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Tanate Suksompong 2009: Development of Data Storage System for Portable
Multichannel Analyzer using SD Card. Master of Science (Applied Radiation and
Isotopes), Major Field: Applied Radiation and Isotopes, Department of Applied
Radiation and Isotopes. Thesis Advisor: Assistant Professor Wanwisa Sudprasart. Ph.D.

95 pages.

The development of data storage system for portable multichannel analyzer (MCA)
focused on the application of SD card as a storage device instead of the older devices that could
not easily extend their capacity. The entire work consisted of two parts: the first part was the
study for pulse detection by designing the input pulse detecting circuit. The second part dealed
with the accuracy testing of data storage system for portable MCA, consisting of the design of
connecting circuit between microcontroller and SD card, the transfer of input pulse data into SD

card and the ability of data storage system for radiation detection.

It was found that the input pulse detecting circuit could detect the input pulse with the
maximum voltage, then the signal was transferred to microcontroller for data processing. The
microcontroller could connect to SD card via SPI MODE. The portable MCA could perfectly
verify the input signal ranging from 0.2 to 5.0 volts. The SD card could store the data as “.xIs”
file which could easily be accessed by the compatible software such as Microsoft Excel or Open

Office. The energy spectrum of the measured radionuclide could accordingly be generated.

Student’s signature Thesis Advisor’s signature
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M990 4 anuaednd i lunsieu

OCR Bit VDD Voltage Window
0-3 Reserved
4 1.6-1.7
5 1.7-1.8
6 1.8-1.9
7 1.9-2.0
8 2.0-2.1
9 2.1-2.2
10 2.2-23
11 2.3-2.4
12 2.4-2.5
13 2.5-2.6
14 2.6-2.7
15 2.7-2.8
16 2.8-2.9
17 2.9-3.0
18 3.0-3.1
19 3.1-3.2
20 3.2-3.3
21 3.3-34
22 3.4-3.5
23 3.5-3.6
24-30 Reserved

31 Card power up status bit (busy)
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Name Type Width CID-Slice Comment CID Value
Manufacturer ID (MID)  Binary 8 [127:120] The manufacturer IDs are ~ 0x03
controlled and assigned
by the SD Card
Association
OEM/Application ID ASCII 16 [119:104] Identifies the card OEM SD ASCII Code
(OID) and/or the card controls. 0x53, 0x44
The OID is assigned by
the 3C.
Product Name (PNM) ASCII 40 [103:64] 5 ASCII characters long SD128, SD064,
SD032, SD16,
SD008
Product Revision (PRV) BCD 8 [63:56] Two binary coded Product Revision
decimal digits (30)
Serial Number (PSN) Binary 32 [55:24] 32 Bit unsigned interger Product Serial
Number
Reserved 12 [19:8] Manufacture date-yym Manufacture date
(offset form 2000) (for example :
Apr
2001=0x014)
CRC7 checksum (CRC)  Binary 7 [7:1] Calculated CRC7
Not used, always ‘1’ 1 [0:0]

A3n: 9NN na (w.3.1)

4. 95 SCR (SD Card Configuration Register)
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n Fei3en wihii

1 CD/DAT3/CS Card detection
2 CMD Command

3 VSS Ground

4 VDD Power Supply
5 CLK Clock

6 VSS Ground

7 DATO Data I/O

8 DATI Data I/O

9 DAT2 Data I/O
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M9 7 s10azBenndyauaie Weldmsi¥eunny SD MODE

Pin Name Type Description
1 CD/DAT3 1/0 Card detect/Data line [Bit3]
2 CMD /0 Command/ Response
3 VSS1 G Ground
4 VDD Supply voltage
5 CLK I Clock
6 VSS2 G Ground
7 DATO 1/0 Data line [Bit0]
8 DAT1 1/0 Data line [Bit1]
9 DAT2 1/0 Data line [Bit2]

3n: 9NN 0a (w.u.1)

