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ABSTRACT

This project is to design safety system and fire suppression for the substation room. Due
to the substation room is furnished with all facilities which are vital for a plant, therefore in
general way it can not extinguish. In this work, the vacuum pump and FM-200 are used to
extinguish fire. Initially the vacuum pump is used to reduce the amount of oxygen. However, if
the temperature has still increased, FM-200 system will be operated.

The smoke detector and DS18S20 are used as sensors to detect the smoke and temperature
respectively. Microcontroller PIC16F877 is used to control the alert signal and displays the

results through the program Visual Basic 6.
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Photoelectric Light Obscuration Smoke Detector (1"]9!’ N15VILES)

o o Y o v

o A @ v 3
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2 9y o W = A'I [ k) Y o
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2.3.2.1 aNHUZVBITLUY
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MCLR’ ¥ pp RB7/PGD
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RA2 AN2 | Sudyanadunadmsy ADC ¥4 2
RA3 AN3 | Sudggnaduyadmiy ADC ¥993
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Compare2, PWM2)
RC2 CCPI | widnygaueIAeuesTuga CCPI (Capturel,
Comparel, PWM1)
RC3 SCK | widgainitnIue92995 SPI
SCL™ | Mdy s In,muee299s I'C
RC4 -SDI | wndqudunauag Serial Data Y995%11 SPI
SDA | uoynupdszunlia I'C
RC5 SDO | widganaueIdnALay Serial Data Y8955 SPI
RC6 TxD | 1d9%0yauY Serial Port
CK VI YY MU 1Y Synchronize
RC7 RxD - | ¥15Ud0yaLuY Serial Port
DT MFUoY YAl Synchronize

9. RDO—RD7: Wosn A 1

M1319N 2.4 LLAAIY1 PIC16F877 Wosa C

Y

° a S| 4 a 1
IUIU 8 V1 YA 8 UA LﬂuWﬂim!‘UUﬁBﬂ‘ﬂﬁ‘ﬂN ’161’1"1%15?{&

v v '
uazsudoya uenmniidaihmihindus uansdansedl 1.4




31

GHE Fayayos il

RDO PSPO | nidayanavensweiauuuuLu i 0
RD1 PSP1 ndfyanaverewaiauuuvuy dal
RD2 PSP2 | nidganaenswesauuuuuy Jn2
RD3 PSP3 | nidganavensweiauuuuLy a3
RD4 PSP4 | nidayanaveeneiauuuyLIY Dad
RD5 PSP5 NFYNUVBNDIALLDYUIY 1A5
RD6 PSP6 | nidganaeneneIauuuvuy a6
RD7 PSP7 | MdaianaivenenesauuyuIY Ua7

3197 2.5 LEAIU] PICI6F877 Wasa D

s o I = U o
10.REQ - RE2 : wo i E #f1uau 3 11 duweiaunuaesiianis Ilumsdunzsudeya

v

dy o 9 A o ~
UDNINURTIIAUINDUS) LAAIAIAIT NN 1.5

Wosn a0l wihl
ANS SUdyRIMBUNAT NG ADC ¥94 5

REO = > g
RD VAYQVUVIIENDIAUVVYUIUAIUANM IO
ANG6 FUdyUBUNATIMTY ADC %949 6

il WR ndaanaeisnasauuUUAIUaUMS oY
AN7 Sudganusuwad iy ADC %09 7

RE2 CS NFYAVUVGWNOIAUVVYUIUAILAUMSLADN

gunsal

3197 2.6 e PIC16F877 Wosa E
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d‘l v Y] a d
2.5 MIABANIVDYANUABNN MDY

251 mslfauneineynsu Rs232

PC COMPUTER MCU BOARD

31 2.18 N3 iaNAD RS232

4 S il o @ T [
asAemsuuveynsy Huhianudidy aentsldanu lulasneuInsamesinn

a o

Y Y a o I a ' A
lWS’]gﬁ'lll'ﬁﬂGl“]ﬂ!ﬂuwnw HALIDNINUBY PC Lﬂu BUNA LA IBIANA 1uﬂ1§ﬁﬂfﬂﬂ NIo

%

o A

¢ 9 o ~ o { LA T
AIUAY "luTﬂsﬂauTmamai AWAUUIUDYINUDY LW 3 LFUNTIUY AD

g a

- AgaNdya e TX

@

oy
- MeTUdey

M RX
- @18 GND

- . 2
TagUnAnesaoynsu RS-232C sxamsaneaiyleer 50 Walaslszunm  vuegiy

Fiiaues eodynna, sz, wag Usua daygnu sunu

=~ 4 (I
31]‘" 2.19 WBIADYNTUUYD PC DB9 &R

U
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o}

: P ¢ o
511 2.20 weSmoynsuvesgilnsainieuen DBY Al

14 <3| =] 4 o 9
® WOITADUNTUVD 1:(8] ilzgﬂuﬂﬂummm'stmu DB9 17

U

¢ o = ] ¢ v A
® WBIADYNIU "U'ﬂQQﬂﬂ‘Smﬂ'muﬂﬂ 2 uUAUILIAKBI LY DBY ALY

2,52 UE@AINIIAY YeneuiinmeS aynINNLY DBY sazninTimlinumg

51/ 2.21 DBY A7 loupINNMUNAT



Pin | Description Type

1 | Data Carrier Detect (DCD) Input
2 | Received Data (RXD) Input
3 | Transmitted Data (TXD) Output

4 | Data Terminal Ready (DTR) Output

5 | Signal Ground (GND) Input
6 | Data Set Ready (DSR) Input
7 | Request To Send (RTS) Output
8 | Clearto Send (CTS) Input
9 | Ring Indicator (RI) Input

WliNﬁ 2.7 131NLLEAY VIVBI RS 232

A v ¢ ¢ Y o a dy
2.5.3 mavenneginsaeinsaimeanennnuneuiuneinem e DBY

3 TXD T=D 3
2 RXD RXD 2
7 RIS RTS7
8 CTS CTs 8
4 DTR DIR 4
6 DSR DSR B

5 GND

GND 5

71l 2.22 nsiweuregUnseinTeUENHIL DBY MU Null modem

3 TXD ™D 3
2 RXD RXD 2
7 RTS RTS 7
8 CTS CTs 8
4 DTR DTR 4
6 DSR DSR 6
5

GND

GND 5

:; 1 4 ] 9
3‘1"" 2:23 ﬂ'liﬁlﬂf’.;l‘ljﬂiﬂlfnﬂuﬂﬂw'lu DB9 Uy 3 1y
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2.5.4 MIMNNUVLIVIAYY I DBI

g { 1
o XD Wuwninldddoya
I a @
e RxD lunldFudoya
'd feiie 9 T 14 Aa oY)
® DTR udasannzwoiaIutlaldau ,DSR astedeunneina naadeai e

= 1
agn3o 1)
A A ' A qu Y Yo vy Y
- Weidlanainoynsy 11 DTR 92 ON e ldgilnsal IR UNTIVNADINSARRBAY
v d ' 4 ]
- lusniziReanunagasavdouy1 DSR Ngilnsaindeuvse Ly

e

2.5.5 S3AVUTYYIMUBI RS232

sehudaines RS232
Vv
+15

+3 <

-15

seerudqanaaas TTL
v

+5

0 T

[ [

30N 2.24 szaudygnuves RS232C uazszAUdyY VDL TTL

[ [

$AUFRYRINUDI RS232C LAzTsAUT YUY TTL

]

@ A a g LIRSl @ a v g A A @
YYIUITUNIUNNAVY ‘luﬁwmﬁiymgm ﬂ‘i]zilllﬁqﬂull’ulnﬂ UBtngunuy

¢
13130
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[

A 9 o J o a < A
- weilosnu YVIUTUNIUU WWDDNUUULIIAU vpaladn "1" Wuay fA9DY

T o

1129 -3V D9 -15V dauussau vealadn "0" aglugae +3v Sa+15v

~ o ] 1 = 3 A Y
- uazivia ¥ szAUdYR N Y93 RS232 9glugae +15V D9 -15V fnelvide

5 2
awdaanallld lnaay
v

Y a

o o = @ @ I @ @
ﬂﬁl&‘lﬁi%ﬂﬂl&%zﬁ@ﬂﬂ’;d%iLﬂaﬂu’immlﬂﬂumm RS232 Y uusTAYLS AU

Y3 TTL

2.5.6 onIMIAIULYA (Baud rate)

AanuiEavesmssu-didoya WlusuaudnaesIunfissu 300, 1,200, 2,400,
4,800, 9,600 ,14,400,19,200, 38,400,56,000 L?Juﬁ'u
W 1 3 T a %3
MIhendaAsTIMydiloyaiuegny  suavesmwdygne,  ITETLLUAL

Snadyanasuniu

2.5.7 gunuumsEemsIIVeNIN

Taenueg 2 wuy fAsuuuselasild (Synchronous) (TUUVDEHI AT

(Asynchronous)

m3aoa1sunude Insile (Synchronous)
o e V' A o a 2 g v o @
- msSudweya sxlidygannitn Fuiludrdmua Jarizna
v 1 1 é 1w Q
msasdoya SpgRWDNTUNTIS Tdgnudyanaudoya

fegury Mmydidyananniduesa
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S 4 e
511 225 daanamsdemsuuud lnsie

P

MIAOAIHUVOLH 151 e (Asynchronous)
[ { ~ 1o & A o = 1 T
- masudsteya Taoh lusuiludes Sdyapuunsm sawde uaesld

[ "9 d‘lu

1dra9 uazaasy Uoasiaadeua mmn

sindeyaunvezdelnsia sznoudis 4 daufe
1. inisudu (Start bit) Hvinal U

-3 B = G a
2. U0y (Data) 4¥11@ 5,6,7 130 8 1R

9
3. IAR39EUWISA (Parity bit) Vuia 1 Tande 1l

4. iaviga (Stop bit) Nuu1a 1, 1.5,2 1A

1 1 1 2 1 3 1 4 1 5 1 G 1 ? 1 8 1 9 1 10 1 11 1 12 1
1 1 1 1 1 1 1 1 1 1 1 1 1
i 1 0 iy 0 1 0 :
1 1 ] 1
WAIT STAGE ESTAFIT- DO : DI D2 : D3 1 D4 : D5 ¢ DB 1 D7 \EARITY STOP + STOP 1
i BT . . ] i : i ; : i OBIT1 § BITZ &
la DATA ¥ 1152

1
[ =

31"7] 2.26 FUIUNMTAOAITUUVOTS Tasiia

g g
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4 ] T S| a
- e laitimsdedoya 11 data vxfimaruzdulain '1" 3o an1uznyase (Waiting

stage)

8 A ' <] a =] ° a 1 a A
- teisudusedoyass 1 data fluTadn "or Wusau 1 dn BonhiieEudy (Start
bit)

2 9

gl 3 1 A e 1
= mnuuﬂ%mmumﬂ’fﬂy’a Tagdsiindli/nou (LSB)

9y
ad a

9y ) oA sy v 2 a ¥ 1) J
- URIMIUAIINITAUN (AU f’)ulllﬂ‘lﬂ VUBYNUNITAAANAN “U'(’)\TVN?T'(’]\WJT?J)

- gahomualelatn "1 egaties 1 O (Tvwia 1,15, ¥ie 2 1) wWeuaasii

Augadoya

o vy [ 1 < v v =

258  mssutacasveyanvveunsuaLsesniluanyae mslrauld 3 wwune
a o 7 a3 1 A v Y ~ = 1 g’:
HULBMNANT (Simplex) UMy vivsudya LULNAMILADT 191U

J 4 3| U [ v @ 4
BungaNgmand (Half Duplex) Humsdauasiudoyauuuaduiy Aoie

é oy é a3 1 () v @ (] [ 1 o
aunileae Bndunile Hudhesy adusu lamnsadu-delunaionuld

uvuvlggemancs (Full Duplex) @unsasu-dedoyaluandesuld



a
Unn 3

NNty msa%’mmzmiﬁnm

3.1 urdadein (Power supply)

Slunnse W 1f sy ssddadeudadnfnszuaasavinaussiu 12 Taad
A901Y IC 7805 sﬁ@ﬁmﬁzsﬂqmﬂ'lﬁ’aaﬂmtﬂumaﬁ’u"M%mmmmwum 5 Thad dmsy
s lEsdliians Tasusan 12 Toad dmiutieldduassgansanduatu dou
useduvie 5 Tad dwmsusiel iy 2esgansesugungll esdouderuneinoynsa

v
uag 295 d vy Ideddsu winsaeu Insamos (PIC16F877)

