesirable]ok increase in overall process development cycle time and/or complexity.  

[00021] The transistor contact 101B and 101C may be “directly” aligned to polysilicon wordlines 103A/103B and 103C/103D.  The spaces X and Yl may meet the requirement of “direct” alignment nesting tolerance, which may be expressed as: 
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[00023] Contact-to-SMS nesting tolerance, Y2, may be expressed as: 
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[00025] at best due to “indirect” alignment of contact [101C?]101A to SMS [wordlines 104A, 104B].  While maintaining tight registration capability with direct alignment to PLY [wordlines 103C, 103D?] SRAM wordlines 103A,103B,103C and 103D, the contact-to-gate space Y2 for indirect alignment to SMS [wordlines 104A, 104B] Flash Wordlines 104A, 104B may be larger.  For example, Y2 may be larger than X or Y by about 40%.

[00026] Fig. 2 illustrates a flash 200 plus logic 220 configuration [on a shared substrate?]correct in accordance with an embodiment of the present application.  A flash memory cell 200 may have a flash bitline contact 201A, a flash diffusion [layer or strip] “Layer” is fine.  It is indeed in for form of strip 202A, and flash wordlines (e.g., SMS) 204A, 204B.  The logic 220 in Fig. 2 may include an SRAM bitline contact 201B, a transistor source/drain (S/D) contact 201C, an SRAM diffusion [layer or strip] layer 202B, SRAM wordlines (e.g., polysilicon PLY) 203A, 203B and transistor gates (e.g., polysilicon) 203C, 203D. Alex, we need to talk about this more.  I think you are referring to the exact layout of SRAM and random logic. I need to understand what are the intend of this “detailed description”
[00027] The application relates to an improved alignment method to reduce a registration requirement of a contact [201A, 201B, 201C] to the gates [203C, 203D, 203B, 203A, 204A, 204B]correct of a flash memory plus logic process.  The new contact alignment method may directly align [the contact 201A, 201B, 201C] to SRAM and flash wordlines 204A-204B, 203A-203B, 203C, 203D simultaneously.  The method may use orthogonally orientated gates between SRAM and flash cells 220, 200.  

[00028] Fig. 3 is a block diagram of a method for forming the flash 200 plus logic 220 in Fig. 2.  [The method may form a first layer (e.g., SMS) on a substrate at 300.  A lithography tool forms a pattern on the first layer, and the first layer is etched to form flash wordlines 204A, 204B at 302.  A second layer (e.g., polysilicon) is formed at 304.  The lithography tool forms a pattern on the second layer, and the second layer is etched to form SRAM and transistor wordlines 203A-203D at 306.  A third layer is formed at 308.  The lithography tool forms a pattern on the third layer, and the third layer is etched to form contacts 201A-201C at 310.  Pls confirm or edit]
[00029] The method may allow the same spacing between a flash wordline stack 200 [pls define “stack” repeated wordlines layout in a constant pitch] and an SRAM wordline stack 220, i.e., X = Y in Fig. 2.  SMS [flash wordlines 204A-204B] and PLY [SRAM wordlines 203A, 203B and transistor gates 203A-203D? this is the place we need to talk about.  Generally, SRAM wordline and Logic gate is formed in the same maksing layer and etch process, there should be no difference in drawing denotation.] in an embedded flash product may be orthogonally placed with respect to each other, as shown in Fig. 2.  The registration requirement of contact-to-PLY [can we replace this with contact-to-wordline? Again, PLY is abbreviation of Logic Gate and SRAM wordlines] may be reduced from two dimensions to one dimension.  

[00030] Also, due to independent alignment in orthogonal directions of the nesting alignment system, the new contact alignment scheme may directly align to SRAM and flash word lines 203A-203B, 204A-204B simultaneously by aligning the contact 201A 201C to SMS [flash wordlines 204A-204B] in the Y-direction and 201B, 201C to PLY [SRAM wordlines and transistor gates 203A-203D?] in the X-direction.  Therefore, nesting tolerance of both X and Y may meet the minimum space of a direct alignment scheme.  X and Y may be expressed as: 
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[00032] The method may include:

[00033] - orienting the flash wordlines (e.g., SMS) 204A, 204B, in one direction, e.g., X-direction [should this be Y-direction?] no, the picture at right of figure 2;

[00034] - orienting the SRAM wordlines 203A, 203B and transistor gates 203C, 203D (e.g., polysilicon PLY) vertically [horizontally?] I guess I’m not sure what is your question to SMS [flash wordlines 204A, 204B], e.g., Y-direction; and

[00035] - aligning the contact [transistor S/D 201C in Fig. 2?201A-201B] to SMS [flash wordlines 204A, 204B]correct directly in Y-direction and to PLY [transistor gates 203C, 203D]203A-203B directly in X-direction.

[00036] A device fabricated by the method above may have: 

[00037] -  two distinct layers, such as SMS and PLY in an embedded flash product, which has features orthogonally placed with respect to each other; and 

[00038] -  identical spaces Y, X between the stacked features of each of the two distinct layers, which allows the feature placement of a third layer, such as a contact 201C.

[00039] The methods described herein may be based on the independent alignment capability and requirement of the nesting tolerance model in orthogonal directions; and orthogonally oriented flash wordlines 204A, 204B, e.g., SMS, and SRAM wordlines 203A, 203B, e.g., PLY.  The contact [201C] thus aligns to SMS and PLY independently without the penalty of indirect alignment tolerance between three layers [first layer is SMS, second layer is PLY, and the third layer forms the contact 201C?].

[00040] Reduction of a registration requirement may be close to about 40%, and die size improvement due to stack gate pitch reduction may be about 4%.  The methods described herein may also share learning between flash and logic technologies for porting on to flash plus logic without incremental yield ramp requirement in contact-to-gate capability [pls explain].  In addition, the methods may take advantage of registration capabilities of a lithography tool for both flash and SRAM cell sizes in an integrated flash plus logic process.  [This may help reduce cell sizes?]
[00041] A number of embodiments have been described.  Nevertheless, it will be understood that various modifications may be made without departing from the spirit and scope of the application.  Accordingly, other embodiments are within the scope of the following claims.

WHAT IS CLAIMED IS:

1. A system comprising:

2. The system of Claim 1, wherein 

3. A method comprising:

4. The method of Claim 

ABSTRACT

A system comprising 
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