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Abstract

All color consists of three primary color which are red, green and blue . Thus, the

correct and appropriate way to specify color of colored object is measuring the portion

of these three primary color. Photodector, Si PIN photodiode s7505 is used in this

project, within this photodetector is set three primary color filter. As the output of the

photodetector provides the value of each primary color. And in the display section,

visual basic program is required to calculate and display on the monitor
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2. 109921003 CIE o TagazayuudnAnszuafiinlfanndansoadaiani Tristimulus
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4.1 uanlsannisld RGB color sensor WWFamATAdA
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4.1.2 AradAlsznaudreduasannnaen full color Waninislsuliugseanuiu 3 @
e l5uliaseanuina=a

4.1.3 fasflszneuasuassinuaanvivam Tned fiter A1 noguasinzguiny
8NN

4.2 nemuannadidnlalnein1edngunsalnansiisngg



< <
f1919IN 4.1 uﬂﬂaﬁaéﬂ%nﬂuﬂ R G B 2asud@sn1ae1nuaan Full Color

LED
- NIzuE (MA) aaAUsznaLd
AN
R G B X Y Z

1 13.3 6.8 26.5 0.285 0.146 0.569
2 13.5 6.7 26.6 0.288 0.143 0.568
----- 3 13.4 6.7 26.5 0.288 0.144 0.569
4 132 6.8 26.4 0.284 0.147 0.569
5 3.2 6.7 26.4 0.285 0.145 0.570
6 13.4 6.9 26.6 0.286 0.147 0.567
7 13.2 6.8 26.4 0.284 0.147 0.569
8 13.3 6.8 26.5 0.285 0.146 0.569
9 13.2 6.9 26.6 0.283 0.148 0.570
10 13.2 6.8 26.5 0.284 0.146 0.570
“waAn | 0285 | 0146 | 0569

39



40

A5 42 ANSIUARINISNSTANENAIUIDIUAINURRATIALAY LA
rsasslnlasfinadifluiaiasin
ANENIAAY AFaT 1 A 2
(W luag) R G B R G B
700 2.39 1.57 1.23 . 2.32 1.56 1.25
690 2.46 1.56 1.23 4.46 1.59 1.27
680 4.29 1 1.24 9.14 1.56 1.29
670 7.68 156 1.26 10.25 1.56 1.29
660 10.24 1.56 127 9.8 1.56 1.29
650 10.25 Y 1.28 9.32 1.58 1.28
640 9.87 1.56 1.27 8.81 1.55 1.29
630 9.3 1.56 1.27 8.06 1.52 1.27
620 8.52 1.57 1.27 7.36 1.52 1.25
610 8.01 1.55 18V223) 5L25 1.44 1.26
600 6.19 1.5 25 3.18 1225 1.21
590 1.97 1.02 1.24 1.26 1.24 0.76
580 0.87 0.562 1.24 0.77 1.24 0.16
570 0.7 0.12 1.24 0.7 1.25 0.22
560 0.67 0.38 1.25 0.7 1.25 0.68
550 0.68 0.72 1.26 0.67 1.3 0.84
540 0.67 0.87 1 o 0.68 1.41 0.8
530 0.69 0.72 1.45 0.65 0.39 1.63
520 0.67 0.29 1.63 0.65 0.37 1.92
510 0.68 0.66 oX b 0.61 0.81 2.44
500 0.64 0.93 2.45 0.66 1.19 2.81
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mmmfmgu ﬂ?\‘l‘ﬁl 1 ﬂi‘wdi 2
(W luums) R G B R G B
490 0.7 1.28 2.85 0.6 1.41 3.09
480 0.63 1.44 3.02 0.67 1.47 3.16
470 0.7 1.46 3.1 0.61 1.49 3.05
460 0.63 1.48 3.14 0.64 1.55 2.73
450 0.7 1.53 2.95 0.61 1.56 2.44
440 0.63 1.55 2.78 0.66 1.54 DA
430 0.69 1.55 2.44 0.6 1.57 1.78
420 0.63 1.55 2.16 0.66 1.57 1.66
410 0.69 1.56 1.94 0.63 1.59 1.65
400 0.63 1.57 1.64 0.68 1.69 5.52




<t 3 ° ] e 13 o s
A5 4.3 UAA ﬂ’)'\NL‘fﬁJ‘ﬂﬂ\‘l LURRAINUUANHARINITENURABAIATINIA

ANFUNIL (lawu) a3mlsznaLd (R)
300 4
400 3.5
500 3.2
600 2.9
700 2.7
800 2.6
900 25
1000 2.3
1100 2.25
1200 2.2
1300 )
1500 2
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AT 44 LARMNISNSEANENAINUTRIMARAVIFLAUTIANNENIAAY
N9 9]
mmmfm'éiu(nm) I[(mA)
700 1.044
690 1.042
680 1.041
670 1.041
660 1.041
650 1.041
640 1.041
630 1.041
620 1.041
610 1.04
600 1.04
590 1.04
580 1.039
570 1.035
560 1.031
550 1.032
540 1.036
530 1.035
520 1.033
510 1.033
500 1.036
490 1.034
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mmm'm'z’{u(nm) I(mA)
480 1.036
470 1.034
460 1.035
450 1.034
440 1.033
430 1.034
420 1.035
410 1.035
400 1.035
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< '4 < Qs 14 =3
f1519% 4.5 uﬂﬂd‘ﬂﬂﬁﬂ%ﬂﬂuﬂ%ﬂﬁﬂ@ﬂﬂﬂﬂ.ﬂtﬂu Iﬁiﬂ.‘ﬂ RGB Color Sensor Lilu
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AIMSIAIA
- I (mA) A1 Normalize
ATIN
R G B X y z

1 31.70 25.80 31.20 0.36 0.29 0.35
2 31.10 26.50 31.70 0.35 0.30 0.35
3 31.00 26.30 31.30 0.35 0.30 0.35
4 31.10 26.20 31.20 0.35 0.30 0.35
5 30.90 26.10 31.20 0.35 0.30 0.35
6 30.90 26.30 31.20 0.35 0.30 0.35
7 30.90 26.50 31.20 0.35 0.30 0.35
8 31.00 25.30 31.10 0.35 0.29 0.36
9 30.80 26.80 31.10 0.35 0.30 0.35
10 31.20 25.10 31.10 0.36 0.29 0.36
11 30.90 25.10 31.10 0.35 0.29 0.36
12 31.20 26.50 31.10 0.35 0.30 0.35
13 31.10 26.70 31.10 0.35 0.30 0.35
14 30.80 25.30 31.10 0.35 0.29 0.36
15 30.80 26.40 31.20 0.35 0.30 0.35
16 31.00 24.90 31.20 0.36 0.29 0.36
17 30.80 26.80 31.20 0.35 0.30 0.35
18 31.00 25.30 31.20 0.35 0.29 0.36




g | (mA) A1 Normalize
ATIN
R G B X y z
19 31.10 25.40 31.40 0.35 0.29 0.36
20 31.10 25.80 31.10 0.35 0.29 0.35
AVG 31.00 25.83 31.17 0.35 0.29 0.35




<t ~ 1 o a @ <
AN 4.6 uﬂﬂamﬁﬂ%n’auﬂmmuﬁaq’m LURRINULUALFINNALAUNIAN

ATUENIARUANG )
y nTZL4E (MA) aaAlsznaud
ANNENIARY X+Y+Z=A
R G B X y z
400 1.060 | 1.520 | 0.570 3.150 0.337 | 0.483 | 0.181
401 1.050 | 1.530 | 0.630 3.210 0.327 | 0477 | 0.196
402 1.060 | 1.530 | 0.620 3.210 0.330 | 0.477 | 0.193
403 1.060 | 1.530 | 0.750 3.340 0.317 | 0.458 | 0.225
404 1.050 | 1.530 | 0.700 3.280 0.320 | 0.466 | 0.213
405 1.060 | 1.530 | 0.710 3.300 0.321 0.464 | 0.215
406 1.050 | 1.530 | 0.620 3.200 0.328 | 0478 | 0.194
407 1.060 | 1.530 | 0.690 3.280 0.323 | 0.466 | 0.210
408 1.060 | 1.530 | 0.690 3.280 0.323 | 0466 | 0.210
409 1.060 | 1.530 | 0.640 3.230 0.328 | 0474 | 0.198
410 1.050 | 1.530 | 0.680 3.260 0.322 | 0.469 | 0.209
411 1.060 | 1.530 | 0.650 3.240 0.327 | 0.472 | 0.201
412 1.060 | 1.530 | 0.760 3.350 0.316 | 0.457 | 0.227
413 1.060 | 1.530 | 0.740 3.330 0.318 | 0.459 | 0.222
414 1.060 [ 1.530 | 0.910 3.500 0.303 | 0.437 | 0.260
415 1.060 [ 1.530 | 0.990 3.580 0.296 | 0.427 | 0.277
416 1.050 | 1.530 | 1.000 3.580 0.293 | 0.427 | 0.279
417 1.060 | 1.520 | 0.980 3.560 0.298 | 0.427 | 0.275
418 1.060 | 1.530 1.040 3.630 0.292 | 0.421 0.287
419 1.060 1.530 1.020 3.610 0.294 | 0.424 | 0.283
420 1.060 | 1.530 | 0.980 3.570 0.297 | 0.429 | 0.275




