dninvoayanan wizsenndaansz

Saszaunsean I ehwszuunsevie

VOLTAGE MEASUREMENT THOUGH NETWORK

Tay
wis lsEand MesAngna s9d 47015174

UIY WYY $IAYY TNA 47015176

Jed e
91500581

e se1.@5. Wiie de25Aal)

mm’;;ﬁuu....z 2897 b iArA284
25 5.8 1950 ET

Buadiou .. G S, -

IWNUTIMIBL g Inssumans i
v wddanseting
AR IRINITUMART
aotiuma lulatnszsaundudnunisaiansezils

Umsdnu 2549



Tggniinug Imsdnw 2549

= a d .4
MnInBdnnIoilng

a o @ = o
AUsAmINTINAaR doniuma Tulotwszeomndudigenmsmansed

A @ L o [] r
(399 M ssavuseu i duszuumSede

@

-3 [}
e
LW s Ind Bosanggn iy 47015174

2470 W% BIaYY W 47015176

.................................. 210135015 Awa
(393, wiia faasdail)



Iaszaunsaau Inlvh ehuszuumseae

wiw iszInd MusAngna 59 47015174
U WIHY HIRYY THE 47015176
nas. wiia dsdatl emsdndShn

Umsdam 2549

@
UNAALe
Q! d’w ] J & o ar a} cf o ' 1
NvuRuiTaMhYumea e ussavuTsau AT R 18 vinduiae § (senson@ e W
Ld .
gaungl AwAu usedu i wazduq TavezAadedums Ins lanoa fd#H/1ed (Tcpp
Protocoh Tumsvhimesiiussduit I aniduire fsensonuulasnndygpamundendiuiiaea
(AD) dygruaireass gnas il luTasneuInsamesasega RABBIT RCM 3720 Core Module
é 1:. Ll A o ,
Fudugunsaiiannsa Thsunsudoyoruni ns Tanoa A8f/1eR(TCPAP Protocol) Tauld
L 4
o & e o F= o oo
Ti/sunsu Dynamic ¢ nmiufiFeudedunerfiunes Invasufiume i muiaGongdyg uiiaea

: - 4
HUN 19D UmeTEia(nternet) 14 Wotlou 1P Address 161110 Talsunswy



VOLTAGE MEASUREMENT THOUGH NETWORK

Mr. Prawit Keattijarukul 1D.47015174

Mr. Pornchai Choudnooch 1D.47015176
Assoc. Prof. Dr. Manas Sangworasilp Advisor
Educational Year 2006

Abstract

This thesis is conducted to detect the pressure from such as temperature sensors, humidity
sensors, AC sensors and so on via TCP/IP Protocol. The pressure received from sensors will be
converted from analog to digital by A/D converter. The digital signal will be transfer to Rabbit RCM
3720 eore module microcontroller which is an equipment that is able to transfer - receive data via
TCP/IP Protocol by using dynamic C Program .The computer will be able to check the digital signal
through internet when IP Address is keyed .
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2.1 TCP/IP (Transmission Control Protocol/internet Protocol)
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miiindndemauassindoyaiidsszniuniemouiiunny 2 wdadldifusnvsy
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AN AN Faezlimis lFauiiiewizduanasdusenly Susmemedultsunsy
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o =i o'v A L) é ] Y
vuasoufandulumsdindIauazinTosiun sailunmudsilunsldmimensuuszuy

A
NI0YY
2.7 uuudrany TCP/AP
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TCPAP Model fiuu3Ranug MUANA19910 OSI Model fip lal 1ATiAug wasensdens
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17 2.3 wesa1ee 11 TCP/P wae 1SO/OSI Model

TCP/IP ( Transmitsion Control Protocol/ InternetProtocol ) Li‘.lu‘ljﬂ'ljﬂd'[wﬂnﬂﬂﬁﬁgﬂiﬂu
L] ¥ = o @ Uy A N’
msfamsinanonisdumedida 14sumswanndundl 1960 Fagnldiflunsausnlunie
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16 ARPANET Fadoun ldvemsigeude Il Tanitumiod e umesiia ¥4 Tcpip

4‘ o L3 = Q)
Lﬂuﬂuwsuaman%’wmwwmﬂwuu
2.7.1 MsulavuYed TCP/AP

TCP/IP wivepnidlu 4 miwes Aagiil 2.4

Application
Transport

Network Layer

Link

i ,
11 2.4 MsuiaFuvee TCP/P

] o - o a e -d’
Tunsoziwess Indinaatl

R ﬂ'dvd 9 = [ 1 o -4 o =] 1
* Link Layer - tawoiiimhiinauquaisiudsdoynluszdueisaunisvouniodio
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o ¥ 'w 4
* Network Layer - ¥ivthififudeyneindy Transport Layer wazfunminazidonidunia
r -") L) r—§ a f 1]
seIngSunaz fa few 187y Network Layer 4949 OSI Model 113 Tanoaluaweds 18ud

IP,JCMP,IGMP

* Transport Layer - fuiinyaumsudadeyasenindmedidunsdnsudoya uazds
9 J . . o 1 = ar

Yoyau M Application Layer 11111891 sie Fun'14fu Session Layer 11z Transport
Layer w84 OSI Model

» Application Layer - uinwei MuenndinduSon lns lanoosesuaisaasll e ldusnis

AN 1¥U FTP , SMTP , Telnet , HTTP , POP
2.7.2 Inssahavesfwslanea Tcenp

A e 0o ' o
tioann TCP/IP ihugaveaTds lanemlsznoudaoTns Ianoanaedavt1aus wiutua

o 1 =1 1 1 W ]
wosAN uazinihiuanmedueenlyl 1aun

* TCP : ( Tranmission Control Protocel) - B;ﬂﬂ Transport Layer Al %’ﬂnmmzmm]n
msfudedaya uazilnalnaugunis Sudsdeyailinaugndes (reliable) waziins

Foesotruiiunszaums (connection-orient)

+ UDP : (User Datagram Protocel) - 0¢11 Transport Layer ﬁmﬁwﬁ%ﬂmmﬁzﬂmf]ums
Judedeya ualifinalnaugunisiy dedoyalifiwdosnnuaziFedels (
unreliable,connectiontess ) lagdaslfifiunihfivewenninduawes ud upp five
1afoulumsdedoyaldWauy uicast , multicast 102 broadcast BRMITaRIN3
Andodoms 18091 TCP finee1n TCP A0aidy overhead IFuTuRBUN IO TR

= ] A o t !-':f
TCP ummumiaﬁa“lunﬁsumiayﬂumm

« IP : (Internet Protocol) - 011 Internetwork Layer i1 Tnsaneandnlumsidomsdeya &
ﬂ. 1] o L] A =4 o H ¥ )

whhAunidumeszediunesdds Tnold 1P Address Halidnumuniuasdyn udozgaiia

m‘: 1 1 = a 4 1 1

Faud 0-255 19w 172.17.3.12 Jums§ 1989 1aetda199 uagnalnnis Route adsdndoyalyl

=
MWBIPPHIILL NN

¥

* [CMP : (Internet Contro) Message Protocol) - E)gn‘u Internetwork Layer HH1Nd9919e15

unzudidoriananliun 1p
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o IGMP : (Internet Group Management Protocol) afhwiiaiioawed Hmdhitlunsds

UDE @W& &iﬂ‘ii}hh liia ﬂqi‘j‘m‘)@‘iﬁﬁﬂ ‘H’fikj Iﬁﬁﬁﬁﬁﬂﬂﬂﬁ WS ’E)'.Uﬂ‘u

« ARP : {Address Hesolution Protocel} - ﬂgﬂu Link Layer ﬁ“mﬁ“sﬁ&ﬂ%ﬁm%wﬁ% 13
oaiasa Ifluieans faed Network Interface (380931 MAC Address TunsaaanT ’haﬁ’u
MAC Address Antamanl32 1489 Hardware Interface sm‘hﬂmuﬁ o 1313 MAC Address s
Ko Tanumefhunvg 16 01 6 Tud U 23:43:45:AF:3D:78 Taw 3 Tudusnezilusiaens
o s L i I s

fntia 1oz 3 Tudndesziihsvirvoanianum

. RARP : {Reverse ARP) - f)gflunammmmﬁmﬂu uaRmThfndudufy ARP Aonlfvy

JenauBa@s B Network Interface TH ShunaiaileTan 1P Address

g1l 2.5 el duiudsen i Ing Tanoadae hu TCPAP
2.8 IF Addressing

qaaummtﬂcﬁwfm@ niumed e deddinnaanlss e 1glums sdaisdoyo
Bunit Internet Address w3 0i3en08e 11 [P Address Toufi1 1P Address fardumnonedin
12 {in uAnuiag i wualimuits 32 S uqmmﬁmmﬂuiﬂ far i Emsndavinainy
mmisa@mﬁm‘zqwmmmwm s fadrud g zm@fﬁuumw@%um}ﬂ CRLTEES Y
17247312 woneIntlu 1P Address sufagautisesndiu 2 daude diuf ﬁ‘mgmﬂm‘m
anufaiin  Neowork 10) uazdudiiluneans run lawd ( Host ID) Hedoynlud o
anlddmiy fuvudumauna ip Tun m@wumw%ménmwm‘lwmﬂﬁ YR naes
dostumsfuavneada’dio GmTn P Address e eiinigia 1 Address T

uanz e nilunaa  class) aeafurin AT E shaaz 18 Sanss 1P Address TRew

Y o end
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g1 2.6 mad e P Address Tuaniaaie

ndeivue lumauTiaamausy (P Address winapathiinfiogluaauduys ip address

Tyuaazameuieln sl ip address Tunwgmiy o i arRa IR BURYY ip address
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240000 -
255255255255
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295 ‘iﬁﬂﬁ Bridge
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310 AnynhmAnuaRMNIRYEY RCM 3720

5l 2.13 1odRaes RCM 3720
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- i DataBus 8 iy

