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Grating tiling is an important fabrication technology for large-size gratings. However, when using grating tiling 

technology to form large-size echelle gratings, the interferometer cannot detect the grating’s zero-order diffraction 

wavefront because the zero-order diffraction light of the echelle grating is weak. This prevents use of the zero- 

order and non-zero-order diffraction light of the grating to realize separation detection and correction of mosaic 

errors. To solve this problem, a new method for separation detection and correction of mosaic errors in mosaic 

gratings based on two detection lights with the same diffraction order but different incident angles is proposed 

and a mosaic error detection system is designed. Then, the correction steps for mosaic errors are summarized 

and the error in mosaic error detection system is analyzed. Finally, the measurement uncertainty in detecting the 

wavefront of the mosaic grating and the mosaic accuracy of the grating wavefront are analyzed. The uncertainty 

is 0.008 𝜆 ( 𝜆= 632.8 nm) and the mosaic accuracy of the peak-to-valley wavefront is 0.069 𝜆, which shows that 

high-precision measurements of the wavefront and high-precision mosaic of the wavefront were successfully 

achieved. The proposed method can be used for the mosaic of all blazed gratings. 
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. Introduction 

Diffraction gratings have been widely used as optical elements in

pplications including spectrometers [1–3] , lasers [4–6] , and couplers

7–9] . Among these applications, astronomical spectrometers and nu-

lear fusion laser systems need to be equipped with large-size diffrac-

ion gratings to meet the spectrometer’s requirements for high resolu-

ion and the laser’s requirements for high energy. Spectrometers such as

he GMT-Consortium Large Earth Finder (G-CLEF) [10] and ESPRESSO

11] and laser systems such as OMEGA EP [12] and PETAL [13] are all

quipped with large-size diffraction gratings. In light of the difficulty

f fabricating single large-size diffraction gratings, grating tiling tech-

ology was proposed. Grating tiling technology involves placing two or

ore relatively small-sized gratings together, adjusting their attitudes

nd their relative positional relationships, and then rectifying the five

imensional errors until their error tolerance requirements are met. The

ore process of the grating tiling technique is the separation detection

nd correction of mosaic errors. 

In 2007, based on the far-field diffraction principle, Yang et al. re-

lized the separation detection and correction of rotation errors using
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ero-order and diffraction-order light of a single wavelength and also

ealized the separation detection and correction of translation errors

sing a Michelson interferometer [14] . Zeng et al. realized the separa-

ion detection and correction of rotation errors using zero-order and

iffraction-order light of a single wavelength and realized the sepa-

ation detection and correction of translation errors using diffraction-

rder light with dual wavelengths [15–17] . However, Qiao et al. ana-

yzed the far-field pattern and the near-field diffraction wavefront and

oncluded that there was aberration in the far-field imaging system for

arge-aperture beams. This aberration would lead to inconsistency be-

ween the mosaic errors reflected by the mosaic wavefront and the mea-

ured far-field pattern. The optimal far-field pattern quality thus did not

orrespond to the optimal mosaic state. The mosaic quality is better re-

ected by all mosaicked grating wavefronts in the near field [18] . 

Therefore, in 2016, based on the interference principle, Lu et al. real-

zed the separation detection and correction of the five dimensional mo-

aic errors using zero-order diffraction light and non-zero-order diffrac-

ion light of a single wavelength [19] . However, based on the inter-

erence principle, the mosaic error is detected and corrected using the

ero-order and non-zero-order diffraction light of the grating, which is
i). 
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Fig. 1. Mosaic errors between mosaic gratings. The x -axis is parallel to the grat- 

ing vector direction, the y -axis is parallel to the grating line direction, and the 

z -axis is parallel to the grating normal direction. 
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nly suitable for a mosaic of ordinary blazed gratings and is not suitable

or a mosaic of echelle gratings with weak zero-order diffraction light.

