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ABSTRACT

This project is presentation about information of works showing in exhibition that it will
automatically present information in types of illustrate and sound. Then output are displayed through
computer by using sensor system controlled by micro-controller that detect the spectators who visit, and
signals to computer for display result of information. Moreover, it can also set as security system that it

is useful for the spectators and the organizers who will get more convenient.
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254 gnifialaneshin: <€— 0000 0010
255 gnifinleneiviny < 0000 0001
256 gniialensaTnn) <— 0000 0000 yd

] d
T— IATHIAB SHULY LAY

a9

@:——— urlonsugsamsiialenesinay

- 4 L)

ﬂ1mﬂnﬂl1l'llﬂ'l'lllﬂ01

/ (Binary) (Hex)

1111 1111 =FFH
1111 1110 = FEH
1111 1101 = FDH
1111 1100 = FCH

0000 0010 = 02H
0000 0001 = 01H
0000 0000 = 00H

~ d’ ar o d? a A o V@ oa W e
3 2.13 Augnneesiuuumiviu 8 dawesmuaanivisudunaou’l

2.2.6.1 Tnied inniined

Tvualnwes Up Counter Register ( TH, , TL, ) vrgainAmng 1 uwedulada (12
MU CPU OSC THnﬂu"hmm‘f]ﬂufﬁumumﬂmuuﬂﬂmn1um~1‘1smgm1u (CPU 0SC/12)

Tvumnnimes Up Counter Register ( TH, ,TL ) vTYNINLA

ma‘”nuamaﬂaumymu

AdDANIAMUNBNINIL | ammmma‘ln TO( pin) EL) Tl(pm) ag‘nm 14 uaz 15 mudwu Tan'ly
ﬁu"lnm duty cycle msmmaauammmmmmmwmn:mmﬁauwnq S5P2 YDIUARTLUFTU
"lmlﬂamuumimawwﬂaaﬂ 1 gnae saealee 2 uudulanda (24 munawess CPU OSC)
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Tnssofiaves Inwed oz inniined dszneudan

AMimes nuwiuvy up Counter Register ( TH, ,TL, )

dwidenTnuanwes uay wmlines  @onfiia /T

UMM LAz gy ﬂmqnﬁfﬁw TR, ,GATE Haz ”n,;ﬂgmmnmuuanﬁ W1 INT1 (pin)

41 INT] (pin) 19w 2 wihiite

w Wuduwn dmSudyaudumesSnaninnouen

o AuFyanunrugqumsiiu uazvgaivnnmewen TuTnua lnwesias Inmines
(External Start/Stop) U5 8071 Hardware Control

Timer/Counter Mode Control Register (TMOD) a;j“lu SFR ﬂ°1lm‘u'\3‘ﬁl (89H)

TMOD: TIMER/COUNTER MODE CONTROL REGISTER, NOT BIT ADDRESSABLE.
|GATE|C/T| M1 | MOlGATE]C/TJ M1IMO [
P N

~ >
Timar 1 Timer 0
GATE When TRx (in TCON) is set and GATE = 1, TIMER/COUNTERX will run only while INTx pin is high (hardware control).
When GATE = 0, TIMER/COUNTERX will run only whife TRx = 1 (softwara controi).
ciT Timer or Counter selector. Cleared for Timer operation (input from internal syster clock). Set for Counter operation
(input from Tx input pin).
M1 Mode selector bit. (NOTE 1)
MO Mode selector bit. (NOTE 1)
NOTE 1:
M1 MO Operating Mode
0 0 0 13-bit Timer (8048 compatible)
1] 1 1 16-bit Timer/Counter
1 0 2 B-bit Auto-Reload Timer/Counter
1 1 3 (Timer 0} TLO is an 8-bit Timer/Counter centrolled by the standart Timer 0
control bits. THO is an8-bit Timar and is controlled by Timer + control bits.
1 1 3 (Timer 1) Timer/Counter 1 stopped.
3UM 2.14 TMOD Timer/Counter Mode Control Register
-~ - a4 r-1
GATE - lﬂu’ﬂﬂlﬁﬂﬂﬂ1i AN !!‘]J‘Uﬂ'nlf]iJTﬂU Stofware %99 Hardware
‘0’ = Stofware Control
‘1’ = Hardware Control
Software Control
INT, = X
s s A o sa A
GATEX = 0 msaesg Vlyl?'llil'ﬂ'i"ﬂ'iﬂ IATUHIABDIITULLD TRx = 1
Hardware Control
TR, = ‘I’
s s ¢ s A Y {
GATE, = ‘I’ miaa1inInweinie nnimesiSuiionszdunnnoueniivg INTx =1’
p— a oA o S A ' o A o
T - Uﬂlﬁi’)ﬂﬂ15Yl'l\ﬂu‘ﬂﬂﬂllﬂlllf]‘iﬂ‘iﬂlﬂ]um@iiﬂﬂlﬂﬂﬂﬂqu

ol = o dumudonTnua Tnwes (usmmuudulmdia)
Mo/ = 0 dumsidenTnua anives GluswauRagenmouen)
MOMI - @enTuuanmsyinauld 4 Tvua



Ml | Mo | Tvum Mt

= & N o o
0 0 0 | 131n Tnweinss niwos

= o A o 4
0 1 1 | 16 Oa lnweinse wnnimas

=Y =] o T4 : o Py

1 0 2 | 83n Imuesuse mnlwesnuyinandndaluta
1 1 3 | 8 3a Tnwesnse mmimes 1aold TLO
1 1 3 | gia lnwes Teeld THO

d19t13 msEmalu TMOD

Channel 1 Channel 0 ANUNNY

GAT |C/ | M MIGAT|C/ MM

E T |1 (0 |E T (1 |0
0 0 (0|0 X XX | X Timer 1 (Mode0) Software Control
0 0 0 1 X X[ XX Timer 1 (Model) Software Control
0 1 0|0 X XX | X Counter 1 (Mode0) Software Control
0 1 0 |1 X X| X | X Counter 1 (Model) Software Control
1 1 1 V] X X | X | X Counter 1 (Mode2) Hardware Control
X X | XX 0 0 0|0 Timer 0 (Mode() Software Control
X X ] X | X 0 0 0 1 Timer 0 (Model) Software Control
X XXX 0 1 0 |0 Counter 0 (Mode0) Software Control
X X | X | X 0 1 0 (1 Counter 0 (Model) Software Control
X XXX 1 1 1 0 Counter 0 (Mode2) Hardware Control

ninemeg

itodoans Tlsunsy  Channel 1 uﬂ"lumnmﬂﬂmﬂin Channel 0 RNt C 1Y PR
S9ames TMOD mmiﬁnﬂmanamw 8 ummuumuumﬂmTﬁsxmsnmﬁm Channel
Timer/Counter Control Register (TCON) ﬂ:ﬂu SFR mu‘nuw (088H)

TCON: TIMER/COUNTER CONTROL REGISTER. BIT ADDRESSABLE.

[ TE1 [ TR | TR0 | TRO | uEt | Tt | 1IEQ | 1O |

TFt TCON.T Timer 1 overflow flag. Set by hardware when the Timer/Counter 1 overflows, Cleared by hardware as
pracessor vectors to tha interrupt service routine.

TR1 TCON.6 Timer 1 run control bit. Set/cleared by software to turn Timer/Counter 1 ON/OFF.

TFO TCON.S Timer 0 overflow flag. Set by hardware when the Timer/Counter 0 overflows. Cleared by hardware as
processor vectors to the service routine,

TRO TCON.4 Timer 0 run control bit. Set/cleared by software to turn Timer/Counter 0 ON/OFF,

IE1 TCON.3 External Interrupt 1 edge flag. Set by hardware when External Interrupt edge is detected. Cleared by
hardware when interrupt is processed.

IT1 TCON.2 _ Interrupt 1 type control bit. Set/cleared by software to specify falling edge/low level triggered External
Interrupt.

IE0 TCON.1 External Interrupt 0 edge flag. Set by hardware when External Interfupt edge detected. Cleared by
hardware when interrupt is processed.

IT0 TCON.O Interrupt O type control bit. Set/cleared by software to specify falling edge/low level triggered External

Interrupt.

ﬂ'ﬁ 2.15 Timer/Counter Control register (TCON)
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M3

o =y o o =1 4 = o rd
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TFO
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RN TF1

] p=y o "q ¥ o A o I
FUAITY TR1 ua 15A0Au InueInie 1amInes Channel 0

IE1

L4 a o o s | & A =g o dor | &
uanguamamafiadygudumesildnousnninony 1 welidyg udwnesida
<

¥ = —_— s o o ] = - o o
Wunhv INT 1 uesgnindusiedleodids RETI luTdsunsuamyinisdwaessila

IT1

‘]Jﬂlﬁi’)ﬂ‘].li“’!ﬂ‘nm‘i?I‘i')‘i)ﬁ’ﬂﬂﬁiyiy'lﬂl’ﬂuma‘i‘iﬂﬂ‘ﬂlﬂﬂ‘llu‘n‘ln INT1 o
‘r Tl“‘ﬂ'i')‘ﬂﬂﬂﬂﬂ'l‘il‘l.lﬁﬂuiuﬂUlliJ‘!JﬂJBD‘lJ'IﬁQ‘mJ'I INT1
i ﬂzw5?%ﬂ’ﬂﬂi:ﬂﬂfjuﬂﬂﬂ\‘lﬁﬂgmﬂ1mTHH INT1

IE0

=Y a W o Jor (o A A oo = Jar ) & 9
Tanaasmsinadyayiudumesiddamouanuunoay 0 Weldyaudueesaidim
] o | &
flvr 7o unzgnindusios Taudds RETImu“luT'leunsumummsauma Tud

ITo

umaemennmwnnﬁauﬁmmmaummiﬂﬂmnmuwm NTo lay
U ezasaveuminiBuuszAunuueunasin INT O
0" WA ndBUIEALgUivedygmiivg INT O

demsiaing

T
R
F
E
1,0

2.2,

Up

MuWD4 Timer/Counter ©30 Type

Maude RUN

WD Flag

M54 External

WU Channel 0 M50 Channel 1 D195 14197 x 1%U TRx, TFx

6.2 Timer Mode

Counter Register (TH, ,TLy ) mmuﬂwu 1 ﬂ‘N NN 9 1MC (12 713971 CPU Osc) BT

mﬂﬂTﬁuﬂuwmIﬂmnm W sunsuda /T = 0 drunsdald Up Counter Register 13111102
AMALA TRx, GATE, INTx (Pin) Tau x #io 0,1 §nflugutnsnuds channel 0
duifu 1’ muuds Channel 1 f331 2.16
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@ MO — (Timer Mode)
T oeo L1 L
- 12 _]+

CT=0
o o
TF0 %
Interrupt D [ I
2 RO @ 8 bit ~ 5 bit ,
GATE 0 2997V 13 Da

INT 0 (Pin) Start/Stop /

Timer Channel 0 (Mode 0)

JUN 2.16 famsmaudie 1sunsululnua lnwed

MINLAUNMITINN

mngﬂ 168 OSC a4 CPU finmuf 12 MHz gAMI3AIY 12 mde | MHz cmmqnum*unm"lu
1 MC Wod (1 MC 9314 12 A CPU Oscillator) dnfu Sefeldindumniu Mc dympailes
H1U Switch fusniiuas zlsunsuia o/T = 0 deidenTnunTnues uiTames TCON Aagy 16.8
frmnpmumu'lﬂua Switch #9712 FRIUAUIING TNV AND Gate 1011 AND Gate 11l
Wil Switch f9g on 1wﬁmty1mmum"lﬂuq Up Counter 18 ﬂmumgsﬂﬂmniu’lﬁm GATE Ty
TMOD (il "0" 1817 1¥MYD3 OR-Gate nmi’luﬁua "1" dud18uNNI0I AND Gate Faiu Tunowil
driia TRx 1t 1" ﬂmmiﬁ Switch #7 2 on & 15715930nM5 Start UUVTiN Software Start

5 Start Bnuvunileiifte Hardware Start Tﬂﬂﬂummnﬁwquﬁmmmmnmuuanmmwm INTx

(Pin) ‘umuau 2 wifie INTO ez INT 1 Taveyd 3.2 uoz P33 dyanaifinzannizqudeadiu
1» TavssRoawdondiountnil @il

TRx = ‘I’ uas GATE, Aouilu 1"
@ MUY — (Timer Mode)
{ osc __l_w 13 l I—l L
= T* Close
ciF=0 _’/ U
o——_;:;\r'rﬂ . m m
O T0 (pin) = TF0 % (THO) 8 3 (TLO) 9
{Counter Mode) lmm}—D«—ﬂ'
. 8bit 5 bit
(1) N
2937uAM_13 fa .

/

Software Start Timer/Counter Channel 0 (Mode 0)

5U% 2.17 Aam3iau Sofiware start, (GATE =70")
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DNy - (Timer Mode)
l Hm

= | osc [
-_ 12 ‘]+

Close
o 2
@l}n'ru Topin) . CT=1 o ¢
C
(Counter Mode) Interm‘pt—D-_D:
LBbit __ 5bit,
GATE 0{*¢} @ 29053V _13 iin
INT 0 (Pin) : _—
\—{\Trig “’ 9 INNMIYUBNIVIN
Hardware Start Timer/Counter Channel 0 (Mode 1)

319 2.18 Ham3v191U Hardware Start ,( GATE ='1")

mﬂunnmuuﬁ'n‘ln Up Counter Register

ioenn Up Counter Register 9 u‘u'uuﬂunummﬂenaﬂﬂmum% 1 TF, wasuan
ﬂmuwmri'fluﬁmuwm o vlﬂ ‘1 ) fl'l!i'liﬂﬂﬂﬂ"lu‘ﬂllﬂﬂ 16 umz"lﬂmu:muu‘vuvlful,ﬂaua:nm‘ﬂ
19'11hiffo RUN 7 12 MHz §am1519% 2.2 uasdi 11.059 MHz fams9fi 2.3

AnluEuAu Sudulafanly | nadld (RUN# 12 MHz)
( THO,TI0) Aowialonos Inad
FFFFH 1 (1) =18
FFFEH 2 @Y1 =2 s
FFFDH 3 (3X1) =3 Us
FFFCH 4 @(1) =4 s

13199 2.2 Sy lmdauaznafn 1 Uile RUN 7 12 MHz

ANTUITUAY sSwunndulnfan 14 i le
(THO,TIO) AowAaleneyInad (RUN 71 11.050 MHz)
FFFFH 1 (1)(1.085) = 1.085 LS
FFFEH 2 (2)(1.085) = 2.170 LS
FFFDH 3 (3)(1.085) =3.255 1S
FFFCH 4 (4)(1.085) =4.340 LS

A15199 2.3 Suunudu lsRanazna1n 14 1aiie RUN #1 11.059 MHz
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Up Counter Register seiusuiialonosIiad fezidmia TFx (TFO,TF) didlu ‘1’ uaze:
a o o v A 4 & T da 4 . w1
BumaTInA lanaaliaisnania £4 uas ETO,ET1 Tu53maA03 IE (Interupt Enable Register) 1inou

8 :: A a a das | o A o v & o 4
wintl WeanamsdweossUa TusunsueznszIaneenunfiduinus 000BH o TFO To1193 1val

P A a o P g ¥ a far | o oy a

uazaznssTanuny 001BH ie TF1 Walaradidal &11ulsnsdwaessids: 1495aswasuia
TF0, TF1 A1

»
Timer mode 1ruamsiauuie1diu 4 Tnua §ail
c e Tt e
Timer0 (Mode 0) 13-bit Timer Tnuafieziiy lAgeqamiiiy 2°

@ﬂﬂ.ﬂ.l —, (Timer Mode)
L l w L L

< | 0sC " ~)|+

S

a a 2 @
TFO = (THO) 2 = (TLO) 2

Interrupt b

. 8 bit S bit ,

@ AR
WNITHUYH 13 Ua

Timer0 (Mode 0)

3N 2.19 Timer 0 (Mode 0) 13-bit Timer

» ¥
Timer0(Mode0)16-bitTimer IMuaTliviiau( Tvua 0)M13Aun; denaastlunuy 16 1ia

@ﬂﬂl'l.l —, {Timer Mode)
i

= | OSC —» 12 —]+

Euy .