E‘ﬂﬁ 3.1 uvaeae I (Power supply)
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3.2 AIA5399UAIY (Smoke Detector)

a ' Ed v w o a e
Tufsgantwusiis IndenldginsaiaavuaJusiia Photoelectric Smoke Detector
AY aA St a a RS A
(Model : CL-180) W31ziidenfe ausansesuaiuld hluvasnamas vdvawoi
1 a a Ig v < 1 ' o
anee g Taudaunasnilsanninanlad Iiauediesiana uazdeasnsii 1o ldnu
1 Y ' &
11199910 11A2 Smoke Detector 199111 Relay 1111 Normally Open (NO) 8gnglu nann1s
v
MmaeIdInsduatuansaetue lanall
A d a slg < o Y a @ = 9 L4 @ @
iietimgmsainds ludvunesgsildinanuv luanzGudugilnsaiasieiuaiu
I a 9

5 <3 I [ 2‘, o
Fuiluwiia Photoelectric - Smoke - Detector A3z @1u15005293UA3 U luan12zduld v ld

nendure Relay 49972 Smoke Detector (94 11/a81491n Normally Open (NO) )il Normally

v
=~

o o { g @ a v " W o
Close (NC) ¥ ladaanaidlunssdulfosnuininises Jauvinuus sau Inihins

° = (J {2 o 4 T @ Jd @
Mnualitiaen s, uag Sy v83@2 Smoke Detector Tuntisidmualtiaumiy 5 Tiad asgy

= o w @ 1 o a @ 4 J A
32 Ganhdyaasnan ihilndyanaudune 1diulylasaouInsameinesa B v

q

RBS iveyhimsnuguludieuas 1y

-,

311 3.2 #3752990ATY (Smoke Detector)
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3.3 A0 DS1820

1511015ABAIATI9TURUNYN DSI820 S s @2 Tdvhausaudy

el 13 o L ar A
lulnsaeuInsameiniinis Isunsumsian13uda Taeld DS1820 vhmsaedyanm iy
kY] ) A [ [ ] 9 a 4 [
a1 lu Tasneu Insame5ihmsaIugy 0B 1UAEZUAAIHARIUN NI 190ABNNINDS Ud)

LB Jd Lo
dedgyanauerana liaiuaugilnsanieg

BOTTOM VIEW

|
I' 1
|

|
! ‘ RGeS 168 = NG
el NGE-2 15 = NG
] NO= 3 ey =
| | NG 4 13 =2 NG
e [ NCE= 5 12 =3 NG
i NG & 1 NG
e vDDe=| 7 =G
F= == DO= & 9 = GND
G- =
D51820 0518208

PR35 PACKAGE 16-PIN S50F

31N 3.3 §293799gmUNYN DS1820

3.4 lulnsneulnsames PIC16F877

o

3 S o 4 [ Y a 4 °
PIC16F877 Wuglnsainsuduansuedns ngansntuniuuazguugil e
o 4 =) A Ay Yo Y o w o
yanaedyanaFeuiouamiten lui ldimuald uasihdyaauerdya lauay
J @ A 1 [ oY @ a a Y Y vy
ginssinaasdyanaufoudisn nuglnsaiilesnumsifeamas Ingd udaldaeen uaawa

[ a [4 o .
USRI uN 103 Ineld 115un5Y Visual Basic

@

Vv
ﬁ’ﬂﬂmzﬂﬂﬂﬁﬁ‘ﬂi%ﬂuﬁlﬂﬁ PIC16F877 1if4il
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o = ) a A o P a
WOIH A U1 RAO VD16 A tyﬂﬁm"lvlﬁwm LEANaDIUS ﬂ'lﬁﬂ'lﬁ’]uﬂﬁﬂ'ngﬂﬂﬂ
o = o e a A o < A
WOIN A NV RAT VU910 A iyq,nmllﬂﬁmam UFANTDIUE NMININIUNTNNIIABU
4 ~ (3 @ a o ~ a
Woin A v RA2 vuednadayana Indues uaasaaius mshnuhanizyniuy
4 A o @ = SR A ‘3
woin A 1v1 RA3 vuoawadyaa v uaasaniug MlinduRaiu
J A o o 1A o @
Woin A N1 RAS vianadyana W ugasaniuz NimsdaszuuySuene

s

4 ~ a o @ a
WOIAM B 191 RBO m’lﬂu?!ﬂmﬂﬁﬁ')ﬁi')ﬂﬁ]ﬂqmﬂﬂu 7

=h.

1

Ql

J { a Y @ a
WoIA B ﬁ‘"'] RB1 ql']ﬂuwgmf]Qﬁaﬂi'J%%ﬂqmﬁﬂu 3

u

=h.

2

=8
w

4 4 a (Y @ A o
WoIn B “7]"1!'] RB2 VIDUNAVDIAIATITIVYUVIQU 717

]

o

4 d' a (Y @
WoIA B 191 RB3 ‘U']auvgﬁ‘ilﬂﬂﬂﬁﬂﬁﬂﬂﬂﬂ@qmﬁ@‘ﬂ AIN

)}

)]
.

ar

wosa B 91 RB4 vidunavesiinsandugangi #ai s
wesa B iv1 RBS 11D unavadfins 1iun iy
4 P L 4 (1] 4
Woia C 11 RC6 NAIT Y 104 TDUABHIUNDS ADYNTY
4 A v v A 1 1 4
WOIA C N1 RCT VT UTRYUAONADHIUNDTAD YN
¢ Pt ¢ v &
Wa5e D 191 RDO mumﬁwmmmﬂﬂuﬂu (Vacuum Pump)
= 4 [
Wos@ D 7Y RDI YUDWHAVBILAT EM-200 (U1 1a09)
4 = 4 a o
Wo3A D 1191 RD2 VUDANAYDIFUI TRy 194A0 U (Horn)
4 P J o v o w [
Weia D NI RD3 vup s miudasguulsveinma

7 A ¢ o & a o
Wa3e E N1 REQ ‘ll'l!f)'lﬁ?!mlﬂﬂlnﬂﬂﬂﬂu (Vacuum Pump) 3J'W'Iﬂﬂ'l‘iﬂum'ﬂﬁiﬂ

4 ~ J o ° a d o
WoIe E NU1 REL mmmvgmmuﬂﬁ FM-200 (lL‘U"JJi]'IﬁBQ) QJYI]"Iﬂﬂ'IS"E]uL‘VIﬂﬁT]J
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MCLR/YPP S THY — [ 1 . U an []+— RB7/PGD
RAD/AND +—» ]2 29 []+—» RBS/PGC
RA1/ENT +—s[]3 3 []+— RBS

RA2/AN2 /YREF- +—= [ 3 []+— RB4

RA3/ANI/YREF+ +—a [ 5 3% []+—s RB3/PGH

R&4/TOCKT +—s 6 35 []+— RB2
RAS/AN4/SS e 7 24 []+—» RBI
REO/RD/ANG +— 2 23 []+— RBO/INT
RE1AIR/ANE «—» ]9 g 2 []+— Yoo
REZ/CS/MN? +—s 10 = 3 [+ ¥ss

Yoo —= 11 . 30 []+—= RD7/PSP?

Ysg —= 12 iy 29 []+—» RDB/PSPE

0SC1/CLKIN —= [t 2 [7]~—= RD5/PSP5
0SC2/CLKOUT +— [1a 27 [1+—= RD4/PSP4
RCO/T10S0/TICKT «—s 15 2 [ +— RC7/RH/DT
RC1/T10S1/CCPZ +—= [t 25 [+ RCB/TH/CK

RC2/CCPT +—s 17 24 []+— RC5/SD0

RC3/SCK/SCL +—= 18 2 [+ RC4/SDI1/SDA
RDO/PSPO +—» []19 2 [7]+— RD3/PSP3
RD1/PSP1 +— 20 21 []+— RD2/PSP2
TOP VIEW

U7 3.4 lulasneuInsataes PICI6ES77

oV
3.5 wanAuY (Vacuum Pump)
A a s, 9 A ' a &, ' ety =
L'L!'ENT!”Iﬂﬂ'li!.ﬂﬂ‘lwuui]z@'lﬁ]\'lll’tlﬂ‘ﬂllﬁ$ﬂﬂ‘1J5!J'ENﬂ'l§!ﬂﬂﬂ§‘]J‘YN 3 8Y19 AD BDUWAY
¥ a v ¥ ) v o B A By 3 =
AUIDY , DONWIIU ﬂﬂuu&‘ﬂﬁNGI’ENGl‘]ﬂL'JﬂﬂﬁJﬂiJLWi]‘Vl'lﬂ']i@‘ﬂ’ﬂ'lﬂ']ﬁ Lﬂuﬂ'lﬁaﬂ‘ijilﬂiu

9y
pandinumeludesaaril i dwaliesadsznovves Ty luasy 39 lansana 1W'ld

=

@ a a i, o o 4
iyiy’lmﬂ“’]ﬂ?ﬂﬂﬂﬂ’ﬁlﬂﬂ-ﬂﬂl&jﬂﬂuﬂuuuu'm']ﬂ iUuﬂJ']mLﬂ'WW!ﬂ‘U@Qquiﬂﬁﬂ@i‘liﬂﬁamﬂi

s =
WDIM B 1191 RB6
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gﬂﬁ 3.5 WIAANLN (Vacuum Pump)

3.6 ufie FM-200 (Heptafluoropropane) 130 CF,HFCF,

I a a A
3$UY FM-200 (FM-200 Clean agent fire suppression system) WuszuussIumam
a g 9 & QP
ey Tagldarsagoin (FM-200, Heptafluoropropane,CF,HFCF, ) #91laoansne
9y A e o 4 LY 2 ' o 9
amwagauiloanniinnmaiaieyile Ty (11 0 ( Ozone depletion = 0), luvhl4
v ]
ginsaldeudomionazds lifmnuanidsndnde Iehldludepiudausuium liany
Q 3 1o 1 1 -7 ¥ g‘l
aulaldans EM-200 fuann UL teda liins via1eanniin 1119991051A1999520U FM-200 1y

1 9 4' = (% t&
ABUUYNITUNIUNBDINIUNUISUUDU
q ¥
mmgmﬂ%@ammn

9
a o w <3|
1. wasgumseeanuuazannideuiluliamuinsgiu NFPA 2001 (National

Fire Protection Association NO.2001)

a o P ' o [}
2. AsTIUvRINASusiFe Iaungunsel lusz UL FM-200 Cylinder, Control
Panel, Detector, Alarm Bell, Horn and Strobe tazduc3zdeq 145umssuses

¥11M3711210 UL (Underwriters Laboratories) HAL/M3ID FM (Factory Mutual)

P I~ ] ] 1 <3| A '3
3. gilnselvzdeuifuveslvilimeldauuney uazszdesiiundndusian

Uszimaarigomsm
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ANYULVDITLUY

¥
a W

JTUUAUNAIEA TUIIAA 8815 FM-200 (Heptafluoropropane) §30 CF,HFCF, NAAAY
o : = A T ] s ¥
92ADUTUIDY Total Flooding System (M99 szuufiimsRaunadn ldnnadsunsves
1 YV v v
vesniimsiladew) Tasmmualdtanududuvewdavud liesnit 7% aerlSuasdesd
a o ) a [} [V 1 a a =} L4 ] 9
gunQi 70 F uazldnarlunisaunanuads lumu 10 3ui gilnssi lussuvediaies

zdpalsznoudiy FM-200 Cylinder, Control Pane, Automatic Dectector, Electric control head,

Discharge Nozzle, Alarm
M5 1¥9UIZUY FM-200

FEUUALIMADA TUTARIBAS FM-200 (Heptafluoropropane) #3® CF,HFCF, 0L

4'{ 9 @ tg A w1 g
o3 l¥nunulszmnnuou¥aimwasnae lalil

CLASS A : ORDINARY COMBUSTIBLE MATERIALS 5% 19,/1,052015,819

Naaan
v
- CLASS B: FLAMABLE LIQUIDS,H13%,FLAMABLE GASES
- CLASS C: ELECTRICAL EQUIPMENTS,ainsai I#h
v = Y [ j’ a 1 :’lJ
15 FM-200 Tumanz aunazlsausuaomases 11

- maauficnanse OXIDATION 1A Tagils1en sendiau 15 wag laa lumsa

Auily
- METAL HYDRIDES

- REACTIVE METALS laun aisew, Tandon, Tddm@ou uuntideu, Inmidioy
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v
VUADUNMTODNUULILLY FM-200
1. msmuaarifSuinses

