
 
 

  

 

                                        ________________ 

                                        ________________ 

                                                   

 

 

ҙ  

 

 

 

 CMOSἥ  
 

 

 

 

 

 

̂ ̃  ̔ ҍ  

Ғ ҙ    ̔  

     ̔  

     ̔   ◐  

 

 

 

 

 

 

 

 

   ԋǹѿῇ ԓ   



 
 

 
 

    
 

 

ֲ ֜ ᵝ ̆ Ҋ̆ ᵬ

̆ ȁ Ȃ ̆ Ҭ

ῤ ̆ ᵝ Ҍ ֲ֣ז ᵬ

ῤ Ȃ ᵬẠ₮ ῒזҩֲ ᵣ̆

Ҭץ Ȃ ᵝ ֟ ԍ Ῑ ᵝȂ 

 

 

 

 

ֲ ̔                     ̔                
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

    

     CMOSἝ ԍΐ № ̆ ҹҬ

Ṥ ԍ Higgs CEPC ᶃṜ Ȃ ᶭ

Particulars ֟ TCTת ̆≠ Python ԅ TCT └

ᴆ̆ ғ≠ ᾣ ≠̆ ᴆ TCT ᾣ ԅ∆

Ȃ 

 

ῗ ЕTCT̕ CEPC̕ ̕ ᾣ ̕ ᵝ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ABSTRACT  

Because of its good spatial resolution, CMOS pixel detectors have become the 

best candidate for the vertex detector of CEPC, which was used for Higgs precision 

measurement and proposed by the Institute of High Energy Physics, Chinese 

Academy of Sciences. This paper relies on the TCT instrument produced by 

Particulars, developed the TCT control and data acquisition software by using Python. 

Using the basic principle of Gaussian beam, a preliminary focusing of the laser of the 

TCT system is performed using the developed software.   
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1  

    ‰ ׂҹ ̆

ԅ̆ῒҬ ֲפ ꜚ Ȃ ׆ ץ ̆ ԍ

ᴪ ҹ Ȃp ׂҕ ҉

LHC ̆ ԍ ȂҊѿ

₃ ῒ̆ҬҬ

₮ Ҭ CEPC ҹҊѿף ȂCEPC

╠ Ҭ̆ ῒҬ ѿ №̆CMOSἝ ԍ

ΐ ᴨ ̆ ԍ CEPC Ȃ

ѿҩ ̆ ԍ TCT ̆ ף CMOSἝ

̆∆ ≠ TCT ԅ ѿ֓ Ȃ 

1.1   

   1896 ֠≠¥ ᾥּי ̂Henry Becquerel̃ ֓ ֟

̆ ֓ ᶏ ᾣ ᾣ[1]Ȃז ֓ ẽẽ

֓ Ȃ ז ̆ ῏ԍ

Ȃ 

    ̆p ԍ ѿҩ ̔

ᴪ ҉ Ȃ 20ҕ ∆̆

̂ionization chamber ̃̆⌠ԅׂ ̆ ױ ₮ԅ

̆ ᵣ ̂scintillator ̃̆ ̂Geiger 

counter̃̆ ԍҌ Ȃ҉ҩҕ ҂ ̆ף ѿҩ ᵣ ₮ ӊ

̆ ̆ ᵣ ̆ ᶏ

↓ Ἕ ̂pixel detectors ̃̆ᶏ ᵝ ⌠

Ȃ ╠ Ҭ Ȃ 

1.2  

    ‰ ԅ ҹ̆ԅ ⌠ ֓ ̆ ױ ⱴ

֟ № ӊױז ᵬ ⱬȂ

⌠̆ ᶏ № ̆ ױ ױז⌠ Ȃ

ᴪ ̆ ױ ⌠ Ҭ Ҍ⌠

Ȃᵝԍ Ҭ ̂CERÑ ̂LHC̃ ҹԅ

Ȃ 

2012 7 4 ̆ѿҩ LHC҉ңҩ ҉ ԅ[1]Ȃ

ҩ ҹ 2
/)(11.0)(21.006.125 cGeVsyststatmH °°= ז̆ ‰
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ѿ -- ̂Higgs boson Ȃ̃ 1964

̆ ῏ ѿ֓ Ȃ 

1.2.1 LHC 

LHC ׂҕ ̆ ѿҩ 4.3km̆ ҹ 27km

̆ ῤ ̆ ̆ 100 Ҋ[2]Ȃ ң

ҩ ̆ 7TeV ̆

⌠ 13TeVȂ ̆ ֓ ҉Һ

ҩ ̆№≢ ATLAŜ ת ̃̆CMŜ  ̃̆

ALICÊ ̃ LHCb̂LHC ᾥ ̃̂  1.1̃ȂATLAS

CMS ңҩ ̆ALICEᶏ ᾥ-

ᵣ ȂLCHb ӊ ̆

ᾥ̂beauty quark̃̆Ӟ ᵬ ᾥ̂bottom quark̃Ȃ 

 

 1. 1 LHC [3]  

     

25ns № Ҍ ̆ ҩ 1ַҩ ̆

20ҩ ᵬ ᵬ Ȃ ҩ ֓ - ֟

Ȃ 

1.2.2 CEPC 

׆    LHC҉ ԅ ‰ ӊ ̆

̆ ̆ ̆CP̆ Ȃ ҹ

LHC ̆Ҍ≠ԍ ױ ̆

֟ Ḥ ̆ Ȃ ԍ LHC
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҉ 125GeV̆ ѿҩ ᵞ ̆ ѿ

ҩ ̂Circular Electron Positron Collider (CEPC) ̃

ᵬҹ higgs ̆ ԍ [4]Ȃ ԍ ѿ ̆Ҭ

₮ԅ Ҭ CEPC ̆ ғ ԅ

ᵬȂ 

    CEPCҍ LHC ̆ ԍ ΐ ᴨלȂ

ԅ LHC ץ ̆ ѿҩ ᴨל

‖ ̂recoil mass method ̃ ⌠[5]̆

Z ̆ Ҍ ז̆ ῏ԍ №

№ №̆ ғ LHC ⌠ Ȃ ӊ

̆ ԍ Ҍ ̆ ץ Ҭ

֟ ̆ ‖ ѿҩ Ȃ Ӟ CEPC

ᴨ̆ל Ḥ ̆ Ṣ ‰ ┴

̆ ῏ Ȃ 

 

