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CLAIMS 

1. A lithography apparatus, comprising two exposure devices and a substrate

device;

wherein, the substrate device comprises:

a substrate stage configured to support a substrate; and

a calibrating reference plate,

the two exposure devices are disposed above the substrate stage in symmetry to

each other with respect to a direction for scanning exposure and configured to 

simultaneously create two exposure fields onto the substrate to expose portions of the 

substrate within the exposure fields; 

each of the two exposure devices comprises a substrate alignment device 

configured to measure a position of the substrate relative to the substrate stage; 

the substrate alignment device in each of the exposure devices is further 

configured to measure the calibrating reference plate to calibrate positions of the 

substrate alignment device in each of the exposure devices relative to the substrate 

stage.  

2. The lithography apparatus of claim 1, wherein each of the two exposure

devices further comprises an illumination device, a mask stage, an objective lens, a 

mask alignment device and a vertical measurement sensor;  

wherein, the mask stage is configured to support a photomask, the illumination 

device is disposed above the mask stage, the objective lens is located under the mask 

stage, the substrate alignment device and the vertical measurement sensor are both 

positioned above the substrate stage, the mask alignment device is configured to 

measure a position of the photomask relative to the substrate stage, the substrate 

alignment device and the mask alignment device are configured to measure a position 

of the substrate relative to the photomask, and the vertical measurement sensor is 
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configured to measure a surface profile of the substrate. 

3. The lithography apparatus of claim 2, wherein the substrate device further

comprises a plurality of reference plates, each of the exposure devices corresponds to 

at least one of the plurality of reference plates, each of the plurality of reference 

plates is provided with reference marks, and the substrate alignment device and the 

mask alignment device are configured to measure positions of the marks on a 

corresponding one of the reference plates to obtain the positions of the substrate and 

the photomask relative to the substrate stage. 

4. The lithography apparatus of claim 3, wherein the mask alignment device is

disposed under a corresponding one of the reference plates. 

5. The lithography apparatus of claim 3, wherein the plurality of reference

plates comprises two measuring reference plates respectively corresponding to the 

two exposure devices and the calibrating reference plate is located between the two 

measuring reference plates, and wherein the calibrating reference plate is provided 

with calibrating marks, and the substrate alignment device and mask alignment 

device in each of the exposure devices are configured to regularly measure the 

calibrating marks to calibrate positions of the substrate alignment device and mask 

alignment device relative to the substrate stage. 

6. The lithography apparatus of claim 2, wherein the substrate comprises a

plurality of substrate alignment marks, and the substrate alignment device is 

configured to determine the position of the substrate by measuring positions of the 

substrate alignment marks. 

7. A lithography method using the lithography apparatus of claim 1,

comprising: 

step 1, placing a substrate on a substrate stage and arranging two exposure 

devices in symmetry to each other above the substrate with respect to a direction for 

scanning exposure; 
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step 2, performing substrate alignment processes respectively by substrate 

alignment devices in each of the exposure devices and calculating a deviation of the 

substrate based on a positional relationship between the substrate and the substrate 

stage; 

step 3, controlling the substrate stage and/or a mask stage in each of the 

exposure devices to move to compensate for the deviation of the substrate. 

8. The lithography method of claim 7, wherein step 2 comprises:

defining regions of the substrate corresponding to the two exposure devices as

a first region and a second region respectively, controlling the substrate stage to move 

along a direction for scanning, and measuring positions of substrate alignment marks 

in the first and second regions respectively by the substrate alignment devices in the 

two exposure devices; and  

calculating the deviation of the substrate based on measured and nominal 

positions of the substrate alignment marks in the first region as well as measured and 

nominal positions of the substrate alignment marks in the second region. 

9. The lithography method of claim 8, wherein calculating the deviation of the

substrate comprises: 

calculating an offset (Rz_L, Cx_L, Cy_L) of the first region relative to the 

substrate stage based on the measured and nominal positions of the substrate 

alignment marks in the first region according to following equations, and calculating 

an offset (Rz_R, Cx_R, Cy_R) of the second region relative to the substrate stage 

based on the measured and nominal positions of the substrate alignment marks in the 

second region according to the following equations, wherein Rz_L represents a 

rotational component of the first region about an Z-axis relative to the substrate stage, 

Cx_L and Cy_L respectively represent X-directional and Y-directional translational 

components of the first region relative to the substrate stage, Rz_R represents a 

rotational component of the second region about the Z-axis relative to the substrate 
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stage, and Cx_R and Cy_R respectively represent X-directional and Y-directional 

translational components of the second region relative to the substrate stage; the 

equations are as follows: 









CyXRzYMydy

CxXorthononRzXMxdx

iii

iii

**

*)_(*

, 

wherein (Xi, Yi) represents the nominal positions of the substrate alignment 

marks, dxi and dyi respectively represent the differences between the measured and 

nominal positions of the substrate alignment marks, Mx represents an X-directional 

magnification of the substrate, My represents a Y-directional magnification of the 

substrate, and non_ortho represents a non-orthogonal component of the substrate. 