herefore, to solve the problem that the zero-order diffraction light of

he echelle grating cannot be used to complete the separation detection

nd correction of the mosaic errors, in 2018, Cong et al. proposed reser-

ation of a specific area of the aluminum film on the edge of the mosaic

rating; they then used the light reflected by the aluminum film rather

han the zero-order diffraction light of the echelle grating at the same

ngle of incidence to detect and correct mosaic errors [ 20 , 21 ]. How-

ver, the effective area of the mosaic gratings is much smaller than that

f the larger aluminum film. Additionally, the mosaic errors will not be

ompletely corrected if a smaller aluminum film is used because the sur-

ace shape of the aluminum film area is insufficient to characterize the

urface shape of the grating area. Therefore, the separation detection of

osaic errors should mainly focus on detection of the grating area. 

To solve the problem of error separation detection and correction in

osaicking echelle gratings, we propose a new five dimensional mosaic

rror separation detection and correction method for all blazed gratings.

n this paper, Section 2 introduces the method for separation detection

nd correction of mosaic errors. Section 3 introduces the mosaic error

eparation detection system and the correction of the initial errors Δ𝜃x 

nd Δz . Section 4 introduces the results and discussion. 

. Method of separation detection and correction of mosaic error 

.1. Description of mosaic error 

There are six dimensional errors in the mosaicking of two gratings as

hown in Fig. 1 . The six dimensional mosaic errors are listed as follows:

𝜃x , which is the error of rotation around the x -axis (grating vector di-

ection), as shown in Fig. 1 (a); Δ𝜃y , which is the error of rotation around

he y -axis (grating line direction), as shown in Fig. 1 (b); Δ𝜃z , which is

he error of rotation around the z -axis (grating normal direction), as

hown in Fig. 1 (c); Δx , which is the error of translation along the x -axis

grating vector direction), as shown in Fig. 1 (d); Δy , which is the error

f translation along the y -axis (grating line direction), as shown in Fig.

 (e); and Δz , which is the error of translation along the z -axis (grating

ormal direction), as shown in Fig. 1 (f). Among these errors, the trans-

ation error Δy only affects the effective area of the mosaic grating and

oes not affect the mosaic grating performance, so it can be ignored. 

According to the grating equation and grating cone diffraction the-

ry, the relationship between the mosaic error and the diffraction wave-

ront is given by Eq. (1) [19] : 

𝑂𝑃𝐷 = 2 

{ 

( cos 𝛼 + cos 𝛽) ⋅
Δ𝜃𝑦 
cos 𝛽

⋅ 𝑢 + 

[ 

𝑚𝜆

𝑑 
⋅ Δ𝜃𝑧 − ( cos 𝛼 + cos 𝛽) ⋅ Δ𝜃𝑥 

]

⋅𝑣 + 

[
𝑚𝜆

⋅ Δ𝑥 − ( cos 𝛼 + cos 𝛽) ⋅ Δ𝑧 
]} 

(1)

𝑑 

2 
Where, 𝛼 is the incident angle, 𝛽 is the diffraction angle, d is the

rating constant, m is the diffraction order, and ΔOPD is the optical path

ifference between the mosaic gratings. 

From Eq. (1) , the influence of the five dimensional mosaic errors on

he grating diffraction wavefront can be analyzed as follows: Δ𝜃y can

ause the interference fringe of the moving grating tilt to change when

ompared with the interference fringe of the static grating; Δ𝜃x and Δ𝜃z 

an cause the interference fringe of the moving grating width to change

hen compared with the interference fringe of the static grating; and

x and Δz can cause the interference fringe of the moving grating dis-

lacement to change when compared with the interference fringe of the

tatic grating. According to this analysis, the separation detection and

orrection of Δ𝜃y can be realized based on the tilt difference between

he interference fringes of the mosaic grating, but the separation detec-

ion and correction of Δ𝜃x and Δ𝜃z cannot be realized because they will

nfluence each other, and the separation detection and correction of Δx

nd Δz also cannot be realized because they will influence each other. 