2 TCT  

TCT̂ Transient Current Technique ̆ ̃ ҉ҩҕ 60

ף ̆ ⌠ 1990 ԍ ̆

ᴰ ̆ ׂ TCT ҙ ̆ Ӟ ԍ Ȃ

TCT ѿ ΐ̆ ╠

׆̆ ץ ⌠ ̂effective space charge ̃ Ḥ ̆

ӊ ̆ ̂depletion voltage ȁ̃ ̂charge collection 

efficiency ȁ̃ Ḥ ̂space charge sign ̃ȁ ̂effective 

trapping times ̃Ӟ ⌠Ȃ Ἕҕ TCTҒ Gregor Kramberger

̔ľTCT ҹז ̆ ԍ ̆ ז

ѿ ԋȂ ᵰ ѿ ᵣ ΐ̆

ȂĿ[6]  

ԍ TCT ҬḤ ֟ Ạ ΐ̆ᵣ

Ҋ Ȃ 

2.1   

ѿ ᵝ Ȃ

 2.1̔ 
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 2. 1 [7]  

 

 2.1 ѿҩ n- Ȃ ҩ ҹ 300mm̆ץ

n ҹҺᵣ №̆ Î ̆

Ȃҍ ̆ Ð Ҭ ҉ ̆ ҩÐ Î Ȃῒ

Ҭңҩ ҹ P̆ ҹWȂ Ð

҉ ѿ ԋ ԋ̆ ҉

Ῥ ̆ ҍ ₮ ̆ Ȃ

ԅ Ð Î Î ̆ ῒ҈ז Ð Ð ÎȁÎ Î ÐȁÎ Ð

ÐȂ ᵬ ң ⱴẒ ̆ Ð Î Î ⱴ

Ẓ ̆ҹԅ ̆ Ӟ ⱴ҉ Ȃⱴ҉ԅẒ ӊ ׆

⌠ n- ̆ ⌠ ̆ ᴪ

̆ ֟ Ȃ ң ҹ ̆

ױז ᵬ Ҋ Ẓ ̆֟ Ȃ

ᵬ Ȃ 

2.2 TCT ҲḪ ֥  

Ἕ╠ѿ ׃ ̆ ⌠ ҉֟ ̆ TCT

Ҭ ᾣ ȂҌ ᾣ Ҍ Ҋ Ҭ

⁞ Ҍѿ ̆ Ҍ ᾣ Ҍѿ ̆ Ҍ

ᾣ Ҍѿ Ȃ  2.2ҹ 300K ̆ ⁞ ҍ ῏ Ȃ 
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 2. 2 300K ⁞ ҍ ῏ [7]  

 

ῒҬᾣ Ҭ ҹ̔ 

)Ì )ÅØÐ ɻÌ ̂2.1̃ 

ῒҬ) ᾣ ∆ ֦ ̆)Ì ᾣ Ìӊ Ȃ ץ ₮̆

ᾣ ̆ Ȃ TCT ᶏ ᾣ̆

̆ ץ ⌠ ῤ Ȃ 

Ҋ ҬḤ ֟ ץ̆ ‗ Ȃ 

Shockley- Ramo [8] [9]̆ Ñ ֟ Ҋ

̂2.2̃ ‗ ̔ 

) Ñ%ᴆ Ͻʑᴆ ̂2.2̃ 

ῒҬʉᴆ Ñ ̆%ᴆ Ҋ ⱴ ̂weighting field̃Ȃ

Ҭ̆ ױז̆ ̂2.3̃ ‗  ̔

ʉᴆȟ ØȟÚȟ4 ʈȟ %ØȟÚȟ4Ͻ%ᴆØȟÚ ̂2.3̃ 

҉ ʈ ʈ№≢ ̆ ‗ԍ %ØȟÚ ṿȂ

’Ҋ̆ ‗ԍ %ᴆØȟÚȂ Ҭ̆

Ҭ ꜚ ⱴ %ᴆ ØȟÚ‗ ̆ ᵌԍ ̆ⱴ Ӟ ץ
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ⱴ weighting potential̂ל ̃ ⌠̔ 

%ᴆØȟÚ ᴆɳה ØȟÚ ̂2.4̃ 

҉ ה ⱴ ⱴ̆ל ל פ ҹל 1̆ῒז

ҹל 0 ⌠ Ȃ 

Ҭ֟ ӊ ̆ ҩ ᴪ

ᵬ Ҋ ̆ ֟ ̆ ֟

Ȃ 

Ҭ̆ ᾣ ⌠ ⌠ ̆ ῤ ֟ ̆

ԍ ↓̆ ױ 2.1 X- Z ȂҌ ᾣ Ҭ

⁞̆ ⱴ ⌠Ȃ ҹ ⱴ ל ᾣ ̆ ץ

ⱴ ԋ Ҭ ѿ ̆ҹ̔ 

%ᴆ
ρ

7
Åᴆ ̂2.5̃ 

ῒҬWҹ Ȃ ԍ ᾣ ץ ῤ ̆ n

bulk ҹ Ҭ Ȃ ⌠ ҩ ̆

̆ ҉ӗץѿҩ ÅØÐ ÔȾʐȟ Ȃ ʐ ʐ№

ף≢ Ȃ 

Ҍ ̆ ץ Ҋ ⌠:  

)ØȟÔ )ØȟÔ )ØȟÔ

!Å.
ʉ ØȟÔÅØÐ

Ô
ʐ ʑ ØȟÔÅØÐ ÔȾʐ
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̂2.6̃ 

TCT ̆ῒҬÅ ᾝ ̆. ̆! ‗ԍ

₮ Ȃ 

 