[ tg { X o o o ' o @ A
- aamnuntsaneii lufvuadiuriaazsiuiu DETECTOR uag Hana

(NOZZLE)

v
=

o a 9 a a .&' 9| @ ZI A o
= mmmﬂsmmwaﬂmwms:mﬂmmwmwu‘wﬂmﬂumﬁm LW'EI‘L!'Ill‘lJ

muIun Usuavoeals FM-200
2. MIMAUAANMTUTUYBIET FM-200

AR UARTIANMTUTUNIR LIS FUUIA1T FM200 N1 IUn1500nUUY
E) ] '
Mrualiianududuvesarsaud ludeona 7% azhiny 9% #o1l5u1nsveaiad

gamginieludes

v
v a Ay 2
nanama Ml lFlumsosnuuus1e8ennIANamMINaaoe 1neds Cup-Burner 39

i . . \ 2 > ey
Flumsnaasuiiomanududusigavedas EM-200 nezaunsonu i ld danisiei 3.1 4

9

Agent NRL NMERI Fenwel GLCC NIST

% HFC —277ea 6.6 6.3 5.8 5.9 6.2

19197 3.1 : LEAAINANIINAABIIAA NN NT UYWAY 1A87T Cup-Burner

@ =1 e ] = <
21991519 vz danawin ldnaanududuyeaats FM-200 W89 5.8-6.6 %

v
=

= o [ o a Y 9/ Y/ ' a 1
Weanedmiumsaumas lamanududugeganldlumsesnuuy lundsifiu A1 NOAEL

o [ 9/ 9 9o 9 1 dy [~ ) '
dwisuans FM-200 19 9% danududuyinnndoisiluouasignsau
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3. asmuamlsunaasnly

Y [ 9

° a A g A v ' Y P
ﬂﬁﬂ'lu’.]ﬂlﬂ']ﬂ‘ill']mﬁ']i FM-200 ‘ﬂGlf)\‘lﬂWitW’f)Gl‘Hllﬂi%ﬂ‘ﬂﬂ'lﬂ’)'llll‘illl‘lluﬂ

v v
MIngaumunMuua ansamus ldnnaunsasas liil

W = V/S[C/(100-C)] [1]

S =k1 + ka(T) [2]

o ; W=1/5uaes EM-200 ,lbs (kg)

v
a

v = 15uasneaiilosnu i (m?)

C = ANUHUTUYBITIFM-200 % lasl511as5

S = 1f51a3 WL 09913 FM-200 (ﬁ superheated) , ft*/Ib (m?/kg)
k1= 1.885% “F (0.126971°C)

k3 =0.0045 N°F (0.0005$° C)

=

T =gaugimeluvesdilesu, F(CC)
MInsTABUANUNUTUYBIENT FM200 Ngaivigigage

A73A329A5aeLANUTUTUYRIES FM-200 Tigaingiigega iesainszauanududu

3 4 a é’ oA 1 a °
voemszgiuiiogungigeiu anlddeslifu 9% (NOAEL) awnisafuamldan

v

9
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S =k1+ka(T) [2]



e : W = 51196135 FM-200 ,1bs (kg)
v = 13masfieeitlosdu & (m?)
C = ANUTNTUVBIAITFM-200 ,% lagSinag
S = 1511959 IZYRIA1S FM-200 (17; superheated) , ft*/b (m*/kg)
k1=1.8857 “F (0.126991°C)

ko = 0.0045 71 F (00005 11" C)

1
£

T = gunglimeluiosdilesnu, FCe)
3.1 funaEsiluiesaes
V=0216m",S=01414, C =6 % lauifsuns
W =0.216/0.1414 [6 / 100-6]
=0.0975kg

3% 9 o S Y Y @
aau Tunisnaasslurosdianeil Aoglsuna FM-200 0.0975 kg
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M13149% 3.2 : HFC-227ea (FM-200) Total Flooding Quantity (English Unit)




50

Femp. | Specific HFC-227¢a Weight Requirements of Hazard Volume WiV (kg'm‘)
-t- Volume Design Concentration (% by Volume)
o ]
RO ] (m /kg.) [ 7 8 9 1o L 12 13 14 B
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FIKE CONTAINER SIZE EMPTY WEIGH ,\(.h\lrrrllrl‘ RANGE DIMENSION
PART NO. (Ihs.) (Ibs.) (Ih~.) DIAMETER HETGH T
(in.) {in.)
»:»-» 20 315 21 )
us 15 18 32.3
700 61 80 T 10 _‘.\nd H
)0 100 an 100 10 I
1-043 ] 1254 18¢€ 2-129§ 2000 .’lk' \7
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Taaldsunsunlslumsuaaswarumaniinoonsunuaes ( Visual Basic )

Dim data As String
Dim det As String
Dim Ibt1, 1bt2, Ibt3, Ibt4, Ibt5 As Integer
Private Sub cmdpump_Click(Index As Integer)
Select Case Index
Case O:
MSComm1.0utput ="p"
Case 1:
MSComm1.0utput = "f"
End Select
End Sub
Private Sub Form_Load()
MSComm1.PortOpen = True
Timerl.Enabled = True
End Sub

Private Sub gason_Click(Index As Integer)



Select Case Index
Case O:
MSComm1.0Output ="g"
Case 1:
MSComm1.Output = "f"
End Select
End Sub
Private Sub Timerl_Timer()
data = data + MSComm1.Input
'TEMP
If Mid(data, InStr(data, "t0"), 2) = "t0" Then
Ibltemp1.Caption = Mid(data, InStr(data, "t0") + 2, 3)
End If
If Mid(data, InStr(data, "t1"),2) = "t1" Then
Ibltemp2.Caption = Mid(data, InStr(data, "t1") + 2, 3)
End If
If Mid(data, InStr(data, "t2"), 2) = "t2" Then
Ibltemp3.Caption = Mid(data, InStr(data, "t2") + 2, 3)
End If
If Mid(data, InStr(data, "t3"), 2) = "t3" Then
Ibltemp4.Caption = Mid(data, InStr(data, "t3") + 2, 3)
End If
If Mid(data, InStr(data, "t4"), 2) = "t4" Then
Ibltemp5.Caption = Mid(data, InStr(data, "t4") + 2, 3)
End If
'LED

If Mid(data, InStr(data, "Ir"), 4) ="Ir=1" Then



Shapel.BackColor = vbRed
Shape2.BackColor = vbWhite
Shape3.BackColor = vbWhite

End If

If Mid(data, InStr(data, "ly"), 4) = "ly=1" Then
Shape2.BackColor = vbYellow
Shapel.BackColor = vbWhite
Shape3.BackColor = vbWhite

End If

If Mid(data, InStr(data, "lg"), 4) = "lg=1" Then
Shape3.BackColor = vbGreen
Shape2.BackColor = vbWhite
Shapel.BackColor = vbWhite

End If

'SMOKE

If Mid(data, InStr(data, "sm"), 4) = "sm=0" Then
Shape4.BackColor = vbGreen

End If

If Mid(data, InStr(data, "sm"),4) = "sm=1" Then
Shape4.BackColor = vbRed

End If

'AIR

If Mid(data, InStr(data, "air"), 5) = "air=0" Then
Shape6.BackColor = vbRed

End If

If Mid(data, InStr(data, "air"), 5) = "air=1" Then

Shape6.BackColor = vbGreen
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End If

'PUMP

If Mid(data, InStr(data, "pu"), 4) = "pu=1" Then
Shape7.BackColor = vbRed

End If

If Mid(data, InStr(data, "pu"), 4) = "pu=0" Then
Shape7.BackColor = vbWhite

End If

'GAS

If Mid(data, InStr(data, "gas"), 5) = "gas=1" Then
Shape8.BackColor = vbRed

End If

If Mid(data, InStr(data, "gas"), 5) = "gas=0" Then
Shape8.BackColor = vbWhite

End If

data=""

'change color label temp

Ibltemp1.BackColor = vbWhite

Ibltemp2.BackColor = vbWhite

Ibltemp3.BackColor = vbWhite

Ibltemp4.BackColor = vbWhite

Ibltemp5.BackColor = vbWhite

Label6.BackColor = vbWhite

Label7.BackColor = vbWhite

Label8.BackColor = vbWhite

Label9.BackColor = vbWhite

Label10.BackColor = vbWhite
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End Sub

Ifa TsunsunaunyluTnsaeu Inames
#include <16F877.h>

#fuses HS,NOWDT,NOPROTECT ,NOLVP
#use delay(clock=20000000)

#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7)
#include <stdlib.h>

#include "input.c"

intl SMOKE];

int temp0, temp1, temp2, temp3, temp4;
char ch;

#INT RDA

void RxD _isr()

ch = getc();

if (ch=="p")

output_E(0x01);

ch='m;
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if (ch=="¢')

output_E(0x02);

ch='m';

if (ch=="f")

output_E(0x00);

ch="m';

| HAEH AR DS1820

HHH R

#ifndef TOUCH_PIN

#define TOUCH_PIN 0 PIN_BO

#define TOUCH_PIN 1 PIN B1

#define TOUCH_PIN 2 PIN B2

#define TOUCH_PIN 3 PIN B3

#define TOUCH_PIN_4 PIN B4

71



#endif

BYTE touch_read byte 0()

BYTE i,data0;

for(i=1;i<=8;++i)

output_low(TOUCH PIN 0);

delay us(14);

output_float(TOUCH_PIN_0);

delay us(5);

shift right(&data0,1,input(TOUCH_PIN 0));

delay us(100);

return(data0);

BYTE touch_write byte O(BYTE data0) {

BYTE i;

for(i=1;i<=8;++i)
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output_low(TOUCH_PIN 0);

delay us(10);

if(shift_right(&data0,1,0))

output_high(TOUCH_PIN_0);

delay us(10);

if(!input_state(TOUCH_PIN_0)) return(0);

else

output_low(TOUCH_PIN 0);

delay us(10);

if(input_state(TOUCH_PIN 0)) return(0);

delay us(50);

output_high(TOUCH_PIN _0);

delay us(50);

return(TRUE);
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BYTE touch_present 0()

BOOLEAN present0;

output low(TOUCH_PIN 0);

delay us(500);

output_float(TOUCH PIN -0);

delay us(5);

if(!input(TOUCH_PIN 0)) return(FALSE);

delay_us(65);

presentO=!input(TQUCH_PIN 0);

delay us(240);

if(present0) return(TRUE);

else return(FALSE);

[HHHHEH AR END DS1820 0

HH AR

BYTE touch read byte 1()

BYTE j,datal;



for(j=1;j<=8;++)

output_low(TOUCH_PIN 1);

delay us(14);

output_float(TOUCH_PIN 1);

delay us(5);

shift_right(&datal,1,input(TOUCH PIN 1));

delay us(100);

return(datal);

BYTE touch_write byte 1(BYTE datal) {

BYTE j;

for(j=1;j<=8;++j)

output_low(TOUCH_PIN 1);

delay us(10);

if(shift right(&datal,1,0))



output_high(TOUCH_PIN_1);

delay us(10);

if(!input_state(TOUCH_PIN 1)) return(0);

else

output_ low(TOUCH_PIN 1);

delay us(10);

if(input_state(TOUCH_PIN 1)) return(0);

delay us(50);

output_high(TOUCH_PIN_1);

delay us(50);

return(TRUE);

BYTE touch present 1()

BOOLEAN presentl;
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output_low(TOUCH_PIN 1);

delay us(500);

output_float(TOUCH_PIN 1);

delay us(5);

if(!input(TOUCH_PIN 1)) return(FALSE);

delay us(65);

present1=!input(TOUCH_PIN 1);

delay us(240);

if(present1) return(TRUE);

else return(FALSE);

IR END DS1820 1

g i e

BYTE touch_read byte 2()

BYTE k,data2;

for(k=1;k<=8;++k)

output_low(TOUCH_PIN_2);

delay us(14);
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output_float(TOUCH_PIN 2);

delay us(5);

shift_right(&data2,1,input(TOUCH_PIN_2));

delay us(100);

return(data2);

BYTE touch write byte 2(BYTE data2) {

BYTE k;

for(k=1;k<=8;++k)

output_low(TOUCH PIN_ 2);

delay us(10);

if(shift_right(&data2,1,0))

output_high(TOUCH_PIN 2);

delay us(10);

if('input_state(TOUCH_PIN_2)) return(0);
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else

output_low(TOUCH_PIN_2);

delay us(10);

if(input_state(TOUCH_PIN_2)) return(0);

delay us(50);

output_high(TOUCH_PIN_2);

delay us(50);

return(TRUE);

BYTE touch_present_2()

BOOLEAN present2;

output_low(TOUCH_PIN_2);

delay us(500);

output_float(TOUCH_PIN_2);

delay_us(5);



if('input(TOUCH_PIN_2)) return(F ALSE);

delay us(65);

present2=!input(TOUCH_PIN 2),

delay us(240);

if(present2) return(TRUE);

else return(FALSE);

IR S END DS 1820 2

B R R

BYTE touch_read byte 3()

