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Special Project Title Study and development of a Root Canal Apex Locator
Name Mr. Panapong Laohawarit

Mr. Thanawat Juphao

Mr. Peerayutt  Suthipabhar

Department Applied Physics

Program Applied Physics

Academlic Year 2548
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ABSTRACT

A root canal apex locator based on impedance measuring at frequency of 800 Hz
and 400 Hz was constructed. The two voltage signals responsed to the generated square wave
current signals, after amplification and filtering, were processed by Philips PS9LPC 938
microcontroller. Vitro study for various tooth which was submerged in 2.5% NaOQCl solution
revealed that the ratio and difference of impedance both decreased rapidly when the file tip
approached the apical section. The ratio of the impedance was more appropriated to represent the
approach distance which was shown by bar level on LCD programmed to display row of

character perpendicular to the canal one.
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AINVBIDATA RAM 1 2561 uazdau 512-BYTE AUXILIARY RAM fausufided
=% 9 1 o o . = [ -=l’ ] J v
dstoya s unnsaNaRDT (Address pointer) & ung 39 W lad 109Ul XDATA

9 & 39 Ao & ' 4w ' 2w ot [
(External data ram) M3 118 yfeyafifiuinedn oty XDATA Mz mnd1veyainiumne il
256-BYTE DATA RAM
<
32.1.1.1 NBSN(PORT)
S om e o 4 o o o - . 7

woin iagianun 4 woinie woin 0 WoIN 1 Wasn 2 uazwasy 3TagudRsNein

1‘1 ar n o -3 JA=I
ansenazlusd s Wnsrudun1s Wanddds 4 uvy Tasdnuani Sowas (REGISTER)

ay ol

PxMLly uaz PxM2y AR 151949 3.1

ﬂll & o
M§1391 3.1 uumgiluwmmam’a’é‘mmm‘lmwm"n

PxMly 0 0 1 1
PxM2y 0 1 0 1
Port Output Quasi- Push-Pull Input Only Open Drain
Mode Bidirectional (High
Impedance)

g = o
- Quasi-Bidirectional #i #1130 1ma iniiuiadunn (nput) uazte 11iyn (Output) 4
& - o 3K [T '
push-pull §2 Funsnliveindhrvdunnuaz 1 Wi in: Widsdansde
7 o o o E 4
woindlueimmninde IMInTzua RN NWRINTINTY
4 9 o = " )
- Input only 710 Miwaindludunnedaien
¥ o & A o ' o = &
- Open Drain At arnnsn§waindhun B urnuaso viyn bilddadumaivea
w ax, A - o . .
adw (laternal pull-ups) 1 iAnayan 13§ N3 udamed (Pull-downs transistor)

- o = o
dla wesnioousdivas Sngud
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svazd smnsRad meinuazmsinlfaiunde s samd wmvinlai
iy Tnedod1duan wesn 3 llw wedn o swsodumn 88 sil
_PORT 3.0uaz3.1 41 bilinsrvesnFammeinmenauisaldduwain

Suwnaawinw 18
- PORT 2.0 83 2.7 181§ Quasi-Bidirectional 1% UABIIAULCD
- PORT 1083 1.1 181814 Quasi-Bidirectional dhmiumsai ifoyaunuounsy (serial)
- PORT 1.2 81 13 il I¥anuudgniinua 1l Quasi-Bidirectional
- PORT 1483 1.5 dluwesnfienusos1nuadiy Input onty ataduamiiu
@Ganaan wain 14 W8Ny weinLs Wdmiuda19331a Reset)

- PORT 1681 1.7 b I I nuungniinua il Quasi-Bidirectional
- PORT 0.1 1wt input onty s 1zpn Wiilinwndwmiududnnmesnaen
$93710 (AD00)
- PORT 0.2 813 0.5 i il uudgnimua 131y Quasi-Bidirectional
- PORT 0.6 89 0.7 1% 131 % Quasi-Bidirectional Eluv1d 1w udeysy 104 4000Hz
uae 800Hz A WA IR Bnviad 2uF e 11N 19e N v2iid 3 CONFIGURABLE
OSCILLATOR flo daufiidenundsf uiiadygnandmdrnzldnnmuolunients
won uAE iden Wundadiadyaasnininnneluidh
RC OSCILLATORY so s I idon WWunaan 1inr v 15 unsu Flash Magic tazd'a
19 uAR1H 19978 1 RC OSCILLATOR 1% Special Function Register (SFR) 14271
TRIM (On-Chip RC oscillator trim register) 9 1) %3923 624 PROGRAMABLE
OSCILLATOR DIVIDER A0 o 1fia 11130151000 s d i iadaygnmuning

o 9 & ' E &
Tnermua'lda1n SFRYe DIVM 1aas e 1z 13A16mise
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32.1.12 ©3% Analog to Digital Converter (ADC)

[T |

Sludwyndndediuulasdgaseuiasniludineal lns s

o 4
Aggln 3.7
\\‘\ - -
—
AN &
——— | IHFAIT ~oR
EN— TN -
|
— GONTROL
— LOGHC
3
SEL
COlAAL 0T

yiliaa sgadtasiaiumyhnmssswlasdygnusinasniluiiaos

Tnriinuaz@eaving 104ia ansodentesdaeinld s 109 Aluuw Successive
=L 4 . £ r [
approximation A3 9T1ABS WMMITIAUA I avuA BAT annsadanmam A 6 uuy
a [ o = & &
-fruuaresdans, nsulasduanaunsanung
o [l o a ' &
- fnuave sdnyrsy, lin1suila sdygnmuulRaie
L] ot at ) al =1 é ::
- e i uen A, Insudlasdgnnounesviling s
_yveadayansa Tuiid, Imsulasdygsuusenios
g sdnyeng, Ensutasdyamuseies
- 11111 Single Step
aasedan1siinuves AD I 3w
- wuunsedudanam
- o o
- Guniun
¥ 3
-AFzALAIEIRY
drumsBauluadasileszdonmaiamuduwuy finuavasdyans, insule

Fyapauuudaidswasdinisi1a e 1A/ wuuFuiui
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32.1.13 TIMERO 4as TIMER1
TIMER 0 48 TIMER 1 93/31u0un13v13114 6 uir fia Mode 0, 1,2, 3 uax
6 T,ﬁﬂi‘ls1uag;sﬁtmmsmammiammuﬁai’f
- Mode 0 9243131 Timer/Counter 119 13 ia 1814 8 diAUMa1910 THx uax 5 A1
11310 5 1AA13989 TLx
- Modse 1 Timer/Counter %1419 16 i 1aald 8 inun1n THx waz 8 1AE193191A
8 AY91 TLx
- Mode 2 Timer/Counter Y10 8 iin Taeasd TLx Tun 1TIAUNTERAEIAATS Over
Flow 92121191 (Reloaded) 310 THx a1t TLx ud1Guduiiudn Tl
“Mode 3 P1391191%%23 Timerd ua Timerl ISUENHU
- Mode 6 11319319 PWM (Pulse width modulation)
dmsumsian g9 ld TMER ouaz TIMER 114 Mode2 Tay TIMERO ¥
ﬁmiﬁu‘]uﬁaﬁuﬁﬂﬁmm1mﬂ9m5ﬂ£a $00Hz 4@ 4000 Hz §a¥ TIMER 1A 11917
AN I IS mva sz
3212 dhudszneundnvernsadtulasanulnsamed
32121 midadenmasnvedlulasasulnsaans
nisdavinesnhinsauduga qenasesh IdnsAe Wi WinAudade
Euanainves i Tasaow Tnsawes Wiy wasn 0 wodn 1 neim 2 uazwosn 3

