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(57) ABSTRACT 
A method and apparatus for deep sub-micron layout opti 
miZation is described. Components of an integrated circuit 
(IC) design (e.g., gates) can be identi?ed and manufactured 
using a phase shifting process to improve circuit density 
and/or performance as compared to a circuit manufactured 
Without using phase shifting processes. In one embodiment, 
a ?rst mask (e.g., a phase shift mask) is generated that 
includes the component to be manufactured using the phase 
shifting process. A second mask (e.g., a trim mask) is also 
generated to further process the structure created using the 
?rst mask. Both masks are de?ned based on a region (e.g., 
a diffusion region) in a different layer of the integrated 
circuit layout than the structure (e.g., the gate) being created 
With the phase shifting process. 
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METHOD AND APPARATUS FOR DETERMINING 
PHASE SHIFTS AND TRIM MASKS FOR AN 

INTEGRATED CIRCUIT 

FIELD OF THE INVENTION 

[0001] The invention relates to integrated circuit process 
ing. More particularly, the invention relates to optical cor 
rection for deep sub-micron (<0.25 pm) integrated circuit 
processes. 

BACKGROUND OF THE INVENTION 

[0002] As integrated circuits (ICs) become more dense, 
the Widths of lines and components, as Well as the separation 
betWeen lines becomes increasingly smaller. Currently, deep 
sub-micron (<0.25 pm) processes are being used. HoWever, 
With deep sub-micron processes, silicon yield is affected by 
several factors including reticle/mask pattern ?delity, optical 
proximity effects, and diffusion and loading effects during 
resist and etch processing. Typical problems include line 
Width variations that depend on local pattern density and 
topology and line end pullback. 

[0003] FIG. 1a is an exemplary deep sub-micron design 
layout. FIG. 121 represents the intended layout; hoWever, 
because of the physics of deep sub-micron processing the 
resulting circuit is different than the design layout. FIG. 1b 
is an uncorrected structure based on the design of FIG. 1a. 

[0004] In the structure of FIG. 1b, line Widths vary based 
on topology and density, Which can detrimentially affect 
speed and accuracy of operation. Line edges are also short 
ened and rounded, Which can break connections and cause 
circuit failure. US. Pat. No. 5,858,580 issued to Wang, et al. 
(“the ‘580 patent”) discloses a method an apparatus for 
reducing gate Width from an original siZe to a reduced siZe 
that can be a sub-micron dimension. 

[0005] The ‘580 patent reduces gate siZes from a ?rst 
manufacturing process having a ?rst minimum realiZable 
dimension to a second manufacturing process having a 
second minimum realiZable dimension. The second mini 
mum realiZable dimension is less than the ?rst minimum 
realiZable dimension. HoWever, the ‘580 patent requires an 
integrated circuit layout to be laid out for a ?rst process and 
then shrunk for use With a second process. What is needed 
is improved deep sub-micron processing that can operate on 
an original circuit layout. 

SUMMARY OF THE INVENTION 

[0006] A method and apparatus for generating a phase 
shifting mask and a trim mask for integrated circuit manu 
facture is described. A ?rst mask is generated that de?nes a 
?rst region in a ?rst layer of the integrated circuit. The ?rst 
region is based, at least in part, on a region in a second layer 
of the integrated circuit. A second mask is generated that 
de?nes a second region in the ?rst layer of the integrated 
circuit. The second region is also based, at least in part, on 
the region in the second layer of the integrated circuit. The 
second mask also removes artifacts generated by the ?rst 
mask. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The invention is illustrated by Way of eXample, and 
not by Way of limitation in the ?gures of the accompanying 
draWings in Which like reference numerals refer to similar 
elements. 
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[0008] 
layout. 
[0009] FIG. 1b is an uncorrected structure based on the 
design of FIG. 2a. 

[0010] FIG. 2 is one embodiment of an integrated circuit 
processing arrangement. 

[0011] FIG. 3 is a design layout having tWo gates over a 
diffusion region. 

[0012] FIG. 4 is the design layout of FIG. 3 With line 
segment indications used to generate phase shift and trim 
masks according to one embodiment of the invention. 

[0013] FIG. 5 is a phase shifting mask for the layout of 
FIG. 3 according to one embodiment of the invention. 

[0014] FIG. 6 is a trim mask for the layout of FIG. 3 
according to one embodiment of the invention. 