10. The lithography method of claim 9, wherein compensating for the

deviation of the substrate in step 4 comprises: 

calculating a rotational adjustment amount dRz  about the Z-axis, an 

X-directional translational adjustment amount dCx  and an X-directional

translational adjustment amount dCy , for the substrate stage; controlling the

substrate stage to move based on the calculated adjustment amounts, to compensate

for a common part of the offsets of the first region and second region relative to the

substrate stage; wherein:

)
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__
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RRzLRz
dRz


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)
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)
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RCyLCy
dCy




; and 

then calculating a rotational adjustment amount LRzRS _.  about the Z-axis, an

X-directional translational adjustment amount LCxRS _.  and an Y-directional

translational adjustment amount LCyRS _. , for the mask stage corresponding to the

first region; calculating a rotational adjustment amount RRzRS _.  about the Z-axis,

an X-directional translational adjustment amount RCxRS _.  and an Y-directional
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translational adjustment amount RCyRS _. , for the mask stage corresponding to the

second region; controlling the mask stages corresponding to the first region and 

second region to move based on corresponding ones of the adjustment amounts to 

respectively compensate for remainders of the offsets of the first region and second 

region relative to the substrate stage; wherein:  
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11. The lithography method of claim 9, wherein compensating for the

deviation of the substrate in step 4 comprises: 

calculating a rotational adjustment amount LRzRS _.  about the Z-axis, an

X-directional translational adjustment amount LCxRS _.  and an Y-directional

translational adjustment amount LCyRS _. , for the mask stage corresponding to the

first region; according to the following equations, calculating a rotational adjustment

amount RRzRS _.  about the Z-axis, an X-directional translational adjustment

amount RCxRS _.  and an Y-directional translational adjustment amount RCyRS _. ,

for the mask stage corresponding to the second region; respectively controlling the

mask stages corresponding to the first region and second region to move based on

corresponding ones of the adjustment amounts to respectively compensate for the

offsets of the first region and second region relative to the substrate stage; wherein:

LRzLRzRS __.  ;

LCxLCxRS __.  ;
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LCyLCyRS __.  ;

RRzRRzRS __.  ;

RCxRCxRS __.  ;

RCyRCyRS __.  .

12. The lithography method of claim 8, wherein the substrate device further

comprises a plurality of reference plates, each of the exposure devices corresponds to 

at least one of the plurality of reference plates, and the substrate alignment device is 

configured to measure positions of marks on a corresponding one of the reference 

plates to obtain a position of the substrate relative to the substrate stage. 

13. The lithography method of claim 12, wherein each of the exposure devices

further comprises a mask alignment device configured to measure a position of the 

photomask relative to the substrate stage; step 2 further comprises performing a mask 

alignment process respectively by a mask alignment device in each of the exposure 

devices, to obtain a positional relationship between the substrate stage and 

photomasks of the exposure devices, wherein the mask alignment device is 

configured to measure positions of marks on a corresponding one of the reference 

plates to obtain a position of the photomasks relative to the substrate stage. 

14. The lithography method of claim 7, wherein each of the exposure devices

further comprises a vertical measurement sensor above the substrate stage, wherein 

the vertical measurement sensor is configured to measure a surface profile of the 

substrate; a step (a) is further included between the steps 1 and 2, the step (a) 

comprising measuring an overall surface profile of the substrate by the exposure 

devices to obtain an adjustment amount for global leveling of the substrate, and 

performing global leveling to the substrate. 

15. The lithography method of claim 14, wherein step (a) comprises: measuring,

by a vertical measurement sensor in each of the exposure devices, a position 

coordinate ),,( iii zyx  of each measurement point on the substrate, wherein i=1,
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2, …, n and n is a natural number, inputting the position coordinate ),,( iii zyx  of

each measurement point to a plane fitting model iii ywwxxwwywzz  , to

obtain a global fitted surface for the substrate, wherein wz represents a height value 

of the global fitted surface, wwx represents an X-directional tilt value of the global 

fitted surface and wwy represents an Y-directional tilt value of the global fitted 

surface; and determining an adjustment amount for global leveling of the substrate 

based on a difference between the global fitted surface and an optimum focal plane 

for alignment for the substrate. 

16. The lithography method of claim 15, wherein each of the exposure devices

further comprises an objective lens, and the optimum focal plane for alignment for 

the substrate is an average of reference focal planes of the objective lenses in the 

exposure devices. 

