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ABSTRACT

The CMOS logic 22nm node is being done with single patterning and a highly regular layout style
using Gridded Design Rules (GDR). Smaller nodes will require the same regular layout style but
with multiple patterig for critical layers. A line/cut approach is being used to achieve good pattern
fidelity and process margin, with extendibility to ~7nm.[1]

DesignSourceMask Optimization (DSMO) has been demonstrated to be effective at the 20nm
node.[2] The transitiofrom single to double and in some cases triplpatterning was evaluated for
different layout styles, with highly regular layouts delaying the need for mufigdterning
compared to complex layouts.

To address mask compl extitypatntdercrostwa OPLt ddired
OPC was found to provide good quality metrics such as MEEF and DQB].[Bs is significant

since mask data volumes of >500GB per layer are projected for pixelated masks created by complex
OPC or inverse thography; writing times for such masks are nearly prohibitive.

In this study, we extend the scaling using simplified OPC beyond 20nm in small steps, eventually
reaching the 16nm node. The same “cut "anpat‘ty€r n
locations for the cuts scaled for each step. The test block is a reasonably complex logic function with
~100k gates of combinatorial logic and ffipps.

Experimental demonstration of the cut approach using simplified OPC and conventionahiitrsin
will be presentedwith comparison to the complex OPC resuMIEEF can be measured
experimentally.Lines were patterned with 193nm immersion with no complex OPC. The final
dimensions were achieved by applying pitch division twie.[

Using the condions optimized for the logic block, an SRAM block simulation and experimental
results will also be presented.

Keywords: Low ki, highly regular layout,gridded design rulespitch division spacerdouble
patterning, lines and cytdesign source mask opiization(DSMO)
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1. INTRODUCTION

The 50 year era of continual improvemanphotolithographyoptical resolutioncame to an abrupt
end in 2007The end of optical resolution scaling would haeene several years sooner without the
rapid introduction ofrhmersion lithography which extended the roadmap.[7]

Even with equipment improvements, k; has been decreasing for recent logic technology nodes. (k; is
the fitting factor in the Rayleigh equation half-pitch = k; A/NA.) To maintain pattern fidelity at k;
values below ~0.6, resolution enhancement techniques (RET) such as optical proximity correction
(OPC), off-axis illumination (OAI), and phase shift masks (PSM) have been introduced.

For k; < 0.35, more regular layout has been used to achieve good pattern fidelity.[8,9,10,11] These
regular patterns can be decomposed into “lines” and “cuts” to permit independent optimization of
each part of the pattern. However, as shown inFigure 1, evenfor line patterns, pitch division will
eventually be necessaflhe cut and hole layers will eventually require multiple patterning, with the
transition occurring at different nodes for different design layers.
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Figurel. Metall pitch for sub22nm logic technology nodes.

Pitch division can be done by multiple exposures, for example-dittislitho-etch (LELE), or
through seHaligned processes such as spadeublepatterning (SDP) or directed sel§sembly

(DSA). Of these candidates, SDP has been in volume production for several years and is currently
being used in 2 nm memory productsg-or SDP, the initial line pattern can be domih dry or
immersion optical lithography depending on the pattern pitch.

The cut pattern can be done optically with single exposures down to ~16nm, while multiple
exposures will be needed for smaller nodebeBm direcinrite is also a candidate for exgng the

cut patterns, since the pattern density is r
have sufficient throughput for high volume manufacturing. Multlgem systems appear feasible
and could become an alternative to multiple opgsglosures at the right cost / throughput point.



2. MODELING AND SIMULAT ION

The approach taken for simulation has been previously described for work done at 2Dtusifg)
the Canon extensions t®equoia Cell DesignefSCD) for simplified OPC, the DSMO isahe
globally on a representative set of layout cells use in an SOC. Local corrections can then be applied

on full block layouts using simplified OPC.

Simulations were carried out aells from a logic block and a portion of an SRAM created with
design rule ranging from the 20nm node to the 14nm node. The +hepaiches were in a
conventional 7:9 ratio with the gate pitches. The cut patterns had been previously run through

DSMO at 20nm.
The test cases are shownHigure 2. The logic block contains ~100k CMOS transistors designed

from standard cells and built by a conventional placdroute design flow. The core of the SRAM
is designed with gate andetal layers harmonized with the logic pitches and orientations.
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Figure2. Logic block with simulation window highlighted (left side) and harmonized SRAM core (right side).

At 20nm,the metall cutresults looked quite good, as showrFigure3. The PV bands show good
CD and overlap over the range of mask sizing of £1nm, 3% in dose, -20dn® n focus.
lllumination was crospole with tangential polarization.

Figure3. 20nm metall cut simulation results



The gate cut pattern at 20nm also had good results. For the same 18 process conditgmts as
before, the cut CD and overlap with the lines is adequate as shdwguie 4. The pitch used is
tighter than normal for the gate level; theglwidth can be adjusted by a trim process.