- 11 Address Bus 5 iifu

- §) Flash Memory 9379 512 K 1o Static Ram $308 512K

- Pifyguanim il n i

- Vo dea e R - 45 i Ethemet Port
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~ Port Serial fluariia CMOS Safludasmoiaun Asynchronous TR BN

fla 276 Mbps




17

SinnoEyAND wazoosniaanszife

211 drnlsznemazglnscidonyessziy RCM3TL0
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RabhitCore RCM3720 5 Tnput / Cutput Husiasiu Port 7 Port e Port 1 8 10 ‘s’i}éﬁ

Fidtorodaan 11 Taofidy npu / Output vrogil PAD - PAT, PBO - PBT , PCO-PCS,
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72887




Header

I

P

Pk

P

Pl

(5434

2

P

B

Pis

PE?
P
PO3PGS
PES

P

st
THRRRE
Pids
TRES
Gl
G

18

41

B LY
Fhl
N
et
P
Pl
415
s
4
PER
BOG
Pz
PEY
P4
PED
[ZreT
YRD
L
wEAT
5y

M THeSs pinouts r sa Seanon
L Sgttom Side of the modie. 00

L%

51l 2.5 viadoaas yanufdeeanidiumensnues RabbitCore RCMI720

:g_,,
-8

PA[T:0]

PF1

PFO

- PBO

Eaternal data bus

(IDO-ID7)

- Parallel VO

Slave port data - External Data Bus

: s

(SDO-SDT)

Ieput/Cutput

input/Ouiput

' input/Output

QDA

CLEC

CObiB

CLED

CLEB
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13

14

15

16

17

18

19

20

21

22

23

24

25

PB2

PB3

PB4

PBS

PB7

PF4

PF5

PF6

PF7

PCO

PC1/PG2

PC2

PC3/PG3

PE7

Input/Output

Input/Qutput

Input/Output

Input/Cuiput

Input/Output

Input/Output

Input/Output

Input/Output

Input/Qutput

Output

Input/Output

Output

Input/Output

Input/Qutput
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1AC
SWR

1Al
/SRD

IA2
SAQ

TA3
SAl

IA5
/SLAVEATTN

AQDIB
PWMO

AQDIA

PWMI

AQD2B
PWM2

AQD2A

PWM3

" TXD

RXD/TXF

TXC

RXC/RXF

7
/SCS

External Address 0

Slave port write

Fxternal Address 1

Slave port read

External Address 2
Slave Port Address 0

External Address 3

Slave Port Address 1

External Address 5

Slave Port Attention

Serial Port D

Serial Port D

Serial Port F
Serial Port C

Serial Port C
Serial Port F

External Address 7

' Slave Port Chip Select
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I5
26 PE5 Input/Output
INTIB
14
27 PE4 Input/Qutput
INTOB
Il 1/O Strobe 1
28 PEl Input/Qutput
INTIA Interrupt 1A
10 I/0 Strobe 0
29 PEO Input/Output
INTOA Interrupt 0A
30 PG7 Input/Output  RXE
Serial Port E
31 PG6 Input/Output  TXE
Header
7 32 /IOWR Output External write strobe
33 J/IORD Input ~ External read strobe
34 PD4 Input/Output  ATXB
Alternate Serial Port B
35 PD5 Input/Output ARXB
Reset output from Reset
36 /RES Reset output  Reset input
Generator
37 VBAT
38 GND
39 +5V
40 GND

d‘ -] LY 1 W
a1319f 2.2 anvansalumai il dauvesiredygw i
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2.11.2 Bunn/ BnyandaneEATING
22132 AD USRI (address bus) 910 A0 — A19 uasodoya (data bus)
90 DO - D7 dmSunisandedugiasainiousn wlddwmundygu (IOWR) unz

= T d -~ ]
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. i -
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¥

{fees
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51l 2.16 madadoiunEn LT (RAM)
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2.12 swazdsavesluinsiysvaiwes Rabbit 3000
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! S | P#tF [er—FFRO
! : ! Port G Le———» FB([70)
' Timer A o ! ,
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- Interrupt : : -
1 [}
1 1 N [
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TulnsTswames  Rabbisoeo  dhuluinsTilswmaeinndalavyiim - Rabbit

Semiconductor Corporation (i luTnsTuswmaesvuin 8 DalinawiSrvesdoyg nuudn
4 o 4 v

21 MHz gneenunsndebildtuanfifivadesiuszuy  Bthemet  lasawizuas

o . o =) w Y . =

15Tms Tuswanaed Rabbit 3000 Ailumilaualandnyes Rabit Core Module RCM3720 %9

apuauumMenua1en lidhesidlugunsalmelutaznouenves Rabbit Core Module

RCM3720

2.13 whitveawBuynieninmuilulasTusivmans Rabbit3ooo

- cLK Sunstaesiynifloudygmuimildlumsdszuinsnsenn
- RESET @hwnwiinounni i lunmsfmussisuduniomainuin
a A a o o A " o .
- XTALA1LXTALA? dluvssiindunnioviynilddmiumeyeusaiy Oscillator
quartz crystal 11.0592 MHz
o o ¥ A i a
- CLK32K ﬁ‘lumwuﬂauwﬂ%ﬁmmmsmmnaﬂ‘u Oscillator ~ Quartz Crystal
32.768 KHz
- A0-Al9  dhuvwiiaewiynimdfidmuansidenlduasnivqumieanui
MEusn
= & d o ' 1 a1
- po-D7  Whuniiadunnieniynlfifiumeiuvesdeyasenitmeiaiin 109
TulnsTalsenses
< o ¥ o3 r oa A a1 q 1 & [
- WDTOUT dluvwiiaeninnifasreiandygrugnnauiiidiind 3ous uiel
meluszeznamimua
- STATUS Hhunrilawvinn19as29ga0 1220591914184 Rabbit3000
- SMODEO,SMODE iffuvwiiaduwn 9t muasumsiam
= -3 d o
- CS0,0EO,WEO fhuvwiinewiynawinaldiflums  Enable o liiimaiioy
ﬂ’fﬂgam Flash Memory tu Program Code
a s aa e A avo a
- ¢S1,0ELWEL Shuvidamniymawdndlfiduns  Enable moldihnisdiou

{oyans Static RAM sz ianudwasmigydendiaummnzauiu
- ¢s2 dluneiineniynyadszaanng luU141uns Memory Decode

»
- BUFFEN dluunaiineniyninade13dlu Enable amdu 10 meusnvzinim

P
dio 'l ng Tlsmmaes Rabbit3000 you
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- 10RD,IOWR usaiiamvin1dlszynissnazisudoyadud i 1o

- PAO-PA7 Hlumnaiindunn/ie wiymueanesa A(Stave Port) fnihifi Reset woin

- PBO-PB7 luvwiinBunmioniynuesnesa B(Slave Port) Mmiiiinougu Stave
Port, Serial Port Clocks

- PCo-PC7 iihuvsiinBunmaeinnueamedn C(Slave Pory Taoialwmidiidiu
Serial Data Y04 Slave Port

- PDO-PD7 Elua wiindunnio nivmusanesa D(Slave Port)

- PEO-PE7 ifiunwiindunniewiynaesnesa E(Siave Port) Taoviallimnhiiidh
Interrupts 910N 1EBUDA

- PGO-PG7 Wi wiinBunn/iewiymyamesa E(Slave Port)

- VBAT 1918394 1%1ln Real-Time Clock (25uA at 2.3V)

- vDD 1semdsan iy Tuns T aaes Rabbit3000 fiussiu 2.7-5 vols

- VSS A9 Ground

2.14 oinlumatonAe RabbitCore RCM3720

woialuM5IPouAD RabbitCore RCM3720 HUBIATIAIURS - 232 nT0a10 RS -

485 TUIIOANADAINLOSA 1A 1ADAS

2.14.1 wainwn‘:u (serial ports)

wosAOYNSY (serial ports) g 6 WosAAD Wosa A, B .C D E uaz F woin

4

@ &5 = o A O 1 o
aynsuNInu 6 woda mansahuezdsinda melidanmsdiudoyavesszuudygyn
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2.15.2 Parallel Port B
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2,15,7 Parallel Port G
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2.16.2 MIFAM TP Addresses
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2.16.4 BOOTP/DHCP Control Macros
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2.16.7 Passive Open
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tcp_Socket  fgmABINIAIzAnde Tasga Idousudennatveaminunwofauny P

1 A é : i
Address Taohntsiiner IidfugudnToniiarig

2.16.8 Active Open

4 A = R ] o'od o A ' o &g s A e
welmsissnminuws e fvsinsireudeAudidnefmoRn e Tasezi
= 3 ot v = o (Y W . o = da’
33N Y tep_open() uaz Saldwrsriimniad g funsld wp listen() Tnondnmisiiweds
920N TP Address Wz INBIARMA NI IMINIIRase Taosimsidnamsiines
port WWiBuguddou DCRTCP.LIB Wumsuensianisidonwesaszning 1024 uag 65535

@ 1 o'y : ] o - ' ¥
10 tep_open() ndusmuiluguidnaseee launsahinisinne 16

2.16.9 Delay a Connection

msvousumsfesemsandedionszuums it fosve iz auiveiins
Bunileddu tep_reserveport() iefinsaouiunisaasowmsiiinesludniues TCP ez
mwffm'ui’luﬁutﬂmhqnaﬁiwﬂsﬁwms‘mﬁwmﬂmswﬁmns’ tcp_clearreserve (port number)
Lﬁaﬁmnﬂsmiumsﬁﬂﬁauaﬂﬂmf:ﬁaﬁm'{ﬂs USE_RESERVEDPORTS az¥iimifimun
welWRnmsaniuvesaesiisufedonng e tcp_reserveport, 2MSL  (Maximum