] - o o o =
‘ﬂa;ﬂ K] n"lil'l'iﬂ'ﬂaaaﬁcﬁﬁl:ﬁmgiﬂ1ﬂu@ﬂlﬂ3’3~|l‘lﬁ ﬂmﬁﬁﬂugﬂﬂ 3.8

Lo
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322 m3maniludau Software uilseondl# 4 Huso1AD
1. msadadyg s 2anud
din sy WlsunsyluTasnon nsawed evgnda liodadug umnd
o A oa, A X
$00 Hz 29n 21131 U1181100ms 1A A UAUIN AT ek FUAUNUTURA 9
4 & 4 & w o
10ms Stickii et 1085379 wnlAeuurard19d g 19 4000 Hz adunilil
ARBAN 1YY
2. mutlasdynn 298D
b 4
mswtlasdaynmasiina lumsula sisnum 70 ms dsoi 1d
o By = 1 ar . A .
Tarmuam siie-dave samDiuaomls tck IwuAD ssiinudisnanmii
ar @ o i . uy.u L]
111 20ms ua zd i msialasdnyanm il audatan1h 90ms 911U AD AvE
2 Y 5 o 4 El
#yAR 1914 FN¥A 1IN 11T NUA RN BN @ 63870193 Transient 48 9
ad 4 d.. 4 1 L J. A"
Aoy 1047189N191299505DIAUA TUF I8 TN HATFININNDUNILAY
gednanandidasaslidnanudvi
3. Msilszaanadayn 1w
v ad b E
amiuladidanandudiun sulasdygmemasngillel azgn
o 1 o 1] 1 L] J
13TH 11 max H8ININHINEN 15T 2N 11971 max T8 IR zAIAD SIHaHI
i 3 ‘J L] ﬂl 1 L)
fiw'Idvoarta 2 a1udl 200Hz uby 4000H:z Tsmlarumalasagluya2 mv
= = 1
Arzuaaana D admalassniy
4. NTUANIND
o A n’i 1 £y
:iis azB AN anan 3 ad1auuni1ee LCD 1A 16x2 Tasimamn
[ P o N ® ¥
1supnsemin Adsesiluiauenan uz (Bar) diedsdwniavaslaw

s1nHuILuaR 18191 ‘APEX’ wiounudiiduaiian



30
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4.1.2 figye 1 ReRN 1IN0 T INAYR AN 11LH800 Hz 1ax 4 KHz

wedulluiiezfeshmsswdyann 2 dyam Ao JygwAaduvesninu

o o’ é -]
800 Hz 118y 4,000 Hz 3951 udo 19190550y 194 (Summing Amplifier) W01

o A Q u‘: ¥ a o

mssudygn wedloudyapaitaeudililuestueudegsimsudyn s Tae

S d . - o
Pudedid g iuna1u1 800 Hz 1¥1w1 9zl e enilAyAves 800 Hzu 1WA
a A 1 e - o a 1 o = =
uoutldgaves 4,000 Hz NlA WY 0 Rorsandygnue iy Fygun1ds
~ A0 800 Hz uaziluuia 3.3 V. dionatdy eetuoudl 1l 100 ms #osadoygyin
BUNN tadryn 10 800 Hz uowildganiniu 0 1ag 4,000 Hz Wiy 3.3 V. selusyi]

-] = d. -5 at | é - Qr

wiwoNilagrues 2 A1UBNILINAY miauf VN 100 ms usAlaN BTy g 1U
11y N 32w 92iAaud 4,000 Hz ezl nemilAgawindu 3.3 v, gudyanmma
Ao 1vignazaouein 800 Hz Tiflu 4,000 vesnn 9 100 ms TasilueunlFgaimi

fiu Tnsuanedagili 4.4

JUii4.4 dygnannubnnesnudyanavasildouoin 800 Hz Wil 4 KHz
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1% 4.11 v IMSIHIBUNSNAADY
]

. : o o 2
4.3.1 HON1INAND I IHAN 1 TUAZHOA I VBITRYEY Ida I NUB Y IANFN L
AHANIIUDZ HOA 1SYDIT Y100 Peak to Peak ¥ HIITQNUIBIAINE F TV
daoenedn 1 nrzvilumsazane NaoCl Wudu 2.5 %wiw 92 [dnamsnaanafannaied 4.1n

way 4.1 Wi tduReunnez 18ns g 4.12n uaz 4,129 i

MT137 4,10 ST8ENI9910 Apical section HUAWANIIVDITARIMEBINNHUDVOINHFAL

stevina(mm) uandatl 1 uanfoft 2 uanfod 3 iy

5 1.037 1.036 1.037 1.0367

475 1.028 1.033 1.036 1.0323

45 1.020 1.038 1.037 1.0320

4.25 1.024 1.031 1.032 1.0290

: 4 1.028 1.033 1.031 1.0307
‘ 3.75 1.024 1.025 1.027 1.0253
35 1.022 1.023 1.029 1.0247

3.25 1.021 1.024 1.030 1.0250

3 1.021 1.023 1.032 1.0253
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TurMINIn Aplcal section

JUN 4120 nEmans A Svo Il 1

275 1.021 1.031 1.031 1.0277
25 1.033 1.025 1.025 1.0277
225 1.022 1.023 1.021 1.0220
2 1.018 1.021 1.014 1.0177
1.75 1.009 1.003 1.008 1.0067
1.5 1.000 0.999 0.989 0.9960
1.25 1.000 0.889 0.921 0.9700
1 0.875 0.789 0.777 0.8137
Q.75 0.702 0.697 0.699 0.6993
05 0.663 0.633 0.645 0.6470
0.25 0.566 0.513 0.519 0.5327
0 0.470 0.489 0.499 0.4860
-0.25 0.488 0.456 0.465 0.4697
-0.5 0.444 0.450 0.451 0.4483
-0.75 0.407 0.411 0.435 04177
-1 0.377 0.391 0.391 0.3863
-1.25 0.359 0.365 0.366 0.3633
-1.5 0.350 0.345 0.353 0.3493
-1.75 0.340 0.334 0.333 0.3357
-2 0.331 0.331 0.298 0.3203
dathefludi 1
0 e o
4D - — S
N — ] i
o I _
3
i
£
DA —_— r
La-2808-- e e
- 00000 o
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ATIWN 4.10 328EN1ID10 Apical section numﬂnmqalmmngmﬂmmmﬂmmﬂuﬂml
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seaEvna(mm) nanfad 1 nan¥ed 2 nanfad 3 i
5 0.024 0.023 0.024 0.023667
475 0.015 0.020 0.023 0.019333
4.5 0.007 0.026 0.024 0.019
425 0.011 0.018 0.019 0.016
4 0.015 0.020 0.018 0.017667
3.75 0.011 0.012 0.014 0012333
3.5 0.009 0.010 0.016 0.011667
3.25 0.008 0.011 0.017 0.012
3 0.008 0.010 0.019 0.012333
275 0.008 0.018 0.018 0.014667
25 0.020 0.012 0.012 0.014667
2.25 0.009 0.010 0.008 0.009
2 0.005 0.008 0.001 0.004667
1.75 -0.004 -0.010 -0.005 -0.00633
1.5 -0.013 -0.014 -0.024 -0.017
1.25 -0.013 -0.024 -0.082 -0.043
1 -0.138 -0.224 0.235 -0.19933
0.75 -0.31 -0.316 -0.314 -0.31367
0.5 -0.350 -0.380 -0.368 -0.366
0.25 -0.447 -0.500 -0.494 -0.48033
0 -0.543 -0.524 -0.514 -0.527
-0.25 -0.525 -0.557 -0.548 -0.54333
0.5 -0.569 -0.563 -0.562 -0.56467
-0.75 -0.606 0,602 -0.578 -0.58533
-1 -0.636 -0.622 -0.622 -0.62667
-1.25 -0.654 -0.648 -0.647 -0.64967
-1.5 -0.663 -0.668 -0.660 -0.66367
-1.75 -0.673 -0.679 -0.680 -0.67733
-2 -0.682 -0.682 0714 -0.69267
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0.1

#n Devider peak to peak (800 H2-4000 Hz)
4
B
5
4
|
3!

