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WHAT IS CLAIMED IS: 

 

1. A multi-beam apparatus for observing a surface of a sample, comprising: 

  an electron source; 

  a condenser lens below said electron source; 

  a source-conversion unit below said condenser lens; 

  a primary projection imaging system below said source-conversion unit and 

                 comprising an objective lens; 

  a deflection scanning unit inside said primary projection imaging system; 

  a sample stage below said primary projection imaging system; 

  a beam separator above said objective lens; 

  a secondary projection imaging system above said beam separator; and 

  an electron detection device with a plurality of detection elements, 

  wherein said source-conversion unit comprises an image-forming 

  means with a plurality of micro-deflectors and a beamlet-limit means with a 

  plurality of beam-limit openings, and said image-forming means is above said 

  beamlet-limit means, 

  wherein said electron source, said condenser lens, said source- 

  conversion unit, said primary projection imaging system, said deflection 

  scanning unit and said beam separator are aligned with a primary optical axis 

  of said apparatus, said sample stage sustains said sample so that said surface 

  faces to said objective lens, said secondary projection imaging system and said 

  electron detection device are aligned with a secondary optical axis of said 

  apparatus, and said secondary optical axis is not parallel to said primary 

  optical axis, 

  wherein said electron source generates a primary electron beam along 

  said primary optical axis, said plurality of micro-deflectors deflects said 

  primary electron beam to form a plurality of parallel virtual images of said 

  electron source and therefore a virtual multi-source array is converted from 

  said electron source, a plurality of beamlets which includes said virtual multi- 

  source array passes through said plurality of beam-limit openings respectively, 

  a current of each beamlet is therefore limited by one corresponding beam- 

  limit opening, and currents of said plurality of beamlets can be varied by 
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  adjusting said condenser lens, 

  wherein said primary projection imaging system images said virtual  

multi source array onto said surface, a plurality of probe spots is therefore 

 formed thereon, and said deflection scanning unit deflects said plurality of  

 beamlets to scan said plurality of probe spots respectively over a plurality of 

 scanned regions within an observed area on said surface, 

 wherein a plurality of secondary electron beams is generated by said 

 plurality of probe spots respectively from said plurality of scanned regions and 

 in passing focused by said objective lens, said beam separator then deflects 

 said plurality of secondary electron beams to said secondary projection 

 imaging system, said secondary projection imaging system focuses and keeps 

 said plurality of secondary electron beams to be detected by said plurality of 

 detection elements respectively, and each detection element therefore 

 provides an image signal of one corresponding scanned region. 

 

2. The multi-beam apparatus according to claim 1, further comprising a main aperture 

plate below said electron source, which has a main opening aligned with said 

primary optical axis and functions as a beam-limit aperture for said primary 

electron beam. 

 

3. The multi-beam apparatus according to claim 2, wherein said primary projection 

imaging system comprise a transfer lens above said objective lens, which focuses 

said plurality of beamlets to land on said surface perpendicularly.  

 

4. The multi-beam apparatus according to claim 3, wherein each of said plurality of 

micro-deflectors has a 4-pole structure which can generate a deflection field in any 

radial direction. 

 

 

5.  The multi-beam apparatus according to claim 4, further comprising a single-beam 

electron detector above said beam separator, which can be used in a single-beam 

mode. 

 

6. The multi-beam apparatus according to claim 4, further comprising an in-lens 

electron detector with a beamlet-passing hole aligned with said primary optical 

axis,which can be used in a single-beam mode. 

 

7. The multi-beam apparatus according to claim 5, further comprising an in-lens 

electron detector with a beamlet-passing hole aligned with said primary optical 
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axis, which is below said beam separator and can be used in said single-beam 

mode. 

