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DIRECT ALIGNMENT SCHEME BETWEEN MULTIPLE LITHOGRAPHY LAYERS

BACKGROUND

[0001] “Flash plus logic” integration refers to flash memory and logic, such as a static random access memory (SRAM) cells and/or transistors, formed on a shared substrate.  Flash memory may typically have wordlines and bitlines to access flash memory cells.  SRAM may also have wordlines and bitlines.  A transistor may have a source, a gate and a drain.   

[0002] A flash plus logic fabrication process may use a “pattern registration” model, which is described on pages 273-274 in “Lithography” in VLSI Technology by D.A. McGillis published in 1983.  The pattern registration model is commonly used in many semiconductor planar processes.  In a mask alignment scheme of a typical semiconductor planar process, “registration” refers to a process and/or accuracy of an upper masking layer aligning to an underlining mask layer.  The underlining mask layer is called a “registered” layer and is formed before the upper “registering” mask layer.  
DESCRIPTION OF DRAWINGS

[0003] Fig. 1 illustrates a dual polysilicon patterning scheme with a flash memory cell plus logic on a shared substrate.

[0004] Fig. 2 illustrates a flash plus logic configuration on a shared substrate in accordance with an embodiment of the present application.
[0005] Fig. 3 illustrates an example of a method for forming the flash plus logic configuration in Fig. 2.  

DETAILED DESCRIPTION
[0006] The “pattern registration” model may be based on a registration tolerance requirement of component location variations in a nesting mask alignment scheme between two or more mask layers.  The magnitude of a nesting tolerance may depend on several factors, such as:

[0007] - edge uncertainty of the registered layer;

[0008] - edge uncertainty of the registering layer; and

[0009] - overlay uncertainly of the alignment system, e.g., a lithography tool.

[00010] A registering layer may be “directly” or “indirectly” aligned to a registered layer.  A top registering layer is “directly” aligned to an underlining registered layer when there are no intermediate layers.  “Indirect” alignment may have a nesting tolerance between layers that are registered via one or more intermediate layers.  For example, a second layer is directly aligned to an underlining first layer.  A third layer is directly aligned to the second layer.  The third layer is “indirectly” aligned to the first layer.  

[00011] The estimated nesting tolerance of a “direct” alignment scheme, TD, may be modeled as:
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 are 1-sigma variations of feature size distribution of the registered mask layer and the registering mask layer, respectively.  Feature size distribution may also be called CD (Critical Dimension) distribution, which refers to the feature size of a mask.  
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 is 1-sigma variation of registration distribution of an alignment process.  
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 is the number of sigma required for the tolerance distribution.  
[00014] The estimated nesting tolerance of an “indirect” alignment scheme, 
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 may be expressed as:
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[00016] where “i” is the number of alignment steps in the “indirect” alignment scheme.

[00017] Fig. 1 illustrates a dual polysilicon patterning scheme with a flash memory cell 100 plus logic 120 (“flash + logic”) on a shared substrate.  The flash memory cell 100 may be part of a flash memory array.  The flash memory plus logic configuration 100, 120 may be formed by (a) forming a diffusion layer 102 on a substrate, (b) forming a first polysilicon masking layer 104 called “SMS” (Self-aligned MoS, which may also be called “SAMOS”), (c) forming a second polysilicon masking layer 103 called “PLY,” (d) optional deposition of a thin layer of Nitride serving as contact Etch Stop Layer called “NESL” to improve contact etch selectivity (e) dielectric, normally silicon dioxide, deposition over entire wafer surface  (f) forming a contact masking layer 101, for contact etch process, (g) etching oxide where contact layer is opened and (h) filling contact opening with metal, normally with tungsten, alumina or cupper. The first polysilicon masking layer 104 may be directly aligned to the underlining diffusion layer 102.  The second masking polysilicon layer 103 may be directly aligned to the first polysilicon masking layer 104.  The contact masking layer 101 may be directly aligned to the second masking polysilicon layer 103.  In an alternative method, the PLY polysilicon layer 103 may be formed before the SMS polysilicon layer 104.

[00018] Each layer may be patterned and etched to define the structures shown in Fig. 1.  The diffusion layer 102 may be etched to form diffusion strips and segments 102A, 102B.  The SMS polysilicon layer 104 may be etched to form SMS flash memory wordlines 104A, 104B.  The PLY polysilicon layer 103 may be etched to form PLY Static Random Access Memory (SRAM) wordlines 103A, 103B and transistor gates 103C, 103D.  The contact masking layer 101 may be etched to form a flash bitline contact 101A, a SRAM bitline contact 101B and a transistor bitline contact 101C.  