0.6

--0.8
Turyawn Apical section

JUN 4.129 veman ke avesflud 1

. . y 4 o
4.3.2 HAN13NANBIMHANISHAZHAA VDI T iaRInNUD YD IFUAN2
flIWAN1TUOL HAR 199D TR0 104 Peak to Peak32 ety g iidesnnud dmiuilu
A106193% 2 nTzh luaIazals NaOCH a9 2.5 %wiwee Idnanmsnaanedanns1ef 4.20

uag 429 1Had Idun@ouns ey 1@ns mfagUf 4.13a uae 4.130 awdrdu

MI19M 4.20 STBLMIDIN Apical section AU MATI VO IT YO IIETDINIMID VO IHUTN2

stupna(mm) nanfont 1 uanfort 2 nanfodl 3 s

5 0.905 1.230 1.020 1.0517
4.75 0.905 1.180 1.019 1.0347
45 0.905 1.100 1.034 1.0130
4.25 0.805 1.050 1.039 0.9980
4 0.905 1.040 1.041 0.9953
3.75 0.805 1.023 1.044 0.9907
3.5 0.905 1.006 1.043 0.9847
3.25 0.903 0.999 1.043 0.9817
3 0.900 0.995 1.036 0.9770
2.75 0.896 0.982 1.002 0.9600
2.5 0.890 0.979 1.003 0.8573
2.25 {.886 0.950 1.000 0.9453
2 0.880 0.909 1.009 0.9327
1.75 0.820 0.860 0.982 0.8873
1.5 0.818 0.877 0.946 0.8803
1.25 Q0.707 0.810 0.838 0.7843
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1 0.654 0.686 0.763 0.7010
0.75 0572 0.675 0722 0.6563
0.5 0.557 0.559 0.590 0.5687
0.25 0.445 0.455 0.432 0.4440
0 0.405 0.387 0.360 0.3840
-0.25 0.392 0.394 0.393 0.3830
-0.5 0.370 0.369 0.380 0.3730
-0.75 0.338 0.333 0.354 0.3417
-1 0.322 0.318 0.329 0.3230
-1.25 0.309 0.310 0.317 0.3120
-1.5 0.285 0.303 0.304 0.3007
-1.75 0.288 0.296 0.291 0.2917
-2 0.270 0.285 0.282 0.2790
snaiheiudd 2

T s T T S e e —— e —

i
i
3
£
o
- g
& 5 4 3 2 1 o A .2 3
1turwianan Apkeal section
3UN 4.130 urasnsiwaisve aftug 2
a w 1 T o a A el
AN 4.20 T¥EEMIDIN Apical section ALA WAA VB IAYEINTDINNNUH VO INUTH2
sEHEVNI(mm) uanior 1 nanfodt 2 i GE 1ads
5 -0.114 0.211 0.001 0.032667
475 -0.114 0.161 Q.000 0.015667
45 -0.114 0.081 0.015 -0.006
425 -0.114 0.031 0.020 -0.021
4 0114 0.021 0.022 -0.02367
375 -0.114 0.004 0.025 -0.02833
3.5 -0.114 0.013 0.024 -0.03433
325 0116 -0.020 0.024 -0.03733
3 -0.119 -0.024 0.017 -0.042
275 -0.123 -0.037 -0.017 -0.059
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2.5 -0.129 -0.040 -0.016 -0.06167
2.25 -0.133 -0.069 -0.019 -0.07367
2 -0.139 -0.110 -0.010 -0.08633
1.75 -0.199 -0.169 -0.037 -0.13167
1.5 -0.201 -0.142 -0.073 -0.13867
1.25 -0.312 -0.208 -0.183 -0.23467
1 -0.365 -0.333 -0.256 0.318
075 -0.447 -0.344 -0.297 -0.36267
05 -0.462 -0.460 -0.429 -0.45033
0.25 0.574 -0.564 -0.587 -0.575
0 0,614 -0.632 0.659 -0.635
-0.25 0.627 0625 -0.626 -0.626
-0.5 -0.649 -0.650 .639 -0.646
D75 -0.681 -0.686 -0.665 067733
-1 -0.697 -0.701 -0.690 -0.696
-1.25 -0.710 -0.709 0.702 -0.707
-1.5 -0.724 -0.7186 0715 -0.71833
-1.75 0.731 0723 -0.728 -0.72733
-2 -0.749 -0.734 -0.737 -0.74
01
- e e - s
1 -1 -3
0.1
E
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; ' 9 4 e
4.3.3 HON1INARDIA IHAM IHAZHAM IV AT aDIN I IND Yo IR U3
ATHANITUDE NAS 19D EYEy 1M Peak to Peaksgnindyguaesnnud dmiuiu
A10819%50 3 N3z luasazane NaOC! dud 2.5 %wsw 92 TANAN IS NAR0 I8 4A15197 4.30

waz 4.3 1heH IaidsunTes IdnTmaegilil 4.140 wag 4149 muddy

M15197 430 52EZN19910 Apical section AMUAIHANITYBIF QYR 18! Peak to Peak W 3

syt (mm) uaa¥of 1 uanfor 2 uanfodl 3 waln

5 0.688 0.705 0.707 0.7000
475 0.682 0.703 0.706 0.6970
4.5 0.681 0.704 0.689 06913
425 0.681 0.698 0.681 0.6867
4 0.676 0.669 0677 0.6740
3.75 0.659 0.664 0.681 0.6680
35 0.648 0.646 0.674 0.6560
3.25 0.651 0.636 0.664 0.6503
3 0.600 0634 0.650 0.6280
275 0.600 0.625 0.640 06217
25 0.600 0610 0.630 0.6133
2.25 0.600 0.609 0.627 0.6120
2 0.600 0.623 0615 06127
175 0.621 0.630 0.617 0.6227
1.5 0.610 0.620 0616 06153
1.25 0.606 0613 0614 06110
1 0.593 0616 0612 0.6070
0.75 0.580 0.583 0.610 0.5910
0.5 0.570 0.562 0.590 0.5740
0.25 0.447 0,555 0.580 0.5273
0 0.403 0.452 0.445 0.4333
-0.25 0.387 0.414 0.410 0.4037
0.5 0.354 0.379 0.366 0.3663
-0.75 0.323 0.351 0.333 0.3357
-4 0.320 0.332 0.329 0.3270
-1.25 0.318 0.322 0.321 0.3203
-1.5 0.307 0.300 0.305 0.3040
-1.75 0.294 0.290 0.289 0.2943
-2 0.280 0.287 0.290 0.2857
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1 Differential peak to peak

st s(mm) nartafl 1 uanfod 2 unafon 3 s
5 -0.328 -0.311 -0.309 -0.316
4,75 -0.334 0,313 -0.310 -0.319
45 -0.335 -0.312 -0.327 -0.32467
4,25 -0.335 -0.318 -0.335 -0.32933
4 -0.340 -0.347 -0.339 -0.342
3.75 -0.357 -0.352 -0.335 -0.348
35 -0.368 -0.370 -0.342 -0.36
325 -0.365 -0.380 0.352 -0.36567
3 0.416 -0.382 -0.366 -0.388
275 -0.416 -0.391 -0.376 -.39433
25 -0.416 -0.408 -0.386 -0.40267
2.25 -0.418 -0.407 -(0.389 -0.404
2 -0.4186 -0.393 -0.401 -0.40333
1.75 -0.395 -0.386 -0.399 -0.39333
1.5 -0.406 -0.386 -0.400 -0.40067
1.25 -0.410 -0.403 -0.402 -0.405
1 -0.423 -0.400 -0.404 -0.409
0.75 -0.436 -0.433 -0.406 0425
05 -0.446 -0.454 0.426 -0.442
0.25 -0 569 -0.461 -0.436 -0.48867
0 0613 -0.564 -0.571 -0.58267
0.25 -0.629 -0.602 -0.606 -0.61233
0.5 -0.662 -0.637 -0.650 -0.64867
-0.75 -0.6893 -0.665 -0.683 -0.68033
-1 -0.696 -0.684 -0.687 -0.689
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-1.25 -0.698 -0.694 -0.695 -0.69567
-1.5 -0.709 -0.716 -0.711 0712
-1.75 0722 -0.726 -0.717 -0.72167
-2 -0.736 -0.729 -0.726 -0.73033

- N — N — . y
6 5 3 2 1 - 3
-0
r-02 T
g
1
g
g e S |
i
3
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' y o - 4
4.3.4 HANMINAAIMHAN I TUASHAA T VI TR 1D INUD VDA hudng

sutvynn Aplcal section

§UH 414 vaaansimanisvaadud 3

AWANITUAZ HOA1YOIT BRI Peak 1o Peaksy viNTggmaen1ud dmiuilu

A10e1331 4 nTedi luasazate NaOC] iUt 2.5 %w/w 92 AN 1S NADEIRIAT 190 4.40

wag 4.4v WA Iwid@suns ez Idnamsegalh 4.150 uag 4.150 amdpu

ATNA 440 TzHZNI0IN Apical section HUAIHATIII VBITRIANM Peak to Peak Wui 4

sEEEMI3(mm) uanfadi 1 nanfad 2 nanfod 3 e

5 1.099 1.114 1.119 1.1107
4,75 1.099 1.113 1.112 1.1080
4.5 1.111 1.108 1.1089 1.1093
425 1.109 1.112 1.110 1.1103