J nIug (mA) aaRs=navd
ANNENIAAL X+Y4+Z=A
R G B X y z
421 1.060 | 1.530 1.070 3.660 0.290 | 0.418 0.292
422 1.060 | 1.530 1.230 3.820 0.277 | 0.401 0.322
423 1.060 | 1.530 1.190 3.780 0.280 | 0.405 0.315
B 424 1.060 | 1.530 il=R@® 3.860 0.275 | 0.396 0.329
- 425 1.060 | 1.520 1.340 3.920 0.270 | 0.388 0.342
T ‘1;26 1.070 | 1.520 1.320 3910 0.274 | 0.389 0.338
- 427 1.070 | 1.520 1.440 4.030 0.266 | 0.377 0.357
428 1.060 | 1.520 1.460 4.040 0.262 | 0.376 0.361
429 1.060 | 1.520 1.510 4.090 0.259 | 0.372 0.369
430 1.060 | 1.520 1.490 4.070 0.260 | 0.373 0.366
431 1.070 | 1.520 1.420 4.010 0.267 | 0.379 0.354
432 1.060 | 1.520 1.460 4.040 0.262 | 0.376 | 0.361
433 1.070 | 1.520 1.580 4170 0.257 | 0.365 | 0.379
434 1.070 | 1.520 1.660 4.250 0.252 | 0.358 0.391
435 1.060 | 1.520 1.610 4.190 0.253 | 0.363 0.384
436 1.060 | 1.510 1.660 4.230 0.251 0.357 0.392
437 1.060 | 1.520 1.760 4.340 0.244 | 0.350 0.406
438 1.060 | 1.510 1.790 4.360 0.243 | 0.346 0.411
439 1.060 | 1.500 1.810 4.370 0.243 | 0.343 0.414
440 1.070 | 1.510 1.790 4.370 0.245 | 0.346 0.410
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y ATZLLE (MA) a9mlsznaud
ANENIAAY X+Y+Z=A
R G B X y z
441 1.070 | 1.510 1.880 4.460 0.240 | 0.339 0.422
442 1.070 | 1.520 1.880 4.470 0.239 | 0.340 0.421
443 1.070 1.510 1.910 4.490 0.238 | 0.336 0.425
444 1.070 1.520 | 2.010 4.600 0.233 | 0.330 0.437
445 1.060 | 1.510 1.980 4.550 0.233 | 0.332 0.435
446 1.060 | 1.510 | 1.950 4.520 0.235 | 0.334 | 0.431
447 1.060 1.510 2.060 4.630 0.229 0.326 0.445
448 1.060 1.510 | 2.050 4.620 0.229 | 0.327 0.444
449 1.080 | 1.510 | 2.110 4.700 0.230 | 0.321 0.449
450 1.070 | 1.510 | 2.170 4.750 0.225 | 0.318 0.457
451 1.080 1.500 | 2.240 4.820 0.224 | 0.311 0.465
452 1.070 1.500 | 2.340 4.910 0.218 | 0.305 | 0.477
453 1.080 | 1.490 | 2.390 4.960 0.218 | 0.300 0.482
454 1.080 1.490 | 2.580 5.150 0.210 | 0.289 | 0.501
455 1.070 1.480 | 2.760 5.310 0.202 | 0.279 | 0.520
456 1.080 | 1.490 | 2.730 5.300 0.204 | 0.281 0.515
457 1.080 | 1.480 | 2.690 5.250 0.206 | 0.282 0.512
458 1.080 1.470 | 2.750 5.300 0.204 | 0.277 0.519
459 1.080 | 1.470 | 2.720 5.270 0.205 | 0.279 | 0.516
460 1.080 | 1.460 | 2.770 5.310 0.203 | 0.275 | 0.522




y nITUE (MA) faRsznavd
ANNENIARL X+Y+Z=A
R G B X y z
461 1.080 | 1.460 | 2.660 5.200 0.208 0.281 0.512
462 1.080 | 1.450 | 2.730 5.260 0.205 | 0.276 | 0519
463 1.080 | 1.450 | 2.830 5.360 0.201 0.271 0.528
- 464 1.080 | 1.440 | 2.820 5.340 0.202 | 0.270 0.528
465 1.080 | 1.430 | 2.910 5.420 0.199 | 0.264 0.537
466 1.080 | 1.420 | 2.970 5.470 0.197 | 0.260 0.543
467 1.080 | 1.410 | 3.040 5.530 0.195 | 0.255 | 0.550
468 1.080 | 1.400 | 3.100 5.580 0.194 | 0.251 0.556
469 1.080 | 1.3%0 | 3.120 5.590 0.193 | 0.249 | 0.558
470 1.080 | 1.380 | 3.340 5.800 0.186 | 0.238 | 0.576
471 1.080 | 1.370 | 3.300 5.750 0.188 | 0.238 | 0.574
472 1.080 | 1.360 | 3.330 5.770 0.187 | 0.236 | 0.577
473 1.080 | 1.360 | 3.330 5770 0.187 | 0.236 0.577
474 1.080 | 1.350 | 3.300 5.730 0.188 | 0.236 | 0.576
475 1.080 | 1.350 | 3.280 5.710 0.189 | 0.236 | 0.574
476 1.080 1“.350 3.230 5.660 0.191 0.239 0.571
477 1.090 | 1.340 | 3.210 5.640 0.193 | 0.238 0.569
478 1.080 | 1.340 | 3.190 5.610 0.193 | 0.239 | 0.569
479 1.080 | 1.330 | 3.180 5.590 0.193 | 0.238 0.569
480 1.080 | 1.330 | 3.220 5.630 0.192 | 0.236 0.572




y N3zUE (MA) a9Alsenavd
ANNEINIAAY X+Y+Z=A
R G B X y z

481 1.080 | 1.320 | 3.150 5.550 0.195 | 0.238 | 0.568

i 482 1.090 1.310 | 3.130 5.530 0.197 | 0.237 0.566

‘ 483 1.080 1.300 | 3.240 5.620 0.192 | 0.231 0.577

484 1.090 1.280 | 3.140 5.510 0.198 | 0.232 0.570

N 485 1.090 1.270 | 3.110 5470 0.199 | 0.232 0.569

777486 1.090 1.250 | 3.080 5.420 0.201 0.231 0.568

487 1.090 | 1.230 | 3.120 5.440 0.200 | 0.226 0.574

488 1.080 | 1.220 | 2.980 5.280 0.205 | 0.231 0.564

489 1.080 | 1.190 | 2.940 5.210 0.207 | 0.228 0.564

490 1.090 | 1.150 | 2.880 5120 0.213 | 0.225 0.563

491 1.090 | 1.110 | 2.880 5.080 0.215 | 0.219 0.567

492 1.090 | 1.070 | 2.810 4.970 0.219 | 0.215 0.565

493 1.090 1.000 | 2.750 4.840 0.225 | 0.207 0.568

494 1.090 | 0.950 | 2.590 4.630 0.235 | 0.205 0.559

495 1.090 | 0.870 | 2.470 4.430 0.246 | 0.196 0.558

496 1.090 | 0.780 | 2.610 4.480 0.243 | 0.174 0.583

497 1.090 | 0.750 | 2.450 4.290 0.254 0.175 0.571

498 1.090 | 0.670 | 2.490 4.250 0.256 | 0.158 0.586

499 1.100 | 0.570 | 2.540 4.210 0.261 0.135 0.603

500 1.090 | 0.540 | 2.550 4,180 0.261 0.129 0.610

5%
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3 NIZUE (MA) aaAlsznavd
ANENIARY X+Y+Z=A
7 R G B X y z
501 1.060 | 0.460 | 2.400 3.950 0.276 | 0.116 | 0.608
502 1.080 | 0420 | 2.280 3.780 0.286 | 0.111 0.603
503 1.090 | 0.340 | 2.260 3.690 0.295 | 0.092 | 0.612
504 1.090 | 0.240 | 2.210 3.540 0.308 | 0.068 | 0.624
505 1.090 | 0.180 | 2.160 3.430 0.318 | 0.052 | 0.630
506 1.090 | 0.070 | 2.190 3.350 0.325 | 0.021 0.654
507 1.090 | 0.020 | 2.060 3.170 0.344 | 0.006 | 0.650
508 1.090 | 0.040 | 2.070 3.200 0.341 0.013 | 0.647
509 1.090 | 0.170 1.880 3.140 0.347 | 0.054 | 0.599
510 1.100 | 0.260 1.860 3.220 0.342 | 0.081 0.578
511 1.090 | 0.280 1.820 3.190 0.342 | 0.088 | 0.571
512 1.100 | 0.470 1.760 3.330 0.330 | 0.141 0.529
513 1.100 | 0.600 1.660 3.360 0.327 | 0.179 | 0.494
514 1.090 | 0.720 1.600 3.410 0.320 | 0.211 0.469
515 1.090 | 0.860 1.480 3.430 0.318 | 0.251 0.431
516 1.100 | 0.980 1.410 3.490 0.315 | 0.281 0.404
517 1.090 | 1.030 1.330 3.450 0.316 | 0.299 | 0.386
518 1.090 | 1.120 1.370 3.580 0.304 | 0.313 | 0.383
519 1.100 | 1.290 1.240 3.630 0.303 | 0.355 | 0.342
520 1.100 | 1.470 1.190 3.760 0.293 | 0.391 0.316




08

y ng=ug (mA) a3mlsznavd
ANNENIARY X+Y+Z=A r
R G B X y z
521 .100 1.580 1.150 3.830 0.287 | 0.413 | 0.300
522 .100 1.680 1.200 3.980 0.276 | 0.422 | 0.302 |
523 100 1.800 1.280 4.180 0.263 | 0.431 0.306
524 .100 1.850 1.280 4.230 0.260 | 0.437 | 0.303
525 .100 1.870 1.080 4.050 0.272 | 0462 | 0.267
526 .100 | 2.000 1.140 4.240 0.259 | 0.472 | 0.269
527 100 | 2.060 1.140 4.300 0.256 | 0.479 | 0.265
528 .100 | 2.070 1.100 4.270 0.258 | 0.485 | 0.258
529 110 | 2110 1.160 4.380 0.253 | 0.482 | 0.265
530 100 | 2.210 1.120 4.430 0.248 | 0.499 | 0.253
531 10 | 2.220 1.090 4.420 0.251 0.502 | 0.247
532 10 | 2.150 1.110 4.370 0.254 | 0492 | 0.254
533 110 | 2.140 1.040 4.290 0.259 | 0.499 | 0.242
534 .100 | 2.300 | 0.970 4.370 0.252 | 0.526 | 0.222
535 .100 | 2.350 | 0.910 4.360 0.252 | 0.539 | 0.209
536 2100 | 2450 | 0.920 4.470 0.246 | 0.548 | 0.206
537 110 | 2.370 1.020 4.500 0.247 0.527 | 0.227
538 110 | 2.420 1.040 4.570 0.243 | 0.530 | 0.228
539 110 | 2480 1.200 4.790 0.232 | 0.518 | 0.251
540 .100 | 2.500 1.070 4.670 0.236 | 0.535 | 0.229




