Sub-50 nm isolated line and trench width artifactsfor CD metrology
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ABSTRACT

We present a technique to produce isolated lines and trenches with arbitrary widths in the range of 12 nm to 500 nm,
arbitrary heights and depths in the range of 100 nm to 2 um, 90-degree sidewall angle, and top corner radii as small as 5
nm. These structures are ideal candidates as Critical Dimension (CD) absolute standards. The sidewall angle can
further be varied to create an arbitrary sidewall angle that can be accurately measured.
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1. INTRODUCTION

Accurate metrology of the width of lines and trenches requires standards for line width and trench width that are
traceable to the international system of units (Sl). The need for dimensional accuracy grows more critical as the size of
structures manufactured shrinks and becomes comparable to the systematic bias of metrology tools such as CD-SEM
and CD-AFM. The bias may, in turn, depend on the dimension of the features being measured, which requires a set of
dimensional standards of size close to the size of the features being measured to characterize the measurement linearity.
The need for traceable dimensional standards in the semiconductor industry has been addressed by researchers at NIST,
who have fabricated single crystal silicon structures with vertical and smooth sidewalls in <110> silicon using
conventional photolithography and anisotropic silicon etching in an alkaline solution®.

2. FABRICATION

Our technique consists of depositing a film of a thickness and material equal to the width and materia of a desired CD
artifact on a silicon wafer, then cross-sectioning, polishing, etching, and presenting the resulting sample to the
measurement tool so that the original thickness of the film is measured as a lateral CD. This technique has the
advantage of creating artifacts with lateral values of CD that have the uniformity attributes of a film deposition and
vertical sidewalls. The value of the CD can be controlled with the same amount of control available in thin film
deposition tools, and is scaleable to very small values of CD. This technique is capable of producing trenches with
minimal Line Edge Roughness (LER) and Line Width Roughness (LWR).

2.1 Trenches

We have fabricated isolated trenches by growing athermal oxide on two silicon wafers and bonding them together (Fig.
1a). The bonded pair is subsequently diced into small dies, and each individual dieisthen thinned and polished on edge
(Fig. 1b). Finally the oxide layer is etched back to a desired depth in a buffered oxide etch solution. The depth of the
trench is controlled by the etch time. The final sampleis 1.45 mm wide x 4 mm long, with the trench running along its
entire 4 mm length.
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Fig. 1: Method used to fabricate atrench width sample.
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Fig. 2a is a view of a nominal 50 nm sample in a CD-SEM. This particular trench was etched to a depth of
approximately 2 um. There is little or no signal originating from the bottom of the trench, which appears dark due to
the depth of the etch; therefore, the image contrast is very high. Ideally the LER of this trench would be equal to the
surface roughness of the original silicon surface, and the LWR would be equal to the variation in oxide thickness within
the field of view. Both these quantities are in the sub-nanometer range. In practice, imperfections in the polishing
process can show up as LER and LWR.

Fig. 2b shows a cross-section of a different sample. The cross-section was obtained with a dual beam Focused lon
Beam (FIB)/SEM tool. The sample was first coated with platinum, then cut with the FIB and subsequently imaged at a
52-degree tilt. The silicon was decorated to enhance the material contrast in the image. The image shows the vertical
walls of the trench and the surface topography of the sample, with a corner rounding of less than 10 nm as measured
from thisimage.

50 nm
Silicon Silicon
Fig. 2a2 CD-SEM image of a trench of 50 nm Fig. 2b: Cross-section SEM of atrench of 50 nm
nominal width, and approximately 2 um deep. nominal width after FIB cut.

Using this technique we have produced trenches with nominal widths of 50 nm, 75 nm, 100 nm, and 500 nm. Figure 3
shows CD-SEM images of these trenches.
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Fig. 3ac 50 nm nomind trench  Fig. 3b: 75 nm nominal trench Fig. 3c: 100 nm nominad Fig. 3d: 500 nm nominal
width, 0.75 um field of view width, 0.75 um field of view trench width, 0.75 pm field of  trench width, 1.5 pm field of
view view

2.2Lines

We have fabricated isolated lines using a similar technique as described for the fabrication of trenches, except that
instead of athermal oxide film we have used a more complex film stack. Thisfilm stack is composed of a 500 nm thick
layer of oxide deposited on top of a silicon wafer, followed by the deposition of a silicon layer of a thickness equal to
the desired line width and the deposition of a 500 nm thick layer of oxide and, finally, capped with another layer of
silicon. The selection of materials and thicknesses was guided by the objective of producing an isolated silicon line
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width that would be perfectly symmetrical with respect to its surroundings. A 50 nm wide line separated from the next
silicon structure by 500 nm would correspond to a Line/Space ratio of 10:1. Fig. 4 shows the film stack. For the sake
of simplicity, Fig. 4 shows one wafer only, although we have fabricated our samples by joining two such wafers
together, like in the case of the trench just described.
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Fig. 4: Film stack used to fabricate a 25 nm line width structure

Following dicing, thinning, and polishing, the sample is etched in a buffered oxide etch solution to produce a line that
protrudes out from its surrounding oxide. The height of the line is controlled by the etch time.

Silicon

Fig. 5a= CD-SEM image of a line of 25 nm Fig. 5b: TEM cross section of aline of 25 nm
nominal width, approximately 300 nm high. The nominal width, approximately 100 nm high.
image shows a length of line of 500 nm.

Using this method we have fabricated lines of 12 nm, 25 nm, and 50 nm nominal widths. Figure 5aisa CD-SEM view
of aline of 25 nm nominal width and approximately 300 nm high. The height of the line was measured by AFM and
confirmed by FIB cross-sections. Figure 5b is a Transmission Electron Microscope (TEM) cross-section of aline of 25
nm nominal width, approximately 100 nm high. For the TEM analysis a small section of the line was coated with
platinum and plucked in a dual beam FIB/SEM system. Then it was thinned with an ion mill, deposited on a carbon
film, and imaged in a TEM. The top corner rounding can be estimated from the TEM image to be lessthan 5 nm. The
line, as seen in the image, has minimal line width roughness, but some low frequency line edge roughness. The small
line width roughness is due to the uniformity of the silicon deposition process, while the line edge roughness is due to
the roughness of the thicker oxide layer on which the silicon layer is deposited. As seen in Fig. 5b, the oxide etch is
non-uniform and reveals a footing of approximately 25 nm radius. The lack of uniformity is undesirable because it
affects the symmetry of the structure. The non-uniformity of the oxide etch is not a problem when the height of the line
is 300 nm, because of the high contrast obtained in a CD-SEM from such structures, but it is a problem for shallower
structures, where the image contrast is lower.
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