M3197i 8 swazideandy a1 e l¥msiFoudsuun SPI MODE

Pin Name Type Description
1 CS I Chip select (active low)
2 Data In 1 Host-to-card Commands and Data
3 VSS1 G Ground
4 VDD S Supply voltage
5 CLK I Clock
6 VSS2 Ground
7 Data Out Card-to-host Data and Status
8 RSV ---- Reserved
9 RSV ---- Reserved

A3n: 9NN e (..
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0.2 Tad
manuandad i 0.2 Trad

¥4 adait 1 Adai 2 Adai 3 Adait 4 Adai 5 Aunde

25 0 0 0 0 0 0
26 0 0 0 0 0 0
27 0 0 0 0 0 0
28 12 10 15 9 7 10.6
29 7 10 13 11 6 9.4
30 14 13 10 10 8 11.0
31 16 17 16 7 19 15.0
32 11 14 18 13 12 13.6
33 7 8 11 17 12 11.0
34 13 13 13 14 16 13.8
35 12 11 9 18 12 12.4
36 20 13 17 22 18 18.0
37 12 22 24 22 17 19.4
38 24 29 21 21 24 23.8
39 50 308 304 295 327 256.8
40 1262 1286 1272 1218 1245 1256.6
41 240 24 16 28 29 67.4
42 0 0 0 0 0 0

43 0 0 0 0 0 0
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0.4 Tad
manuadndIwih 0.4 Trad

¥4 Adait 1 Adaii 2 Adai 3 Adai 4 Adai 5 Aunge

62 0 0 0 0 0 0
63 0 0 0 0 0 0
64 8 12 9 6 2 7.4
65 7 2 8 5 4 52
66 5 5 6 9 2 5.4
67 10 5 7 6 7 7.0
68 11 11 14 5 9 10.0
69 8 12 6 6 12 8.8
70 10 8 10 6 12 9.2
71 10 11 13 11 11 11.2
72 7 8 9 7 15 9.2
73 11 8 14 16 7 11.2
74 16 14 11 15 7 12.6
75 13 20 20 18 7 15.6
76 15 21 23 21 20 20.0
77 29 32 39 30 29 31.8
78 74 349 386 409 374 318.4
79 1593 1552 1547 1601 1578 1574.2
80 233 30 26 43 28 72.0
81 6 4 6 3 10 5.8
82 0 0 0 0 1 0.2
83 0 0 0 0 0 0
84 0 0 0 0 0 0
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0.6 Tad
manuandnd i 0.6 Thad

¥4 Adait 1 Adaii 2 Adai 3 Adai 4 Adai 5 Aunge

112 0 0 0 0 0 0
113 0 0 0 0 0 0
114 0 0 0 0 0 0
115 0 0 0 0 0 0
116 0 0 0 0 0 0
117 0 0 0 0 0 0
118 0 0 0 0 0 0
119 30 19 23 23 15 22
120 1897 1992 1886 1846 1887 1901.6
121 579 577 666 691 674 637.4
122 19 22 25 25 29 24
123 3 1 0 2 1 1.4
124 0 0 0 0 0 0
125 0 0 0 0 0 0
126 0 0 0 0 0 0

127 0 0 0 0 0 0
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0.8 Tad
aanuaadnd 1w 0.8 Toad

¥4 adait 1 Adai 2 Ada 3 Adait 4 Adai 5 Aunae

149 0 0 0 0 0 0
150 0 0 0 0 0 0
151 0 0 0 0 0 0
152 0 0 0 0 0 0
153 0 0 0 0 0 0
154 0 0 0 0 0 0
155 0 0 0 0 0 0
156 3 2 2 4 1 1.8
157 15 13 12 15 11 10.2
158 660 650 655 554 516 475
159 1806 1882 1860 1836 1802 1837.2
160 163 154 153 156 160 157.2
161 5 3 2 4 5 3.8
162 0 0 0 0 0 0
163 0 0 0 0 0 0
164 0 0 0 0 0 0
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1.0 Thad
aanuaadnd Wi 1.0 Thad

