8. DIFFUSION

In this laboratory course the dopant source is introduced by a spin-on technique. The spin-on
material is a mixture of the dopant impurity and SiO2 dissolved in an organic solution.

1. N-type Diffusion Process
Phosphorosilica source is used for N-type diffusion in this lab.

NOTE: In the past, high concentration phosphorosilica source has frequently caused extremely
poor yield for the fabrication of P-N junctions. Therefore, the concentration of phosphorosilica
source to be used in this lab must be specified to be below 1x102%/cm? (TA will provide the
proper phosphorosilica).

(a) First set the temperature of the N-type diffusion furnace to a desirable setting (typically 950
~ 1050 °C) while pass 10% Oz + 90% N> through the furnace tube @ 1 liter/min. The
temperature and diffusion time depend on the junction depth you want to achieve, and may
be calculated by the use of appropriate diffusion equations. Fig. 8-1 provides the diffusion
constants for a number of dopants and Table 8-1 gives the Error Function data; both may be
useful for such calculations.

(b) Pour small amount of phosphorosilica solution from the bottle into the designated small
beaker, and cover beaker. Seal the bottle container tight and place it back in refrigerator.

(c) Etch and clean the diffusion windows (see Sections 3 and 4 for details).

(d) If the wafer is wet, thoroughly dry the wafer by spinning it at 3000 rpm for 1 min.

(e) Apply 4~5 drops of dopant solution on the wafer and spin at 3000 rpm for 1 min.

(f) Bake at 90 °C for 5 min, then at 150 °C for 5 min.

(g) Load wafer into the center zone of the N-type diffusion furnace.

(h) At the end of the diffusion period, pull boat slowly out to the end zone of the tube. Let it sit
there for 1 min to cool down before unloading out of the tube. Let it cool down to near
room temperature before transferring into your wafer carrier.

(1) The spun-on film may be etched off in BOE (see Table 4-1 for etch rates) if necessary.

2. P-type Diffusion Process
Borosilica source is used for P-type diffusion in this lab.

(a) First set the temperature of the P-type diffusion furnace to a desirable setting (typically 950
~ 1050 °C) while pass 10% Oz + 90% N through the furnace tube @ 1 liter/min. The
temperature and diffusion time depend on the junction depth you want to achieve, and may
be calculated by the use of appropriate diffusion equations. Fig. 8-1 provides the diffusion
constants for a number of dopants and Table 8-1 gives the Error Function data; both may be
useful for such calculations.

(b) Pour small amount of borosilica solution from the bottle into the designated small beaker,
and cover beaker. Seal the bottle container tight and place it back in the refrigerator.

(c) Etch and clean the diffusion windows (see Sections 3 and 4 for details).

(d) Apply 4-5 drops of borosilica dopant solution on the wafer and spin at 3000 rpm for 1 min.
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(e) Bake at 90 °C for 5 min, then at 150 °C for 5 min.

(f) Load wafer into the center zone of the P-type diffusion furnace.

(g) At the end of the diffusion period, pull boat slowly out to the end zone of the tube. Let it sit
there for 1 min to cool down before unloading out of the tube. Let it cool down to near
room temperature before transferring into your wafer carrier.

(h) The spun-on film may be etched off in BOE (see Table 4-1 for etch rates) if necessary.
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coa doped to 5 x 10" em™3. (b) Phospharus: ® , A, W data from diffusion in intrinsic siicon: ©, &, O
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Table 8.1 Error Function erf z