2 NTZULA (MA) aaAlsznaud
ANNENIAAY X+Y+Z=A
R G B X y z
541 1.110 | 2.290 | 0.900 4.300 0‘.258‘ 0.533 | 0.209
542 1.110 | 2.400 | 0.750 4.260 0.261 0.563 | 0.176
543 1.110 | 2.520 | 0.820 4.450 0.249 | 0.566 | 0.184
e 544 1.110 | 2.320 | 0.920 4.350 0.255 | 0.533 0.211
545 1.110 | 2.400 | 0.890 4.400 0.252 | 0.545 | 0.202
546 1.110 | 2.240 | 0.980 4.330 0.256 | 0.517 | 0.226
547 1.110 | 2.330 | 0.910 4.350 0.255 | 0.536 | 0.209
548 1.110 | 2.240 1.300 4.650 0.239 | 0.482 | 0.280
549 1.110 | 2.190 1.110 4.410 0.252 | 0.497 0.252
550 1.110 | 2.110 1.260 4.480 0.248 | 0.471 0.281
551 T 1oL L2490 1.240 4.470 0.248 0.474 0.277
552 1.110 | 2.090 1Re20 4.520 0.246 | 0.462 0.292
533 1.110 | 2.070 1.300 4.480 0.248 | 0.462 | 0.290
554 1.110 | 2.040 1.180 4.330 0.256 | 0.471 0.273
555 1.110 | 2.030 1.310 4.450 0.249 | 0.456 | 0.294
556 1.110 | 1.970 1.260 4.340 0.256 | 0.454 | 0.290
557 1.110 | 1.880 1.210 4.200 0.264 | 0.448 | 0.288
558 1.110 | 1.750 B4019) 4.110 0.270 | 0.426 | 0.304
559 1.110 1.800 1.200 4.110 0.270 0.438 0.292
560 1.120 1.750 1.230 4.100 0.273 0.427 0.300
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. nTzUE (MA) a3flsznaud
ANENIAAY X+Y+Z=A
R G B X y z
561 1.120 | 1.630 1.070 3.820 0.293 | 0.427 | 0.280
562 1.120 | 1.840 | 0.990 3.950 0.284 | 0.466 | 0.251
563 1.120 | 1.740 | 0.970 3.830 0.292 | 0.454 | 0.253
564 1.120 | 1.640 | 0.910 3.670 0.305 | 0.447 | 0.248
565 1.130 | 1.370 1.070 3.570 0.317 | 0.384 | 0.300
566 1.140 | 1.180 1.210 3.530 0.323 | 0.334 | 0.343
567 1.140 | 1.010 1.120 3.270 0.349 | 0.309 | 0.343
568 1.150 | 1.020 1.050 3.220 0.357 | 0.317 | 0.326
569 1.160 | 0.920 1.020 3.100 0.374 | 0.297 | 0.329
570 1.170 | 0.780 | 0.770 2.720 0.430 | 0.287 | 0.283
o7& 1.200 | 0.660 1.030 2.890 0.415 | 0.228 | 0.356
572 1.220 | 0.620 | 0.940 2.780 0.439 | 0.223 | 0.338
573 1.240 | 0.580 | 0.910 2.730 0.454 | 0.212 | 0.333
574 1.270 | 0.470 | 0.810 2.550 0.498 | 0.184 | 0.318
575 1.300 | 0.380 | 0.720 2.400 0.542 | 0.158 | 0.300
576 1.320 | 0.230 | 0.700 2.250 0.587 | 0.102 | 0.311
577 1.380 | 0.130 | 0.510 2.020 0.683 | 0.064 | 0.252
578 1.460 | 0.150 | 0.680 2.290 0.638 | 0.066 | 0.297
579 1.610 | 0.110 | 0.690 2.410 0.668 | 0.046 | 0.286
580 1.590 | 0.070 | 0.490 2.150 0.740 | 0.033 | 0.228




y n3=uE (MA) aamls=naud
ANENIAAU X+Y+Z=A
R G B X y z
581 1670 | 0.060 | 0.470 2.200 0.759 | 0.027 0.214
582 1.780 | 0.120 | 0.450 2.350 0.757 | 0.051 0.191
583 1.900 | 0.210 | 0.440 2.550 0.745 | 0.082 | 0.173
584 2.080 | 0.260 | 0.410 Dl 0.756 | 0.095 | 0.149
o *585 2110 | 0.240 _m0.380 2.730 0.773 | 0.088 0.139
586 2.210 | 0.380 | 0.430 3.020 0.732 | 0.126 0.142
587 2460 | 0.410 { 0.440 3.310 0.743 | 0.124 0.133
588 2.640 | 0.490 | 0.490 3.620 0.729 | 0.135 | 0.135
589 2.890 | 0.560 | 0.440 3.890 0.743 | 0.144 0.113
590 3.190 | 0.630 | 0.490 4.310 0.740 | 0.146 | 0.114
591 3.510 | 0.700 | 0.470 4.680 0.750 | 0.150 | 0.100
592 3.900 | 0.780 | 0.430 5.110 0.763 | 0.153 0.084
593 4750 | 0.930 | 0.450 6.130 0.775 | 0.152 0.073
594 5090 | 1.010 | 0.080 6.180 0.824 | 0.163 0.013
595 5570 | 1.070 | 0.100 6.740 0.826 | 0.159 0.015
596 5970 | 1.120 | 0.010 7.100 0.841 0.158 0.001
597 6.420 | 1.150 | 0.080 7.650 0.839 | 0.150 0.010
598 6.670 | 1.180 | 0.050 7.900 0.844 | 0.149 0.006
599 6.960 | 1.200 | 0.080 8.240 0.845 | 0.146 0.010
600 7.270 | 1.210 | 0.000 8.480 0.857 | 0.143 0.000




y ATZUE (MA) aamlszneavud
ANEINIARY X+Y+Z=A
R G B X y Z
601 7470 | 1.230 | 0.040 8.740 0.855 | 0.141 0.005
602 7.840 | 1.250 | 0.010 9.100 0.862 | 0.137 0.001
603 8.050 | 1.250 | 0.040 9.340 0.862 | 0.134 0.004
604 8.300 | 1.280 | 0.100 9.680 0.857 | 0.132 0.010
605 8.520 | 1.290 | 0.100 9.910 0.860 | 0.130 0.010
606 8.820 | 1.300 | 0.100 10.220 0.863 | 0.127 0.010
607 9.000 | 1.310 | 0.120 10.430 0.863 | 0.126 | 0.012
608 9.260 | 1.320 | 0.120 10.700 0.865 | 0.123 | 0.011
609 9.380 | 1.330 { 0.070 10.780 0.870 | 0.123 | 0.006
610 9.950 | 1.340 | 0.270 11.560 0.861 0.116 | 0.023
611 10.110 | 1.330 0.240 11.680 0.866 0.114 0.021
612 10.460 | 1.340 | 0.240 12.040 0.869 | 0.111 0.020
613 10.710 | 1.350 | 0.220 12.280 0.872 | 0.110 | 0.018
614 10.870 | 1.350 | 0.230 12.450 0.873 | 0.108 | 0.018
615 10.740 | 1.350 | 0.230 12.320 0.872 | 0.110 0.019
616 10.810 | 1.370 | 0.250 12.430 0.870 | 0.110 0.020
617 11.220 | 1.360 | 0.260- 12.840 0.874 | 0.106 | 0.020
618 11.430 | 1.370 | 0.280 13.080 0.874 | 0.105 | 0.021
619 11.590 | 1.360 | 0.270 13.220 0.877 | 0.103 0.020
620 11.700 | 1.370 | 0.350 13.420 0.872 | 0.102 0.026
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y NIzLa (MmA) aaAlsznaud
ANEINIAAL X+Y+Z=A
R G B X y z
621 11.850 | 1.370 | 0.310 13.530 0.876 | 0.101 0.023
622 11.990 | 1.360 | 0.330 13.680 0.876 | 0.099 | 0.024
623 12.090 { 1.360 | 0.350 13.800 0.876 | 0.099 | 0.025
624 12.190 | 1.370 | 0.320 13.880 0.878 | 0.099 | 0.023
625 12260 | 1.370 | 0.320 13.950 0.879 | 0.098 | 0.023
626 11.800 | 1.370 | 0.310 13.480 0.875 | 0.102 | 0.023
627 12.140 | 1.370 | 0.310 13.820 0.878 | 0.099 | 0.022
628 12.190 | 1.370 | 0.300 13.860 0.880 | 0.099 | 0.022
629 12.330 | 1.370 | 0.320 14.020 0.879 | 0.098 | 0.023
630 12.080 | 1.370 | 0.290 13.740 0.879 | 0.100 | 0.021
631 12.460 | 1.360 | 0.350 14170 0.879 | 0.096 | 0.025
632 12.490 | 1.360 | 0.320 14.170 0.881 0.096 | 0.023
633 12.640 | 1.360 | 0.340 14.340 0.881 0.095 | 0.024
634 12.580 | 1.360 | 0.240 14.180 0.887 | 0.096 | 0.017
635 12.420 | 1.360 | 0.380 14.160 0.877 | 0.096 | 0.027
636 12.310 § 1.370 | 0.370 14.050 0.876 | 0.098 | 0.026
637 12.840 | 1.360 | 0.340 14.540 0.883 | 0.094 | 0.023
638 13.060 | 1.369 | 0.420 14.849 0.880 | 0.092 | 0.028
639 13.170 | 1.360 | 0.330 14.860 0.886 | 0.092 | 0.022
640 13.270 | 1.360 | 0.450 15.080 0.880 | 0.090 | 0.030
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y nI=UE (MA) aaRlsznaud
ANEINIARY X+Y+Z=A
R G B X y z
641 13.380 | 1.360 | 0.070 14.810 0.903 | 0.092 0.005
642 13.480 | 1.350 | 0.400 15.230 0.885 | 0.089 | 0.026
643 13.590 | 1.360 0.400 15.350 0.885 | 0.089 | 0.026
644 13.550 | 1.360 | 0.430 156.340 0.883 | 0.089 0.028
645 13.440 | 1.360 | 0.440 15.240 0.882 | 0.089 | 0.029
646 13.660 | 1.350 | 0.460 15.470 0.883 | 0.087 | 0.030
647 13.410 | 1.360 | 0.430 15.200 0.882 | 0.089 | 0.028
648 13.940 | 1.350 | 0.430 15.720 0.887 | 0.086 | 0.027
649 13.890 | 1.340 | 0.490 15.720 0.884 | 0.085 | 0.031
650 14.140 | 1.350 | 0.480 15.970 0.885 | 0.085 | 0.030
651 14.200 | 1.350 | 0.490 16.040 0.885 | 0.084 | 0.031
652 13.900 | 1.350 | 0.470 15.720 0.884 | 0.086 | 0.030
653 14.120 | 1.350 | 0.560 16.030 0.881 0.084 | 0.035
654 14160 | 1.350 | 0.560 16.070 0.881 0.084 | 0.035
655 14.220 | 1.340 | 0.570 16.130 0.882 | 0.083 | 0.035
656 14.290 | 1.350 | 0.570 16.210 0.882 | 0.083 | 0.035
657 14.400{ 1.350 | 0.590 16.340 0.881 0.083 | 0.036
658 14.470 | 1.350 | 0.600 16.420 0.881 0.082 | 0.037
659 14.500 | 1.340 0.610 16.450 0.881 0.081 0.037
660 14.490 | 1.350 | 0.630 16.470 0.880 | 0.082 | 0.038




