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UNCERTAINTY EVALUATION ON LINEWIDTH MEASUREMENT USING
AN OPTICAL MICROSCOPIC SYSTEM CALIBRATED BY BOTH A
LASER INTERFEROMETER AND A LINEWIDTH STANDARD
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Abstract: An optical microscopic system for precise linewidth measurement has been developed. The system
is capable of measuring linewidths that are either narrower or wider than the microscope’s field of view,
and can be applied to both transparent and opaque lines. It is calibrated using a laser interferometer and
a linewidth standard, the latter calibrated by a foreign National Metrology Institute. This paper presents
the measurement system and provides a detailed evaluation of the measurement uncertainty.
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1. INTRODUCTION

In modern industry, linewidth is a critical
physical parameter that significantly influences
the performance, reliability, and manufacturing
yield of products, particularly in sectors such as
semiconductors, flat panel displays, micro
electro-mechanical systems (MEMS), opto-
electronics, and precision manufacturing.
Various techniques have been developed to
measure linewidths with high accuracy,
including optical microscopy, critical dimension
scanning electron microscopy (CD-SEM) and
atomic force microscopy (AFM) [1]-[3].

The Korea Research Institute of Standards
and Science (KRISS) has recently developed a
linewidth measurement system based on optical
microscopy, capable of measuring linewidths in
the range of 1 pm to 2000 pum. In this system, the
unit pixel size of the optical microscope image
is calibrated using a laser interferometer to
ensure dimensional accuracy. Additionally, a
certified reference linewidth standard is utilized
to determine the threshold level of the image
intensity profile, which plays a critical role in the
definition of the linewidth. Consequently, the
measured linewidths achieve metrological
traceability to the SI unit of length, the meter,

not only through the wavelength of the laser
used in the interferometric calibration of the
pixel size, but also via the certified value of the
reference  linewidth  standard used in
determining the threshold intensity level.

This paper provides a brief overview of the
developed measurement system and presents a
detailed evaluation of measurement uncertainty
for the specific case in which the system is
calibrated using both the laser wavelength and a
reference linewidth standard.

2. THE MEASUREMENT SYSTEM

2.1 Structure of the measurement system

The developed measurement system is based
on optical microscopy. The main components of
the system include an optical microscope, a
motorized translating sample stage, a laser
interferometer, a CMOS camera, a slit and a
photo-multiplier tube, measurement software, a
field programmable gate array, and a personal
computer. Figure 1 shows the schematic
diagram of the system.

The system is designed to measure widths of
both clear and opaque lines, and provides two
measurement modes, which are full-field camera
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mode (FFCM) and confocal slit scanning mode
(CSSM).
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Fig. 1 Schematic diagram of the measurement system

In FFCM, the intensity profile of a line is
directly obtained from the image captured by a
CMOS camera, whereas in CSSM, it is obtained
from the signal of a photomultiplier tube which
detects the light passing through a slit while the
sample is scanned by the moving stage.

Usually, FFCM is used for measuring lines
narrower than the field of view (FOV) of the
microscope, and CSSM for those wider than the
FOV. However, the FFCM can also be used to
measure lines wider than the FOV by scanning
the stage, combining the information from the
images including each edge, and the laser
interferometer. In all measuring modes, a
common algorithm is used to determine the
linewidth value.

This paper will focus on linewidth
measurements by using FFCM. The optical
microscope is equipped with two objective
lenses. The lens with magnification of 10x
(numerical aperture (NA): 0.3) is used for
measurement of linewidths greater than 40 pm,
and the other one having magnification of 40x
(NA: 0.75) for measuring linewidths of 40 um
and less, down to 1 pm. To reduce the effect of
magnification variation across the FOV, the line
under measurement was always placed at the
center of the FOV, which was implemented
automatically by simply selecting the target line
from the image with the mouse. To minimize

measurement errors that occur due to deviation
from optimal focusing conditions, a focus
monitoring function is used which enables us to
make measurements when the slope of the edge
profile is maximized, resulting in excellent
measurement repeatability. A threshold level for
the intensity profile of the line image must be
defined to enable accurate determination of the
line width. The threshold was calibrated using a
linewidth standard, ensuring that the measured
linewidth of the standard matches its certified
value. Separate threshold levels for opaque and
transparent lines were established at each
magnification. More detailed information about
this system is to be found elsewhere [4]