z erfiz) erfiz) z  erfiz) : erfiz)
0.00  0.000 000 0.50 0.520 300 1.00  OLB42 701 1.50 0.966 105
0.0l 0.011 283 0.51 0.529 244 1,01 0.B46 B10 1.51 0.967 277
0.02 0.022 565 0.52 0.537 899 1.02 0.850 838 1.52 0.968 413
0.03  0.033 B4l 0.53  0.546 464 1.03 0,854 784 1.53 0.969 516
0.04  0.045 111 0.54 0.554 939 1.4 0858 650 1.54 0.970 586
0.05 0.056 372 0.55 0.563 323 1.05  0.862 436 1.55 0.971 623
0.06 0.067 622 0.56 0.571 616 .06 0.866 144 1.56 0.972 628
0.07 0.078 858 0.57 0.579 816 1.07 0.B&9 773 1.57  0.973 603
0.08 0.090 078 0.58 0.587 923 1.08 0.873 326 1.58 0.974 547
0.0% 0.10] 281 0.5% 0.595 936 1.09  0.875 803 1.59 0.975 462
010 0.112 463 060 0.603 856 .10 O.BED 205 1.60  0.976 148
.11 0.123 623 061 0611 681 1.11 0.¥H3 533 .6l 0.977 207
0.12 0.134 758 0.62 0.619 411 .12 0.886 788 1.62 0.978 038
0,13 0.145 867 0.63 0.627 (46 1.13 0.BE89 97] 1.63 0.978 843
0.14  0.156 947 0.64 0.634 586 1.14 0.8Y3 082 1.64 0.979 622
0.15 0.167 99 0.65 0.642 029 115 0896 124 1.65 D980 376
006 0079012 0.66 0.649 377 L6 0899 096 166 04981 105
017 0.189 992 0.67 0.656 628 LT 0,902 0 1.67 0.98] 810
0,18 0,200 836 0.68 0.663 742 118 0.904 837 1.68 0982 493
019 0.211 840 0.69 0.670 840 119 0.907 608 1.69 0.983 153
0,20 0.222 703 0.70  0.677 B0 1.20 0910 314 1.70  0.983 790
0.21 0.233 522 O.71 0.684 666 121 0,912 956 L.71  0.984 407
0.22 0.244 29 0.72 0.691 4313 1.22 0.915 534 1.72  0.985 003
0.23 0.255 023 G773 0698 104 1.23  0.918 050 1.73 0,985 578
0.24  0.265 T 0.74 0.704 678 1.24  0.920 505 1.74  0.986 135
.25 0.276 326 0.75 0.711 156 1.25  0.922 900 1.75  0.986 672
0.26  0.286 900 076 0.717 537 .26 0.925 236 1.76 0.987 190
0.27 0,297 418 .77 0,723 B2 1.27  0.927 514 1.77 0.987 691
0.28 0.307 B&O 0.78 0.730 010 1.28  0.929 734 1.78  0.988 174
0.29 0.318 283 0.79 0.736 103 1.29 0.93] 899 1.79 0.988 641
0.30 0.328 627 080 0.742 101 1.30  0.934 008 [.B0 0,980 0%
0.31  0.338 %08 081 0.748 003 F31 0,936 063 1.El 0.98% 525
0.32 0.349 126 082 0.753 811 .32 0.938 065 1.82 D989 943
0.33 0.359 279 .83 0.759 524 1,33 0.9490 015 1.83 0,990 147
0.34  0.369 365 084 0.765 143 .34 0.54] 914 I.84 0,990 736
0.35 0.379 382 085 0.770 &68 135 0,943 762 1.85 0,991 111
0.36 0.389 330 086 0.776 100 1.3 0.545 561 1.B6 0.991 472
0.37  0.399 206 0.BT  0.781 440 1.37  0.547 312 1.87 0.991 821
038 0.409 009 0.88  0.7H6 687 1.38  0.949 016 1.Ed 0.992 |56
0.39 0.41% 739 0.89 0.791 843 1.39  0.950 673 1.89 0.992 479
0.40 0.428 392 090 0.796 908 1.40 0.952 285 190 0.992 790
0.4 0.437 959 0,91 0.%01 B33 141 0.953 852 197 0.993 0%0
0.42 0.447 468 0.92 0.806 T68 1.42 0.955 176 1.92 0.993 378
0.43 0.456 B&Y 0.93 (.811 564 1.43  D.956 857 193 0,993 656
0.44  0.466 225 0.94 0.816 271 1.44 0958 297 1.94 0.993 923
0.45 0,475 482 0.95 0.820 91 145 0,959 695 1.95 0.994 179
0.46  0.484 655 0.96 0.825 424 1.46 0.961 054 1.96 0.994 426
0.47 0.453 745 0.97 0.829 870 1.47 0.962 373 1.97  0.994 664
0.48 0.502 750 0.98 0.834 232 1.48 0.963 654 1.98 0.994 892
0.49 0511 668 0.99% ©0.B38 508 1.4%9  0.964 898 1.99 0,995 111



Table 8.1 (Continued)

