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Fig. 1. Diagram of XPS, X-ray, and Auger processes.
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Table 1. Energies and widths of some characteristic

soft X-ray lines

Line Energy, eV Width, eV
Ti La 395.3 30
Cr Lo 572.8 3.0
Ni Lo 851.5 2.5
Cu L« 929.7 3.8
Mg Ka 1253.6 0.7
Al Ka 1486.6 0.85
Si Ka 1739.5 1.0
Y La 1922.6 1.5
Zr Lo 20424 1.7
Mo L« 2293.2 1.9
Ag Lo 2984.3 2.6
Ti Ka 4510.0 2.0
Cr Ka 5417.0 21
Cu K& 8048.0 26

Cooling water

Focusing
shiclds
Filamen 1 Filament 2
Anode face | Anode face 2

Fig. 6. Diagram of dual anode X-ray tube.
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Fig. 7. Diagram of X-ray monochromater.
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Fig. 8. Schematic of an X-ray monochromation system.
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Fig. 9. Cross section of the CMA.
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Fig. 12. Diagram of an energy filter analyzer.
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Fig. 15. XPS spectrum of Ni-W-ALOs catalyst.
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Fig. 16. XPS spectra of the Mo 3d spectral region : (a) Mo
metal foil-657, (b) M05-662, (c) M05-512, (d) Mo5-416, ()
Mo5-304, (f) Mo5-oxidic.
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Table 2. XPS Binding Energies (e V)

Atomic B S, 3
Number Is 2 12 32 3 12 32 32 52
Elewent == == —= — - =
1 H 14
2 He 25
3L 55
4 Be i
5B 188 5
6C 284 7
7N 399 9
8O 532 24 7
9F 686 3 9
10 Ne 867 45 18
11 Na 1072 63 31 !
12 Mg 1305 89 52 2
13 Al 18 74 73 |
14 Si 149 100 99 8 3
(5P 189 136 135 16 10
16 229 165 164 16 8
17 Cl 270 202 200 18 7
18 Ar 320 247 245 25 12
19 K 377 297 294 34 18
20 Ca 438 350 347 44 26 5
21 Sc 500 407 402 54 32 7
2 Ti 564 461 455 59 34 3
23V 628 520 513 66 38 2
24 Cr 695 584 575 74 43 2
25 Mn 769 652 641 84 49 4
26 Fe 846 723 710 95 56 6
27 Co 926 794 779 101 60 3
28 Ni 1008 872 855 112 68 4
29 Cu 1096 951 931 120 74 2
30 n 1194 1044 1021 137 87 9
31 Ga 1298 1143 116 158 107 103 8
32 Ge 1413 1249 1217 181 129 122 29
33 As 1359 1323 204 147 141 4l
34 Se 1476 1436 232 168 162 57
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Atomic 3p 3d 4p 4d Sp
Number/ 3s 4s 58 ’
Element Y2 32 32 52 12 32 32 52 2 32

35 Br 257 189 182 70 69 27 5

36 Kr 280 223 214 89 24 1

37 Rb 322 248 239 112 11 30 15 14

38 Sr 358 280 269 135 133 38 20

Y 395 313 301 160 158 46 26

40 Zr 431 345 331 183 180 52 29

41 Nb 49 379 363 208 205 S8 34

42 Mo 505 410 393 230 227 62 35

43 Te 544 445 425 257 253 68 39

44 Ru 585 483 461 284 279 75 43

45 Rh 627 521 496 312 307 8l 48

46 Pd 670 559 531 340 335 86 51 1

47 Ag 717 602 571 373 367 95 62 56 3

48 Cd 770 651 617 411 404 108 67 9 2

49 In 826 702 664 451 443 122 77 16 1

50 Sn 884 757 715 494 485 137 89 24 1 1

51 Sb 944 812 766 537 528 152 99 32 7 2

52 Te 1006 870 819 582 572 168 110 40 12 2

531 1072 931 875 631 620 186 123 50 14 3

54 Xe 1145 999 937 685 672 208 147 63 18 7

55 Cs 1217 1065 998 740 726 231 172 162 79 77 23 13 12

56 Ba 1293 1137 1063 796 781 253 192 180 93 90 40 17 15

57 La 1362 1205 1124 849 832 271 206 192 99 33 15

58 Ce 1435 1273 1186 902 884 290 224 208 111 38 20

59 Pr 1338 1243 951 931 305 237 218 114 38 23

60 Nd 1403 1298 1000 978 316 244 225 118 38 22

61 Pm 1472 1357 1052 1027 331 255 237 121 38 22

62 Sm 1421 1107 1081 347 267 249 130 39 2

63 Eu 1481 1161 1131 360 284 257 134 32 22

64 Gd 1218 118 376 289 271 141 36 21

65Tb 1276 1242 398 311 286 148 40 26

66 Dy 1332 1295 416 332 293 154 63 26

67 Ho 1391 1351 436 343 306 161 51 20

68 Er 1453 1409 449 366 320 177 168 60 29

69 Tm 1468 472 386 337 180 53 32

70 Yb 487 396 343 197 184 53 23

Vol.
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Atomic 4p 4d 4 5p 5d ] 6p
Numbet! 0y ap 3 s oso72 ss o 12 32 32 sl 6 12 3P
Element —-= A= == = = s == 2= =
7Lu 506 410 359 205 195 57 28 5
72Hf 538 437 380 224 2014 19 18 65 38 3 7
73Ta 566 465 405 242 230 27 25 71 45 37 6
AW 595 492 426 259 246 37 34 77 47 37 6
75Re 625 SIS 445 274 260 47 45 83 46 35 4
76 0s 655 547 469 290 273 52 50 84 S8 46 0
770r 690 577 495 32 295 63 60 96 63 S| 4
78PL 724 608 519 331 34 74 70 102 66 S 2
79Au 759 644 546 352 334 87 83 108 72 54 3
80Hg 800 677 571 379 360 103 99 120 81 S8 7