Sepment Lifetime)
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2.16.10 Skeleton Program

r dv J T -]
Tsunsudeanel @ulaseadronuguues Dynamic ¢ TCPIP Tagdauusnazyin

) 3 1 Y
nsfmmuamsEna 1P veedoynlunssa "memmap” swfiums ¥ Tdsunsuinsaenng
wazazosmeumdmlnusIfia user szdtudadalifnen ndiimaneou Indvesdoyadis

»
ms#e 3ludau TCP/P ya3 Dynamic ¢

#define MY IP_ADDRESS "10.10.6.101"
#define MY NETMASK "255.255.255.0"
ftdefine MY GATEWAY "10.10.6.19"
#memmap xmem
#use dertep.lib
main() {

sock_init();

for (;;) {

tep_tick(NULL);

2.16.11 TCP/IP Stack Initialization

P o | & a o L. A
Tu TCPIP w2 iiHeAtu Main O WudiuSuusnuazazimsSon sock_init) o
14 Tnseadadoyanioluuns 31 Ethemet w5051 RealTek dau DCRTCP.LIB sznouinnts

as 2] - W
NN ANATIYIU

2.16.12 Packet Processing

A o A o a o W Y -t )
LﬁJﬂ17ﬂﬂ1ﬂlﬂﬂllﬂﬂlﬂﬁﬂﬂ15u1lﬂ'Ilﬂ'ilzllﬂﬁl'iﬁﬂﬂ th_thk(),thyOpG‘Il, udp_open,

=y

4 s od .
sock_read, sock_write, sock_close 4812 sock_abort wauuiinan tep_tick() %::fs:uznm‘lums

Uszwanalusuntuidantugdvewiiang
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2.16.13 Function Reference

A v = Ja 4 A w &
luduiisgaddsfnsunldly DCRTCP.LIB TuSudutiu DCRTCP.LIB w04
Dynamic € 7.05 szilfeAsuiilin1s1fognionen DNS.LIB, IP.LIB, NET.LIB, TCP.LIB iz
@ o sfu'a = 1 & q' P 1
UDP.LIB uazdsliWsnsudnadiunilsngmiio@enlyld @y ARP.LIB, ICMP.LIB,
BSDNAME.LIB {8z XMEM.LIB

2.16.14 Macros

»
Qo a A 2 ar
- MAX_SOCKETS ulasfisziffuddmmusnunsmafoninamaiinissnass

L 4
NUN

¥ ¥
=1 o 1 =] A 1
- MY_GATEWAY uIastisgimsdemiiine lunaugu Gateway Tug2ainm

Runtime
Aw A4 o
- MY_NETMASK 11 lasiiflufiugiuaes NETMASK #ldlumsaiugu
Py 4 oo o '
- MY NAMESERVER i lastiiumsuansdoveudinines lugis Runprogram

¥ )
- MY_DOMAIN w1 Iasfisgimsaiuguaumuaiuduwes lamulugism

Runtime

»
-] -] r A
- MY_IP_ADDRESS mIasozyiimsseydumis IP Address iive 19 lumsaiugy

Tuaaia1 Runtime
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ADC0808/ADC0809

Muitiplexer

General Description

Tha ADCO808, ADCO809 dala acquiaition componenl is a
monolithic CMOS device with an B-bit enslog-to-digital con-
verier, Bchannel multipleser and microprocessor compalible
conlrod logic. The 8-bil A/D converter usas successive ap-
proximation as the converslon lechnique. The converlar fea-
ures a high impedance chopper siabllized comparator, a
256R vollage dlvider with analog switch tree and a succes-
sive apgroximation register. The B-channel multiplexer can
directly accesa any of 8-single-ended analog signals.

The device eliminales the need for axiemal zero and
full-acale adjustments. Essy inlerfacing 1o microprocessors
is provided by the latched and decoded multiplexer address
inputs and laiched TTL TRI-STATE® outputs.

The deaign of the ADC0808, ADC0809 has been oplimized
by Incorporating the most deslrable aspects of several A/D
conversion lechniques. The ADC0808, ADCOS09 offers high

&National Semiconductor

8-Bit yP Compatible A/D Converters with 8-Channel

October 1689

Features

» Easy interface lo all microprocessars

» Operates ratlomatrically or with 5 Vi, or analog span
edjusted vollage reference

= Mo zaro or full-acale adjust required

B B-channel muitiplexer with address logic

& 0V to 5V inpul renge with single 5V power supply

8 Outpuis meet TTL voltage level specifications

w Standard hermetic or molded 28-pin DIP package

& 268-pin moided chip camler package

u ADCOA0S aquivalent to MM74C040

s ADCOB09 equivaien to MM74C548-1

Key Specifications
® Resolution 8 Bils
& Total Unadjusted Emor 1% LSB end 1 LSE

TRI-STATE" 8 & e of Nafionel Cop.

speed, high accuracy, minimal \emperature dependence, ex- g Single Supply 5 Voo
cellent iong-term accuracy and repeaisbility, and consumes o | o Power 15 mw
minimai power. These fealures mahke this device ideally
sulted to applications from process and maching contral to ® Can on Time 100 ps
consumer and eutomotive applications. For 16-channel mui-
iplexer with common oulpul (sample/hold port) see
ADCOB16 data shwel. (See AN-247 for move information. )
Block Diagram
araar LLOEK
a ‘l-;ln-m """"""" 1
p— ] ERATHAI A TG T
[}
- 1 L I
L 7% - |
et l"ﬂ‘#ﬁ [ faq ]
- |
CREPLRLTGA ’ ™
. o F2 Lanwmm
— ] LAV E:
i 1 L L)
o
Q i | -
WIE TiRE :
- M I ﬁ i
= -yt
ll]"‘?n".:la[ “4 i i DRARERITON LADDE I
Rl '
Vo W umL_—""'""'""-"JullAs T
b DEDOGAT2-Y
S8ea Ordering
information

© 1909 Nationa! Semiconductor Corporation DS005672

‘wnswy. (1ationad . com
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ADC0808/ADCOB0Z

Connection Diagrams

Dualdn-Line Packsge

gagdLnn,
L1y 401
Lt | s s 75 24 2123 21 20 19
wd —{2 b2l ol oz 7] P
-3 P ] d ] Wt 172"
=4 255 ADD A L-F ED 16]=VYpgr {=}
W s 24[=and B B3y 152"
START =44 23 alo € Ne—g2 177
£6c —47 22h=ALE Ly & 13-
275 -7Yuse Ne—q4 12[=Yogr (#]
UTPLT uABLE —{¢ 20f-22 3 878818
ctocx—lia ] =t % TN R
Voo = P E a1, g S >
Vier {+)— s
G —4 Vo (=) §
277 [a] DEGUEATT- 12
D0e4r2.11 Order Number ADCO808CCV or ADCOBOSCLY
Order Number ADCO80B8CCN or ADCOB0OCCN Beo NS P ge V28A
See NS Package J28A or N2BA
Ordering Information
TEMPERATURE RANGE -40°C 10 +85°C ~58°C to +125°C
Error | 42 LSB Unadjusted | ADCOB0BCCN ADCOBOBCCY ADCO808CCJ ADCOB08CS
+1 LSB Unadjusted | ADCOB0SCCN ADCOBOBCCV
Package Outiine N28A Muided DIF | V28A Moided Chlp Carrisr J28A Ceramic DIP | J28A Caramic DiP

W natianad. com




Absolute Maximum Ratings (votes 2, 1) Dual-4n-Lino Package {ceramic) 300°C
#f MBitaryfAerospace specified devices are required, Molded Chip Carrler Package
plaass contact the National Ssmiconductor Sales Office/ Vapor Phase (60 seconds) 215°C
Dbstribuiors for avallablilty and specifications. Infrared {15 seconds) 220°C
Supply Vollage (V) {Nola 3) B.5V ESD Suscaptibitity (Note 8) 400V
Vollage at Aay Pin 0.3V to (VortD.3V) ...

Excepi Control Inputs Operating Conditions (Nows 1, 2)
Voltage at Control Inpuis -0.3V io +15V Temperaiure Range (Note 1) TS TaZT hiax

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) ADCOB0BCCN, ADCOBOSCCN ~40'CsTAS+85°C
Storage Temperature Range -85'C 1o +150°C ADCOAOBCCY, ADCOBOSCCY ~4D'C < T, 5 +85°C
Package Dissipation al T,=25'C 875 mwW Ranga of V. {Nola 1) 4.5 Vpg 10 6.0 Ve
Lead Temp. (Soldering, 10 seconds)

Dual-in-Line Packaege (plastic) 260'C

Electrical Characteristics

Converter Specifications: V=5 Vo =™Veer.. Vaer-

SGND, Ty nSTa8Tax and fe, 640 kHz unlass otherwise stated.