[00019] “PLY” is used to distinguish the second polysilicon layer (forming SRAM polysilicon wordlines 103A, 103B and transistor gates 103C, 103D) from the first “SMS” polysilicon layer (forming the flash wordlines 104A, 104B).  Other materials besides polysilicon may be used.

[00020] The flash memory cell 100 in Fig. may include a flash bitline contact 101A, a flash diffusion layer 102A in the form of a strip, and flash wordlines 104A, 104B.  Each wordline 104A, 104B is a row of flash control gates for a plurality of memory cells.  

[00021] The logic 120 in Fig. 1 may include an SRAM bitline contact 101B, a transistor source/drain (S/D) contact 101C, an SRAM diffusion layer 102B in the form of a rectangle, SRAM wordlines 103A, 103B and transistor gates 103C, 103D.  

[00022] Alignment may typically done layer-by-layer, not feature-by-feature.  The integrated flash plus logic pattern 100, 120 in Fig. 1 may have (a) the contact layer 101 “directly” aligned to the PLY polysilicon layer 103, and (b) the contact layer 101 “indirectly” aligned to the SMS polysilicon layer 104.  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%.  This may be a problem, as described below.
[00023] The contact layer 101 may be referred to as “un-landed.”  “Un-landed” is generally used to contrast a conventional contact process which is “fully-landed” on a diffusion layer and a polysilicon layer.  A “fully-landed” contact layer is completely enclosed by (or in contact with) landing layers, e.g., a diffusion layer and a polysilicon layer, with all sources of variation in a fabrication process.  The “un-landed” contact layer 101 may be partially landed on a diffusion layer and/or a polysilicon layer in fabrication processes.  “Registration” of the contact layer 101 may refer to “directly” aligning the “un-landed” contact layer 101 to the logic-based PLY polysilicon gate layer 103 or the flash-based SMS polysilicon gate layer 104 in flash-plus-logic integration.
[00024] An additional “contact-to-gate” registration requirement of the “un-landed” contact layer 101 in a flash-plus-logic process may be a problem.  While maintaining a tight registration capability (specification) of the contact layer 101 with “direct” alignment to one gate layer (PLY layer 103 with SRAM wordlines and transistor gates 103A-103D to specify contact-to-gate spaces Y1 and X), the contact-to-gate space Y2 for “indirect” alignment to the SMS flash wordlines 104A, 104B of the SMS layer 104 may be larger.  For example, Y2 may be larger than X or Y1 by about 10 to 40%.  This may result in a different design rule for flash-plus-logic technology compared to flash-only or logic-only technologies, which may be undesirable.
[00025] A problem to solve is how to use the same design rule for flash-only and flash-plus-logic technology.  A possible solution to the problem is to increase contact-to-flash wordline space Y2 for a flash-plus-logic process to accommodate “indirect” alignment registration, while maintaining the contact-to-SRAM wordline space Y1 to accommodate “direct” alignment registration requirement.  The increase in contact-to-flash (contact-to-SMS) wordline space Y2 required by flash-plus-logic technology due to indirect alignment may be addressed by one of the following two approaches.  Flash-only technology may produce a larger foot print than its capability (specification).  Increasing flash cell size may result in an undesirable die size increase. 

[00026] 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 increase in overall process development cycle time and/or complexity.  

[00027] The spaces X and Yl may meet the requirement of “direct” alignment nesting tolerance, which may be expressed as: 
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[00029] where 
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 are 1-sigma variations of feature size distribution of a contact mask layer and a PLY mask layer, respectively.  
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 is 1-sigma variation of registration distribution of an alignment process.  
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 is the number of sigma required for the tolerance distribution.
[00030] Contact-to-SMS nesting tolerance, Y2, may be expressed as: 
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[00032] at best due to “indirect” alignment of the contact layer 101 to the SMS polysilicon layer 104.  
[image: image14.wmf]CON
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 are 1-sigma variations of feature size distribution of a contact mask layer 101 and the SMS mask layer 104, respectively.  

[00033] Fig. 2 illustrates a flash 200 plus logic 220 configuration on a shared substrate in accordance with an embodiment of the present application.  A flash memory cell 200 in Fig. 2 may have a flash bitline contact 201A, a flash diffusion layer 202A in the form of a strip, and “SMS” flash wordlines 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 202B in the form of a strip, “PLY” SRAM wordlines 203A, 203B and PLY transistor gates 203C, 203D.  The configuration of Fig. 2 may be used to produce an embedded flash product.