.2. Separation detection and correction of mosaic error 

To realize the separation detection and correction of Δ𝜃x and Δ𝜃z and

o realize the separation detection and correction of Δx and Δz , we pro-

ose to detect and correct the mosaic errors using the same diffraction

rder for the detection beam but different incident angles. In addition,

ased on the use of two detection beams with the same diffraction order

 and different incident angles of 𝛼1 and 𝛼2, the interference fields of

wo groups of mosaic gratings can be obtained. The interference fields

f these two groups of mosaic gratings can be defined as the 𝛼1 inter-

erence field and the 𝛼2 interference field. 

According to Eq. (1) , the relationships between the mosaic error and

he diffraction wavefront between the 𝛼1 interference field and the 𝛼2

nterference field can be written as follows: 

Δ(2 − 1) 𝑂𝑃𝐷 = Δ2 𝑂𝑃𝐷 − Δ1 𝑂𝑃𝐷 

= 2 ⋅
[
( cos 𝛼1 + cos 𝛽1 − cos 𝛼2 − cos 𝛽2 ) ⋅ Δ𝜃𝑥 

⋅ 𝑣 + ( cos 𝛼1 + cos 𝛽1 − cos 𝛼2 − cos 𝛽2 ) ⋅ Δ𝑧 ] (2) 

Where, 𝛼1 is the incident angle in the 𝛼1 interference field, 𝛼2 is the

ncident angle in the 𝛼2 interference field, 𝛽1 is the diffraction angle in

he 𝛼1 interference field, 𝛽2 is the diffraction angle in the 𝛼2 interference

eld, Δ1 OPD is the optical path difference between the mosaic gratings

n the 𝛼1 interference field, and Δ2 OPD is the optical path difference

etween the mosaic gratings in the 𝛼2 interference field. 

From Eq. (2) , the influence of the five dimensional mosaic errors

n the grating diffraction wavefront can be analyzed as follows: only

𝜃x can make the width of the interference fringes of moving gratings

n the 𝛼1 interference field change when compared with the interfer-

nce fringes of moving gratings in the 𝛼2 interference field; only Δz can

ake the displacement of the interference fringe of the moving grating

hange in the 𝛼1 interference field when compared with the interference

ringe of the moving grating in the 𝛼2 interference field. According to

his analysis, the separation detection and correction of Δ𝜃x and Δ𝜃z can

hen be realized based on the width difference between the interference

ringes of moving gratings in the 𝛼1 and 𝛼2 interference fields, and the

idth difference between the interference fringes of moving and static

ratings in the 𝛼1 or 𝛼2 interference fields, respectively. Additionally,

he separation detection and correction of Δz and Δx can be realized

ased on the displacement difference between the interference fringes

f moving gratings in the 𝛼1 and 𝛼2 interference fields and the displace-

ent difference between the interference fringes of moving and static

ratings in the 𝛼1 or 𝛼2 interference fields, respectively. 

However, based on the order where the rotation error is corrected

rst and then the translation error is corrected, according to Eq. (2) , it is

ecessary to meet the following requirements when correcting Δ𝜃x and

z : 

𝜃𝑥 = 

Δ(2 − 1) 𝑂𝑃𝐷 − 2 ⋅ ( cos 𝛼1 + cos 𝛽1 − cos 𝛼2 − cos 𝛽2 ) ⋅ Δ𝑧 
2 ⋅ ( cos 𝛼1 + cos 𝛽1 − cos 𝛼2 − cos 𝛽2 ) ⋅ 𝑣 

(3) 
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Fig. 2. Experimental optical path diagram of separation detection system for 

mosaic error. 
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Table 1 

Key parameters for all components. 