BYTE x,data3;

for(x=1;x<=8;++x)

output_low(TOUCH_PIN _3);

delay us(14);

output_float(TOUCH_PIN 3);

delay us(5);

shift_right(&data3,1,input(TOUCH_PIN_3));

delay us(100);



return(data3);

BYTE touch_write byte 3(BYTE data3) {

BYTE x:

for(x=1;x<=8;++x)

output_low(TOUCH PIN 3);

delay us(10);

if(shift_right(&data3,1,0))

output_high(TOUCH_PIN 3);

delay us(10);

if(!input_state(TOUCH_PIN _3)) return(0);

else

output_low(TOUCH_PIN 3);
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delay us(10);

if(input_state(TOUCH_PIN_3)) return(0);

delay _us(50);

output_high(TOUCH_PIN_3);

delay us(50);

return(TRUE);

BYTE touch_present_3()

BOOLEAN present3;

output_low(TOUCH_PIN 3);

delay us(500);

output_float(TOUCH_PIN 3);

delay us(5);

if(linput(TOUCH_PIN_3)) return(FALSE);

delay us(65);

present3=!input(TOUCH_PIN_3);
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delay us(240);
if(present3) return(TRUE);

else return(FALSE);

IR END DS1820 3

i i s s s

BYTE touch_read byte_4()

BYTE y,datad;

for(y=1;y<=8;++y)

output_low(TOUCH_PIN 4);

delay us(14);

output_float(TOUCH_PIN 4);

delay us(5);
shift_right(&data4,1,input(TOUCH_PIN_4));

delay us(100);

return(data4);
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BYTE touch_write byte 4(BYTE datad) {

BYTEYy;

for(y=1,y<=8;++y)

output_low(TOUCH_PIN 4);

delay us(10);

if(shift_right(&data4,1,0))

output_high(TOUCH_PIN 4);

delay us(10);

if!input_state(TOUCH_PIN_ 4)) return(0);

else

output low(TOUCH_PIN 4);

delay us(10);

if(input_state(TOUCH_PIN_4)) return(0);

delay us(50);
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output_high(TOUCH_PIN _4);

delay us(50);

return(TRUE);

BYTE touch_present 4()

BOOLEAN present4;

output_low(TOUCH. PIN_4);

delay us(500);

output_float(TOUCH_PIN 4);

delay us(5);

if(!input(TOUCH_PIN_4)) return(FALSE);

delay us(65);

present4=!input(TOUCH_PIN 4);

delay us(240);

if(present4) return(TRUE);

else return(FALSE);
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I[HHHHHHRHEREH A END DS1820 4

B

void readtemp _0(void)

BYTE i,buffer0[9];

if(touch_present 0())

touch_write byte 0(0xCC);

touch_write_byte 0(0x44);

delay ms(300);

touch_present_0();

touch_write byte 0(0xCC);

touch_write_byte 0(0xBE);

for(i=0; i<9; i++)

bufferO[i]=touch read byte 0();

tempO=buffer0[0]/2;
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void readtemp 1(void)

BYTE j,buffer1[9];

if(touch_present 1())

touch_write_byte 1(0xCC);

touch_write_byte 1(0x44);

delay_ms(300);

touch_present 1();

touch_write byte 1(0xCC);

touch_write_byte 1(0xBE);

for(j=0; j<9; j++)

bufferl[j]=touch_read byte 1();

temp 1=buffer1[0]/2;
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void readtemp 2(void)

BYTE k,buffer2[9];

if(touch_present 2())

touch_write_byte 2(0xCC);

touch_write_byte 2(0x44);

delay ms(300);

touch_present _2();

touch_write byte 2(0xCC);

touch_write byte 2(0xBE);

for(k=0; k<9; k++)

buffer2[k]=touch_read byte 2();

temp2=buffer2[0]/2;

void readtemp_3(void)
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BYTE x,buffer3[9];

if(touch_present_3())

touch_write_byte 3(0xCC);

touch_write_byte 3(0x44);

delay ms(300);

touch present 3();

touch_write_byte 3(0xCC);

touch write byte 3(0xBE);

for(x=0; x<9; x++)

buffer3[x]=touch_read byte 3();

temp3=buffer3[0]/2;

void readtemp _4(void)
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BYTE y,buffer4[9];

if(touch_present_4())

touch_write_byte 4(0xCC);

touch_write_byte 4(0x44);

delay ms(300);

touch_present_4();

touch_write_byte 4(0xCC);

touch_write_byte 4(0xBE);

for(y=0; y<9; y++)

buffer4[y]=touch read byte 4();

temp4=buffer4[0]/2;

IR END read temp

i

void showtemp 0(void)
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readtemp _0();

printf{("\rt0%3d" ,temp0);

void showtemp 1(void)

readtemp_1();

printf("t1%3d" temp1);

void showtemp 2(void)

readtemp_2();

printf("t2%3d" temp2);

void showtemp 3(void)

readtemp_3();

printf("t3%3d" temp3);
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void showtemp_4(void)

readtemp 4();

printf("t4%3d" temp4);

IR END show temp

R

void check(void)

int1 Ig,ly,Ir;

intl smoke,pump,alarm,air,gas;

SMOKEI! = input(PIN_B5);

if((temp0<=34 || temp1<=34 || temp2<=34 || temp3<=34 || temp4<=34))

if(SMOKE1==0)

output_A(0x21); //green on ,smoke off ,air on (0010 0001)

output_D(0x00); //pump off ,gas off ,horn off ,close air off (0000

0000)

Ig=1;
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0000)

ly=0;

Ir=0;

smoke=0);

pump=0;

alarm=0;

air=1;

gas=0;

if(SMOKE1==1)

output A(0x29);

output_D(0x00);

pump=0;

alarm=0);

air=1;

/lgreen on ,smoke on ,air on (0010 1001)

/fpump off ,gas off ;horn off ,close air off (0000
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gas=0;

if((temp0>=35&&temp0<=45) || (temp1>=35&&temp1<=45) || (temp2>=35&&temp2<=45) ||

(temp3>=35&&t_emp3<=45) || (temp4>=35& &temp4<=45))

if(SMOKE1==0)

output A(0x22); /lyellow on ,smoke off ,air on (0010 0010)

output_D(0x04); //pump off ,gas off ,horn on ,close air off (0000

0100)
1g=0;
ly=1;
1Ir=0;
smoke=0;
pump=0;

alarm=1;
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if(SMOKE1==1)

output_A(0x0C); /fred on ,smoke on ,air off (0000 1100)

output_D(0x0D); /f[pump on ,gas off ,horn on ,close air on (0000

1101)

smoke=1;

pump~1;

alarm=1;

if{ (temp0>=46&&temp0<=69) || (temp 1>=46&&temp1<=69) || (temp2>=46& &temp2<=69) ||

(temp3>=46&&temp3<=69) || (temp4>=46&&temp4<=69))

if(SMOKE 1==0)



output_A(0x04); /lred on ,smoke off ,air off (0000 0100)

output D(0x0D); //pump on ,gas off ,horn on ,close air on (0000

1101)

Iy=0:

Ir=1;

smoke=0;

pump=1;

alarm=1;

air=0;

gas=0;

if(SMOKE1==1)

output_A(0x0C); //red on ,smoke on ,air off (0000 1100)

output_ D(0x0D); //pump on ,gas off ,horn on ,close air on (0000

1101)

ly=0;

Ir=1;



smoke=1;

pump=1;

alarm=1;

if((temp0>=70 || temp1>=70 || temp2>=70 || temp3>=70 || temp4>=70))

if(SMOKE1==0)

output_A(0x04); /fred on ,smoke off ,air off (0000 0100)

outputD(0x0E); //pump off ,gas on ,horn on ,close air on (0000

1110)

smoke=0;

pump=0;

alarm=1;
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1110)

air=0;

gas=1;

if(SMOKE1==1)

output_A(0x0C);

output_D(0x0E);

pump=0;

alarm=1;

air=0;

gas=1;

printf("lg=%1d",1g);

delay us(10);

//red on ,smoke on ,air off (0000 1100)

//pump off ,gas on ,horn on ,close air on (0000
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printf("ly=%1d" ly);

delay us(10);

printf("1r=%1d",Ir);

delay us(10);

printf("sm=%1d",smoke);

delay us(10);

printf{"al=%1d" ,alarm);

delay us(10);

printf("air=%1d" air);

delay us(10);

printf("pu=%1d",pump);

delay us(10);

printf("gas=%1d",gas);

delay us(10);

void main(void)

set_tris_d(0x00);

set_tris_a(0x00);
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set_tris_e(0x00);

output_e(0x00);

output_d(0x00);

output_a(0x00);

enable_interrupts(GLOBAL);

enable_interrupts(INT _RDA);

delay_ms(5000);

while(true)

check();

showtemp_0();

showtemp 1();

showtemp_2();

showtemp 3();

showtemp_4();

} // end while(true)

} // end main



101

MANUIN U

ia & o d
!ﬂﬂﬂ’ﬁ@qﬂﬂimﬂmﬂﬂ’iﬂuﬂﬁ

v.1 18na3giion1s 1991u DS1820

B R T

DS18S20
(= DALLAS W AXI VI High-Precision

1-Wire Digital Thermometer

whod v AnErA NG asdil
FEATURES PIN CONFIGURATIONS
» Unique 1-Wire™ Interface Requires Only One

Port Pin for Communication

= [Each Device has a Unique 64-Bir Serial Code
Stored in an On-Board ROM

= Multidrop Capability Simplifies Disteib utad
Temperature Sensing Applications

= Requires No External Components NC.

= Can Be Powered From Data Line. Power
Supply Range is 3.0V to 3.5V

= Measures Temperatures from -335C 1 Yoo
+125%C (-67°F to +257°F)

N.C.

= H57C Accuracy trom--10°Cito #855C | §o
™ - R ap At hag & i
: zis:‘z;iltfgzs:nttu Rfe:ﬁ[f:.ﬂﬂ ) \ og SO (150 mils)
: perature i 730ms {huax) 5 0O =5 (DS18520Z)
= User-Definable Nonvolatile (N'V ) Adarm
Settings
= Alarm Search Command Identifies and G
Addresses Devices Whose Temperature is
Outside Programmed Limits (Temperature IBOTTON wiEw)
Alarm Condition) TO-92
= Applications Include Thermostatie. Conteol ) (DS1BS20)

Industrial Systems, Consumer Products,
Thermometers, or Any Thermally Sensitive
System

DESCRIPTION

The DSIRS20 digital thermometer provides 9-bit Celsius temperature measurements and has an alarm
function with nonvolatile user-progranmunable upper and lower trigger points. The DSISS20
communicates over a 1-Wire bus that by definition requires only one data line (and ground) for
communication with a central microprocessor. It has an operating temperature range of =35°C o +125°C
and is accurate to =0.5°C over the range of ~10°C to +85°C. In addition, the DSI8S20 can derive power
directly from the data line (“parasite power™), elim inating the need for an external power supply.

Each DS18S20 has a unique 64-bit serial code, which allows multiple DS 185205 to function on the same
1-Wire bus. Thus, it is simple 1o use one microprocessor to control many DS 1885205 distributed over a
large area. Applications that can benefit from this feature include HVAC environmental controls,
temperature monitoring systems inside buildings, equipment, or mach inery, and process monitoring and
control systems.

Folifire is & ragiste s fradamack of Masim intsgratmd Srodicts, fne.
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D8 1£520
ORDERING INFORMATION
PART TEMP RANGE PIN-PACKAGE TOPMARK
DS 188520 =55°C to +125°C 3 T0-%2 DS1E20
DS1RS20+ ~35°C to+125°C 3 TO-52 DS1520
DSI¥S20/T&R =55°C 10 +125°C 3 TO-92 (2000 Piace) DS1E2
DS18S20+T&R —55°C 0 +125°C 3 TO-92 (2000 Piece) DS1820
DSIRS20-SLT&R =33*C o +125°C 3 TO-92 (2000 Piace)* DS1E20
DS IRS20-SL+T&R =55°C o +125°C 3 TO-92 (2000 Piece)* DS1E20
DS18S20Z =33°C 0 +125°C B 50 DS1ES20
DS 188207+ ~35%C to +125°C § 50 DS1ES20
DSIBS20Z T&R =55°C to +125%C 8 80 {2300 Picce} DS18520
DSIRS20Z+T&R =35*Caa+1235°C B 50 (2300 Piece) DSI1ES20

+Danclas & lanckires package. A "=" ol appesr or the iop mark of leag-fee packages.

TAR = Tape ang raa!

* TO-52 packages in tape and res loam be ooersey with sirdight or formed leads Chooss “SE™for siaight leads Dulk TOWS2 orglurs s sirsigrhf
ads only.