p N32UL4 (MA) a3mlsznaud
ANEINIARY X+Y+Z=A
R G B X y z
661 14.460 | 1.350 | 0.610 16.420 0.881 0.082 | 0.037
662 14.380 | 1.350 | 0.580 16.310 0.882 | 0.083 | 0.036
663 14.310 | 1.350 | 0.580 16.240 0.881 0.083 | 0.036
o664 14.100 | 1.350 | 0.580 16.030 0.880 | 0.084 | 0.036
665 13.780 | 1.360 | 0.580 15.720 0.877 | 0.087 0.037
666 13.320 | 1.360 | 0.560 15.240 0.874 | 0.089 | 0.037
667 12.790 | 1.370 | 0.560 14.720 0.869 | 0.093 0.038
668 12.100 | 1.380 | 0.570 14.050 0.861 0.098 | 0.041
669 11.200 | 1.390 | 0.620 13.210 0.848 | 0.105 | 0.047
670 10.340 | 1.400 | 0.600 12.340 0.838 | 0.113 | 0.049
671 9.690 | 1.410 | 0.620 11.720 0.827 | 0.120 0.053
672 9.200 | 1.410 | 0.620 11.230 0.819 | 0.126 | 0.055
673 8.730 | 1.430 | 0.640 10.800 0.808 | 0.132 0.059
674 8.200 | 1.440 | 0.620 10.260 '0.799 0.140 0.060
675 7.890 | 1.450 | 0.620 9.960 0.792 | 0.146 | 0.062
676 7.300 1.460 | 0.660 9.420 0.775 | 0.155 | 0.070
677 6.860 | 1.460 | 0.660 8.980 0.764 | 0.163 0.073
678 6.480 1470 | 0.670 8.620 0.752 | 0.171 0.078
679 6.080 1470 | 0.660 8.210 0.741 0.179 | 0.080
680 5.640 1490 | 0.660 7.790 0.724 | 0.191 0.085
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y NITUE (MA) aaRlsznavd
ANNEINIARY X+Y+Z=A
R G B X y z
681 5290 | 1.490 | 0.650 7.430 0.712 | 0.201 0.087
682 4980 | 1.490 | 0.650 7.120 0.699 | 0.209 | 0.091
683 4640 | 1.510 | 0.670 6.820 0.680 | 0.221 0.098
A7“67784 4.280 1.520 | 0.720 6.520 0.656 | 0.233 0.110
685 3.990 | 1.520 | 0.740 6.250 0.638 | 0.243 0.118
686 3.780 1.520 | 0.740 6.040 0.626 | 0.252 0.123
687 3.580 | 1.530 | 0.750 5.860 0.611 0.261 0.128
688 3.400 1.530 | 0.730 5.660 0.601 0.270 | 0.129
689 3.280 | 1.530 | 0.730 5.540 0.592 | 0.276 | 0.132
690 3.060 | 1.540 | 0.720 5.320 0.575 | 0.289 0.135
691 2930 | 1.540 | 0.710 5.180 0.566 | 0.297 0.137
692 2770 | 1.540 | 0.690 5.000 0.554 | 0.308 | 0.138
693 2.650 | 1.540 | 0.720 4.910 0.540 | 0.314 0.147
694 2580 | 1.540 | 0.740 4.860 0.531 0.317 04562
695 2480 | 1.540 | 0.730 4.750 0.522 | 0.324 0.154
696 2350 | 1.540 | 0.700 4.590 0.512 | 0.336 0.153
697 2.310 | 1.560 | 0.950 4.820 0.479 | 0.324 0.197
698 2.240 | 1.560 | 0.950 4.750 0.472 | 0.328 | 0.200
699 2.180 | 1.560 | 0.950 4.690 0.465 | 0.333 0.203
700 2150 | 1.560 | 0.950 4.660 0.461 0.335 0.204
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ANLENIARL nIsuALiauasHn filter Eﬁm"] (mm)
(nm) WA e BN T N
700 1041 854 1045 139 1007
695 1042 849 1046 138 1001
690 1042 847 1047 139 990
685 1043 847 1048 131 974
680 1043 850 1048 125 944
675 1043 853 1048 118 894
670 1042 854 1047 112 845
665 1039 855 1047 108 783
660 1035 855 1047 103 427
655 1033 857 1047 98 398
650 1016 862 1047 95 370
645 990 868 1046 93 331
640 957 872 1046 96 304
635 921 888 1045 109 275
630 877 930 1044 148 246
625 772 914 1043 217 137
620 370 920 1042 287 120
615 253 927 1040 291 108
610 214 937 1038 371 189
605 188 944 1035 566 182
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AAENIAALY nszuaiiiouassin fiter 61197 (mm)
(nm) U T DEGR thidu X
600 153 950 1032 739 175
595 145 954 1029 807 168
290 128 957 1026 834 163
[ 585 12 957 1019 854 1563
280 96 956 1012 905 144
575 80 956 1005 914 134
570 74.85 952 1000 919 124
565 69.7 948 993 901 140
560 64.55 937 984 930 156
555 59.4 919 972 916 170
550 557 897 960 930 188
545 53.4 878 930 936 288
540 51.5 861 901 938 388
535 474 822 870 937 489
530 46.3 693 842 926 990
525 455 387 813 79 634
520 443 230 782 931 679
915 43.5 162 751 923 725
510 43.1 99.4 723 921 769
505 42.8 76.4 630 924 809




AENIAAL nszuALiauadin filter A7 (mm)
(nm) o (i1 a8 Y 399
500 42.6 69.2 455 g1 827
495 46 89 322 916 834
490 55 112 190 g12 842
485 69 160 164 908 847
480 82 s 143 908 850
475 109 312 132 908 850
470 120 406 121 906 851
465 110 412 124 904 852—
460 132 435 126 893 852
455 162 410 121 903 853
450 148 426 116 929 852
445 130 381 e 934 852
440 134 325 109 912 856
435 123 249 109 903 858
430 104 253 109 900 858
425 82 238 110 881 850
420 60 210 110 872 839
415 46 264 110 858 835
410 43 267 110 840 832
405 424 234 111 838 822
400 42 209 111 839 819
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1 4 < 5 < o
uanIANszua I uazasAlznaudaas Filter 4619 ¢) LA

AN9197 4.8
msnesasiuntugzay
L a
NNSNIARAIATIN 1
nszud filter
(mA) red | yellow | green | blue | violet
X 143 | 134 | 099 | 254 | 257
Y 0.97 1.17 0.99 2.1 2.45
Z 1.55 2 1.65 2.43 2.97
L a
NSNIARBIATIN 2
NITUA filter
(mA) red | yellow | green | blue | violet
X 1.45 1.36 1 2.54 2.57
Y 0.97 1.7 0.99 21 2.45
Z 1.55 1.21 1.65 243 2.97
Z
NNSNARAIATIN 3
NIZUA filter
(mA) red | yellow | green | blue | violet
X 1.24 1.28 1.02 2.45 2.45
Y 1.02 1.25 0.89 2.23 2.31
Z 1.67 1.34 1.59 247 2.85
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M990 4.9

LARIAN S UALAzRIALST NALATRILAIRNLUAIAL T A LAY

=5 ¥ a
Full Color LED #silsznaunis ALmAd AL1aa9 LazduiEy

& <
NISNAARIATIN 1

NTUA (MA) a9Al32naLd RGB
R G B X y z
WA o 0.1 1 el | 0011 | 0479
Waed ) 5.9 0.13 0.347 | 0639 | 0014
¥y 17 0.6 8.4 0.159 0.056 0.785
ﬂﬂiﬂﬂﬂ’ﬂﬂﬂé’,ﬂﬁ 2
ngzUa (mA) a9ALTTNaLd RGB
color
R G B X y z
WA 7.8 0.15 1.8 0.800- | 0.015 | 0.185
\MaRg 3.3 5.93 0.135 | 0352 | 0633 | 0014
vaw | 17 0.55 15T |\ Busf/| o787
ﬂﬁﬁﬂﬂ@@ﬂﬂ?ﬂﬁ 3
nIzua (mA) a9ALsznaud RGB
R G B X y z
WAd 7.6 0.09 1.8 0801 | 0009 | 0.190
RGN, 32 5.93 0135 | 0345 | 0640 | 0.015
vgw | 17 0.5 835 | 0161 | 0047 | 0701




a
NITNAR/RAIN 4

n7=ud (MA) a9Als=naud RGB
color
R G B X y z
IoN 7.6 0.1 1.8 0.800 0.011 0.189
LMET’N 3.2 5.9 0:12 0.347 0.640 0.013
TIRU 1.8 056 8.45 0.167 0.051 0.782




ﬁl"l%"]ﬂ‘?l 4.10

A
v

o
N1SNARRAIATIN 1
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1 i 1 = 1
wamIAINsEUd Uz aIALlsznauduas Filter 6149 L2 lWLUAS

o a [~ o
MLuALAIL L UNIgLa U

n9=ug (MmA) a9mlsznaud RGB
color
R G B X Y Z
yellow 249 7.1 1.7 0.417 0.286 0.296
red 285 8.9 12.8 0.540 0.189 0.271
green 134 9.3 12.6 0.380 0.263 0.357
blue 11.9 7.9 141 0.351 0.233 0.416
violet 4.3 0 T\ 1 0.796 0.000 0.204
& A
NMMINARBIATIN 2
nI=uE (MmA) a9ALlsznaud RGB
color
R G B X Y Z
yellow 24.6 14 16.9 0.420 0.292 0.288
red 25'% 9 13.2 0.533 0.189 0.278
green 14.7 11 14.8 0.363 0.272 0.365
blue 13.3 9.4 17 0.335 0.237 0.428
violet 4.2 0.2 1 0.778 0.037 0.185




&
NISNANAIATIN 3

ATEUA (MA) adAlsznasLd RGB
color
R G B X Y. Z
yellow 255 17.4 17.4 0.423 0.289 0.289
red 25.1 9 13 0.538 0.188 0.274
green 144 10.8 14.3 0.365 0.273 0.362
blue 12.8 9.1 16.3 0.335 0.238 0.427
violet 41 0.2 0.9 0.788 0.038 0173
=]
ASNARBIN 4
ngeLd (mA) a9Al3=naLd RGB
color
R G B X Y /
yellow 251 20.7 20.2 0.380 0.314 0.306
red 26.2 9.9 14.7 0.516 0.195 0.289
green 14 9.3 14.3 0.372 0.247 0.380
blue 153 10.7 20.1 0.332 0.232 0.436
violet 46 0 153 0.780 0.000 0.220

69



p
NISNARXRAIN 5

n9=LE (MA) asmlsznaud RGB
color
R G B X Y Z
yellow 253 16.4 15.3 0.444 0.288 0.268
red 26.2 8.2 12.8 0.555 0174 0.271
green 14.2 8.5 14.4 0.383 0.229 0.388
blue 129 8.7 16.1 0.342 0231 0.427
violet 4.2 0 1A 0.792 0.000 0.208
=
NSNAFRIN 6
ATZUA (MA) a9RLsZNaLA RGB
color
R G B X Y 7
yellow 282 19.8 18.6 0.396 0.311 0.292
red 2112 7.9 10.9 0.591 0.172 0.237
green 12 14 8.7 0.346 0.403 0.251
blue 12.9 10.2 18.4 0.311 0.246 0.443
violet 4.3 0 1156! 0.768 0.000 0.232
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Py
NISNARXRAIN 7