Compoments Parameters Performance index 

Zygo 

interferometer 

Wavelength 

Beam diameter 

Type 

632.8 nm 

100 mm 

GPI XP/D 

Mirror Diameter 

Reflectivity 

Root-Mean-Square 

(RMS) 

100 mm 

> 90% 

0.005 𝜆( 𝜆= 632.8 nm) 

Prism Material 

Pass light area 

Wedge angle 

quartz 

50 mm ×50 mm 

14°

Mosaic grating 

element 

Area 

Groove density 

Blaze angle 

35 mm ×35 mm 

79line/mm 

64°

Mosaic device Rotation accuracy 

Translation 

accuracy 

0.3μrad 

1nm 

Fig. 3. (a) Mosaic grating element; (b) interference fringes of the mosaic grating 

element obtained by the Zygo interferometer. A1 is the grating area, A2 is the 

aluminum film area that is reserved at the edge of the grating, B1 shows the 

interference fringes in area A1, and B2 shows the interference fringes in area 

A2. 
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𝑧 = 

Δ(2 − 1) 𝑂𝑃𝐷 

2 ⋅ ( cos 𝛼1 + cos 𝛽1 − cos 𝛼2 − cos 𝛽2 ) 
(4)

Where, Δ(2 − 1) 𝑂𝑃𝐷 = 𝑎𝜆 + 𝑏𝜆 ( a = 0, ± 1, ± 2, …; 0 ≤ b ≤ 1). For a per-

ect mosaic, it is necessary for Δ𝜃x to be equal to 0 and Δz to be equal

o 0, which means that the parameter a is equal to 0 and the maximum

alue of b is equal to 1. Then, based on Eqs. (3) and ( 4 ), the initial values

f Δ𝜃x and Δz must meet the following requirements when correcting

𝜃x and Δz : 

𝜃𝑥 = 

𝜆 − 2 ⋅ ( cos 𝛼1 + cos 𝛽1 − cos 𝛼2 − cos 𝛽2 ) ⋅ Δ𝑧 
2 ⋅ ( cos 𝛼1 + cos 𝛽1 − cos 𝛼2 − cos 𝛽2 ) ⋅ 𝑣 

(5)

𝑧 = 

𝜆

2 ⋅ ( cos 𝛼1 + cos 𝛽1 − cos 𝛼2 − cos 𝛽2 ) 
(6)

Finally, Δ𝜃x can be corrected by adjusting the width of the interfer-

nce fringes of moving gratings in the 𝛼1 interference field when com-

ared with the interference fringes of moving gratings in the 𝛼2 inter-

erence field based on the premise that the value of Δ𝜃x is less than or

qual to that given by Eq. (5) . Additionally, Δz can be corrected by ad-

usting the displacement of the interference fringes of moving gratings

n the 𝛼1 interference field when compared with the interference fringes

f moving gratings in the 𝛼2 interference field based on the premise that

he value of Δz is less than or equal to that given by Eq. (6) . 

. Experimental 

.1. Mosaic error detection system 

To cause the interference fringes of mosaic gratings in the 𝛼1 and 𝛼2

nterference fields to appear on the same detector simultaneously and

mprove the correction accuracy of mosaic errors, a prism is introduced

nto the error detection optical path to generate a second incident angle

or the detection beam in the same error detection optical path, as shown

n Fig. 2 . 

Fig. 2 shows the experimental optical path diagram of the separa-

ion detection system for the mosaic error based on the same diffraction

rder and different incident angles. Here, a Zygo interferometer is used

o detect the wavefronts of the mosaic gratings and obtain the mosaic

rating interference fringes. Mirrors 1 and 2 are used to make the two

ncident angle detection beams return to their original path after grat-

ng diffraction to allow the Zygo interferometer to detect the wavefront

nd the interference fringes of the grating. The key parameters for all

omponents are listed in Table 1 . In the experiment, the peak-to-valley

PV) wavefronts of the mosaic grating elements are 0.349 𝜆 and 0.395 𝝀,

espectively. The incident angle 𝛼1 is 68°, the diffraction angle 𝛽1 is
3 
0.75°, the incident angle 𝛼2 is 74.66°, and the diffraction angle 𝛽2 is

6.65°

.2. Correction of initial errors of Δ𝜃x and Δz 

Eqs. (5) and ( 6 ) indicate that the initial values of Δ𝜃x and Δz need

o be adjusted to be within a specific range before the mosaic errors

re corrected. Additionally, according to the relationships between the

osaic error and the diffraction wavefronts, the zero-order diffraction

ight of the grating can be used to realize detection and correction of Δ𝜃x 

nd Δz . However, the detection and correction of Δ𝜃x and Δz cannot

e realized using the zero-order diffraction light of the grating when

osaicking echelle gratings, because the zero-order diffraction light of

he echelle grating is weak. 