¥4 adait 1 Adai 2 Ada 3 Adait 4 Adai 5 Aunae

186 0 0 0 0 0 0
187 0 0 0 0 0 0
188 0 0 0 0 0 0
189 0 0 0 0 0 0
190 0 0 0 0 0 0
191 0 0 0 0 0 0
192 0 0 0 0 0 0
193 0 0 0 0 0 0
194 1 8 8 8 9 6.6
195 284 340 317 335 330 264.4
196 1883 1851 1871 1845 1842 1858.4
197 351 329 315 358 355 341.6
198 32 31 47 37 36 36.6
199 0 0 0 0 0 0
200 0 0 0 0 0 0

201 0 0 0 0 0 0
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1.2 Thad
aanuaadnd lwih 1.2 Thad

¥4 adait 1 Adai 2 Ada 3 Adait 4 Adai 5 Aunae

227 0 0 0 0 0 0
228 0 0 0 0 0 0
229 0 0 0 0 0 0
230 0 0 0 0 0 0
231 0 0 0 0 0 0
232 0 0 0 0 0 0
233 0 0 0 0 0 0
234 0 0 0 0 0 0
235 6 7 7 7 6 5.4
236 155 303 437 537 678 391
237 1865 1807 1853 1848 1804 1835.4
238 310 251 189 144 101 199
239 0 0 71 39 32 28.4
240 0 0 0 0 0 0
241 0 0 0 0 0 0
242 0 0 0 0 0 0
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1.4 Thad
aanuaadnd Wi 1.4 Toad

¥4 adait 1 Adai 2 Ada 3 Adait 4 Adai 5 Aunae

267 0 0 0 0 0 0
268 0 0 0 0 0 0
269 0 0 0 0 0 0
270 0 0 0 0 0 0
271 0 0 0 0 0 0
272 0 0 0 0 0 0
273 0 0 0 0 0 0
274 0 0 0 0 0 0
275 0 0 0 0 0 0
276 2 2 2 2 4 2
277 132 138 81 138 109 119.6
278 2360 2493 1604 2493 1892 2168.4
279 165 144 255 144 207 183
280 0 0 0 0 0 0
281 0 0 0 0 0 0

282 0 0 0 0 0 0
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1.6 Thad
manuaadndliih 1.6 Toad

%04 adait 1 adaii 2 adai 3 Adai 4 adai 5 Aunde

312 0 0 0 0 0 0
313 0 0 0 0 0 0
314 0 0 0 0 0 0
315 0 0 0 0 0 0
316 0 0 0 0 0 0
317 0 0 0 0 0 0
318 0 0 0 0 0 0
319 0 0 0 0 0 0
320 26 264 195 432 26 183.4
321 2600 2446 2393 2542 2541 1984 .4
322 350 91 99 29 31 120
323 0 24 37 0 0 12.2
324 0 0 0 0 0 0
325 0 0 0 0 0 0
326 0 0 0 0 0 0
327 0 0 0 0 0 0
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1.8 Thad
manuaadndliih 1.8 Toad

%04 adait 1 adaii 2 adai 3 Adai 4 adai 5 Aunde

350 0 0 0 0 0 0
351 0 0 0 0 0 0
352 0 0 0 0 0 0
353 0 0 0 0 0 0
354 0 0 0 0 0 0
355 0 0 0 0 0 0
356 0 0 0 0 0 0
357 0 0 0 0 0 0
358 1 3 2 1 3 1.8
359 231 310 206 204 317 207.4
360 2612 2681 2583 2684 2577 2627.4
361 91 10 7 15 4 254
362 0 0 0 0 0 0
363 0 0 0 0 0 0
364 0 0 0 0 0 0
365 0 0 0 0 0 0




79

d‘ < v 1 A a A 1 @
ATTNNUINN 10 Wﬁﬂ’lfl'LﬂﬂﬂﬂﬂWﬁﬁaﬁq%@ﬂﬂlﬁ]ﬁmﬁ@ﬁ MCA ﬂfu@WﬂW’lﬂﬂ'J’]‘JJﬁ’NﬁﬂﬂT\lﬁ’l