81 Tl 846 722 609 407 386 122 118 137 (00 76 16 13

82 Pb 894 764 645 435 413 143 138 148 105 86 22 20 3 1
83 Bi 939 806 679 464 440 163 158 160 117 93 27 25 8 3
84 Po 995 851 705 500 473 184 177 132 104 3 12 5
85 At 1042 886 740 533 507 210 195 148 11§ 40 18 8
8 Rn 1097 929 768 567 541 238 214 164 127 48 26 11
87 Fr 1153 980 810 603 577 268 234 182 140 58 34 15
88 Ra 1208 1058 879 636 603 2049 254 200 153 68 44 19
89 Ac 1269 1080 890 675 639 319 272 215 167 80

90 Th 1330 1168 968 714 677 344 335 290 229 182 95 88 60 49 43

Table 3. XPS parameters derived from curve fitting the Mo & $2] XPS 2% E%]-8 Gaussian-Lorentzian curve
3d envelope of MoS5 after various treatments fittinge. 24 T4 Ho|aE & Hels 2243 Mo A
5Hrs 16, +5. +42A4 E2AFEE o 5 slohFig 17).

binding energy, eV ___fwhm, eV
doublet Mo 3d:: Mo 3dsz  assignt Mo 3dx: Mo 3dsa

Table 4. Chemical shifts of lead oxides

A 2359 2327 Mot 207 2.07
B 236 2314 Mot 198 198 Oxidation state ~ Es(Pb4f72)  Chemical shift

C 2328 2296 Mot 187 187

D 2320 2288 Mo’ 163 1.63 Pb metal(0) 138.1 eV 0eV

E 2314 2282 Mo** 153 1.53 PbO  (+2) 139.7 16

F 2308 2276 Mo?® 1.4] 1.23 PbCl (+2) 140.2 21
Fig. 160 A 3 662°Coll 4] XPS2] Z 3= Mo foil Table 4 X W= u}o} o] Pbe] %S Pb 4fy: 2

FUE 2 E ehl S gl Ao R Bof Mo'2  9)e) 4} go)my &4gt 4] At A] 1384
W 2N S o sleh 304°Ceoll A H 2% MoOy/TiO: evel#|ut 2kgtE]e] PbO} =Hw mlelzelx)+ 139,
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c
Mo5-oxidic

T T i
240 235 230 225 220
Binding Energy / eV

Fig. 17. Curve-fitted Mo 3d spectra of Mo5 in the oxidic
form and after two reduction treatments : (a) M05-662, (b)
Mo5-304, (c) MoS-oxidic. Doublets A, B, C and F refer to
Mo oxidation states +6, +35, +4 and 0, respectively.
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Fig. 18. Sputter depth profiling of the Ta-Si film deposited
on polycrystalling Si.
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Fig. 19. Universal curve for electron mean free path.
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Fig. 20. Angular electron emission.

(a) Sampling depth as a function of electron take-off
angle(0)

(b) Substrate B/overlayer A and intensity versus 6.
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Fig. 21. Use of different electron escape angles to deter-
mine depth distribution (Si 2p line from silicaon sample
with approximately one monolayer Si0; overlayer). Angles
indicated are electron take-off angles relative to specimen
surface.
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Fig. 22. The charge control metal screen.
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Fig. 23. Polypropylene C(1s) peak position as a fuction of

flood gun beam energy.
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Fig. 24. Polypropylene C(Is) peak width as a function of

flood gun beam energy.
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Fig. 25. Curve fitting of Cls spectrum of poly-hydroxy-
butyrale.
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Fig. 26. Curve deconvolution of the C (1 s) spectrum of
Teflon exposed for 24 h to monochromatic X-rays.
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Fig. 27. (a) XPS spectra of an aluminum-polymer system.
A, clean Al surface before bonding to polymer ; B, bulk
polymer ; C, Al surface after stripping of the polymer.

Lines : 1=Si 25, 2=P 2p, 3=Al 25, 4=Si 2p, 5=Al 2p. (b)

diagram of polymer-metal interface.
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Table 6. Survey of the more popular techni ues for surface and interface analysis

Incident Emitted El ! spati [nformation
Techni ue LA én rr.u ‘e Monitored ements Sensitivity Depth of Spatial E clemental
radiation  radialion detectable analysis  resolution ¢ chemical
XPS X-ray e energy all 0.1 3nm 50 m E.C
AES e e energy Li 0.1 3nm 50nm E(C)
EDX = X-ray energy C 100ppm I m I'm E
1SS ion ion energy Li 100ppm Inm [ mim E
SIMS ion ion mass all 1ppb 1.5nm lmm C(E)
RBS H, He ion energy L1 I ppm I m Imm E
LAMMA laser ion mass all I ppm 0.5 m I m EC
Table 6l A}-8-§ eFoi = olefl o} zhr}. “EQE
able 61| A}-83F efei }‘31] } 4 9. .D. M. Hercules,"ESCA and Auger Spectroscopy” The
AES - Auger Electron Spectroscopy American  Chemical  Sociely  Audio  Courses,
EDX : Energy Dispersive X-ray analysis Washington, D. C.. 1979
ISS - lon Scattering Spectroscopy 10. R. L. Chaney, Surfuce and Interface Analysis, 10, 36
SIMS . Secondary Ion Mass Spectroscopy (1987).
RBS : Rutherford Backscattering Spectroscopy 11. Kazuaki Hachiya, Minoru Sasaki. Yuji Saruta, Naoki

LAMMA : Laser Ablation Microprobe Mass Analyzer
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