During grating engraving, a specific area of the aluminum film is

sually reserved at the grating edge to protect the grating engraving

uality and to protect the diamond engraving tool. Therefore, we pro-

ose to use the light reflected by the aluminum film on the edge of the

rating rather than the zero-order diffraction light of the grating at the

ame angle of incidence to detect and correct the initial errors of Δ𝜃x 

nd Δz . The width of the aluminum film along the grating groove direc-

ion (the long side direction of the grating) is defined as 10 mm, which

an be used to complete correction of the initial error. 

Fig. 3 (a) shows the mosaic grating element. Area A1 is the grating

rea and area A2 is the reserved area of the aluminum film at the edge

f the grating. Fig. 3 (b) shows the interference fringes of the mosaic

rating element obtained by the Zygo interferometer. In addition, cor-

ection of the initial value of Δ𝜃x is realized by adjusting the width of

he interference fringes in the aluminum film areas and correction of
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Fig. 4. Correction process for mosaic errors based on interference fringes of 

mosaic gratings. (a) Simulated results when using MATLAB, (b) simulated results 

when using ZWMAX software, and (c) experimental results. The correction of 

Δ𝜃y is from (1) to (2); the correction of Δ𝜃x is from (2) to (3); the correction of 

Δ𝜃z is from (3) to (4); the correction of Δz is from (4) to (5); and the correction 

of Δx is from (5) to (6). 

Table 2 

Mosaic errors corresponding to the mosaic errors correction process in Fig. 4 . 

Δ𝜃x (μrad) Δ𝜃y (μrad) Δ𝜃z (μrad) Δx (μm) Δz (μm) 

Fig.4–1 5.330 43.633 26.180 23.560 1.490 

Fig.4–2 5.330 0 26.180 23.560 1.490 

Fig.4–3 0 0 − 4.800 14.997 1.490 

Fig.4–4 0 0 0 14.997 1.490 

Fig.4–5 0 0 0 14.997 0 

Fig.4–6 0 0 0 0 0 
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d  
he initial value of Δz is realized by adjusting the displacement of the

nterference fringes in the aluminum film areas. 

According to Eqs. (5) and ( 6 ), the initial values of Δ𝜃x and Δz are

ess than or equal to 46.64 μrad and 6.47 μm, respectively. Finally, these

nitial values of Δ𝜃x and Δz are corrected to values of 5.33 μrad and

.49 μm, respectively. 

. Results and discussion 

.1. Interference fringe adjustment process 

Fig. 4 shows the correction process for mosaic errors based on the

nterference fringes of mosaic gratings. In each interference fringe pat-

ern, the first row is the interference fringe of a static grating in the 𝛼1

nterference field, the second row is the interference fringe of the mov-

ng grating in the 𝛼1 interference field, the third row is the interference

ringe of the static grating in the 𝛼2 interference field, and the fourth

ow is the interference fringe of the moving grating in the 𝛼2 interfer-

nce field. In addition, the values of mosaic errors corresponding to the

osaic errors correction process obtained by simulation in Fig. 4 are

isted in Table 2 . 

From Fig. 4 , the specific correction steps for mosaic errors based on

he interference fringes are determined as follows: 

1) To ensure correction accuracy for the mosaic error, the interference

fringes of the static grating in the 𝛼1 and 𝛼2 interference fields are

adjusted to be parallel and uniform in width before the mosaic error

is corrected, as shown in Fig. 4 (a)-1, Fig. 4 (b)-1 and Fig. 4 (c)-1; 

2) Δ𝜃y is corrected by adjusting the interference fringes of the moving

grating and the static grating in the 𝛼1 or 𝛼2 interference fields to

be parallel, as shown in Fig. 4 (a)-2, Fig. 4 (b)-2 and Fig. 4 (c)-2; 