MSB

o o o)
TFO % (THo) 2 £ (TL0) &

. Bbit 8 bit
Uﬁ/
1~mﬂméu 16 1n

i

Timer0 (Mode 1)

51 2.20 Timer 0 (Mode 1) 16-bit timer
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Timer0 (Mode2) 8-bit Auto Reload THUﬂﬁi‘ﬁ%ﬁ!ﬂﬂ{ TL1 Hu Up Counter Register AauAmez
Twaﬂmmmﬂmxnu"hﬂauh THI mquﬂwmm TL1 TﬂuamTunmuamﬂanaﬂﬂm (Wi
TR gaqaiie 256 MC £1RUN #i 12 MHz azqayiioinaniugaqeiios 256 S winifary

@ﬂ.l'l.l'l.l — (Timer Mode)
L] l wms | LT Lo

= | OSC
T 12 41*

14011'1’uiu 8 Ua Inaanniusaluilia

Pl
Timer0 (Mode 2) |

L

31N 2.21 Timer 0 (Mode 2) 8-bit Timer Auto Reload

. . . d’ % © N: L4 o
Timer0 (Mode 3) 8 bit Timer and Counter Tnuatiozly TLO mam"lﬂnﬂﬁummumamaﬂﬁuﬂ
¢ A a o ¢ d Y o s A o o o
Tmwes iwaifiaTonos IMad szidnh TFO dau THO ManmIvualnwes denalenes iWal
ki TF1 q31 2.22 Uszney

O l-u-u“ - (T|mer Mode)
J/ M3

%_OSC — 12 T*

O——O
CIT-1=

@ TO (pln)
(Counter Mode)

30TV 8 DA

@ TRO /'

rTimerOICountero (Mode 3) ]

5 0SsC wy Ml UL
~ |

T 12 —_— ° - -
— g2 (THO) =
(DM~ (1imer Mode) us
tnterrupt

ar 5 -
@ TR O - 'Nﬁl‘J‘N'IJ‘H'HlS ua
£

[ Timer0 (Mode3) |

U7 2.22 Timer 0 (Mode 3)



26

- L d
227 ﬂ'ﬁl'll!.l'l-l'ﬂ‘lﬂﬂ'wlﬂﬂuﬂﬂﬂﬂﬁ'lﬂﬂﬂ'lﬂﬂulﬁu
Y Y ' t Yy, d yyq Aa < o o s & da
ﬂﬂgﬁﬂﬂﬂdﬂﬁ'ﬂx‘i'ﬂﬂﬂ‘lﬂﬂﬂWﬂf]du']hlﬂlﬂﬂ']’]ﬁluii]ﬂmf‘)‘iU‘ﬂ!ﬂfJSﬂQQWﬂiﬂ'ﬂHﬂiU HINAY

59A03 SBUF #9d29014
MOV SBUF.#'A’
s & ¥ kd o9 LYY o o ' a ] 0
nnmdadeduilumsdedoyavesdidnus A eenlifmesneynsueta lsAmuneum

[ S v q 1A a4 & A A . A o Ty -y ¥y d
ﬂ15ﬁ\11]911uanﬂﬂ5\1 Wﬂ\uluﬁl‘ﬂ'nllﬂ TI lﬂﬁUSﬁianﬂ’]!ﬂu “0 uﬁ:mﬂ‘mmiﬂﬂﬂlﬂgﬁl‘iﬂﬂiﬂﬂum fl

[l 9
szifamasada TIwouda1ini fadenaTsunsune 105

CLR TI : indusiia THWawS uumsdadoyaoen
MOV SBUF, # A’ - dadoyaveadasnus A Tdmesneynsy

a A ¥ ;W 4 4 ¢
INBTIL, $ - somsavesda THoudsmsdadoyatiavanysal

| - W o
2.2.8 mIgmnIeiudeyoninnoineyniy
msSudeyaninweineynsuansonszi lddonn fvaiimsasvasuiida R1fin
¥ ¥
mawatunie l Smuihiinswanaiuud Idhmsesnnisanes SBUF Tavdoains
Toubhodoyarumaneniayameinies Sames A fidaed1s
CLR RI . induilia R oS vumsdadoyanen
= Y r o -]
INBRI, § : 5oABEMSIEAYDIDA RT sudumsudalvnsiuh mssodoyaade
e ay a 4 daa o
auyseluaslidoyauneyuiidames SBUF
' 1 oo 4 ¥y ¥ ' o L4
MOV A, SBUF : 91um19n3dmans laoms Toudedoyaniume3Smaos A

o a 1 3 ° Y
CLR RI s ndanmhmsewdeyaissuioouds dsihmandeitia RIoue

P ] v J -
2.2.9 maeusishuneineyniuvesneuRunes
9/ o o LY P N 1 A

mslFnuneInesneynsuveslulnsnouInsames Mcs-51 dntloul¥lunmsannoie

uanldoudeyatunsuiusssaiiumaneinoynsuluuiasgiu Rs-232 iluding nalosnn
¥ ¥
szAvdyguvoanasnoynsy RS-232 Hszdudad +3 A1 +12v luvazfiszduduanuves
o as ] o

TulnsnouTnsames MCS-51  1ifuweTneynsuvonauiunes1f lavaie Jadoeordfums

@ o

A v 1 o a o ¥ o
wondor led A M lumanlasssAudannn



27

S8 HPUT [
e Ih—
]
Elﬂcl' ‘5'-';.%:'10-’ vl 2 o
— “e3001- VOLTAGE LOUBLER
* ol G T (AR
G [1] 18] vec 2 8| voUTAGE IRERTER Lo
T =
v [2] 15] GHD o §
3] maxiaa [1d Ton v Tiag fu
WV T
TIUCuas K 22
02+ E Mmgg E Rim TRUTS mu? o |, }annns
z - 10
(3] maosze 12 Rour T
V-18 _1__1] Ty & [ah cq__ B [13
TIVCs , rS72
T2our E E 2u syl gau }NFUTS
Rew (8 9] Rooun Lot 'Swr_e<}.._’9u. 2.,
3§V
cip =
1
(m ()

314 2.23 (n) "la%uﬂmﬁ"mutymnﬁa'ﬁ'wx%andaﬁuwagﬂaqﬂiwmﬂanﬁima§
@) Tnssadramoly
"laﬁ'sﬁﬁmﬁﬁ"lummﬂms:ﬁuﬁn;ty1mf;ﬁaqﬁ1mﬁuﬂm‘ﬁagadwm"luiﬂiﬂaﬂma-
1es MCs-51 minszAvfifiuealuifiuszduues Rs-232 wazvimsutasdoyasuninnouiaunesnn
seuves Rs-232 uszAufifusaemnsadiomenluss lulnsneuTnsames Mcs-51 18edma
auysel leFAsnaniidrfiunauvesninvaiodnia 011 MAX232 910 MAXIM w30 ICL232
10 HARRIS (Judu Tuziit 2.9 uamamssavivealed 101232 Faldlumsurasdoyanm rS-232

aunesvoamsneiluInsnenInsames Mcs-s1 namalugaldi 2.10

1

L]
Cl't:.i.‘
€2 == 5

C1Cs
1/50v

TxD

LR LERTY]
Wwintnoulnrmsnd
MCS5

10]

iz

RxD

|

we{moyntu
LRLLT LY |
{moutdnané DB-9

MAX232/1C1232

31U 2.24 299s1F01si0 MAX232 130 ICL232 WfuwesneynTuYBIRDUR IABILIAS

Tulnsnoulnsaiaas MCS-51



28

[}
2.3 noinoyna
a A v P 4 v ¥ = o S0 A A
Imadenay 2 melumshezndoudrotoyasinaeuiunes lidgunsalnensduqnie
a L4 ar @ o 3 o 1 o 1
AauRImesAIuiy ufemsiudsdeyanuuvuunesmisudsdeyauuuayniu misudadeya
o 1 ) L) = as A a o
wwvvwuszdunissunsededeyansinas 4 in wie 8 ia Tunaufsadu deveiiinissuuay
1 o 1 A ' o 4 ] ] <1 - °
msdsdoyarmldnnnusigs Fehvmnsanuidnnuvesmsiimsdasdesiinaniiusuou

o 3 o 14

linvesdoyahezaeniy uanmni’fﬁw:ﬁ'msauﬁamuﬁi%’ﬁmé"umsmuquuazmmsa%ﬁaums
fudsdoyadin Feowezdesldmuunn 2 hvessnaudadoyafiezdald Feffudgmlu
Foenmysamei 19 lumsdeudenyurunainezisnums

Tuvaziimms fudedoyauuueynsy si‘lumﬁnda%yaﬂ%ax 14ia uAneansofuds

¥ ¥ ) ¥ Y ] Y o o 1 ar ]
foyaldnsnaznarwqin’ld winuaszAeslimsanasiuszninadidaazdiuinsiuddoya

Aa @ o ¥ ¥ ¥ o = 1 2 T Y 1
310NN ﬂ']iUﬂzﬂﬂﬂiﬂﬂ]ﬂyﬁu’lﬁlﬁﬂ'l"]JT}ﬂ'lJﬂ!ﬂUﬂﬂuﬂQﬂ1ﬂ15ﬂ53u]ﬁNﬁ ﬂﬂﬂﬁﬁlﬁﬂ'ﬁaﬂﬂ'ﬁ
¥ d o ] a o o ]
ﬁ]ﬂﬂ;lﬁﬂl}ﬂill@’lﬂﬁﬂ'ﬂﬂﬁ'Jﬂ'lﬂ']']!l'l]‘]ﬂ]u'lu 11!9’1’11!‘0114']“310“{}]@1&!ﬂ'lﬁﬁﬂﬁ‘l{l,ﬂy'ﬁllﬂﬂﬂl‘{ﬂiu

Vo Y ' row A 3 A ¥y a2 o g o 1w
‘il&'cl‘lﬁnu’luﬂ'lﬂuaﬂﬂ'ﬂll'lﬂ f]U'l\]NE]U‘VIﬁﬂ1“ULWU\1 2-3 1ITUINIUY !mBﬂi'lﬁ'ﬂuﬂ'liii]ﬂﬂ‘ll'ﬂyﬁﬂ'm
s 1 ' d o 3 o Aa '
AN NV DVIUIU EIU'Nvl'iﬂﬂ'lllﬂ']'ii‘]Jﬂq{l’ﬂls!a!lUUﬂHﬂﬁuﬂ'lU'Iﬁﬂﬁl‘l’f,ﬁ'wﬁﬂJﬂJ]ﬂl‘l‘lijﬂ'J'llJUTnﬂﬂﬂTl

supviu dldszeemelumsfomsdoyanvveynsuannsoildunni

4
2.4 MIdeMINVVBYNTY
4 : ] 3 =} g ] o
midemsuuveynsuniuszurivennldiily 2 uuufe msfemsoynsunuudlnsia

A -

uazmsfemseynsuuvuesd Insda msFemsuunds Inanifmlidyauunimimegdoiy
1Y L:'s v r 1 o o o a £
msfunazasdygiudie dretnmsdidoyauvudsnnianfofdueiavosneuiomes sy
¥ 24 9 o ] > o a 1w
dunilnzilumovesdygruuidm dumedndusziilumovesdoyn dnfumsandefuuuy
a o a4 ¥ ¥ A v vy oA [ S a Y o
FaInsatezdesldmelumasendoedniosiiqe 3 180 Ao Fygruuiinm, deya uaznsng

{ d P ' o LY
17 2.1 wana e Inlis laezunsuvesmsdedayaunudalns e

iino in1 in2 in3 | ina in 5 iim 6 iin 7
— Ijj_r_ J__|___. Foyeyrmn 1@
0 1 1 0 1 1 0 o

31U 2.25 uamaguuvenaingavesdeyaoynsy



29

2.4.1 nsdemdeyanuuezdalnaie
msdeandeyauuvezdalasia fensiudeyauazdedoyalillumolaslisuiludoal

TyananAnmsudismiountsSudadeyanvugaInsia uasel¥madmuamdganannin

9
L3 a \

vamasuuazmndalitinuniiu ffal?unﬁngmummﬁmﬁﬂl%’“lumsr‘hwuﬂﬂ'ﬂﬁn1ﬂ§'mmzmﬂffaﬁ’
T 8animsdimendoya nio vemsa (baudrate) TriviauiiuiindeIurii (bps)
stnvvesdeyaii s lumsuduuuesSa lnsifasznoudon 4 dmdiuuie

1. DS udu (Start Bi) Faezfvunm 1 Gn

2. iindoyanvveynsusziiving s iin, 6 in, 7 1a n3o 8 Oa

3. ﬁmswﬁauwﬁﬁ’(hmy Bit) velvwn 1 Tanselull

4. intlave (Stop Bit) veiivua 1 1a, 1.5 U n302 1n

; - N 4
1 2.2 uamagduvuvesdeyaeynsunuuesFalasia Fuilehifidoyafvzda
¥

= A y‘ N A. v
DATA 9:UADIULADIN “1” FezSunaniusiiinaousnynso (Waiting stage) Msisududidoya
v >
1ais uduimiu

ﬂl = ' = é = l;l
ﬁZiilJi]"lﬂﬂWiiﬁ"U‘l DATA 1ao9n “0” 51U‘1$’J\15$U$l’3ﬂ1 1 i FeziSuniail

a ¥ 5 o o

[] a = :-:'d o 1 & Y di
Uﬂﬂ]ﬂﬂﬁﬁzgﬂﬁiﬂ@ﬂl‘lﬂ Tﬂﬂﬁﬂiﬂﬂ'ﬂﬂ‘l’muﬂﬁ'lﬂmuﬂﬁjﬂ (LSB) nay ’ﬂ\ii‘lﬂﬂﬂﬂi?%ﬂﬂﬂﬂ'ﬂn

= = J ' - 1 = A A
AanaaniinvuInnsdedoyn Jagativfiezdefiotallaiiy davzlfivensrvaeunii

¥ o

a { ~ ¥ ] = 4 ] a & =
AanmanifaTunnmsdadoyn dagaiiofiezdafe datlavhe Faezldumdlaniuzasin 1

a 2o v a a - a A ﬂ v A ¥ ¥
DNATINWWTZUSIANOUNNUDY 1 U, 1.5 U HID 2 UA IWDL uﬂ]i!!ﬁﬂqq'lﬁuqﬂmﬂgﬂllﬂq

\
:
|
!
!

01Uy |
5
1
.
|

: ; | : 5
| ! E i i

. 4w cdoyn | doyn | Foyn | doym | doyn | deya 1. _ i _ o
indudu; JYoya v A N B - Sawisa | Danya |

HYAID - unl o, ua2 a3 | A4 | ums ; Umeé un 7 | MYAID
fin 0 ! | : : :

_| 1 ; ' | ! |_

1 {00 | 1! 1o i o0o]o |
| ! !

31 2.26 namsgluuvedisishigavesioyasynsuuves g Insiia

gunsaifAn 1asun seenuuumdmiumsSunazdadeyauuvezdalanimond
Universal Asynchronous Receiver / Transmitter 138 UART 8as1ami3rlumsiuiazdadoya
o ) o L = o T A T o -~ \J
voImsSunasdadoyavesmssudidoyaunverFalaniafomueasadsffe mimaudade
= - 3/ o L 4 -~ ¥ o [y o ¥
Ininlylumsivuesdadeyoveasamasguilddmsunesoneynsy Rs-232.18ud 110, 150,
] | d
300, 600, 1200, 2400, 4800, 9600, 19200 flwdieJ I wazlinunuuINTuAIMA TuTabvos
= ¢ = o [} LR s '
AouNIADS FInmsTuuazmsaauveynsylasTumuludueisssaunsofmuaiwoasaldgs
] a1 oA A oA M o a » o ' » a a
03 115200 inae3u1i tiesninueaise Ao Suudinvesdoyaiiannsadionenldlu 1 S

o ' 9 ] o o ] aq’ aa & g o =
Uﬂﬂ’)i)ﬂ'l\‘lﬂ.l’t)gﬁ’ﬂlgﬂ‘iUgﬂ’dﬂuﬁﬂ“ﬂm: 8 un l'liJIJﬂ'ISiFIS’(l‘Ili'(’tJ‘lJ‘l‘i'l‘;iGl it uaud 1 Us uazialle



30

] td
o 1da anuervesdeyadisudaiinhiy 10 fia hlFueasalumsdadoyamiu 9600 fine
a a o o ] [~ " a a Y ar 1
i fezfudedoyaladionnudi 960 Tuareduf wasdimsldmsannuslumsiuds
Joyaszmdeiiiu 872 ludneui
9 ]
mIasaeumsATmsaiimua IMTunuu (odd), LY (even) n3o lifimsnsvmeu
Ad':l L4 Ady o = a " o o
wisAN 1 maasavaeumiiaidiunsasisaousuousnvesiinaein «17 muludoyaitdsly 1
@1 a0 Vo 4 ¥ a ad ¥ ¥ o 1Y P o )
TuanddnnusuhuavgnioneiTavdesswdamiadh lud ondredndeyaiinsinsdadl

a = | Y < = S °
vua 8 Danaza iy 99 gudunn e 1001 1001 gruaes seiundoyaluludlisiu
B e 2 wéﬂ lw:y; ] a;ﬁ (] Py Qd’ ¥ = a
aedn “1” S 4 dyathuavy Aniudidmuasdadugaludiania wdesdaoiniiu
» T [] » v » » ]
o7 uadmsaidud miidam3Aszdeadiu 1ieldideya 1 ludsumiamisaisnaudaiiilu

T r »
aodn “1” HSnusawduihuned Tuasiei 22 uaadadietivesiam3alumsiudedoya

YN

) QH’ J ) é ar ~ o )
‘]JﬂWﬁﬂQﬂﬁ%"l\WH‘i]'lﬂﬂ'lﬂﬁQ‘f]’ﬂHﬁ Y93 UART ‘]N‘VI'NII'IﬂiUﬂ:ﬁ’ﬂ\iUﬂ']iﬂ'lﬂuﬂﬂ'l‘UﬂQ

» ¥y » »
Auuauiansasnaouwsa Ifassfudnzasinasumsaanion3ag Inunnsuves UART

»
Aadd o

T » ] b 4 »
winsaswaeua AT Iniugrieiiluf Taomniusnuasin 17 Haruasusiaia

¥
»

aaswy ¥ o ad U () ] s o‘: ¥ o P o
WITANY mnmuﬂmsﬂ"lmi‘lugl,nmmuﬂﬂummﬂmuﬂanm"lﬂmmmi‘iuﬂ NHNOATUILLUO A

¥ ar

¥ a & W o g 4 v %) a0

toranameomnliglimsu umi‘_lummsnﬂanﬂamﬂﬂwa1ﬂmﬂﬂw1uﬂ1smrmamagamw

2] 3 I VA aa W A o v A a4 a a y o ¥ W A o T aa

e uavziFeiie IMilelinteyaniimsdifanamaiosdadonriniu tdoyanhmsdadiia
» » } 4

HAWEIAINAN 1 1a msasiaeudrndtieelildna dmsumsaamisadatiuiu (NONE)

»

»
Hunaninsunazmade 92 luinmsasieaaunisa

doya fam3ag tani3an
00000000 0 1
00000001 1 0
00000010 1 0
00000011 0 1
00000100 1 0
11111110 0 1
1n 1 : 0

MI1 2.4 uamliamiavesdoya




31

J J

2.42 MAIPIUNBINBYN NNV VLIS IDTABITINTDI

MAsTIUMSIFouAsILUBYNsY BrTBAmBImNEel TR §IUgAAIMAS SUTIBEALLY
vuweldlumsdadoyanuvoynsuezdalnsiia 2 Aamnlaowasgiu o1soadesmuaes u
= ; i [] [] =Y @ o - [] a 5 A o
aAmiugnEanULLN IHeMsdrIuToyanInReuR uAes 1 TuAufissed e efiszih
& o ;' ' o I'd ar ) o't & & (O] Qs
deyaninTuauiidemisdumoInsdwit lufimeunnnesdnyganiiarsogrrelnadu Tau

= ¥

AN UMsHTondaugadIMnIsudidnansolind (Electronic Industrics Association : EIA)

¥ Add o @ o ' ¥ o 4
Tananaspdildeuntun EIA RS-232 masgillumausnez Idnoudinmesifiuuuy DB-
+ »

25 Taofvuannuevesmodaenlf 50 fa Hszdudyanudd -3 8 -15 Taad uamahil
doya (Mark) naz +3 §a +15 naasindiutesing (Space)

s o s A Vo W1 Pl

AT DI leadsImudes lanmuagluuuvesqinsaliFounedeyaliiigunsal

DTE wdpuiluginsaiflimsdszuionaludaugu lulasnouInsawmes nio lulnsneuiuned

& = v < ° 4 ) 5

datinnuemmsalumsaduadoyaeynsu 1A diugunsel DCE sevimdhnfwiivedsudoyai
» »

da91n DTE winiu Tasmssudedeyaseninglnsalismesssnsziirmanasgu erseades

3 ' I L4 4 o s @ ¥ 4
e douand19vesgUnsel DTE uazqunsel DCE Ao nouiinaesves DTE suifudag dau

