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stitched gratings
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Abstract: Stitched gratings provide an important method to extend the grating displacement measurement
range. However, the existence of stitched seams and stitching errors prevents high-precision continuous dis-
placement measurement. This paper proposes an improved stitched grating displacement measurement meth-
od. The method reduces light signal intensity loss during stitching via a large spot suppression technique, en-
sures continuous displacement measurement using wavefront gradient modulation technology, establishes a
theoretical model of the mapping between the stitched grating wavefront and the displacement measurement
error, and verifies continuous displacement measurements experimentally using a single-sided Littrow optic-
al path. Experimental results show that, based on the premise of matching the wavefront gradient index, the
linear correlation between the theoretical model error and the actual measurement residual is greater than 0.9,
and the corrected continuous displacement measurement residual is less than 50 nm. This verifies that the
proposed method can realize high-precision continuous displacement measurement and high-stability range

extension in the grating displacement measurement field.
Key words: grating displacement measurement; grating interferometer; stitching grating; wavefront measure-
ment
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1 Introduction

In modern industrial systems, high-precision
continuous displacement measurement systems are
essential for semiconductor technology and ad-
vanced manufacturing. Such as photolithography
equipment, large-range CMMs, and high-precision
machine tools with long stroke. Laser interferomet-
ers are seriously affected by environmental disturb-
ances.Grating interferometers, which offer high pre-
cision, stability, and environmental resistance, are

[1-6]

used widely in this field Higher grating line
density enhances the measurement accuracy, but
production of large-sized, high-density gratings is
costly and error-prone. Stitched gratings can extend
the measurement range, but maintaining high preci-
sion during range extension remains a major chal-
lengel ',

Current research on stitched grating displace-
ment measurement is primarily focused on multi-
read-head data stitching. For example, Li et al. pro-
posed a dual-read-head method for one-dimensional
short-stroke measurements, albeit with a limited
stroke and significant errors!”l, Gao et al. intro-

duced a four-read-head structure for two-dimension-

doi: 10.37188/CO.EN-2025-0023

CSTR:32171.14.CO.EN-2025-0023

al long-stroke measurement that ensured data con-
tinuity However, these multi-readout head displace-
ment measurement methods are structurally com-
plex, cumbersome to assemble, and introduce signi-
ficant errors into the data stitched.!'® '. These meth-
ods often overlooked the effects of stitching errors
on continuous displacement measurement, which
can lead to uncontrolled continuity and large dis-
placement errors. Therefore, quantitative analysis of
grating stitching indicators and reduction of stitch-
ing-induced errors will be crucial for realization of
high-quality continuous displacement range exten-
sion.

This paper proposes a single-read-head stitched
grating continuous displacement measurement me-
thod. The technique uses large-spot optical filtering
to mitigate interference signal attenuation at the
seams and wavefront gradient modulation to con-
trol any signal changes caused by stitching errors,
thus enabling continuous measurement and range
extension. Experiments using the Littrow optical
path show that gratings that match the wavefront
gradient index can achieve high-quality continuous
displacement measurements, with displacement re-

siduals that align well with theoretical expectations.
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Experimental results validate the effectiveness and

accuracy of the proposed method

2 Principle

2.1 Tolerance Theory for Continuous Measure-

ment of Spliced Gratings

The grating interferometer operates by extract-
ing the Doppler frequency-shifted phase from the
interference signal to resolve displacements. The
optical configuration, which uses a single-pass Lit-
trow structure, is illustrated in Fig. 1(a). A collim-
ated laser beam passes through a beam expander
(BE) and is subsequently divided into two beams us-
ing a polarizing beam splitter (PBS). Beam 1
propagates toward the spliced grating and is reflec-
ted at the Littrow incidence angle, retracing its ori-
ginal path. A quarter-wave plate (QWP) modulates
the polarization state of the reflected beam. Beam 2
is reflected by a reference mirror and is modulated
similarly by another QWP before recombining with
Beam 1to generate interference. When the two
beams interfere, the composite vector intensity for-

mula is!"**]

I=A+A3+2A,A,

cos [(rl —r)k+(p—¢)— (4nm§t)] , (D

(a) Phase-shifting
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Fig. 1 Optical path and error impact. (a) Schematic of the
optical path. (b) Variation of the optical interfer-
ence signal. (¢) Wavefront gradient and angular off-

set.

where A, andA, are the electric field intensities of
the two light waves. The intensity Is, of the inter-

ference light signal obtained from the two beams

after passing through the grating varies with the an-

gular error?!,

L*a? (sina)’n*D?
IGZ =exp -2 D2 exp —T :

{2A,A; - cos[(p —@2) +@ol} (2)

where L is the optical path length, a is the overall
diffraction angle deviation of grating G, relative to
G,, and D is the beam width.