3 TCT ᴌ  

    ԍ҉ѿ TCT P̆articulars ԅ₃ TCT ̆

Ҭ ӯԅѿ ԍ ̆ ԍ

Ȃ ԍ Particulars TCT № ᴆҌ ҹ̆ԅ

ᵬץ ῒז ̆ Python ԍ PyQt5 Ώԅѿ GUI

ᴆ[10] [11]̆ ԍ ᵬץ Ȃ 
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ב 3.1  

TCT ᶏ TCT Һ ᴆ ԍ Particulars̆

Ҋ̂  3.1̃̔ 

 

 3. 1 TCT  

 

҉ ̂  3.1̃ TCT ̆Һ T̔CT ȁ ȁ

└ PCȁḤ ȁẒ ȁ ₃ №Ȃ 

ῤ̆ ץ ᾣ

̆ ᵞ ̆Ӟ ᾣ ֲ ֟ ᴴ ȂҊ

ῤ ̂  3.2̃̔ 
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 3. 2 TCT ῤ  

 

҉ ̂  3.2̃ ̆ ᾣ ֟ ᾣ ᾣ ᴰ ̆

῀ᾣ Ȃᾣ ῤ ᾣ ᴆ̆ ᾣ׆ ᴰ ᾣ

⌠ ҉̆ ғᶏ ᾣ ⌠ëm Ḃ̆ԍ Ȃ

ᾣ Ҋ ѿҩ ץ ꜚ Z ̆ └ᾣ ҍ

ӊ ̆ X ᵰ ᾣ ‰ ⌠ Ȃ 

Top- TCT ΐ̆ᵣ Ҋѿ ׃ ȂTop- TCT

ᾣ ̆ X-Y ҍ ᾣ

Ҥ ̆X-Y Ӟ ңҩ ץ ꜚ ̆ ᾛ X-Y

ᴋ ꜚ ⱴ̆҉ └ ᾣ Z ҈̆ҩ ῍ ᶏ ץ ᾣ ҈ Ȃ

ѿҩ ῤ̆ ѿҩ ̆

ᾣ ׆ ҩ ⌠ Ȃ 

Ẓ T Ẓ ⱴ ҉̆ ᾣ ⌠

ᴪ֟ ̆ ֓ Ẓ ᵬ Ҋ ᴪ ֟

̆֟ ҉ ₮ ₮̆ ₮ ҍ Ȃ

Particulars ᶫ ̆ ҹ AM-01 A[12]Ȃ

15V ᵬ ̆ Ȃ  3.1 ᵞ

ᶫ 15V ᵬ Ȃ Ḥ ̆

ץ ҉ Ḥ ̆p ѿ № ̆

҉ Ҋ № Ȃ ̆ ױ

XYZ ṿȂ 
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3.2 ┼  

TCT ᾣ Z ҉ ꜚ X-Y ҉ ꜚ ᶏ

⌠ 1ëm ꜚ ꜚ ̂Motorized Translation Stages̃̆ ꜚ ꜚ

└ ҍ PCᶏ USB Ȃ ꜚ ꜚ ҉ 1ëm

̆ └ ̆ 8SMC4-USB

ҍ ḤȂ ԍ 8SMC4-USB ̆XILab └ ҩ ѿ

ᾧ ᴆ̆ ғ ᶫᾧ └ ₱ ̆ Ḃ Ȃ

׃ TCT ᴆ └ ΏḂ ԍ XILab libximc [13]Ȃ 

3.2.1 ꜠  

TCT ̆ ᾢᵰ ᾣ ‰ ̆ ԍ ꜚ ꜚ

̆ᵰ ΐ ⱳ ̆ҹ Particulars

ᴆ PSTCT ԅ Ҋ ꜚ └ ̂  3.3̃̔ 

 

 3. 3 ꜚ └  

 

№ҹ҈ҩ ̂ ҉ ̃̔ᵝ └ ̂1̃̆

̂2̃̆ ̂3̃ȂҊ ׃≢№ ױז ᵬ ̔ 

 

ᵝ └ ̔ ҉ ѿ XYZץ motor ̂1- 1̃

TCT҉ └ ̆ ᵰ

̆ ₯ Set Motor ̂3- 1̃ ץ
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Ӟ ꜚ ꜚ ҍ Ȃ ꜚ ̂1- 2̃ ᵰ

ҩ ╠ ꜚȂ ᵝ ꜚ ̂1- 3̃

ꜚ⌠ᵰ ṿ̆ X- Y- Z ᶭ ꜚ Ȃ 

̔ ҩ ╠ ᵝ ̆ 500 ┘

ѿҊ ╠ ṿȂҊ stop ̂2- 1̃ Ảץ ╠ ꜚȂ 

̔ Zero Home ̆ῒҬ Zero ᵬᴪ ╠

Ӟ̆ ᵬ̆ ҩⱳ № ҉

Ḃ≠ H̕ome ץ ꜚ⌠ṿҹ 0 ̆ ғ ѿ Zero ᵬȂ

Ҭ Ҋ stop ᴪז̆ ҉Ả ⌠҉ѿ

ᵬ̆ ╠ᵝ ҹ ȂӞ ᴪז ѿҩҬ

ҹ ̆ Ҭ ᾧ ᵬ̆ ṿ ҡ Ȃ 

 

3.2.2  

TCT ̆ ᾢ Ạ Ӟ̆ ᾣ ‖

ῤ ₯ ̆ particulars № ᴆ PSTCT Ҋ

̆ ԍ PyQt5[10][11] libximc[13] ԅ ⱳ ̆ ғ

ҍ ̆ ԅ ̆Ҋ ̂  

3.4̃̔ 

 

 

 3. 4  

 

№ҹ҈ҩ ̂ ῤҹ ҉ ̃̔ ̂1̃̆
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̂2̃̆ ̂3̃ȂҊ ׃≢№ ױ ᵬ ̔ 

 

̔ ѿҩ x̆0ȁy0ȁz0 ∆

ṿ̆dxȁdyȁdz ̆NxȁNyȁNz Ȃ

̆TCT └ x0,y0,z0̃⌠̂x0+dx*Nx,y0+dy*Ny,z0+dz*Nz̃ѿ̂׆

ҩ ̂dx,dy,dz̃ Ȃ ԍ

└̆ Ώ └ ⱴ῀ ᵬ̆ ғ ⱳ ̆

ҹԅץ ̆ ԅѿ ̆p

Ȃ 

  