[0015] FIG. 7 is a resulting circuit based on the layout of 
FIG. 3. 

[0016] FIG. 8 is a How diagram for generating phase shift 
and trim masks according to one embodiment of the inven 
tion. 

FIG. 1a is an exemplary deep sub-micron design 

[0017] FIG. 9 is a How diagram for generating phase shift 
and trim masks according to one embodiment of the inven 
tion. 

[0018] FIG. 10 illustrates an EDA tool incorporated With 
the simulation tool of the present invention in accordance 
With one embodiment is shoWn. 

[0019] FIG. 11 illustrates one embodiment of a computer 
system suitable for use to practice the present invention. 

DETAILED DESCRIPTION 

[0020] A method and apparatus for generating a phase 
shifting mask and a trim mask for integrated circuit manu 
facture is described. In the folloWing description, for pur 
poses of explanation, numerous speci?c details are set forth 
in order to provide a thorough understanding of the inven 
tion. It Will be apparent, hoWever, to one skilled in the art 
that the invention can be practiced Without these speci?c 
details. In other instances, structures and devices are shoWn 
in block diagram form in order to avoid obscuring the 
invention. 

[0021] Reference in the speci?cation to “one embodi 
ment” or “an embodiment” means that a particular feature, 
structure, or characteristic described in connection With the 
embodiment is included in at least one embodiment of the 
invention. The appearances of the phrase “in one embodi 
ment” in various places in the speci?cation are not neces 
sarily all referring to the same embodiment. 

[0022] Methods and apparatuses for deep sub-micron lay 
out optimiZation are described. Components of an integrated 
circuit (IC) design (e.g., gates) can be identi?ed and manu 
factured using a phase shifting process to improve circuit 
density and/or performance as compared to a circuit manu 
factured Without using phase shifting processes. In one 
embodiment, a ?rst mask (e.g., a phase shift mask) is 
generated that includes the component to be manufactured 
using the phase shifting process. Asecond mask (e.g., a trim 
mask) is also generated to further process the structure 
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created using the ?rst mask. Both masks are de?ned based 
on a region (e.g., a diffusion region) in a different layer of the 
integrated circuit layout than the structure (e.g., the gate) 
being created With the phase shifting process. 

[0023] FIG. 2 is one embodiment of an integrated circuit 
processing arrangement. The arrangement of FIG. 2 is 
suitable for use With the invention and can be used as 
described beloW to reduce component siZes. The general 
uses of the components of FIG. 2 are knoWn in the art. 
Modi?cations are described in greater detail below. For 
example, speci?c reticle and/or mask con?gurations and 
modi?cations can be used With the remaining components of 
FIG. 2. 

[0024] Light source 200 provides light toWards Wafer 230. 
Mask/reticle 210 blocks light for certain predetermined 
portions of Wafer 230. Stepper scanner 220 directs the 
patterns of mask/reticle 210 to one of multiple integrated 
circuits being developed on Wafer 230. 

[0025] FIG. 3 is a design layout having tWo gates over a 
diffusion region. The layout of FIG. 3 is used herein to 
describe the invention. HoWever, the usefulness of the 
invention is not limited to the design of FIG. 3. 

[0026] Diffusion region 310 can be used, for example, to 
provide a collector and an emitter for a transistor. Diffusion 
region 310 can be provided in any manner knoWn in the art. 
For eXample, diffusion region 310 can be provided by ion 
implantation. 

[0027] Metal (or polysilicon) region 300 provides electri 
cal connectivity betWeen components. For eXample, metal 
region 300 provides tWo gates across diffusion region 310 
and a connection for the tWo gates to another device (not 
shoWn in FIG. 3). Metal region 300 can be made, for 
eXample, of aluminum, copper, etc. 

[0028] FIG. 4 is the design layout of FIG. 3 With line 
segment indications used to generate phase shift and trim 
masks according to one embodiment of the invention. In one 
embodiment, the line segments are used to de?ne a region of 
a phase shift mask. In alternative embodiments, offsets from 
the line segments are used to de?ne the phase shift mask. 

[0029] Line segments 405 and 445 are beyond the ends of 
diffusion region 310. Line segments 400 and 430 correspond 
to the center of the gates of metal region 300. Line segments 
415, 410, 435 and 440 connect the respective end line 
segments (i.e., 405 and 445 ) and gate line segments (i.e., 
400 and 430 Line segments 420 and 425 connect the gate 
line segments. In alternative embodiment, the gate line 
segments are not centered in the gates of metal region 300. 