2.000 0.995 322 2.50  0.999 593 30 0999 977 9) 3.50  0.999 990 157
2.01 0.995 525 251 0999614 Ol 0999 979 34 3151 0,999 999 304
2,02 0,995 719 2.52 9,999 534 302 0999 9RD 53 352 0,999 990 35K
203 0,995 906 2.5 0.999 554 J03 D999 SR T3 .53 0999 999 403
2.04 D99 0BG 2.54 0.999 672 308 0,999 982 86 354 0,999 900 445
205 0,996 258 2.55 0.999 69 1od 0,999 Ox3 97 .55 0999 999 485
206 0.596 423 256 0,999 706 3.6 0,999 G9H4 97 3.56  0.999 99 52
2.07 0996 S8 257 O.vyw 722 L0709 YNS He 35T 099 yay 5%
208 0.996 T34 2,58 0.999 T34 J08  0.999 9HG T4 358 0999 99 58T
204 0,99 BRD 2.59  0.999% 75 J.09 0,999 9RT 57 31,59 0.999 999 &17
210 997 021 260 0,999 Ta4 3010 0.999 988 315 360 0,990 909 G44
210 0,997 155 2.61 0.999 777 300 0,999 9g9 08 .61 0,999 999 670
2,12 0.997 284 2.62 L9909 TREO 312 999 989 77 3.6 0999 940 §04
2,13 0,997 407 263 0,999 B00 3013 D999 990 42 163 0999 959 TI6
2.14  0.99T7 525 2.4 0,999 K1 314 0.999 9] (43 I.64  0.999 999 736
215 0,997 639 2.65 D999 3272 I 15 0,999 99 a0 IG5 D999 999 T56
2.16 0997 747 2,66, 0,999 g3) 316 0,999 997 |4 J.eh 0,999 990 773
207 0997 BS1 2.67 0.999 B41 307 0999 992 54 167 0.999 995 T90
218 0.997 95| 2.68 0.999 B49 308 D999 093 | J.68  0.999 999 205
219 0,998 046 169 0,999 E5E 19 0,999 993 55 369  0.999 999 520
2.20 0.998 137 .70 0.999 %65 320 0.999 903 97 3,70 0.999 999 £33
2.21 0.998 224 271 0999 873 321 0999 994 1§ 3T 0,999 GO0 g5
2.22 (0.948 108 2.72 0,999 880 327 0,999 994 73 3.7 0.999 999 457
2.23  (0.993 188 2.73 0,999 BERT 323 0.999 995 07 1.73  0.999 909 867
2.24 0.994 454 274 0,999 B93 324 0,999 995 40 374 0,999 909 5§77
2.25 0,998 537 275 0.999 guo 3.25 0.999 %95 TO 3.75 0,999 999 285
2.26 0.998 607 276 0.999 905 3126 0.999 995 98 3.76 0,999 900 HO5
2.27 0.998 674 277 0999 910 327 (0.999 90s 24 ATT 0999 Y9 Gl
2.23‘ (.998 TIR 278 0.999 9]4 328 0,999 996 49 378 0.999 904 910
2,29 (0.9498 To9 2.79  0.999 92 329 0,999 994 T2 3.79  0.999 999 4917
230 0.998 857 LED  0.99% 925 31.30 0,999 995 94 IR0 0,999 999 927
231 0998 912 2.8 0,999 920 33 0999997 15 181 0,999 999 910
232 0.998 966 2.8 0,999 933 332 0,999 997 14 382 0.999 999 934
2.33 0.999 016 283 0.999 937 3.3 0.999 997 5| 3.B1 0,990 009 930
234 0.999 065 2.B4  0.999 94) 334 0,999 997 &8 I.84 0999 909 Qa4
235 0.99% |11] 2.BS 0999 044 335 0,999 997 K1y IB5 0,999 999 Qg
236 0999 |55 286 0,999 4 3,36 0,999 997 953 I.B6 (.999 999 g7
2.37T  0.993 197 287 0.999 95] 337 0.999 998 120 3BT 0,999 999 955
2.38 0,999 237 2.BE 0.99% 954 338 0999 998 247 J.ER  0.999 9949 959
2.39 0.999 275 .89 0,999 955 31.39 0,999 998 147 JLB9 0,999 999 962
240 0,999 111 2.90  0.999 959 3.40  0.999 998 478 390 0,999 999 955
241 0,999 3148 2.91 09949 94 3.41  0.9%9 998 557 391 D999 999 958
2.42  0.999 379 2.892 0,999 954 3.42 0,999 998 679 392 0.999 999 970
2,43 0.99% 411 293 0.999 964 343 0,999 998 770 3,93 0.999 %09 973
2.44  0.999 44] 2.94 0.999 958 J.44  D.999 OGF 55 394 0,999 999 975
2,45  0.999 469 2.95 0999 970 345 0,999 994 914 3.95  0.999 999 977
2.46 0999 497 2.96 0,999 972 Jdb 0,999 0% 008 396 0.999 995 979
2.47 D.999 523 2,97 0.999 973 3.47 0999 999 077 3,97  0.999 999 980
248 0.999 547 2.98 0.999 975 348 0,999 999 14] 3.98  0.99% 999 982
2,49 (0.999 571 299 0.999 976 3.49 0.999 999 201 31.99 0,999 999 953

“ For a more complete table, see L. J. Comrie, Chambers §, ix Figure Mathemarical
Tables, Vol. 2, W. & R. Chambers, Edinburgh, 1949,