3) Δ𝜃x is corrected by adjusting the widths of the interference fringes of

the moving grating in the 𝛼1 and 𝛼2 interference fields to be equal,

as shown in Fig. 4 (a)-3, Fig. 4 (b)-3 and Fig. 4 (c)-3. Here, the number

of the interference fringes of the moving grating is usually adjusted
4 
to about the same as the number of the interference fringes of the

static grating in order to improve the accuracy of error correction,

as shown in Table 2 , the errors of Δ𝜃z and Δx were changed from

Fig. 4 - 2 to Fig. 4 - 3 ; 

4) Δ𝜃z is corrected by adjusting the widths of the interference fringes of

the moving grating and the static grating in the 𝛼1 or 𝛼2 interference

fields to be equal, as shown in Fig. 4 (a)-4, Fig. 4 (b)-4 and Fig. 4 (c)-4;

5) Δz is corrected by adjusting the displacements of the interference

fringes of the moving grating in the 𝛼1 and 𝛼2 interference fields to

be equal, as shown in Fig. 4 (a)-5, Fig. 4 (b)-5 and Fig. 4 (c)-5; 

6) Δx is corrected by adjusting the displacements of the interference

fringes of the moving grating and the static grating in the 𝛼1 or 𝛼2

interference fields to be equal, as shown in Fig. 4 (a)-6, Fig. 4 (b)-6

and Fig. 4 (c)-6. 

.2. Error analysis in mosaic error detection system 

In the mosaic error detection system, the mosaic error between grat-

ngs is indirectly measured by the difference between the interference

ringes of the mosaic gratings obtained in real time by the Zygo interfer-

meter. The influence factors of relative measurement of mosaic errors

ainly come from the surface-shape error of the mirror, the surface-

hape error of the prism and the surface-shape difference between mo-

aic gratings. These errors mainly cause the deformation of the interfer-

nce fringes of the mosaic gratings obtained by the Zygo interferometer,

nd then affect the detection and correction of mosaic errors, as the ex-

erimental results in Fig. 4 show the aberration when compared with

he simulated results. Among them, the surface-shape error of the mir-

or affects the interference fringes in the 𝛼1 and 𝛼2 interference fields.

he surface-shape error of the prism affects the interference fringes in

he 𝛼2 interference fields as shown in the difference between the third

nd first rows interference fringes or the difference between the fourth

nd second rows interference fringes in Fig. 4 (c). The surface-shape dif-

erence between the mosaic gratings affects the interference fringes in

he 𝛼1 and 𝛼2 interference fields as shown in the difference between

he first and second rows interference fringes or the difference between

he third and fourth rows interference fringes in Fig. 4 (c). However, in

he experiment, the surface-shape error (RMS) of the mirror is usually

equired to be better than 0.005 𝜆, the surface-shape error of the prism

s required to be better than 0.01 𝜆, and the mosaic gratings come from

he same master grating to ensure that the surface shapes of mosaic grat-

ngs are consistent with each other. Therefore, these errors have a little

nfluence on the relative measurement of mosaic errors. 

In addition to the influence of the above system errors, the detec-

ion and correction of mosaic errors are also affected by the environ-

ental vibration. The vibration of the environment mainly causes the

iolent vibration of the interference fringes of mosaic gratings obtained

y the Zygo interferometer, and then affects the mosaic error cannot be

etected and corrected. Therefore, in the experiment, the air floating

latform is also required to be used in order to eliminate the influence

f environmental vibration. 

.3. Standard uncertainty in wavefront detection 

The PV wavefront and the root-mean-square (RMS) wavefront of the

osaic grating are measured using the Zygo interferometer. To estimate

he uncertainty in this measurement, we need to calculate the Zygo

nterferometer measurement uncertainty and measurement repeatabil-

ty. The 36th-order diffraction wavefront data of the mosaic grating are

isted in Table 3 , where the unit is 𝜆 ( 𝜆= 632.8 nm). 