[0030] In one embodiment, the line segments of FIG. 4 
are offset from the boundaries of diffusion region 310 by a 
predetermined amount. In one embodiment, the offset is 
greater than 

0.25/1 

NA ’ 

[0031] Where 6 is the Wavelength of the light used and NA 
is the numerical aperture used. Thus, the offset is greater 
than the Width of the gates. The line segments of FIG. 4 
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indicate the dimensions of a phase shifted region manufac 
tured over diffusion region 310 as described in greater detail 
beloW. By de?ning the phase shifted region based on diffu 
sion region 310, the phase shifting mask can be more easily 
de?ned than if the phase shifting mask is de?ned based on 
a gate or other region to be generated using phase shifting 
techniques. 
[0032] FIG. 5 is a phase shifting mask for the layout of 
FIG. 3 according to one embodiment of the invention. In the 
embodiment described With respect to FIG. 5, the line 
segments described With respect to FIG. 4 are used to de?ne 
the phase shifting mask to generate gates according to the 
invention. Line segments 400, 405, 410 and 415 de?ne a ?rst 
region of eXposure for a phase shifting mask. Line segments 
430, 435, 440 and 445 de?ne a second region of eXposure for 
the phase shifting mask. In an alternative embodiment, 
offsets from the line segments of FIG. 5 are used to de?ne 
the ?rst and second regions of eXposure. 

[0033] Line segments 400, 405, 410 and 415 and line 
segments 430, 435, 440 and 445 de?ne phase shifting 
regions Within the phase shifting mask. In one embodiment, 
the line segments de?ne a region that phase shifts light by 
180 degrees While the neighboring regions do not shift the 
light. Alternatively, the region(s) eXternal to the line seg 
ments can be 180 degree phase shifted regions and the 
internal regions can be Zero degree phase shifted regions. 

[0034] Other phase shifted and non-phase shifted regions 
can also be included in the phase shifting mask. In alterna 
tive embodiments, phase shifting other than Zero degrees 
and 180 degrees can be used. The phase shift mask can also 
be used to provide additional structure for the metal layer 
other than the gates, or other regions, created using phase 
shifting techniques. 
[0035] FIG. 6 is a trim mask for the layout of FIG. 3 
according to one embodiment of the invention. The trim 
ming regions eliminate the artifacts that are generated by the 
phase shifting mask that are not part of the transistor gate to 
be manufactured. 

[0036] The trimming regions corresponding to the phase 
shifting regions of the phase shifting mask are de?ned by 
line segments 500, 505, 510 and 515 and by line segments 
530, 535, 540 and 454. In one embodiment, the line seg 
ments that de?ne the trimming regions are at a predeter 
mined offset from the corresponding line segments that 
de?ne the phase shifting regions. Other structural regions 
(not shoWn in FIG. 6) can also be included in the trimming 
mask. 

[0037] FIG. 7 is a resulting circuit based on the layout of 
FIG. 3. Diffusion region 310 is the same siZe as the layout 
of FIG. 3. In one embodiment, the tWo transistor gates over 
diffusion region 310 have a reduced dimension as compared 
to the original circuit layout of FIG. 3. In one embodiment, 
the connection betWeen the gates has a reduced dimension. 
Thus, some or all of the metal or polysilicon region 700 has 
a reduced dimension as compared to the circuit layout of 
FIG. 3. 

[0038] FIG. 8 is a How diagram for generating phase shift 
and trim masks according to one embodiment of the inven 
tion. A design layout is generated and/or accessed at 810. 
The design layout can be, for eXample, a GDS-II description 
of the circuit to be manufactured. Other layout formats can 
also be supported. 



US 2002/0081500 A1 

[0039] The design layout is accessed at 810. In one 
embodiment, the design layout is a circuit description in 
GDS-II format; hoWever, other formats can also be used. 
The design layout describes the circuit design from Which 
masks and/or reticles are designed to realiZe the circuit 
described by the design layout. 

[0040] Phase assignments are made based on the design 
layout at 820. In one embodiment, the phase assignments are 
made to create gate structures having dimensions that are 
less than the minimum realiZable dimension of the inte 
grated circuit manufacturing process to be used. 