L] ¢ o a4 ¢ a ¢ig ¥ o ' o
aowilinmesuos DCE wiiluduiio Fawasnoynsuvesnouiuneshildiueginlveidunuy
y o ¢ 1o o
DTE dyunsuiiinaosnegiuTuduezilunuy DCE
dmsumsldaununsuinees wesneynsu o1sleaassaiuaes Sngnlfiendedy
o o 1 = o o P
Tuny niewnd Tavmaunsosudedoya ldfinnuunvesdygugegada 20 was Aowlinaes
o o o o 2
dmsuwesnoynsy or3leaaesmumes oz ldnsuinmesiuy DB-25 A2 n5e DB-9 A4 Fenou
L4 = J = L= as q 4
Win@esuuy DB-25 szlivndelfauiios o 1ldu wudsafussutinmeiiiuy DB-9 e 1nu1du
favldanlueda Jegiiunis1daulinmindagnondnlyl Taoueaszisuesdwmisan fagil

213

S \o@o@o@o@o / D

6 7 8 .9

n) M3savnouinmes wes neynsy 9 31 H3eLUYY DB-9



32

QOOOOOOOOOOOOOQ
OO O O O O O O O oo O

14 15 16 17 18 19 20 21 22 23 24 25

Y [ d
) ﬂ‘li%ﬂﬂ1ﬂﬂusuﬂlﬂﬂ§waiﬂﬂqﬂi11 25 41 'H?ﬂ!l.llu DB-25

51l 2.27 uraImsiavivesneudinmes wasneynsuRMLY DB-9 Liag DB-25

Aoulinmes DB9 | noutinine DB-25 Foveamudyny o FpvoImUTyen

1 8 Data Carrier Direct : DCD Input

2 3 Received Data : RxD Input

3 2 Transmitted Data : TxD Qutput

4 20 Data Terminal Ready : DTR Output

5 7 Signal Ground : GND

6 6 Data Set Ready : DSR Input

7 4 Request To Send : RTS Output

8 5 Clear To Send ;: CTS Input

9 22 Ring Indicator : RI Input

13199 2.5 LA WML ez Fov 1903 DB-9 L1az DB-25
dmsumsFeudoneuRunes fuginsalniouendegii 2.14 anaslugdluaaafiafian
4 ] o -3 4 ' v
vosdoya Tugl 2.14(m) MumsieudsuuiniaTuidn (Null modem) n3omsiouso lavasaliidos
' o o A ¢dd o 1 = A 1 o
FuTudu TaolimsasavaeunSeusuainiaugduuy daulugifi 2.14) umsiseudenunia

Tuwy Tudpvuzi IFmodyanudios 3 1du

TxD ‘ TxD
RD e Rt
RTS RTS
15 [o—— s crs
DTR DTR
sk [+ "+ b

GND » GND

4 1 o o = LY
() msiFeudaginsaimuusniunasneynsyvesnouRiumesuunia Tudy




33

g DR
RxD RxD

RTS RTS
CTS CTS
DTR ' DTR
DSR DSR
GND » GND

() mageuregUnsainousnfuwesneynsuvesnsuiunes Taoldmudyrmuios 3 1du

U7 2.28 uamanisaeginssimoneniunesneynIuveneNRAADY

é o @ 1 o o [ Y
Taoiduniladmsvasdoyadnidudmsuiudoyn uasidugauiiunsid dnsusvazidon

¥ 2 1 4 4 PRU §
'H'LI"ITIﬂ'lSﬂ”lxi]ﬂlllllﬂﬂﬂ]”l‘l.l’ﬂiﬂﬂ‘iﬂi’)‘qﬂ‘il.l DDA ADIMINTDI UAU

Data Carrier Detect : DCD 138919130031 Carrier Detect : CD ailozuoniiviiolinsds
) »

Fyananiinngunsademsdeya isu Tudy dwmsumsIdaulndvifieslildgnld
UMImin |

. A A Y A o @ ¥ o a ¢ o 3 o
Received Data : RD %59 RxD il lfinosudyanuoynsudidneniunes Tavideyad
oldiau 13 TS maesiives

¥ (] »
Transmitted Data : TD ¥38 TxD Milliedsdoyaventinnouiiunes Tavthdoyaiifu
o luviesdmsudeteyadeoonly
. @ A - o A W o

Data Terminal Ready : DTR iilusndgygnuiideensinnouiausesive Wgunsaiawms

} 4 )
$u§91 AeamsdndedavTaven DR fivzdearoudaiuel DSR vosnouRmes 11901

' ar 4 4 5 ' '
WondouuwiaTwanda ldmolumsidouaamivs 3 1du 92A09@0v1 DTR 1az DSR 104

Y

dnfueathdrufiunazdessodun Dep Sawlunsdiii Iusunsudoasnldinisasiedy
dyauwv

Signal Ground : GND 911513898452 111/

Data Set Ready : DSR mf':inzi‘)’s'fjﬁum DIR ifoAsnm0uMsITouRafuszng
R uRRTAugUnsailan1e a1 DSR f‘:ﬂznﬂummw%”ui’l'ay,afmnnwuaﬂ#agndam
91791 DTR .

Request To Send : RTS lundmiviudidyyimudosve Tdmagilnsaitaensdadoya
ndundneuiiames Tasnnsudagu RTS Afev CTs Tunsdlilgmsidourouuinia

Twidy 3 0o vzABUTOUADY RTS Uaz CTS



34

. 2w 4 4
2.43 szduussdunliaudiniumedneyniu erileamesmuaes
wmnsgumsfemsdoyavesnes noynsuldszyreszduussdudmiumsinuues
4 Py .:i - =] ar o =1 d 0 = = [ o
wosvieynsu1ii Naedn 0~ exliszaudynm +3 84 +15 Taad drunedn “1” wxlissdudynu
= o o Ao q wy 4 . s 'Y« a A qu
-3 09 -15 Toaa szdudgygruih I himmsofiezihvueniynlag dedhfuasimnaiie 15
TdTasasa szdesiiuisesmeonlfouszduus wudoAowiuifionssdu quasaifunuunasgu
o : 3 [ ‘s' ar a S’Vli‘ ar G T d'
pIsaToImuaely luaumndedesmusalaoudyyiuasdnli 1dszauusduaivai
fmuallla uardmivludveisssnniueaddosmnsansredussduus wunsudhinuds
{ [y o = L] LY < ° s
nlaoundulhdudygruaeinldedrsgndesdiouiu Tavndss 14led51man orfteaaesmu
1 » [
@03 Transceiver NflyunINAAD MAX232 w30 IcL232 loFlunquilvzvimihinutasseduns sy
Y- 3/ 3 a as 4 o 9 3 o o o
Hifwealiiudyga lussdunsiiuvesorsioaansmuans uazdahmihiudasdygiulussdu

s

L L T o - A = L
useAuYes 1sleamesmumes Idndumegluszduiiiuen Tavasin “0” FuAulssiudye

o o =2

= s s 3 - = 4 oo e A
+3 919 +15 Taad sxgruauiiu 0 Taad dauaedn “1” ezlssAuduau -3 89 -15 Taad sisiiie

s o o b

A Vo daa A A =
muInFouneiugUnItiaTasadu 19z Auus ruRfiueald

2.5 n1sesnuuugIMYoYD
2.5.1 sxuugudoyn (Database System)
P=3 ] = q’a o A A 3 G;
yudeyade iR udiuuetndindu (Application) niaTsunsudmitedaiminlumsiiy

) ' Y aa - e A q vy 3 g ¥ o ¥
VDU ﬂ?U‘Jﬁﬂ'l‘ilmziﬂlm‘]Jﬂl"ri‘l.l"l:ﬂu ma‘lwgg“lwmmmsmnweyﬁ, AUATNEIVAYD Laz

ideyamIdamIfhwnhimadudeyalugduunlvag

Turnudueiaid “szuugmdeoya Sanummnouandrsfudrin “grudoya” Tavszuy
gidoyn (Database System) vzisznouliday 4 daundndie g1udoyn (Database), sordlT
fansszvugdeyn (OBMS), Tusunsuldomgmdoya (Application Programs) wazdléaiu

(USER)

2.5.2 myeenuuugIuteyndud-e13luan (Entity Relationship Model)

Tumseenuuugndeyaduiludeshimsdmnfquoutd uazanuduiussznindeyn
o ; 4 1 49 Lwie o e
htiogluszvuie I8 ThingaTassadrafiuguvesgudoyads Taoin llindniiums Taoms 14
upudrnesdoya

= o 0 1 [Y = 4 e ar

3-015 Twaadlunuusrasadoyai 1A uanuiivumnlums 1ifhuaseafiedinivan

¥ b4 ) o 1Y 3/ o =

PONLUVIUYDYAAIWD-215 Taa eziarue Tassndsvesgudoyalussdunulfneonuily
vvewmunmintilasaadishigasmsninnudnle MU I v RUTANInYA LAz

pTuFuRUSs s haeuda luszuugidoya

>
[

& b ¥y o ¥ i 3 A A
muwaumsaammugmﬂmyamua-mﬂmﬂa ﬂiznanmumumumaq JUAD

- ﬂﬁﬁﬂ‘kl"l‘i"lﬂﬁzlﬁﬂﬂ!lﬁ:ﬁﬂﬂmzﬂﬁ"lﬁﬂ‘lﬂlf]\i‘ixﬁﬂ ‘



35

=& = ar =
msfinyITiwazBea vazdpvuzmiinauvesszuuilumsinm uazsausimen
L=} P @« ar 3 < 9 o L o : []
swaz@vaitheRudnyusINuYoI s YUYy afinuoInuTuaeu lum s aneay
¥ o a ' 4 g q YV ar ¢ 4 A ¢ 4 aa
YofmuauazauuAg g 199 Faeeiiladomsduniug vie Anwininuuuresume q Alims
»
T amegluszuuamvnztiu
- msfnuaeuianaasilussuugudoya
& o 4 ¥ ac Vo o & & )
ieanngudoyanils odszneudineouiiaang ladwanunadaiutuduaouiiag

a

o - ¥ 1 ¥ 4 . o A doe ¥ a ¥
Wumniswazidealudenoundhiiunimsfimuaeund #dulu dvaliegluszuugmdoya
Tasmilatamaueunaysziandouie aaoAau Supertype 30 Subtype AU

- MsmMMuARNUFUTUT TEH eURR

° o [ i\ =, o ar ar o
mMsfmuannuduiuissnnauouia snflumsdmuadszianvesnny duius
serhaeuna TaonnsanndeimualazauuAgiuae

- MsfruARUANYUZYBUDUNA

msfmuaguinuuzveasuiniupsdmuailuudazioudid arselsznou A
Property Tatha Property 1ﬂﬁﬁﬁ]mﬁnﬁﬁgﬂu Key Property n5o Composite Property 130 Derived
Property
3 A d o ] e
- MIMHUARIMANVOINARLIOUNA
>
mifmuaRdudnveuaazieuimiy Humsdmua Key Property vodunazioud-a
A 3 = ad a Y = o o by
e Wurazmndn lueuidecnansoliqguavtimbunihuen - dpvel mwizla
o o  ar 4q @ = o a @ o ¢ J kg
- msihdgdnuainldlu 8-019 Twwea nefineanudunusszvindeya
o @ w sAq g a 2 a ¥ w4 ¥ °
mahdgdnyeinldly 3-015Twea nefueanuduwuisznindeyaiilunisi
u‘;’ ] = 4 a = @ @ d
s1wazdoa luduasuA199 IRTUINUNIUNDIAL H300AIBUNRA Property LLOZANUTUWUS

=

] : o 4 : : ° 4 = o/ a o
A1vq  nimiudaihdeyan ldnindunsunua yudeuiuuuudiaeunossuionNuduius

9 ¥ o o A a - o ¥ da 4 aa
ixHﬂﬂﬂjﬂgf\ﬂ?Uﬁi\gaﬂBmﬁ‘Nq Hnio 'ﬂ-ﬂ'\ﬂﬂ'ﬂgllﬂiﬂ AUl l,lll'l_l'i]'lﬁE)Qilﬂu”ﬂﬂ!ﬂﬂilu%quﬂ'nu

@ v ¥ o 4 Ao = o q ¥ = o
AU TOANADY Qﬂﬂ'ﬂ\ﬂ!!ﬂxmN]zﬁﬂﬂﬂﬂﬁﬂﬂﬁzﬂﬂu‘l‘ﬂﬁﬂuTlﬂ1ﬁ~1ﬁﬂ‘}ﬂ ﬂﬂﬂ!ﬂuﬂﬂi’)ﬂilﬁl'ﬂﬂ

nndwiinuates

2.53 Inseadavesnmneafiuea (SQL)

AT SQL (unsnsnoaniEuald 2 nuu Ao “eaRuen : SQL” W30 “Hinaa” (Sequel))
611970 Structurcd Query Language #3aannlumsaeuomdoya fuammedmgmdoys
awnsead g Ufiamsfugnidoyauuuduniug (elational database) Tatawiz uag fumyi
Ndnuuzadudun1yISingy a1l SQL gﬂﬁwuﬁfumnumﬁﬂmm relational calculus Uag
relational algebra Dundnniu SQL Lénﬁmum?’amﬂﬂu Almaden Research Center 9931540 IBM
Tavlifosuusni “§n1a” (Seque aomldudoudodiy “oaduen (SQL) WRINTIUNN

3 o ar Y a a9 [y 9 = o o o cia Qs []
sQLIdgmibw e Taudndasodiniduszuudanis grudeyadeduiusouduntivuiuedie



36

uwsnanoluihgiu  TeodndaudazsioinonuficsRaussuusamsgudoyavesnulni
nvuzisummz i yngtuuums19ids soL Situuuiiuandrafuluths i ORACLE
ACCESS SQL Base Y99 Sybase INGRES #30 SQL Server %84 Microsoft (1usiu Sl aa
1986 91U American National Standards Institute (ANSD) 314 muau1asguves SQL 31
o619157a Tulsunsugrudoyaiinolufesnan 14ve sQL eenTnuAudefmunves ANsI
Taomuguouiagug ﬁﬁﬂfiuﬂuﬂs:Iumﬁ%"lﬂ%’nl,l.eﬁﬂuwﬁnﬁa"lﬂué’\'a?‘lﬁqﬂﬁﬁﬁmuu‘msyu
Y99 ANSI "lumsa?muﬁﬁ'wiﬁqummm SQL 'lunﬁaﬁ'mdnf':n:aﬁmuﬁw%aﬁsﬂugﬂxmuﬁﬁa
WIATTINVDIM YT SQLIAmIA )

2.5.3.1 Yszinnveamidauean SQL

w1 SQL Wun @19 1ddeudssdmniesnenfiuneidiuyana lloudessfu
musy Yszinnvearhdaluniu SOL (The subdivision of SQL) utiseen i 3 Wszian fip

- mmﬁm%’um‘iﬁmwﬁ'aga (Data Definition Language: DDL)

Usznoudosidan lumsmimualassadredoyainfinednfesls udaznodniify
Joyatszianla sawfamsmunodind msdmuadedi  madmuadmSemaaiiouvesdld
dludu

- n1H1ﬁ’Tﬁ§Uﬂ1‘iﬁﬂﬂ‘liﬂTﬂyﬁ (Data Manipulation Language: DML}

Ysznoudodda 19 umsonlddoya manfdounlasdoya mamuioaudeya
iffudu
- 211V (Data Control Language: DCL) Usznoudaoidai 14

+

Tunisniuge msifanizwieuiu  niemstostumsifiamagnissinglavais au

Sunlddoyanioniu uazddsnifvadesiunmsaruguanuiloen fuvesdoyadiomsfivua

dnsuead IFnuanaaiu fiudy
2.5.3.2 iavastoyahldluniu sQL
¥ @ 5 a
Tumwn sQL mswsyydeyansluneduiiaieg sasmsizdestmuasiinverdoya (data
¥ @ = ¥ o a VoA v ¢ v t v fd
type) Hudazneduil visvesdoyatlszuanistinvosmnoglunedul s lunedmin
° ¥ a a4 o [ Y v ¢ &4 Yy ¥ v
smunszdsaiiusiadndu wu  lumngefeednifidiusssegnd sdeaiiudimide
P @ da a o 4 df =y ar
TuvmzneduiduRunganFoduduiluduay
oy 4 1 ar 4 g o 4 T r 4 45 1} ¥ ar .:lw =
yiinveadoyavesaaznedivziuduanvuzvestoyauaaznedutl Fuivlddstiaia
4
¥

JoyaRugiulunz SQL Asil

9

# fmiafle (character) Tun 11 SQL 9214
- AamladeuuuA11M81IAIN (fixed-length character) 9219 char (n) 150 character (n) Unu
Uszinnvesdeyaiitudmisfelaqiitinnunivesdoyananlastinnuorutiun &2 mide
n:l’ ~ d’ = a P A Y = ¥ :l’ o
tzinnisziimsvautionawanuenfiadinwismus Brstavesdoyadlszinniazinuanue

vostoyalduniigald 255 dadnus



37

- @miafenvunue1linshi (variable-length character) 9219 varchar (n) unuysziam
3 td' Y o d'.d 3/ ¥ :d' =1 a Y] d’ ~
vaadeyaiitfudmisdolaqiiinnuonvesdoyalinsii Tavlinaues n dmisderszaniiel
4 4 " a Y 4 g Y v o v
msvouiloNmuanuevestoya riavestoyadsnaniivznuanuoivesdeyalauiniigald
4000 AIDNYST
# 3778 (numeric)
° A =) . ¥ = .
- Swrumuhitiganeiloy (decimal) 1un1m1 SQL 9215 dec (m, 1) #39 decimal (m, n) ilu
8/ d' o d“d = A o o : = -l
Usziandoyaiiludmauaviliganaionlao m Aesuauduavisnus (saugenaion) uag n flo
A NaIHAIgPNAtioy
o P e = ¥ A 5 =] -
- Srwwavi lifiganaiivnlun 1y SQL 9214 int ¥30 integer WumviuwAnLINSe
aualng Wudauav 10 udn uazlunm sQL 9214 smallint Wutszinndoyafifwaviu
5 ] a ar it 1 o ' Y 0 o
Wunannseavvuimdn (Tudiay 5 udn  RlfId 32,768 D9 +32,767  @uavs iy
¥ » v
UsunnitazlimsvouiioNiounI My integer
- 1$112u933 Tun111 SQL 91919 number () unuswanavh luliganatiouaz 117