During the grating diffraction propagation pro-
cess, the wavefront gradient V® describes the spa-
tial rate of change of the phase surface on the grat-
ing.

2 2
Vo - (gi’) +(‘;_‘;’) L ®

Where ¢ representative grating wavefront. For
the diffraction direction perpendicular to the grating
lines, which is conventionally designated as the x-
direction in traditional gratings, it is assumed that
the secondary waves emanating from each slit are
coherent and exhibit uniform phase variation along
the periodic structure. Under these conditions, the

grating equation is expressed as:

d(sinf; +sin6,;) = mAd (4)

Where 6; is the angle of incidence, and 6, is
the diffraction angle for the corresponding order.To
achieve constructive interference, specifically the
principal maximum, at a certain angle in the far field
for secondary waves emitted from different posi-
tions, the sum of the phase differences caused by the
angles of incidence and emergence, as well as the
additional phase shifts due to the grating structure,
phase difference ¢ introduced by the grating's wave-
front error must be an integer multiple of 2z. Con-
sidering two adjacent points, the total phase differ-

ence between points x and x+ Ax is given by.
2n .
Ap = 5 sind; + [p(x + Ax) —p(x)] (5)

Where Ax is a minute displacement element on
the wavefront. The condition for coherent superpos-

ition demands that the phase difference between
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these two parts is either zero or an integer multiple

of 2mm, that is:

ksinG;Ax = ksin0;,Ax + [p(x+ Ax) — p(x)] +2mm

(6)
2n
a
ing the grating as having a continuous linear phase

Where k = For the general case, consider-

variation, we have:

0
go(x+Ax)—tp(x)=—¢-Ax , D
ox
For m=0 or incorporating m into the total phase

constant, eliminating Axyields:

o¢

. . (O N
sm@d:sm9,~+z:sm9i+_. (8)

The final modified grating diffraction condi-
tion is obtained as:

o¢

0,
* ox

, »

This implies that when the grating wavefront
exhibits a non-zero gradient, the diffraction angle of
the light beam 6, relative to the incident light direc-
tion will be deflected, with the deflection being pro-
portional to the phase gradient. For the y-direction,
which is along the grating lines, the wavefront
gradient is proportional to the beam exit direction,

as previously reported in reference.
0, 0c — 10

By solely examining the deflection caused by
the beam's wavefront gradient, we can intuitively
grasp the influence of stitching errors on the light
deflection angle, and thereby infer their impact on
the optical interference signal.

Because the diffraction propagation direction
S is the same as the wavefront gradient direction
for the corresponding grating order, the beam dif-
fraction deflection angle and the wavefront gradi-
ent have the same spatial mapping, as shown in

22].

Fig. 1(¢), which means that

AS=a=VD |, (1)

d¢ Oy
ox’ Oy
direction of the gratings. By measuring and adjust-

Where VO =( ) represents the gradient

ing the wavefront gradients of the stitched gratings,
the angular distributions of the diffracted beams can
be constrained, thus ensuring that the interference
light meets the coherence criteria of the gratings. Let
the contrast ratio be 1 when the light spot coincides
completely with grating G, and let Q be the ratio of
the light intensity when the light spot moves on
grating G, to the corresponding intensity when it
moves on grating G,. Using Q > 0.9 as the criterion,

we derive the following relationship:

(L-a) (sin@)*n*D?
S N e

2A,A; - cos[ (1 —¢2) + o]
{2A7A% - cos[(¢1 —@2) + )] 12>

0=

In the calculations, it is considered that A, = A
and that A, = A, and it is assumed that the gratings
are in a mosaic condition. Because « is very small,
we let sina be equivalent to a. From equations (11)

and (12), we then obtain:

In(1/0)-22D?
VD = = | A |
@ QP+ D' (13)

When the grating moves, the light frequency
changes, and the expression for the light signal of
the interference spot when moving at the seam can

be simplified to read:
\%
15 = 2A1A2 - COS [(k (rl — }’2) + (QOI —(pz) +4nmg t:| +

\%
2A3A4'COS[(k'(r| —r2)+(<p1 —<p2)+47tm3-t+5],
(14

where A; and A, are the intensities of the two
beams that enter stitched grating G,.¢ is the phase
difference introduced by stitching.
2.2 Impact of Spot Size and Seam