[0041] The phase assignments are made, as described 
above, based on a circuit structure in a circuit layer other 
than the layer for Which the phase shifted processing is to be 
used. For eXample, if phase shifting is to be used to create 
gate structures, the phase assignments for the gate structures 
are made based on the diffusion region over Which the gate 
structure is to be manufactured. A phase shifting mask is 
generated based on the phase assignments. 

[0042] A trim mask is generated at 830. The trim mask 
functions to remove artifacts created by the phase shifting 
mask. In one embodiment, the trim mask is based on the 
same circuit structure as the phase shifting mask. The trim 
mask can also de?ne structure other than the structures 
created using the tWo mask phase shifting process described 
herein. For eXample, the trim mask can de?ne metal or other 
connecting structures betWeen the gate regions created using 
the phase shifting mask and the trim mask. 

[0043] Design veri?cation is performed at 840. In one 
embodiment, design veri?cation is performed after phase 
assignments are made. Typically, design veri?cation 
includes design rule checking and/or electrical continuity 
checking, Which is referred to as layout versus schematic 
(LVS) checking. In one embodiment, arti?cial gate Widths 
are used for design veri?cation purposes because the physi 
cal gate Width generated by the layout of the phase shifting 
mask can cause conventional design veri?cations to fail. 
Modi?cations to the design are made, if necessary, based on 
the design veri?cation to match the original layout topology 
alloWing conventional LVS checks to be executed. The 
multiple masks used to fabricate the integrated circuit are 
fabricated at 850. 

[0044] FIG. 9 is a How diagram for generating phase shift 
and trim masks according to one embodiment of the inven 
tion. The embodiment of FIG. 9 performs design veri?ca 
tion prior to phase assignments. In this embodiment, the 
reduced gate Widths do not cause the design veri?cation to 
fail. 

[0045] The design layout is accessed at 910. As described 
above, the layout can be in GDS-II format, or any other 
appropriate format. The design layout is used for design 
veri?cation at 920. Because the design veri?cation is per 
formed on the original design layout, the reduced dimen 
sions provided by the dual-mask phase shifting fabrication 
described above does not cause the design veri?cation to 
fail. 

[0046] Phase assignment is provided at 930. In one 
embodiment, the phase assignment is performed based on 
circuit structure in a different circuit layer than the layer for 
Which the phase mask is to be used. A trim mask is 
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generated, at 940, for the circuit layer corresponding to the 
phase assignment described above. The appropriate masks 
are fabricated at 950. 

[0047] FIG. 10 illustrates an EDA tool incorporated With 
the simulation tool of the present invention in accordance 
With one embodiment is shoWn. As illustrated, EDA tool 
suite 1000 includes simulation tool 1002 incorporated With 
the teachings of the present invention as described earlier. 
Additionally, EDA tool suite 1000 includes other tool mod 
ules 1004. EXamples of these other tool modules 1002 
include but not limited to synthesis module, layout veri? 
cation module and so forth. 

[0048] FIG. 11 illustrates one embodiment of a computer 
system suitable for use to practice the present invention. As 
shoWn, computer system 1100 includes processor 1102 and 
memory 1104 coupled to each other via system bus 1106. 
Coupled to system bus 1106 are non-volatile mass storage 
1108, such as hard disks, ?oppy disk, and so forth, input/ 
output devices 1110, such as keyboard, displays, and so 
forth, and communication interfaces 1112, such as modem, 
LAN interfaces, and so forth. Each of these elements per 
form its conventional functions knoWn in the art. 

[0049] In particular, system memory 1104 and non-vola 
tile mass storage 1108 are employed to store a Working copy 
and a permanent copy of the programming instructions 
implementing the above described teachings of the present 
invention. System memory 1104 and non-volatile mass 
storage 1106 may also be employed to store the IC designs. 
The permanent copy of the programming instructions to 
practice the present invention may be loaded into non 
volatile mass storage 1108 in the factory, or in the ?eld, 
using distribution source/medium 1114 and optionally, com 
munication interfaces 1112. EXamples of distribution 
medium 1114 include recordable medium such as tapes, 
CDROM, DVD, and so forth. In one embodiment, the 
programming instructions are part of a collection of pro 
gramming instructions implementing EDA tool 1000 of 
FIG. 10. The constitution of elements 1102-1114 are Well 
knoWn, and accordingly Will not be further described. 