PIN DESCRIPTION

PIN
NAME FUNCTION
T-92 50
1 5 GND P Ground
Data InpuOutput. Open-deain 1-Wire interface pin. Also provides
2 - b8} powerto the device when used in parasite power mode (see the
Powering the DST852) section.)
3 = Vi Optional Von. Vo must be grounded for operation in parasite
2 o power mode.
1,2, 6% ¢ 4 :
— e N.C. Mo Connection
OVERVIEW

Figure 1 shows a block diagram of the DS18520; and pin descriptions are given inthe Pin Description
table. The 64-bit ROM stores the device's unique serial code. The scratchpad memery contains the 2-byte
temperature register that stores the digital output from the temperature sensor_In addition, the scratchpad
provides access to the 1-byte upper and lower alarm trigger registers (T, and Ty). The Ty and T, registers
are nonvolatile (EEPROM), so they willeetain data when the device is powered down.

The DSIBS20 uses Maxim’s exclusive 1-Wire bus protocol that implements bus communication using
one control signal. The control line requires a weak pullup resistor since all devices are linked to the bus
via a 3-state or open-drain port (the DQ pin in the case of the DSIBS20). In this bus system, the
microprocessor (the master device) identifies and addresses devices on the bus using each device’s unique
64-bit code. Because each device has a unique code, the number of devices that can be addressed on ong
bus is virtually unlimited. The 1-Wire bus protocol, ncluding detailed explanations of the commands and
“time slots,” is coverad in the /- Wire Bus Switem saction.

Another feature of the DS18S20 is the ability to operate without an external power supply. Power is
instead supplied through the 1-Wire pullup resistor via the DQ pin when the bus is high. The high bus
signal also charges an internal capacitor {Cpp), which then supplies power o the device when the bus is
low. This method of deriving power from the 1-Wire bus is referred to as “parasite power.” As an
alternative, the DS 18820 may also be powered by an external supply on V.
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DS RS2
Figure 1. D§18520 Block Diagram
Veuw
ATk FARASITE FOWER -
* CRCUT | VEMORY CONTROL DS18520
. '
DQ ; v
Q—LE,WERA.TURE SENEOR 1
INTERNAL Vo 5‘-%"’: gu s
19ire FORT oRrcian ALBRM HIGH TRIGGER (T.)

REGISTER (EEFROM)

ALARM LOW TRIGGER T}
REBIETER [EEFROM)

FOWER.

EUPP L\;‘ —*

sENEE
i-PL E.EIT CRC GENERATOR l

OPERATION—MEASURING TEMPERATURE

The core functionality of the DS18520 is its divect-to-digital temperature sensor. The femperature sensor
output has 9-bit reselution, which corresponds to 0.55C steps. The DSIBS20 powers-up in a low-power
idle state; to initiate a temperature messurement and A-to-1) conversion, the master must issue a Convert
T [44h] command. Following the conversion, the resulting thermal data is stored in the 2-hyie
temperature register in the scratchpad memory and the DS I8S20 returms to its idle state. If the DS 18520
is powered by an external supply, the master can issue “read-time slos” (see the I-Wire Bus System
section) afier the Convert T command and the DSI8S20 will respond by transmitting O while the
temperature conversion i in progress and I when the conversion is done. If the DS 18520 s powerad with
parasite power, this notification technique cannot be used since the bus must e pulled high by a strong
pullup during the entire temperature conversion. Tha bus requirements for parasite power are explained in
detail in the Powering the DSISS2 section.

The DS18S20 output data is calibrated in degrees centigrade; for Fahwenheit applications, a lookup table
or conversion routine must be used. The lemperatute data is stored 25 a 16-bit sign-extended two’'s
complement number in the temperatre register (see Figure 2). The sign bits (S) indicate if the
lemperature is positive or negative: for positive numbers S = () and for negative numbers S = 1. Table 1
gives examples of digital output data and the corres ponding temperature reading,

Resolutions greater than 9 bits can be calculated using the data from the temperature, COUNT REMAIN
and COUNT PER °C registers in the scratchpad. Note that the COUNT PER *C register is hard-wired to
16 (10h). After reading the scratchpad, the TEMP_READ value is obtained by truncating the 0.5%C bit
(bit 0) from the temperature data {see Figure 2). The extended resolution temperature can then be
calculated using the following equation:

TEMPERATURE = TEMP_ READ~0.25+ S2UNT _PER_C—COUNT _REMAIN
= COUNT_PER_C
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DS 18520
Figure 2. Temperature Register Format
BITT BIT & EITS BIT4 BIT 3 BIT 2 BIT 1 BIT O
T e e N e R e T A N
BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT 2 BIT 8
L A R T T e e N R

S=3IGN

Table 1. Temperature/Data Relationship

TEMPERATURE DMGITAL OQUTPUT | DIGITAL OUTPUT

(°C) (BINARY) (HIEX)
+B5.0% AWMLY (B TONT -1 10 A AR
+2540 AVCROMN (RO (b1 ] BT L M320

0.5 D CMML BB CCRONT) MMM 00

i B CROHD CRODCRCI R LY R G0N

(.5 FITIT 1ddsdl 1 LT FFFFh

=254 TITT 1000 1100 3000 FFCEhQ

-55.0 T101 1907 10M0 ] {10 FES2h

*The powaraon msed palue of the femgs o e ragisier i <85

OPERATION—ALARM SIGNALING

After the DSIRS20 performs a temperature conversion, the temperatire valve is compared 1o the user-
defined two’s complement alarm trigper values stored in the I-byte Ty and Ty registers (see Figure 3).
The sign bit (8) indicates if the value is positive or negative: for positive numbers S= () and for nepative
numbers 5 = 1. The Ty and T. registers are nonvolatile (EEPROM) 50 they will retain data when the
device is powered down. Ty and Tr can be accessed theough bytes 2and 3 of the scratchpad as explained
in the Memaory section.

Figure 3. Ty and Ti Register Format

BITT BIT & BITS BIT4 BIT 3

BIT2 BIT 1 BIT 0
T T - g

e

Only bits 8 through 1 of the temperature register are used in the Ty and T comparison since Ty and Ty
are B-bit registers. If the measured temperature is lower than or equal to T_ or higher than Ty, an alarm
condition exists and an alarm flag is set inside the DS1RS20. This flag is updated afier every temperature
measurement; therefore, if the alarm condition goes away, the flag will be turned off after the next
tempearature conversion.

The master device can check the alarm flag status of all DS18820s on the bus by issuing an Alarm Search
[ECh| command. Any DS18520s with a set alarm flag will respond to the command, so the master can
determine exactly which DS18520s have experienced an alarm condition. If an alarm condition exists and
the Ty or Ty settings have changed, another temiperature conversion should be done to validate the alarm
condition.
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DSIES2N

POWERING THE DS18S20

The DS18S20 can be powered by an external supply on the Vi, pin, or it can operate in “parasite power”
maode, which allows the DSI8S20 to function without a local external supply. Parasite power is very
useful for applications that require remote temperature sensing or that are very space constrained.
Figure 1 shows the DSIES20°s parasite-power control circuitry, which “steals™ power from the 1-Wire
bus via the DQ pin when the bus is high. The stolen charge powers the DS 18520 while the bus is high,
and some of the charge is stored on the parasite power capacitor (Cpp) to provide power when the bus is
low. When the DS 18820 is used in parasite power mode, the Vi, pin must be connected o ground.

In parasite power mode, the 1-Wire bus and Cpp can provide sufficient current to the DS 18820 for most
operations as long as the specified timing and voltage requirements are met (see the DC Electrical
Characteristics and the AC Electricad Characteristics). However, when the DS18520 is performing
temperature conversions or copying data from the scratchpad memory to EEPROM, the operating current
can be as high as 1.5mA. This current can canse an unaccepiable voltage drop across the weak 1-Wire
pullup resistor and is more eurrent than can be supplied by Cpp. To assure that the DS 18520 has sufficient
supply current, it is necessary to provide a strong pullup ‘on the 1-Wire bus whenever temperature
conversions are aking place or data is baing copied from the scratchpad to EEPROM. This can be
accomplished by using a MOSFET to putl the bus directly to the rail as shown in Fi gute 4. The 1-Wire
bus must be switched to the strong pull up within 1Uus (max) afier a Convert T [44h] or Copy Scrarchpad
|48h] command is issued, and the bus mustbe held high by the pullup for the duration of the conversion
{Toowv) or data transfer {ty, = 10ms). No other activity can take place on the 1-Wire bus while the pullup
is enabled.

The DS1RS20 can also be powered by the conventional method of connecting an extetnal power supply to
the Vo pin, as shown in Figura 5. The advantage of this method is that the MOSFET pullup is not
required, and the 1-Wire bus is fiee to cary other waffic during the remperature conversion time.

The use of parasite power is not recommended for temperatures above 100°C since the DS 18520 may not
be able to sustain communications due to the higher leakage currenis that can exist at these tem peraturas.
For applications in which such temperatures ave likely, it is strongly reeommended that the DS18520 be
powered by an external power supply.

In some situations the bus master.may notknow whether the DS 185205 on the bus are parasite powered
or powerad by external supplies. The master needs this information to detefmine if the strong bus pullup
should be used during temperature conversions. To get this information, the master can issue a Skip ROM
[CCh| command followed by a Read Power Supply. | B4h} command followed by a “read-time slot™.
During the read-time slot, parasite powered DSI18S20s will pull the bus low, and externally powered
DS18520s will let the bus remain high. If the bus is pulled low, the master knows that it must supply the
strong pullup on the 1-Wire bus during temperature conversions.
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Figure 4. Supplying the Parasite-Powered D518520 During Temperature Conversions
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Figure 5. Powering the DS18520 with an External Supply
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64-BIT LASERED ROM CODE

Each DS 18520 contains a unique 63-bit code (see Figure 6) stored in ROM. The least significant § bits of
the ROM code contain the DS 1852075 1-Wire family codet 10h. The next 48 hits contain & unique serial
number. The most significant 8 bits contain a cvelic redundancy cleck (CRC) byte thatis calculated from
the first 36 bits of the ROM code. A demiled explanation of the CRC bits 45 provided in the CRC
Generation section. The 64-bit ROM code and associated ROM. function control logic allow the
DS18S20 to operate as a 1-Wire device using the-protocol detailed in the J-Wire Bus System section.

Figure 6.64-Bit Lasered ROM Code

| B-RIT CRC | AB-BIT SERIAL NUMEBER | B-BIT FAMILY CODE [10h) |
VEE LSE WMSE LsSB wMsB LSE
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MEMORY

The DSIRS20°s memory is organized as shown in Figure 7. The memory consists of an SRAM
scratchpad with nonvolatile EEPROM storage for the high and low alarm wigger registers (Ty and Tp).
Note that if the DS 18520 alarm function is not used, the Ty, and T registers can serve as general-purpose
memory. All memory commands are described in detail in the DSI8S20 Function Commands section.

Byte 0 and byte 1 of the scratchpad contain the LSB and the MSB of the temperature register,
respectively. These bytes are read-only. Bytes 2 and 3 provide access to Ty and Ty registers. Bytes 4 and
3 are reserved for internal use by the device and cannot be overwritten; these bytes will return all 1s when
read. Bytes 6 and 7 contain the COUNT REMAIN and COUNT PER °C registers, which can be used to
calculate extended resolution results a5 explained in the Operation—Measuring Temperature section.

Byte & of the scratchpad is read-only and contains the CRC code for bytes 0 through 7 of the scraichpad.
The DS18S20 generates this CRC using theanethod described in the CRC Generation section.

Data is written to bytes 2and 3 of the scratchpad using the Write Scratchpad [4Eh| command; the data
must be transmitted to the DSIRS20 smpting with the feast sighificant bit of byte 2. To verify data
integrity, the scratchpad can be read (using the Read Scratchpad |BEh] command) after the data is
written. When reading the scrawchpad, data is wansferred aver the 1-Wire bus starting with the least
significant bit of byte 0. To transtfer the Ty and Ti data from the scratchpad o EEPROM, the master must
issue the Copy Scratchpad |48h] command.

Data in the EEPROM repistets is retainad when the device is powerad down; at power-up the EEPROM
data is reloaded into the corresponding scratchpad locations, Daia can also bereloaded from EEPROM to

the scratchpad at any time using the Recall E | B8h] command. The master can issue “read-time slots™
{see the /-Wire Bus System section) following the Recall B command and the DS1ES20 will indicate the
status of the recall by ransmitting I while the recall is in progress and 1 whenthe recall is dene.