4 1.087 1.114 1.115 1.1087
375 1.085 1.115 1.112 1.1040
3.5 1.080 1113 1.111 1.1013
3.25 1.080 1.114 1113 1.1023

3 1.070 1.085 1.085 1.0800
275 1.060 1.080 1.079 1.0730
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surwiIwIn Apical section

Ui 4.150 uranrlveswam sy 4

25 1.053 1.079 1.081 1.0710
2.25 1.030 1.088 1.034 1.0507
2 1.125 1.093 1.122 1.1133
1.75 1.132 1.100 1.110 1.1140
1.5 1.095 1.098 1.092 1.0850
1.25 1.093 0.888 1.081 1.0207
1 1.070 0.832 0.990 0.9640
0.75 0.835 0.588 0.881 0.7680
0.5 0.595 0.531 0.789 0.6383
0.25 0512 0.452 0.587 0.5170
0 0.489 0.437 0.517 0.4810
-0.25 0.410 0.400 0.497 0.4357
-0.5 0.364 0.354 0.366 0.3613
-0.75 0.339 0.336 0.331 0.3353
-1 0.389 0.318 0.318 0.3410
Sndwitudd 4
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~(-8000— ——— — ——— - 1
g
. i
06060 - - e —————— e —— - e ——— S g
. §
‘. ;
L — e s -—— 3
- Gz{m . ————— e —_— —_ —_
[y e —— —_—— B —
5 4 3 2 a -2



55

M13191 4.9 TZHZNII0IN Apical section HNUN AP IVDAFEYEY 10U Peak to Peak WA 4

syaev19(mm) nanfof 1 naniedl 2 nanfof 3 Wi
5 0.084 0.099 0.104 0.095667
475 0.084 0.098 0.097 0.093
4.5 0.096 0.093 0.094 0.094333
4.25 0.094 0.097 0.095 0.095333
4 0.082 0.099 0.100 0.093667
375 0.070 0.100 0.097 0.089
35 0.065 0.098 0.096 0.086333
325 0.065 0.099 0.098 0.087333
3 0.055 0.070 0.070 0.065
275 0.045 0.065 0.064 0.058
2.5 0.038 0.084 0.066 0.056
2.25 0.015 0.073 0.019 0.035667
2 0.110 0078 0.107 0.098333
1.75 0.117 0.085 0.095 0.099
1.5 £.080 0.083 0.077 0.08
1.25 0.078 -0127 0.066 0.005667
1 0.055 -(0.183 -0.025 -0.051
0.75 -0.180 -0.427 -0.134 -0.247
0.5 -0.420 -0.484 -0.226 -0.37667
0.25 -0.503 .563 -0.428 -0.498
0 -0.526 .578 -0.498 -0.534
-0.25 -0.605 -0.615 -0.518 -0.57933
05 -0.651 -0.661 -0.649 -.65367
-0.75 -0.676 -0.679 -0.684 -0.67967
-1 0626 -0.699 -0.6897 0.674
0.2
6 EN
|
g
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i
3
g

futvwann Aplcal gection

JU 4159 naaans voIman1aWlLT 4
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#include <reg938.h>
#include <lcdf h>

11 DeclareVariable

bit signal=P0"6; {//Port0.6 4KHz
sbit signal1=P0"7; //Portl.1 800Hz
sbit buzzer=P("4;

sbit reset=P1"5;

unsigned int

num,hum1,num2, Max,min=0xFFFF,avr| 8],avrmin[8),avr Max,avr Min,diff;
unsigned char sw=0,tick=0;

unsigned char xdata root{ |="ratio=";

unsigned char xdata title[ |="Apex Locator"”,

unsigned char xdata ap[]="APEX";

unsigned int num3,avr1[10],avr2[10],dat800,datdk,sum,suml;

I Declare function

void init();

void timers_init(void);
void timers_isrO{void);
void timers_isrl{void);

unsigned int chkmax(unsigned int dat,unsigned int dat1);
unsigned int chkmin{unsigned int min,unsigned int mindat);
void hex2lcd(unsigned char addr lcd,unsigned char dat);

i Function routine

void timers_init{void})
{
/! configure timer 0
TMOD &= 0xEF0;
TMOD |= 0x01;
TAMOD &= 0xFE;

/i timer values
THO = 0xF6;
TLO = 0xFF;

/{ set timer O isr priority to 0
IPD &= OxFD;
IPOH &= OxFD;

// enable timer 0 interrupt
ET0=1;
/1 start timer 0
TRO=1;
[HRRR AR KRNI ok ok ok Timer ] for multiplex ##bhionh ok kokkokokiokonk



/{ configure timer 1
TMOD &= 0x0F;
TMOD = 0x10;
TAMOD &= 0xEF;

/7 timer values
TH1 = 0x6F,
TL1 = 0xFF;

// set timer 1 isr priority to 0
IPO &= 0xF7,
[POH &= O0xF7;

// enable timer 1 interrupt
ET1=1;

{/ start timer 1
TR1=1;
} // timers_init

void timers_isrO(void) interrupt 1 using 1
{

// reinitialize

if{sw=—0%xFF)

{

THO = OxFE; // 4000 Hz
TLO = 0x33;
signal™=1; {/ P0.0 toggle

else

THO = 0xF6, // 800 Hz
TLO = O0xFF;
signall™=1; /f P0.0 toggle
}
}

void timers_isr1{void) interrupt 3 using 2
{

/! reimtialize

tick++;

TH1 = 0x6F;

TL1 = OxFF;
} #/ timers_isrl

unsigned int chkmax(unsigned int chkdat,unsigned int chkdatl)




}

unsigned int admax;
if{chkdat>chkdat1)
{

admax=chkdat,
return{ admax);

}

else

{
return (chkdatl); //return Max

}

unsigned int chkmin{unsigned int min,unsigned int mindat)

{

}

unsigned int admin;
ifimin<mindat)
{
admin=min;
return {admin);
}
else
{
retum {mindat);
}

void hex2lcd{unsigned char addr_lcd,unsigned char dat)

{

}

unsigned char convert;

convert = dat & 0x0f

iff convert=0x09)

convert= (convert-9) | 0x40;

else convert = convert | 0x30;

led_jumporigin{), /{ ton modified
led command(addr lcd), /{ ton modified
lcd_text(convert);

void init()

{

only

POM1=0x0f; // Set P0.0-0.3 to input

POM2=0x00;
P1M1=0x00;
P1M2=0x00;
P2M1=0x00;
P2M2=0x00;

SCON=0x52;

BRGRO = 0xFO0; // set up baudrate generator 9600




}

BRGR1 = 0x02;
BRGCON = 0x03;

ADOCON = 0x44,
ADMODB = 0xEQ;

void main{)

{

unsigned int m=0,0=0,p;

init();
led_init();
EA=];
timers_init();
font();

led_command(0x82);
fcd_text(0x00);
lcd_command{0x83);
lcd_text(0x01);
led_command({0x84);
led text(0x02);
led_command(0x85);
led_text{0x03);

led_command{0x86);
led text('");

led_command{0x87);
led text(0x04);
lcd command({0x88);
lcd_text(0x05);

lcd_command(0x89);
led_text{0x06);

led_command{0x8a);
led_text(0x00);
led_command({0x8b);
led_text{0x07};
lcd command{0x8c);
led_text{0x02);

P2=0x00;

while(1)

A

/P

NE

X

/L

/0

#C

A

T

/E

// start baudrate generator

// Enable AD
// divide clock by 1

// loop forever




{

while(tick<10)
{
iff2<tick<9)
{
do
{
ADOINS = 0x01;