2.2 Measurement principle

A concise summary of the measurement
principle underlying the FFCM is as follows: An
image of the target line is acquired using a
CMOS camera. The linewidth is determined
from the corresponding intensity profile as the
distance between the two points at which the
profile intersects a predefined threshold level
(see Fig. 2). Since the horizontal axis of the
intensity profile is expressed in pixels, this
distance is initially obtained as a number of
pixels. The physical linewidth is then obtained
by applying a conversion factor, which
corresponds to the pixel size in physical units

2.3 Calibration of the measurement system
2.3.1 Calibration of the pixel size

Prior to the linewidth measurements, the
pixel size was calibrated using a linewidth
standard and a laser interferometer. The target
line was first located at the left side of the FOV.
The x-axis data are linearly interpolated so that
the distance between neighboring points is
nominally around 20 nm. From the interpolated
intensity profile, the pixel coordinate of the line
center was measured. Then the sample stage was
translated so that the line is located at the right
side of the FOV.
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Fig. 2 Determination of the linewidth from an intensity
profile of a microscope image using a threshold intensity
level, I.

During the stage translation, the displacement
was measured by a laser interferometer whose
nonlinearity was compensated using the
technique of fitting an ellipse to the dual
quadrature signals of the interferometer [5].
Again, the pixel coordinate of the line center was
measured from the interpolated intensity profile.
The pixel size was determined by comparing the
difference in pixel counts between two positions
to the corresponding displacement of the stage.

2.3.2 Calibration of the threshold level
Linewidth standards, produced and calibrated
by the National Physical Laboratory (NPL) of
the United Kingdom, were employed as the
reference for threshold level calibration. The
calibration begins by selecting a target line using
the mouse interface, which automatically centers
the selected line within the FOV, followed by
image acquisition. The captured image is
processed to obtain an interpolated intensity
profile to enhance resolution. Tentative edge
positions are initially determined using a
temporary threshold level, defined as 50 % of the
difference between the maximum and minimum
intensity values of the profile. To estimate the
minimum intensity level accurately, two
baseline regions, one on each side of the line, are
selected. The intensity data within these regions
are together fitted to a straight line, and the
resulting slope is subtracted from the entire
profile to flatten the baseline. The average
intensity over the two baseline regions is then
taken as the lower intensity level 7 . Next, a

central region from the area containing the line
is selected, and the upper intensity level 7 is

ref, up

ref, low

computed as the average intensity within this
region. The threshold intensity level, 7, , is

defined as T.A/ , where Al denotes the
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and 7/

ref, low

difference between 7, ,and 7, isa

threshold ratio, whose value is between zero and
one. [, 1s tunable by varying 7, . For each

threshold level, a linear fit is applied to seven
data points on each edge near the threshold level.
The distance between the two points where the
fitted lines intersect the threshold level is
obtained in terms of number of pixels. The
conversion factor, F,, which corresponds to the

calibrated pixel size, is multiplied to this number
of pixels to obtain the physical linewidth value.
This procedure was applied to multiple
linewidth standards to determine the optimal
threshold ratio that minimizes the sum of
squared deviations between the measured and
certified values. This procedure was performed
separately for each of the two magnification
settings.

3. UNCERTAINTY EVALUATION OF
LINEWIDTH MEASUREMENT

Uncertainty of linewidth measured by the
developed system is evaluated according to the
ISO/IEC 98-3 [6].

3.1 Measurement function
Let the linewidth be denoted as W, . The

measurement function for #, is a function of
the two (left and right) pixel positions, £ and P,

at which the image intensity profile intersects
the threshold intensity level, 7, , on the left and

right edges, respectively, and of the conversion
factor, £, which corresponds to the calibrated

pixel length. If 7, &1,
correction terms for thermal effect, random
effect, focus effect, and cosine error,

respectively, the measurement function 1is
expressed as Eq. (1).

ol; and S represent the

W,=F(B—-R)+l+6l+6l.+5l, (1)

As explained earlier, the conversion factor
F is determined by dividing the stage

displacement L measured by a laser
interferometer, by AP, the difference between
the two pixel positions: P, the center pixel
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when the line under measurement is positioned
on the left side of the FOV, and P, the center

pixel after the line has been moved to the right
side of the FOV by the translation stage.
Therefore, F, can be expressed as shown in Eq.