&
NSNARRIN 8

NIZUE (MA) a9ALlsznaud RGB
color
R @ B X Y 7
yellow 248 19.2 16.7 0.409 0.316 0.275
red 25.7 9.1 12.4 0.544 0.193 0.263
green 14.8 11.9 14.9 0.356 0.286 0.358
blue 129 9.9 17.5 0.320 0.246 0.434
violet 43 0 1 0.796 0.000 0.204
AZUA (MA) a9AUsZNaUR RGB
color
R G B X Y 7
yellow 254 (@3 16.2 0.431 0.294 0.275
red 254 8.5 12 0.556 0.184 0.260
green b 2N, 11 14.2 0.351 0.284 0.366
blue 12 9.3 52 0.320 0.248 0.432
violet 3.9 0.2 1 0.765 0.039 0.196

il



=
NISNAKXRIN 9

a
NISNARRIN 10

NIz (MA) a9RUsznavud RGB
color
R G B X Y Z
yellow 251 17.7 16.6 0.423 0.298 0.279
red 25.6 8.8 12 0.552 0.190 0.259
green 13.5 10.9 14 0.352 0.284 0.365
blue 11.9 9 16.2 0.321 0.243 0.437
violet 39 0.2 1 0.765 0.039 0.196
AIzlLa (mA) a9AUT=Na LA RGB
color
R G B X Y 7
yellow 25.2 17.9 16.5 0.423 0.300 0.27(
red 26.2 9.1 12.6 0.547 0.190 0.263
green 14.2 316 14.9 0.349 0.285 0.366
blue 12.8 9.8 1771 0.322 0.247 0.431
violet 4.2 0.1 1 0.792 0.019 0.189
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i
NSNA[R[IN 11

NICWa (mA)

aALsnaud RGB

=
NMSNARRIN 12

color
R G B X Y- Z
yellow 25.2 17.3 16 0.421 0.289 0.267
red 26.2 8.6 11.9 0.559 0.183 0.254
green 134 10.4 i Ko R, 0.344 0.267 0.347
blue 11.8 8.8 15:2 0.319 0.238 0.411
violet 4 0.2 0.9 0.784 0.039 0.176
NIZUA (MA) a9AlszneLd RGB
color
R G B X Y, Z
yellow 25.2 17.3 16 0.431 0.296 0.274
red 26.2 8.6 11.9 0.561 0.184 0.255
green 134 10.4 136 0.359 0.279 0.362
blue 1128 8.8 15.2 0.330 0.246 0.425
violet 4 0.2 0.9 0.784 0.039 0.176
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#include c:\mc\8051i0.h

#include ¢c:\mc\8051reg.h

register unsigned char ch;

registerint a;

main()

{
serinit(9600);
asr J ST R 32 L
asinl ~CLR PB471),
asfy LCCLRES &I\

while(1)
{
ch=getch();
if (ehvg="s%
{
asm " SETBP3.2 %
delay(2);
a=P1;
putch(a);
asm " CLRP3.2 %

delay(1);



asm " SETBP3.4
delay(2);

a=P1;

putch(a);

asm " CLRP34

delay(1);
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Talswngu Visual Basic
General Declarations

Dim RGB(1 To 3) As String
Dim R As Integer

Dim G As Integer

Dim B As Integer

Dim k As Integer

Dim AddRGB As Integer
Dim R1 As Variant

Dim G1 As Variant

Dim B1 As Variant

Private Sub Form_Load()

On Error Resume Next
MSComm1.CommPort =1
MSComm1.Settings = "9600,n,8,1"
MSComm1.InputLen =1
MSComm1.RThreshold = 1

If Not MSComm1.PortOpen Then
MSComm1 .PortOpén = True
End If
MSComm1.PortOpen = False
End Sub

Private Sub MSComm1_OnComm()

On Error Resume Next



It MSComm1.CommEvent Then
RGB(k) = MSComm1.Input
k=k+1
If k>3 Then

MSComm1.PortOpen = False
PLOT
End If
End If

End Sub

Sub PLOTY()
On Error Resume Next
R = Val(RGB(1))
G = Val(RGB(2))
B = Val(RGB(3))
AddRGB =R+ G +B
R1=R/AddRGB
G1=G/AddRGB
B1=B/AddRGB
Label1l = Format(R1, "0.00")
Label2 = Format(G1, "0.00")
Label3 = Format(B1, "0.00")
PictureT:Line (2, 100)-(7, 100 - (R1 * 100)), vbRed, BF
Picture1.Line (9, 100)-(14, 100 - (G1 * 100)), vbGreen, BF
Picture1.Line (16, 100)-(21, 100 - (B1 * 100)), vbBlue, BF



End Sub

Private Sub Command1_Click()
On Error Resume Next
Picture1.Cls
Label1 ="
Label2 =™
Label3 =™
If Not MSComm1.PortOpen Then
MSComm1.PortOpen = True
End If
k=1
MSComm1.Qutput = 's"
End Sub

Private Sub Command2_Click()
End

End Sub

Private Sub Command3_Click()

Picture1.Cls
Labell =™
Label2 =™
Label3 ="
RGB(1) = "250"

RGB(2) ="100"



RGB(3) = "50"
PLOT
End Sub
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Pin Connection
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K-Common
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AT WaAAMANTAN R IMALATNIUAT8Y RGB color sensor
OElectrical and Optical Characteristics (Ta=25C) ~Peor Element-
Parameter Symbol Condition Min. l Typ. 1 Max. | Unit
| Blue 400~540
Spectral Response Range A Green 480~ 600 nm
Red 590~720
Blue — 460 | —
Peak Sensitivity Wavelength| A p Green — 540 | — am
Red - 660 | —
”' Blue _ 022 —
Photo Sensitivity S A=Ap Green — o271 — | AW
Red — 045 —
Dark Current lo Ve=1V,Total Elements —_ 10 | 200 pA
Temperature Coefficient — 1 — m Cl
of Dark Current 2 ik
Rise Time tr Vr=0V,RL =1kQ,10~90% — 0.5 —_ us
: . VR=0V Blue — {150 | 300
Terminal Capaghtgfice Ct | f=10kHz Ceeorcfied | NN 80 | 150 al
AN Ltamqmﬂuﬁmiﬁw‘m
OAbsolute Maximum Ratings (Ta=257C)
Parameter Symbol Value Unit " Remark
Reversa Voltage Vr Max 10 v
Operating Temperature Topr =10 ~ +60 <
Storage Temperature Tstg -20 ~ +70 C
600
’ .
5 P v AN
e 1_ -
: | |
c_m - Gm-.,.._ e e e G ] it bt S -
é e
gm —————m et e f s e — —
Z 00 |- AR S o
4 1 ]
1 l i
0 : ‘
300 00 %0 1000 1100 1200
WAVYELENOTH (arn)
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WAVELENGTH (aro)
=Ratings and Characteristics =
OAbsolute Maximum Ratinga (Ta=25°C)
Parameter Symbol Value Unit Remark |
Reverse Voltage VR Max 10 \
Operating Temperature Toor -10 ~ +6Q0 °c
Storage Temperature Tstg =20 ~ +70 c ‘]
OElectrical and Optica! Charactaristics (Ta=25°C) ~Per Element-
12.0%0.3 Pin Connection 1 Parameter Symbal Condition J Min. ] Typ. ! Max. Um"t7
S R——— -__W~ﬁ.-"t ) Blue [ 400~540
0.740.3 FILTER 0.720.3 @® | Anode (Blue) Spectral Response Range A Green | 480~600 nm
S B i ® K~Common Red 590~720
; (2x)10‘ / SENSITIVE . SURFACE Blue = J 460 ] —
B2t / I Gl @ Anode (Green) Peak Sensitivity Wavelength| A p Green — | 540 | — nm
coaT ] i ml eql Red — [ 660 —
PO = B 4 St o - @ | Anode (Red) Blue — 022 =
p 2 . =} e
o'i:‘= v 1 ﬂ 1 -—]x'- - @ K-Common Photo Sensitivity S A=A4p Sr;en — gf; —_ AW
i - e — E -
i ?J L© N/C Dark Current lo | Va=1V.Total Elements — | 10 | 200 pA
(2 X')IO“ = Temperature Coefficient _ _ 0
, of Dark Current 42 e
NOTE
Rise Ti = = ~ - i
GENERAL TOLERANCE LENGTH: %0, { o — | v | :/’" g\‘,’ﬂ ’E}L‘: 504 I‘;Z o ll us |
A 1£2° i i R= — F
NGLE: +2 Terminal Capacitance ’ ' f=10kMz [GroenFiod — T 750 | p
AL l UNIT coaLe 5 mu i .
Yy i wncw’mm RESPONS CHARACTERISTIC 1998.9.3 1tk M ’ AT } g _‘ PROJ nwcwo‘ K10—F10256 REVi
] FIRST ISSUE $1Rf ! 1998, 9.3 5k 1A L bn I g |EA% EE 2 axrl
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Small Signal Inverting
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Power Supply Rejection

Typical Performance Characteristics (Continued)
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% Vs = £15V i 3
Ta=25C
= M ANl
S il 7 )
s 1 Ay=100 41
F P sass
= e >
o t-— Av=10 f
=
=\% :_EL LA T
. = = Xt Ay =13
I = ; t
T [
b AT
100 1k 10k 10Ck ™
FRECUENCY (Hz)
DS005656-29

Pulse Response g -2ka, C.=10 pF

Voltage

0

[ [

w 0 : "[T an
2w (ICIT
52 o UL T
zZZ N B
Fu o3 N HINRIER]
53 L 1
§§ 20 (<414 Rl

o JAJ_Uu_iJJJ

10 100 1k

Equivalent Input Noise

10k 100k

FREQUENCY (Kq)

Inverter Settling Time

0S0C5656-27

10
L /1 T
- 10 my 1mv
0] ° IS I
5L
o= 1 |
SB[~
(=3
>0
-—: - — t
g 1% W
3 Wmy N\ 1 mv
1 LN T
01 : 10
SETTUNG TIME (,5)
0£005656-30

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING
(50 mv/01v)

¥oww.national.com




. .
Pulse Response .2 q, C.=10 pF (Continued)
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TIME (S ps/01V)

Application Hints

The LF412 series of JFET input dual op amps are internally
timmed (BI-FET 1I™) providing very low input offset voltages
and guaranteed input ofiset voltage drift. These JFETs have
large reverse breakdown voltages from gate to source and
drain eliminating the need for clamps across the inputs.
Therefore, large ditferential input voltages can easily be ac-
commodated without a large increase in input current. The
maximum differential input voltage is independent of the sup-
ply voltages. However, neither of the input voltages should
be allowed to exceed the negative supply as this will cause
large currents to fiow which can result in a destroyed unit.
Exceeding the negative common-mode limit on either input
will cause a reversal of the phase to the output and force the
amplifier output to the corresponding high or low state.
Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the
ommon-mode fange again puts the input stage and thus
he amplifier in a normal operating mode.
E’(t-‘eeding the positive common-mode limit on a single input
4ll not change the phase of the output, however, it both in-
s exceed the limit, the output of the amplifier may be
%ced to a high state.
he amplifiers will operate with a common-mode input volt-
9¢ equal to the positive supply; however, the gain band-
dth and slew rate may be decreased in this condition.
‘hen the negative common-mode voltage swings to within

Vof the negative supply, an increase in input offset voltage
Ry occyr,

0S005656-40

Each amplifier is individually biased by a zener reference
which allows normal circuit operation on £6.0V power sup-
plies. Supply voltages less than these may result in lower
gain bandwidth and slew rate.