̂ãᴰ  ̂b̃ ᴆ  

 3. 5  

 

 3.5̂ã ᴰ ̆ Ȃ

Ҥ ҉ѿ↓ѿ↓ ̆ ѿ↓ ⌠ ѿ ̆

Ҋѿ↓ Ȃ҉  3.5̂b̃ ҹ TCT ̆

҉ Ȃҍᴰ Ҍ ̆ ҩ

ѿ↓Ҍᴪ ⌠ ѿ ̆ ׆ Ҋѿ↓ Ȃ

ᴰ ѿ֓̆ᵖ ׆ץ ҉ ₮̆  3.5̂b̃

 3.5̂ã ̆ ץ Όᵩ ̆

Ȃ Ҋ Ả Ȃ 

̔ ̂2- 1̃ ѿ ̂2- 2 Ȃ̃

ץ ꜚ ̆ ᵝ ʈÍȾÓȂ

̆ ꜚ ⱴ ῤ ̆ ӈ

̆ ᾢ Setting Speed̆ ₯ Set Speed ̂1- 1̃̆

ᴆ ᴪ Ώ └ Ȃ ᵰ

̆ ̆ᴪ ᵝ ̆ ᶏ

̆ ᵞȂ 

 

̔ ꜚ ⱳ ѿ ̆ ╠ ṿ̆500ms┘

ѿ Ȃ 
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3.3  

TCT ̆ ᶏ

Tektronix MDO3034Ȃ ԍ Ḥ Ḃ̆ᵖ

Ҍ ԍӊ № ̆ ⱳ ̆p ԍ

№ Ҍ ̆ ץ Ώ ֜ԑ̆ ҉

ѿ Ḥ ȂPyVISA ѿҩ ֓ ̂ GPIB̆ RS232, 

USB, Ethernet̃ └ Python [14]̆ ԍ PyVISA ̆≠

Ύ҉ ᶫ SCPÎStandard Commands for Programmable 

Instruments̆ ת ‰ ̃פ ̆פ ғ ̆ ԅ Ҋ

̂  3.6̃̆ ғ ⱳ Ȃ 

 

 3. 6  

 

№ҹ 5ҩ ̔ ̂1̃ȁ Ḥ ̂2̃ȁ

̂3̃ȁ ṿ̂4̃ȁ ᴆ ױז5̃̆̂

ⱳ Ҋ̔ 

̔ ҩ ҉ Device and Interface Ҋ

╠ ᵰ̆ ץ PC ֜ԑ Ҋ̕ Channel

׆ ҩ ̕Data Point ҩ

Ȃ 

Ḥ ̔ ҩ PCҍ ֜ԑ Ḥ ̆ ѿ֓

̆ Ḥ Ȃ 

̔ ҩ ץ ̆ ң ᶫ ̆
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̆ ̆↕ ᴪ Ҋ Capture Frequency

̆ ᴪ ₃ ̕

↕̆ ᴪ Ḥ ̆ ѿҩ

ѿ ̆ ғ Ӟᴪ Ῥ

Ҋѿ Ȃ 

ṿ ̔ ҩ ᴪ ₃ҩ ṿ̆

₃ҩ ṿӊ ᴪ̆ ҩ ױז ₮ ̆ ץ Ḃ ᵬ

Ȃ 

ᴆ ̔ ҩ Ḡ ᴆ ̆ ₯

ץ ᴆ Ȃ 

╠ᵰ ᾢ ȁ ȁ ҩ ̆ ₯

Ready ̆ ᴪ ᵰ SCPI פ ̆

Ḥ ᴪ Ḥ Ώ̆῀ ӊ ᴪ

ѿ֓ ṿ̆ ṿ ̕ ӊ Ḡ

ᴆ ᴆ ̆ ₯ Capture ғḠ Ȃ

ᴪ ⱳ ̆ ᵰץ ӊ╠

Ȃ 

׆ Ҍ ṿ ṿ̆ Ḡ ╠

̆ ץ ӥ҉ Ὲ ≠̆ ׆

҉ ymultȁyoffȁyzeroȁxincrȁxzero ̂Ӟ ṿ

̃̆ ṿ⌠ ṿ Ȃ Ҭ ⌠ԅ Python

NumPy Pandas Ȃ ԍ ֓ № ̆

ѿ֓ № ΐ̆p ֓№ ΐ ⌠ ױז ӈ

ȂҹԅḂԍӊ № ̆ ӈ ᴆ ̆ӊ

Ώ ֓ ᴆȂCSV̂ Comma-Separated Values̆ №

ṿ̃ ᴆᶏ ҩ [16]̆ ᴆ ӈ ̆ ғ Pandas

ץ [17][18]Ȃ ӈ Ҋ ̂  3.7̃̔ 

 

 3. 7 CSV ᴆ  

 

1 Ḥ ̆3-5 ᵝ Ḥ ̆6 ץ ᵝ ѿ

Ȃ 

3.4 ᴌ   

ᴆ Ҥ ᾢ ѿ̆ ֜ ѿ̆ ѿ
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Ȃ Ҭ TCT ᴆӞ ҩ ̆ ҬҌ ̆Ҍ

̆ ⌠ Ȃ 

└ ҩ TCT └ ᴆ ⱳ ̆ ⱳ ҩ

ᵬ ҉Ȃ ԍ ҩ ̆ TCT ̆

ᴆ ꜚ ᵬ ̆ ꜚ ꜚ פ ꜚ̆

ғ ꜚ ̂  3.3̃ ṿ פ Ȃ

̆ ꜚ ⱳ ᵬ Ȃ ̆ ⱳ ԍ ꜚ

ⱳ ҉ ꜚ ᵬ̆ ԍ ҩ ̆ ꜚ

ⱳ Ҍ ̆ᵖ ԍ ̆ ̂  3.4̃

ṿ ∞ Ҍ ̆ ѿ ṿ

₮ ̆ ץ ӊ ѿ ⌠ԅȂҊ

ԅѿ № ₮ ̂  3.8̃̔ 

 