17. The lithography method of claim 7, wherein each of the exposure devices

further comprises a vertical measurement sensor above the substrate stage, wherein 

the vertical measurement sensor is configured to measure a surface profile of the 

substrate; a step 4 is further included after step 3, the step 4 comprising performing 

exposure, wherein during exposure for each of exposure fields, a vertical 

measurement sensor in each of the exposure devices measures a local surface profile 

of a portion of the substrate within a corresponding one of the exposure fields in real 

time, and the mask stage in a corresponding one of the exposure devices is controlled 

to move based on the local surface profile, to make an optimum focal plane for the 

exposure to coincide with the exposure fields. 

18. The lithography method of claim 17, wherein step 4 comprises controlling

the mask stage to move to compensate for Z-directional height, Rx-directional tilt and 

Ry-directional tilt for the local surface profile of the portion of the substrate within 

the corresponding one of the exposure fields, wherein: 

controlling the mask stage to move to compensate for Z-directional height 
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comprises: 

defining a value set _. iRS Z for a Z-directional movement of the mask stage at a 

start point of each of the exposure fields as: 

WSFZDieBFZFLSNZRSZRS iirefi  )._.(*/1.. 2
__set ; and 

defining a value set _. iRS Z  for the Z-directional movement of the mask stage 

during scanning exposure as: 

WSFZFLSZFLSNZRSZRS iiirefi  )..(*/1.. 1-
2

__set , 

wherein, irefZRS _.  represents a preset Z-directional value for a movement of 

the mask stage towards a reference object plane during the scanning exposure; 

iZFLS.  represents a Z-directional height value measured out by the vertical

measurement sensor in a current sampling cycle; 1. iZFLS  represents a Z-directional

height value measured out by the vertical measurement sensor in a previous sampling 

cycle; ZDieBF ._  represents a Z-directional height value of the optimum focal plane;

N represents a magnification of a first objective lens; and WSF represents a filtering 

parameter; 

controlling the mask stage to move to compensate for an Rx-directional tilt 

value set _. x iRS R  comprises: 

defining an Rx-directional tilt value set _. x iRS R  of the mask stage at the start 

point of each of the exposure fields as: 

WSFRxDieBFRxFLSNRxRSRRS iirefi  )._.(*/1.x. __set ; and 

defining an Rx-directional tilt value set _. x iRS R  of the mask stage during 

scanning exposure as: 

WSFRxFLSRxFLSNRxRSRxRS iiirefi  )..(*/1.. 1-__set , 

wherein, irefRxRS _.  represents a preset Rx-directional tilt value for the 

movement of the mask stage towards the reference object plane during the scanning 

exposure; iRxFLS.  represents an Rx-directional tilt value measured out by the

vertical measurement sensor in the current sampling cycle; 1. iRxFLS  represents an
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Rx-directional tilt value measured out by the vertical measurement sensor in the 

previous sampling cycle; and RxDieBF ._  represents an Rx-directional tilt value of

the optimum focal plane; 

controlling the mask stage to move to compensate for an Ry-directional tilt 

value set _. y iRS R  comprises: 

defining an Rx-directional tilt value set _. y iRS R  of the mask stage at the start 

point of each of the exposure fields as: 

set _ _. y . 1/ *( . _ . )i ref i iRS R RS Ry N FLS Ry BF Die Ry WSF    ; and 

defining an Ry-directional tilt value set _. y iRS R  of the mask stage during 

scanning exposure as: 

set _ _ -1. y . 1/ *( . . )i ref i i iRS R RS Ry N FLS Ry FLS Ry WSF    , 

wherein, _. yref iRS R  represents a preset Ry-directional tilt value for the 

movement of the mask stage towards the reference object plane during the scanning 

exposure; . yiFLS R  represents an Ry-directional tilt value measured out by the 

vertical measurement sensor in the current sampling cycle; 1. yiFLS R   represents an 

Ry-directional tilt value measured out by the vertical measurement sensor in the 

previous sampling cycle; and _ . yBF Die R  represents an Ry-directional tilt value of 

the optimum focal plane. 

19. A lithography method using the lithography apparatus of claim 1,

comprising: 

step 1, placing a substrate on a substrate stage and arranging two exposure 

devices in symmetry to each other above the substrate with respect to a direction for 

scanning exposure, wherein each of the exposure devices further comprises a mask 

stage and a vertical measurement sensor, wherein the mask stage is configured to 

support a photomask, the vertical measurement sensor is above the substrate stage, 

and the vertical measurement sensor is configured to measure a surface profile of the 

substrate; 
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step 2, measuring an overall surface profile of the substrate to obtain an 

adjustment amount for global leveling of the substrate, and performing global 

leveling to the substrate; 

step 3, performing exposure, wherein during exposure for each of exposure 

fields, a vertical measurement sensor in each of the exposure devices measures a local 

surface profile of a portion of the substrate within a corresponding one of the 

exposure fields in real time, and the mask stage in a corresponding one of the 

exposure devices is controlled to move based on the local surface profile, to make an 

optimum focal plane for the exposure to coincide with the exposure fields. 