2.0 Thad
manuaadnd i 2.0 Toad

¥4 ada 1 adaii 2 adai 3 adai 4 adaii 5 Aunde

400 0 0 0 0 0 0
401 0 0 0 0 0 0
402 0 0 0 0 0 0
403 0 0 0 0 0 0
404 0 0 0 0 0 0
405 0 0 0 0 0 0
406 0 0 0 0 0 0
407 0 0 0 0 0 0
408 0 0 0 0 0 0
409 49 280 327 667 348 3244
410 2600 2621 2532 2217 2575 2509.0
411 40 53 43 18 81 47.0
412 0 0 0 0 0 0
413 0 0 0 0 0 0
414 0 0 0 0 0 0
415 0 0 0 0 0 0
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2.2 Thad
aanuaadnd i 2.2 Thad

%04 adait 1 adaii 2 adai 3 Adai 4 adai 5 Aunde

440 0 0 0 0 0 0
441 0 0 0 0 0 0
442 0 0 0 0 0 0
443 0 0 0 0 0 0
444 0 0 0 0 0 0
445 0 0 0 0 0 0
446 0 0 0 0 0 0
447 0 0 0 0 0 0
448 0 2 0 0 0 0.4
449 56 12 19 210 115 71.2
450 2658 2776 2767 2457 2460 2623.6
451 174 15 20 37 28 54.8
452 0 0 0 0 0 0
453 0 0 0 0 0 0
454 0 0 0 0 0 0
455 0 0 0 0 0 0
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2.4 Thad
aanuaadnd lwih 2.4 Thad

¥4 adait 1 Adaii 2 adait 3 Adai 4 adai 5 Aunge
480 0 0 0 0 0 0
481 0 0 0 0 0 0
482 0 0 0 0 0 0
483 0 0 0 0 0 0
484 0 0 0 0 0 0
485 0 0 0 0 0 0
486 0 0 0 0 0 0
487 0 0 0 0 0

488 0 0 0 0 0 0
489 1 0 0 0 0 0
490 52 2 4 0 1 11.8
491 2724 2764 2776 2685 2672 2724.2
492 10 38 19 17 30 22.8
493 0 0 1 2 1 0.8
494 0 0 0 0 0 0

495 0 0 0 0 0 0
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2.6 Thad
aanuaadnd lwih 2.6 Toad

¥04 adai 1 adaii 2 adai 3 adai 4 adaii 5 Aunge

522 0 0 0 0 0 0
523 0 0 0 0 0 0
524 0 0 0 0 0 0
525 0 0 0 0 0 0
526 0 0 0 0 0 0
527 0 0 0 0 0 0
528 0 0 0 0 0 0
529 0 0 0 0 0 0
530 0 0 1 1 0 0.4
531 60 41 47 46 54 37.6
532 2766 2567 2813 2833 2529 2701.6
533 61 17 21 24 23 29.2
534 0 0 0 0 0 0
535 0 0 0 0 0 0
536 0 0 0 0 0 0
537 0 0 0 0 0 0
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2.8 Thad
aanuaadng lwih 2.8 Toad

¥04 adai 1 adaii 2 adai 3 adai 4 adaii 5 Aunge

560 0 0 0 0 0 0
561 0 0 0 0 0 0
562 0 0 0 0 0 0
563 0 0 0 0 0 0
564 0 0 0 0 0 0
565 0 0 0 0 0 0
566 0 0 0 0 0 0
567 0 0 0 0 0 0
568 1 2 1 0 0 0.6
569 53 46 37 64 13 32.0
570 2841 2812 2769 2809 2798 2805.8
571 2 1 12 9 10 6.8
572 0 0 0 0 0 0
573 0 0 0 0 0 0
574 0 0 0 0 0 0
575 0 0 0 0 0 0
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3.0 Thad
aanuaadnd 1w 3.0 Toad