[0050] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments 
thereof. It Will, hoWever, be evident that various modi?ca 
tions and changes can be made thereto Without departing 
from the broader spirit and scope of the invention. The 
speci?cation and draWings are, accordingly, to be regarded 
in an illustrative rather than a restrictive sense. 

What is claimed is: 
1. A method of generating a set of masks for integrated 

circuit manufacture, the method comprising: 

generating a ?rst mask to de?ne a ?rst region in a ?rst 
layer of the integrated circuit, the ?rst region based, at 
least in part, on a region in a second layer of the 
integrated circuit; 

generating a second mask to de?ne a second region in the 
?rst layer of the integrated circuit, the second region 
based, at least in part, on the region in the second layer 
of the integrated circuit, the second mask further to 
remove artifacts generated by the ?rst mask. 

2. The method of claim 1 Wherein the ?rst region is 
generated by destructive light interference. 
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3. The method of claim 1 wherein the ?rst mask includes 
phase shifting elements to de?ne the ?rst region. 

4. The method of claim 1 Wherein the second mask further 
de?nes additional structural elements in the ?rst integrated 
circuit layer. 

5. The method of claim 1 Wherein the region in the second 
layer of the integrated circuit is a diffusion region. 

6. The method of claim 1 Wherein the second mask does 
not include phase shifting elements. 

7. The method of claim 1 Wherein the ?rst mask and the 
second mask de?ne a transistor gate. 

8. The method of claim 1 Wherein the second mask retains 
a topology of an original integrated circuit layout. 

9. An apparatus for generating a set of masks for inte 
grated circuit manufacture, the apparatus comprising: 

means for generating a ?rst mask to de?ne a ?rst region 
in a ?rst layer of the integrated circuit, the ?rst region 
based, at least in part, on a region in a second layer of 
the integrated circuit; 

means for generating a second mask to de?ne a second 
region in the ?rst layer of the integrated circuit, the 
second region based, at least in part, on the region in the 
second layer of the integrated circuit, the second mask 
further to remove artifacts generated by the ?rst mask. 

10. The apparatus of claim 9 Wherein the ?rst region is 
generated by destructive light interference. 

11. The apparatus of claim 9 Wherein the ?rst mask 
includes means for phase shifting to de?ne the ?rst region. 

12. The apparatus of claim 9 Wherein the second mask 
further comprises de?ning additional structural elements in 
the ?rst integrated circuit layer. 

13. The apparatus of claim 9 Wherein the region in the 
second layer of the integrated circuit is a diffusion region. 

14. The apparatus of claim 9 Wherein the second mask 
does not include phase shifting elements. 

15. The apparatus of claim 9 Wherein the ?rst mask and 
the second mask de?ne a transistor gate. 

Jun. 27, 2002 

16. The apparatus of claim 9 Wherein the second mask 
retains a topology of an original integrated circuit layout. 

17. A machine-readable medium having stored thereon 
sequences of instructions that When executed by one or more 
processors cause an electronic device to: 

generate a ?rst mask de?nition that de?nes a ?rst region 
in a ?rst layer of the integrated circuit, the ?rst region 
based, at least in part, on a region in a second layer of 
the integrated circuit; 

generate a second mask de?nition that de?nes a second 
region in the ?rst layer of the integrated circuit, the 
second region based, at least in part, on the region in the 
second layer of the integrated circuit, the second mask 
further to remove artifacts generated by the ?rst mask. 

18. The machine-readable medium of claim 17 Wherein 
the ?rst region is generated by destructive light interference. 

19. The machine-readable medium of claim 17 Wherein 
the ?rst mask includes phase shifting elements to create the 
?rst region. 

20. The machine-readable medium of claim 17 Wherein 
the sequences of instructions that generate the second mask 
further comprise sequences of instruction that de?ne addi 
tional structural elements in the ?rst integrated circuit layer. 

21. The machine-readable medium of claim 17 Wherein 
the region in the second layer of the integrated circuit is a 
diffusion region. 

22. The machine-readable medium of claim 17 Wherein 
the second mask does not include phase shifting elements. 

23. The machine-readable medium of claim 17 Wherein 
the ?rst mask and the second mask de?ne a transistor gate. 

24. The machine-readable medium of claim 17 Wherein 
the second mask retains a topology of an original integrated 
circuit layout. 