Symbol Parameter Conditions Min Typ Max Units
ADCOBOS
Tolal Unadjusted Error 25°C T LSB
{Noie 5) Taan 42 Tuax T3 LSB
ADCOB08
Total Unadjusied Ermor 0’'Cta 70°C 11 LsB
(Note 5) Tran 10 Tagax T LSB
Input Hesislance From Ref{+) lo Ref(-) 1.0 2.5 kG
Analog Input Voltags Range (Note 4) V{+)or V(-) GND-0.10 Veet.10 Vpe
Vrero) Voliage, Top of Ladder Measured at Ref(+) Vee Voot v
VREF(+}+ VAEF(- Vollage, Center of Laddar Vecf20.1 | Veof2 | Veo/2401 v
2
Veere) Vollage, Bollom of Ladder Moasurad at Rei(-) -0.1 o] v
n Comparator lnput Gurent 1.=640 kHz, (Nots 6) ~2 0.5 2 WA

Electrical Characteristics

Eg}nl Lavels and DC Specifications: ADCOBJ8CCN, ADCOB08CCY, ADCOB0SCCN and ADCOBISCCY, 4.756V55.25V,

C<T,5+85°C unlass otherwise notad

Symbol | Parameter | Condltions [ "wm | Typ | Max ]|  unis
ANALOG MULTIPLEXER
lorrrry OFF Channel Loakage Gurrent V=5V, V=5V,
TA=25°C 10 200 nA
Toert 10 Trgax 1.0 LA
Yorer) OFF Chennel |.aakage Curent Ve ™8V, Vi, =0,
TA=25'C ~200 -10 nA
Totin 40 Traax -1.0 A
CONTROL INPUTS
Viney Logical “1" Input Voltage Vee-1.5 v
Vinioy Logical “0" Input Vohage 15 v
Ly Logical *1” Input Current Vi =15v 1.0 WA
{The Control Inpuis)
[ Logical “0" Inpul Current V=0 -10 WA
{The Control inputs)
icc Supply Cument fow =640 kHz 03 30 mA

3 wrw. netiona.com

608000avie0e00ayY



ADC0808/ADC0809

Electrical Characteristics (continued)

Dighal Levels and DT Specifications: ADCCBOBCCN, ADCOB08CCY, ADCOBOSCCN and ADCOS09CLY, 4.755V <525V,
—-40°C<T 4<+85°C unless otherwise noted

Symbol | Paramater | Condiions | Mn | Typ | Max | Unis
DATA OUTPUTS AND EOC (INTERRUPT)
Vot Logical “1° Quipul Voitage Vo = 4.75V
lour = ~360pA 2.4 V(min)
lour = =10pA 4.5 Vimin)
Vourm; Lagical "0" Qutput Valtage Io=1.6 mA 0.45 v
Vourm Logical “0" Quipul Voftage EOC Io=1.2 mA 0.45 v
lout TRI-STATE Output Current V=5V 3 A
V=0 -3 uh

Electrical Characteristics
Timing Specificatlons V¢ =>VYaery, =5, Veer-,=GND, ,=t,=20 ns and T,=25°C unless otherwise noted.

Symbol Paramster Conditions Min Typ Max Units
L . Minimum Siarl Pulse Width {Figure 5) t00 200 18
YwaLe Minimum ALE Pulsa Width {Figure 5) 100 200 ns
i, Mirmum Address Set-Up Time | (Figwe 5) 25 50 ns
1y Minimum Address Hold Time (Flgure 5) 25 50 ne
& Analog MUX Delay Time Re=002 (Figure 5) 1 25 ™
From ALE
tase bao CE Conirol to Q Logic Stale C,=50 pF, R =10k (Figure 8 125 250 ns
tyn. ton OE Control lo Hi-Z C,=10 pF, R_=10K (Figurs 8} 125 250 ns
t Conversion Time 12640 kHz, (Figure 5} (Note 7) o0 106 116 L]
r. Clock Frequency 10 640 1280 KHz
leoc EOC Dalay Time {Figure 5) o 8+2 s Clack
Perds
Cin input Capacitance At Cantrol Inputs 10 15 pF
Cour TRI-STATE Oulput Al TRI-STATE Oulputs 10 5 PF
Capacitance

Nola 1: Absaluts Maximum Ratings indicate kmits beyond which dsmage ta the device may occur. DG and AC elscrrical apactfications do not apply when opersting
the davica beyond He specihed operating conitions.

Nata 2: All voitages are maasured with respect io GND, unless othawisa apecified,

Mols 3: A zanar dicde exists, inlemally. from Vee to GND and has a typical breakdown volage of 7 ¥po.

Note 4; Two on-chip dioders ana tiad to each analog ing i which wif irwaed conduct tor amalag nput votages ona dioda drop betow ground of ong diode drop graater
than the Voon aupply. The spac siltas 100 mV iorward hias of ather dioda. This Masrs tat s long a8 e snslg L)y, does not sscsed B sppdy voltags by mons
than 100 mY, the outpul code wik ba corfedt. To achieve an abeciste OV B SWor INpur vokage range will themsfore requim a minkmum cpply voitage of 4.900 Yo
aver Ire varkati Inital and loading.

Nola B: Tolal unadiusted error inciudes offes, fuli-scale, lineartty, end multiplaxar errors. See Figure 3. None of thees A/Ds requines a 2ero or tub-scale adius. How-
ver, N an e Zero onde i desimd tor an anajog Input otver $an 0.0V, or fl 8 narow fullscels span exigis (or axample: 0.5V m 4,5V ful-scaie) the referance voitages
can be adjusted 1 achiove this, Bee Figure 13,

Note 8: Comparmor input curmamnt i a bias cument into or out of tha chopper stablized comparatar. The blas cumenl varies directly with cloci frequency and haa litla
mmpamtura dgapendints {Figure §). Sae pamgraph 4.0,

Mals T: The outpints of the deta regiater ane updabed one cock cycle before the Neing edge of EOC.

Mote 8: Human body model, 100 pF diachenged through & 1.5 kit reslator.




Functional Description

Multiplexer, The devica conlaine en B-charmel single-ended
analog signal muMiplexer. A particular input chamnel i se-
lectad by using the address decoder. Tabia 7 showa the inpul
siaies for the address lines {0 select any channel. The ed-
dress is latched into the decodar on the kow-to-high ransiton
of the address lzich anable signal.

TABLE 1.
SELECTED ADDRESS LINE
ANAL QG c B A
CHANNEL
ING L L L
IN1 L L H
IN2 L H L
IN3 L H H
N4 H L L
INS H L H
INB H H L
IN7 H H H
CONVERTER CHARACTERISTICS
Tha Converter

The heari of this single chip dala acquisfition sysiam is is
B-bit anetog-o-digital convetter. The converter is designed to
give fas!, accurala, end repealable convarsions over A wide
range of temperaiures. The converter is partilioned into 3
major sactions: the 256R ladder network, the suocasalve ap-
proximation regisler, and the comparaior. The converiar's
dipital outputs are positive irue.

The 256R, |ladder network approach {Figurs 1) was chosen
over the conventional R/2R ladder becausa of lis Inherant
manotoniclty, which guerantees no missing digial codes.
Monoioniclty s particularly Important in dosed loop feedback
contral systsms. A non-monoionic relationahip can cause os-
cliiations that will be catastrophic for the system. Additionally,
the 256 network does nol cause foad variations on the ref-
erance voltage.

The botiom resistor and the lop resisior of the ledder net-
work in Figurs 1 are nol the sams value as the remainder of
the netwark. The difference In thess resisior causas the
oulpul characteristic io be symmelrical with the zero and
full-scate points of the transfer curve. The firat oulput transi-
ton occurs when the analog signal has reached +Va LSB
and succeeding oulput Irensitions cocur every 1 LSB later up
to full-scale.

The successive approdmation regmter (SAR) performs 8 it-
erallons o approxkmiate the Input voliage. For any SAR type
oconverier, rHierations are required for an n-bil converar.
Figurs 2 shows a typicai example of a 3-bit convertar. in the
ADCO808, ADCDB09, the approximation {echnique is ax-
iandad 1o B bils using the 256R network.

The AD converiers suctessive approximation register
{SAR) ia reset on the positive edge of the alart conwarsion
(SC) pulse. Tha conversion I8 bagun on the faliing adge o
the slarl conversion pulse. A corversion in process will be in-
{emmupted by receipt of a new starl conversion pulse. Con-
inuous conversicn may be accomplished by tying bwe
and-of-conversion (EQC) oulput o the SC input. H usad in
this mode, an axtemnal starl convarslon pulse should be ep-
plled sfier power up. End-ct-conversion will go low between
0 and B dock pulses afler the rising edge of starl conversion.

The most important section of the A/D converier is the com-
parator. H is this section which Is responalble for the ultimals
accuracy of tha enlira converier. It is also tha comparator
drift which hes the greatest influence on the repealability of
the device. A chopper-stebilized comparalor provides the
mas! affective method of satisfying all the converier require-
mems.

The chopper-stabliized comparator convarts the DG inpul
signal into an AC signal. This signal Is then fed through a
high gain AC amplifier and has the DC level restored. This
lechnigue limits the drift compone of the amplifier since the
dnift is & DC coamponent which |s nol passed by the AC am-
plifiar. This makes the entire A'D converier extremely insen-
sltive 10 tlemperatura, long term drift and inpul offsel amors.
Figuine 4 shows a typical error curve for the ADCOB0S as
maasured using e procedurss outlined in AN-178.

60802QV/80802QY



ADCOD808/ADC0809

Functional Description (contnued)

CONTROLS FROM LA.R.
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Timing Diagram
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ADC0308/ADC0809

Typical Performance Characteristics
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Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADCGB08, ADCOBOS is designed as a complela Data
Acquisiion Sysiem (DAS) for ratiomelric conversion sys-
lems. In ratiomelric systems, the physical variable being
measured is exprassed as a percentage af full-acale which is
not nacassarity relaled to an absolute siandard. Tha vollage
input to the ADCOA08 is expressed by the equation

Min Dx
Vi—Vz Dwax—Dwan m
Vn=Input votiage inlo the ADCO808
Vi =Full-scale vollage
Vy=Zero vollage

D, =Data poinl being measured

Dyax=Maximum data limit

Dy =Minimum dala fimit
A good example of B ratiomelric transducer is a polanfiom-
elar usad a3 a position sensor. The position of the wiper is d-
recily proporiional to ths output vollage which is a ratio of the
full-acale vollage across . Since the daia is represented as
a proportion of full-scale, referance requirements are greatly
reduoad, elimingling a lange source of amor and cost for
many applications. A major adventage of the ADGCOB08,
ADC0808 |s hat the input vollage range |s equal 1o the sup-
ply range so the lransducers can be connecied directty
acroas the supply and their oulpuis connected directly into
the multiplexer Inputs, {Figuns 9.
Retiomelric transducers such as polentiometers, strain
gauges, thermistor bridges, pressure transducers, elc., are
sulteble for measuring proportional relabonahipe; however,
many types of measurements mus! be referred 10 an abso-
lute standard such as valiage or cument. This means a sys-
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Applications Information (contnued)

tem reference mus! be used which relates the ful-scale voit-
age to tha standerd voll. For example, if Voo =Vegr =512V,
ther ihe full-scale range is divided into 256 standand steps.
The smallesi standard step e 1 LSB which is then 20 my.