To investigate the influence of varying spot
sizes on intensity attenuation, numerical simula-
tions were conducted to depict the light signal in-
tensity distribution detected by the receiver under

consistent light source output power and seam loss
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width, yet with different spot diameters. During the
simulation, the seam was deliberately positioned at
the center of the Gaussian beam to induce the max-
imum intensity attenuation, which was subsequ-
ently contrasted with the anticipated attenuation out-
comes. The results are illustrated in Fig. 2(a), 2(b),
2(c), and 2(d). The seam size was fixed at 0.8 mm,
while the spot diameters in Fig. 2(a), 2(b), 2(c), and
2(d) were 6 mm, 9 mm, 12 mm, and 15 mm, re-
spectively. A qualitative examination of these fig-
ures reveals that as the spot diameter expands, the
loss of light signal intensity diminishes notably, and
the overall light signal intensity captured and emit-
ted by the detector correspondingly decreases. The
ratio of the light intensity for different spot sizes to
the light beam signal output intensity in the absence
of a seam was computed. For spot sizes of 6 mm,
9 mm, 12 mm, and 15 mm, the ratios were 0.530,
0.723, 0.821, and 0.876, respectively.

6 mm 9 mm

@

12 mm 15 mm

g
=
g .
O 08+ — 6 mm
— 9 mm
0.7 12 mm
— 15 mm
0.6
045 1 1 1 1 1 1 1 1

726 2 4 6 8 10 12 14 16 18
Position/mm
Fig. 2 Schematic diagram of the receiving end with differ-
ent spot sizes (a) Light intensity diagram for a 6mm
diameter spot(b) 9mm diameter spot(c) 12mm dia-
meter spot(d) 15mm diameter spot(e) Intensity at-

tenuation across different spot sizes

Leveraging the Gaussian formula, the impact
of the spot-seam ratio on light signal intensity atten-
uation was graphically represented. As depicted in
Fig. 2(e), the horizontal axis denotes the coordinate
of the spot traversing the seam, with the simulation
configured such that the seam is situated at the
spot's center. The vertical axis signifies the ratio of
the light intensity post-seam traversal, assuming the
light intensity without any attenuation is unity. The
blue, red, brown, and green lines correspond to the
intensity attenuation for spot diameters of 6 mm,
9 mm, 12 mm, and 15 mm, respectively. A quantit-
ative analysis of this simulation indicates that the
minimum light signal intensity passing through the
seam is 0.64, 0.75, 0.83, and 0.89 for the respective
spot sizes. When the spot size exceeds 12 mm, the
light intensity passing through the seam is assured
to be above 0.83. At this juncture, provided that
the stitching grating fulfills the contrast index of
>(.9 stipulated in Section 2.1, the variation in light
signal intensity aligns with the circuit calculation re-
quirements, thereby enabling continuous displace-
ment measurement. It should be noted that for large
spots, the key focus is the spot-to-seam ratio. In this
simulation, the spot-to-seam ratio is set to 15. If the
seam becomes smaller, the spot size can be adjusted
accordingly. Maintaining the spot-to-seam ratio en-
sures continuous signal measurement.

2.3 Impact of Beam Spot Size on Error Sensitivity

To elucidate the influence of varying beam
spot diameters on error sensitivity, simulations
were performed to examine the stitching error sens-
itivity for different beam spot sizes, as depicted in
Fig. 3(a), (b), (c), and (d). The seam introduces in-
tensity attenuation in the center of the beam spot. In
the simulation, the beam spots above the seam are
perfectly overlapping without any error, whereas
there is a fixed angular deviation between the two
beams below the seam. This angular deviation error
between the two beams was set at 0.005°. With
beam spot diameters set at 6 mm, 9 mm, 12 mm,
and 15 mm, respectively, the analysis of these fig-

ures yields the following observations:
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Fig. 3 Impact of Beam Spot Size on Error Sensitivity (a)
Beam spot diameter 6 mm with a fixed tilt angle of
0.005° (b) 9mm (c) 12mm (d) 15 mm (e) Error

sensitivity of different beam spots

In Fig. 3(a), the beam spot below the seam is
partially offset relative to the beam spot above the
seam.In Fig. 3(d), two dark fringes are observed in
the beam spot below the seam compared to the
beam spot above the seam.