(1) Zygo interferometer measurement uncertainty 

The wavefront measurement accuracy of the Zygo interferometer is

etter than 0.001 𝜆. Based on a uniform distribution, the wavefront stan-

ard uncertainty caused by the Zygo interferometer’s measurement er-
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Fig. 5. Mosaic results obtained via the Zygo inter- 

ferometer. (a) Three-dimensional wavefront of the 

mosaic grating; (b) Point spread function (PSF) of 

the mosaic grating, where the Strehl ratio is 0.935. 

Table 3 

Wavefront data of mosaic gratings. 

Mosaic grating 

PV 0.483 0.423 0.424 0.438 0.447 0.445 0.428 

RMS 0.047 0.047 0.047 0.046 0.046 0.046 0.047 
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or u 1 can be described by the following type B uncertainty: 

 1 = 

0 . 001 𝜆√
3 

= 0 . 0006 𝜆 (7)

(2) Measurement repeatability 

During wavefront measurement of the mosaic grating, the wavefront

alues are recorded seven times, and these values have been averaged to

ive the final results. The standard deviation of a single measurement 𝜎

s 0.0208 𝜆, and thus the wavefront standard uncertainty caused by the

easurement repeatability u 2 can be described by the following type A

ncertainty: 

 2 = 

𝜎√
𝑛 
= 

0 . 0208 𝜆√
7 

= 0 . 0079 𝜆 (8)

Therefore, the wavefront measurement standard uncertainty u can

e expressed as a root sum square of the two errors as: 

 = 

√ 

𝑢 1 
2 + 

𝑢 2 
2 = 0 . 008 𝜆 (9)

This uncertainty is sufficiently small and can result in high-precision

easurement of the grating wavefront. 

.4. Mosaic accuracy of grating wavefront 

The average value of the wavefront data of the mosaic gratings given

n Table 3 is regarded as the final mosaic result. The average value of the

V wavefront is 0.441 𝜆, while the average value of the RMS wavefront

s 0.047 𝜆. 

ΔPV is defined as the difference between the mosaic grating wave-

ront and the average wavefront of the mosaic grating element. ΔPV

epresents the mosaic accuracy of the grating wavefront. The mosaic

rating meets the mosaic requirement when ΔPV is less than 0.2 𝜆. The

verage PV of the mosaic grating element is 0.372 𝜆 in the experiment.

herefore, the mosaic accuracy of the grating wavefront is 0.069 𝜆 based

n the mosaic method presented in this paper. 

The three-dimensional data of the 36th-order diffraction wavefront

f the mosaic grating were also obtained using the Zygo interferome-

er, as shown in Fig. 5 (a). The point spread function (PSF) of the mo-

aic grating is also obtained via that Zygo interferometer, as shown in

ig. 5 (b). The PSF shows that the diffracted energy is concentrated at the

enter spot. The Strehl ratio is defined as the ratio of the peak intensity

f an aberrated system to the corresponding intensity of a diffraction-

imited system. The Strehl ratio is 0.935 in this case. 
5 
. Summary 

This study presented a new method for separation detection and

orrection of mosaic errors based on use of detection beams of the

ame diffraction order but with different incident angles. This method

olves the problem where the interferometer cannot detect the zero-

rder wavefront of an echelle grating because of the weak zero-order

iffraction light, which means that the zero-order and non-zero-order

iffraction light of the echelle grating cannot be used to complete sepa-

ation detection and correction of mosaic errors. The proposed method

s suitable for mosaics of all blazed gratings. 

In the experiments, we designed and built a mosaic error separa-

ion detection system based on this method. The interference fringes of

he mosaic gratings in the 𝛼1 and 𝛼2 interference fields can appear on

he same detector simultaneously to improve the mosaic accuracy of the

avefront using this detection system. The results of mosaic experiment

how that the wavefront measurement uncertainty of 0.008 𝜆 and the

avefront mosaic accuracy of 0.069 𝜆 can be achieved using this detec-

ion system. In addition, we summarize the correction steps for mosaic

rrors and analyze the error in mosaic error detection system. 
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