 
 3. 8 ₮ ṿ 

 

 

 

҉ ̂  3.8̃ ѿ № ₮ṿ̆ ̂  3.9̃

̆ ץ ⌠ Ȃ 

ױ ̆ Ȃ

Ḥ ֟ Ḥ ῀⌠ ̆ ҩ Ḥ

XYZ ṿȂ ̆ ₯ ̆ ץ ⌠ѿ ↓

ᴆȂ ᾢ ѿҩ ᴆ̆Ӟ ѿҩ ṿ № Ȃ

₮ ̆ Python pylab [19]̆ ҍ

҉ ̔ 

 3. 9  
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 3. 10 ҉  
 

 3. 11  

 

 

҉ң ̆ ̂  3.10̃ ҉ ̆ U ׆

҉Ҋ ̆ ̂  3.11̃ TCT ᴆ ҉ѿ Ȃ

ץ ₮ ױ ѿ ̆ ғ ṿ 300mV ̂  3.11 ̆

ᵝ̔s̆ ̆ ᵝ̔ṼȂ 

̆ ԍ ҩ ᴆ Ӟ ѿ̆

’Ҋ̆ Ҋ Һ Ạ ̆ ԍ Ҭ

⌠̆ Ȃ Ҋ ̂  3.12̃ ̆ ԅѿ Y-Z ̂ῒҬ

Y ҹ 50ëm Z̆ ҹ 200ëm̃̆ ԅ ҩ ᴆ

Ḥ ̆ ץ ₮ ױ ṿ TCT ᴆ Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3. 12 Ҭ №  
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4 TCT  

ԍ҉ѿ TCT ᴆ̆ Ҋ ᵬ № Ȃ

Һ TCT Ҭ Ȃ TCT ̆

ᾢ ԍ ᾣ ᾣ Ạԅ ׃ ̆ ץ ҩҹ ̆

TCT Ҭ ̆ӊ ⌠ Ạԅ № Ȃ 

4.1 ᾩ  

№ ᾣ ᾣ ץ ᾣ ̆ ᾣ

ᾣ Ӟ ץ ᾣ Ȃ ᾣ ѿ ̆

ṿ ₱ ₮ [20]Ȃ ᾣ Ҥץ ֝׆

ῗ Ҭ ₮̆ Ҍ ҩῤ ̆ ₮ ԍ Ȃ 

֝ ῗ ׆ ꜚ ₮ ̆ № №№ Ȃ

ᾣ Ҭ ԅ ᵌ[7]̆ ᵌҬ̆ № № ̆

ԋ ̆ ҹ ṿ ᴰ Ȃ Ҭ̆֝ ῗ

ᵌ ᴆҊ ᾣ ȂҊ ₮ ᾣ ֦ № ̔ 

)ÒȟÚ )
ʖ

ʖ Ú
ÅØÐ 

ςÒ

ʖ Ú
 ̂4.1̃  

Ὲ ̂4.1̃ ᾣ ᴰ ҹ Z r̆ ṿ̆) ᾣ

Ҭ ֦ Ȃᾣ ҹ̔ 

ʖÚ ʖ ρ
Ú Ú

Ú
 ̂4.2̃ 

҉ ̂4.2̃ ᾣᾣ ҍ zṿ ῏ ̆ ѿҩ ₱ ̆ ץ ₮

Ú Ú Ṝᾣ ȂÚ ≠ Ȃᾣ ҹʖ̆

ӈ ҹ̔ 

 

ʖ
ςÚ

Ë
 ̂4.3̃ 

ҩ ṿӞ ᵬ Ȃ Ӟ ץ ₮ ҩ ңҩ ̆ Ӟ

ҩ֦ № ңҩ ̆ῒҬÚ ≠ ̆k Ȃ

Ë ςʌ̆ῒҬʇ Ҭᾣ ̆nҹ׃ ȂҊ ׃ ≠

Ú ӈ̔ 
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 4. 1 ᾣ ᾣ ץ [7]  

 

҉ ̂  4.1̃̆ʖ ᾣ ṿ̆ץ ҩ ҹ ̆⌠ᾣ

ҹЍςʖҹ ̆ ҹ ≠ ÚȂ ԍ ≠ ̆ ᾣ

ѿҩ ̆ ᾣ ѿҩ ̆ ᾣ ΐ ≠

ᾣ̆ ԍ ⌠ ԍ ≠ Ú ̆ ҌẠץ

῀ Ȃ 

 

 4. 2 ᾣ  

 