 

8. A multi-beam apparatus for observing a surface of a sample, comprising: 

 an electron source; 

 a condenser lens below said electron source; 

 a source-conversion unit below said condenser lens; 

a primary projection imaging system below said source-conversion unit and 

comprising an objective lens; 

a deflection scanning unit inside said primary projection imaging system; 

a sample stage below said primary projection imaging system; 

a beam separator above said objective lens; 

a secondary projection imaging system above said beam separator; and 

an electron detection device with a plurality of detection elements, 

  wherein said source-conversion unit comprises an image-forming 

  means with a plurality of micro-deflector-and-compensator elements and a 

  beamlet-limit means with a plurality of beam-limit openings, each micro- 

  deflector-and-compensator element comprises one micro-deflector and one 

  micro-compensator which has one micro-lens and one micro-stigmator, and 

  said image-forming means is above said beamlet-limit means, 

  wherein said electron source, said condenser lens, said source- 

  conversion unit, said primary projection imaging system, said deflection 

  scanning unit and said beam separator are aligned with a primary optical axis 

  of said apparatus, said sample stage sustains said sample so that said surface 

  faces to said objective lens, said secondary projection imaging system and said 

  electron detection device are aligned with a secondary optical axis of said 

  apparatus, and said secondary optical axis is not parallel to said primary 

  optical axis, 

  wherein said electron source generates a primary electron beam along 

  said primary optical axis, said plurality of micro-deflectors deflects said 

  primary electron beam to form a plurality of parallel virtual images of said 

  electron source and therefore a virtual multi-source array is converted from 

  said electron source, a plurality of beamlets which includes said virtual multi- 

  source array passes through said plurality of beam-limit openings respectively, 
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  a current of each beamlet is therefore limited by one corresponding beam- 

  limit opening, and currents of said plurality of beamlets can be varied by 

  adjusting said condenser lens, 

  wherein said primary projection imaging system images said virtual 

  multi-source array onto said surface and a plurality of probe spots is therefore 

  formed thereon, said one micro-lens and said one micro-stigmator of said one 

         micro-compensator respectively compensates field curvature and astigmatism 

 aberrations of one corresponding probe spot, and said deflection scanning 

 unit deflects said plurality of beamlets to scan said plurality of probe spots 

 respectively over a plurality of scanned regions within an observed area on 

 said surface,  

 wherein a plurality of secondary electron beams is generated by said 

 plurality of probe spots respectively from said plurality of scanned regions and 

 in passing focused by said objective lens, said beam separator then deflects 

 said plurality of secondary electron beams to enter said secondary projection 

 imaging system, said secondary projection imaging system focuses and keeps 

 said plurality of secondary electron beams to be detected by said plurality of  

 detection elements respectively, and each detection element therefore 

 provides an image signal of one corresponding scanned region. 

 

9. The multi-beam apparatus according to claim 8, further comprising a main 

aperture plate below said electron source, which has a main opening aligned with 

said primary optical axis and functions as a beam-limit aperture for said primary 

electron beam. 

 

10. The multi-beam apparatus according to claim 9, wherein each of said plurality 

of micro-deflector-and-compensator element has an 8-pole structure which 

functions as said one micro-deflector by generating a desired deflection field, and 

said one micro-compensator by generating a desired quadrupole field and a 

desired round-lens field. 

 

11. The multi-beam apparatus according to claim 9, wherein each of said plurality of 

micro-deflector-and-compensator element comprises an upper 4-pole structure 

and a lower 4-pole structure in an upper layer and a lower layer respectively, 

said upper layer is above said lower layer, and said upper 4-pole structure and 

said lower 4-pole structure are aligned with each other and have a 45° difference 
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in azimuth. 

 

12. The multi-beam apparatus according to claim 11, wherein said upper 4-pole 

structure and said lower 4-pole structure function as said one micro-deflector by 

generating a desired deflection field and said one micro-compensator by 

generating a desired quadrupole field and a desired round-lens field. 

 

13. The multi-beam apparatus according to claim 12, wherein said primary projection 

imaging system comprise a transfer lens above said objective lens, which focuses 

said plurality of beamlets to land on said surface perpendicularly. 

 

14. The multi-beam apparatus according to claim 13, further comprising a single-beam 

electron detector above said beam separator, which can be used in a single-beam 

mode. 

 

15. The multi-beam apparatus according to claim 13, further comprising an in- 

lens electron detector with a beamlet-passing hole aligned with said primary 

optical axis, which can be used in a single-beam mode. 

 

16. The multi-beam apparatus according to claim 14, further comprising an in-lens 

electron detector with a beamlet-passing hole aligned with said primary optical 

axis, which is below said beam separator and can be used in said single-beam 

mode. 