).
L L
F =
¢ AP [)e _PS (2)
Let a, and b, denote the slope and intercept of

the line fitted to the intensity data near the
threshold at the left edge, and let @, and b,
denote those at the right edge. Then, the
positions B and P are determined by

evaluating the inverse of each fitted line at the
threshold level, and are expressed as

I, -b, TAI-b -
p=raA S0 p TATh g
@ aQ a,
where Al denotes the difference of upper and lower
intensity levels, and 7, is the threshold intensity

ratio, ranging between 0 and 1. Thus, the
measurement function can be finally expressed
as Eq. (4).

w o L [TAI=b, TAI-b
- (4)

AP a, a,
+1 + 0l + 5l + 61,

3.2 Combined standard uncertainty equation

By applying the law of propagation of
uncertainty to the measurement function, the
equation for the combined standard uncertainty
is obtained as Eq. (5).

ul =cu’(L)+cypu’ (AP) + ciuZ(TC)
+cyu’ (Al + cjluz(al) + C;u2(b1)
+c§2u2(a2)+cb22u2(b2)+cfu2(lt) (5)
+ cﬁlruz(élr) + célfuz(é'lf) + cﬁlcuz(&c)
+2¢, c,,]u(al,bl) +2¢, cb2u(a2,b2)

Sensitivity coefficient ¢; for each input
quantity x; is as follows.

L(TAI=b, TAI=b)\ W,
. (©

c, =—
a2 al

AP

o = A—;(TAi—b _nAil—bljﬂ % 0
T
D)
=§[—“’ = bl] (10)

= 7ap an
=§(—M"’j (12)
‘, oa? 03
¢, =Cs =Cz =Cg =1 (14)

3.3 Evaluation of standard uncertainties
3.3.1 u(L)

Standard uncertainty of the displacement
measurement by a laser interferometer during
the pixel size calibration can be evaluated by Eq.

(15),
u(L) =u(L,)* +u(L,)” +u(L,)’

2 2 2 (15)
+u(L,)” +u(Ly,)” +u(L,)

where the uncertainty components in the right
side of the equation are attributed to repeatability,
vacuum wavelength of the laser, refractive index
of air, cosine error, Abbe error, and nonlinearity
of the interferometer, respectively.

Uncertainty due to random effect is evaluated
by the standard deviation of the mean:

u(L)=s,/+n, (16)

where s, and n, denote the experimental

standard deviation, and the number of repeated
measurements, respectively.

Uncertainty due to the vacuum wavelength of
the laser 1s evaluated as Eq. (17),

u(L,)? = 2 [{UA/KY +u (4] ()



where U, (1) and £k denote the relative

expanded uncertainty and coverage factor
reported in the calibration -certificate, and
u.(4,,) 1s the relative long-term stability of the

vacuum wavelength provided by the laser
manufacturer.

Uncertainty due to the refractive index of air
is evaluated as Eq. (18),

u(L,)=L-u(n) (18)

where n denotes the refractive index of air. In
linewidth measurements, the refractive index of
air was not measured but instead assumed to be

the value under standard atmospheric conditions.

The range in which the temperature, relative
humidity, atmospheric pressure, and carbon
dioxide concentration of the actual measurement
environment may deviate from the standard
conditions was estimated, and the uncertainty of
the refractive index of air was evaluated based
on an empirical equation [7] .

If the optical axis of the laser is not aligned
with the travel axis of the stage, a cosine error
may occur. Assuming that the misalignment
angle between the two axes is within 4_, the

associated uncertainty is given by Eq. (19).
u(L)=16"/48 (19)

The uncertainty due to the Abbe error is
evaluated from a rectangular probability
distribution with the maximum value of the
Abbe error as the half-width, as expressed in Eq.
(20), where L, denotes the offset between the

specimen surface and the optical axis of the
laser, and @, is the maximum angular motion

error of the stage.
u(Ly)=L,0, /3 (20)
The uncertainty due to the nonlinearity, L,
of the laser interferometer, is obtained from a
rectangular probability distribution whose halt-
width is equal to Z ;.

u(Ly) =L, /3 (21)

3.3.2 u(AP)

AP represents the number of pixels between
the central coordinates of the line on the screen
as it moves from the left to the right side of the
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FOV. Its standard uncertainty consists of two
components: the uncertainty due to random
effect and the uncertainty due to finite resolution.

u’(AP)=u’ (AP, ) +u’(AP,) (22)

ran res

The first

Sap/

component is evaluated as

n,, . where s, and n,, denote the

experimental standard deviation, and the number
of repeated measurements, respectively. The
second uncertainty component is evaluated
based on Eq. (23) (See Fig. 3).