ADMODA =0x20;
ADQOCON [F0x01;

num = ADODATOR,;
numl = ADODATO0L;
num1&=0xc0;
numl=num]l<<2;
num2=numl num;
Max=chkmax(num2 ,Max);
min=chkmin{num2,min);
avr| 0]=Max;

avrmin[ 0]=min;

mum = ADODATIR;

numl = ADODATIL;
mum 1 &=0xc0;

numl=numl<<2;
num2=num1}num;,
Max=chkmax(num2 ,Max);

min=chkmin{num2,min);

avr[ 1]=Max;
avrmin[ 1]=min;

num = ADODATZR;

numl = ADODATZ2L,;
num 1 &=0xc0;

numl=numl=<<2;

num2=num]|num;
Max=chkmax(num?2,Max);

avr| 2]=Max;
avroin[ 2]=min;

/f timing control 100 ms

// to avoid transient. Will convert only 20-80ms duration

/{P0.1 ADOO

// Continous conversion

/{ start immediately

//L8B

/I MSB

// clear bit 0-5 of ADODATOL
/1 shift left 2 bits

// combine numl with num



num = ADODAT3R;

num] = ADODAT3L;
num1 &=0xc0;

muml=numl<<2;
num2=num1 num;
Max=chkmax(num2,Max);

min=chkmin(num2,min);

avr| 3]=Max;
avrmin[3]=min;

num = ADODATAR;

numl = ADODAT4L;
num 1 &=0xc0;

num 1 =mum ] <<2;
num2=num1 [num;
Max=chkmax{num2 ,Max);

min=chkmin(num2,minj;

avr[4]=Max;
avrmin{4 ]=min;

num = ADODATSR;

numl = ADODATSL;
nmum 1 &=0xc0;

numl=numl<<2,;
num2=num] jnum;
Max=chkmax{num?2 ,Max);
min=chkmin(num2,min);
avr{ 5]=Max;

avrmin[ 5j=min;

num = ADODAT6R;

numl = ADODATEL,;
num 1 8&=0xc0;

num l=num1<<2;

num2=num1jnum;
Max=chkmax(num2,Max);



min=chkmin({num2,min);

avr| 6]=Max;
avrmin[ 6]=min;

num = ADODATTR,;

muml = ADODAT7L;
num] &=0xc0;

numl=numl<<2;

num2=num1jnum;
Max=chkmax{num2 Max);
min=chkmin{num2,min);
avr] 7]=Max;

avrmin| 7|=min;

avr_Max=(avr[0]+avr] 1 +-avr{ 2]+avr[3]+avr|[4]+avt] 5] +avr] 6] +avr] 7])/8;
avr_Min=(avrmin[ 0]+avrmin[ 1]+avrmin[ 2] +avrmin[ 3] +avrmin[4]+avrmin[ 5]

+avrmin{ 6]+avrminf 7])/8;
ywhile({ADOCON & 0x08)), /* ADCI=0 do nothing
ADCI=1 exit*/
ADOCON &=0x08; /fclear ADCI

avrl[m]=awr_ Max;
avr2[m]=avr_Min,
mt+;

iffm==10)

{

m=0;
sum=(avr1[0]+avrl[1]+avrl[2]+avrl[3]+avr1[4]
+avri[5]+avrl[6]+avrl]7]+avrl[8]+avrl[9])/10;
suml=(avr2[0]+avr2[1]+avr2[2]+avr2[3]+avr2[4]
+avr2[5]+tavr2[6]+avr2] 7] +avr2[§]+avr2[9])/10;
}

diff=sum-sum]l;
ifl sw=—0xFF)

{
datdk=diff,



Hif 2<tick<9
}/loop tick<10
sw'=0xFF;
Max=0;
min=0xFFFF;
signal 1=0;
signal=0;

Jkkiiop ook OO ook ch v coales on LODD A skdonokkok honikiokk
if{sum===1023)
{
led_command(0xc0);
for(n=0; n<12; n++)

led_text('');

}

else

{

if{800<sum=<1010)

{
led_command(0xc0});
for(n=0; n<4; n++)
{
led_text{0xfY);
Pt
}

}

1f{ 500<sum<800)

{
led_command({0xc4);
for(n=0; n<4; nt+)
led_text(0xfY);

}

if{0<diff<250)

{
led_command{0xc§&);
for(n=0; n=4; n++)
led_ text{OxiT);

}

}//else



flﬁ***************** e afe ofe e apeofe fe o e CHeckAp iC ﬂl*****************************f’
ifl((dat800<=161)&&(datdk<=207))&&(buzzer—1))
{

led_command(0xcc);
led_text(0x00);
led_command(0Oxcd);
led text(0x01);
led_command{0xce);
led text(0x02);
led _command{0xcf);
lcd_text{0x03);

buzzer=0; // Indicated APEX found!
H

/%% For clear 'APEX & off buzzer when file depart from apical section’ ¥**#/

iff((dat800>161&datdk>207))&&(buzzer—>0))
{

led_command(0xcc);
tor{n=0; n<4; n++)
{

)
buzzer=1; // Off buzzer

}

JHoletskduioiokdoh daiokiol ikt kR D oot S ciLz oy et st st st s e seafeate o e el ol ool ool ol seaje e s s f

led_text(’ '),

if{reset=0)

{
AUXR1[=0x08; {/software reset

AUXR1&=0x08;
buzzer=1;

}
tick=0;

}//1oop while{1)

}//main program
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#include <reg938.h>
#include <ledfh>

17 DeclareVariable

bit signal=P0"6; //Port0.6 4KHz
shit signal 1=P0"7; /{Portl.1 800Hz
shit buzzer=P0"4;

sbit reset=P1"5;

unsigned int

num,numl, num2, Max,min=0xFFFF,avr| 8],avrmin[ 8],avr_Max,avr_Min,diff;
unsigned char sw=0,tick=0;

unsigned char xdata root] [="ratio=";

unsigned char xdata title[ ]="Apex Locator";

unsigned char xdata ap[]="APEX";

unsigned int num3,avr1[10],avr2[10],dat800,dat4%,sum,sum1;

i Declare function

void init(),

void timers_init(void);
void timers_1sr0{void);
void timers_isrl{void);

unsigned int chkmax{unsigned int dat,unsigned int dat1},
unsigned int chkmin{unsigned int min,unsigned int mindat);
void hex2lcd{unsigned char addr_lcd,unsigned char dat);

ff Function routine

void timers_init(void)
{
/{ configure timer 0
TMOD &= 0xF0;
TMOD |= 0x01;
TAMOD &= 0xFE;

// timer values
THO = 0xF6;
TLO = OxFF:

// set timer O isr priority to 0
IPO &= 0xFD;
IPOH &= 0xFD;

// enable timer 0 interrupt
ET0=1,
{1 start timer 0
TRO=1;
[k otk ek Timer] for multiplex **#smhbkonhabhossk sk okookon



// configure timer 1
TMOD &= 0x0F;
TMOD |= 0x10;
TAMOD &= 0xEF;

// timer values
THI1 = 0xé6F;
TL1 = OxFF;

/1 set timer 1 1isr priority to 0
TPO &= OxF7,
TIPOH &= O0xF7,

// enable timer 1 interrupt
ETl1=1,

// start timer 1
TR1=1;
} // timers_init

void timers_1sr0(void) interrupt 1 using 1
{

/i reinitialize

if{l sw==0xFF)

{

THO = OxFE; /f 4000 Hz
TLO = 0x33;
signal™=1; // P0.0 toggle

else

THO = 0xFe6; /{ 800 Hz
TLO = OxFF;
signatl"=1, / P0.0 toggle
}
}

void timers_isrl{void) interrupt 3 using 2
{

/! reinitialize

tick++;

THI1 = OxéF;

TL1 = 0xFF;
} // timers_isrl

unsigned int chkaax(unsigned int chkdat,unsigned int chkdat1)



}

unsigned int admax;
if{ chkdat>chkdat1)
{

admax=chkdat;
return{admax);

}

else

{
return (chkdatl); {freturn Max

}

unsigned int chkmin{unsigned int min,unsigned int mindat)

{

unsigned int admin;
ifimin<mindat)
{
admin=min;
return {admin);

return (mindat);
}

void hex2lcd(unsigned char addr_lcd,unsigned char dat)

{

t

unsigned char convert;

convert = dat & 0x0f;

if{ convert=0x09)

convert= (convert-9) | 0x40;

else convert = convert | 0x30;

led_jumporigin(); /{ ton modified
lcd _command(addr lcd); // ton modified
led_text{convert),

void init()