The presence of more dark fringes correlates
with a greater loss of optical interference signals. It
is evident that, under the same angular deviation er-
ror, as the beam spot diameter increases, the loss of
optical interference intensity progressively rises, and
the attenuation ratio of optical signal intensity also
increases. This implies a reduction in the contrast of
the optical signal.

Fig. 3(e) presents a graph of beam spot size
versus error sensitivity, derived from equation (13).
The horizontal axis represents the beam angle devi-
ation in degrees, while the vertical axis indicates the
attenuation of optical signal intensity contrast. The
gray, red, blue, and green lines in the figure corres-
pond to the contrast attenuation curves for beam
spots with diameters of 6 mm, 9 mm, 12 mm, and

15 mm, respectively, as the angle deviation varies.

A qualitative analysis of the numerical curves re-
veals that as the beam spot diameter grows, the at-
tenuation of optical signal contrast accelerates un-
der the same beam angle deviation. This finding
aligns with the aforementioned simulation results
for the beam spot receiver.

Based on these simulation outcomes, it can be
concluded that the beam spot size should not be ex-
cessively large, as this would result in a smaller al-
lowable error limit for the grating angle to ensure
continuous measurement. Comparing these results
with those obtained in Section 2.2, the optimal beam
spot diameter was selected. In the subsequent exper-
iment, the beam spot diameter after expansion and
collimation was chosen to be 12 mm. This size satis-
fies the requirements for optical intensity attenu-
ation without causing significant attenuation of op-
tical signal contrast.

2.4 Grating Stitching Wavefront Gradient and

Contrast Mapping

To explore the influence of different stitching
wavefront gradients on coherent intensity, simula-
tions were conducted to examine the impact of vari-
ous grating wavefront gradients on the coherent in-
tensity detected by the receiver, as illustrated in
Fig. 4(a), (b), (c), and (d). The distinct colors in
these images signify varying intensity distributi-
ons. While the beam spot above the stitching is per-
fectly overlapping, the beam spot below the stitch-
ing shifts in accordance with the grating stitching
wavefront. The wavefront gradients in these simula-
tions were set at 0 nm/cm, 100 nm/cm, 200 nm/cm,
and 300 nm/cm, respectively. The distribution of
optical interference intensity on the detector is de-
picted in Fig. 4(a), (b), (c), and (d). As the grat-
ing stitching wavefront gradient increases from
0nm/cm to 300 nm/cm, the dark fringes on the
lower side of the stitching evolve from the absence
of interference dark fringes in Fig. 4(a) to half a
dark fringe within the beam spot in Fig. 4(d). The
optical signal intensity received on the lower side of
the stitching progressively diminishes, indicating
that the contrast between the optical signal intensity

on the lower side and the completely overlapping
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wavefront optical signal intensity on the upper side

0 nm/cm 100 nm/cm

100 nm/cm

0 nm/cm

gradually reduces.

Intensity
g.46

D
—00.
~Ibo

200 nm/cm

OO —=NWWA
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PPANSICIN)

200 nm/cm 300 nm/cm

Fig.4 Schematic diagrams of beam spots with different stitching wavefront gradients(a) Schematic diagram of optical
100 nm/cm (b) 200 nm/cm (c¢) 300 nm/cm (d) 400 nm/cm (e) Phase variation with a wavefront gradient of 100 nm/cm

() 200 nm/cm (g) 300 nm/cm (h) 400 nm/cm

The simulation results of the interference phase
of the beam spot under various grating wavefront
gradients are depicted in Fig. 4(e), (), (g), and (h).
These images reveal that distinct wavefront gradi-
ents induce changes in the coherent phase detected
by the detector. As the wavefront gradient escalates
from 0 nm/cm to 300 nm/cm, the proportion of dif-
ferent phases within the optical coherence phase
also progressively increases. The overall distribu-
tion of the optical coherence phase undergoes a sig-
nificant shift, with —180° phase reversals emerging
on both sides. This indicates that the overall phase
of the lower beam spot has deviated. Consequently,
as the grating wavefront gradient varies, an overall
phase difference of the beam spot is introduced, and

the phase of the optical interference signal detected

(106.4,0.901 3)

Contract

0
0 106200

400
Wavefront gradient/(nm-cm™")

600 800 1000

Error/nm

at the detector end is disrupted. This disruption ad-
versely affects the calculation of the measurement
data.
2.5 Wavefront Error and Residual Mapping

Based on the aforementioned coefficients, a
simulated plot of the wavefront gradient versus
the contrast values was generated, as depicted in
Fig. 5(a). The plot, in conjunction with the inten-
sity change formula, clearly demonstrates that when
the grating mosaic wavefront gradient is below
106 nm/cm, the contrast remains above 0.9014. In
subsequent grating mosaic calculations, the mosaic
wavefront gradient tolerance required to ensure con-
tinuous measurement was set at 106 nm/cm, in ac-

cordance with the theoretical model.