¥04 adai 1 adaii 2 adai 3 adai 4 adaii 5 Aunge

601 0 0 0 0 0 0
602 0 0 0 0 0 0
603 0 0 0 0 0 0
604 0 0 0 0 0 0
605 0 0 0 0 0 0
606 0 0 0 0 0 0
607 0 0 0 0 0 0
608 0 0 0 0 0 0
609 95 90 80 97 39 61.2
610 2625 2717 2794 2823 2825 2231.8
611 60 37 51 9 38 39.0
612 1 7 2 0 0 2.0
613 0 0 0 0 0 0
614 0 0 0 0 0 0
615 0 0 0 0 0 0
616 0 0 0 0 0 0
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3.2 Thad
aanuaadnd Wi 3.2 Toad

¥04 adai 1 adaii 2 adai 3 adai 4 adaii 5 Aunge

644 0 0 0 0 0 0
645 0 0 0 0 0 0
646 0 0 0 0 0 0
647 0 0 0 0 0 0
648 0 0 0 0 0 0
649 0 0 0 0 0 0
650 0 0 0 0 0 0
651 0 0 0 0 0 0
652 57 90 43 55 11 39.8
653 2725 2700 2718 2795 2814 2205.4
654 38 21 38 4 42 28.6
655 11 7 0 0 0 3.6
656 0 0 0 0 0 0
657 0 0 0 0 0 0
658 0 0 0 0 0 0
659 0 0 0 0 0 0
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3.4 Thad
Aanuaadnd 1w 3.4 Toad

¥04 adai 1 adaii 2 adai 3 adai 4 adaii 5 Aunge

656 0 0 0 0 0 0
657 0 0 0 0 0 0
658 0 0 0 0 0 0
659 0 0 0 0 0 0
660 0 0 0 0 0 0
661 0 0 0 0 0 0
662 0 0 0 0 0 0
663 0 0 0 0 0 0
694 14 14 42 44 38 27.6
695 2795 2798 2811 2787 2873 2253.8
696 15 18 17 47 24 242
697 11 7 0 0 0 3.6
698 0 0 0 0 0 0
699 0 0 0 0 0 0
700 0 0 0 0 0 0
701 0 0 0 0 0 0
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3.6 Tad
Aanuaadnd 1w 3.6 Toad

¥04 adai 1 adaii 2 adai 3 adai 4 adaii 5 Aunge

679 0 0 0 0 0 0
680 0 0 0 0 0 0
681 0 0 0 0 0 0
682 0 0 0 0 0 0
683 0 0 0 0 0 0
684 0 0 0 0 0 0
685 0 0 0 0 0 0
686 0 0 0 0 0 0
687 17 14 11 21 23 13.8
728 2769 2815 2864 2823 2794 2259.2
729 20 16 12 30 14 18.4
690 0 7 2 0 0 1.8
691 0 0 0 0 0 0
692 0 0 0 0 0 0
693 0 0 0 0 0 0
694 0 0 0 0 0 0
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3.8 Thad
aanuaadng i 3.8 Toad

¥04 adai 1 adaii 2 adai 3 adai 4 adaii 5 Aunge

756 0 0 0 0 0 0
757 0 0 0 0 0 0
758 0 0 0 0 0 0
759 0 0 0 0 0 0
760 0 0 0 0 0 0
761 0 0 0 0 0 0
762 0 0 0 0 0 0
763 0 0 0 0 0 0
764 45 41 23 19 31 22.8
765 2806 2752 2841 2798 2767 2231.6
766 13 11 7 9 10 10
767 0 7 2 0 0 1.8
768 0 0 0 0 0 0
769 0 0 0 0 0 0
770 0 0 0 0 0 0
771 0 0 0 0 0 0
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4.0 Thad
aanuaadng 1w 4.0 Toad

¥04 adai 1 adaii 2 adai 3 Adaii 4 adaii 5 Aunge

797 0 0 0 0 0 0
798 0 0 0 0 0 0
799 0 0 0 0 0 0
800 0 0 0 0 0 0
801 0 0 0 0 0 0
802 0 0 0 0 0 0
803 0 0 0 0 0 0
804 1 2 0 0 0 0.4
805 77 81 52 63 68 52.8
806 2774 2795 2841 2878 2801 2263
807 0 0 1 2 7 2
808 0 7 2 0 0 1.8
809 0 0 0 0 0 0
810 0 0 0 0 0 0
811 0 0 0 0 0 0
812 0 0 0 0 0 0
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42 Thad
manuandnd i 4.2 Trad