7 AP

th

\

P, P, P

I I

P Py P Py

Fig. 3 Definition of 4P.

AP=P P
~+ry2-Bapy2 B
Applying the law of propagation of
uncertainty to this equation gives the result:

u(AR,)=R/(2/3) (24)

where, R represents the resolution of the pixel-
based coordinate system. When a N-point
interpolation was used, R equals to 1/N.

3.3.3 w(T)

The threshold ratio, 7, , determined while

measuring the linewidth standards of NPL, is the
ratio of the threshold intensity to the difference
between the upper and lower intensity levels
(T, =Ty / AL ). As described in section 2.3.2,

T, was determined based on various linewidth

standards such that the chi-square value was
minimized. Taking into account the uncertainty
of this process, the measurement function for 7,

is given by Eq. (25).

1
T — th,ref +5T (25)

c c
ref

The last term in the equation is a correction
term for the fitting error introduced during the
T, determination process, and its expected value

is zero. Thus (7,) becomes:
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2
u (I e ) ,TC
MZ(Y—;)— AIlh 2f ( AIth sz U(Nref)z
ref ref (26)
+u’(ST))
The first component wu(/, ) 1is the

uncertainty of the threshold intensity. It consists
of two uncertainty components.

/
{ly, rerca) \
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Fig. 4 Evaluation of u(/i rr) using the standard
uncertainty of the linewidth standard

u(lth,ref ) = \/u2 ([th,ref,cal ) + u2 (Ith,ref,dev) (27)

The first u(ly req) 18 the

uncertainty due to the uncertainty of the certified
value of the linewidth standard. Let the
expanded uncertainty and coverage factor of the
certified value be denoted by U, and £

ref 2

component

respectively. As can be seen in Fig. 4, u(/y, .;...)

can be obtained as

u(W;ef) S U

ed e edge ™ ref
u(lth,rcf,cal) = £ 2 2g]€ ’ (28)

ref

where S, . and w(W_.) refer to the slope (in

edge

um™) at the edge of the linewidth profile

corresponding to the threshold intensity, and the
standard uncertainty of the reference linewidth,
respectively, and Urr and ket denote the
expanded uncertainty and the coverage factor
stated in the calibration certificate of the
linewidth standards.

Even though 7, was optimized to minimize

the chi-square, its use will result in slight
deviation of the measured values from the
certified values of the linewidth standards. The
effect of this residual is taken as the second
component of Eq. (27).

Iy=T, AI Al
51

(h,max

-0 Wmf.na);
W

ref

Fig. 5 Diagram showing how to evaluate u(/in ref.dev)-
This uncertainty can be calculated from a
rectangular  distribution, with &7, . (the

intensity deviation corresponding to the
maximum deviation JSW, between the

ref,max

measured and certified values of the 13
linewidth standards) as the half-width, as shown
in Eq. (29) (See Fig. 5).

Sedgeéeref max ) (29)

23
The second component of w(7) is u(AI_,).
AS AIref

lower intensity levels, 7

M(Ith,rcf,dcv) =

is equal to the difference of upper and
-1 n u(A[ref)

ref,dow

becomes

Z’l(AIrcf ) = \/u 2 (Ircf,up ) +u ? (Ircf,down )

2 2
30
— Sref,up + Sref,down ( )
'\, nref,up ‘\, nref,down

where s and s denote the standard

ref,up ref,down
deviations of the intensity data at the upper and

lower intensity levels, respectively, while n,

and n represent the corresponding

ref,down
numbers of data points.

The last component of «(7)) is w(ST)),
which accounts for the uncertainty associated
with the optimization process for determining 7, .

FigureFig. 6 shows thee chi-square values of the

13 linewidth standards measured with 13
different 7, values, calculated by Eq. (31).

(w,)- Wm}

J

)= Z @1
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Fig. 6 Chi-square values for various 7 values.

The uncertainty u(s7,) arising from the

optimization process is evaluated as the change
in 7, associated with an increase of 1 in the chi-

square value from its minimum.

3.3.4 u(AD

This is the uncertainty of A7, the difference
between the upper and lower intensity levels
used to determine the threshold intensity in the
intensity profile of the linewidth under
measurement. This term is evaluated in the same
way as u(Al,;)-

w(Al) = \Ju’ (1) + 1’ (I,

2
Sup [ Sy Jz (32)
— + own
nup \Y} ndown

where s, and s, . denote the standard

deviations of the intensity data at the upper and
lower intensity levels, respectively, while n,,

and n,  represent the corresponding numbers
of data points.