{

only

POM1=0x0f, {/f Set P0.0-0.3 to input

POM2=0x00;
P1M1=0x00;
P1M2=0x00;
P2M1=0x00;
P2M2=0x00;

SCON=0x52,
BRGRO = 0xF0; /I set up baudrate generator 9600



}

BRGR1 =0x02;
BRGCON = 0x03;

ADOCON = 0xd4;
ADMODB = 0xE0;

void main()

{

unsigned int m=0,n=0,p;
init();

led_init();

EA=1,

timers_init{);

font();

led_command{0x82);
led text(0x00);
led command(0x83);
led_text(0x01);
led _command{0x84);
led text({0x02);
led command{0x85);
led text(0x03);

led command{0x86);
led_text(' ');

led command(0x87);
led_text{0x04);
led_command{0x88);
lcd_text(0x05);

led_command({0x89);
led text(0x06);

led_command(0x8a);
led_text(0x00);
led_command(0x8b);
led text(0x07);
led_command(0x8c¢);
led_text(0x02),

P2=0x00;

while(1)

/A

/P

/E

X

/L

110

/C

A

iT

/E

/! start baudrate generator

// Enable AD
/{ divide clock by 1

/{ loop forever



{

while(tick<10)
{
if{ 2<tick<9}
{
do
{
ADOINS = 0x01,

ADMODA =0x20;
ADOCON [=0x01;

num = ADODATOR;
numl = ADODATOL;
num] &=0xc0;

num ] =numl<<2;
num?2=num 1 |num,;
Max=chkmax(num2,Max);
min=chkmin{num2,min};
avr{ 0]=Max;

avrmin{ 0]=min;

num = ADODATIR,

muml = ADODATIL;
num ! &=0xc0;

nmml=numl<<32,;
num2=num 1 jnum;
Max=chkmax(num2,Max };

min=chkmin(num?2,min);

avr| 1]=Max;
avrmin[ 1]=min;

num = ADODAT2R;

numl = ADODAT2L;
mum 1 &=0xc0;

numl=numl<<2,

num2-num 1 [num;
Max=chkmax{num2,Max});

avr{2]=Max;
avrmin[ 2]=min;

/{ timing control 100 ms

// to avoid transient. Will convert only 20-80ms duration

// P0.1 AD0O

/f Continous conversion

/1 start immediately

// LSB

// MSB

// clear bit 0-5 of ADODATOL
/{ shift left 2 bits

// combine num1 with num



num = ADODAT3R;

numl = ADODAT3L;
num1 &=0xc0;

num 1=num]l ==2;
num2=num] jnum;
Max=chkmax(num2,Max);

min=chkmin{num2,min);

avr{3]=Max;
avrmin[ 3]=min;

num = ADODAT4R;

muml = ADODAT4L;
num] &=0xc0;

numl=numl<<2;

num2=num1 [num;
Max=chkmax(num2,Max);
min=chkmin{num2 min);

avr[4]=Max;
avrmin[4 ]=min;

mum = ADODATS5R;

muml = ADODATSL;
num 1 &=0xc0;

numl=numl<<2;
num2=Tium1 |num;
Max=chkmax(num2 ,Max);
min=chkmin{num2,min};
avr] S]=Max;
avrmin{ 5 |=min,

mm = ADODAT6R;

numl = ADODATEL;
numl &=0xc0;

numl=numl<<2;

num2=num1num;
Max=chkmax{num2,Max);



min=chkmin(num2,min);

avr| 6]=Max;
avrmin| 6]=min;

num = ADODATTR,

nunl = ADODATTL;
ruml &=0xc0;

numl=num]l<<2;

num2=num 1 jnum;
Max=chkmax(num2 ,Max};
min=chkmin{num2,min);

avr[ 7]=Max;

avrmin[ 7]=min;

avr_Max=(avr] 0]+avr{ 1]+avr{2]+avr[3] +avr[4]+avr| 5]+avr{6]+avr] 7])/8;
avr_Min=(avrmin[0]+avrmin[ 1]+avrmin[ 2] +avrmin[ 3]+avrmin[4]+avrmin 5]

+avrmin| 6]+avrmin[ 7] )/8;
ywhile(!{ADOCON & 0x08)); /* ADCI=0 do nothing
ADCI=1 exit*/
ADOCON &=0x08; ficlear ADCI

avrl[m]=avr_Max;
avrZ[m]=avr_Min;

m;
if{ 10)
{

m=0;

sum=(avrl[0]+avrl[1]+avrl[2]+avrl[3]+avrl[4]
+avrl[5]+avrl][6]+avrl[ 7]+avrl]8)+avrl[9])/10;

suml=(avr2[0]+avr2[1]+avr2[2]+avr2[3]+avr2[4]
+avr2[ 5]+avr2[ 6]+avr2[ 7] +avr2[§]+avr2[9])/10;

}
diff=sum-sum1;
f{ sw=—0xFF)
{
datdk=diff;
}
else
{
dat800=diff;
}

{MMax=0;



}iif 2<tick<9
}/loop tick<10
sw'=0xFF;
Max=0;
min=0xFFFF;
signal1=0;
signal=0;

[k RO IR o scales on LOT) ks ko bkt
if{sum=—1023)
{
led_command(0xc0);
for(n=0; n<12; n++)

led_text(' ');

}

else

{

if{ 800<sum<1010)

{
led_command(0xc0);
for(n=0; n=4; n+t)
{
led_text(0xff);
ptH;
}

}

if{ 500<sum<800)

{
led_command(0xc4);
for{n=0;, n<4; n++)
led text(0xft);

}

if{0<diff<250)

{
led_command(0xc8);
for(n=0; n<4; n++)
led_text(0xfY);

}

}ielse



J{*************************** CHeckApica_]*****************************[
if{((dat800<=161)&&(datdk<=207))&&(buzzer—=1))
{

led_command{0xcc);
lcd text(0x00),
lcd _command(0xcd);
led_text{0x01);
led_command{0xce);
led_text(0x02);
led command(0xcf);
led_text(0x03);

buzzer=0; // Indicated APEX found!
}

/% For clear 'APEX & off buzzer when file depart from apical section’ ****/

if{((dat800>161&datdk>207))&&(buzzer—0))
{

led_command(0xcc};
for(n=0; n<4; n++)
{

}

buzzer=1; // Off buzzer

}

JAokohsioksosr ok ieolokboksokolobior T acaf flinct] oo ke ko el e s af of o ke s e o ool b oot sfe i e e e e/

led_text(' ');

if{reset—10)

{
AUXR1|=0x08; f/software reset

AUXR1&=0x08,
buzzer=1;

}
tick=0;

}//loop while{1)

}//nain program
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HD44780U (L.CD-II)

(Dot Matrix Liquid Crystal Display Controllcr/Driver)

HITACHI

ADL-207-272(Z)
"9, 9
Rev. 0.0

Description

The HD44780L dot-matrix liquid erystal display controller and driver LS displays alphanunerics,
Japancse kana characters, and symbols. It can be configured to drive a dot-matrix liquid crystal display
under the control of a 4- or 8-bit nticroprocessor, Since all the functions such as display RAM, character
generator, and Hquid crystal deiver, required for driving a dot-matrix jiquid erystal display arc internally
provided on one chip, aminimal system can be interfaced with this controlleedriver.

A single HD44780L can display up to onc 8-character line or two 8-character lines.

The HD44780L has pin function compatibility with the HD447808 which allows the user to casily replace
an LED-11 with an HD447801., The HD447800L character generator ROM is extended to generate 208 5 x
8 dot character fonts and 32 5 x 10 dotcharacter fonts for a total of 240 different character fonts.

The fow power supply (2.7V to 5.5V) of the HD44780L. is suitable for any portable batwery-drtven product
roquiring low power dissipation.

