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CLAIMS 

1. A photo-alignment control method for controlling a polarization angle

deviation consistency of a polarized light during photo-alignment of a substrate by 

using the polarized light emanated from a polarizing illumination device, the 

photo-alignment control method comprising: 

selecting a plurality of discrete sampling locations along a photo-alignment 

scanning direction and selecting a plurality of detection points within an exposure field 

on the substrate, obtaining a polarization angle deviation and a corresponding 

illumination intensity level for each of the detection points at each of the discrete 

sampling locations during photo-alignment, and measuring a yaw angle of the motion 

stage, on which the substrate is carried, relative to the polarizing illumination device at 

each of the discrete sampling locations; 

calculating a weighted dynamic polarization angle deviation for each detection 

point after forward and reverse photo-alignment scans have been carried out WDdyn(Xm, 

Ym); 

obtaining a weighted dynamic polarization angle deviation consistency; and 

controlling a rotation angle of a rotary table disposed between the substrate and 

the motion stage and configured to rotate the substrate, based on the yaw angle of the 

motion stage relative to the polarizing illumination device and on the weighted 

dynamic polarization angle deviation consistency of the substrate; 

wherein the polarization angle deviation is a difference between an actual 

polarization angle of the polarized light received at the detection point during the 

photo-alignment process and a nominal polarization angle of the polarized light. 

2. The photo-alignment control method of claim 1, wherein K discrete sampling

locations Kkys k ,,2,1,. 
 and M detection points 

 MmYX mm ,,,),,( 21
 are

selected; 

wherein the weighted dynamic polarization angle deviation for each detection 

point after forward and reverse photo-alignment scans have been carried out is 

calculated according to: 
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where )).,,(),,(( kmmmm ysYXyYXxD  represents the polarization angle deviation, 

 ).,,(),,(( m kmmm ysYXyYXxI  represents the corresponding illumination intensity level,
 ).( kysYaw  represents the measured yaw angle of the motion stage, ),( mmdyn YXWD

represents the weighted dynamic polarization angle deviation, 
 ),( mm YX  represents

the each detection point, 
 )).,,(),,(( kmmmm ysYXyYXx  represents a coordinate of the

detection point in a coordinate system of the motion stage, the detection point having a 

coordinate of ),( mm YX  in a coordinate system of the substrate;

wherein the weighted dynamic polarization angle deviation consistency for the 

substrate is obtained according to: 

     
2

,min,max mmdynmmdyn
dyn

YXWDYXWD
Mura


 , 

where Muradyn represents the weighted dynamic polarization angle deviation 

consistency. 

3. The photo-alignment control method of claim 2, wherein

)).,,(),,(( kmmmm ysYXyYXx
 is given by:
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where Rt

 

represents a rotation of the rotary table for rotating the substrate, 

Mp  represents an expansion ratio of the substrate to the motion stage located 

under the rotary table, 

Rp  represents a rotation of the substrate relative to the motion stage, and 









Cpy

Cpx
represents a translation of the substrate relative to the motion stage. 

4. The photo-alignment control method of claim 3, wherein the rotation Rt  of
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the rotary table, the expansion ratio Mp  of the substrate to the motion stage located 

under the rotary table, and the rotation Rp  of the substrate relative to the motion 

stage are obtained by: 

providing, on the substrate, I alignment marks with nominal positions of the I 

alignment marks in the coordinate system of the substrate being denoted as 

   IiYX ii ,,,,, 21  ; 

individually aligning the I alignment marks using an alignment system to obtain 

test positions 
   IiCayCax ii ,,,,, 21 of the I alignment marks; and

based on the nominal positions    IiYX ii ,,,,, 21  and the test positions 

   IiCayCax ii ,,,,, 21  of the alignment marks, as well as a corresponding position 

   Iiys i ,,,,. 21  of the motion stage during the alignment, obtaining Rt ,  Mp  and 

Rp  according to a substrate alignment model defined by: 
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5. The photo-alignment control method of claim 2, wherein measuring a yaw

angle  ).( kysYaw
 of the motion stage relative to the polarizing illumination device at 

each of the discrete sampling locations comprises: 

measuring a yaw angle  ).(1 kysYaw
 of the motion stage at each of the discrete 

sampling locations and a yaw angle  ).(2 kysYaw
 of the polarizing illumination device 

at each of the discrete sampling locations, and obtaining ).( kysYaw
 as 

 ).(/).().( 21 kkk ysYawysYawysYaw  . 

6. The photo-alignment control method of claim 5, wherein measuring the yaw

angle  ).(1 kysYaw  of the motion stage at each of the discrete sampling locations 

comprises: 

selecting a side face of the motion stage as a measurement surface and directing 

two measuring light beams of a first interferometer onto the measurement surface; and 

obtaining a length difference  1y  between optical paths of the two measuring 

light beams of the first interferometer to the measurement surface of the motion stage 

and a distance  1s  between centers of the optical paths of the two measuring light 

beams and calculating the yaw angle  ).(1 kysYaw
 of the motion stage according 
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to 111 /).( syysYaw k  . 

7. The photo-alignment control method of claim 6, wherein the measurement

surface is a side face of the motion stage to which the photo-alignment scanning 

direction is perpendicular. 

8. The photo-alignment control method of claim 6, wherein measuring the yaw

angle ).(2 kysYaw  of the polarizing illumination device at each of the discrete 

sampling locations comprises: 

selecting a side face of a linear grating frame in the polarizing illumination 

device as a measurement surface and directing two measuring light beams of a second 

interferometer onto the measurement surface; and 

obtaining a length difference 2y  between optical paths of the two measuring 

light beams of the second interferometer to the measurement surface of the polarizing 

illumination device and a distance 2s  between centers of the optical paths of the two 

measuring light beams, and calculating the yaw angle ).(2 kysYaw  of the polarizing 

illumination device according to 222 /).( syysYaw k  . 