=

nanNganaioy
¥ o A
# dayaludnymzdug
v o . a o d a ¥ g -
- Yuiiuazia1 (Date/Time) Wuridauivionarluniu sQL v214 data iludoyaiuh i
vriivarwgduuulfifenls iy yyyy-mm-dd  (1999-10-31) ddmmyyyy (1. 10.1999) w39

dd/mm/yyyy (31/10/1999)

2.5.4 Sn¥asmIl¥iuYeInI¥ SQL

a1w1 SQL 1udaudsznewmitaves DBMS Sanulu DBMS iSeduiusnareimaziiuf
fou1$luflogiu mw sQL SwdenisFoui mslFauluniv sQL udailu 2 davuz fio n1w
SQL 71 1Ame1/14 (interactive SQL) nazn 1y SQL HdsluTalsuns (embedded SQL)

2541 a1 SQL #ildAnould Wiedfifaufugudoyalaoass dlunsiddmdaniun
sQLdssmuuseam  TauSungdoyaldTasassluvusfiviou el uadnimi 11414
dredamu desmiungdoyalunadini SALENAME uay SALECOM 91nA159 SALESTAB 12

1¥F1dave9n 181 SQL 9l

SELECT SALENAME, SALECOM
FROM SALESTARB;

2.5.4.2 711 SQL NilaluTsunsu dlumui sQL Mdsznoudlufmidaais q ves 711 SQL
Ma B3 ldsunsuidmanaudndioudonedu ivu Iavea thanma My Snpusvessids

SQL 9zuand1191INM Y3 Tuninan sQL  lididdafiified fun1SAILRY (control statement)
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o ar

A A ' A A A N ° Ve a s
MUDUNYIDU 1FY  if.then...else for...do 130 loop MT@ while M TANdTasiialumsiTougad
daau ms ¥ soL HalulusunsuduseiInu sQL fianw anse uazfidsz@nsamun
. » 1 T v
8a¥u wadnsvesdrdsiinninmur sL  AaluTilsunsuszgaderilidfudlsuse

w13 iinesn e TneTusunsuiinin sQL Tuilsdeg 1w

while not end-of-file(input) do

begin

readin(id-num, salesperson,loc,comm);
EXEC SQL INSERT INTO SALESTAB
VALUES (:id-num,:salesperson,:loc,:comm);

end;

@ A3 3

» 1 ¥
N1 SQL A lanaulduazaiy sQL ndaluTdsunsuazlidnumzuned defildau

A @ T a T P Ao A o 4
IMUBUNU ITANAULANYINTYI SQL ﬂN\ﬂ.uIﬂillﬂiUﬂquﬁﬂ1SlﬁfﬂuIUQﬂun1H10u 9

2.5.5 mituiindeya malfinkadeya uozmaavdeyn
Tuszuugdeya mstufindeya msilfuiljadeyauazmsavdoyatedluieding Tu
) o o . & H R
M1 SQL Imdmiunsinnmsdoya (Data manipulation Language : DML) Fuihumuni 14y
o 2 Y ar ¥ ¥ o @ [y v 1
mstunndeya m3dimljadeyauazmsavdoys murdmsumsdamsdoya dudiulszneu

é o ar @ .} @ v
nilslunin sQL Tasmundmiumsiamsdeyalddmsusamsdoyaniolumsiavsgudoya

o & ¥

Tumsldmdsiidunmdmsuinudoyavesnivi SQL 194 CREATE TABLE i 114

' { o 1 o 4 o & o, o Y o @ A
Tnssadmseing wideliifeyalaqiived Mdlunmdmiumsiansdeyaszidudiden
¥

=

14 3
trlumsdamsdeyanolulnssadrumneiadieiu Meduvssmidelunmmdmsumssans

foya wiumdanslsulysdoya 18un msdiudoya (INSERT) ms5u1lya (UPDATE) uas

myaudoya (DELETE) uozidamsisonfutoyaldundida (SELECT)
daildtunmliulysdeyavesniun sQL fe mstitudeya (INSERT) msdSuilyadoya

(UPDATE) uaz myaudeya (DELETE) usdslunmmisdansdoya delnssatiandnues

3/ o L o k4 4 =] o o g Y o - 0 o
manlagnimuatuiSouiesuds AszimsiudindoyaaslumsmdnnSonismnsisulye

¥
rl

nivaudoyalumonds fideies § ileduiiumsiunu sQL selinaainadniosnuima

V'

£y ' o o - " ¥ Yo o a g o
HU1909 Llﬂﬂaﬂl'ﬂﬁﬂ'lﬁ“l:llﬂﬂﬂﬂﬂlﬂlluﬂ @1‘]5?”1”50@”?1'119\1_“]51‘]5?]1“\11“1’1151“1]‘1]61‘!@ ﬂ'lii]iﬂ‘lliqﬂ

uazmiavdoya TnsldmdamsiSunAudoya (SELECT)



39

fidamsinudoya (INSERT)

v '
o =

MAINTIN

P - ¥
ndoyaluasises 19ds INSERT vziieg 2 juluvude msmindeyardi lufias

u Y

a w IR Y o o 9 ¥
U uag m‘smumay‘aTﬂumsmﬂqumagamumﬂmummﬂua

U

v
o

- mdsmaudeayaazuoi Tavszydoyaioz INSERT 1411 Tasase juiuuvesiids

»
dudadl

INSERT INTO <Table_ name> [(column 1, column 2,...)]
VALUE (<valuel, value2 ,...>);

t E
b =t Qs

INSERT INTO ilufdsfideaiinnnisfidoansimntoya
4 - a ¥

Table_ name ¥901319NILINUUDYA

column 1, column 2,...ABdMINABIMSINUTOYA

valuel,value2, MYDYAVDIARLADAWI NADINMTIAY

- Mdamsimudoyalasmsaangudeyadvmdasunidoya Tunw sQu munsald
[-] Q" ] U L A L] A L] ;
Md9 INSERT lumsihismdomiainiamstanidada 114138015918 Taelansiuinein

¥
msaevoudoyn JUnuududadl

INSERT INTO <Table_name>[(column 1, column 2,...)]
SELECT statement;

T [ » T *
INSERT INTO 1ifusrdafidesiiynniidesmsifiudoya
a w

Table_name ¥om1319M9zimudoya

. 2 4 p
SELECT statement 1i/uf1d3 SELECT Aideamsdoyadnaistanile

fdnlsuilyunadeya (UPDATE)

ninfidoudoyadrlifin13un1s10d Tunsdiideamsezdfuleudladoya
aunsoi lddienin sQL msifudyaumidoyaidlumsdsulyamieudlumnednd Faludads
Yivdyadeyaendnnnii 1 aeduiluuaimaunliififoulvaeandeafuiiszy ndsdii
WHERE

»
@

jiivvvesmdalsuljunidoyalidail

UPDATE <table name> SET <column 1>[, column 2,...] = <expression

[sunquery>
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[WHERE<condition>];

+ » ¥ r
UPDATE iflusdafidosiinnnssfidosnmsilSuilysdoya
Table_name ¥oa1519NA0IA151)511l59
A W 4 &
SET <column > Fenodminaonsiliuilys
) Vv a9 o
expression AidoyaidsInsUiuiia

WHERE<condition> 1901 TvTun15151lya

Mdan13audountiaun) (DELETE)
oA

P Y o & g 9 ¥ a P |
ddalunsavunideyaiiudidinldlumsauunrdeyaynuerfifivoulvaeandeiui

1 v »
321 1inds WHERE midamsavdoyalidnuuialudedl

DELETE FROM <Table name>
[WHERE<condition>];

] ] »
DELETE FROM lufidaidesiinnnaideansaudoya
4 Ay I
Table_name ¥oa135 9hdoinsaudoya

WHERE<condition> [Jou'la Tumsavdeya

2.5.6 m3iFunfiudeye (SELECT)
o o Y S a ey ¥ ] o 5
mssaigudeyatuzluuumsnaiu fanamsiteya ldesauuuynieasnnusidou
L. v o g Aa o Y 3 1y
(Normalization) #audayaiiiisivaz@uavasdeyaninarezgninylilunatwamisiauensann
ann 1y asradoyaiilun1s1eandn (master table) uazarsdoyahiiuaisiaugasioms
(transaction table) g5 19doyaniiiua1s1aieg (address table) Hudu nmsuwneonifuaisdoya
¥ » » [ ]
gevq #i uwenwinaannudidou  udrderrelumsysendadion nazdunulszdnininuos
Judeya
1 ¥y ¥ o LY 4
- miSendudeyaninvatwaisiastunin sQL  dlumssimuannuduiug
T : a 9 ot -1 9 o o Lo w : =5
serananaimats Tasfezennsaeidoyaluaisiimsen IRlimduiusiudaiudiannse
ondedoyaimnaeiuldTaumsidmds WHERE drds WHERE ifluihidalumssmunaiou’ly

N
o o

TumsSungdeyaldgivdds SELECT uaz FROM

SELECT * FROM TABLE1, TABLES2
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- mMsiungdoayauuuFeui (subqueies) 1iumsa1ed1de SELECT Foufums

= Iy Y v A I A A A ¥ Py ' o
HunNgvauALYUYDOUNU Hﬁﬂﬂ‘i:ﬁﬂﬂﬂl'ﬂ'ﬂﬁﬂﬂ'ﬁShlﬂ'l'imﬂlm"Ii'l\iﬂﬂﬂﬂcl‘ﬂhlﬁu’w ﬂ’ﬂl]'i]'ll‘ﬂu

LY L'

v » ] >
fnunn midstssfimnsoadmdiids WHERE Tjtuoudsi]

SELECT [*] <column 1, column 2,., >
FROM <table name>

[WHERE<column list = <Select Statement>]

»
o

SELECT MdsndsaliynasindesmsiSondudoya

o dA 21 ¥
column 1, column 2,... AAUUNADINITITUNAL

FROM msmmuanInBonadoua 189na1519laths

A oy s Yy
table name ‘Ifi)ﬂ'li'lﬂﬂﬂﬂﬂﬂ'lil‘iﬂﬂﬂu‘uﬂgﬂ

WHERE<condition> duvasdidafivendonlufies 15 lumsdumidoya

]
as

Select Statement aauVBARIFINZ endudoyanmutonly

] 9

o o & 1 g A A 3 ' ¥
ﬂ15T]'l\'l']u‘lli’)ﬂﬂ']ﬁ\iﬂﬂﬂﬂcl‘]ﬂuﬂ]i531]“'01411]11'i'l‘)!ﬁﬂﬂ“lli‘)iil‘ﬁﬁ:T]’W']ﬂﬂ'lﬂ'lilﬂﬂﬂﬂ'lﬂillf}ﬂ

a'vlv ﬂ 1 ar Yo a0 & T e A a ¥ 9 =y
Han 1ALl ‘Llﬂ']ﬂﬂ‘lJ11111’1ﬂ'lJﬂ']Tl'Elg"u'llﬂ'iﬂQHU']Ulﬂ1mJ(=) INBLTUNAUVBUDINTIUNADINIT

k'
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')
3.2 MI0ONIUUNITDUN IR UL ¥ DS
o o o o > Aa o ) A o )
gIfunannIMIATINTuMsildounlasvessidunsusangnasesnuivie Nisunn
= a = < . . - L4 e L d
“WradW dursusA AMAADT (passive infrared detector)” AB N13ATINVLMSIdoUNIIANNTOU

a o Sa = ] o A o e A
nmMsiasuuasvesssasunsusanuroanunIndIAUNIBdA) 1uﬂjﬂl$ﬂllﬂ1‘5!ﬂﬂ0utlﬂ'l

R8
10K
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L

I
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:

R4 1M R7
N 1K R10 1™
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1 cs RS W inatas
IR [2 af Ma24 13
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R2 2 7 7
47K V1A 10uF 10K >
R3 ufe
10K Lva24
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£ A~ ce
T~ ¢4 100uF
10uF R13
) 10K
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= a o
317 3.2 naasrsesdurisaues

NANM TN NIUVB 90T

o

A o o [} £ o 3. = o a 4
LIWDUAUAHNTHUT U PIR slz"nﬂwnm sorce (V12) Y93I PIR U YUTIUGNLANYUNAVH [L1FEIT
b4

é L) 4 L] o i [ 1t
grunwde Ic/a FaimthnduasestSueut 100 mh dyanuildvzgadahlvoedn 100 i
L] 1 ‘§ L [ {
#u 1c1/B oudad ic1/C FaflursesnFouhoudeynu (comparator) Tavszsihminfnls ooy
o d. ol o = A 3 o~ o/ oy L o =
dugruidindudygiaudieds Feessevausulislfygroudunhdgygruddalszuim 230
o ] ¥ o P L4 A Y ¥ a o
mV 9Inusssuiinnnseu R7 o Iddaanaiiduiaduinalszuim 3.8v e limSaldmsudaines

wnuiuadad v



3.3 pseeniuues lulnineulnsoned

33.1 IuNIBBNHULYB AT

o ar as = -1 o =
2993 luTasnou Insawes sznrugums sudyanuiniesdurisadumes ouldis
mssunazddoyaduneufiuassiumanesaeynsuluninsg Rs-232 Taol#led MAX232

¥ A o Y ' w ¥ v '3 I vlyw
Hum"lumsxxﬂaaizﬂuﬂmumu1m1ﬂﬁ1u1‘3nmuazswagamumqwa‘smmniullﬂ NITUTAT IARAY
JUn 33
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R1 29
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= J4
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PO.1 35
PO.2 55 y |
P0.3 [5g 5 I Ul o c7
P0.4 "33 ; c4___ 7] | 10 uF )
el T 7 [iOuF o = J
po- 39 3 0
C2 30pF po.7 2 > ax 14 2 i1
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XTAL2 [ h3
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I 1o 2 1
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] 10 uF
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Source Code
Assembly Language Programming

TsunsululnsneuTnsained

ORG 0000H
BUFFER EQU 030H
SEN BIT PO0.7
MAIN MOV TMOD,#021H

MOV TH1,#0FDH
MOV TL1#0FDH

SETB TR1
MOV SCON,#040H

SENSOR JB SEN,SENSOR
MOV DPTR#DATA_l
ACALL TX_TEXT

MOV RO,#BUFFER
SETB REN

LOOP INB RL$
CLR RI
MOV A,SBUE
MOV @RO0,A
CINE A,#05AH,LOOP

MOV R7,#08BH

DEL 20m 1 MOV R6#00H

DEL 20m 2 MOV RS#00H

DEL 20m 3  DJNZ RS5DEL_20m_3
DINZ R6,DEL 20m 2
DINZ R7,DEL_20m_]



AJMP SENSOR

TX_TEXT CLR TI
TX_LOOP CLR A
MOVC A,@A+DPTR
INC DPTR
CINE A,#0FFH,TX_CHAR
RET

TX_CHAR MOV SBUF,A
JNB TI$
CLR TI
AJMP TX_LOOP

DATA 1 DB 'A"0FFH

END



Visual C#.Net

Taunsuveaeduniheeniugunidn

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Text;

using System.Windows.Forms;

namespace Proj_ APS

{

public partial class For=mi @ Form

{

string selectmode;
public Forml ()

{
InitializeComponent () ;
}
private void buttonl Click(object sender, EventArgs e)
{
Openfilelialog ofdlg = new Openriielialog():
ofdlg.Title = ™@snMdinmiwa™;
ofdlg.Filter = "Wd {*.,dat;*.mpg)|*.dat;*.mpg";
if (ofdlg.ShowDialog{) == DialcgResuit.OK)
{
string textpath;
textpath = ofdlg.FileName;
textBoxl.Text = textpath;
}
}
private void buttonZ Click(object sender, Eventirgs e)
{
CpentilielDizicg ofdlg = new Cpentilablialog();
ofdlg.Title = "anlduanwa”;
ofdlg.Filter = "Wd {(*.dat;*.mpg)|*.dat;*.mpg";
if {ofdlg.ShowDialog() == liaicgRkesult.OK)
{
string textpath;
textpath = ofdlg.FileName;
textBox2.Text = textpath;
}
}

private void radioButtonl_CheckedChanged{object sender,
rys e)

groupBoxl.Enabled = true;
selectmode = "present®;



private void radioButton2 CheckedChanged{ocbject sender,

Fvanrtiyos e)

{
textBoxl.Text = "";
textBox2.Text = "";
groupBoxl.Enabled = false;
selectmode = "security";
}
private void buttond4 Click(object sender, Ivanla
{
if (radioButtonl.Checked == true)
{
1f (selectmode == "present")
{
if (textBoxl.Text == "")
{
Messagebox .. Show { "amdtbilddeniidinmiee ") ;
}
else if (textBox2.Text == "")
{
MessageBox. Show ( "Anddilidanndinnma® ) ;
}
else
{
Frorm? frm2 = new Formz (textBoxl.Text,
textBox2.Text);
frm2,Show(this);
this.Hide{);
}
}
h
else if (radicButton2,Checked == true)
{
if (selectmode == "security")
{
Forzd frm3 = new tormi{);
frm3.Show({this);
this.Hide () ;
}
}
else
{
Massagsebox. Show ("njund@enbmamaie ) ;
}

private void button3 Click(object sender, Eventirgs e)

{ .
string TableName, PLAY MODE, mocde, SQL = "";
if (radioButtonl.Checked == false && radioButtonZ2.Checked
== false}

{ .
ssareto, Show { "nimufanlumenisiteu™) ;

KAz

return;



if (radioButtonl.Checked)

{
TableName = "Tablel";
PLAY MODE = ", FILEI, FILE2";
mode = "";
}
else
f
TableName = "Tablel”;
PLAY MODE = "";
mode = "security":;

o8B Mydb = new DE();
if (Mydb.CcnnectDB{())
{
SQL = "SELECT NUM,DATE T,TIME T " + PLAY MODE + "
FROM " + TableName + ";";
Mydb.QueryDB (SQL) ;
Mydb.CloseDB({};

Formd frmd4 = new Formd (Mydb.pDataSet, mode, TableName,
SQL) ;
frm4.Show(this);
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using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Text;

using System.Windows.Forms;

namespace Proj APS

{

o

public partial class Formi @ Form
{
string Rxstring, startfile, playfile;
public Form2(string Filel, string File2)
{
InitializeComponent () ;
startfile = Filel;
playfile = File2;
serialPortl.PortName "coml”;
serialPortl.BaudRate = 9600;
serialPortl.Open{);
if (serialPortl.IsCpen)
{

playstart();
}
}

private void Form2 lLoad{object sender, Eventlrgs e)
{

playstart();
}

private wvoid playstart ()
{
axWMP2.URL = startfile;
axWMP2.Ctlcontrols.play();
}

private void Form2 FormClosing(object sender,

Lventihngs e)

this.Owner.Show({);