Figure 7. DS18520 Memory Map
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CRC GENERATION

CRC bytes are provided as part of the DSI1BS20°s 64-bit ROM code and in the 9th byte of the scratchpad
memory. The ROM code CRC is calculated from the first 56 bits of the ROM code and is contained in the
most significant byte of the ROM. The scratchpad CRC is calculated from the data stored in the
scratchpad, and therefore it changes when the data in the scratchpad changes. The CRCs provide the bus
master with a method of data validation when data is read from the DS 18520, To verify that data has been
read correctly, the bus master must re-calculate the CRC from the received data and then compare this
value o either the ROM code CRC (for ROM reads) or to the scratchpad CRC (for scratchpad reads). If
the calculated CRC matches the read CRC, the data has been received error free. The comparison of CRC
values and the decision to continue with an operation are determined entirely by the bus master. There is
no circuitry inside the DS18S20 that prevents-a command sequence from proceeding if the DS18520
CRC (ROM or scratchpad) does not match the value generated by the bus master.

The equivalent polynomial funetion of the CRC (ROM or scratehpady is:
CRC=X"+ X+ X+

The bus master can re-calculate the CRC and compare it 1 the CRC values from the DS 18520 using the
polynomial generator shown in Figure 8. This circuit consists of a shift register-and XOR gates, and the
shift register bits are initialized o 0. Starting with the least significant bit of the ROM code or the least
significant bit of byte 0 in the scratchpad, one bit at a time should shified into the shifi tegister. After
shifting in the 36th bit from the ROM o the most significant bit of byte 7 from the scratchpad, the
polynomial generator will comtain the re-caleulated CRC. Nexy, the 8-hit ROM code of scratchpad CRC
from the DSI8S20 must be shified into the circuit At this point, if the recateulated CRC was correct, the
shift register will contain all ts. Additional information about the Maxiny 1-Wire cyclie redundancy check
is available in Application Not 27: Undersianding and Using Cyelic Redunduncy Chechs with Maxim
{Button Products.

Figure 8. CRC Generator
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1-WIRE BUS SYSTEM

The 1-Wite bus system uses a single bus master to control one or more slave devices. The DS1ES20 is
always a slave. When there is only one slave on the bus, the system is referred to as a “single-drop™
systemy; the system is “multidrop” if there are multiple slaves on the bus.

All data and commands are wansmitted least significant bit first over the 1-Wire bus.

The following discussion of the 1-Wire bus system is broken down into three topics: hardware
configuration, transaction sequence, and 1-Wire signaling (signal types and timing).

HARDWARE CONFIGURATION

The 1-Wire bus has by definition only a single-data fine. Each device (master or slave) interfaces to the
data line via an open drain or 3-state_port. This allows each device 10 “release” the data line when the
device is not transmitting data so the bus is available for use by anotherdevice. The 1-Wire port of the
DS 18520 (the DO pin) is open draim with an internal circuit egaivalent to that shown in Figure 9.

The 1-Wire bus requires an external-pullup resistor of approximately SkC): thus, the idle state for the
1-Wire bus is high. If forany reason a wansaction needs to be suspended, the bus MUST be left in the idle
state if the transaction s to resume. Infinite vecovery time can pccar between bits so long as the 1-Wire
bus is in the inactive {high} siate during the recovery period. If the bus is held low for more than 480us,
all components on the bus will ba reser.

Figure 9. Hardware Configuration
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TRANSACTION SEQUENCE

The transaction sequence for accessing the DS18520 is as follows:
Step 1. Initialization
Step 2. ROM Command {followed by any required data exchange)
Step 3. DSIRS20 Function Command (followed by any required data exchange)

It is very important to follow this sequence every time the DS 18820 is accessed, as the DS18S20 will not
respond if any steps in the sequence are missing or out of order. Exceptions to this rule are the Search
ROM |FOh| and Alarm Search |ECh| commands. Afier issuing either of these ROM commands, the
master must return to Step 1 in the sequence.

INITIALIZATION

All transactions on the 1-Wire bus-begin with an initialization sequence. The initialization sequence
consists of a reset pulse transmitted by the bus master followed by presence pulse(s) transmitted by the
slave(s). The presence pulse lets the bus master know that slave devices (such as the DS18S20) are on the
bus and are ready to operate. Timing for the reset and presence pulses is detailed in the I-Wire Signaling
section.

ROM COMMANDS

After the bus master has detected a presence pulse; it can issue a ROM command. These commands
operate on the unigue 63-bit ROM codes of each stave device and allow the master o single out a specific
device if many are presem on the 1-Wire bus. These commands also allow the master to determine how
many and what types of devices are present on the bus or if any device has experienced an alarm
condition. There are five ROM commands, and each command is 8 bits long. The master device must
issue an appropriate ROM command before issuing a DSIRS20 function command. A flowchart for
opetation of the ROM commands is shown in Figure 14,

SEARCH ROM [FOR]

When a system is inftially powered upy, the master must-identify the ROM codes of all slave devices on
the bus, which allows the master to deteriming the number of staves and their device types. The master
learns the ROM codes through a process of elimination that requires the master 1o perform a Search ROM
cycle (i.e., Search ROM command followed by data exchange) as many times as necessary to identify all
of the slave devices. If there is only one slave on the bus, the simpler Read ROM command (see below)
can be used in place of the Search ROM- process. For a detailed explanation’ of the Search ROM
procedure, refer to the Buiton®™ Beok.gf Standards ar www.maxim-ic.comfbutionbook. Afier every
Search ROM cycle, the bus master must rewrnrto Step 1 (Initialization) inthe transaction sequence.

READ ROM [33h]

This command can only be used when there is one slave on the bus. It allows the bus master to read the
slave’s 64-bit ROM code without using the Search ROM procedure. If this command is used when there
is more than one slave present on the bus, a data collision will occur when all the slaves attempt to
respond at the same time.

MATCH ROM [55h]

The match ROM command followed by a 64-bit ROM code sequence allows the bus master to address a
specific slave device on a multidrop or single-drop bus. Only the slave that exactly matches the 63-bit
ROM code sequence will respond to the function command issued by the master; all other slaves on the
bus will wait for a reset pulse.
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SKIP ROM [CCh]

The master can use this command to address all devices on the bus simultaneously without sending out
any ROM code information. For example, the master can make all DSIRS20s on the bus perform
simultaneous temperature conversions by issuing a Skip ROM command followed by a Convert T |[44h]
command.

Note that the Read Scratchpad |BEh| command can follow the Skip ROM command only if there is a
single slave device on the bus. In this case, time is saved by allowing the master to read from the slave
without sending the device's 64-bit ROM code. A Skip ROM command followed by a Read Scrarchpad
command will cause a data collision on the bus if there is more than one slave since multiple devices will
attempt to transmit data simultaneously.

ALARM SEARCH [ECh]

The operation of this command is_identical to the aperation of the Search ROM command except that
only slaves with a set alarm flag will respond. This command allews the master device to determine if
any DS18520s experienced an alarr condition during the most pecent temperature conversion. After
every Alarm Search cycle (i.e., Alarm Search command ' followed by dataexchange), the bus master must
return to Step 1 (Initalization) in the transaction sequence. See the Operation—dlarm Signaling section
for an explanation of alarm flag operation.

DS18520 FUNCTION COMMANDS

After the bus master has used a ROM command to address the DSIRS20 with which it wishes to
communicate, the master can {ssue one of the DS 18520 function commands. These commands allow the
master to write to and read feom the DSIBS20s seratchpad memory, initiate temperature conversions and
determine the power supply mode. The DS18520 function commands, which are described below:, are
summarized in Table 2 and illustated by the flowchart in Figure 13

CONVERT T [44h]

This command initiates a single temperature conversion. Following the conversion, the resulting thermal
data is stored in the 2-hyte temperature register in the seratchpad memory and the DSTES20 returns to its
low-power idle state. If the device is being used in parasite power mode, within 10us (max) after this
command is issued the master must enable a sweong pullup on the 1=-Wire bus. for the duration of the
conversion (toowy) as described in e Powerlng e DXISS20) section. If the DE18820 s powered by an
external supply, the master can issue read-time slots after the Convert T comimand and the DS 18820 will
respond by transmitting 0 whila the temperature conversionis in prograss and 1'when the conversion is
done. In parasite power mode this notification fechnique cannot be used since the bus is pulled high by
the strong pullup during the conversion.

WRITE SCRATCHPAD [4ER]

This command allows the master to write 2 bytes of data to the DS1RS20°s scratchpad. The first byte is
written into the Ty register (byte 2 of the scratchpad), and the second bte is written into the Ty register
{byte 3 of the scratchpad). Data must be transmitted least significant bit first. Both bytes MUST be
written before the master issues a reset, or the data may be corrupted.

READ SCRATCHPAD [BEh]

This command allows the master to read the contents of the scratchpad. The data wansfer starts with the
least significant bit of byte 0 and continues through the scratchpad until the 9th byte {byte 8 — CRC) is
read. The master may issue a reset to terminate reading at any time if only part of the scratchpad data is
needed.
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COPY SCRATCHPAD [48h]

This command copies the contents of the scratchpad Ty and Ty repgisters (bytes 2 and 3) to EEPROM. If
the device is being used in parasite power mode, within 10us (max) afier this command is issued the
master must enahle a strong pullup on the 1-Wire bus for at least 10ms as described in the Powering the
DSI8820 section.

RECALL E? [B8h]

This command recalls the alarm trigger values {Ty and To) from EEPROM and places the data in bytes 2
and 3, respectively, in the scratchpad memory. The master device can issue read-time slots following the
Recall E* command and the DS185820 will indicate the status of the recall by transmitting 0 while the
recall is in progress and 1 when the recall is done: The recall operation happens automatically at power-
up, so valid data is available in the scratehpad-as soon as power i5applied 1o the device.

READ POWER SUPPLY [B4h]

The master device issues this conumnand followed by a read-rime stotto determine.if any DS 185205 on the
bus are using parasite power. During the read-time slot, parasite powered DS 18520 will pull the bus low,
and externally powered DS 185205 will Let the bus remain high. See the Powering the DS 1852 section
for usage information for this command.

Table 2. DS18520 Function Command Set

1-Wire BUS ACTIVITY
COMMAND DESCRIPTION PROTOQCOL AFTER COMMAND 15 MNOTES
BSUED
TEMPERATURE CONVERSION COMMANDS
Convert T Initiates temperature DS 18520 transimits conversion
conversion. a4} status to master (not applicable
1] s 1
for parasite-powerad
DS THS205).
MEMORY COMMANDS
Read Reads the entire D5 1RS20 transmits upto 8
Scratchpad scratchpad meluding the BEh data byres to master. 2
CRC hyte.
Write Writes data into Master transmits 2 data bytes
Scratchpad scratchpad byvtes 2 and 3 4Eh o DSRS0 3
{Ty and Ty ).
Copy Copies Ty and T data None
Scratchpad from the scratchpad o 45h 1
EEPROM.
Recall E: Recalls Ty and T, data DS 18520 transmits recall
from EEPROM 1o the BEh sLatus o master.
scratchpad.
Read Power Signals DS1B520 power DS IES20 transmits supply
Supply supply mode to the B4h sLatus Lo master.
master.

Note I:  For parasite-powered DS 1ES2(0s, the master must enable a strong pullupon the 1-Wine bus during temperature
conversions and copics from the seratchpad o EEPROM. No other bus activity may ke place during this time.

Note2:  The master can imterrupt the transmission of data at any time by issuing a reset.

Note3:  Bothbyies must be written before a reset is isswed.
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1-WIRE SIGNALING

The DS18520 uses a strict 1-Wire communication protocol to ensure data integrity. Several signal types
are defined by this protocol: reset pulse, presence pulse, write 0, write 1, read 0, and read 1. All these
signals, with the exception of the presence pulse, are initiated by the bus master.

INITIALIZATION PROCEDURE—RESET AND PRESENCE PULSES

All communication with the DS18520 begins with an initialization sequence that consists of a reset pulse
from the master followed by a presence pulse from the DS18820. This is illuswated in Figure 10. When
the DS1BS20 sends the presence pulse in response to the reset, it is indicating to the master that it is on
the bus and ready to operate.

During the initialization sequence the bus master twransmits {Tx).the reset pulse by pulling the 1-Wire bus
low for a minimum of 480us. The bus master then releases the bus and goes into receive mode (Ry).
When the bus is released, the 3k€ pullup resistor pulls the 1-Wire bus high. When the DS 18520 detects
this rising edge, it waits 15us 1o 60us and then wansmins a presence pulse by publing the 1-Wire bus low
for 60us to 240us.

Figure 10. Initialization Timing
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READ/WRITE TIME SLOTS

The bus master writes data to the DSTES20 during write time slots and reads data from the DS18520
during read-time slots. One bit of data is transmitied pver the 1-Wire bus per tume slot.