Features

¢ 58 and 5 x 10 dotmatrix possible

*  Low powcer opcration support:
- 27t0 5.5V

s Wide range of liquid arystal display driver power
—3lto }1V

»  Liquid crystal drive waveform
—— A (One line frequency AC waveforny)

» Correspond to high speed MPL bus interface
—- 2 MHz (when Ve — 5V)

s 4-bit or 8-bit MPL interface enabled

o 50 x §-hit display RAM (80 characters max.)

e 9.920.bit character generator ROM for a total of 240 character fonts
— 208 character fonts (5 X 8 dot)
~— 32 character fonts (5 x 1 dob)

HITAGHI
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s 64 x 8-bit character genccabowr RAM
— 8 character fonts (5 x 8 dot)
— 4 character fonts (5 x 10 dot)
s l6-common % 40-scgment liquid crystal display driver
s Programmable duty cycles
— 1/8 for one line of 5 X § dots with cursor
— 1711 for one linc of 5 x 10 dots with cursor
— /16 for bwo lines of 5 x 8 dots with cursor
» Wide range of instruction functions:
-~ Display clear, cursor honic, display on‘off, cursor onoff, display character blink; cursor shift,
display shift
s Pin function conipatibility with HD43 7508
s Automatic reset circuit that inidalizes the control ler/driver after power on
» Intcmal oscillator with cxeemal resistors
s Low power consumption

Ordering Informativn

Type No. Package CGROM
HD44730UADDFS FP-30B Japanese slandard font
HCD44730UAGD Chip

HD44730UAOO0TF TFF-80F

HD44730UAO2FS FF-80B European standard font
HCD44730UAD2 Chip

HD447BOUAOZTF TFP-30F

HD44780UBXxF S FF-80B Cusiom font
HCD447800UBxX Chip

HOL4TBOUBXATF TrP-80F

Note: »x<: ROM code No.
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HD44780U Bluck Diagram

OS8C1 O8C2
CL1
—= Cl2
Reset | M
circuit e -
Timing
ACL CFG generator
Insirudlion H
&" register (IR} J b
}
! Display COM1 1o
N nsucon L | data RAM 16bit || Common | COM18
- 'p er- (DDRAM) | shift signal
RW —-| face 80 x 3 bits register || driver
E
f
\ 1
Address 7 ) SEG1 1o
counter a 40-bit 40-bit (| Segment | SEG40
7 shift latch sighal =
DB4 1o > register || circuit driver
DB7 ,
-— » A
Inpu' | g Data 8 o 4 4
DBO to {output 7= register
DB3 | buffer (DR) I /40
- B 8 LCD drive
voltage
- Busy selector
fiag
L B { ]
Ch ‘
Character aracier
generator genergtor C:;sdor
RAM ROM blink
{CGRAM) {CGROM) controller
GND B4 bytes 9,920 bits
'S 5
L L
Farallel/serial converter
- and
attribute cirguit
- L LK
V1 V2 V3 V4 5
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HD44780U Pin Arrangement (FP-80B)

NILERRAABRHREIREER
CEVECECELEECRCRVECEVROEGRORVE S
L L LU L R L AL L L W WO W W W oW
NN OO NOLBOONLOONW
/E}@ﬁmﬁrﬂmfﬂlwzuenawuaussum
SEG22 [1] 64] SEG39
SEG21 [Z] €3] SEG40
SEG20[3| [&2]comM1s
SEG19 [4] [61]COM15
SEG18 [3 | [88]COM 14
SEG17 [§ | [S8]cOM13
SEG15 [T | [58]COM12
SEG15[3 ] [57]COM11
SEG14 [8 | [8]COM10
SEG13 [10] 5] COM9
SEG12 [17] 5| COM8
SEG11 [12] FP-80B %COM?
SEG10 [13] (Top view) [s2]coMB
SEGY [14] 51 COMS
SEG8 [15 [S0jCoM4
SEG7 [18] 48] COM3
SEG6 [17] 48] COM2
SEGS 18 47 {COM1
SEG4 % %DB?
SEG3 % 451 DBB
SEG2 [21 %DBS
SEG1 [22] [43]DB4
GND [23] [4Z]DB3
OSC1 [24] 41]DB2

8]|& s /=] &lls]ls]==]=]e]=]s]2]2]<]
$SegIgngyzogkugs

s

0sCc2
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& National
Semiconductor
LM1117/LM1117I

General Description

The LM1117 is a series of low dropout voltage regulators
with a dropout of 1.2V at 800mA of load current. It has the
same pin-out as National Semiconductor's industry standard
LMa17.

The LM1117 |s available in an adjustaeble version, which can
set the output voltage from 1.25V to 13.8V with only two
extemal resistors. In addition, it is also available in five fixed
voltages, 1.8V, 2.5V, 2.85V, 3.3V, and 5V.

The LM1117 offers current limiting and thermal shutdown. lis
circult includes a zener timmed bandgap reference 1o as-
sure output voltage accuracy to within £1%.

The LM1117 serias is available in LLP, TO-263, SOT-223,
TO-220, and TO-252 D-PAK packages. A minimum of 10pF
tartalum capacitor is required at the output to improve the
transient respense and stabiity.

800mA Low-Dropout Linear Regulator

June 2004

Features

m Available in 1.8V, 2.5V, 2.85V, 3.3V, 5V, and Adjustable
Versions

® Space Saving SOT-223 and LLF Packages

® Current Limiting and Thermal Protection

8 Cutput Current 800mA
® Line Regulation 0.2% (Max)
® Load Regulation 0.4% (Max)
u Temperature Range
— LM1117 0°Cto125°C
— LMT117] —40°C to 125°C
Applications

m 2 85V Model for SCSI-2 Active Termination

m Posi Regulator for Switching DG/DC Convertar
m High Efficiency Linear Regulators

m Battery Chargar

® Battery Powered Instrumentation

Typical Application

Acttve Terminator for SCSI-2 Bus

tion
4
1100
M1117-2.85 ) oy
["f oM\ ,0 18 10 27
N out ' LINES
GND 1
e 4,75V TD + + i
T 5.25¢ 10 uf 22 uF & 1100
] L L v
10001005
Fixed Output Regulator
Ld1117-XX

Tantalum

T.vm Vout
GND
10 uf*

L..
T

Tantalum

* Required if the ragulator is lacated far from ths powsr supply filter.

10081628

© 2004 Naticnal Semiconductor Comporation DS100813

www.natlonal.com
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LM11 171 Electrical Characleristics

aorrnal tvns anche o P T T B L T R L  FT AR i L e L R
lyi.llLﬂl“ aH‘J <I=ll>l\_ G'.n_'rﬂll l_{ Htt ll*_n.nﬂr ti‘u‘ Li.f|...’;)' Fizi I.J Sl TR B Lo A grgadt o " E’\JNI S e CPH'—H" LR L0 GHiiL G fLJl‘l
(o tarmpzrature tas ge for oparation, 000 0 12070
) Min T P Max .
Symbol Parameter Cenditions - ¥p . Units
| iMate & {Nofe 4 {Mote 5
Vs LETT1T-ADd
o = 1BITA M, Vo p= BV T, 2 23°C | 1238 1254 im2 v
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QUADRUPLE DPERATIONAL AMPLIFIERS
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schematic (each amplifier}
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, L2902V,
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SLOSDEER ~ SERPTEMBER 1975 - RESED JAMi2RY 2

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)T
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electrical characteristics at specified free-air temperature, Ve = 5 V {unless otherwise noted)
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electrical characteristics at 5pec:hed free-air temperature, Ve = 5 V {uniess otherwise noted)
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The PBSLPCY38 is a single-chip microcontrolier, available in low cost packages, based on
a high performance processor architecturs that executes instructions in two to four clogks,
six times the rate of standard BDCS1 devices. Many system-level functions have been
incorporated into tha PBSLPCY38 in order to reduce component count, board space, and
system cost.

8 kB byte-erasable Flash code memory organized into 1 kB sectors and 64-byte
pages, Single-byte erasing allows any byte{s) to be used as non-volatile data storage.
256-byte RAM data memory and a 512-byte auxiliary on-chip RAM.

512-byte customer Data EEPROM on chip allows serialization of devices, storage of
set-up parameters, etc.

B-input muitipiexed 10-bit A/D converter. Two analog comparators with selectable
inputs and reference source.

Two 16<bit counterftimers {each may be configured to toggie a port output upon timer
overflow or to become a PWM output) and a 23-bit system timer that can also be used
as a RTC.

Enhanced UART with fractiona! baud rate generator, break detedt, framing error
detection, and automatic address detection; 400 kHz byte-wide I2C-bus
communication port and SPl communication port.

CCU provides PWM, input capture, and output compare functions.

High-accuracy internal RC oscillatar optian allsaws operation without external oscillatar
components. The RC osciilator option is selectable and fine tunable.