}
private void axWMP2 PlayStateChange{object sender,
AxWMPLib. WMPOONEvents FlaybtatzChangzBEvant e)
{
i1f (axWMPZ.playState == WMPLib.WHT vitats . wmppsStopped)

{ if (axwWMP2.URL == startfile)
{ axWMPZ.Ctlcontrels.play();
if {axWMP2.URL == playfile}
{ if (!serialPortl.IsOpen) return;
char[] buff = new char[l};



buff[0] = '2"';
serialPortl.Write(buff, 0, 1);
playstart();

}

private void serialPortl DataReceived(object sender,

System.IO.Ports.leriallataRacsivediiventirus e)
{
Rxstring = serialPortl.ReadExisting(};
if (Rxstring == "A")
{
lipgs alert = new inas();
alert.locg("Tablel"”, startfile, playfile);
axWMP2.URL = playfile;
axWMP2.Ctlcontrols.play!();
}
}
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using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System, Text;

using System.Windows.Forms;

namespace Proj APS
{
public partial class Foxm3 @ Form
{
string Rxstring;
string startfile = ""-
string playfile = "":
public Form3 ()
{
InitializeComponent () ;
serialPortl.PortName = "coml”;
serialPortl.BaudRate = 8600;
serialPortl.Open{);
}

prlvate v01d serlalPortl DataRecelved(object sender,
System.IO.Ports.Seriallatakoceivesfventirys e)
{
Rxstring = serialPortl.ReadExisting();
if (Rxstring == "A&")
{
likss alert = new [jpsz ()7
alert.log("Table2", startfile, playfile);

axWMP1l,URL = "C:/Program Files/Automatic Presentation
System/Poh.mp3";

axWMP1l.Ctlcontrols.play();

label2.Text = "Warning..... "

label2.Show();

}

prlvate void axWMP1 PlayStateChange(object sender,
AxWMPLib. WMpCCMEvents Playst h P
{

if (axWMPl.playState == WMPLib. %}
{

.& . wmppsStopped)

if {!serialPortl.IsOpen) return;
char([] buff = new char(l];

bufff0] = '2";
serialPortl.Write(buff, 0, 1};
. label2,.Text = ""; -

label2.Show{) ;



private void buttonl Click(object sender,

{

}

{

axWMP1.Ctlcontrols.stop();
if (!serialPortl.IsOpen) return;
char[] buff = new char{l];

buff[0] = 'Z';
serialPortl.Writel{buff, 0, 1);
label2.Text = "";

label?2.Show(};

private void buttonZ Click{cbkject sender,

this.Owner.Show();
this.Close():

LATHS e)
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using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Text;

using System.Windows.Forms;

namespace Proj_ APS
{
public partial class Formd 1 Form
{
string t name = "", del sgl = "";
public Formd (fztaiet ds, string mode, string tb _name, string
sql)
{
InitializeComponent {);
dataGridViewl.DataSource = ds;
dataGridViewl.DataMember "Queryl";
t_name = tb_name;
del sgl = sql;
if (mode == "security”)

{

dataGridViewl.Columns["cFilel"].Visible false;
‘dataGridvViewl.Columns["cFile2"}.Visible = false;

}

private void button2 Click(ebject sender, &

{

DB Mydb = new DB();
Mydb.ConnectDB () ;

Mydb.QueryDB ("DELETE * FRCOM " + t_name);
timerl.Interval = 500;

timerl.Enabled = true;

}

private void buttonl_Click{object sender, Event
{
OB Mydb = new SE();
Mydb.ConnectDB{() ;
Mydb.QueryDB{"DELETE * FROM ” + t name + "
WHERE (DATE T='" +
dataGridViewl.CurrentRow.Cells["cDate"] . Value.ToString{) + "' AND
NUM=" + dataGridViewl.CurrentRow.Cells["cNum"].Value.ToString{() +
");ll);
timerl.Interval = 500;
timerl.Enabled = true;

}

private void refreshGrid{()
{
o2 db = new Tn();
db.ConnectDB() ;
db.QueryDB(del sgl});
dataGridViewl.DataSource = db.pDataSet;



dataGridvViewl.DataMember = "Queryl";
}

private void Form4 Load{object sender,

{
timerl.Enabled = false;

}

private void timerl Tick(object sender,
{

refreshGrid{):

timerl.Enabled = false;

"""""
......
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using System;

using System.Collections.Generic;
using System.Text;

using System.Data;

using System.Data.0OleDb;

using System.Windows.Forms;

namespace Prcj APS
{

class 0¥

{

n Conn = new 1

Le pDataTable = null;
public Databer pDataSet = null;

private string DBPath = "C:/Program Files/Rutomatic

Presentation System/dbl.mdb";

public bool ConnectDB({)
{

- pDataAdapter = null;

string strConn = "Provider=Microscft.Jet.OLEDB.4.0;Data

Source=" + DBPath + ";Jet COLEDB:Engine Type=5%";

if (Conn.State == onnectionftata.Open)
Conn.Close({);

try

{ ‘
Conn = new Clelilonnectcison{(strConn);
Conn.Open(};

}

catch

{
Y o . Show ("muwnsadesogndoys " + DBPath +

"Error", MessageBoxButtons.OK, < oxlcon.Error);

return false;

}

return true;

}

public void QueryDB(string SQL)
{

strlng cmdType = SQL.Substring (0, 3).ToUpper():
N SlennCommana (SQL)

nnanad dbCMD =

I

Glels
pDataAdapter = new
pDataTable = new
pDataSet = new Dat
switch (cmdType)

{

0

case "SEL":
pDataRdapter.SelectCommand = dbCMD;

- pDataAdapter.SelectCommand.Connection

" ‘15' T"

Conn; -

pDatahAdapter.SelectCommand.ExecuteScalar () ;

pDataAdapter.Fill (pDataTable);

pDatahAdapter.Fill (pDataSet, "Queryl"};

break;
case "INS":
pDataAdapter. InsertCommand = dbCMD;

pDataAdapter.InsertCommand.Connection

Conn;



pDataAdapter.InsertCommand.

break;
case "UPD":
pbataAdapter,UpdateCommand

pDataAdapter.UpdateCommand.
pDataAdapter.UpdateCommand.

break;
case "DEL":
pDataAdapter.DeleteCommand

pDataAdapter.DeleteCommand.
pDataAdapter.DeleteCommand.

break:

}

}

public void CloseDB({()

{
pDataTable.Clear ();
Conn.Close () ;

using System;
using System.Collections.Generic;
using System.Text;

namespace Proj_APS

{
class liuss

{

ExecuteScalar();

= dbCMD;
Connection = Conn;
ExecuteScalar();

= dbCMD;
Connection = Conn;
ExecuteScalar();

public void log(string TableName, string startfile, string

playfile}
{
DateTime dt = CataTime.Now;
string TIME T = dt.Hour.ToString{) + ":" +
dt.Minute.ToString () ;
string DATE T = DatsTime.Today.ToShortDateString();

int NOM = 1;
string SQL =
string dDate;
2B Mydb = new un{):
if (Mydb.ConnectDB({)}
{

nn,
’

Mydb.QueryDB ("SELECT DATE T FRCM " + TableName + "

ORDER BY ID DESC");
if (Mydb.pDataTable.Rows.Count
{
dDate = DATE_T;
}
else

{

Hi

dDate
}

== 0)

Mydb.pDataTable.Rows[O][O].TbString();

string[] mDate = dDate.Split{(new char[] { /' }):

int mDay = int.Parse(mDate{0]};
int mMon = int.Parse(mDate[l]};

int mYear = int.Parse(mDate[2]};



int nDay = int.Parse(dt.Day.ToString{()):;
int nMon int.Parse{dt.Month.ToString()):
int nYear = int.Parse({dt.Year.ToString()) + 543;
if ((mDay == nDay) && (mMon == nMon) && (mYear ==

n¥Year))
{
Mydb.QueryDB ("SELECT MAX (NUM} FROM " + TableName
+ "™ WHERE{DRTE T='" + dDate + "');");
if (Mydb.pDataTable.Rows{0][0].ToString(} != "")
{

NUM =
int.Parse (Mydb.pDataTable.Rows[0] [0].ToString()}):
NUM += 1;
}
else
{
NUM = 1;
}
}
else
{
NUM = 1;
}
if (startfile != "" && playfile != "")
SQL = "INSERT INTO " + TableName + " | DATE T,
NUM, TIME T, FILEl, FILE2 } VALUES('" + DATE T + "'," + NUM + ", '" +
TIME T + "','" + startfile + "','" + playfile + "'};";
else
SQL = "INSERT INTO " + TableName + " ( DATE T,
NUM, TIME T )} VALUES('" + DATE T + "'," + NUM + ", '" + TIME T +

"')’.";

Mydb.QueryDB (SQL) ;
Mydb.CloseDB();
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# Part Numbering

Pyroelectric Infrared Sensor
{Part Number) [I
0o @ L7 9

©@Product ID

BType

@Characteristics

©!ndividual Specification Code

* Pant Number shows only an example which might be different
from actual part number.

* “@Characteristics” and "@individual Specification Code" might
have different digit number from actual Part Number.
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A Rating (25°C)

Part Number IRA-E42051 IRA-E4200W1 IRA-E420SW1
Responsivity (500K, 1Hz, 1Hz) 3.4mV,, (Typ.) 1.3mVep (Typ. ) 0.45mVp, (Typ.)
Field of View 0:=0,=17° 6,=6,=50°
Optical Filter Silicon I 4.3pm band-pass 4.45um band-pass
Electrode @1.6mm 21.8mm
Supply Voltage 3t 15V
Operating Temperature -25t0 70C | -251t0 55T L -25t0 70C
Storage Temperature -30 to 100TC

* 700K, 5Hz, 1Hz
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' Pyroelectric Infrared Sensor IRA Series Characteristics Data

W Spectral Response of Window Materials
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Pyroelectric Infrared Sensor IRA Series Characteristics Data

B Test Method of Sensitivity

Lock-in Amplifier (1Hz}
140mm
| 00 3
o o 0O O
oo | o @ o
500K* 7 /
Mechanical Ch{ Infrared Sensor B O O @
1HZ!
@ O ?
| —————1}
Osdillcacope
) Black Body Mechanical Chopper
1 HRA-E420QW1 700K 5Hz
IRA-E4205W1 400K 2.5Hz
IRA-ET00/ES00 Series 500K 1Hz
M Typical Application Circuit (Human Detection)
3 Terminal Regulater
| Brozx s 3
120k B102K Photo Couplar
e | e
;. Yo Relay
k3 )
I C:T
O GND
Tua1.A%C (uF) X R (MQ2) sacond
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B Reliability Test

Pyroelectric Infrared Sensor IRA Series Characteristics Data

IRA-E700 series, IRA-E900 series

S21E.pdf 05.11.16

Item Test Conditions Criteria
High Temperature 100%C for 500 hrs. . )
After test completion, leave for three hours in
Low Temperature —40°C for 500 hrs. o N
— normal humidity temperature conditions, and
Humidity 60, 95% RH for 500 hrs.
- - then measure,
20 timas of following cycle.
. 1. External appearance:
Heat Cycle —25%T, 30 min.=yRoom temp., 30 min.{ .
) ) No significant damage
{IRoom temp., 30 min.¢255¢, 30 min. i
e - 2. Sensitivity:
Apply vibration of amplitude of 1.5mm with 10 to 55Hz band to each of 3 " - .
Vibration . o ) Tolerance within 20% deviation from original
perpendicular directions for 60 min. \
value
Apply shack of 100G sinewave by standard shock tester to each of 3 .
Shock 3. Noise:

perpendicular directions.

Soldering Heat

Immerse up to 3.0mm from can case in solder bath of 260+5%C for 1011 s.

Maximum tolerance +100mV of original value

Hermetic Sealing

Conform to MIL-STD-202F chapter 112D, condition D.
Immerse in fluorocarbon bath {FC-40) of 125+5% for 20 s,

No generation of bubbles

IRA-E420 series

Item Test Cenditions Criteria
High Temperature 100°C for 500 hrs. )
After test completion, leave for three hours in
.Low Temperature —30% for 500 hrs. | humidity & g p
- normal humidity temperature conditions, an
Humidity 60°C, 95% RH for 500 hrs, R4 P
" : then measure.
20 times of following cycle. 1 Ext |
. External appearance:
Heat Cycle --257, 30 min.=>Room temp., 30 min.{ ) PP
) ) No significant damage
{*Room temp., 30 min.$=55C, 30 min. )
brati - - 2. Sensitivity:
. Apply vibration of amplitude of 1.5mm with 10 to 55Hz band to each of 3 . .

Vibration , o . Tolerance within 20% deviation from original

perpendicular directions for 60 min. |

value

Apply shock of 100G sinewave by standard shock tester to each of 3

Shock ) o 3. Noise:
) perpendicular directions.
: - - Maximum tolerance +100mV of original value

Soldering Heat Immerse up to 3.0mm from can case in solder bath of 260+5°C for 101 s.

Hermetic Sealing

Conform to MIL-STD-202F chapter 1120, condition D.
Immaerse in fluorocarbon bath (FC-40) of 12525 for 20 s.

No generation of bubbles
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Pyroeleciric Infrared Sensors/Fresnel Lens
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Pyroelectric Infrared Sensors/Fresnel Lens mulRata
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Plaase see following page(s) for more details to see which
characteristic of field of view is preferable for your application.)

2) Push the sensor into Frasnel Jans unti! the top face of sensor

52! 57 reaches 1o the stopper inside Fresnel lens.
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. .
Pyroelectric Infrared Sensors/Fresnel Lens mulata
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characteristic of field of view is prefarable for your application.) am Vertical
2) Push the sensor into Fresnel lens until the top face of sensor
reaches to the stopper inside Frasnef lans, Horizontal
3) Ptease prepare a housing yourself that is put onto Fresnal lens as X .
shown in FigureA. The hatching area shown in Figure A, must be *Assembled with Murata sensor IRA-700 series
obscured by the housing in order to prevent mis-detection. Unless
otherwisa unexpacied infrarad ray comes thaugh the hatching area.
{in mm)
General tolerance : 0.2
IML-0637
130 13¢ 5 5m
35.0 28.2 (4.5) s m
$ = -
L 2m 2m
0| Step
o Housing gl 2
@ ] T 2 ; Lot
~r = , i <
[ e L 2| B uil SR B £ B S, o £
e 7 om = G| omies s
Focal point {Pyro-Element) Figure A \\ i e — ] -
1) Insert a sensor into Fresnel lens like each tab is overapped.
(In case there are two tabs on Fresnel lens, the field of view is
fee determined by your choice (TabA or B on Fresnel lens). 2m 2m
Please see following pege(s) for more details to sea which zont Vorti
characteristic of field of view is preferable for your applicalion.) Horizontal ertical
2} Push the sensor into Fresnel lens until the top face of sensor
reaches lo the stopper inside Fresnel lens. *Assembled with Murata sensor IRA-700 series
3) Please prepare e housing yourself that is put onto Fresnel lens as
shown in FigureA. The hatching araa shown in Figure A, must be
obscurad by the housing in order to prevent mis-delection. Unless
otherwise unexpected infrared ray comaes though the hatching erea.
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W Notice

1. Caution (Design)

(1) Please make sure that your product has been evaluated
and confirmed against your specifications when our
product is mounted to your product.

(2) Be sure to provide an appropriate fail-safe function on
your product to prevent a second damage that may be
caused by the abnormal function or the faiture of our
product.

(3) In case of outdoor use, suitable optical fiter and water
and humidity proof structure should be applied.

{(4) To prevent failure or malfunction, please use a stabilized
power supply.

(5) Please avoid using the sensor in the following conditions
because it may cause failure or malfunction.

{a)in such a fluid as water, alcohol etc. corrosive gas
(SO, Cl;, NOy etc.) or sea breeze

{b) in high humidity

{c) in a place exposed directly to sunlight or headlights of
automobile

(d)in a place exposed to rapid ambient temperature
change

(e)in a place exposed directly to an air-conditioner or
heat vent

(f) strong vibrations

{g) in a place exposed to strong electromagnetic field

(h)in such a place where infrared ray is shaded

(i) in any other place similar to the above (a) through {h)

2. Caution {(Mounting)
(1) Soldering
(a) Hand soldering should be applied.

(b) Soldering shouid be done quickly as following.

Temperature of soldering iron : 350°C
Period of time

Distance from can case

1 to 3mm Within 3 seconds per point

Over 3mm Within 10 seconds per point

(c) Soidering fiux should be rosin flux and not contain
more than 0.2wt% chlorine.
Scldering flux should be removed after scldering.
(2) Cleaning
Soldering flux should be removed after soldering.
Solidering flux may cause malfunction or degradation of
character unless sufficiently cleaned.

3. Caution (Handling and Storage)

{1) The optical filter of the sensor should not be scratched or
soiled.

(2) Strong shock should be avoided.

(3) Electrostatics and strong electromagnetic field should be
avoided.

(4) The sensor should be kept on conductive sponge.

(5) High temperature, high humidity, ffuid such as water or
alcohol etc., corrosive gas (SO, Clz, NOx etc.} and sea
breeze should be avoided.

-
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MNote Please resd reting and ACAUTICN (for storage, operating, reting, soldering, mounting and handling) in this PDF catalog to prevent smoking and/or buming, etc. S21 Epdf 05 11.1 b
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A Note:

1. Export Control
{For customers outside Japan)
No muRata products should be used or sold, thraugh any channels, for use in the design, development, production, ufilization, maintenance or operation of, or
cotherwise contribution to (1) any weapons (Weapons of Mass Destruction (nuclear, chemical or biological weapons or missiles) ar conventional weapons) or (2)
goods or systems specially designed or intended for military end-use ar utilization by military end-users.
{For customers in Japan?
For producis which are controlled items subject to the “Foreign Exchange and Foreign Trade Law” of Japan, tha export license specified by the law is required
for export.

. Please contaci our sales represeniatives or product engineers before using the products in this catalog for the applications listed beiow, which require especially
high reliability for the prevention of defects which might directly damage a third party's life, body or property, or when one of our products is intended for use in
applications other than those specified in this catalog.

(o

(@) Arcraft equipment (@ Aerospace equipment

(3 Undersea equipment @ Power plant equipment

(& Medical equipment (& Transportation equipment (vehicles, trains, ships, etc.)