WRITE TIME SLOTS
There are two types of write time slots: “Write 17 time slots and “Write 0" time slots. The bus master
uses a Write 1 time slot to write a logic 1 to the DS 18520 and a Write 0 time slot to write a logic 0 to the
DSIBS20. All write time slots must be a minimum of 60us in duration with a minimum of a 1ps recovery
time between individual write slots. Both types of write time slots are initiated by the master pulling the
1-Wire bus low (see Figure 11).

To generate a Write 1 time slot, after pulling the 1-Wire bus low, the bus master must release the 1-Wire
bus within 13us. When the bus is released, the 5k£2 pullup resistor will pull the bus high. To generate a
Write 0 time slot, after pulling the 1-Wire bus low, the bus master must continue to hold the bus low for
the duration of the time slot (at least 60us). The DS18S20 samples the 1-Wire bus during a window that
lasts from 15ps to 60us afier the master initiates the write time slot. If the bus is high during the sampling
window, a 1 is written to the DS18S20. If the line is low, a 0 is written to the DS 1ES20.
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READ-TIME SLOTS

The DS18S20 can only transmit data to the master when the master issues read-time slots. Therefore, the
master must generate read-time slots immediately after issuing a Read Scratchpad |[BEh] or Read Power
Supply |[B4h| command, so that the DS18520 can provide the requested data. In addition, the master can
generate read-time slots after issuing Convert T |44h] or Recall E* |BSh| commands to find out the status
of the operation as explained in the DSI8S2() Function Commands section.

All read-time slots must be a minimum of 60us in duration with a minimum of a lps recovery time
between slots. A read-time slot is initiated by the master device pulling the 1-Wire bus low for a
minimum of 1ps and then releasing the bus {see Figure 11). After the master initiates the read-time slot,
the DS18S20 will begin transmitting a 1 or0-on bus. The DS18520transmits a 1 by leaving the bus high
and transmits a I by pulling the bus low. When wransmitting a 0, the DSIRE20 will release the bus hy the
end of the time slot, and the bus will'be pulled back to its' high idle state by the pullup resister. Output,
data from the DS18S20 is valid for 15ps-afterthe falling edge that initiated thevead-time slot. Therefore,
the master must release the bus and then sample the bus state within 13ps from the start of the slot.

Figure 12 illustrates that the sum of Ty, Tue, 20d Tgogpce must be less than 15us for a read-time shot.
Figure 13 shows that system timing margin is maximized by keeping Ty and Tye as short as possible
and by locating the master sample time during read-time slots wwards theend of the 15us peried.

Figure 11. Read/Write Time Slot Timing Diagram

Sras
;r:;' 4’3’5@"[‘
MASTER WRITE“0™ SLOT MASTER WRITE*1" SLOT
Ta® ) 1'1’ L T
g flgs e T 0" 120gs  ————
e e 3 1"
1-WIRE BUS
GND ..o . VRS AV SSSER
DE18320 Samples DE18820 Samples
A TYF BAAR L] TP
+ 15 ..'q- 15ps 4 30ps -—-r' 4 15ps >4 MHps ele— d0us —t{
MASTER READ "™ SLOT MASTER READ “1™ SLOT
— pst Tiecs
1-WIRE BUS
Wostersamples ey I e kaster samples
> s —+ IQ—
+ 15us -ﬁl#—-wu-“-'- 45ps --a-u--—-—a-a-l e 15ps _.'

LINETYPELEGEND
—— 5w maier puling low . DE18320 puliing law

Resmiar pulip




115

DS [ E5 2]
Figure 12. Detailed Master Read 1 Timing
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Figure 14. ROM Commands Flowchart
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Figure 15. DS18520 Function Commands Flowchart
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DS18520 OPERATION EXAMPLE 1

In this example there are multiple DS18820s on the bus and they are using parasite power. The bus
master mitiates a temperature conversion in a specific DS18520 and then reads its scratchpad and
recalculates the CRC to verify the data.

MASTER MODE

DATA (LSB FIRST)

COMMENTS

Tx Rissiet Master issues reset pulse,

Rx Presence D51 85205 respond with presence pulse.

Tx 55h Master issues Match ROM command.

Tx H4-bit ROM code Master sends DSIES20 ROM code.

Tx 44h Master issues Convert T command.

Tx DG line held high hy Master applies stongpullup to [ for the duration of the

: strong pullup sonversion {tooeey ).

Tx Risset Master issigs Teset pulse,

Rx Presence £S5 18830 s respond with presence pulse.

Tx 55h Master ssues Mateh ROM command.

Tx f4-bit ROM code Master sends DSIRS2) ROM code.

Tx BEh Master issues Read Seratchpad command.,
Muaster neads entire sermtchpad including CRC. The master
then recaleulates the CRC of the Srsteight data bytes from the

Rx O data btes seratchpad and compares the caleulated CRC with the read

CRC (byte 9). If they mateh, the master continues; if not, the
read operation is repeated.

DS18520 OPERATION EXAMPLE 2

In this example there is only one DSIBS20 onthe bos and itis using parasite power. The master writes to
the Ty and Ti registers in the DS18820 scraichpad and then reads the scratchpad and recalculates the
The master then copies the scratchpad contents to EEPROM.

CRC 1o verity the data.

MASTER MODE DATA (LSB FIRST) COMMENTS

Tx Reset Muster issues reset pulse.

Rx Presence (351 8BS responds with presence pulse.

Tx CCh Muster issues Skip ROM command.

Tx 4Eh Master issues Write Semtchpad command.

Tx 2 data bvies Master sends two data bvtes to scratchpad (T and T))

Tx Heset Master issues reset pulse,

Rx Presence D51 RS2 responds with presenee pulse.

Tx CCh Master issues Skip ROM command.

Tx BEh Master issues Read Scratchpad command.
Master reads entire scrtchpad including CRC. The master
then recaleulates the CRC of the first eight data bytes from

Rx 9 data bytes the scratchpad and compares the caleulated CRC with the
read CRC (byte 9). If they match, the master continues; ifnot,
the read opertion is repeated.

Tx Heset Master issues reset pulse,

Hx Presence D&1 88X responds with presence pulse.

Tx CCh Master issues Skip ROM command.

Tx 48h Master issues Copy Scratchpad command.

Tx DQ line held high by Master applies strong pullup to [DQ for at least | Oms while

; srong pullup oy operation is in progress,
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DS18520 OPERATION EXAMPLE 3

In this example there is only one DS18520 on the bus and it is using parasite power. The bus master
initiates a temperature conversion then reads the DS 18520 scratchpad and calculates a higher resolution
result using the data from the temperature, COUNT REMAIN and COUNT PER 5C registers.

MASTER MODE DATA (LSB FIRST) COMMENTS
Tx Heset Master issues reset pulse.
Tx Presence D& RS20 responds with presence pulse,
Tx CCh Master issues Skip ROM command.
Tx 44h Master issues Convert T command.
Tx DQ line held high by Master applies stong pullup to DQ for the duration of the

: strong pullup COnVErsion | teasy J.

Tx Reset Master issues reset pulse.
Rx Presence DS 882 responds with pressnce pulse.
Tx CCh Master issues Skip BOM command.
Tx BEh Master issues Read Scratchpad command.

Master reads entire scmtohpad ineluding CRC. The master
then recaleulates the CRC of the frst cightdata bytes from the
scratchpad and compares the caleulated CRE with the read

BHx 9 duta bytes CRC (byvte 9. IF thew mateh, the master continues; if not, the
read operation is repeated. The master also caleulates the
TEMP_READ valucand stores the wontentsof the COUNT
REMAIN and COUNT PER °C registers.

Tx Risset Master issues reset pulse.
Hx Prosemoe D51 8830 responds with presence pulse.

CPLU caleulates extended resolution temperature using the
S e g the
oquation in the Opemtion—Weasuring Temperaiure section.
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DS 1E820
ABSOLUTE MAXIMUM RATINGS
Voltage Range on Any Pin Reltivew Grownd....____________ 0.3V o +6.0V
Operating Temperature L R ANE S e e o e -35°C to +125°C
PRl . e e T -55%C 10 +125°C
SolderTempenmtve ... ...~ oo Refer to the IPC/JEDEC J-STD-020 Specification.
e O Telmentom . oo Ll T +220°C

These are stress rat ings only and functional aperation of the device ar these or any other conditions
above those indicated in the aperation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time mav afject reliabili Iy

DC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vi = 3.0V to 5.5V)
PARAMETER | SYMBOL | CONDITIONS | MIN _ TYP MAX | UNITS | NOTES

Supply Voltage Vo Local Power +3.40 +5.5 V 1

Pullup Supply vl Parasite Power +3.0 +5.5 v L3

Voltage Local Power +3.0 Vi 7 T3

Thermometar fox -107C 1o +B3°C LS 5 3

Error -35°C 1o +123°C 2%

Input Lopic-Low ViL .3 B A 1.4. 5
Local Power +2/2 Be dorver

Input Logic-High Vi LE W 1,6

Parasite Power +3.4 \"L.:i 03
Sink Current I Vig= 04y 4.0 mA |
Standbv Current Ipns T30 1M} nA 7, 8
Active Current Inp Vop= 3V 1 1\3 i G
DO Input Current Ing 5 LA 11
Drift =02 ey 11
NOTES:

1} All voltages are referenced 1o around.

2} The Pullup Supply Voliage specification assumes that the pullup device is ideal, and therefore the
high level of the pullup is equal. o'V, In order to meet the Vi speciof'the DS 18820, the actual
supply rail for the strong pullup wansister must include margin forthe voltage drop across the
transistor when it is turned on: thus: Viracrae = V el T Vs s Ton.

3) See typical performance curve in Figure 16.

4) Logic-low voltages are specified at a sink current of 4mA.

3} To guarantee a presence pulse under low vo ltage parasite power conditions, Vipy. may have to be
reduced to as low as (L5V.

6) Logic-high voltages are specified ata source current of ImA.

7) Standby current specified up to +70°C. Standby current typically is 3pA at +125°C.

8} To minimize Iype, DO should be within the fol lowing ranges: GND < DQ < GND + 0.3V or
Vop-03V < DQ < V.

9} Active current refers to supply current during active lemperature conversions or EEPROM writes.

103 DQ line is high {“high-Z" state).

11} Drift data is based on a 1000-hour stress test at +125°C with V= 5.5V,
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AC ELECTRICAL CHARACTERISTICS—NV MEMORY

(-55°C to +100°C; Vpp= 3.0V to 5.5V)

PARAMETER SYMBOL | CONDITIONS MIN TYP MAX UNITS
NV Write Cvele Time Iwg 2 10 4]
EEPROM Writes Nezwn -35°C o +35°C 30k writes
EEPROM Data Retention IEEDR -35°C to +55°C 14 Vears
AC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp = 3.0V to 5.5V)
PARAMETER SYMBOL. | CONDITIONS | MIN TYP MAX | UNITS NOTES
Temperature Conversion - e _
Time toony 1] 1115 1
. Start Convert T ;
o sirone | ey I g
Time to Strong Pullup On Lspooy Cotinanibeclid 1l LIS
Time Slot 5 o7 &l 120 LIS 1
Recovery Time IREg 1 LIS 1
Write 00 Low Time Towi 6 120 L% 1
Write 1 Low Time Lo i 13 L5 1
Read Data Valid L 13 L% 1
Reset Time High Lps i 8 L5 1
Reset Time Low THSTL AR Lig 1,2
Presence-Detect High TG 15 il Li§ 1
Presence-Detect Low Loy £l 240 LIS |
Capacitance Crvatir 23 pF
NOTES:
1} Seethe timing diagrams in Figute 17.
2) Under parasite power, if tygy > B60US, & power-on reset may ool
Figure 16. Typical Performance Curve
DE18320 Tywaal Errar Curve
% -
o :.-, +32 Evowr - St
= B
& o i R -
g a0 2 a 38 _.---"""'F":‘_ h
£ 1.2 .—:ﬁ; B Sz
z -
% ‘:i Mg Crrasr? __..-—v-'""'_ﬂ-f'/
D B —— *.3s Do
.5
Tempearatura [°C)
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Figure 17. Timing Diagrams
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REVISION HISTORY
REVISION e m— PAGES
DATE DESCRIPTION

CHANGED

(422008

In the Ordering Information table, added T0-92 straight-lead packages and
included a note that the TO-92 package in tape and reel can be ordered with
either formed or straip ht leads.

