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Tab.1 Nominal size and aspect ratio of design

standard template

Nominal width/um Nominal depth/pum Aspect ratio
30 300 10: 1
30 200 Near 7 : 1
2 60 30 : 1
2 10 5:1
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Fig.2 Process design flow chart of high-aspect-ratio trench standard

template
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Fig.3 Process flow chart of SOI chip processing
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Fig.4 (a) Physical map of the standard template; (b) Scribing map of the

standard template
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Fig.5 Schematic diagram of the characterization position and uniformity

assessment of the high-aspect-ratio trench standard template
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Fig.6 Location map of wafer sample uniformity assessment
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Fig.7 Definition of groove depth measurement
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(a) Standard template of line width 2 um and depth 10 pm (b) Standard template of line width 2 um and depth 60 pm

(d) £E9% 30 pm . BBE 200 pm AEERR

(c) Standard template of line width 30 um and depth 300 pm (d) Standard template of line width 30 um and depth 200 pm
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Fig.8 Measurement result of the standard template sample under SEM

202206464



s Gk A2

52 A

www.irla.cn

4

10.08
10.06
10.04
10.02
10.00

9.98

wri/eyep SuLmseajn

wri/ejep SuLnsean

Measuring position

Measuring position

(a) ZEFE R
(a) Measurement result of line width

S

45

(b) Measurement result of trench depth

19 L858 2 nm, IHITREE 10 pm AEAR I ST B 25 R

Fig.9 Uniformity measurement results of a sample template with a line width of 2 pm and a trench depth of 10 um
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Fig.10 Uniformity measurement results of a sample template with a line width of 2 um and a trench depth of 60 um
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Fig.11 Uniformity measurement results of a sample template with a line width of 30 pm and a trench depth of 200 um
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(b) Measurement result of trench depth
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Fig.12 Uniformity measurement results of a sample template with a line width of 30 pm and a trench depth of 300 um
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Tab.2 Comparison of sample template setting results and measurement results

Model standard

Characterization

Measurement

value/pum results/um results/um Deviation/pum
Line width 2 1.83 1.8 0.03
Trench depth 10 9.99 9.9 0.09
Line width 2 2.20 2.3 0.10
Trench depth 60 59.80 60.2 0.40
Line width 30 29.60 30.7 1.10
Trench depth 200 200.30 200.7 0.40
Line width 30 29.60 30.8 1.20
Trench depth 300 299.60 300.4 0.80
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(a) Standard sample template plane structure diagram under

the measurement system

& 13 30~300 pum ARAEFERRAE LT LT M0G0 b

B} 300.4 um, 5 & {45 £ 09 24 0.80 pm. DL
B s MK 45 R 5 AR 9 SEM AR 25 2L H A —
o B 134 T 45 30 pm. KSR EE 300 um Y
FEMRAE I 2140 58615 T 95 b (o 2 R 48 A I 46

PN

300

250 p————y

200

150 |

100 |

50

Measuring data/pm

0

=50 | ) "
—-100

0 50 100 150 200 250 300 350 400
Measuring position/um
(b) PRUEREH VA E R L2514 P
(b) Standard sample template model trench
depth structure diagram

ARG T RIS

Fig.13 Measurement results of the 30-300 pum standard sample template in the near-infrared broad-spectrum interference microscopy measurement
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Abstract:

Objective There are a large number of high-aspect-ratio structures in silicon-based MEMS devices, and non-

destructive testing of linewidth and depth of these structures is a hot issue at present. Generally, the depth-to-

width ratio of MEMS high-aspect-ratio structures is generally between 10 : 1 and 100 : 1, and the trench width is

a few microns to tens of microns. At present, in the silicon-based MEMS process line, anatomical testing is the

main means of high-aspect-ratio structure testing, but there are the following defects: it is necessary to use
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scanning electron microscopy (SEM) for auxiliary measurement, which is inefficient and cumbersome; It is a
destructive measurement that causes irreversible damage to MEMS products; It can only be sampled and cannot
fully reflect the characteristics of the process. Based on this, a non-destructive measurement system with high-
aspect-ratio structure near-infrared broad-spectrum microscopy measurement system was developed, and its
measurement accuracy will directly affect the overall performance of the device under test, so it is necessary and
urgent to calibrate the measurement system.

Methods In order to achieve the accurate calibration of the non-destructive measurement system of high-aspect-
ratio structure, a series of standard samples of high-aspect-ratio trenches are designed and developed by
semiconductor process, with a width range of 2-30 um, a depth range of 10-100 pm, and a maximum high-aspect-
ratio of 30 : 1 (Tab.1). The samples were characterized and fixed, and finally the developed standard samples
were applied to the calibration of the near-infrared broad-spectrum microscopy measurement system (Fig.13).
Results and Discussions In order to meet the calibration function of the standard samples, a variety of
characteristic structures are designed (Fig.1), including auxiliary fixed value structure, measurement positioning
structure and positioning angle structure, etc., and the characterization and assessment method of the sample value
are designed (Fig.5-6). Measurement values include line width size, trench depth size, and uniformity. Finally, the
developed standard template is applied to the near-infrared broad-spectrum microscopy measurement system to
further verify the accuracy of the developed system, that is, the applicability of the template (Tab.2).

Conclusions In order to solve the calibration problem of the near-infrared broad-spectrum interferometric
microscopy system, a series of standard samples of high-aspect-ratio grooves were developed, with a width range
of 2-30 pm and a depth range of 10-300 um, and its high-aspect-ratio reached a maximum of 30 : 1. In order to
meet the calibration function of the template, a variety of characteristic structures are designed, including
auxiliary fixed value structure, measurement positioning structure and positioning angle structure, etc., and the
characterization and assessment method of the sample measurement value is designed. Since there is no suitable
measuring instrument to directly characterize the value of the standard template of the composite high-aspect-ratio
trench, an auxiliary fixed value structure is designed for the standard template, and the cross-section of the high-
aspect-ratio trench structure is displayed by sectioning, and then it is measured by scanning electron microscope
or atomic force microscope, and the uniformity of the template is characterized to ensure the consistency of the
measurement results of the template. Finally, the developed standard template was measured by the near-infrared
broad-spectrum interferometric micrometry system, and the measurement results showed that the magnitude was

basically consistent with the characterization results.
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