The amplifiers wili drive a 2 kQ load resistance to £10V over
the full temperature range. If the amplifier is forced to drive
heavier load currents, however, an increase in input offset
voltage may occur on the negative voltage swing and finally
reach an active current limit on both positive and negative
swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
socket as an unlimited current surge through the resulting
forward diode within the IC could cause fusing of the internal
conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in order
lo ensure stability. For example, resistors from the output to
an input should be placed with the body close to the input to
minimize "pick-up” and maximize the frequency of the feed-
back pole by minimizing the capacitance from the input to
ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capacitance
from the input of the device (usually the inverting input) to AC
ground set the frequency of the pole. In many instances the
frequency of this pole is much greater than the expected
3 dB frequency of the closed loop gain and consequently
there is negligible effect on stability margin. However, if the
feedback pole is less than approximately 6 times the ex-

www.national.com



Application Hints (continued)

_Pected 3 dB frequency a lead capacitor should be placed
from the ouiput to the input of the op amp. The value of the

Typical Application

added capacitor should be such that the RC time ccnstant of
this capacitor and the resistance it parallels is Greater than or
equal to the original feedback pole time constant

Single Supply Sample and Hold

TTL
v INVERTER
C
1=HOLD
0=SAMPLE

DS0CL656-31
Detailed Schematic
Voo O=— « o
cn
n
an
11
a1s an
RS
L n
W/ t_o
a1 « Vo
Qs Y
RS
RY »
S Rt & a1e
< 20k
(1]

=<

RS

y 02 * RS £
= 160

DS208esE-52
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Physical Dimensions inches (millimeters) unless otherwise noted

0.350 —0.370 _
(8.890—9.398)
DIA 0.315-0.335
0.165-0.185 r‘ |~ (8.001-8.509)
(4191 —4.699) DIA
A
) + 0.015-0.040
(0.381-1.015)
REFERENCE PLANE — = r
A oA — semmc PLANE
0500 (1 015, T
(270)  wax L0265
MIN {0.635)
v W MAX UNCONTROLLED
\_ 0.016-0.019 LEAD DIA
(0.406—0.483)
DIATYP
0.225-0.235
(5.715—5.969)
DIA PC
4 ¥
| 0.115-0.145
0.029-0.045 (2.921-3.683)
(0.737 -1.143) A DIA
0.028—0.034
(0.711 -0, asq%
45° TYP
-
HCBA (REV C

Metal Can Package (H)
Order Number LF412AMH, LF412MH, LF412MH/883 or LF412CH
NS Package Number H08A
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FE SUPPORT POLICY

Notes

ATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
ZVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
JUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

Life support devices or systems are devices or
systeme. which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a

significant injury to the user.

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its

safety or effectiveness.

) Nationa! Semiconductor
Corporation
Americas
Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: support @ nsc.com

W.national.com

National Semiconductor

Europe

Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com

Deutsch Tel:
English Tel:
Francais Tel:

fatano  Tel

+49 (0) 1 80-530 85 85
+49 (0) 1 80-532 78 32
+49 (0) 180-532 93 58
: 449 (0) 180-534 16 80

National Semiconductor
Asia bacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: sea support € nsc.com

National Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

does not assume any responsibdity for use of any circutry descrbed, no Grost patent boenses are imphed anq Nationg! reserves the nght at any time without notice to change said Circuilry and speaifications
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CD4066BC
Quad Bilateral Switch

General Description

The CD4066EC is a quad bilatera! switch intended for the
transmission or multiplexing of analog or digital signals. It is
pin-for-pin compatible with CD4016BC, but has a much
lower "ON" resistance, and “ON" resistance is relatively
conslant over the inpul-signal range.

Features
B Wide supply voitage range 3V to 15V
8 High noise immunity 0,45V (tyn )
| Wide range of digital and 7.5 Vpgak
analog switching
| “ON- resistancs for 15V operation = 80Q
B Matched “ON" resistance  ARgy = 54 (typ.)
over 15V signal input
| “ON" resistance flat over peak-to-peak signal range
B High "CNT"OFFT 658 (typ.
output voltage ratio @ fis = 10 kHz, R = 10 kQ

Novembar 1983
Revised August 2000

B High degree linearty 0.1% distortion (typ.)

High degree linearity @ fig=1kHz, Vg = 5V,
High degree lineanty Vpp-Vgg= 10V, R = 10 kQ

# Extremely low “OFF~ 0.1 nA (typ.)

switch leakage: @ VYpp—Vss = 10V, Tp = 25°C

B Extremely high control input impedance  10'2Q(typ.)
M Low crosstalk 50 dB (typ.)

=_Froglh

between switches @ f,s — 0.9 MHz, R — 1k

Al AR AT AU~ 6 \
totolRO I iy e o (PR )

Applications

Analog signal switching/multiplexing
» Signal gating

+ Squelch control

« Chopper

» ModulatoriDemodulator

« Commutating switch

Digilal signai switching/muitiplexing
CMOS logic implementation

nalcg-tc-digitaldigital-tc-analeg conva
Digital control of frequency, impedance, phase, and
analog-signal-gain

Ordering Code:

Order Number |Package Number Package Description
CD4066BCM M14A T14 1 gad Sma!! Outling Integrated Circuit {SCIC), JEDEC ME.120, 0.150 Narrow
CD4066BCSJ M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
CD4066BCN N14A 14-Lead Plastic Dua!-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Connection Diagram
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Devices also avaitable in Tape and Reel. Specify by appending suffix letler °X™ o the ordering code.

Schematic Diagram
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CD4066BC

Absolute Maximum Ratings

Recommended Operating

(Note 1) Conditions (Note2)
(Note 2)
Supply Vottage (Vpp) 3Vio 15v
Supply Voltage (Vpp) -0.5V to +18V Input Voltage (Vi) 0V to Vpp
Input Vottage (V) 0.5V to Ve +0.5V Operating Temperature Range (Ta) —40°C to +85°C
Storage Temperature Range (T<) -65“C to +150“C
Power Dissipation (Pp) Note 1: “Absolute Madmum Ratings® are those values beyond which the
Ouatin e R e e A e
Small Outline 500 mW O C " and "B Char ” provide con-
Lead Temperature ( ]L) drions tor actual deviee operaton
Note 2: Vg = OV uniess otherwise spediied.
(Soldering, 10 seconds) 300°C
DC Electrical Characteristics (note2)
" —40°C ~25°C +85°C l ]
Symbol Paramatar [o T - - Units
Min ]l Max | Min Typ | Max | Min Max |
L) Quiescent Device Current [V =56V I 10 0.01 1.0 75 | uA
' (Voo = 10V [ : 20 l l ‘;HJ\ | 20 I | 15 I uA
| | Voo = 15V | 140 | 001 | 40 | 30 | wA
SIGNAL INPUTS AND GUTPUTS
Ron | ON"Resistance TR =10 k21 (Vs Vsg'2) | ! I I ] ] I 1
Ve =55 Vss Voo |
Van =5V : 850 270 | 1050 1200 Q
Vnp= 10V | 330 120 400 520 Q
V55= 15V L 210 80 | 240 300 5}
aRoN | AON” Resislance Belween R =10 k2o (Vpp - Vsg/2)
Any 2 of 4 Switches Vee=V oo Vis = Vss 18 Voo
% Vo= 10V 10 Q
!Vaa= 15V - Q
Iis Input or Output Leakage Ve =0 150 0.1 | 150 1200 nA
Swaitch “OFF
CONTROL INPUTS
Vo LOWiLove! In28 W SE R ond Ve y X ! 1 ! 1
Vottage Vos -V 5p2d Vsg
lg =+ 10uA
Vpo =5V 15 225 1.5 #5 v
Vpp= GV 3.0 4.5 3.0 3.6 v
Vpp= 15V 40 675 | 40 40 v
Viie HIGH Love! Input Voo = SV 35 5 275 3 v
Voltage Voy= 10V (Note 7) 70 70 55 70 v
[Voo= 15V 1.0 10 | 825 10 v
Tny Input Current | Vpo-Ves= 15V +03 +10°| 03 +10 | uA
[VooiVis2Vss
VopVeovi

wvaw fairchitdsemi.com
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AC Electrical Characteristics (note 3)

Ta=25°C, t, =t=20 ns and Vgg = OV unless otherwise nated

Symbol Parameter I Conditions Min Typ | Max | Units
v tpin | Propagation Delay Time Signal V¢ = Voo C = 50 pF. (Figure 1)
Input to Signal Output Ry =200k
Vpp =5V 25 55 ns
V55 = 1V 15 35 ns
Vop = 15V 10 25 ns
tezu. tpa | Propagation Detay Time Ry = 1.0k, Cy =50 pF, (Figure 2, Figure 3)
Control Input to Signal Vpo= 5V 125 ns
Output High Impedance (o Voo = 10V cC ns
Logical Level Voo = 18V 50 ns
toz. ez | Propagation Detay Time R = 1.0k, C_= 50 pF, (Figure 2, Fiqure 3)
Control Input to Signal Voo = 5V 125 ns
Output Logical Level 1o Vpp= 10V ou ns
High impedance Vpp= 15V 50 ns
Sine Wave Distodtion Ve =Vop=5V, Vgg = -5V, 0.1 %
Ry = 10K, Vig — SVpup. = 1 kHz (Figure 4)
Frequency Response-Switch Ve=Vay=5V, Vgg = -5V. 40 MHz
“ON" (Frequency at -3 dB) Ry = 1 ki) Vi = 5V,
20 Logyo Vos/Vos (1 kHz)-a8,
{Fraure 4)
Feedthrough — Switch "OFF" V5= 50V, Ve = Vsg = -5.0V, 1.25
{Frequency at -50 dB) R =1kQ, Vig =50V, 20 Lagyy,
Vad/Vie - -50 dB. (Fiaure 4)
Crosstalk Between Any Two Voo = Ve = 5.0V: Vas = Vo = 5.0V, 08 MHz
Switches (Frequency at -50 dB) RU1T K2, Vigiay = 5.0 Vi, 20 Logyo.
VossyVisia) = -50 dB (Figure 5)
Cresstalk; Controlinput 10 Vog= 10V, Ry =100 R =10 Wy i} A0
Signal Output Ve = 10V Square Wave, C; = S0 pF
{Figure 6)
Maximum Control input R = 1.0k, C =50 pF, (Figure 7)
Vosin = ¥ Vosi -0 hHix) .
Vpy = S0V 6.0 NiHz
Vog— 10V 8.0 MHz
Vop = 15V 85 MHz
Cis Swgnal Input Capacrance 80 pF
Cos Signal Output Capactance Vpp = 10V 8.0 pF
Cios Feedthrough Capacitance V=0V 05 pF
Cw Control Input Capacitance 5.0 | 18 pF

" 'Note 3: AC Parameters are guaranteed by DC comrelated testing.
Note 4: These devices should not be connected to circuits with the power “ON".