%
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1.2 (BAMIFNeMS 1991 MAX232

MAX232, MAX2321
DUAL ElA-232 DRIVERS/RECEIVERS

LED4TI~

FEERUARY 1355 ~ REVIEED OCTOSSR 2002

Meat or Exceed TIA/EIA-232-F and ITU MAX232 .. D, DW, N, OR NS PACKAGE

mcommandation VZB MAX232] ... D, DW, OR N PACKAGE
" x {TOP VIEW)

@ Operate With Single 5-V Power Supply v,

® QOperate Up to 120 kbit's Ci+[] 1 " 1a[lver

® Two Drivars and Two Receivers Vs.(l2  tsJGND

e :3p Ci-[| 2 14[] TIOUT
=30V Input Levels e+ ] « 13f) RaIN

® Low Supply Current... 8 mA Typical cz-[| = 12[] R1OUT

® Designed to be Interchangeable With Ve [] & 1f] TN
Maxim MAX232 T2aUT{}.7 1of] T2IN

® ESD Protection Exceads JESD 22 R2INT}.8 sf] RzOUT

— 2000V Human-Body Model [A114-4)

® Applications
TIAEIA-232-F
Battary-Fowered Systems
Terminals
Modams
Computars

description/ordering information

The MAX232 isa dual drivartecaivar that includss a capacitiva voltags ganarator to supply E18-232 valtags
levals from a gingla 5-% supply. Each racaivar convarte ElA-232 inputs to 54 TTL/CMOS lavals. Thasa
meaivars hava atypical thragholdof 1.3 and atypical hystarasie of 0.5\, and can accapt=30-V inputs. Each
drivar convarts TTL/CMOS input lavale into E1A-232 Javels. The driver, racaivar, and vollags-ganaratar
functions ara available as calls in the Texas Instrumants LinASICT library.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGEY PARTNUMBER | MARKING
PLVIP [N Tube | AANZRIN SMANZIZ N
Tuhe SANIRZD
SOIC (D} - AAAMZAD
Tape and rae) | MAXZIZDR
FCa7lrc
Brah E DN
SOIC (oW Tube MANZ3Z \..'- MANZAD
Tape and ree MANZIZDWR
SOBNS) Tape and ras) | WANIIZNSR AAANZAZ
POIP N} Tune AANZIZ 1N AAKZIZIN
Tube MANZ3Z D
SOIC (D) SAAX232Y
~40°0 fa 85 C Taps and res MANZIZIDR
SONC (DY Tube MAXZ3Z lE";‘Ji o
Tage and rasl MANZIZIDWR

T Rucsage drawings, slandasd packing quanfifies, hamnal dats, symbagzafan, and PCA dagign
guideines am availahle atweadicomiscihaciage.

Pleaze be aware il an imparian! nofice cancarming avaidk iy, standard wamanty, and use in orificsl anolications of
Texas nstumenis semizanducior prdusls and désinimens fharels apnenrs 2t s snd of fis cala sheed.

LnASIC i% & fademark of Texas Instramenis.

& one Y eatior piri Bieh oMo it omeds
£y odect 13 = P
g o’ &) ainirretieen

BCCUETEN CATA ormifioy & euirdl i of 2.5 éfio dite Copyright 22002, Towas rstrurnans Incarporanad

INSTRUMENTS

POST OFFIDS BOK HE50 0 DRl A8 TEXAS 7S5



MAX232, MAX2321

DUAL EIA-232 DRIVERS/RECEIVERS

ELLEDLTI —FESRUARY 1223 -RSVIESD OCTOSSS 2002

logic diagram (positive logic)

Function Tables

EACH DRIVER

INPUT §| QUTPUT |
TiN TOUT

EACHRECENVER
INPUT § OUTPUT
RN ROUT
P N R
t L

Hw gigh el L = jaw
aval

125

T1IH xi ~DC ¥ T10UT
T2IN wnl Dc 5 T20UT
RIOUT u ﬁ')@ 2 RilN
rR2ouT ? ﬁ@ # R2IN
“‘? TEXAS
INSTRUMENTS

FOST OFFIOE S0K 625303 @ Dl 48 TEXAS TEMS
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MAX232, MAX232|
DUAL EIA-232 DRIVERS/RECEIVERS

absolute maximum ratings over oparating free-air temperature range (unless otherwise noted)T

Input eupply voltaga ranga, MoclsaaNalad) o cc 0 o e Dl i e e -03Vtod Vv
Positiva output supply voltags rangs, Wiy e e SRR e B M e Voo -03Vio 18 W
Nagative output supply voltags rangs, e o R e e R 03V to—-15 Y
pltvorsgevanos Ve BEuer - . o o o N3VieVpp+03V
HecaUar oo e o e e e e e S T

OQuiputveltage range, Vo: TIOUT, T20UT ... ... ... ... ... . .. ... Vg -03Vio Vg, +03V
FIOUT RO e e 00 ol e s AV Vpp+ 03 Y

HOEcomdmon: ROUEAROMT - o G S Unlimitad
Package thermal impadanca, 8 (see Note 2): Dpackas wvwan. ... T3S0
T e iy 5T=CwW

i T (o S ., Sy, S e ar=cnw

NoYRMEY [/ NN g4=Cnw

Lead tamparature 1,8 mm (1/18.nch) framcasa or 10saconds” .7 ... % e 280°C
Storaga tamparaturs ranga, Mg - Tre— N T ... N\ -85°Cta 180°C

T Stmamms beyand foselsied under iy e madnum @ fnge” mays uzsranmananidamaga o e depde Thete are shessai ngsanky,and
binctianal aperafion of e devics aiFesear any afer candfions bayond fose dicsled ander = sammendad apedifing candifions™ s nod
mmplied. Exposure o absadismadmum-atad candiaas for extendad perdds map alisct devise redabilt,

NOTE 1: Alvoliage valuss arewifh mepes o natvark graud jasricil.

2. The pachags farmal impedancs 7S exlsuluied # sgcardanes wilh JESD §1eT.

recommended operating conditions

MIN. NOM MaX | uwr
Voo Supgly vallage 45 3 &5 W
ViH High-leve inpul walage [THNT2MNY : 2 W
Vi Laalevel ingul vailage [THIN, TZIN} oa W
RN, B2 Recaneringul vallage 230 Vi
232 a 7o
Ta Opeatng tas-a- Smasatirs e E— =1 °C

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (sea Note 3 and Figure 4)

PARAMETER TEST CONDITIONS MIN - TYPE  max| uwim
Ve 5 & a1l g &
loe  Supply current T;:.:: seo Al culguts polg) E Wy ma

A tymical valuss ave Vo= 5 Wand Ty = 250
NOTEJ: Tesicondifions are Cl=04 » 1 pFal Ve » S5

\

‘Q’ TExAS
INSTRUMENTS

POST OFFICE S0 825303 @ DR A8 TEXAS MM3
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

ELLEQLTI - FEERUARY 1353 ~REWVIEED OCTOSSR 2002

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temparature range (soe Note 3)

PARAMETER TEST CONDITIONS MIN TYPT MAX] uwIT
lgi Highelave buijul vallage TIOUT, T20UT | Ry = 3 kizia GND 5 ¥ W
VoL Lowelevel outhut valtaged TIOUT, TZOUT | Ry = 3 kil b GND 3 - =5
o Dufpul misiancs TIOUT, T20UT | VWg.=Vg =0, Wpm 2 | an0 11
T e P pp—" TIOUT, T20UT L pre 55V, Vg=C =10 A
-IE‘ Shackeircuilimput current THIN, T2iM ",'r:.:.‘ = 200 u
1'_.7'-!"-.3.1-3.:'-:"'”"-5‘ Ta= 25°C. :

ll
=
B
¥
o

n
[5]
|3
ol
n

camwentian, owhich heleast nosifve [masl nega fee healus s designated maimum, is gsed i i daly e

-tTv-agE:u
Eveis anly.

§ ot mare Sran ane culpud should be shoed ata Sme.

NOTE3: Tesicandifionsare Ci-Cdmd pFat Voo SV Q5

switching characteristics, Ve =5V, Tp=25°C (200 Nota 3)

PARAMETER TEST CONDITIONS MIN  TYP Max| uwiT
e ] By m 3 B2 4T Rl
;R Dirier slaw rala ; See Fgure 2 0l W
SR{Y)  Drver bansion régdn Sley rafe Sea Fgure 3 3 Wes
Daia rals Cne TOLT sdiicliing 120 LD I
NOTE3: Testcondifions are C1-C4 = § pFaf Yoo =3 Wt 0.5
RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating frea-air
temparature range (see Note 3)

PARAMETER TEST CONDITIONS MIN  TYPT  max| uwiT
Vo  Highelave butoul valiage RIOUT,RI0OUT | o=~ ma 5 W
VoL  Lowslevel autouiva fagad R OUT, R20UT - f in = 3 2 m# Y W
i Recaiver pasilie-gaig apul e 4 ; e e . s :
T+ greshoid va tage Sl G - gt Tam250 i = '
Racaivarnagafivesgaing apul ] i e ~
u 1 ' ? S 25G oA 1
M= i e lage i e, veom S =2 -
Viys  Inpullfnsisresis valiage RN, RZIN Moo= SW 02 Q5 1 W
[ Ragsivarinpui ressiance RN, RZIN Wippw s, Ta=250C 3 5§ T EVY )
T80 typical valuss sre a1 Vippw 5V, Taw 25°5C
4T=a;=*= < comwenian, o winch e leas! posiive mast negafive ) value s designaled maimum, is used in fis dats shesi b agic wilage
fvels anly.
NOTE3: Tesicandifions are C1=C4 m { pFal Voo s 5 W2 0.5
switching characteristics, Vog = 5 V, Ta = 25°C (see Note 3 and Figura 1)
PARAMETER TYP| UNIT
ip HyR) Receiver popagafion delay fime, lows o high<evel aulpul i s
PRy Raceiver prapagafion delay fime, high- io dadevel autput 500 s

NOTE3: Testcandifions are C1=C4 w i pFal Voo w5 W05V

{’} TEXAS
INSTRUMENTS

FOST OFFIDE SOX B25303 @ D)L A2 TEXAS 7S
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MAX232, MAX2321
DUAL EIA-232 DRIVERS/RECEIVERS

ELLEQLTI - FEERUARY 1288 ~REVESD OCTOSES 2002

PARAMETER MEASUREMENT INFORMATION

Veo

R = 1.3 ki:

Pulsa Sns Node C
Genarator

{soe Note A)

- Cp =50 pF =
I {saa Nota B)

TEST CIRCUIT

| |
| | Von
Cutput 15V 16V
—Cr ==Yt

WAVEFORMS

NOTES: A The puse genesiarhias e falfzwing sharagierslios: Foyw S0 12 duty cydie £ 5056,
B. Gy includes probe 3d j§ capaciancs,
C. Alldadesam INIDAL or equivalant

Figure 1. Receiver Test Circuit and Waveforms for tpy and tp) |y Measurements

"5' TEXAS
INSTRUMENTS

FORY OFFICE SOX S55303 @ Dol 28 TEKAS M5
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MAX232, MAX232]
DUAL EIA-232 DRIVERS/RECEIVERS

ELLECLY| ~FESRUARY 1233 ~REVIESD OCTOSER 2002

PARAMETER MEASUREMENT INFORMATION

Puke THIN or T2IN T10UT or T20UT
Ganerator o El&-232 Output
fs2e Note A) %

;-I[- CL=10pF

Eon Note B)

Output
[P ot VoL
e -ml - =t
08 Npy= Vol 08 (Vg = Vayl
R - or
g i

WAVEFORMS
NOTES: A, The pulss geosmiochas e lalewing characeralios: Fo = S04 duty cycle 55058
B. ) inchdes pmbe and [ capactansa:

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

&Pulsn
narator & & 14, 4
Ben Note A] _L El&-232 Ouiput
3 kil I

Cy=25nF

TESTCIRCUIT
sihns — b— —a :I— <10 n=

Input

VoL
8V

SR -
byl © try

WAVEFORMS
NDTEA: Thepuse genaratar has fre iiowing characianisfios: Zp= 5041, duty cysle £50%.

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

{‘? TEXAS
INSTRUMENTS

ROST OFFIOE SOK 68530310 DA)| 2% TERKAS Pajs
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MAX232, MAX232]
DUAL EIA-232 DRIVERS/RECEIVERS
ELLEDATI - FESRUARY 1335 ~RSVESD OOTOSSR 200

APPLICATION INFORMATION

5V
! :
CRYpass=1uF
7 {18 T
= cat 1uF
= e e [ o=
1 == 10 3 C1+ Vaa 85y
L—4 Cl=
2 — H5 Y
S e VE-
C2ZS 1uF 5 ot L
C2=
LN | = 1 E8232 Output
From CMOS or TTL 3
b= S 18232 Output
—2A T |t Eiaa32 Input
To CMOS or TTL q
v - El8232 Input
15
GND

To3cun ke connusied i Voo GND.

Figure 4. Typical Operating Circuit

\

{)‘ TExAas
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