Figure4. 20nm gate cut simulation results.

At 18nm, the metall cut results looked quite good, aswhdn Figure5. ThePV bandsare slightly
wider than at 20nm, but stdhow good CD and overlap over the same 18 process cona@itossd
before. lllumination was crogsole with tangential polarizationslightly modified from the
parameters used at 20nm.

Figure5. 18nm metall cut simulation results.

The gate cut pattern &8nm also had good results. For the same 18 process conditions as used
before,the cut CD and overlap with the lines is adequate as shoWwigure 6. The pitch used is
tighter than normal for the gate level; the Hn@lth can be adjusted by a trim procedsere isolated

cuts tend to have better fidelity since no local pattern correstasnused.



Figure6. 18nm gate cut simulation results.

At 16nm, the metall cuts were studied in the SRAM ngmariphery with good results as shown
Figure7. The PV bands are slightly wider than at 18nm, but still show good CD and overlap over
the same 18 process conditions as used before. Illlumination waspotessith tangential
polarization slightly modified from the parameters used at 18nm.

Figure7. 16nm metall cut simulation results.

The gate cut pattern at 16nm also had good results. For the same 18 process conditions as used
before,the cut CD and overlap with the lines is adequate as sihoWwigure 8. The pitch used is

tighter than normal for the gate level; the hnelth can le adjusted by a trim proceds.dense cut

areas the MEEF is larger and the defocus range is smaller, so the PV bands are wider.

O HONOQNS S —

Figure8. 16nm gate cut simulation results.



3. EXPERIMENTAL RESULTS

Waferswere processed at the TEL research facilities, including patterning, deposition, etch, and
metrology. Line patterns were creatsih 64nm pitchusing SDPdown to 44nm pitch usingQDP

(SDP applied twice) The sequence of deposition and etching for SDIRal described in the
literature.p]

A 6% attenuated phashift mask (aPSMyvith the design space previously described was used for
the experimental work. Detailed mask measurements are not available to confirm MEEF; however,
since simplified OPC was udethe mask complexity was relatively modest.

The exposures were done using a conventional light source with goalesiuminator; no custom
illuminator using optical diffractive elements (ODE) or pixelated illuminator were used. The
numerical aperturé@NA) was set to 1.30 and the polarization was tangential.

At 20nm,the metall cut results looked good, as shoinrFigure9. The photoresist pattern on the
left side shows the islands of resist serving to cut the rdiaks. The posetch SEM on the right
side clearly shows the damascene trenches isolatecbhtaily by the dielectric remaining under
the “cut” islands.

Figure9. 20nm metall cut wafer results; after develop (left side) and after etch (right side).

At 18nm, the metall cut results looked goods show in Figure10. The photoresist pattern on the

left side shows the islands of resist serving to cut the riidiaes. The posetch SEM orthe right

side clearly shows the damascene trenches isolated horizontally by the dielectric remaining under
t he * c utAll of ithe tuts medadved, and the trenches all look well formed and ready for
metallization.



Figurel0. 18nm metall cut wafer results; after develop (left side) and after etch (right side).

At 16nm, the metall cut results looked good, as shoim Figure11. The photoresist pattern on the

left side shows the islands of resist serving to cut the riidtaés. The posetch SEM on the right

side clearly shows the damascene trenches isolated horizontally by the dielectri¢nigenmadter

the “cut?” i sl ands. Al l of the cuts resolved,
metallization. This pattern is at one edge of the SRAM periptoegyray interface which is usually
difficult to pattern without dummy structures.

Figure11. 16nm metall cut wafer results; after develop (left side) and after etch (right side).

Similar results were obtained for the gate patterning and etching. The gate pitch was actually tighter
than would normally be used in logic or SRAM circuits, and for these experiments it was the same
as the metal pitch.



Figure 12 shows the gate patterfter etch for the 20nm, 18nm, and 16nm nodés. line pattern
formed by SDP is very uniform with a consistent pitch for adjacent lines. The cut pattern results
confirm the good fidelity predicted by simulation.

Figurel2. Gate pattern after etch at 20nm (left), 18nm (center), and 16nm (right) nodes.

Simulations were compared to the experimental results. Initially, there was a poor agreement
between the aerial images and the SEM images of ptesist. However, applying a 15nm
convolution to the aerial image to account for resist diffusion producedsreghilth were in good
agreement as shown kigure13.

Figure13. Overlay of16nm simulation and experimental results

4. CONCLUSIONS

A design space fahe gate and metdl layers was studied covering the range expected for 20nm to
16nm CMOS technologysimulation showed good results for single exposure cut patterns to 16nm.
These results were confirmed by extensive experiments includingdgesiop and posttch
analysis. Agreement between simulation and experimental results were improved by in@siding r
diffusion effects in the modeling.
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