2.0 RESISTOR LADDER LIMITATIONS

The wollagesa from the realsior ladder are compared o the
salected info B imes in B conversion. These woliages are
coupled to the comparator via an analog swilch ree which is
raferencad 1o the supply. The vollages at the top, center and
botiom of the ladder muat be controlled Lo malntain propar

The lop of the ladder, Ref(+}, shoukl nol be more positive
than the supply, and the bottom of the Ladder, Ret(-), should
not be more negative than ground. The center of the ladder
voltage musi aisa be near the center of the supply becauss
the anaiog switch tree changes from N-channel swiiches to
P-channel swilches. These #mitations are automatically sat-
tsfled in ratiometric sysiema and can be easily met in ground
raferenced sysiems.

Figure 10 shows & ground referencad system with a sepa-
rate suppty and reference. in this sysiem, the supply must be
trimmexd to maich the reference woltage. For insianca, f a
512V Is used, the supply should be adjusied to 1he same
volisge within 0.1V.

operation.
7 —H
REF(+) [
»
b: a7
4 . DBITAL
. . ouTeT
. Qpyr FASPDRTIONAL
L ]
TO ANALOS
: T
* oy 1] 1
REF(-} 1] Goyr= N . N
1 [ ant " Vrer " Vg
v J_ ATV £ Vor = VRpp s A28V
- ADCINN * Rntiomenric iranaducens

DSDOSATL.}

FIGURE 9. Ratiometric Convarslon System

The ADC0806 needs leas than a millamp of supply cument
80 developing the supply from the reference is readily ac-
complished. In Figura 11 a ground referenced system is
shown which generates the supply from the reference. The
buffer shown can be an op amp of sufficlent drive to supply
the milllamp of supply cument and the desired bus drive, or if
a capacitive bua is driven by the oulputs a large capacilor will
supply the Iransiant supply current as saen in Figure 12 The
LM301 is overcompensated to insure slabllity when loaded
by tha 10 1F output capachior.

The lop and bottom ladder voliages cannot axcesd Vi and
ground, respeciively, bul they can be symmeirically bess than
Vi and greater than ground. The center of the ladder volt-
age should aiweys be near the center of the supply. The san-
sllivily of the converter can be Increased, (f.e., siza of tha
LSB steps decreased) by using a symmatrical reference sys-
tam. in Figure 13, a 2.5V reference s symmelically cen-
terad gbout V./2 since the sama curreni fows in identical
reajaiors, Thia systam with a 2.5V reference allows the LSB
hit to be half the size of a 5V reference sysiam.

warw.naional.com
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Applications Information (continuad)

478V < Vor = Vigr £ S.28V
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Applicatlons tnformation (continued)

10-16 VYoc
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FIGURE 12, Typical Refersnce and Supply Clrcuit
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FAGURE 13. Bymmetrically Cantersd Refersnce

3.0 CONVERTER EQUATIONS
The transition between adjacent codea N and N+1 is given
by:

Vi= {Nnm*)““xﬂ—)}[%*ﬁ] Ve } +YmEr -}
@
The center of an oulput code N [s given by:

Vln{anFm-VHm—)l [%]:Vme} +¥ppRi—) o

The oulpul coda N for an arbitrary inpul ara the integers
within the range:

u-ﬁﬁ%ﬂmtmm
Where: V), ~Vollage a! comparaior nput

Vagry~Voltage at Ref(+)

Vigr(;=Voltaga at ReK-)

Vyue=Tolal unadjusied eror voliage (typicatty

Vrer"512)

(4}
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ADCOB0/ADCO809

Applications Information (contnued

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparalor inpul qurrent is caused by the pe-
riodic swilching of on-chip slray capacilances. These are
connecled allemalely fo the oultput of the resistor ladder/
gwilch {ree network and fo the comparetor inpul as parl of
the operation of the chopper atabilized comparaior.

The average valus of the comparator input current varies di-
recity with dock frequency and with V), as shown in
Figure 6.

If no filler capaciiors are used al the analog inputs and the
signel scurce impedances are low, the comparetor input cur-
renl should nol infroduce cornverler emors, as the iransisni
craated by lhe capedtance discharge will die out before the
cormparalior outpul is sirobed.

I input Mler capacitors are desired for noise reduction and
signal conditioning they will lend to average out the dynamic
comparator input aument. it wil then take on the characieris-
tics of & DC bias current whose sffect can be predicied con-
ventonally.

13 :umrT
Vo

Typical Application
NERD
i e
SR =] CLK oF
AGDAESE 5400V~ Vs E(+) EDL INTERRUPT
JECOm
{ADA-ADIB D088V ==y VgrF(.)
rift——porr W
START 1= D34
ALE 1-1bnﬂ
WRITE - -
ADG == A Pt s 1]
aor—fs s ,-51::nu
ADZ =t 7 et

ri—bs 15

== vine
fann .
I ~5v
BRAOUND == . ANALDG
N INPUT RANGE
18 L Yint
DEOEETI-T
*Address Latches neaded for 8085 end SC/AP Interfacing the ADCOSIS 10 @ MICIOOMOCEGrT
TABLE 2. Microprocessor interfaca Table
PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR TEMW INTR (Thru RST Circuit)
8085 RO WH INTR (Thru RST Clroulty
Z2-80 RD WR iNT (Thru RST Circuit, Mode 0)
SCMP NRDS NWDS 84 {Thry Sense A)
6800 VMA-«2:-RW | vMAp:FOW | TRGA or IRGE (Thru PIA)




Physical Dimensions inchws (milmeters) uniess otherwisa noted
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Molded Dualdn-Line Packags (N)
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ADCO0808/ADC0809 8-Bit pP Compatible A/D Converters with 8-Channel Multiplexer

Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN

COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION.

1. Life support devices or systems are devices or 2.
syslems which, (a) are intended for surgical implant
into the body, or (b) suppon or susiain life, and
whose failure to perform when propery used in
accordance with instructions for use provided in the
labeling, can be reasonably axpecied to result in a
significant injury 1o the usaer.

AS CRITICAL COMPONENTS IN LIFE SUPPORT
APPROVAL OF THE PRESIDENT AND GENERAL
As usad harein:

A criical component is any component of a life
suppart device or system whoes failure o parform
can be reasonably axpected to cause the failure of
the kfe support device or system, or o affect its
saefaty or effectivenass,
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NE555, NE555Y, SAS55, SES55, SESS5C
PRECISION TIMERS

SLFS022A ~ SEPTEMBER 1873 - REVISED SEPTEMBER 2000

® Timing From Microseconds to Hours D, JG, OR P PACKAGE
® Astable or Monostable Operation (TOP VIEW)
] Adjustable Duty Cycle GND[ 1 J sflvee
® TTL-Compatible Output Can Sink or TRIG[] 2 7 [j DISCH
Source up to 200 mA ouTfi 3 6 [] THRES
® Designed To Be Interchangeable With RESET[| 4 5 {| CONT
Signetics NES55, SAS55, SE555, and
SES555C FK PACKAGE
{TOP VIEW)

SES35C FROM T1 18 NOT RECOMMENDED
FOR NEW DESIGNS

description NG

DISCH

NC

These devices are precision monolithic timing TRIG

circuits capabie of producing accurate time delays NC NC
or oscillation. in the time-delay or monostable ouT THRES
mode of operation, the timed interval is controlled NC NC
by a single external resistor and capacitor
network. In the astable mode of operation, the Q = Q O
fraquency and duty cycle can be controlled @ 9
x

independently with two external resistors and a

single extemal capacitor. NC—-No intemal connection

The threshoid and trigger levels normally are two-thirds and one-third, respectively, of Vcc. These levels can
be altered by use of the control-voltage terminal. When the trigger input fails below the trigger level, the fiip-flop
is set and the output goes high. If the trigger input is above the trigger level and the threshold input is above
the threshold level, the flip-flop is reset and the output is low. RESET can averride all other inputs and cen be
used to initiate a new timing cycle. When RESET goes iow, the flip-flop is reset and the output goes low. When
the output is low, a low-impedance path is provided between DISCH and ground.

The output circuit is capable of sinking or sourcing current up to 200 mA. Operation is specified for supplies of
5V to 15 V. With a 5-V supply, output levels are compatible with TTL inputs.

The NES55 is characterized for operation from 0°C to 70°C. The SA555 is characterized for operation from
~40°C to B5°C. The SE555 and SES55C are characlerized for operation over the full military range of —55°C

to 125°C.
AVAILABLE OPTIONS
PACKAGE
CHIP FORM
Ta VTHRES MAX | SMALL OUTUINE | CHIPCARRIER | CERAMIC DIP | PLASTIC DIP "
Vo= 13V )] (FK) {JG} {P)

0°C to 70°C 1.2V NESS550 NE555P
—40°C to 85°C 1.2V SAS555D SAS55P NESS5Y
_ 559 Io 125°C 106V SE555D SES555FK SE5550G SE555P

1.2V SEB55CD SESS5CFK SE555CIG SESS5CP

The D package also ls avalisblo taped and reeled. Add the sufiix R to the device type (e.g., NES55DR).

TEXAS
INSTRUMENTS

Copyright & 2000, Texas Instruments incorporated

POST OFFICE BOX 835300 @ DALLAS, TEXAS 75265
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NE555, NE555Y, SA555, SE5S5, SESS5C
PRECISION TIMERS

SLFS0224 - SEPTEMBER 1973 - REVISED SEPTEMBER 2000

FUNCTION TABLE
RESET TRIGGER VOLTAGET | THRESHOLD VOLTAGEY ouTPUT DISCHARGE SWITCH
Low Irelovant frrelevant Low On
High <13Vpp frrelavant High Off
High *1/3 Vpp >2/3 Vpp Low on
High >1R3 VDD <23 Vpp As previously established
T Voltage levels shown are nominal.
functional block diagram
Voo RESET

1 ouT

;_ —K ? DISCH

GND

RESET can override TRIG, which can override THRES.
Pin numbers shown are for the D, JG, and P packages.