[00034] Fig. 3 is a flow diagram of a method for forming the flash 200 plus logic 220 configuration in Fig. 2.  The method may form a diffusion layer 202 on a substrate at 300.  A lithography tool may form a pattern on the diffusion layer 202, which is etched to define the flash diffusion strips 202A and SRAM diffusion strips 202B as shown in Fig. 2.  The method may form a first polysilicon masking layer 204 called “SMS,” which may be patterned and etched to define SMS flash wordlines 204A, 204B at 302.  The method may form a second polysilicon masking layer 203 called “PLY,” which may be patterned and etched to define PLY SRAM wordlines 203A, 203B and transistor gates 203C, 203D at 304.  The method may then form a contact masking layer 201 which may be patterned and etched to define the flash bitline contact 201A, SRAM bitline contact 201B and transistor bitline contact 201C at 306.  The PLY masking layer 203 is directly aligned to the SMS masking layer 204, and the contact layer 201 is directly aligned to both the SMS and PLY layers 204, 203.  In an alternative method, the PLY polysilicon layer 203 may be formed before the SMS polysilicon layer 204.

[00035] The improved alignment method of Fig. 3 to form flash memory plus logic may reduce a registration requirement of contacts 201A, 201B, 201C to gates 204A, 204B, 203A-203B, 203C-203D.  The new contact alignment method may “directly” align the contact layer 201 (used to form contacts 201A, 201B, 201C) simultaneously to the SMS layer 204 and the PLY layer 203 (used to form flash wordlines 204A-204B, SRAM wordlines 203A-203B, and PLY transistor gates 203C-203D).  The method may use orthogonally orientated gates between SRAM and flash cells 220, 200.  For example, the method may:

[00036] - orient the SMS flash wordlines 204A, 204B, in a first direction, e.g., horizontal or X-direction in Fig. 2;

[00037] - orient the PLY SRAM wordlines 203A, 203B and transistor gates 203C, 203D in a second direction perpendicular to the first direction, e.g., vertical or Y-direction; and

[00038] - directly align the contact layer to the SMS layer 204 in the Y-direction and directly align the contact layer 201 to the PLY layer 203 in the X-direction.  Thus, the SMS flash wordlines 204A-204B may be orthogonally placed with respect to the PLY SRAM wordlines 203A, 203B and PLY transistor gates 203A-203D.  

[00039] The structure of Fig. 2 and method of Fig. 3 may have several benefits and advantages.  SRAM wordlines 203A, 203B and logic gates 203C, 203D are parallel and may be formed in the same masking layer and etch process.  Two layers with direct alignment (201 and 203; 201 and 204) may be implemented instead of three layers 101, 104, 103 with indirect alignment, as in Fig. 1.  

[00040] The method above may allow the same spacing between a flash wordline stack and an SRAM wordline stack, i.e., X = Y in Fig. 2.  A wordline “stack” is a layout of repeated wordlines in a constant pitch.  The registration requirement of contact-to-PLY (contact layer 201 to PLY layer 203) may be reduced from two dimensions (Y1 and X in Fig. 1) to one dimension (X in Fig. 2).  

[00041] Due to independent alignment in orthogonal directions of the nesting alignment system, the new contact alignment scheme may simultaneously and directly align the flash bitline contact 201A to flash wordlines 204A-204B in the Y-direction and directly align the contacts 201B, 201C to the 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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[00043] A device fabricated by the method above may have: 

[00044] -  two distinct layers, such as SMS and PLY in an embedded flash product, which has features orthogonally placed with respect to each other; and 

[00045] -  identical spaces Y, X between the stacked features of each of the two distinct layers 203, 204, which allow the feature placement of a third layer 201, such as a contact layer 201.

[00046] The methods described herein may be based on (a) the independent alignment capability and requirement of the nesting tolerance model in orthogonal directions and (b) orthogonally oriented SMS flash wordlines 204A, 204B, and PLY SRAM wordlines 203A, 203B.  A contact layer 201 thus aligns to SMS and PLY layers 204, 203 independently without the penalty of indirect alignment tolerance between three layers (Fig. 1).

[00047] 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.  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.

[00048] 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 method comprising:

forming a diffusion layer on a substrate;

forming a first masking layer directly aligned to the diffusion layer and etching the first masking layer to form a first set of wordlines;

forming a second masking layer directly aligned to the first masking layer and etching the second layer to form a second set of wordlines; 

forming a third masking layer directly aligned to the first masking layer in a first direction and directly aligned to the second masking layer in a second direction; and

etching the third masking layer to form a plurality of bitline contacts.