@ Traffic signal equipment (8 Disasler prevention / crime prevention equipment .

(9 Data-processing equipment 0 Application of similar complexity and/or reliability requirements to the applications listed above

3. Product specifications in this catalog are as of August 2005. They are subiect to change or aur products in it may be discontinued without advance notice.
Please check with our sales representatives or product engineers before ordering. if there are any questions, please contact our sales representatives or
product engineers.

4. Please read rating and {NCAUTION {for storage, operating, rating, soldering, mounting and handiing) in mi;. cataiog to prevent smoking and/or bumning, etc.

. This catalog has only typical specifications because there is no space for detailed specifications. Therefore, please approve our product specifications or

transact the approval sheet for product specifications before ordering.

8. Please note that unless otherwise specified, we shall assume no responsibility whatsoever for any conflict or dispute that may occur in connection with the effect
of our and/or a third party's intellectual property rights and other related rights in consideration of your use of our products and/or information described or
contained in our catalogs. In this connection, no representation shall be made to the effect that any third parties are authorized to use the rights mentioned
above under licenses without our consent.

7. No ozone depleting substances (ODS} under the Montreal Protocol are used in our manufacturing process.

Murata Munufucturing CO., Lid. hitp:/hwww. murata.com/

Head Office International Division
1-10-1, Higashi Kotari, Nagaokakyo-shi, Kyoto 617-8555, Japan 3-29-12, Shibuya, Shibuya-ku, Tokyo 150-0002, Japan
Phone: 81-75-951-9111 Phone: 81-3-5469-6123 Fax; 81-3-5469-6155 E-mail: inti@murata.co.jp
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Philips Semiconductors - __E_8_9V_51RBZ/RC2/RD2

8-hit microcontroilers with 80C51 core

5. Pinning information

5.1 Pinning

-
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Fig 2. PLCC44 pin configuration.
5397 750 14341 e - .......... 5 Koninkijka Philips Elactronics N.v. 2004. AR rights resarved.
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Philips Semiconductors

8307 750 14341

Product data

- P89V51RB2/RC2/RD2

8-bit microcontrollers with 80C51 core

T2/P1.0 [j U & VDb
T2EXP1.1 E [39] Po.0/ADO
EciP1.2[3] [38] PO.17AD1
cExoiP1.3 [ 4] 37) PO.2IAD2
CEX1/58/P1.4 5 | 36] P0.37AD3
CEX2/MOSIP1.5 [ 6 | % PD.4/AD4
CEX3MISOP1.6 [ 7 | [34] Po.5/ADS
CEx4/sGKP1.7 8] 33] PO 6/ADS
rRsT[o] > z % P0.7/AD7
RXD/P3.0 [19] g E EA
TxDiPa. [11] ohE [ ALE/PROG
INTO/P3.2 §§ 29| PSEN
NTi/P3.3[13 28] P2.7/A15
To/P3.4 14 [27] P261A14
T1P3.5[15 26] P2.5IA12
WRPa6 [16] 25] P2.4/A12
RD/P3.7 [17] 24] P2.YA11
xtaL2 [18] 23] P2.21A10
XTAL1 [19] 22[ P2.1/A9
vgg [20 [Z1] P2.0/a8
O02anas1!

Fig 3. DiP40 pin configuration.

Rev. 03 - 02 December 2004
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P89V51RB2/RC2/RD2

Philips Semiconductors
8-bit microcontrollers with 80C51 core
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Fig 4. TQFP44 pin configuration

L e ) O .. Kominklijke Phiips Elecunics NV 2004, All rights resarved
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5.2 Pin description

Table 3: PBIVS1RBZ/RC2/RDZ pin description

P89V51RB2/RC2/RD2

8-bit microcontroliers with 80C51 core

Symbol Pin Type
DIP40  [TQFP44 PLCC44

POOto  39-32 37-30 43-36 e}
PO.7

P10to 18

P1.0 1 40 2 He)
P11 2 41 3 |
P1.2 3 42 4 |

P13 4 43 5 T%e)

P14 5 44 6 e
P15 6 1 7 e
P16 7 2 8 1o

P17 8 3 9 /O

UL L B

Product data

4044, 1-3 2-9 /O with
P1.7 internal pull-up

' '?besc ri pﬁon

|

i

Port 0: Port 0 is an 8-bit open drain bi-directionai I/O
port. Port O pins that have *1’s written to them float, and
in this state can be used as high-impedance inputs.
Port 0 is also the multiplexed low-order address and
data bus during accesses to external code and data
memory. In this application, it uses strong internal
puli-ups when transitioning to ‘“1's. Port 0 also receives
the code bytes during the external host mode
programming, and outputs the code bytes during the
external host mode verification. External pull-ups are
required during program verification or as a general
purpose /O port.

Port 1: Port 1 is an 8-bit bi-directional I/O port with
internal pull-ups. The Port 1 pins are pulled high by the
internal pull-ups when '1's are written to them and can
be used as inputs in this state. As inputs, Port 1 pins that
are externally pulled LOW will source current (J, )
because of the internal pull-ups. P1.5, P1.6, P1.7 have
high current drive of 16 mA. Port 1 also receives the
low-order address bytes during the external host mode
programming and verification.

T2: External count input to Timer/Counter 2 or Clock-out
from Timer/Counter 2

T2EX: Timer/Counter 2 capture/reload trigger and
direction control

EC!: External clock input. This signal is the external
clock input for the PCA.

CEX0: Capture/compare external I/Q for PCA Module 0.
Each capture/compare module connects to a Port 1 pin
for external 1/0. When not used by the PCA, this pin can
handle standard 1/O.

§8: Slave port select input for SPI
CEX1: Capture/compare external I/O for PCA Module 1

MOSI: Master Output Slave Input for SPI
CEX2: Capture/compare external /O for PCA Module 2

MISO: Master Input Slave Output for SPI
CEX3: Capture/compare external /O for PCA Module 3

SCK: Master Output Slave Input for SPI
CEX4: Capture/compare external 1/O for PCA Module 4

.......0 Koninkiijxa Phillps Electronics N.V. 2004. Al rights resarvad
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Philips Semiconductors

P89V51RB2/RC2/RD2

Table 3:

P89VS1RB2/RC2/RD2 pin description... confimied

8-hit microcontroliers with 80C51 core

Symbol 'Pin

5 DIP40
21-28

jTQFPM
18-25

‘PLCC44
P2.0to 24-31

P2.7

P3.0to 10-17

P3.7

5713 11, 13-19

10 5
11 7
12 8
13 9
14
15
16
17
29

11
13
14
15
16
17
18
19
32

P3.0
P3.1
P3.2
P3.3
P3.4
P3.5
P3.6
P3.7
PSEN

RST 9 4 10

NE7TSONEMSY

Product data

Type

He]
with internal
pull-up

11Q
with internal
pull-up

o

7o

Rev. 03 — 02 Decamber 2004

!

I Description

Port 2: Port 2 is an 8-bit bi-directional /O port with
internal pull-ups. Port 2 pins are pulled HIGH by the
internal pull-ups when ‘1’s are written to them and can
be used as inputs in this state. As inputs, Port 2 pins that
are externally pulled LOW will source cumrent {ly)
because of the internal pull-ups. Port 2 sends the
high-order address byte during fetiches from external
program memory and during accesses to external Data
Memory that use 16-bit address (MOVX@DPTR). In this
application, it uses strong internal pull-ups when
transitioning to ‘1’s. Port 2 also receives some control
signals and a partial of high-order address bits during
the external host mode programming and verification.

Port 3: Port 3 is an 8-bit bidirectional I/O port with
internal pull-ups. Port 3 pins are pulled HIGH by the
internal puil-ups when *1’s are written to them and can
be used as inputs in this state. As inputs, Port 3 pins that
are externally pulled LOW will source current ();.)
because of the internal pull-ups. Port 3 also receives
some control signals and a partial of high-order address
bits during the external host mode programming and
verification.

RXD: serial input port

TXD: serial output port

ﬁﬁ'_b: externél interrupt 0 input

INTT: external interrupt 1 input

T0: external count input to Timer/Counter 0

T exierhal count input to Timer/Counter 1

WR: external data memory write strobe
RD: external data memory read strobe

Program Store Enable: PSEN is the read strobe for
external program memory. When the device is executing
from internal program memory, PSEN is inactive
(HIGH). When the device is executing code from
external program memory, PSEN is activated twice each
machine cycle, except that two PSEN activations are
skipped during each access to external data memory. A
forced HIGH-te-LOW input transition on the PSEN pin
while the RST input is continually held HIGH for more
than 10 machine cycles will cause the device to enter
external host mode programming.

Reset: While the oscillator is running, a HIGH logic state
on this pin for two machine cycles will reset the device. If
the PSEN pin is driven by a HIGH-to-LOW input
transition while the RST input pin is held HIGH, the
device will enter the external host mode, otherwise the
device will enter the normal operation mode.

v B Koriniklijks Philips Electranics N.V. 2004. Al rights resarvad
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'P89V51RB2/RC2/RD2

Philips Semiconductors

8-bit microcontrollers with 80C51 core

Table 3: P8IVSIRB2Z/RC2/RDZ pin description...continued
Symbol Pin Type
DIP40  TQFP44 PLCC44

EA 31 29 35 ] External Access Enable: EA must be connected ta Vgg
in arder to enable the device ta fetch code from the
external program memory. EA must be strapped 1o Vpp
for internal program execution. However, Security lock
level 4 will disabte EA, and program execution is only
possible from internal program memory. The EA pin can
tolerate a high voltage of 12 V.

ALE/ 30 27 33 /0 Address Latch Enable: ALE is the output signal for

PROG latching the low byte of the address during an access to
external memory. This pin is also the programming
pulsa input (PROG) for flash programming. Normally the
ALE! is emitted at a constant rate of Y4 the crystal
frequency!?! and can be used for external timing and
clocking. One ALE pulse is skipped during each access
to external data memory. However, if AD is set to '1’,
ALE is disabied.

NC - 6,17,28, 1,12,23, /O No Connect
39 34

XTAL1 19 15 21 | Crystal 1: Input to the inverting oscillator amplifier and
input to the internal clock generator circuits.

XTAL2 18 14 20 o Crystal 2: Output from the inverting oscillator amplifier.

Description

JRO—— |

Voo 40 38 44 | Power supply
Vss 20 16 22 | Ground

{11 ALE loading issue: When ALE pin experiences higher loading (>30 pF) during the reset, the microcontrolter may accidentally enter into
modes other than normal working mode. The solution is to add a pull-up resistor of 3 k(2 to 50 k£ to Vpp, e.g., for ALE pin.

[2] For 6-clock mode, ALE is emitted at 14 of crystal frequency.

93T TSON e

B S R @ Koninklijke Piips Electronics N.V. 2004, AN rights reserved.
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MAX232, MAX232|

DUAL EIA-232 DRIVERS/RECEIVERS

SLLSO047L - FEBRUARY 1989 - REVISED MARCH 2004

® Meets or Exceeds TIA/EIA-232-F and ITU

Recommendation V.28

Operates From a Single 5-V Power Supply

With 1.0-uF Charge-Pump Capacitors

Operates Up To 120 kbit/'s
Two Drivers and Two Receivers
+30-V Input Levels

ESD Protection Exceeds JESD 22

Low Supply Current. . . 8 mA Typical

~ 2000-V Human-Body Model (A114-A)

Upgrade With Improved ESD (15-kV

HBM)

and 0.1-yF Charge-Pump Capacitors is

Available With the MAX202
® Applications

- TIA/ElA-232-F, Battery-Powered Systems,
Terminals, Modems, and Computers

description/ordering information

MAX232...D, DW, N, OR NS PACKAGE
MAX2321...D, DW, OR N PACKAGE

(TOP VIEW)
c1+ ] 1 W 16]] Vee
Vs« []2  15[JGND
CT—H 3 e TI0UT
ca+fl4a  13[RUN
ce-[fs  12f)rR10UT
vs-16 1] T1IN

T20UT[J7  10]J T2IN
R2IN q 8 9|] R20UT

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply TIAEIA-232-F
voltage levels from a single 5-V supply. Each receiver converts TIA/EIA-232-F inputs to 5-V TTL/CMOS levels.
These receivers have a typical threshold of 1.3 V, a typical hysteresis of 0.5 V, and can accept +30-V inputs.
Each driver converts TTL/CMOS input levels into TIA/EIA-232-F levels. The driver, receiver, and
voltage-generator functions are available as cells in the Texas Instruments LinASIC™ library.

ORDERING INFORMATION
T PACKAGET PARTNUMBER | MARKING
PDIP (N) Tube of 25 MAX232N MAX232N
Tube of 40 MAX2320
. SoIC (0 Reel of 2500 MAX232DR MAX232
O°Clo70°C Tube of 40 MAX232DW
SOICOW) MRl of 2000 MAX232DWR MAX232
SOP (NS) | Reel of 2000 MAX232NSR MAX232
PDIP (N) Tube of 25 MAX232IN MAX232IN
Tube of 40 MAX2321D
~arClossc | SOCO Reel of 2500 MAX232IDR MAX232!
SO oy | TuBe0r%0 MAX232IDW Azl
Reel of 2000 MAX232IDWR

T Package drawings, standard packing quantities, thermal data, symboiization, and PCB design

guidelines are available at www.ti.com/sc/package.

Please be aware that an important notice concerning avaiiability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC is a trademark of Texas Instruments.

PRODUCTION DATA information ia current as of publication date.
Produtts tohltomm Lo specifications par the terms of Teaxss instruments

festing of all p.n'm;hn. v Ing dows ot ily inchuds

» TEXAS

Copyright © 2004, Texas Instruments Incorporated

INSTRUMENTS
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MAX232, MAX2321

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1988 - REVISED MARCH 2004

logic diagram (positive logic)

Function Tables

EACH DRIVER
INPUT | OUTPUT
TIN TOUuT
L H
H L

H = high level, L = low

level

EACH RECEIVER

INPUT | OUTPUT
RIN ROUT
L H
H L

H = high level, L = low

level

TN — Dof ® T1our
T2 —— D% ”_ r2007
RIOUT ~— Jo@ B R
RZOUT — J\)@— ® e
*3
TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MAX232, MAX232]

DUAL EJA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input supply voltage range, Ve (see Note 1)
Positive output supply voliage range, Vg+

Negative output supply voltage range, Vg—
Input voltage range, V;: Driver
Receiver
Output voltage range, Vo: T10UT, T20UT
R10UT, R20UT
Short-circuit duration: T10UT, T20UT
Package thermal impedance, 8, (see Notes 2 and 3): D package
DW package .........
Npackage ...........
NS package ..........
Operating virtual junction temperature, T
Storage temperature range, Tig

..........................................

..........................................

....................................... .. 330V
................................ Vg.-03VtoVg, +03V
.................................... -0.3Vto Vcc+0.3V
................................................... Unlimited

................. 73°C/W

-03Vto6V

....................................... Vec-03Vio 15V

-0.3Vtio-15V
-0.3Vto VCC +03V

150°C

.................................................. -65°C to 150°C

1 Stresses beyond those listed under “absolute maximurm ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
Al voltages are with respect to network GND.

NOTES: 1.

2. Maximum power dissipation is a function of T j(max), 64, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) - Ta)/8 4. Operating at the absolute maximum T j of 150°C can affect reliability.
3. The package thermal impedance is caiculated in accordance with JESD 51-7.

recommended operating conditions

MIN NOM MAX | UNIT

vee Supply voltage 45 5 55 v

ViH High-level input voltage {T1IN,T2iN) 2 \4

ViL Low-level input voltage (T1IN, T2IN) 0.8 v

R1IN, R2IN Receiver input voltage +30 A
: MAX232 0 70

Ta Operating free-air temperature °C
MAX232| -40 85

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER

TEST CONDITIONS

MIN TYPY

MAX

UNIT

lcc  Supply current

Ve =55V, Al outputs open,

Ta =25°C

8

10

mA

1 Alt typical values are at Voo = 5 V and T = 25°C.

NOTE 4: Test conditions are C1-C4=1uF atVog=5V105V.

"@ TexAas
INSTRUMENTS
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MAX232, MAX2321
DUAL ElA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

DRIVER SECTION

electrical characteristics over recommended ranges of supply voitage and operating free-air
temperature range (see Note 4)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VOH  High-level output voitage T1QUT, T20UT | R =3k to GND 5 7 \4
VoL  Lowdevel output voltage¥ T10UT, T20UT | R =3 k2 to GND -7 -5 v
o Output resistance T10OUT, T20UT  |Vgs=Vg-=0, Vo=+2V 300 Q
logS  Short-circuit output current T1OUT, T20UT |Vgo=55V, Vo=0 110 mA
s Short-circuit input current T1IN, T2IN V=0 200 A

1 Al typical values are at Voo =5V, T = 25°C. :

1 The algebraic convention, in which the least-positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
levels only.

§ Not more than one output should be shorted at a time.

NOTE 4: Test conditions are C1-C4 =1 uF at Vo =5V 105V

switching characteristics, Voo = 5V, Ta = 25°C (see Note 4)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

. RL=3xQ2to7 ke,
SR Driver slew rate See Figure 2 30} Vis
SR({t) Driver transition region slew rate See Figure 3 3 Vius
Data rate One TOUT switching 120 kbit/s

NOTE 4: Test conditions are C1-C4 =1 pFatVcc=5V+05V.

RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 4)

PARAMETER TEST CONDITIONS MIN TYPpt MAX| UNIT
VoH  High-level output voltage R1QUT, R20UT |lpH ==~1 mA 35 Vv
VoL  Low-level output voitaget R10UT, R20UT |lgL=3.2mA 0.4 v
ViT+ t?,f:::,‘ﬁ; rﬁgl;:ﬂomg nput R1IN, R2IN Voo =5V, Ta=25°C 17 24| v
ViT- ;",fjj,‘,ﬁ; r\',i?,:g‘;e'go'"g nput R1IN, R2IN Voo =5V, Ta = 25°C 08 12 v
Vhys Input hysteresis voltage R1IN, R2IN Ve =5V 0.2 0.5 1 "
fi Receiver input resistance R1IN, R2IN Vee =5 Ta = 25°C 3 5 7 k2

t Al typical values are at Vo =5V, Ta = 25°C.

$The algebraic convention, in which the least-positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
levels only.