1.2
200 11.0
10.8

106

150 loa &

102 &

w

100 10 £

1-02 &

{04 £

50 04 3
{-0.6
{-0.8
0 -1.0
-1.2

0 20 40 60 80 100 120
Wavefront gradient/(nm-cm™")

Fig. 5 Schematic diagram of wavefront gradient-related simulations (a) Simulation of wavefront gradient and contrast map-

ping (b) Simulation of wavefront gradient and error mapping
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Simulations leveraging equation (14)were con-
ducted to delineate the error curves introduced un-
der various wavefront gradient error conditions,
with an upper limit of 106 nm/cm, as illustrated in
Fig. 5(b). The image reveals a linear mapping rela-
tionship between the wavefront gradient and the
measurement residual. As the wavefront gradient es-
calates, the calculated residual correspondingly in-
creases. Therefore, from a theoretical standpoint, the
mosaic grating wavefront shape closely mirrors that
of the actual measurement residual. Consequently,
the error curve can be plotted based on the wave-

front curve.

3 Experience and Results

We conducted displacement measurement ex-
periments to verify this theory. During the displace-
ment measurements, the laser interferometer (L-I) is
used as the benchmark for the displacement meas-
urement data. The beam spot size is 12 mm. The
stitched grating was measured using the interfero-
meter, and a two-dimensional displacement stage
and a three-dimensional adjustment mechanism

were used to adjust the wavefront.

+1.96034  (b) 2.0

1.5t
wave
> 10t
226649 2
256 g 05f
o
) g
pix
_05 L
-1.0
(d) 2.0
154

Intensity/V
IS
W

306 pix 511

Fig. 6 Actual optical path diagram.

The results for the full grating surface wave-
front measurements and the wavefront changes be-
fore and after stitching are shown in Fig. 7(a) and
(c), respectively. They show that, without adjust-
ment, the grating wavefront appears tilted and shif-
ted. This will cause the beam diffraction directions
on the two gratings to be inconsistent. After meas-
urement and calculation, the wavefront gradient at
the stitching was determined to be 325 nm/cm. By
adjusting the grating using the interferometer, the
wavefront measurement result was as shown in
Fig. 7(c), where the wavefront for the two gratings
is relatively flat, After measurement and calculation,
the stitching wavefront error gradient was determ-

ined to be 65 nm/cm?* 24,

0o 2 4 6 8 10 0E+0 4E—4 8E—4
Displacement/mm
0.5

0.5 1 1 1
0 2 4 6 8 10 0.0E+0 8.0E-4 1.6E-3
Displacement/mm

Fig. 7 Stitched wavefront maps and wavefront signal comparison diagrams. (a) Large stitched wavefront gradient map. (b)

Large stitched wavefront signal schematic. (c) Small stitched wavefront gradient map. (d) Small stitched wavefront sig-

nal schematic.
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The displacement stage was set to move at a
speed of 2 mm/s. Because of the influence of the
wavefront gradient, the interference signal intensity
is inconsistent when the beam spot moves over the
two gratings. As shown in Fig. 7(b), the contrast in
the optical signal between G, and G, is 0.34. The
interference signal at the stitching was amplified,
and it was found that the sinusoidal and periodic
nature of the interference signal had disappeared;
thus, it could not meet the quality requirements of
the continuous measurement signal. The grating dis-
placement signal that meets the wavefront gradient
stitching index requirements is shown in Fig. 7(d)
with a contrast of 0.81, which meets the continuity
requirements for the circuit solution. The sine sig-
nal observed at the stitching is good and is consist-
ent with the expected results, which means that it
can meet the conditions for continuous displace-
ment measurement!*>,

To verify the relationship between the wave-

front gradient and the displacement measurement
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continuity, the displacement was measured at a spe-
ed of 2 mm/s for 8.5 mm at the grating stitching po-
sition. The displacement measurement data from the
grating interferometer and the laser interferometer
were plotted as shown in Fig. 8, where the horizont-
al axis represents the displacement position and the
vertical axis represents the reference data of the in-
terferometer (blue line) and the grating displace-
ment data (red line). Fig. 8(a) shows a chart for
comparison of the measurement data curve with a
large wavefront gradient and the reference interfero-
meter data. The curve shows that when the grating
stitching wavefront error is large, signal loss will
occur because of the stitching error, thus causing
displacement data that should be linear to be inter-
rupted. Fig. 8(b) shows a comparison chart for the
measurement data curve with a small wavefront
gradient and the reference interferometer, with only
a small error between the two curves and no obvi-

ous interruption in the measurement data.
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Fig. 8 Comparison of data from the grating interferometer and the laser interferometer. (a) Comparison of displacement resid-

uals with large wavefront gradient and (b) with small wavefront gradient.