08990¥Ad

Nota 5: In all cases. there is approximately 5 pF of probe and jig capacitance in the culput: however. this capacitance is included in C wherever itis
specified.

Nole 6. Vg 15 liw voilage at it kool pit aid vigs 15 i voidge al il Gulu pél. Ve s e salage atl e ik wpot

Note 7: Conditions for Viyc: a) Vig = Vpp. lps = standard B sades igy

b) Vig = OV. i = standard B senes lg.

w




cD4066BC

Typical Performance Characteristics

“ON” Resistance vs Signal

Voltage for T, = 25°C
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Special Considerations

In applications where separate power sources are used to
drive Vpp and the signal input, the Vpp current capability
should exceed Vpp/R| (R = effective extemal load of the 4
CDA4066BC bilateral switches). This provision avoids any
permanent current flow or clamp action of the Vpp supply
when power is applied or removed from CD4066BC.

In certain appiications, the external load-resistor current
may include both Vpp and signal-line components. To

“ON” Resistance as a Function
of Temperature for
Vpp-Vss = 15V
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avoid drawing Vpp cumrent when switch current flows into
terminals 1, 4, 8 or 11, the voltage drop across the bidirec-
tional switch must not exceed 0.6V at Tp < 25°C, or 0.4V at
Ta > 25°C (calculated from Rpy values shown).

No Vpp current will flow through R if the switch current
flows into terminals 2, 3, 9 or 10.

www.fairchildsemi.com




AC Test Circuits and Switching Time Waveforms
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FIGURE 1. tpy, tp1y Propagation Delay Time Signal Input to Signal Output
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FIGURE 2. tozy, ';Hz Propagation Delay Time Control to Signal Output
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FIGURE 3. tp7 , tp 7 Propagation Delay Time Control to Signal Output
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CcD4066BC

AC Test Circuits and Switching Time Waveforms (continued)
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FIGURE 5. Crosstatk Between Any Two Switches
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spatible with MCS-51™ Products

gytes of Reprogrammable Flash Memory
gndurance: 1,000 Write/Erase Cycles
/to 6V Operating Range

-ystatic Operation: 0 Hz to 24 MHz
Jevel Program Memory Lock

x 8-bit Intemal RAM

rogrammable VO Lines

16-bit Timer/Counters

interrupt Sources

jyammable Serial UART Channel

¢t LED Drive Outputs

ship Analog Comparator

-power Idle and Power-down Modes

sription

789C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
es of Flash programmable and erasable read only memory (PEROM). The
.is manufactured using Atmel’s high-density nonvolatile memory technology
compatible with the industry-standard MCS-51 instruction set. By combining a
le 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C2051 is a power-
rocomputer which provides a highly-flexible and cost-effective soiution to many
Ided control applications.

T89C2051 provides the following standard features: 2K bytes of Flash, 128
f RAM, 15 /O lines, two 16-bit timer/counters, a five vector two-level interrupt
cture, a full duplex serial port, a precision analog comparator, on-chip oscillator
)ck circuitry. In addition, the AT89C2051 is designed with static logic for opera-
»wn to zero frequency and supports two software selectable power saving
. The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial
'd interrupt system to continue functioning. The power-down mode saves the
ontents but freezes the oscillater disabling all other chip functions untit the next
re reset.

>onfiguration
PDIP/SOIC

RST/VPP (] 1 20[3vce
(RXD)P3.0012 1efP17
TXD)P3.1 (03 1800P16
XTAL2 ] 4 170P15
XTAL1 5 16[QP1.4
(INTO) P3.200 6 1s[dP1.3
(INTT) P3.3( 7 14[0P1.2

ToypP3.4s 130 P1.1 (AINT)

T P3sde 12[3P1.0 (AINO)
GND 10 11 3P3.7

8-bit
Microcontroller
with 2K Bytes
rlash

AT89C2051

Rev. 0368E—02/00



s B 1 89C 2051

Description
ly voltage.

nd.

1

1 is an 8-bit bi-irectional I/0 port. Port pins P1.2 to
provide internal pullups. P1.0 and P1.1 require exter-
ullups. P1.0 and P1.1 also serve as the positive input
)) and the negative input (AIN1), respectively, of the
lip precision analog comparator. The Port 1 output
s can sink 20 mA and can drive LED displays directly.
11s are written to Port 1 pins, they can be used as
5. When pins P1.2 to P1.7 are used as inputs and are
1ally pulled low, they will source current (1) because
internal pullups.

I also receives code data during Flash programming
erification.

3

3 pins P3.0 to P3.5, P3.7 are seven bi-irectional 1/0
vith internal pullups. P3.6 is hard-wired as an input to
itput of the on-chip comparator and is not accessible
leneral purpose I/O pin. The Port 3 output buffers can
0 mA. When 1s are written to Port 3 pins they are
1 high by the internal pullups and can be used as
3. As inputs, Port 3 pins that are externally being
'low will source current (1) because of the pullups.

-also serves the functions of various special features
AT89C2051 as listed below:

Pin Alternate Functions

RXD (serial input port)

TXD (serial output port)

INTO (external interrupt 0)

INT1 (external interrupt 1)

TO (timer 0 external input)

T1 (timer 1 external input)

balso receives some control signals for Flash pro-
Ning and verification.

-input. All /O pins are reset to 1s as soon as RST
high. Holding the RST pin high for two machine
*While the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.

XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be lefi
unconnected while XTAL1 is driven as shown in Figure 2.
There are nc requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Figure 1. Oscillator Connections

c2
r——“’——lﬁ XTAL2
C1
*—) XTAL1
GND

Note: C1,C2 =30 pF + 10 pF for Crystals

=40 pF + 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC —— | XTAL2

EXTERNAL
OSCILLATOR

SIGNAL

XTALA1

1]

____A‘Im—El - 3



ecial Function Registers

ap of the on-chip memory area called the Special Func-:
Register (SFR) space is shown in the table below.

sthat not all of the addresses are occupied, and unoc-
ied addresses may not be implemented on the chip.
d accesses to these addresses will in general return

random data, and write accesses will have an indetern
nate effect.

User software should not write 1s to these unlisted loc
tions, since they may be used in future products to invol
new features. In that case, the reset or inactive values

the new bits will always be 0.

le 1. AT89C2051 SFR Map and Reset Values

8H OFFH

0H B OF7H
00000000

H OEFH

H ACC 0E7H
00000000

H ODFH

H PSW 0D7H
00000000

H OCFH

H 0C7H

H IP 0BFH
XXX00000

H P3 0B7H
11111114

H IE 0AFH
0XX00000

H 0A7H

H| ScoN SBUF 9FH
00000000 | XXXXXXXX

H P1 97H
11111111

1 TCON TMOD TLO TL1 THO TH1 8FH
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000

1 SP DPL DPH PCON | 87H

00000111 00000000 | 00000000 0XXX0000
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strictions on Certain Instructions
AT89C2051 and is an economical and cost-effective

ber of Atmel’s growing family of microcontrollers. It

iins 2K bytes of flash program memory. It is fully com-
sle with the MCS-51 architecture, and can be
rammed using the MCS-51 instruction set. However,
y are a few considerations one must keep in mind
1 utilizing certain instructions to program this device.

e instructions related to jumping or branching should
stricted such that the destination address falls within
hysical program memory space of the device, which is
rthe AT89C2051. This should be the responsibility of
.oftware programmer. For example, LOMP 7EOH
1be a valid instruction for the AT89C2051 (with 2K of
ory), whereas LUMP 900H would not.

-anching instructions:
L, LUMP, ACALL, AJMP, SUMP, JMP. @A+DPTR

& unconditional branching instructions will execute
otly as long as the programmer keeps in mind that the
1ation branching address must fall within the physical
Jaries of the program memory size (locations 00H to
for the 89C2051). Violating the physical space limits
’ause unknown program behavior.

[, DINZ[...], JB, JNB, JC, JNC, JBC, JZ, JNZ With
» conditional branching instructions the same rule
3 applies. Again, violating the memory boundaries
‘ause erratic execution. :

pplications involving interrupts the normal interrupt
@ routine address locations of the 80C51 family archi-
e have been preserved.

WVX-related instructions, Data Memory:

.T89C2051 contains 128 bytes of internal data mem-
Thus, in the AT89C2051 the stack depthis limited to
ytes, the amount of available RAM. External DATA
Iy access is not supported in this device, nor is exter-
10GRAM memory execution. Therefore, no MOVX
structions should be included in the program.

cal 80C51 assembler will still assemble instructions,
fthey are written in violation of the restrictions men-
‘above. lItis the responsibility of the controller user to
the physical features and limitations of the device
J Jdsed and adjust the instructions used
Pondingly.

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below:

Lock Bit Protection Modes("

Program Lock Bits
LB1 LB2 | Protection Type
1 U u No program lock features.
2 P u Further programming of the Flash
is disabled.
3 P P Same as mode 2, also verify is
disabled.
Note: 1. The Lock Bits can only be erased with the Chip Erase
operation.
Idle Mode

In-idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enablec
interrupt or by a hardware reset.

P1.0 and P1.1 should be set to “0” if no external pullups are
used, or set to “1” if external pullups are used.

It should be noted that when idle is terminated by a hard-
ware reset, the device normaily resumes program
execution, from where it left off, up to two machine cycles
before the internal reset algorithm takes control. On-chip
hardware inhibits access to internal RAM in this event, but
access to the port pins is not inhibited. To eliminate the
possibility of an unexpected write to a port pin when Idle is
terminated by reset, the instruction following the one that
invokes Idle should not be one that writes to a portpin or tc
external memory.