 

17. A method to configure a source-conversion unit for forming a virtual 

multi-source array from an electron source, comprising: 

 

 providing an image-forming means which comprises a plurality of deflectors 

having an upper layer with a 

plurality of upper 4-pole structures and a lower layer with a plurality of lower 4-

pole structures; and 

  providing a beamlet-limit means which is below said image-forming means 

and comprises a plurality of beam-limit openings, 

 wherein each upper 4-pole structure is above and aligned with one 

 corresponding lower 4-pole structure, both have a 45° difference in azimuth and 

  form a pair of 4-pole structures, and therefore said plurality of upper 4-pole 

structures and said plurality of lower 4-pole structures form a plurality of pairs of 

  4-pole structures, 

 wherein said plurality of beam-limit openings is aligned with said plurality 

  of pairs of 4-pole structures respectively, 
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 wherein one pair of 4-pole structure functions as a micro-deflect to deflect 

one beamlet of an electron beam generated by said electron source to form a 

virtual image thereof, a micro-lens to focus said one beamlet to a desired degree, 

and/or a micro-stigmator to add a desired amount of astigmatism aberration to 

said one beamlet.  

 

18. The method according to claim 17, wherein said source-conversion unit 

comprises an upper electric-conduction plate with a plurality of upper through-

holes respectively aligned with said plurality of pairs of 4-pole structures. 

 

19. The method according to claim 18, wherein said source-conversion unit 

comprises a lower electric-conduction plate with a plurality of lower through-

holes respectively aligned with said plurality of pairs of 4-pole structures. 

 

20. A method for forming a virtual multi-source array from an electron source, 

comprising: 

 

 deflecting an electron beam from said electron source into a plurality of 

beamlets by using a plurality of deflectors having an upper layer with a plurality 

of upper 4-pole structures and a lower layer with a plurality of lower 4-pole 

structures, wherein each upper 4-pole structure is above and aligned with one 

corresponding lower 4-pole structure, and both have about 45° difference in 

azimuth and form a pair of 4-pole structures; and 

 limiting said plurality of beamlets by using a plurality of beam-limit openings. 

 

21. A charged-particle beam apparatus, comprising: 

 a single charged particle source for providing a primary beam; 

 means for converting said primary beam into a plurality of beamlets, said 

converting means comprising a plurality of deflectors for deflecting said plurality 

of beamlets and a plurality of beam-limiting openings under said plurality of 

deflectors; 

 a first projection system for forming a plurality of probe spots on a specimen 

 from said plurality of beamlets; 

 a deflection scanning unit for scanning said plurality of probe spots on the 

  specimen; 

 means for separating a plurality of signal electron beams, respectively 

generated due to said plurality of beamlets bombarding on the specimen, away 

from said plurality of beamlets; 
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 a detection device for receiving said plurality of signal electron beams; and 

 a second projection system for forming a plurality of signal-spots from said 

 plurality of signal electron beams respectively on a plurality of electron detection 

elements of said detection device. 

 

22. The charged-particle beam apparatus according to claim 21, further comprising 

a condenser lens for adjusting currents of said plurality of probe spots.  

 

23. The charged-particle beam apparatus according to claim 22, wherein said  

converting means comprises a plurality of compensators for compensating 

aberrations of said plurality of probe spots respectively. 

 

24. A source-conversion unit comprises: 

 an image-forming means which comprises a plurality of deflectors having an 

upper layer with a plurality of 

upper 4-pole structures and a lower layer with a plurality of lower 4-pole 

structures; a n d  

 a beamlet-limit means which is below said image-forming means and 

comprises a plurality of beam-limit openings, 

 wherein each upper 4-pole structure is above and aligned with one 

corresponding lower 4-pole structure, both have about 45° difference in azimuth 

and form a pair of 4-pole structures, and therefore said plurality of upper 4-pole 

structures and said plurality of lower 4-pole structures form a plurality of pairs 

of 4-pole structures, 

 wherein said plurality of beam-limit openings is aligned with said plurality of 

 pairs of 4-pole structures respectively, 

 wherein one pair of 4-pole structure functions as a micro-deflect to deflect one 

 beamlet of an electron beam generated by said electron source to form a virtual  

image thereof, a micro-lens to focus said one beamlet to a desired degree and/or 

a micro-stigmator to add a desired amount of astigmatism aberration to said one 

  beamlet.  

 

 