҉ ̂  4.2̃ҹ ᾣ ӈȂ ̂4.1̃ ױ ץ ̆

ᾣ ֦ Һ ‗ԍʖÚȂ ҩ ѿҩ ᾣ ֦ № ̆

ԍᾣ ̆ ױ ᾣ ṿӗץѿҩ Å ̆ ҹ

ᾣ Ȃ ᾣ Ҭ ῏ױ ᾣ ̆ ᾣ

ҹ ṿ ѿ ̆ᾣ ҍ ѿҩ ῏ [20]  ̔

ʖÚ
&7(-Ú

ЍςÌÎς
 ̂4.4̃ 

ԅ҉ ῏ ̂4.4̃ ̆ ױ ץ ᾣ ⌠ᾣ ̆

ѿ ױ №ץ ₮ᾣ ᵝ ̆ ᵝ Ҋ̆

Ӟ ԍ ᾣ ѿ֓ Ȃ 

4.2  

≠ ᾣ ᾣ ∞≢Ȃ ҩ
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Ҍ ֜ ̆ ֜

Ȃ҉׆ѿ ̂4.2̃ ץ ⌠̆ ᴰ Ҍ ᵝ ̆ ᾣᾣ

Ҍѿ Ӟ̆ ᾣ Ҍѿ Ȃ ΐ ѿ ᾣᾣ

̆ ᴪ ѿ №ᾣ ̆ ᴪ ֟ ̆

ⱴẒ ᵬ Ҋ ᴪ֟ Ḥ ̆ ֓ Ḥ ѿ

↓ ᴆ̆ ⌠ ῏ Ḥ ̂ΐᵣ Ḥ

Ҍⱴ ̃̕ ѿ №ᾣ ⌠ԅҌ ̆ ̆

֓ᾣ ᴪ ̆ ҩᾣ ҩ ̆ ᾣ ֦

̂4.1̃ Ҍѿ ̆Ҋ ₮ ᾣ ֦ № [7]̔ 

) ØȟÚ ÄØ )ØȟÙȟÚÄÙ

)
ʖ

ʖ Ú
ÄØ ÅØÐ 

ςØ Ù

ʖ Ú
ÄÙ 

̂4.5̃ 

҉ ̂4.5̃ Øף xṿ̆Ẋ ̆ Ҍ

̆ ԍ x № ЊȟØ̆ y № ҩ

ЊȟЊȂ҉ ̂4.5̃Ҭ )ØȟÙȟÚ ᾣ № Ҋ

̆Ӟ ̂4.1̃ Ҋ Ȃ ҉ ̂4.5̃ №ӊ

̔ 

) ØȟÚ )
ʌʖ

τ
ρ ÅÒÆ Ѝς

Ø Ø

ʖÚ
 ̂4.6̃ 

҉ ̂4.6̃ ̂4.5̃ № ̆ᵖ Ạԅѿ Ȃ ҬØ

xṿ Ø̆ ҩᾣ Ҋ ᵝ ̆Ø Ø

ṿȂ ̆҉ Ҭ ԅ ₱ erf̂x̃Ȃ҉׆ ץ ₮̆ z

Ṝ̆Ӟ ʖÚ Ṝ̆ ױ ץ ᵬҹ֦ № ѿҩ ̆

Ҍ Øṿ ᾣᾣ ֦ ̆ ױ ץ ⌠ʖÚ ṿ̆ Ӟ

ᶭ Ȃ ҉ ᾣ ̆

̂4.6̃ ԅ ѿҩױ ᾣ ᴰ ҉ ̆ ױ

Ҍ zṿ ʖÚ̆ ≠ ̂4.2̃ ⌠ʖ Ú̆

ῒҬÚ ױ ᵝ Ȃ 

ΐᵣ ץ particulars ת [12]Ȃ ת

ץ̆ ΐᵣ ᵬ̆ ׃ Ҋ Ҭ Ȃ 
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 4. 3 Ҭ ᾣ [12]  

 

 

҉ ̂  4.3̃̆ ԍ Top-TCT ᵬҬ ң ’Ȃ

ԍ ѿ ̆ ѿҩ ̆

̆ ᾣ ҉ ̆Ӟ ̆ᴪ֟ ̕ᵖ ᾣ

̆Ӟ Ҍ ̆ Ḥ ȂẊ ҹ X-Y ̆

ױ ץ X Y ׆ ꜚ ᾣ Ҍ ̆ Ἕ ҉

̆ Ḥ ᴪ ңҩ ֜ ̆ ױ

ҩ֜ Ḥ ’̆ ֜ ᾣ ̂4.6̃ Ȃ 

Ẋ ẠѿҩXױ ̆ ҩ xṿ Ҍ ᾣ ṿ̆

ױ ץ ̂4.6̃ ⌠ Ȃ z ’Ҋ

̆ Ҋ ױ zṿ̆Ӟ ᾣ ҍ ̆ῬẠ

ᵬȂ zṿ Ạ ΐ̆ᵣ ᴆ҉

Ạѿҩ῏ԍ X- Z Ȃ ѿҩ ӊ ̆ ױ ץ ⌠ѿ ↓

ʖÚ̆Ӟ zṿҍ z ̆ ≠Ῥױ ֓ ̂4.2̃

⌠ ṿ zṿȂ 

ԍ҉ ̂  4.3̃ ̆ ѿ ̆ ≠

ҍҌ ֜ ᵬҹѿ ₴̆ ᾣ ℗№ ң №̆ ≠ץ

̂4.6̃ ⌠ ̆ Ạ X-Z ̆ ԍ ⌠ ʖÚῬ

̂4.2̃ ̆ ⌠ Ȃҍ Ҍ ̆

ҍҌ № ↓Ȃ ԍ Ӟ̆ Ҍ

̆ ₮ᴪץ ’̂ ʖÚ ԍ ̃̆

Ҍ ̂4.6̃ ⌠ Ȃΐᵣ ’ ̆

Ҍ Ȃ ԍ ץ Ҋ ̂  4.4̃̔ 
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 4. 4 [12]  

 

҉ ̂  4.4̃̆ Ҭ ף ᾣᾣ ̆

Ȃ ᵰ Ҍ zṿ ̆ᾣ ̂ ̃ Ҍѿ ̆ X

̂ Y ̃ ̆ ⌠ ѿҩ Ḥ ҉ Ҋ

Ҍѿ ̆ ᾣ Ḥ ̆ ᾣ Ḥ ѿ֓Ȃ 

4.3  

Ҭ ᵌԍ҉ѿ Ҭ ̆ №ҹ

ᾣ ̆ TCT ᴆ ѿ ᴨ ᵝ ̆

̆ № ₮ ᵝ ̆ Ӟ ԅ

Ȃ 

4.3.1  Top-TCTב  

Top-TCT ѿ̆ TCT №ң t̔op-TCT edge-TCTȂ

Ҋ ₮ңҬ ̂  4.5̃̔ 
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 4. 5 Top- TCTҍ Edge- TCT [21]  

 