Power-down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is
terminated. The only exit from power down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before Vee
is restored to its normal operating level and must be helc
active long enough to allow the oscillator to restart anc
stabilize.

P1.0 and P1.1 should be set to “0” if no external pullups are
used, or set to “1” if external pullups are used.
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)ygramming The Flash

AT89C2051 is shipped with the 2K bytes of on-chip

OM code memory array in the erased state (i.e., con-
; = FFH) and ready to be programmed. The code
jory array is programmed one byte at a time. Once the
y is programmed, to re-program any non-blank byte,
»ntire memory array needs to be erased electrically.

nal Address Counter: The AT89C2051 contains an
nal PEROM address counter which is always reset to
{on the rising edge of RST and is advanced by apply-
positive going pulse to pin XTAL1.

ramming Algorithm: To program the AT89C2051,
llowing sequence is recommended.

ower-up sequence:

oply power between V. and GND pins

3t RST and XTAL1 to GND

st pin RST to “H”

st pin P3.2 to “H”

aply the appropriate combination of “H” or “L” logic
vels to pins P3.3, P3.4, P3.5, P3.7 to select one of the
ogramming operations shown in the PEROM Pro-
amming Modes table.

ogram and Verify the Array:

»ply data for Code byte at location 000H to P1.0 to

1.7

iise RST to 12V to enable programming.

llse P3.2 once to program a byte in the PEROM array
the lock bits. The byte-write cycle is selftimed and
Jically takes 1.2 ms.

) verify the programmed data, lower RST from 12V to
Jic “H” level and set pins P3.3 to P3.7 to the appropiate
/els. Output data can be read at the port P1 pins.

' program a byte at the next address location, pulse
"AL1 pin once to advance the internal address

unter. Apply new data to the port P1 pins.

*peat steps 5 through 8, changing data and advancing
3 address counter for the entire 2K bytes array or until
3 end of the object file is reached.

wer-off sequence:

tXTALT to “L”

tRST to “L”

m Ve power off

Polling: The AT89C2051 features Data Polling to
te the end of a write cycia. During a write cycle, an
dted read of the last byte written will result in the com-
Nt of the written data on P1.7. Once the write cycle
een completed, true data is valid on all outputs, and

the next cycle may begin. Data Polling may begin any tim
after a write cycle has been initiated.

Ready/Busy: The Progress of byte programming can als
be monitored by the RDY/BSY output signal. Pin P3.1 i
pulled low after P3.2 goes High during programming to ind
cate BUSY. P3.1 is pulled High again when programming i
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not bee!

programmed code data can be read back via the data line:

for verification:

1. Reset the internal address counter to 000H by bringing
RST from “L” to “H".

2. Apply the appropriate control signals for Read Code datz
and read the output data at the port P1 pins.

3. Pulse pin XTAL1 once to advance the internal address
counter.

4. Read the next code data byte at the port P1 pins.
5. Repeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the
lock bits is achieved by observing that their features are
enabled.

Chip Erase: The entire PEROM array (2K bytes) and the
two Lock Bits are erased electrically by using the prope
combination of control signals and by holding P3.2 low fo
10 ms. The code array is written with all “1”s in the Chir
Erase operation and must be executed before any non
blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification o
locations 000H, 001H, and 002H, except that P3.5 anc
P3.7 must be pulled to a logic low. The values returned are
as follows.

(000H) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 89C2051

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself tc
completion.

All major programming vendors offer worldwide support foi
the Atmel microcontroller series. Please contact your loca
programming vendor for the appropriate software revision.

AT89C2051 el s S
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sh Programming Modes

e RST/VPP P3.2/PROG P3.3 P3.4 P35 P3.7

; Code Data("® 12V L H H H
v

iCode Data(" H H L L H H

3 Lock Bit- 1 12v H H H
v

Bit-2 12V H H L L

v

Erase 12V @) H L L L
v

| Signature Byte H H by L L L

1. The internal PEROM address counter is reset to O00H on the 1

XTAL 1 pin.

2. Chip Erase requires a 10 ms PROG pulse. '\
3. P3.1is pulled Low during programming to indicate RDY/BSY,

2 3. Programming the Flash Memory

5V
AT89C2051 ]
RDY/BSY <—— P3.1 er
PROG PGM
PROG  —» P32 il it
—HN ag
EEFLASH | 3f pgy
GRAMMING
JESTABLE | —» P35
=il PO
[ —» xTa1a RST [&—— Vi/Vep
INCREMENT GND
{ESS COUNTER

ising edge of RST and is advanced by a positive pulse at

Figure 4. Verifying the Flash Memory

5V
AT89C2051
VCC

Vik ——» P32 P1 PGM

y > DaTA
— P32
SEE FLASH — | P34

PROGRAMMING

MODES TABLE | —»] P3.5
—»| P37

[ —» xTAL1 RST f¢—— V,,
GND

llll



sh Programming and Verification Characteristics
°C 10 70°C, Ve = 5.0 + 10% :

mﬁ Parameter Min Max Units
Programming Enable Voltage . 11.5 12.5 Y
Programming Enable Current 250 LA
. Data Setup to PROG Low 1.0 us
3 Data Hold after PROG 1.0 us
] P3.4 (ENABLE) FHigh to Vpp 1.0 us
L’_ Vep Setup to PROG Low 10 us
] Vpp Hold after PROG 10 us
i PROG Width 1 110 us
; ENABLE Low to Data Valid 1.0 us
3 Data Float after ENABLE ' 0 1.0 us
PROG High to BUSY Low 50 ns
Byte Write Cycle Time 2.0 ms
RDY/BSY\ to Increment Clock Delay 1.0 us
Increment Clock High 200 ns

1. Only used in 12-volt programming mode.

ih Programming and Verification Waveforms

L

PORT 1 ( DATAIN ) (_DATA OUT S
“—tover  lorox [

P3.2

(PROG) Y

B B R e
fswa *—laLan—*
RST W=
Vpp) T E::::::::::::_
tersr teLqy -~ * tenaz
P3.4
(ENABLE) |

P31
(RDY/BSY) BUSY READY
tue > i
XTAL1 e
CREMENT
ODRESS)
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olute Maximum Ratings*

ating Temperature........................ -55°C to +125°C "NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
ge Temperature........................... -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
ge on Any Pin other conditions beyond those indicated in the
3espect to Ground .............oooeern -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
num Operating Voltage ..o 6.6V conditions for extended periods may affect device
reliability.
utput Current............ooo.oveovm 25.0 mA
haracteristics
10°C t0 85°C, V¢ = 2.0V to 6.0V (unless otherwise noted)
ol Parameter Condition Min Max Units
Input Low-voltage -0.5 0.2 V- 0.1 Vv
Input High-voltage (Except XTAL1, RST) 0.2V +0.9 Vee+ 0.5 Y
Input High-voltage (XTAL1, RST) 0.7 Ve Vee+ 0.5 \Y ]
Output Low-voltage(" loL =20 MA, Ve =5V 0.5 \% l
(Ports 1, 3) loo =10 mA, Vee =27V
Output High-voltage low = -80 pA, Voo = 5V + 10% 24 \Y,
(Poriz-1, 35 low = -30 pA 0.75 Vg v
loy =-12 pA 0.9 Ve Vv
Logical 0 Input Current Vi =0.45V -50 HA
(Ports 1, 3)
Logical 1 to 0 Transition Current Vin=2V, Voo =5V +10% -750 UA
(Ports 1, 3)
Input Leakage Current 0<Vin<Vee +10 HA
(Port P1.0, P1.1)
Comparator Input Offset Voltage | Voo =5V 20 mV
Comparator Input Common 0 Vee \
Mode Voltage
Reset Pull-down Resistor 50 300 KQ
Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Power Supply Current Active Mode, 12 MHz, V. = 6V/3V 15/5.5 mA
Idie Mode, 12 MHz, V¢ = 6V/3V 51 mA
P1.0 & P1.1 =0V or V¢
Power-down Mode®@ Vee =6V P1.0 & P1.1 =0V or Vg 100 HA
Veg =3V P1.0& P1.1=0V or Vg, 20 HA

1. Under steady state (non-transient) conditions, I, must be externally limited as follows:

Maximum I, per port pin: 20 mA

Maximum total Iy, for 2!! output pins: 80 mA :
If 1o, exceeds the test condition, VoL may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V for Power-down is 2V.



v

tCHCX

0.7 Vge

0.2 Vee- 0.1V

rnal Clock Drive

tCHCL

Vee = 2.7V t0 6.0V Ve = 4.0V to 6.0V

ol Parameter Min Max Min Max Units
Oscillator Frequency 0 12 0 24 MHz
Clock Period 83.3 41.6 ns
High Time 30 15 ns
Low Time 30 15 ns
Rise Time 20 20 ns
Fall Time 20 20 ns




. A TS89 C205 1

rial Port Timing: Shift Register Mode Test Conditions
.=5.0V £ 20%; Load Capacitance = 80 pF

- 12 MHz Osc Variable Oscillator

y,mbol Parameter Min Max Min Max Units
X Serial Port Clock Cycle Time 1.0 12tc oL us
H Output Data Setup to Clock Rising Edge 700 10tg ¢ -133 ns
o Output Data Hold after Clock Rising Edge 50 2o o -117 ns
o Input Data Hola after Clock Rising Edge 0 0 ns
. Clock Rising Edge to Input Data Valid 700 10tg ¢ -133 ns
ift Register Mode Timing Waveforms

INSTRUCTION [ 0 | 1 | 2 l 3 [ 4 [ 5 [ 6 [ 7 [ 8 |
ae YV T TG -G 3. WEL O -

}‘\’, e
cLock LAl ) T\ DM SO\ ) —
t «
QVXH r———»_’ }‘— tXH!C!X
1

WRITE TO SBUF, 0 2 e M PR D8 D 6 7
AT A Rl
—p

v t
OUTPUT DATA N0 i) BYPX serit
&LE;\R R,

INPUT DATA

Testing Input/Output Waveforms(" Float Waveforms(!)

- 0.5V

0.2 Voo + 0.9V

TEST POINTS
0.2 Vgg - 0.1V

Timing Reference

LOAD .
\. Points

V .+ 01V

LOAD oL

0.45v

1. AC Inputs during testing are driven at V. - 0.5V fora Note: 1. For timing purposes, a port pin is no longer floating

logic 1 and 0.45V for a logic 0. Timing measurements when a 100 mV change from load voltage occurs. A
are made at V,, min. for a logic 1 and V. max. for a port pin begins to float when 100 mv change frothe
logic 0. loaded V/V, level occurs.
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