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

Supply voitage, Vo (See Note 1) ... . 18V
Input voltage (CONT, RESET, THRES, and TRIG) ..ot Voo
OUIPUL GUITBNE .. ..\ ettt et et e a e mna s et ann e a e e aneas 1225 mA
Continuous total dissipation ......... ... ... .. oo i See Dissipation Rating Table
Package thermal impedance, 6 (see Note 2): Dpackage ....................c0ien . 97°CIw

Ppackage ........cceiivrinrrrnieaaiiiinn, 85°C/W
Case temperature for 60 seconds: FKpackage ............. .. ..o, 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor P package ................. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C
Storage temperature ranga, Tgpg -« - vrr i ~65°C to 150°C

NOTES: 1. All voltage values are with respect to network ground terminal.
2. The package thermal impedance is calculated in accordance with JESD 51-7.

¢ TeExXAS
INSTRUMENTS

2 POST OFFICE BOX 853303 % DALLAS, TEXAS 75085



NES555, NE555Y, SA555, SE555, SE555C

PRECISION TIMERS
SLFS022A - SEPTEMBER 1873 - REVISED SEPTEMBER 2000
m
DISSIPATION RATING TABLE
PACKAGE Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta =125°C
POWER RATING ABOVE Tp, = 25°C POWER RATING POWER RATING POWER RATING
FK 1375 mW 1.0 mW/eC 880 mW 715 mw 275 mwW
JG (SES55, SE555C) 1050 mw 8.4 mWrC 672 mW 548 mwW 210 mwW
JG (SAS55, NESSSC) 825 mwW 6.6 mWr°C 528 mwW 420 mw N/A
recommended operating conditions
MIN  MAX | uNIT
Suppty voltage, Ve SAS555, SES55C, NESSS 45 L1
SES555 45 18
Input voltage (CONT, RESET, THRES, and TRIG) Vool V
Output current +200 mA
NE555 0 70
Operating free-air temperature, Ty SAS555 40 85 C
SESS5, SES55C 55 125
¢ TEXAS
INSTRUMENTS

POST OFFICE BOX 833300 ® DALLAS, TEXAS 75265



NES55, NESS55Y, SA555, SE555, SE555C

PRECISION TIMERS

SLFS022A - SEPTEMBER 1873 - REVISED SEPTEMBER 2000

electrical characteristics, Vcc = 5V to 15 V, T = 25°C (unless otherwise noted)

NE555
PARAMETER TEST CONDITIONS 8esss m UNIT
MIN TYP MAX| MIN TYP MAX
THRES voltage level Vec=15V 9.4 10 6| 88 10 112 v
Voe=5V 27 33 4l 24 33 42
THRES cument {see Note 3) 30 250 30 2507 nA
Voo =15V 48 5 52| 45 5 56
TRIG vortage level Ta =-55°C to 125°C 3 ] v
Vee =5y 145 167 18] 11 167 22
Ta = -55°C to 125°C 19
TRIG cument TRIGatOV 05 09 05 2] wA
RESET vohtage level 03 07 1] 03 o7 1
Tp = —55°C to 125°C 1.1
RESET current RESET at Ve 01 04 o1 o4l
RESETat0V -04 -1 ~04 -15
DISCH switch ofi-state cument 20 100 20 100 nA
9.6 10 104 8 10 1
Vee=15V
CONT voltage (open chraut) TaA=-55Ct0125°C [ 9.6 10.4 v
28 33 38| 26 33 4
Vee=5V
TA=-55Cto126°C | 29 3.8
Veo=15V, 61 015 01 025
loL =10 mA Ta = —556°C to 125°C 0.2
Vec =15V, 04 05 04 075
loL =50 mA Ta=-55°C to 126°C 1
Ve =15V, 2 22 2 25
Lowdevel output voltage lpL =100 mA Tp = ~55°C to 125°C 2.7 v
Veg =15V, loL = 200 mA 25 25
:é,cf:aésvr}m Tp = ~55°C 10 126°C 035
Ve =5V, 01 02 01 035
loL =5mA Ta = -55°C to 125°C 0.8
Ve =5V, IoL = BmA 0.15 025 015 04
Voo =15V, 13 133 1275 133
loH =100 mA Ta = -55°C to 125°C 12
High-leval output voltage Voo =15V, IoH = —200 mA 125 12.5 Y
Vee =5V, 3 33 275 33
loH = —100 mA Ta =-55°C to 125°C
Cutput low, Voo =15V 10 12 10 15
No ioad Vee =5V 3 5 3 6
Supply cuiment mA
Output high, Voo =15V 5 10 13
No load Voo =5V 2 4 2 5

NOTE 3. This parameter Influences the maximum value of the timing resistors Ra and Rp in the circult of Figure 12. For example, when
Ve =5V, the maximum value Is R = R + R = 3.4 MQL, and for Vo = 15 V, the maximum value is 10 M.

Q‘TEXAS

INSTRUMENTS
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NE555, NE555Y, SA555, SE555, SE555C
PRECISION TIMERS

SLFS5022A — SEPTEMBER 1973 - REVISED SEPTEMBER 2000

operating characteristics, Vcc =5V and 15V

NE555
TEST SES35 SAS53 UNIT
PARAMETER coNDTIONST SES55C
MIN TYP MAX| MIN  TYP MAX
Inttial error of timing Each timer, mornostabled Ta=25C 0.5% 1.5%" 1% 3%
Intervat: Each timer, astabled 15% 2.25%
Temperature coefficient Each timer, mnostabie§ 30 100" 30
' — Ta = MIN 1o MAX mec
of timing interval Each timer, astableY A 90 150 PP
Supplyvoliage sensitvey | Each timer, monostatiteS | 005 02" 01__05[ .\
of timing interva Each timer, astablel A 0.15 03
Qutput-pulse risa time CL=15pF, 100 200" 100 ano s
Output-pulse fadl time Ta=25C 100 200 100 300

* On products cormpilant to MIL-PRE-38535, this parameter ia not production teated.

1 For conditions shown as MIN or MAX, usa the appropriate value specified under recommended operating conditions.

1 Timing interval error is defined as the difference between the measured value and the average value of a random sampie from each process
run.

§ values specifled are for a device in @ monostabie circuit simiiar to Figure 9, with the foliowing component values: Ra = 2 k) to 100 k€2,
C=01pF

1l values specified are for a device In an astable ckoult similar to Figure 12, with the following component valtes: Ra = 1 kK2 o 100 k42,
C=01pF

‘@ TEXAS
INSTRUMENTS

POBT OFFICE BOX 655373 @ DALLAS, TEXAS T5285 5



NE555, NE555Y, SAS55, SE555, SE555C
PRECISION TIMERS

SLFS022A - SEPTEMBER 1973 - REVISED SEFTEMBER 2000

elactrical characteristics, Vo = 5V to 15 V, Ty = 25°C (unless otherwise noted)

NE555Y
PARAMETER TEST CONDITIONS UNT
MIN TYP MAX
Vee=15V [:X:] 0 1.2
THRES voltage lave! v
Ve =5V 24 33 4.2
THRES cument (see Note 4} a0 250 nA
Veo=15V 4.5 5 58
TRIG voltage level v
Ve =5V 11 1867 22
TRIG cumant TRIGat0V 0.5 2 pA
RESET voltage lovel 0.3 0.7 1 v
RESET at v, 01 0.4
RESET current £e mA
RESET at0 Vv -04 -15
DISCH switch off-atate curment 20 100 nA
CONT ( weul) Ve =15V g 10 " v
voltege (open circu
Veo=5V 28 a3 4
loL =10 mA 61 025
oL =50 mA 04 075
Voo =15V oL
loL = 100 mA 2 25
Low-tevel output voltage o ')
oL =200 mA 25
loL=5mA 01 035
Vee =5V oL
oL =8mA 0.15 04
ion = —100 mA 1275 133
Voo =15V
High=evel output voltage lop =—200 mA 125 v
Voo =5V foH =—-100 mA 275 33
V=15V 10 15
Output tow, No load
Voo =5V 3 6
Supply current mA
Yee=15V 9 13
Output high, No load
Voo=5sv 2 5

NOTES: 4. This parameter influences the maximum value of the timing resistors Ra and Rg in the circuit of Figura 12. For example, when
Ve = 5V, the maximum value is R = Rp + Rp = 3.4 MIY, and for Vo = 15 V, the maximum value is 10 MG

operating characteristics, Vcc = 5V and 15 V, T4 = 25°C {(unless otherwise noted)

TEST NES55Y
Pi ER
ARAMET! CONDITIONS N VP MAX UNT
o . Each timer, monostabled 1% 3%
initiad error of timing intarvart -
Each timer, astable§ 2.25%
Supply nslbivity of timin interval Each timer, monostablet 0.1 0.5 .
L dtage &8 mi
Y i " Each timer, astable§ 0.3
Output-pulse rise time 100 300
e CL=15pF ns
Output-pulse fail ime 100 300

TTimIng interval error is defined as the differance batween the measured valua and the average value of a random sample from each process

fun,
tvatues specified are for a device in & monostable circuit simiar o Figura 9, with the following component vatues: Ry = 2 kil to 100 ki,
C=0.1puF
5 vaies specifiad are for a device In an astable circut similar to Figure 12, with the following component values: Ra = 1 kil to 100 ki,
C=0.1puF
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NES55, NES55Y, SAS555, SE555, SE555C