҉ ̂  4.5̃ Top-TCT ̆ Edge-TCT 

Ȃ ҬҺ ᵌ̆ΐᵣ ץ 3.1 ̆

ҌῬ׃ Ȃң Ҍ ӊ ԍ ᾣ ₯

ᵝ Ҍѿ ̆  4.5̂ ã̆Top-TCT ᾣ ׆ ₯ ̆ Edge-TCT

ᾣ ׆ ᶷ ₯ Ȃ ᶏ Top-TCT ѿ TCT

̆ ԍ Edge-TCT ̆ ᶷ ᾣ ̆

ҹ ̆ᵖ ԍ ̂ ̆ ̆

№ ̃ ҹ Ȃ 

4.3.2  

Top- TCT ᵌԍ҉

Ȃ ҉̆ ̆ ҉ ѿҩ

̆ 1- 2mm̆ ᾣ ‰ ҩ ῀ ⌠ ҉Ȃ

ѿ ᾣ ῀ ҩ ̆ ԍҌ

ᾣ ‰ Ҭ ̂ ᾣ TCT ῏ ’Ҋ ᾛ ̆

ᾣ ֲ ᴴ ̃̆ Ҭ ױ ᾣ׆ᾣ ῀ ̆

ᾣ ᾣ ̆ └ XY ᶏᾣ ‰

Ҭ Ȃ 

ᾣ Ḡ ᾣ ӊ Ῥ̆ ᾣ Ȃ

ᾣ ̆ᶏ 10%̆ 500HZ̆ ҹ 2.5V

Ḥ ̂Ḥ  3.1̃̆῏ԍ ᾣ ҌẠ ̆

ץ particulars [12]Ȃ ᾣץ ‖ ↓
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̆ ₯⌠ ҉̆ ץ Z ᵝ ̆ ҉ ⌠

Ḥ ̔ 

 
 4. 6 ᾣ ₯ ֟ Ḥ  

 

҉ ̂  4.6̃ ⌠ ѿ Ḥ ̆ ѿ Ḥ

ᾣ Ḥ ̆ ֟ ѿҩ҉ ̆ ᾣ ѿҩ ‖̆ ҩ ‖

⌠ ҉ ᴪ ̆ ⌠ ҩ Ḥ ̂  4.6

̃ȂḤ ῏ ̆

̆ ҍ ᾣ ῏ ̆ ץ ҩḤ

̆ Ӟ ԅ ᾣ ֦ ȂḠ X-Y Ҍꜚ̆ ᵰ ꜚ Z ̆

ҩḤ ᴪ ̆ Ḥ ̆ Ḥ

ΐ̆ᵣ ץ  4.1ᾣ Ȃ Zṿ׆

ѿҩ ꜚ̆ Ḥ ̆ᵰᴪ Ḥ ᴪ ̆ ⌠ѿҩ

ṿ ᵰ ꜚ ̆ ᴪ ̆  4.1Ҭᾣ zṿ

’Ȃ ̆ ץ ṿ ̆

ҩ ᵬҹ Ȃ 

῏ԍ  4.6Ҭ Ḥ ңҩ ̆ Ạ ҉ Ȃ ᾣ

⌠ ҉̆ ῤ ̆ ⱴ ᵬ ң

Ҋ ⌠Ḥ ₮ ̆֟ ̆ ₮ Ῥ ֓Ḥ ᴰ

̆ Ȃ ԍ֟ ҉ ̆

ѿ [6]̆ Ẓ Ҍ ̆ Ҍ ┴

Ҍѿ ̆ ᴪ ңҩ ̆  4.7

ԅ Ȃ 
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 4. 7  

 

 

4.3.3  

҉ ץ ̆ Ҋ ҩ

ᾣ Ȃ Ҋ ΐ̆ᵣ ↓₮

̂ Ҭ 1 ᵝ ҹ 1ëm̃Ȃ 

 4. 1 ѿ Y- Z  

     

X  0 0 0 0 

Y  0 50 24 1200 

Z  0 200 50 10000 

 

ѿ  4.1 ̆ X ѿҩ ṿ̆ Ҍ

ԍ Ҭ ᵝ ̆ Y-Z ѿҩ ̆ ҩ

̆ ≠ PyROOT [22]Ȃ ԍ ѿ ̆Ἕ  4.6

̆ ץ ₮ѿҩ ṿ̆ ף ѿ

Ȃΐᵣ ҹ̔ ѿ ‖Ḥ ӊ╠ ᴋ ѿ ̆

ױז₮ ṿ ᵬ̆ҹ Ḥ ̕ ԋ ѿ ⁞ ҩ Ḥ

ṿ ⌠ Ḥ ṿ̕ ҈ Ḥ ṿ ṿ⁞ ṿ ⌠

Ȃ ̆ ԍ ṿ ҹ ̆ᵖ ֽ ԍ

Ȃ 

ԍ ѿҩ ̆ ӊ ̆ ױ ץ ז⌠ ṿ̆

ҩ № ԋ ̆  4.8 № Ȃ 



24 
 

 

 4. 8 ѿ Y- Z №  

׆  4.8 ץ ₮ ̂2000,5000̃ ῤ̆ ҹ ҩ Y

ṿ ̆ Y Ҋ ̆ ҩ

̆ ₮ ҩ ң Ҍ ̆ ѿҩ

ṿ Ȃ 

Ҋ zṿ ̂2000,5000̃ ῤ Ҋѿ ̆  4.2  ̔

 

 4. 2 ԋ Y- Z  

     

X  0 0 0 0 

Y  100 20 45 1000 

Z  2000 100 25 5000 

 

⌠ ҉ѿ ѿ ⌠Ҋ № ̂  

4.9̃̔ 
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 4. 9 ԋ Y- Z №  

 

ԋ Ἕ ̆ № ֓ Ӱ ̆ ῒ

y=̂100,500̃ ̆ ṿ ̆ Ҍ Ȃ

ѿ № ᵬҹ Ȃ 

ҹԅ ̆ ҩ Ȃ Ҋ

z=3500̆ X-Y ѿҩ ̆  4.3̔ 

 4. 3 ѿ X- Y  

     

X  - 800 50 40 1200 

Y  - 1000 100 20 1000 

Z  3500 0 0 3500 

̆ ₮ №  4.10̔ 
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 4. 10 ѿ X- Y №  

 

 4.7 Z=3500̆ X-Y ₮ № Ȃ

ץ ₮ ѿҩ ̂ ҹ XY ᵝ Ҍѿ ̆

ѿҩ ̃̆ ҩ Ӟ ̆ ᾣ ׆ ҩ

̆ ҩ Ḥ ̆ Ȃᵖ Ӟ ץ ₮

Ḥ ̆ Ӟ ҹ Ȃ 

̆ ҉ Ҭ Ҭ ѿ ֦ ̆ᵖ  4.10

Ҭ ֦ № Ҍ Ҭ̆ ғ ֦ Ҍ ̆ ֦ Ҭ Ẓ

Ȃ ᵣ № Ҍ ̆ Z Ȃᵖ Ӟ

ץ ₮≠ x ҹ Ȃ 

Ҋ ̆ Y 50̆ XZ ̆ ῏ԍ

ᵝ Ḥ Ȃΐᵣ  4.4̔ 

 4. 4 ѿ X- Z  

     