The stitched grating was fine-tuned to cause
wavefront changes, and the wavefront error and the
displacement residuals of groups 2and 3 were
measured. The wavefront gradients at the stitching
for groups 1, 2, and 3 were 65 nm/cm, 86 nm/cm,
and 95 nm/cm, respectively. The displacement stage
was set to move to measure the data above, with dis-
placement distances of 8.5 mm, 12 mm, and 12 mm,
respectively.

The displacement residual curve for a large

wavefront gradient is shown in Fig. 9(a), where a
data loss situation occurs at the stitching, and the re-
sidual is extremely large before and after the beam
spot passes through the stitching, with the full-range
residual reaching 2.943 mm. Fig. 9(b), (c), and (d)
show the residual distributions that meet the wave-
front gradient index, where the red line is the error
value calculated using the theoretical model (equa-
tion (14)); the data source is the wavefront error of

the grating stitching displacement range obtained



10 FEDES (30

FExE

via the interferometer, the blue line represents the
residual data distribution obtained based on the dif-
ference between the grating interferometer and the

laser interferometer, and the brown line represents
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the data fitted based on the residual data. Comparis-
on of the brown line with the red line shows that
there is strong correspondence between the residual

fitting and the wavefront calculation error.
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Fig. 9 Wavefront displacement residuals. (a) Displacement residual diagram that does not meet the wavefront index require-

ments. Displacement residual diagrams of (b) Group 1, (¢) Group 2, and (d) Group 3.

A quantitative numerical analysis of the meas-
ured residual values and the theoretically calculated
values was conducted. The measured residual error
jump before and after the stitching was 109.01 nm,
whereas the calculated stitching error jump was
101.3 nm, with the overall error fluctuating between
=53 nm and 81 nm. The measured jump at the
stitching for group 2 was 148 nm, and the calcu-
lated stitching error jump was 131.8 nm; the error
fluctuated between —62 nm and 98 nm within the
range. The measured fitted jump for group 3 was
157.6 nm, and the calculated stitching error jump
was 149.4 nm, with the overall error fluctuating
between —68 nm and 157 nm.

The linear correlation between the wavefront
calculation error and the displacement error is great-
er than 0.9 for the different groups when calculated

using different methods®®.

Tab.1 Linear Correlation Relationship between Resid-

uals and the Calculated Curve

Group 1 Group 2 Group 3
Pearson 09127 09135 0.9527
Spearman 0.9035 0.9672 0w.9084

The residuals were corrected using the wave-
front calculation error data obtained from equation
(14), with the error values being calculated from the
wavefront at the displacement measurement data po-
sition, and an interpolation was performed after cal-
culation for correction. Fig. 10 shows the error char-
acteristics of the three error data groups after correc-
tion.

The errors were corrected from a maximum of
94.01 nm to 42.1 nm in group 1, from a maximum

0f 91.4 nm to 37.3 nm in group 2, and from a max-
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imum of 157.4 nm to 38.5 nm in group 3, with a sig-
nificant correction effect. Additionally, the nonlin-

ear trend related to the stitched grating wavefront er-

and the experimental results show that the aim of
using the stitching grating to perform high-preci-

sion continuous displacement measurement was

ror in the displacement residual almost disappeared, achieved.
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Fig.

4  Conclusion

In summary, we proposed a high-precision
continuous displacement measurement method for
stitched gratings. The method uses a large beam
spot for stitched grating interference displacement
measurements and changes the wavefront gradient

to ensure measurement continuity. The experiment-

10 Error characteristics of the three groups after correction. (a) Group 1, (b) Group 2, and (c) Group 3.

al displacement error was corrected using the wave-
front calculation error and a significant correction
effect was achieved. The results demonstrate that
the wavefront gradient index calculated using the
theoretical model guides continuous displacement
measurements effectively, with a corrected error of
less than 50 nm. This study provides theoretical sup-
port and experimental evidence for grating displace-

ment measurement technology advancement.
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