PRECISION TIMERS
SLF5022A - SEFTEMBER 1873 - REVISED SEPTEMBER 2000
TYPICAL CHARACTERISTICST
LOW-LEVEL QUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs Vs
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL QUTPUT CURRENT
10 — — 12 —
F Ve =Sy TE Vec=10V
> 4 > 4
]
[ ]
2 2 n
Taw-55°C - .---"--?" é Ta = 25°C
g 1 fot 1] / —T -4 1 4 Ao e ]
a 07 Ta = 25°C 1 5 o7 TA= - 55°C
5 H s Lo
g 0.4 3 o4 Tp, = 125°C <
3 02 / Ta=125%| HH : o2 1
A 7
5 0.1 2 01
1 0a7 < oo7
3 omf—= 3 om
0.02 0.02
0.01 0.01 b
1 2 4 7 10 20 40 70100 1 2 4 7 10 20 40 70100
lgL — Low-Lavel Qutput Current — mA gL — Low-Lave! Output Current — mA
Figure 1 Figure 2
LOW-LEVEL OUTPUT VOLTAGE DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT
vs Ve
LOW-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT
10 ¥ — TE b i 2.0 T LI L Y
7F veg=15V '8 Ta =~ 55°C T
> 4 ' L
] Ta=-55°C > 18
3 2 \V 5 Ta = 25°C P
3 £ 14 et H
g 1 H [=] = i
é 07 T § 12 Ta=125°C
3 o4 g AT L LT
3 Ta=25'C s L —
02 { H
52 0q| TAR12SC 5 oe
. h 1
< oa7 8 0.6
-
0. 04
>9 04
0.02
02 VcF uS5VIs18V
0.04 : 0 1 1 1 i1}
1 2 4 710 20 40 70100 1 2 4 7T 10 20 40 70100
IoL — Low-Level Output Current— mA loH — High-Level Qutput Current — mA
Figure 3 Figure 4

1 Data for temperatures balow 0°C and above 70°C are applicable for SES55-serles circuits only.
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NE555, NE555Y, SA555, SE555, SES55C

PRECISION TIMERS
SLFS022A — SEPTEMBER 1973 - REVISED SEPTEMBER 2000
TYPICAL CHARACTERISTICST
NORMALIZED OUTPUT PULSE DURATION
SUPPLY CURRENT {MONOSTABLE OPERATION)
v8 vE
SUPPLY VOLTAGE SUPPLY VOLTAGE
1 :L — » 1015
0 utput Low, y 2
- No Load 7 i
. |[ 5| /A/ 9 1.010
s Ta=25°C — // %
: ),/ d 2 1008
- o )
x . : \ .
5 4 ® "
o °® v 1) =—55°C g b
£ . ,A/‘(\_ ol &
4 séy o § oms
7] 5
= 2 & 0990
=
1 T
0 0.985
s 6 7 8 9 10 M 12 13 14 1§ 0 5 10 15 20
Ve - Supply Yoltags - V Ve - Supply Yoltags — V
Figure 5 Figure 8
NORMALIZED OUTPUT PULSE DURATION PROPAGATION DELAY TIME
{(MONOSTABLE OPERATION} vs
VS LOWEST VOLTAGE LEVEL
FREE-AIR TEMPERATURE OF TRIGGER PULSE
1.045 I I 300
o Ve =10V . J ]
[, ] ‘2.
B 1010 f 250 Tami28c |\
o @ Ta=T70°C
F £ - 2
1.005 200 Ta=25°C
é ‘-\ %‘ A /.-—'-“
8 — 2 1
> 1 1%0 /
£ 3 s
'3 \.""'--. g / .
-9 — % / & Ta™ a°C
g 0995 4 100 7
k-] ] L
5 o Ta =-55°C
=1 o
L] 0.990 -t so
B
3
0.
0.985 (]
.75 -50 -25 0 25 S5 15 100 125 (] 01xVee 02xVge 03xVec G4xVee
Ta - Free-Alr Temperature — °C Lowast Voltags Level of Trigger Pulse
Figure 7 Figure 8

1 Data for temperatures below 0°C and above 70°C are applicable for SE555-series circuits only.
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NES555, NE555Y, SA555, SE555, SES55C
PRECIS!ON TIMERS

SLFSD22A — SEPTEMBER 1873 - REVISED SEPTEMEBER 2000

APPLICATION INFORMATION

monostable operation

For monostable operation, any of these timers can be connected as shown in Figure 9. If the output is low,
application of a negative-going pulse to TRIG sets the flip-flop (Q goes low), drives the output high, and tlums
off Q1. Capacitor C then is charged through Rp until the voltage across the capacitor reaches the threshold
voltage of THRES input. if TRIG has returned to a high level, the output of the threshold comparator will reset
the fiip-flop (Q goes high), drive the output low, and discharge C through Q1.

Ra =9.1 kD
™ CL=0.01pF
| RL=1kD
vee See Figure 9
{5Vto 15V}
input Voltage
T ' 3
Ra i 8 E — — -
CONT vee { ﬂ:
4§ RESET RL E'
7 1 oiscH 3 ]
6 ourt Output Outputl Voltage
THRES
Input TRIG A
GND
1L
T 5 | Copacitor Vokage
Pin numbers shown are for the D, JG, and P packages. Time ~ 0.1 ms/div
Figure 9. Circuit for Monostable Operation Figure 10. Typical Monostable Waveforms
Monostable operation is initiated when TRIG 10
voltage falls below the trigger threshold. Once RA-lm MO
initiated, the sequence ends only if TRIG is high
at the end of the timing interval. Because of the 1
threshold level and saturation voltage of Q1, Ra = 1 W51
the output puige duration is approximately .
ty = 1.1RAC. Figure 11 is a plot of the tme ¢ 101
constant for various values of Ry and C. The -
threshold levels and charge rates both are directly 3 2
proportional to the supply voltage, Ve, Thetiming o 10-
interval is, therefore, independent of the supply / /
voitage, so long as the supply voliage is constant E 10-3
during the time intarval. 5 Ra ™ 100 k2
o
Applying a negative-going trigger pulse ! Rp =10 k2
simuitaneously to RESET and TRIG during the 104 5
timing interval discharges C and re-initiates the -
. s Rp =1k
cycle, commencing on the pasitive edge of the o5 p
reset pulse. The output is held low as long as the 1 0.001 0.01 0.1 s 10 100

reset puise is low. To prevent false triggering,
when RESET is not used, it should be connected
to Vee.

C - Capacitance — pF

Figurs 11. Output Pulse Duration vs Capacitance

TEXAS
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NES555, NES55Y, SA555, SE555, SES55C
PRECISION TIMERS

SLFS022A ~ SEPTEMBER 1873 - REVISED SEPTEMBER 2000

w

APPLICATION INFORMATION

astable operation

As shown in Figure 12, adding a second resistor, Rg_ to the circuit of Figure 9 and connecting the trigger input
to the threshold input causes the timer to self-tnigger and run as a multivibrator. The capacitor C charges through
Ra and Rg and then discharges through Rg only. Therefore, the duty cycle is controlled by the values of Rj and

Rg.

This astable connection resuits in capacitor C charging and discharging between the threshold-voltage level
(=0.87 ¢ Vo) and the trigger-voltage level (=0.33 » V). As in the monostable circuit, charge and discharpe

times {and, therefore, the frequency and duty cycle) are independent of the supply voltage.

vee T T T T 1
{(8Vto15V) ___RA-SH-Q Rp =1k
Rg=3k}  Ses Figure 12
b
0.01 uFf - C = DASLF
T
Open - 4
RA (sse Nots A) | 3 8 i
CONT Vee >
——-——-—:o RESET RL :
DISCH 3 3
e ouT | Output g
Rp 5| THRES ty ——P
TRIG GND tL—— o= Output Voitage
1
¢ T L AN AN YA
| 2 [ V1
Pin numbers shown are for the D, JG, and P packages. Capacltor Voltage
NOTE A: Dacoupling CONT voliage to ground with a 1 1 | |
capacitor can tmprove operation. This should be
avaluated for Individual applications. Tirme - 0.5 maldiv
Figure 12. Circuit for Astable Operation Figure 13. Typical Astable Waveforms
‘t’? TEXAS
INSTRUMENTS
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NE555, NE555Y, SA555, SE555, SES55C
PRECISION TIMERS

SLFS022A - SEFTEMBER 1873 - REVISED SEPTEMBER 2000

APPLICATION INFORMATION

Figure 13 shows typical waveforms generated during astabie operation. The output high-level duration t and
low-tavel duration t can be calculated as follows:

100 k
Ra+ z Re=1 m
ty = 0.693 (RA+RB)C RA+2RB-1llkn
M40k
t = 0.693 (RB} c T RA+2RB-1DOI|'.D
Other useful relationships are shown balow. E 1k ™ h,
=
period = 1, +1t, = 0693 (Ry +2Rg) C E \ ?\ \
1.44 2 400 P h,
frequency = ————————— £
T Ry R © ENUNONON\
_ t Rg E 10 = ™
Qutput driver duty cycle = A = RA n 2RB :LI_ \ \
1
Output waveform duty cycle Ra+2Ra =1M2-
q Rg Ra+2Rg =10 M L
= = 0.4 -+ -
LRt Ra + 2Rg 0.004 004 0.4 10 100
\! R C - Capacitance - uF
Low-to-high ratio = L-__B spactance—H
ty Rp+Rp Figure 14. Free-Running Frequency
missing-puise detector

The circuit shown in Figure 15 can be used to detect a missing pulse or abnormaliy long spacing between
consecutive puises in a train of pulses. The timing intervat of the monostable circuit is retriggered continuously
by the input pulse train as fong as the pulse spacing is less than the timing interval. A longer pulse spacing,
missing pulse, or terminated pulse train permits the timing interval to be completed, thereby generating an
output pulse as shown in Figure 18,

Voc (5Vio 18V) '
Vec» 5V
- Ra =1k
i C=04pF
4] [ 8 RL Ra See Figure 15
Input RESET Veo )
2 out Output
TRIG z i i i
7 > Input Voltags
DISCH o
*leont ] g
0.01 url THRES 3
GND = Output Voitage
N ] -
N = =N /
AST3844 |(
= Capacitor Voltage

Pin numbers shown are shown for the D, JG, and P packages. Time - 0.1 ma/div

Figure 15. Circuit for Missing-Puise Detector Figure 16. Circuit for Missing-Pulse Detector
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NE555, NE555Y, SA555, SES55, SESS5C
PRECISION TIMERS

SLFS0224 — SEPTEMBER 1973 - REVISED SEPTEMBER 2000

APPLICATION INFORMATION

frequency divider

By adjusting the length of the timing cycle, the basic circuit of Figure 9 can be made to operate as a frequency
divider. Figure 17 shows a divide-by-three circuit that makes use of the fact that retriggering cannot occur during

the timing cycle.
1 ) 1
Yeom5Y
C Ra w1250 0
| Ca0.02pF
See Figure 8
> L ! M L b
E Input Voltage
o |
]
E
£
o
>
QOutput Voltage
] “ v 7
Capacitor Voltage

Time - 0.1 maldiv

Figure 17. Divide-By-Three Clrcuit Waveforms

pulse-width modulation

The operation of the timer can be modified by modulating the internal threshold and trigger voltages, which is
accomplished by applying an external voltage (or current) to CONT. Figure 18 shows a circuit for pulse-width
modulation. A continuous input pulse train triggers the monostable circuit, and a control signal modulates the
threshold voltage. Figure 19 shows the resuiting output pulse-width modulation. While a sine-wave modulation
signal is illustrated, any wave shape could be used.