20. The lithography method of claim 19, wherein step 2 comprises: measuring,

by a vertical measurement sensor in each of the exposure devices, a position 

coordinate ),,( iii zyx  of each measurement point on the substrate, wherein i=1,

2, …, n and n is a natural number, inputting the position coordinate ),,( iii zyx  of

each measurement point to a plane fitting model iii ywwxxwwywzz  , to

obtain a global fitted surface for the substrate, wherein wz represents a height value 

of the global fitted surface, wwx represents an X-directional tilt value of the global 

fitted surface and wwy represents an Y-directional tilt value of the global fitted 

surface; and determining an adjustment amount for global leveling of the substrate 

based on a difference between the global fitted surface and an optimum focal plane 

for alignment for the substrate. 

21. The lithography method of claim 20, wherein each of the exposure device

further comprises an objective lens, and the optimum focal plane for alignment for 

the substrate is an average of reference focal planes of the objective lenses in the 

exposure devices. 

22. The lithography method of claim 19, wherein step 3 comprises controlling

the mask stage to move to compensate for Z-directional height, Rx-directional tilt and 

Ry-directional tilt for the local surface profile of the portion of the substrate within 
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the corresponding one of the exposure fields, wherein: 

controlling the mask stage to move to compensate for Z-directional height 

comprises: 

defining a value set _. iRS Z
 for a Z-directional movement of the mask stage at a

start point of each of the exposure fields as: 

WSFZDieBFZFLSNZRSZRS iirefi  )._.(*/1.. 2
__set ; and 

defining a value set _. iRS Z
 for the Z-directional movement of the mask stage

during scanning exposure as: 

WSFZFLSZFLSNZRSZRS iiirefi  )..(*/1.. 1-
2

__set , 

wherein, irefZRS _.  represents a preset Z-directional value for a movement of 

the mask stage towards a reference object plane during the scanning exposure; 

iZFLS.  represents a Z-directional height value measured out by the vertical

measurement sensor in a current sampling cycle; 1. iZFLS  represents a Z-directional

height value measured out by the vertical measurement sensor in a previous sampling 

cycle; ZDieBF ._  represents a Z-directional height value of the optimum focal plane; 

N represents a magnification of a first objective lens; and WSF represents a filtering 

parameter; 

controlling the mask stage to move to compensate for an Rx-directional tilt 

value set _. x iRS R
 comprises: 

defining an Rx-directional tilt value set _. x iRS R
 of the mask stage at the start 

point of each of the exposure fields as: 

WSFRxDieBFRxFLSNRxRSRRS iirefi  )._.(*/1.x. __set ; and 

defining an Rx-directional tilt value set _. x iRS R
 of the mask stage during 

scanning exposure as: 

WSFRxFLSRxFLSNRxRSRxRS iiirefi  )..(*/1.. 1-__set , 

wherein, irefRxRS _.  represents a preset Rx-directional tilt value for the 

movement of the mask stage towards the reference object plane during the scanning 
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exposure; iRxFLS.  represents an Rx-directional tilt value measured out by the

vertical measurement sensor in the current sampling cycle; 1. iRxFLS  represents an

Rx-directional tilt value measured out by the vertical measurement sensor in the 

previous sampling cycle; and RxDieBF ._  represents an Rx-directional tilt value of 

the optimum focal plane; 

controlling the mask stage to move to compensate for an Ry-directional tilt 

value set _. y iRS R
 comprises: 

defining an Rx-directional tilt value set _. y iRS R
 of the mask stage at the start 

point of each of the exposure fields as: 

set _ _. y . 1/ *( . _ . )i ref i iRS R RS Ry N FLS Ry BF Die Ry WSF   
; and

defining an Ry-directional tilt value set _. y iRS R
 of the mask stage during 

scanning exposure as: 

set _ _ -1. y . 1/ *( . . )i ref i i iRS R RS Ry N FLS Ry FLS Ry WSF   
,

wherein, _. yref iRS R
 represents a preset Ry-directional tilt value for the 

movement of the mask stage towards the reference object plane during the scanning 

exposure; . yiFLS R  represents an Ry-directional tilt value measured out by the

vertical measurement sensor in the current sampling cycle; 1. yiFLS R   represents an

Ry-directional tilt value measured out by the vertical measurement sensor in the 

previous sampling cycle; and _ . yBF Die R  represents an Ry-directional tilt value of

the optimum focal plane. 
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