NOTE 4: Test conditions are C1-C4 =1 uFat Voo =5V 105V

switching characteristics, Vo = 5V, Ty = 25°C (see Note 4 and Figure 1)

PARAMETER TYP | UNIT
tpLH(R) Receiver propagation delay time, low- to high-level output 500 ns
tPHL(R) Receiver propagation delay time, high- to low-level output 500 ns

NOTE 4: Test conditions are C1-C4 =1 uF atVoc =5V 0.5V,

“.’? TeEXAS
INSTRUMENTS
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MAX232, MAX232|
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 — REVISED MARCH 2004

PARAMETER MEASUREMENT INFORMATION

Vee
—

RL =13k
R1IN
or
Pulse R2IN See Note C

Generator
{see Note A)

CL =50 pF =
(see Note B)

TEST CIRCUIT

! <
<10 ns —HI :q— —.: :ld-—_w ns
Inout | AFoow somn| 3V
P 10% 7 50% 50% §_10% ov
l— 500 ns —»l
| | Je—»—t
tpHL ~—] —teLu
| | VOH
Output 1.5V 15vA VoL
WAVEFORMS

NQTES: A. The pulse generator has the following characteristics: Z¢y = 50 €2, duty cycle < 50%.
B. Cp includes probe and jig capacitance.
C. Al diodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpyy_ and tp 4y Measurements
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MAX232, MAX2321
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

PARAMETER MEASUREMENT INFORMATION

Pulse T1IN or T2IN T10UT or T20UT
Generator ElA-232 Output
(see Note A)
I c._ =10 pF

{see Note B)

TEST CIRCUIT
<10ns —»{ |4— —bl |v¢—<10ns
————————— 3v
Input 90%  90%
z’z 50% 50%
O 0,
10% 10% oV
:-q— 5 ps
.h——hl—— tPLH
tPHL +ﬂ |
)
’!\9: t A~ 90% Von
Cutput !
10% 10%
O_J 4 VoL
tTHL —H n— . 14— tTLH
08(Vou-Vo) 08Vg -Vop
SR = N or t
TLH THL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 £2, duty cycle < 50%.
8. Gy includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpy and tp 4 Measurements (5-us Input)

Pulse
(s‘ii“ﬁé‘i?h l EIA-232 Output
3kQ T CL=25nF
TEST CIRCUIT
<10ns —pl ‘e —» le— <t0ns
tnput | |
90%  90%
| 1.5V 1.5V | 10%
l‘—-— 20 us ——bl
truL™ }n— > [ tn
| |
! VYo
Cutput 3V | i 3v
-3V
R VoL
SR = r_GVT__
THL " 'TLH
WAVEFORMS

NOTE A: The pulse generator has the following characteristics: Zg = 50 {2, duty cycle < 50%. -

Figure 3. Test Circuit and Waveforms for tyy and tt 4 Measurements (20-us Input)

"«‘ TeEXAS
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MAX232, MAX232l

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

APPLICATION INFORMATION

I~ 14 £ia-232 Output

> 7 E1A-232 Output

~—-4—-1§— EfA-232 Input

-—4—8— ElA-232 Input

5V
o
CrYPass=11F =
16
B v
. . cc
_I: +
CA1=TS 14F 3 Vs+
C1-
4
] ca+ vs-
C27= 14F 5
c2-
1 >
From CMOS or TTL
10 >
12 1 T
To CMOS or TTL
«— 2
oV
15
GND

1C3 can be connected to Vo or GND.
NOTES: A. Resistor values shown are nominal.

B. Nonpolarized ceramic capacitors are acceptable. If polarized tantalum or electrolytic capacitors are used, they should be
connected as shown. In addition to the 1-uF capacitors shown, the MAX202 can operate with 0.1-F capacitors.

Figure 4. Typical Operating Circuit

{'P TEXAS
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PACKAGE OPTION ADDENDUM

18-Jul-2006

PACKAGING INFORMATION

Orderable Device Status !  Package Package Pins Package Eco Plan'? Lead/Bail Finish MSL Peak Temp
Type Drawing Qty
MAX232D ACTIVE SoIC D 16 40 Green{RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br) )
MAX232DE4 ACTIVE SOIC D 16 40 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)
MAX232DR ACTIVE soIC D 16 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232DRE4 ACTIVE SQIC D 16 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no SbiBr)
MAX232DW ACTIVE SQIc DW 18 40 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no ShiBr)
MAX232DWE4 ACTIVE scIC DWW 16 40 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no SbiBr)
MAX232DWR ACTIVE SOIC DwW 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232DWRE4 ACTIVE {e][o DW 16 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no ShiBr)
MAX232ID ACTIVE SOIC D 16 40 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232IDE4 ACTIVE SoIC D 16 40 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)
MAX232IDR ACTIVE soIc D 16 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)
MAX2321DRE4 ACTIVE SOIC D 16 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
) " np Sb/Br)
MAX232IDW ACTIVE SQIC DW 16 40 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232|DWE4 ACTIVE $0IC DW 16 40 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232IDWG4 ACTIVE S0IC DW 16 40 Green(RoHS & CUNIPDAU Levei-1-260C-UNLIM
no Sb/Br)
MAX2321DWR ACTIVE SOIC DwW 16 2000 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX232IDWRE4 ACTIVE soic DW 16 2000 Green(RoHS & CUNIPDAU Levei-1-260C-UNLIM
no Sh/Br)
MAX232IDWRG4 ACTIVE SOIC DwW 16 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232IN ACTIVE PDIP N 16 25 Pb-Free CUNIPDAU N/ A for Pkg Type
(RoHS)
MAX232INE4 ACTIWVE POIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
MAX232N ACTIVE PDIP N 16 25 Pb-Free CUNIPDAU N /A for Pkg Type
(RoHS)
MAX232NE4 ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
MAX232NSR ACTIVE SO NS 16 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232NSRE4 ACTIVE SO NS 16 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
nc Sb/Br)

M The marketing status values are defined as follows:

Addendum-Page 1



Rip XAS PACKAGE OPTION ADDENDUM
INSTRUMENTS
www.ti.com 18-Jul-2006

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but T! does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: TI has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free {(RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - piease check
http:/iwww.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free {RoHS): TI's terms "Lead-Free" or "Pb-Free” mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, T| Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip sclder bumps used between the die and
package, or 2} lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible} as defined above.

Green (RoHS & no SbiBr): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents T)'s knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warmanty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasenable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall Tl's liability arising out of such information exceed the total purchase price of the Tl part{s) at issue in this document sold by TI
to Customer on an annual basis.

Addendum-Page 2



MECHANICAL DATA

N (R—PDIP-T**) PLASTIC DUAL—-IN—-LINE PACKAGE
16 PINS SHOWN
< A > PINS *¢ 14 16 18 20
DIM
'8 S 0.775 | 0775 | 0.920 | 1.06D
| A e WY wefhen W e Y i W e W e W ) A MAX (19.69) | (19.69) | (23.37) | (26.92)
0. 0745 | 0745 | 0850 | 0.940
D) %g—%g%)} A MN | Gge2) | (1892) | (21.59) | (23.88)
MS~001
| S g g mg e g & VARIATION AA BB AC AD

_’l L_omo 1,78
0.045 %1145‘ A
0.045 (1,14 0.325 (8,26

r—oow 076 0.020 (0,51) MIN —» —%_go.soo =

_;! ¥
L 1 -
T 0.200 (5,08) MAX 5 Souge Pime
\. | | X l Seoting Plane
! l T 0.125 (3,18) MIN 0.010 {0,25) NOM

C

0.021 (0,53
g %o,sag . .

[&-]0.010 (0,25)@®| / \
\ / 14/18 Pin Only ) A

20 Pin vendor option

—-l 0.430 (10,92) MAX |<~

4040049/E 12,/2002

NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

O\ Falls within JEDEC MS-001, except 18 ond 20 pin minimum body length (Dim A).
& The 20 pin end leod shoulder width is o vendor option, either half or full width.

TEXAS
INSTRUMENTS
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MECHANICAL DATA

D (R—PDSO—G16) PLASTIC SMALL—OUTLINE PACKAGE
9 0.394 (10,00)
0.386 (9,80)
16 9
| 0.24}(6.20)

T e
R R

Pin 1
Index Are 0.050 (1,27) *' l"gg?g ((3;))

T

&

0.010 (0,25)®
‘ L\
10 s (S |\
I 0.010 (0,25)
- 0.069 (1,75) Mox 0.004 (0,70)
0.010 (0,25)1
0.007 (0,17)
. /- 7~ \
[7S]0.004 (0,10)
Gauge Plone i = [ —
T Seating Plane
0-8 \_/
0050 127) |
(‘1016 (0.40)

4040047-4/4 11/2006

NOTES:  A. Al iinear dimensions are in inches (miifimeters).
B. This drawing is subject to chonge without notice.

A Body length does not include mold flosh, protrusions, or gate burrs. Mold flash, protrusions, or gote burrs shall
not exceed .008 (0,15) per end.
A Body width does not include interlead flosh. Interlead flash shall not exceed .017 (0,43) per side.
E. Reference JEDEC MS—-012 voriation AC.

R Texas
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MECHANICAL DATA

DW (R—PDSO—G186)

PLASTIC SMALL—-OUTLINE PACKAGE

0.413 {10,50)
0.398 (10,10}

16

0.393

0.299 (7.60)
0.291 (7,40)

l

ANAN

0.419 {10,63)

(9.97)

/HHHHHHHH

] \ l 8
_0.0 g (1,
Index Area 50 (1 27)

0.020 (0,51)
0.012 (0,31)

3

T 0.012 (0,30}

0.004 (0,10)

A 4

—0.104 (2,65} Max

0.013 (0,33)

J

0.008 (0,20) 1
—

?

Gauge Plane —i -

0.010 (0,25) 0-8

0.050 (1,27)

[£>]0.004 (0,10}

Seating Plane

0.016 (0,40)

4040000-2/F 06,/2004

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

.- Folls within JEOEC MS-013 vorigtion AA.

Body dimensions do not include mold flash or protrusion not to exceed 0.008 (0,15).

*p
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MECHANICAL DATA

NS (R-PDSO-G™) PLASTIC SMALL-OUTLINE PACKAGE

14-PINS SHOWN

e
AAAAAAS

0,15 NOM
500 7,40
gooooood
1 7
———— A
015

Gage Plane

+
E 0,25

'+

105
0,55

- L l ' l H H H || H J l Seating Plone J_\

0,05 l \
/

L 2,00 MAX ~—

PINS =+

DIM 14 16 20 24

A MAX 10,50 | 10,50 | 1290 | 1530

A MIN 9,90 9,90 12,30 | 14,70

4040062/C 03/03

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes fo its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to T1's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their proeducts and applications using TlI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any T patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from T| to use such products or services or a wamanty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectuat property of Ti.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by ail associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by T} for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amptifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automaotive www.ti.com/automative

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security

Low Power Wireless www.ti.com/lpw Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wiretess www.ti.comiwireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265 -

Copyright ©® 2006, Texas instruments Incorporated



LM324, LM324A, LM224,
LM2902, LM2902V, NCV2902

Single Supply Quad
Operational Amplifiers

The LM324 series are low—-cost, quad operational amplifiers with
true differential inputs. They have several distinct advantages over
standard operational amplifier types in single supply applications. The
quad amplifier can operate at supply voltages as low as 3.0 V or as
high as 32 V with quiescent currents about one—fifth of those
associated with the MC1741 (on a per amplifier basis). The common
mode input range includes the negative supply, thereby eliminating the
necessity for external biasing components in many applications. The
output voltage range also includes the negative power supply voltage.
¢ Short Circuited Protected Outputs
¢ True Differential Input Stage
Single Supply Operation: 3.0 V to 32 V (LM224, LM324, LM324A)
Low Input Bias Currents: 100 nA Maximum (LM324A)

Four Amplifiers Per Package

Internally Compensated

Common Mode Range Extends to Negative Supply

Industry Standard Pinouts

ESD Clamps on the Inputs Increase Ruggedness without Affecting
Device Operation

MAXIMUM RATINGS (T, = +25°C, unless otherwise noted.)

LM224
LM324, LM2902,
Rating Symbol LM324A LM2902V | unit
Power Supply Voltages Vdc
Single Supply Vee 32 26
Split Supplies Vee, Vee +16 +13
Input Differential Voitage VIbR +32 126 Vvdc
Range (Note 1)
Input Common Mode Vicr -03tc32 | -0.3t026 Vdc
Voltage Range
Qutput Short Circuit tsc Continuous
Duration
Junction Temperature Ty 150 °C
Storage Temperature Tatg —-65 to +150 °C
Range
Operating Ambient Ta °C
Temperature Range
LM224 —2510 485
LM324, 324A 0to +70
LM2902 -40to +105
LM2902V, NCV2902 —40to +125
1. Split Pewer Supplies.
® Semiconductor Components Industries, LLC, 2002 . 1

May, 2002 - Rev. 8

ON Semiconductor®

http:/fonsemi.com

PDIP-14
N SUFFIX
CASE 646

S0-14
D SUFFIX
CASE 751A

TSSOP~14
DTB SUFFIX
CASE 948G

PIN CONNECTIONS

Ve [4]

\_/
out1 [1} [14] Out 4
lnpmst{%b) l@%} \nputs 4

E Vee Gnd

|npmsz{gj>] ’@j} Inputs 3
out2[7] ;olna

{Top View)

ORDERING INFORMATION
Ses detailed ordering and shipping information in the package
dimensions section on page 9 of this dala sheet.

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 10 of this data sheet.

Publication Order Number:
LM324/D



LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vcc=5.0V, Vee = Gnd, Ta = 25°C, unless otherwise noted.)

LM224 LM324A LM324 LM2902 LM2902V/NGCV2902

Characteristics Symbol [Min | Typ |{ Max |[Min | Typ | Max | Min | Typ | Max | Min | Typ [ Max |Min { Typ | Max | Unit

Input Offset Voltage Vio v
Vee=50Vte 30V
(26 V for LM2902, V),
VICR =0Vto
Voo -1.7V,
Vo=14V, Rg=00Q :
Ty =25°C - 20 5.0 -~ 20 3.0 - 20 7.0 - 2.0 70 - 20 7.0
TA = Thiﬂh (Note 2) - - 7.0 - - 5.0 - - 9.0 - - 10 - - 13
Ta = Tiow (Note 2) - - 10 | - - 50 } - - 80 | - - 0 | - - 10

Average Temperature | AV|o/AT | ~ 70 - - 70 30 - 70 - - 70 - - 7.0 - pvec
Coefficient of Input
Offset Voltage

Ta= Th'gh o Tiow
(Notes 2 and 4)

input Offset Current ho - |30 |3 |[-]s0o]3|-]s50]s|-]s0]5 ;- |[50]5]n
Ta = Trigh 10 Tiow -t -Jwwl|-|-1tm}-1-]10|~]-f2o€0]-1] - |20

(Note 2)

Average Tempereture Aho/aT - 10 - - 10 300 - 10 - - 10 - - 10 - pASRC
Coefficient of Input
Offset Current

Ta = Tmn o Tiow
(Notes 2 and 4)

Input Bias Current g - -90 | -150 | -~ —45 | -100 § - -80 | -250 | - -90 | -250| - -90 [ -250 nA
Ta= T"U" o Tow - - -300 - - —200 - - -500 - - -500 - - -500
{Note 2)

input Common Mode Vier \j
Voltage Range
(Note 3)
Vec =30V
{28 V for LM2802, V)
Ta = +25°C 0 - 23] 0 - 283 1] 0 - 283 | 0 - 2431 0 - 24.3
Ta = Thigh 10 Tiow 0 - 28 0 - 28 a - 28 o] - 24 0 - 24
(Note 2)

Differential Input Vior - - Vee - - Vee - - Vee - - Vee - - Vee v
Voltage Range

Large Signal Open Byon VimV
Loop Voltage Gain
Ry =2.0k, 50 100 - 25 100 - 25 100 - 25 100 -~ 25 100 -
Vee =15V,
for Large Vo Swing
Ta = Thign to Tiow 25 - - 15 - - 15 - - 15 - - 15 - -
(Note 2)

Channel Separation CS - -120 - - -120 - - -120 - - ] -120 - - -120 - dB
10 kHz s f < 20 kHz,
Input Referenced

Common Mode CMR 70 85 - 65 70 - 65 70 - 50 70 - 50 70 - dB
Rejection,
Rs<10kQ

Power Supply PSR 65 100 - 65 100 - €5 100 - 50 100 - 50 100 - dB
Rejection

2. LM224: T\ = —25°C, Thign = +85°C
LM324/LM324A: Tigy = 0°C, Tpigh = +70°C
LM2902: Tiow = —40°C, Thigh =+105°C
LM29G2V & NCV2902: Tigw = —40°C, Tyign = +125°C
NCV2902 is qualified for automotive use.
3. The input common mode voltage or either input signal voltage should not be allowed to go fiegative by more than 0.3 V. The upper end of
the common mode voltage range is Vg —1.7 V.
4. Guaranteed by design.

http:/fonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, Vgg = Gnd, Ty, = 25°C, unless otherwise noted.)