9. The photo-alignment control method of claim 8, wherein the measurement

surface of the polarizing illumination device is a side face of the linear grating frame 

to which the photo-alignment scanning direction is perpendicular. 

10. The photo-alignment control method of claim 5, wherein measuring the

yaw angle  ).(1 kysYaw  of the motion stage at each of the discrete sampling locations 

comprises: 

providing two grating scales arranged parallel to each other along the 

photo-alignment scanning direction and mounting reading heads corresponding to the 

respective grating scales on a side face of the motion stage to which the 

photo-alignment scanning direction is perpendicular; and 

obtaining readings of the grating scales by the respective reading heads and 

based on a difference 1y  between the readings of the two grating scales and on a 

distance  
1s  between centers of the two grating scales, calculating the yaw angle 

 ).(1 kysYaw  of the motion stage according to 
111 /).( syysYaw k  . 

11. The photo-alignment control method of claim 5, wherein ).( kysYaw  is 

calculated according to: 
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12. A photo-alignment apparatus, comprising a polarizing illumination device, a
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rotary table configured to carry and rotate a substrate, and a motion stage located 

under the rotary table and configured to move the substrate so that the substrate 

experiences a photo-alignment scan, wherein the photo-alignment apparatus further 

comprises: 

a motion stage yaw measurement device for measuring a yaw angle of the 

motion stage during the photo-alignment process; 

a polarizing illumination device yaw measurement device for measuring a yaw 

angle of the polarizing illumination device during the photo-alignment process; and 

a polarization angle deviation control unit configured to calculate a weighted 

dynamic polarization angle deviation of the substrate based on the yaw angle of the 

motion stage and the yaw angle of the polarizing illumination device and to control a 

rotation of the rotary table based on a yaw angle of the motion stage relative to the 

polarizing illumination device and the weighted dynamic polarization angle deviation 

of the substrate. 

13. The photo-alignment apparatus of claim 12, wherein the motion stage yaw

measurement device comprises a first interferometric measuring device and a first 

reflector, the first reflector mounted on a side face of the motion stage, the first 

interferometric measuring device configured to direct two first measuring light beams 

onto the first reflector and to collect light beams reflected from the first reflector so as 

to obtain a length difference 1y  between optical paths of the two first measuring 

light beams from the first interferometric measuring device to the side face of the 

motion stage, and to calculate, based on the length difference 1y  and a distance 1s  
between centers of the two first measuring light beams of the first interferometric 

measuring device, the yaw angle ).(1 kysYaw  of the motion stage according to 

111 /).( syysYaw k  . 

14. The photo-alignment apparatus of claim 13, wherein the first reflector is

mounted on a side face of the motion stage to which the photo-alignment scanning 

direction is perpendicular. 

15. The photo-alignment apparatus of claim 13, wherein the polarizing

illumination device measurement device comprises a second interferometric measuring 

device and a second reflector, the second reflector mounted on a surface of a linear 

grating frame in the polarizing illumination device, the second interferometric 

measuring device configured to emit two second measuring light beams onto the 

second reflector and to collect light beams reflected from the second reflector so as to 

obtain a length difference 2y  between optical paths of the two second measuring 
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light beams from the second interferometric measuring device to the side face of the 

linear grating frame, and to calculate, based on the length difference 2y  and a 

distance 2s  between centers of the two second measuring light beams, the yaw angle 

).(2 kysYaw  of the motion stage according to 222 /).( syysYaw k  . 

16. The photo-alignment apparatus of claim 15, wherein the second reflector is

mounted on the side face of the linear grating frame to which the photo-alignment 

scanning direction is perpendicular. 

17. The photo-alignment apparatus of claim 12, wherein the motion stage yaw

measurement device comprises a first interferometric measuring device and a first 

reflector, the first reflector mounted on a side face of the motion stage, the first 

interferometric measuring device configured to direct two first measuring light beams 

onto the first reflector and to collect light beams reflected from the first reflector so as 

to obtain a length difference 1y  between optical paths of the two first measuring 

light beams from the first interferometric measuring device to the side face of the 

motion stage, and to calculate, based on the length difference 1y  and a distance 1s

between centers of the two first measuring light beams of the first interferometric 

measuring device, the yaw angle ).(1 kysYaw  of the motion stage according to 

111 /).( syysYaw k  . 

18. The photo-alignment apparatus of claim 12, wherein the polarizing

illumination device comprises a lighting frame, the lighting frame comprising a 

trough-shaped reflector and a lamp, the lamp configured to emit light which is 

reflected by the trough-shaped reflector to form a light beam propagating at a 

predetermined angle. 

19. The photo-alignment apparatus of claim 18, wherein the trough-shaped

reflector is a parabolic reflector. 

20. The photo-alignment apparatus of claim 18, wherein the lamp has a length

greater than a length of the substrate in a direction perpendicular to the 

photo-alignment scanning direction. 

21. The photo-alignment apparatus of claim 12, wherein the polarizing

illumination device comprises a linear grating frame, the linear grating frame 

comprising a stack of a filter, a polarizing linear grating and a linear grating protection 

glass, compressed air introduced between the filter and the polarizing linear grating, an 

inert gas introduced between the polarizing linear grating and the linear grating 

protection glass. 
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