3.3.5 u(a) and wu(a,)

The standard uncertainty associated with the
slope of each fitted line is derived from the least-
squares fitting process.

u(a,)=s, % (i=12) (33)

where i equals 1 for the left edge and 2 for the
right edge, », denotes the number of data used
for the fitting, and s,, D are as follows.
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i

S; Z\/n‘ l_zi{li,k _(aili,k +bi)}2 (34)

k=1

n,

. n; 2
Di =n, 1i2,k _(Zli,kj (35)
k=1

k=1

3.3.6 u(b,) and wu(b,)

The standard uncertainty associated with the
intercept of each fitted line is also derived from
the least-squares fitting process.

wb)=s | =315 (=12 (o)

3.3.7 u(a, b1)and u(a,, bz)
The covariance between the slope and
intercept of the fitted line is obtained during the

fitting process using Eq. (37).
3

ik

- (37)
Q’nizlfz,k
3.3.8 u(l,)

The term / represents the correction term for

thermal effect. If the coefficient of thermal
expansion of the linewidth standard is &, and
the temperature at the time of measurement is ¢,
1, 1s expressed as:

u(a;, b)=u(a,)u(b,)

[ =—a(t-20°C)W (38)
Thus, u(Z,) can be express as Eq. (39).

u(l) = {1 —20°C)W, }* u*(a) 9)
39
+(—aW, ) u’ (1)

Since the measurement length is very short,
uncertainty contribution by thermal effect is
negligible.

3.3.9 u(sdl)

This term represents the standard uncertainty
arising from random effects, corresponding to
the standard deviation of the mean calculated
from n repeated measurements of the linewidth.

u(@®L)=s/n (40)
where s denotes the standard deviation.
3.3.10 u(dL,)
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This term is the uncertainty caused by
defocusing of the microscope from its optimal
focal position. If the focus is assumed to always
remain within a deviation of +&f from the

optimal position, the standard uncertainty can be
expressed as follows.

ow, ow, &f
u(dl.)y=—=>u(f)=—=~-—-
The sensitivity coefficient oW, /of is

experimentally obtained by systematically
varying the focusing condition and analyzing the
resulting changes in the measured values.

3.3.11 u(dl,)

This term represents the standard uncertainty
component of the linewidth due to the cosine
error caused by the misalignment of the
linewidth specimen. If the line direction of the
linewidth specimen deviates from the y-axis on
the image by an angle within £6, then #(57,) can

be evaluated as Eq. (42).

u(3l,) ='W, /45 (42)
3.3 Combined standard uncertainty
Using the sensitivity coefficients calculated
by Eq. (6)-(14), and the standard uncertainties
evaluated by Eq. (15)-(42), the combined
standard uncertainty of the linewidth is
calculated using Eq. (5).

3.4 Coverage factor

Since correlations exist between some of the
input quantities of the measurement function,
the effective degrees of freedom, v ., of the

combined standard uncertainty is calculated
using the generalized Welch—Satterthwaite
formula shown in Eq. (43), where 7, denotes the

eff ?

correlation coefficient of x, and x, [8].

4
u

C

i[zn: cicju(x,)u(xj)igjj /v, (“43)

i=1 \_j=1

Based on the effective degrees of freedom,
the t-value corresponding to a 95 % coverage
probability is obtained from the t-distribution
table and used as the coverage factor.

k=toso,., (44)

3.5 Expanded uncertainty

Expanded uncertainty of the linewidth for a
coverage probability of 95 % is obtained by
multiplying the combined standard uncertainty
with the coverage factor £.

U=k-u, (45)

3.6 Worked example of an uncertainty budget

Table 1 presents an uncertainty budget

illustrating the actual evaluation of measurement

uncertainty for a line with a nominal width of

40 pum, using a 10x objective lens. The expanded
uncertainty (k =2) is evaluated as 0.11 um.

4. DISCUSSION

Through the thorough evaluation of
measurement uncertainty according to the
ISO/IEC 98-3, it was confirmed that although
the measurement results attain metrological
traceability through both the laser wavelength of
the interferometer and the reference linewidth
standard, the uncertainty contribution from the
interferometer is negligible in comparison. The
dominant source of overall measurement
uncertainty arises from the reference linewidth
standard used in calibrating the threshold ratio,
which acts as a limiting factor.