SN adai 1 adaii 2 adait 3 adait 4 adai 5 Aunge

836 0 0 0 0 0 0
837 0 0 0 0 0 0
838 0 0 0 0 0 0
839 0 0 0 0 0 0
840 0 0 0 0 0 0
841 0 0 0 0 0 0
842 0 0 0 0 0 0
843 0 0 1 3 1 1
844 27 24 29 31 25 21.8
845 2745 2714 2801 2739 2782 2207.2
846 17 12 32 28 22 22.2
847 0 7 2 0 0 1.8
848 0 0 0 0 0 0
849 0 0 0 0 0 0
850 0 0 0 0 0 0

851 0 0 0 0 0 0
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4.4 Thad
manuaadnd i 4.4 Thad

¥04 adai 1 adaii 2 adai 3 adai 4 adaii 5 Aunge

868 0 0 0 0 0 0
869 0 0 0 0 0 0
870 0 0 0 0 0 0
871 0 0 0 0 0 0
872 0 0 0 0 0 0
873 0 0 0 0 0 0
874 0 0 0 0 0 0
875 0 0 1 3 1 1
876 71 51 62 35 27 35
877 2697 2714 2786 2699 2689 2177.6
878 56 38 46 33 35 41.6
879 0 7 2 0 0 1.8
880 0 0 0 0 0 0
881 0 0 0 0 0 0
882 0 0 0 0 0 0
883 0 0 0 0 0 0
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4.6 Thad
manuaadnd i 4.6 Toad

¥04 adai 1 adaii 2 adai 3 adai 4 adaii 5 Aunge

901 0 0 0 0 0 0
902 0 0 0 0 0 0
903 0 0 0 0 0 0
904 0 0 0 0 0 0
905 0 0 0 0 0 0
906 0 0 0 0 0 0
907 0 0 0 0 0 0
908 0 0 1 3 1 1
909 3 1 25 26 20 144
910 2840 2796 2771 2803 2784 2230.8
911 14 21 56 47 23 322
912 0 7 2 0 0 1.8
913 0 0 0 0 0 0
914 0 0 0 0 0 0
915 0 0 0 0 0 0
916 0 0 0 0 0 0
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4.8 Thad
manuaadnd i 4.8 Thad

¥04 adai 1 adaii 2 adai 3 Adaii 4 adaii 5 Aunge

935 0 0 0 0 0 0
936 0 0 0 0 0 0
937 0 0 0 0 0 0
938 0 0 0 0 0 0
939 0 0 0 0 0 0
940 0 0 0 0 0 0
941 0 0 0 0 0 0
942 0 0 1 3 1 1
943 5 18 23 27 28 19.2
944 2785 2695 2796 2801 2698 2198
945 18 14 36 15 13 19.2
946 0 7 2 0 0 1.8
947 0 0 0 0 0 0
948 0 0 0 0 0 0
949 0 0 0 0 0 0
950 0 0 0 0 0 0
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5.0 Tad
manuaadnd i 5.0 Tad
¥04 adai 1 adaii 2 adai 3 adai 4 adaii 5 Aunge
968 0 0 0 0 0 0
969 0 0 0 0 0 0
970 0 0 0 0 0 0
971 0 0 0 0 0 0
972 0 0 0 0 0 0
973 0 0 0 0 0 0
974 0 0 0 0 0 0
975 0 0 1 3 1 1
976 49 52 41 60 30 36.6
977 2698 2785 2794 2541 2699 2163.8
978 25 38 54 127 29 54.6
979 0 7 2 0 0 1.8
980 0 0 0 0 0 0
981 0 0 0 0 0 0
982 0 0 0 0 0 0
983 0 0 0 0 0 0
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