2.4 V to 3.6 V¥ Vpp cperating range. O pins are § V tolerant {may be pulled up or
drivento 5.5 V).

2Bpin TSSOP, PLCC, and HYQFN packagas with 23 1/O pins minimum and up to 26
1/0 pins while using an-chip ascitlator and reset aptions.




A high perfarmance 8CC51 GPU provides instruction cycle times of 111 ns o 222 ns
for all instructions except multiply and divide when executing at 18 MHz This is six
times the performance of the standard 80C51 running at the same clock frequency. A
lower clock frequency for the same performance results in power savings and reduced
EMI.

Serial Fiash ICP allows simple production coding with commercial EPROM
programmers. Flash security bits prevent reading of sensitive application programs.
Seriat Fiash ISP allows coding while the device 1s mounted in the end application.
In-Application Pragramming of the Flash cade memory. This allows changing the code
in a running appiicaton.

Watchdog timer with separate on-chip oscillator, requiring no external components.
The watchdog prescaler is sslectable from sight values.

Low voltage reset (brownout detect) allows a graceful system shutdown when power
fails. May optionally be configurad as an interrupt.

ldle and two different power-down reduced power modes. Impraved wake-up from
Power-down mode {a LOW interrupt input starts executon). Typical power-down
current is 1 pA {total power-down with voltage comparators disabled).

Active-LOW reset On-chip power-on reset allows operation without external reset

components. & reset counter and reset glitch suppression circuitry prevent spurious
and incompiete resets. A saftware reset function is alsa available.

Configurabie on-chip oscillator with frequency range options selected by user
programmed Flash configuration bits. Oscillator options support frequencies from
20 kHz to the maximum operating frequency of 18 MHz.

Osciliatar fail detect, The watchdag timer has a separate fuliy on-chip ascillatar
allowing it to perform an oscillator fail detect function.

Programmable port output configuration optiaons: quasi-bidirectional, open drain,
push-pull, Input-only.

Port “input patiern match’ detect. Port 0 may generats an interrupt when ths value of
the pins match or do not match a programmable pattern.

LED drive capability {20 mA) on all part pins. A maximum limit is specified for the
entire chip.

Gantralied slew rate port outputs to reduce EML. Outputs have approximately 10 ns
minimum ramp times.

Oniy power and ground connections are required to operate the PB2LPG938 when
internal reset oplion is selected.

Faour interrupt priority levels.

Eight keypad interrupt inputs, plus two additional external interrupt inputs.

Schmitt trigger port inputs.

Second data pointer.

Emulation support.
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Type number

PASLPCI39FA
PASLPCI38FDH

PaoLPCI38FHN

Type number
P3OLFCI38RA
F39LPCH38FDH
F39LPCI38FHN

Package

Name Deascription Version
PLCC28 plastic leaded chip camrier; 28 leads SaTr261-2
TSSOF28  plastic thin shrink small outline package; S0T361-1
28 leads; body width 4.4 mm
HYQFN23  plastic thermal enhanced very thin quad flat SOT7B88-1
package; no leads: 28 lerminails;
body 6x 6x 0.85 mm
Flash memory Tempaerature ringa Frequency
8kB —40 “C 10 +85 ‘C 0 MHz to 13 MHz
8 kB A0 C 1o +85 C 0 MHz to 18 MHz
SkB —40°C 1o +85 "°C 0 MHz to 13 MHz
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FAIRCHILD

SEMICONDUSTAOR:

MC78)XXX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

www.lfairchildsemi.com

Features Description

¢ Qutput Cwrentup to 1A The MCT78XI/LMT7BXI/MCTEXX A senes of three

* Output Voltagesof5, 6, 8, 8, 10, 12, 15, 18, 24V terminal postive regulators are availahle in the

« Thamal Overloal Protection TO-220/C-PAK pakage and with several Bxed output

« Short Circuit Protection voltages, making them useful in a wade range of

* Outpyt Transistor Safe Operating Area Protection applicabons. Each type employs intemal current limibng

thermal shut down and safz operating area protection,
making 1t essentially indestruchble. If adequate heat sinking
iz provided, they can deliver over 1A output cuirent
Although designed pnmanly as fixed voltage regulaors,
these devices can be used wath extemal components to
obtain adjustable voltages and currents.

T0-220

1. Input 2. GND 3. Output

Internal Biock Digram
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MC 78X/ M78XMC 78XXA

Absolute Maximum Ratings

Param eter Symbol Value Unit
Input Vaoltage (for Vo = 5V to 18V) V) 35 Vv
{for Vo = 24V) V) 40 vV
Thermat Resistance Junction-Cases (TO-220) Raic 5 s
Thermal Resistance Junction-Air (TO-220) Raja 65 0Can
Qperating Temperature Range Topr 0~ +125 %C
Storage Temperature Range TeT -65 ~ +150 5C

Electrical Characteristics (MC 7805/LM7805)

(Refer to test circwit 0°C < Ty = 125%C 15 = 500mA, Vi = 10V, Ci= 0 33uF, Co= 0 1uF, unless otherwise specified)

. MC7805iLIMF 805 .
Paramater Symbai Conditions Unit
Min. | Typ. | Max.
TJ=+25°C 4.8 50 5.2
Cutput Voltage Vo E0mA <io £ 10A PO < 15W y
V=7V 1o 20V 475 80 | 5.8
Line Re gulation (Note 1) Reglne | Tj=+250¢ |10 =Y t025¥ il M LU Ry
Vi =0V to 12V . 16 | 50
[0 =5.0ma tol 5A - g9 100
Load Hegulation (Note1) Hegioad | [4=+259C [ =250mA to i 4 50 Y
750m4
Quiescent Current fo] Ty =+250¢C - 50 8.0 mA
Queescent Current Change Alg 0 =5mAto T.0A - 003 | 03 mé
V= 1V to 28V - 0.3 14
Cutput Voltage Drift AVDIAT | o= EmA - -08 - mv/ °C
Output Nuise Voltage Wy f=10Hzto 100KHz, Ta=+25°C - 42 - kVivo
Ripple Rejodtion RR f.f:otzzg\}j iu 18v g2 73 - dB
Dropout Voltage YDrop | l0=1A, Ty =+25°C - 2 - W
Cutput Resistance ro f=1KHz - 15 - mid
Short Circuit Current I5C Vi=3ay, Ta=+25°C - 230 - A
Peak Current IPK Ti=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due 1o heating effects must be taken
intn acrnuni caparately Pilse teeting with lnw dity is nsed




MC 78X M7 BX X /MC 7TaXNA

Electrical Characteristics (MC7808)

(Refer to test circwt \UPC < 1) < 125%C, 10 = SUUMA, VI =11V, Ci= U3duk, CO= U Tk, uniess otherwise specitied)

MC7806
Parameter Symboel Conditions Unit
Min. | Typ. | Max.
Ty =+25°C 575 6.0 B.25
Qutput Voltage Vo 50mA < 1o £ 10A Pg < 15W y
Vi=B.0vito 21V 57 6.0 63
Line Reguiation (Note1) | Regline | Ty =+25°C |- 0¥ 035 - S L ey
e Reguiation (Note egline =+25 7
= egHatan i S V=@V 1o 13V 115 | 80
i fo =AmAto 1.5A - q 120
Load Requlation (Naote1) Regload | T)=+25°C mv
o =250mA to750A - 3 B0
Ciescent Current lq Ty =+25°C - 50 8.0 mA
o =5mAto 1A “ - 0.4
Quiescent Current Change Al - na,
V1 =8V to 25V - - 1.3
Cutput Voltage Drift AVOIAT | 10 =5mé - -08 - mivi{ OC
Qutput Noise Voltage VN f=10Mz o 100KHZ, Ta =+25"C - 45 - uV Ao
. N £=12001z )
Ripple Rejection RR Vi =8V to 18V 59 7h - dB
Dropout Voitage VDrop |10 =14 Ty=+25°C - 2 - v
Outpul Resistance ro f=1kHz - 18 - el
Short Circut Current e Vi= 35V, Ta=+2500C - 250 - mA
Peak Current Pk Ty =425°C - 2.2 - A
Note:

1. Load and line ragulation are specified at constant junction temperature. Changesin Vg due to heating effects mus be taken
mtp account separately. Hulse testing with low duty 1s used.
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