X  500 10 50 1000 

Y  50 0 0 50 

Z  0 50 100 5000 

 

№ ԋ ̂  4.11̃̔ 
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 4. 11 ѿ X- Z №  

 

ҩ X-Y ̆ ץ ₮ ᵝ z=2000 ̆

ҍӊ╠ X-Y ∞ ԅ Ȃ ∞ ҩ

̆ Ῥ X-Y ̆∞ Ȃ 

z=2000̆ X-Y ῃ ̆ΐᵣ  4.5  ̔

 4. 5 ԋ X- Y  

     

X  - 900 50 44 1300 

Y  - 1100 50 44 1100 

Z  2000 0 0 2000 

 

ӊ № ̂  4.12̃̔ 
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 4. 12 ԋ X- Y №  

 

ԋ ₮ № Ҭ̆ ѿҩ ṿ ̆

№ Ӟ ̆ X Ạ № Ȃṿ ̆

҉ Ҭ Ҭ ᵝ ̆p ׆ ’ ҍ̆ ѿ

’ ᵌ̆ ṿ ̆ ҹ ᾣ ῃҍ

̆ Ẓ ̆ ᴪ֟  4.12

№ Ȃp ԍ ҩ Ẓ Ҍᴪ֟ ̆ ғ

Ẓ Ӟ Ⱳ Ȃ ԍ ң ̆

’ Ҋ Ȃ 

ԍ ԋ X-Y ⌠ ̆ z=2000

̆ Ῥ№ ѿ X-Z ̆ ₮ z=̂1600,2400̃̆

Ҋ ҩ ѿҩ X-Z ̆ y=0̆ΐᵣ

 4.6̔ 

 4. 6 ԋ X- Z  

     

X  600 20 30 1200 

Y  0 0 0 0 

Z  1600 20 40 2400 

№  4.13̔ 
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 4. 13 ԋ X- Z №  

 

 4.13 ̆ ṿ ṿ Ҭ̆

№ Ȃ ᵬҹ№ Ҋ̆ ѿ

№ Ạ Ȃ 

4.3.4 ⅎ  

҉ ̆ ῒ ̆ ԅ №

̂  4.13̃̆ ԍ  4.13 ԋ X-Z ṿ ῒ ṿ

Ȃ 

̂4.2̃ № ̆ ᵝ ̆ ⌠ ̆ ʖȂ

⌠ ̆ ᾢ ̂4.4̃ ⌠ ѿҩ zṿ ʖÚȂҊ

׃ ץ ⌠ Ȃ 

ԍ  4.13̆ ᾢ ѿҩ zṿ̆ ṿ X

⌠ X № ̆ל ≠ ̂4.4̃ Ὲ ̆

⌠ʖÚ Ú№ Ȃ ⌠ ʖÚ Ú№ Ῥ ̂4.2̃ ץ

⌠Ú̆ ᵝ Ȃ 

Ҋ ₮ Ҭ ѿ֓ ̂  4.14̃̔ 
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 4. 14 ≠ ₱ ⌠  

 

 4.14 ₱ ₃ X ṿ№ ’̆

̆ ̆ ѿҩ Zṿ X ҍ

ṿ ῏ ̆ ѿ ץ ⌠ ҩ Zṿ ʖÚȂ 



31 
 

 

 4. 15  

 

 4.15̆ Ἕ  4.14 ṿῃ ₮ ʖÚ Ú№ ̆

̂4.2̃ ⌠ ᵝ ҹÚ ρψχφρφȂ ץ ₮

ꜚ ̆ ҹ ꜚ ᴪ ᾣ

ꜚȂ ѿҩ ᵬҹ ԍ

̆ ѿҩ ̆ ҹ ῤ

῀ Ȃ 

    ֓Ҍ ̆ ҩ ׆̆ ҉ № ⌠

№ ̆ Ȃ ѿ ץ ҩ

̆ ῤ ̆≠ ῤ ΐ ᵝ̆

⌠ ҹ ̆ ̆ ⌠ ʖӞ ҹ Ȃ 
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5  

 

TCT ѿ ᵖ ΐ̆ ԍ

Ḃ≠ȂCMOSἝ ΐ ᵝ №

ᴨ ̆ ҹҊѿף CEPC Ȃ ԍ CEPC

Ҭ̆≠ TCT CMOSἝ

Ȃ ԍ Particulars ֟ TCT ̆≠ Python ԅѿ

└ҍ ᴆ̆ ғ≠ ᴆ ԅ TCT Ҭ ᾣ ∆ ̆

ԅ ᾣ Ȃ ᵬ̆TCT ԍ ≢

ᾣ ̆ ѿ ̆Ҭ ҹ CEPC └ ѿף

CMOSἝ JadePix1Ӟ ≠ ҩת ῏ Ȃ ᵬҹᵬ

ҹ JadePix1 ╠ ᵬ̆ ԍ TCT DAQΐ

ᴇṿ̆ ԅת ∆ Ȃᵖ ̆ Ҍ ̆≠ Python

ᴆ ̆Ҍ ҍ JadePix1 DAQ ̆ ԍ ᵝӞ

ԍ ̆ Ҍ⌠ Ȃ 
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ᾢ ̆ ᵰױῙ ԅ ̆ ᴪ ῀ ӟ̆

ᴍ ҙ Ȃ 

ῒ ҙ ̆ Ҍֽ Ҥ ғҹ

ֲ ̆ ז ᴪ ‗̆ Ӟז ῀

ֲȂ ᾞ ↓ ̆ ҙ ᵰѿ ѿ

̆ ᵰҌ ̆ᵖ ᵬҹ ᾞӞ Ӡ̆ᵰ ԅ
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