The smallest available linewidth
measurement uncertainty from calibration
services of National Metrology Institutes (NMlIs)
is 20 nm (with a coverage factor of k=2,
corresponding to a level of confidence of
approximately 95 %). If the linewidth standards
are calibrated by such an NMI, the expanded
uncertainty of the linewidth measured by the
developed system could potentially be reduced
toaslowas 47 nm (k=2).

S. CONCLUSION

An optical microscopic system for the precise
calibration of linewidths was developed and
calibrated using both a laser interferometer and
a certified reference linewidth standard. This
study presented the system configuration and
outlined the detailed procedures employed for
evaluating the measurement uncertainty
associated with the linewidth measurements. At
present, the expanded uncertainty of linewidth
measurements obtained using the developed
system is 0.1l um ( k=2, corresponding to



approximately 95 % coverage probability).
However, if the reference linewidth standards
are calibrated by an NMI with a smaller

uncertainty,

the

overall
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measurement
uncertainty could potentially be reduced to as
low as 47 nm

Table 1
Uncertainty budget for a 40 im linewidth measurement, using the 10x objective lens.
oo it et S Gt | iy | e
Xi u(x;) Ci u; Vi
L 320.475 7 pm 0.037 9 pm 0.124 8 0.004 7 pm t 9
L 320.476 pm 0.037 6 um - - t 9
L, 0 pm 0.000 0 um - - Rectangular )
L 0 pm 0.000 7 pm - - t o0
L, 0 um 0.000 4 pm - - Rectangular 50
L, 0 um 0.004 2 pm - - Rectangular 50
L, 0 pm 0.000 6 pm - - Rectangular 0
AP 1906.142 0.219 0.021 0 pm 0.004 6 pm t 9
) 0 0.035 - - Normal o0
AP_ 0 0217 - - t 9
T 0.370 10 0.025 -2.142 9 pm 0.053 4 pm t 4.3x108
L 86.065 5.79 0.004 3 0.024 9 t 0
thoref.cal - 5.43 - - Normal o0
hrefde - 2.01 - - Rectangular 0
Al 232.544 0.019 0.001 59 3.1x107 t 1946
et 232.54 0.019 - - t 1799
Jowarer 0.00 0.004 - - t 655
oT, 0.000 0 0.000 3 1 0.000 3 t 9
Al 232.54 0.019 -0.003 41 um 0.000 1 pm t 1946
a, 35.169 4 0.590 9 -0.568 40 um 0.3359 pm t 5
b, 4267.70 70.208 8 0.004 78 um 0.335 6 pm t 5
a, -37.9130 0.504 3 0.527 27 um 0.265 9 pm t 5
b, 4593.92 59.9300 0.004 43 pum 0.265 8um t 5
[, 0 um 1.3x107 um 1 1.3x10” um Rectangular 0
a 5.50x107/°C 9.13x107/°C 0 pm°C 0 pm Rectangular 50
t 20 °C 0.59 °C 2.2x10% um/°C 1.3x1073 pm Rectangular ©
Z, 20 °C 0.58 °C - - Rectangular o0
ot 0°C 0.12°C - - Rectangular o0
ol 0 um 0.000 8 pm 1 0.000 8 um t 9
ol 0 pm 0.007 8 um 1 0.007 8 um Rectangular 50
ol 0 pm 3.5x107 um 1 3.5x107° um Rectangular 50
u(a,,b) - 41.4879 -0.005 43 pm? -0.225 5 pm? - -
u(a,,b,) - -30.224 2 0.004 68 um? -0.141 3 pm? - -
w 39.981 pm 0.054 pm - - t 2409
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Evaluarea incertitudinii in masurarea litimii liniilor utilizind un sistem optic microscopic calibrat atit cu un
interferometru laser, cit si cu un etalon de latime de linie

A fost dezvoltat un sistem optic microscopic pentru masurarea precisa a latimii liniilor. Sistemul
este capabil sa masoare latimi de linie care sunt fie mai inguste, fie mai largi decat campul vizual al
microscopului si poate fi aplicat atét liniilor transparente, cat si celor opace. Sistemul este calibrat
folosind un interferometru laser si un etalon de latime de linie, acesta din urma fiind calibrat de un
Institut National de Metrologie strain. Aceasta lucrare prezinta sistemul de masurare si ofera o
evaluare detaliata a incertitudinii de masurare.
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