LM224 LM324A LM324 LM2902 LM2902V/NCV2902

Characteristics Symbol | Min | Typ | Max [Min | Typ | Max |Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit

Output Voltage- Vou v
High Limit
{Ta = Thigh to Tiew)
{Note 5)

Vee=50V.R. = 33 35 - 33 35 - 33 3.5 - 3.3 35 - 33 35 -
2.0k, Ta=25°C

Vec =30V 26 - - 26 ~- - 26 - - 22 - - 22 - -
(26 V for LM2902, V),
R =2.0kQ

Vec =30V 27 28 - 27 28 - 27 28 - 23 24 - 23 24 -
(26 V for LM2002, V),
R =10kQ

Qutput Voltage — VoL - 5.0 20 - 50 20 - 5.0 20 - 5.0 100 - 5.0 100 mv
Low Limit,
Vcc =50V,
R = 10 ke,
Ta= Thbh 10 Tiow
(Note 5}

Output Source Current o« mA
(Vip=+1.0V,
Vcc =15 V)
Ty =25C 20 40 - 20 40 - 20 40 - 20 40 - 20 40 -
Ta = Trigh t© Tiow 10 20 - 10 20 - 10 20 - 10 20 - 10 20 -
(Note 5)

Output Sink Current lo - mA
(Mp=-1.0V, 10 20 - 10 20 - 10 20 - 10 20 - 10 20 -
Vcc =15V)
Ta =25°C
Ta = Thigh t© Tiow 50| 80 - 50 | 80 - 50 ] 80 - 50 | 8.0 - 50 | 8.0 -
(Note 5)
(Vp=-10V 12 50 - 12 50 - 12 50 - - - - - - - HA
Vo =200 mV,
TA = 25°C)

Qutput Short Circuit Isc - 40 60 - 40 60 - 40 60 - 40 60 - 40 60 mA
to Ground
{Note 6)

Power Supply Current lee mA
(Ta = Thigh to Tigw)
{Note 5)
Vec=30V - - 30 | - | 14 | 30 | - - 30 | - - |30 |- - | 30
(26 V for LM2902, V),
Vo =0V, RL =6
Vee =50V, - - 12 -Jor 12| -| - |2}~ -jf12]-]-]12
Vo=0V.R =

5. LM224: Tjoy = -25°C, Thign = +85°C
LM324/LM324A. Tigw = 0°C, Tpign = +70°C
LM2802: Tip, = —40°C, Thigh = +105°C
LM2902V & NCV2902: T\oy = —40°C, Thigh = +125°C
NCV2902 is qualified for automotive use,
6. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vg 1.7 V.

http://lonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

Bias Circuitry
Common to Four
Output Ampiifiers
» ' 4 » ' v
J 015, ! r"’ o
Q16 R ey 014 | 182 |
Q13 | J
40k | |
Q18 | I
5.0 pF 1 t ! i
0p Q12 | Q24| |
LAY
25 | Q23 |
N 3 rI—Jb I
|

Qts Q20 | |
Inputs r)QH : :
Q9 1 I j——o I
-07 Q17 Q21 | |
e Qs | 07 | |Q25 - |
o2 05 L’ ol ksl
Q8 fato TR
Q3 Q4 Q28 r L‘l 20k | I

s . ) G W W | . e el o veejand

Figure 1. Representative Circuit Diagram

(One~Fourth of Circuit Shown)

http://Jonsemi.com
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LM324, LM324A, LM224, LM2902, ILM2902V, NCV2902

CIRCUIT DESCRIPTION

The LM324 series is made using four internally
compensated, two—stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
QI8 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single—ended converter. The
second stage consists of a standard current source load
amplifier stage.

3.0Vito VCC(max]
I—=Vee

e o

o
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=
-,
-
-
-

-
el

T

-+

1.0Vl

T e T T

\
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Figure 2. Large Signal Voltage Follower Response

Each amplifier is biased from an intemal-voltage
regulator which has a low temperature coefficient thus
giving each amplifier good temperature characteristics as
well as excellent power supply rejection.

o—

o~ O = 15Vw Veema
e o

o

o o

o =

g: Fo = 15Vt VEE(mu)

Split Supplies

Figure 3.
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Figure 4. Input Voitage Range
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Figure 6. Large-Signal Frequency Response
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Figure 8. Power Supply Current versus
Power Supply Voltage
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Figure 5. Open Loop Frequency
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Figure 9. input Bias Current versus
Power Supply Voltage
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vo=25v (1+21)

Figure 10. Voltage Reference

gg=C(1+a+b)(ep-ey)

Figure 12. High Impedance Differential Amplifier

Vet .

1
Viet=3 Vee

— VO
1
k= 2xRC

For: f, =1.0kHz
R=16kQ
C=0.01pF

Figure 11. Wien Bridge Oscillator

Hysleresis

|.T‘

L4
Vil ' VioH

R1
VL= T+ Rz VoL~ Vel + Vit Viet

R1
Vinn = A1+ R2 Vo - Vrel) + Vret

il
H= g re Mou-Vou

Figure 13. Comparator with Hysteresis

h 1
"‘W
W b= 3 xRC
R 100k
) T b —E A Rm=0R 1
v, C f2 c c _ At V= 5 Vee
E—w—’VW——J 0 R = TBP
7 5 100k R3=Tnn2
O C1=10C
Vief For: f, = 1.0kHz
y Bandpass Vet Q=10
Vf!' Ompm H3 TBF =1
o2 % Al —W—] Ty =1
A C1
WA~ 4
o4——f—eNochOupt R =160k
o C =0001pF
R1 =1.6 MQ
Vet Where: Tgp = Center Frequency Gain R2 =16 MQ
Ty = Passband Notch Gain R3 =16 MQ

Figure 14. Bi-Quad Filter
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1 .
Vog== V, Triangle Wave
R Ouiput ¢ ar
v 300k
rel +
14 o
LM324 7;‘;
- o
1 0(?: Square v
‘p___'E..__l Wave n
c Vit Output
Ry
_RitRe __ReRi
~ 4CRyAt " R2+R1

Figure 15. Function Generator
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Cc
R1 C
Co
——e Vo
R2 GCOo=10C

Vref 1
Viet =7 Vee

Figure 16. Multiple Feedback Bandpass Filter

Given: f, = center frequency
Alf) = gain at center frequency
Choose value 1y, C
Q
nf,C
R3
R1= Aty

R1R3
R - ——
2 4Q2R1-R3

Then: R3=

Q,f
For less than 10% error from operational amplifier, —Bg“—vl <0

where f, and BW are expressed in Hz.

if sourca impedance varies, fiter may be precaded with
voltage follower buffer fo stabilize filter parameters.
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ORDERING INFORMATION

Device Package Operating Temperature Range Shipping

LM224D SO-14 55 Units/Rail
LM224DR2 50-14 2500 Tape & Reel
LM224DTB TSSOP-14 —25° to +85°C 96 Units/Rail
LM224DTBR2 TSSOP--14 2500 Tape & Reel
LM224N PDIP-14 25 Units/Ralil
LM324D 50-14 55 Units/Rail
LM324DR2 50-14 2500 Tape & Reel
LM324DTB TSSOP-14 96 Units/Rail
LM324DTBR2 TSSOP-14 2500 Tape & Reel
LM324N PDIP-14 25 Units/Rail
LM324AD S0-14 0%10 +70°C 55 Units/Rail
LM324ADR2 S50-14 2500 Tape & Reel
LM324ADTB TSSOP-14 96 Units/Ralil
LM324ADTBR2 TSSOP-14 2500 Tape & Reel
LM324AN PDIP-14 25 Units/Rail
LM2802D S0-14 55 Units/Rail
LM2902DR2 SO-14 2500 Tape & Reel
LM2902DTB TSSOP-14 —40°to +105°C 96 Units/Rail
LM2902DTBR2 TSSOP-14 2500 Tape & Reel
LM2902N PDIP-14 25 Units/Rail
LM2902vD SO-14 55 Units/Rail
LM2802VDR2 SO-14 2500 Tape & Reel
LM2802vDTB TSSCOP-14 96 Units/Rail
LM2902vDTBR2 TSSCP-14 —40%10 +125°C 2500 Tape & Reel
LM2902vN PDIP-14 25 Units/Rail
NCV2902DR2 S0-14 2500 Tape & Reel
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

MARKING DIAGRAMS

PDIP-14
N SUFFIX
CASE 646

14 14 14 14

LM324AN LMx24N LM2902N LM2902VN
O AWLYYWW O AWLYYWW o AWLYYWW O AWLYYWW
1 1 1 1
S0-14
D SUFFIX
CASE 751A
14 14
LMx24D LM2902D LM2902VD
o AWLYWW o AWLYWW AWLYWW
1 1
TSSOP-14
DTB SUFFIX
CASE 943G

14 14 14 14
RAAAER ARARARA 1AAAAA AAAAA

x24 324A 2902 2902
v
OA\NYW OAWYW OAWYW o AWYW

uokddd  EHOBOHY LLLELL] I1:IHHHH
1 1 1

X =20r3

A = Assembly Location
WL = Wafer Lot

YY,Y = Year

WW, W = Work Week
“This marking diagram also applies to NCV2902.

http://onsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCv2902

PACKAGE DIMENSIONS
PDIP-14
N SUFFIX
CASE 6456-06
ISSUE M
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS|
Y14.5M, 1882,

. CONTROLLING DIMENSION: INCH,

. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

. DIMENSION B DOES NOT INCLUDE MOLD FLASH,
. ROUNDED CORNERS OPTIONAL

-
o
-
-—-—m—hl
wn

FL

INCHES MILLUNETERS

DIM] MIN MAX | _ N MAX
[1Ra] 07 1 1

CA | X
B o024 [0280] 61 Y
¢ [ots Jpiss | 3 4
| ] 0.021 Y
N E 1 ons0 {0070 | to2 | 178
L ‘E (Xl 254
= !

0052 132 | 241
SEATING —

0008 10015 1 020 | 036 |
135 | 202 | 343
PLANE _J _—l Lk JN_”.‘
H G D14PL
les0us]a]

0. 1 137 | 787

—— 10%] - 19°

= & i~ x| |x
o It
£

SO-14
D SUFFIX
CASE 751A-03
ISSUE F

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Yi45M, 1982,

: 2 CONTROLLING DIMENSION: NiLLIMETER,
HHHH 3. DIMENSIONS A AND B DO NOT INCLUDE
m T NOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.

EE PrprL 5. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION, ALLOWABLE DAMBAR

ﬂ@l 0.25 (0.010) ® | B® l PROTRUSION SHALL BE 0.127 (0.005) TOTAL

IN EXCESS OF THE D DIMENS!DN AT
MAYSMUM MATERIAL CONDITION,

© 7
)

MILLIMETERS INCHES
_'IG |'_ R x 45°. -J F L— | D] MIN | MAX | MIN | MAX
c _7 I'_ a5s | 875 [o3s7 T oo
[ 1 \ B | a 400 | 91 0.157
hﬁ .._ffl Gl 135 [ t75 | 0054 | 0.068 |
— =il [ D] 035 0497 0.4 | 0019
- = __I S~ J Fl oa] 1 0016 | 0049
;E:Em je— D 14PL K M [ 1.27 0.
4 [ o] o2 ooms [0
'Q}| 0.25 (0.010)®|T| B ®|A(§| KT 040 | 025 [ 0.00s
] g°] 7°] °] 7°
p | 580 & 0284
ARl o] e 010 | §.019
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

PACKAGE DIMENSIONS

TSSOP-14
DTB SUFFIX
CASE 948G-01
ISSUE O

14X K REF NOTES
1. DIMENSIONING AND TOLERANGING PER ANSI

_.] ’-——(Q—r&w 00 ® [fﬁ ® I v ©l . \tl:"o‘usr’:c;ms DIMENSION: MILUMETER.

[

DIMENSION A DOES NOT INCLUDE MOLD FLASH,
H H H H H PROTRUSIONS OR GATE BURRS. MOLD FLASH

[a]0.15 000 T] U ®]
OR GATE BURRS SHALL NOT EXCEED 0.15

{0.008) PER SIDE.
" 025 (0 010} . DMMENSION B DOES NOT INGLUDE INTERLEAD
x L2 FLASH OR PROTRUSION. INTERLEAD FLASH OR
PROTRUSION SHALL NOT EXCEED
l 0.25 {8.010) PER SIDE,

- — . DIMENSION K DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PIN 1 PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN

IDENT. EXCESS OF THE K DIMENSION AT MAXIMUM

MATERIAL CONDITION.

TERMINAL NUMBERS ARE SHOWN FOR

REFERENGE ONLY.

. BIMENSION A AND B ARE TO BE DETERMINED
AT DATUM PUANE -W-,

[2] 0.5 {0.008] T U@[ A _'I K I‘_ MILLIMETERS | INCHES

'y

[l

-

| | DETAIL E

-~

JJi N g BT _qu_ 0.047
TT SECTION N-N m—:&gj

i

L [ —\ Fwd
S | W

_?r-o ;EAS'?HT” _T T —JGL— ——‘ H DETAIL E —/A’

§x&-—=ﬂmbow>§

ON Semiconductor and m are registered trademarks of Samiconductor Components Industries, LEC (SCILLC). SCILLC reserves the right to make
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LENESAS
2N3904

Silicon NPN Epitaxial
General Purpose Amplifier

REA03G0001-0200Z

Rev.2.00
Jul.22.2004
Features
¢ Low saturation voliage
¢ General purpose amplifier and switching
» The useful dynamic range extends to 100mA as a switch and to 100MHz as an amplifier
Outline
TO-92 (1)
1. Emitter
2. Base
3. Collecter
3
2
1
Absolute Maximum Ratings
(Ta = 25°C)
jtem Symbol Ratings Unit
Collector to base voltage Vcso 60 Vv
Collector to emitter voltage Veeo 40 Vv
Emitter to base voltage VEso 6 Vv
Collector current lc 200 mA
Total power dissipation Pc 625 mw
Junction temperature Tj 150 °C
Storage temperature Tstg -55 to +150 °C

Rev.2.00, Jul.22.2004, page 1 of 5
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2N3904

Electrical Characteristics

(Ta=25°C)
Item Symbol | Min Typ Max | Unit Test Conditions

Collector to base breakdown voltage Viriceo | 60 — — v lc=10pA, lg=0
Coliector to emitter breakdown voltage | Vigriceo | 40 — — \Y lc=1mA, Rgg = o
Emitter to base breakdown voltage V(aR)EBQ 6 — —_ Vv lge =10 ]JA, lce=0
Base cutoff current lsL — — 50 nA Vee =30V, Vgp=3V
Collector cutoff current lcex — — 50 nA Vee=30V, Vgg =3V
DC current transfer ratio hre 40 — — — Vee=1V, Ic =100 pA

70 — — —_ Vee=1V, lc=1mA

100 — 300 — Vee=1V,Ic =10 mA

60 —_ —_ —_ VCE=1V,|B=5OITIA

30 — — — Vee=1V, g =100 mA
Collector to emitter saturation voltage | Vcgsay | — — 02 v fc=10mA,lg=1mA

— — 0.3 v lc=50mA, g =5mA
Base to emitter saturation voltage VBE(sat) 065 |— 085 |V ic=10mA, lg=1mA

— — 095 [V lc=50mA, lg=5mA
Gain bandwidth product fr —_ 540 - MHz Vee =20V, lc =10 mA
Collector output capacitance Cob — 1.9 — pF Vee=5V,lg=0,f=1MHz
Collector input capacitance Ci — 5.9 — pF Vee=05V, le=0,f=1MHz
Noise figure NF —_ 1.0 — dB Vee=5V, Ic=0.1 mA,

f=1MHz, Rg=1kQ

Rev.1.00, Jul.22.2004, page 2 of 5
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Main Characteristics

Tatal Power Dissipation Curve Typical Qutput Characteristics {1)
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2N3904

Base to Emitter & Collector to Emitter

Collector Input & Qutput Capacitance

© Saturation Voltage vs. Collector Current vs. Valtage
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Figure 1  Delay and rise time equivalent test circuit Figure 2  Storage and fall ime equivalent test circuit
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2N3904

Package Dimensions

As of January, 2003

Unit: mm

48+0.3 3.8+0.3

=4

2.3 Max

12.7 Min

0.60 Max
0.55 Max

0.7

0.5 Max

1.27]
2.54
Package Code TO-92 (1)
JEDEC Contorms
JEITA Conforms
Mass {reference value} | 0.25g
Ordering Information
Part Name Quantity Shipping Container
2N3304 2500pcs Radial Taping (Hold Box)

Note: For some grades, production may be terminated. Please contact the Renesas sales office to check the state of
production before ordering the product.
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RenesasTechnology Corp. saes strategic Planning Div. Nippon Bidg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokya 100-0004, Japen

Keep safaty first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble
may occur with them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Ramember to give dua consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary
circuits, (i} use of nonflammable matarial or (i) prevention against any malfunction or mishap.

Noles regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas Technology Corp. product best suited to the customer's
application; they do not convey any license under any intellectusl property rights, or any other rights, belonging to Renesas Technology Corp. or a third party.

. Renesas Technology Corp. assumes no responsibility for any demage, or infringement of any third-party's rights, criginating in the use of any product data.

diagrams, charts, programs, algorithms, or circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs end algorithms represents information on products at the time of

publication of these materials, and are subject o change by Renesas Technology Corp. without notice due to product improvements or other reasons. ltis

therefore recommended that customers contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor for the latest product

information before purchasing a product listed hereirn.

The informaticn described here may contain technical inaceuracies or typographical errors.

Ransasas Technoiogy Corp. assumes na responsibility for any damage, liability, or other |osa rising from these inaccuracies or errors.

Please also pay attention to informetion published by Renesas Technology Corp. by various means, including the Renesas Technology Corp. Semiconductor

home page (http:/Awww.renesas.com).

. When using any or all of the information contained in these materials, including product data, diegrems, charts, programs, and algorithms, please be sure to

evaluete all information as a total system before making a final decision on the applicability of the information and products. Renesas Technology Corp. assumes

no responsibility for any damagae, liability or other loss resulting from the information contained herein.

Renesas Technology éorp‘ semiconduciors are not designed or manufactured for use in a device or system that is used under circumstances in which humen life

is potentially at smko Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when considering the use of a

product contained herain for any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aercspace, nuclear, or undersea repeater

use.

Tha priof writtén approval of Renesas Tachnology Corp. is necessary to repnint or reproduce in whole or in part these materials.

If thase products of technologiss are subject to the Japanese export contro! restrictions, they must be exported under a I from the Jap: govamment and

cannot be imported into a country other than the approved destination.

Any diversion of reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.
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8. Please contact Renesas Technology Corp. for further details on thesa materiels or the products contained therein.
RENESAS SALES OFFICES

http://www.renesas.com

LENESAS

450 Holger Way, San Jose, CA 95134-1368, U.S.A
Tel <1>(408) 382-7500 Fax: <1> (408) 382-7501

Renesas Tnchnologg Europe Limited.
Dukes Meadow, Millboard Road, Bourne End, Buckinghamshire, SL8 5FH, United Kingdom
Tel: <44> (1628) 585 100, Fax: <44> (1628) 585 900

Renesas Technology Europe GmbH
Dornacher Str. 3, D-85622 Feldkirchen, Germany
Tel: <49> (89) 380 70 0, Fax: <49> (89) 929 30 11

Renesas Technolw Hong Kong
7/F., North Tower, World Finance entre Harbour City, Canton Road, Hong Kong
Tel: <852> 2265-6688, Fax: <852> 2375-6838

Renesas Technology Talwan Co., Ltd.
FL 10, #99, Fu-Hsing N. Rd., Taipei, Taiwan
Tel: <886> (2) 2715-2888, Fax: <886> (2) 2713-2999

Renesas Technology {Shanghai) Co., Ltd.
26/F., Ruijin Building, No.205 Maoming Road (S), Shanghai 200020, China
Tel: <86> {21) 8472-1001, Fax: <86> (21) 6415-2952

Renesas Technology Singapore Pte. Ltd.
1, Harbour Front Avenue, #06-10, Keppel Bay Tower, Singapore 098632
Tel: 65> 8213-0200, Fax; <65> 6278-8001
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