2. The method of Claim 1, wherein etching the first masking layer forms a wordline comprising a row of flash memory cell control gates.

3. The method of Claim 1, wherein etching the second masking layer forms a set of static random access memory wordlines and transistor gates.

4. The method of Claim 1, wherein etching the third masking layer forms a flash memory bitline contact, a logic bitline contact and a transistor contact.

5. The method of Claim 1, wherein etching the second set of wordlines forms wordlines and transistor gates orthogonal to the first set of wordlines.

6. The method of Claim 1, wherein forming and etching the third masking layer produces a first bitline contact and a second bitline contact, the first bitline contact having a first contact-to-gate space in the first direction, the second bitline contact having a second contact-to-gate space in the second direction, the first and second contact-to-gate space being substantially equal.

7. The method of Claim 1, wherein forming and etching the third masking layer produces a first bitline contact and a second bitline contact, the first bitline contact being directly aligned to the first set of wordlines, the second bitline contact being directly aligned to the second set of wordlines.

8. The method of Claim 1, wherein forming the first masking layer uses polysilicon.

9. The method of Claim 1, wherein forming the second masking layer uses polysilicon.

10. The method of Claim 1, wherein forming the third masking layer uses a Nitride Etch Stop Layer.

11. The method of Claim 1, further comprising etching the diffusion layer to form a first set of strips associated with flash memory and a second set of strips associated with logic, the first set being perpendicular to the second set.

12. A structure comprising:

a memory cell having a first bitline contact and a first set of wordlines;

a logic cell having a second bitline contact and a second set of wordlines, the second set of wordlines being perpendicular to the first set of wordlines; and 

a transistor having a source, a drain and a gate, the source and the drain being parallel with the second set of wordlines, the flash memory cell, logic cell and the transistor sharing a common substrate.

13. The structure of Claim 12, wherein the memory cell is a flash memory cell.

14. The structure of Claim 12, wherein the logic cell comprises a static random access memory.

15. The structure of Claim 12, wherein the memory cell has a first contact-to-gate space that is substantially equal to a second contact-to-gate space of the logic cell.

16. The structure of Claim 12, wherein the memory cell has a first contact-to-gate space that is substantially equal to a second contact-to-gate space of the transistor.

17. The structure of Claim 12, wherein the memory cell and the logic cell have nesting tolerances that meets a minimum space of a “direct” alignment scheme, the nesting tolerances being expressed as:
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18. The structure of Claim 12, further comprising a first diffusion layer strip associated with the memory cell, and a second diffusion layer strip associated with the logic cell, the first diffusion layer strip being perpendicular to the second diffusion layer strip.

19. The structure of Claim 18, wherein the first bitline contact is formed on the first diffusion layer strip, and the second bitline contact being formed on the second diffusion layer strip.

20. A structure comprising:

a first layer of polysilicon etched to form a first set of wordlines;

a second layer of polysilicon etched to form a second set of wordlines and transistor gates, the first set of wordlines being perpendicular to the second set of wordlines; and

a masking layer etched to form a memory bitline contact, a logic bitline contact and a transistor bitline contact.

21. The structure of Claim 20, further comprising a  diffusion layer etched to form a first set of strips and a second set of strips, the first set of strips being perpendicular to the second set.

22. The structure of Claim 20, wherein the memory bitline contact has a first contact-to-gate space, the logic bitline contact having a second contact-to-gate space, the first contact-to-gate space being substantially equal to the second contact-to-gate space. 

ABSTRACT

A method for directly aligning multiple lithography masking layers.  The method may be used to fabricate a flash plus logic structure.  The flash plus logic structure may comprise a flash memory cell, a logic cell and a transistor. 









Fig. 3

FORM A DIFFUSION LAYER ON A SUBSTRATE; DEFINE AND ETCH DIFFUSION LAYER INTO STRIPS
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FORM A FIRST POLYSILICON MASKING LAYER CALLED “SMS,” WHICH MAY BE PATTERNED AND ETCHED TO DEFINE SMS FLASH WORDLINES
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FORM A SECOND POLYSILICON MASKING LAYER CALLED “PLY,” WHICH MAY BE PATTERNED AND ETCHED TO DEFINE PLY SRAM WORDLINES AND TRANSISTOR GATES
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FORM A CONTACT MASKING LAYER, WHICH MAY BE PATTERNED AND ETCHED TO DEFINE A FLASH BITLINE, AN SRAM BITLINE AND TRANSISTOR BITLINE CONTACTS
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