@ TEXAS
INSTRUMENTS

12 POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265



NE555, NE555Y, SA555, SE555, SESS5C
PRECISION TIMERS

SLF5022A ~ SEPTEMBER 1873 - REVISED SEPTEMBER 2000

APPLICATION INFORMATION

vee (5V1015V) RA=3KQ
Cm002uF
1 R =1kl —
L See Figure |18
!y R,
4 8 A — Modu input
RESET Ve 3
Clock 2] TRIG our . Output .%
\ B
st 7 : - M Ll.pu . |.|-|I-I..
DISCH ! Ciock Input ge
Modulation 5 3 I
input — ] CONT Hres b2 2
(ses Nots A) GND
1 ' LI L ! Uyl
J_- = Vol —
Pin numbers shown are for tha D, JG, and P packages.
NOTE A:  Themodulating signal can be direct or capacitively coupied
1o GONT. For direct coupiing, the effects of modulation Capacitor Voitage
source voltage and impedance on the bias of the timer Time — 0.5 mu/div
shauld be considered.
Figure 18. Circuit for Pulse-Width Modulation Figure 19. Pulse-Width Modulation Waveforms

pulse-position modulation

As shown in Figure 20, any of these timers can be used as a pulse-position modulator. This application
modulates the threshold voltage, and, thereby, the time delay, of a free-running oscillator. Figure 21 shows a
triangular-wave modulation signal for such a circuit, however, any wave shape could be used.

v 5Vto 15 T T T
cc v) Ra=3k0
Rp=5000
Ry =1 ki
See Figure 20
4 RL Ra N
P ™ P -
RESET Vgec |3 7 ™~ > N
2 ouT output § N
TRIG > WModulation Input Voltage
]
oiscH | 5,
>
Modulation 5 Rg
tnput ~JCONT THRES |.8 2
{sas Note A) GND
1 T ¢ Output Voitage
i} = /I A a
Pin numbers shown are for the D, JG. and P packages. W 4
NOTE A: The modulaling signal can ba director capacitivety coupled L] }
to CONT. For direct coupling, the effects of modulation Capacltor Voltage
aoumevonageandimpedancaonmebiasofmetjm 1 1 i
should be considered. Time - 0.1 me/div

Figure 20. Circuit for Pulse-Position Modulation Figure 21. Pulse-Position-Modulation Waveforms
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NE555, NESS5Y, SA555, SE555, SE555C
PRECISION TIMERS

SLFS022A ~ SEPTEMBER 1873 — REVI SED SEPTEMBER 2000

APPLICATION INFORMATION

sequential timer

Vee
g | E g SRA 3K _5_4 3 A 8 iRe
RESET Vg ] RESET Ve RESET Vcc |, ]
uT
o—2ltriG our iy ltrie ouT TRIG o
mscn#l—l wF DISCH oiscH}
5
CON CONT
CONT  riresl® T THREs THRres |-
i o.01 GND GND
1
uF 1 ca , ce T
Ca®10 pF ik :g -::g kprl;
- tput - Output B - Output C
Ra =100 kil Output A Cp = 4TpF utp p
Rg = 100 k2

S closes momentarily at t = 0.
Pin numbers shown are for the D, JG, and P packages.

14

Figure 22. Sequential Timer Circult

Many applications, such as computers, require signals for initializing conditions during start-up. Other
applications, such as test equipment, require activation of test signals in sequence. These timing circuits can
he connected to provide such sequential control. The timers can be used in various combinations of astable
or monostable circuit connections, with or without madulation, for extremely flexible waveform control. Figure 22
shows a sequencer circuit with possible applications in many systems, and Figure 23 shows the output
waveforms.

SuIFIuralﬂ
!
outputA WA ] tyh =11 RACA
|
-t

3 l
.? Qutput B twB=1.1RpCp
4

Output C e 1, C ¥ *11RcCc

+— 120
|

t - Time — 1 s/div

Figure 23. Sequential Timar Waveforms
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National Semiconductor

LM35

Precision Centigrade Temperature Sensors

General Description

The LM35 saries are precision integrated-circuil temperaiure
sansors, whose output voltage Is linearly proportionat to the
Celsius (Centigrade) lemperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
* Kelvin, as the user is not required to sublract a large
consiant voitage from its output to obtain convenient Ceonti-
grade scaling. The {M35 does not require any axlernal
calibration or frimming to provide typical accuracies of $14°C
at room temperature and 1%'C over a full -55 to +150°C
tempersture rangs. Low cost Is assured by imming and
calibration at the wafer level. The LM35's low output impad-
ance, linear output, and precise inherent calibration make
interfacing 1o readout or control circuilry especially sasy. it
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low seif-healing, less then 0.1°C in still air. The LM35 is
rated to operate over a ~55° to +150°C tamperatura range,
whilg the LM35C is rated for a -40° to +110°C range (-10°
with improved accuracy). The LM35 series is avaliabla pack-

November 2000

aged in hermetic TO-46 transistor pachkages, while the
LM35C, LM35CA, and LM35D are aiso available in the
plaslic TO-92 transistor package. Tha LM35D is also avaik
able in an 84ead surface mount small cuiline package and a
plastic TO-220 package.

Features

m Calibrated directly in * Calsius {Centigrede)
® Linear + 10.0 mV/'C scale factor

& 0.5'C accuracy guarantasable (at +25'C}
m Rated for full =55 to +150°C range

® Suitable for remaote applications

®m Low cost due to wafar-levsl trimming

= Operates from 4 to 30 volts

m Less than 60 pA curmant drain

m Low self-heating, 0.08°C in still air

8 Nonlinearity only 1 ¥'C typical

® Low impedance output, 0.1 0 for 1 mA load

Typical Applications

+W
{4V T6 20V}
| ouTPUT
Lw3s 0 n +16.0 m¥/*C

DS008518-3

FIGURE 1. Basic Centigrade Tamperature Sensor
{+2°C to +150°C)

+h
l
LM3s Your
T "
—a
O3005516-4

Choose Ry = -Vg/50 pA

V gur=+1.500 my at +150°'C
= +260 m¥ at +25°C
= ~550 my ot -55°C

FIGURE 2. Full-Range Centigrade Temperature Sensar

@ 2000 Naticnal Semiconducior Corporation
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LM35

Connection Diagrams

TO-46
Metal Can Package®

BOTTOM VIEW
DS00SH18-4

*Caga is connacted to negeative pin (GND)

Ordar Number LM35H, LM3SAH, LM35CH, LM35CAH or
LM3I5DH
See NS Package Number HO3H

TO-92
Plsstic Package

+¥§ Vour GNMD

ROTTON VIEW
DSO0s816-2
Order Number LM35GZ,
LMASCAZ or LM35DZ2
Sea NS Package Number Z0O3A

S04
Small Outline Molded Package

Your —{* ~s = +¥5

HE.—)2 1Hne

HE =43 6= NC

GHD —] 4 S5H-NC
DSposs18-21

N.C. = Nao Gonnection
Top View

Order Mumber LM3I5DM
See NS Package Number MOBA

TOQ.220
Plastic Package”

O

i
3507

g Vout
ND
05005581824
*Tah Is connected 10 the negative pin {GND}.
Nots: The LM3SOT pinout |s diferent than the discontinued LMISDP.
Order Number LM35DT
See NS Package Number TAOF

www.national.com




Absolute Maximum Ratings (ot 10) TO-92 and TO-220 Package,
If Military/Aerospace specified devices are required, (Soldering, 10 secands) 280°C
please contact ths National Semiconductor Sales Offica/ S0 Package {Note 12}
Distributors for availabliity and specifications. Vapor Phase (60 seconds} 215°C
Supply Voltage +35V to -0.2v Infrared (15 saconds) 20°C
Output Voliage Y6V o 1.0V ESD Suscaptibitity (Note 11} 2500V
Output Current 10 mA (Sh?:tgrg)d Operating Temperature Range: Ty 10 T yax
Storage Temp.; LM35, LM35A -55'C to +150°C
T0-46 Package, ~60°C o +180°C LM35C, LM35CA -40°C to +110°C
TO-b2 Packﬂgg, —£0°C ta +150°C LM35D 0'C to +100°C
§0-8 Package, -65'C to +150°C
TO-220 Package, -65°C to +150°C
Lead Temp.:
TO-46 FPackage,
(Soldering, 10 seconds) Joo'C

Electrical Characteristics

{Noles 1, 8)
LMa5a LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
{Note 4) {Note 5) {Note 4) | {Note 5)
Accuracy T 4=+25'C 0.2 $0.5 10.2 105 C
{Note 7} T ,=-10°C 0.3 0.3 1.0 C
T A= Thiax 0.4 *1.0 +0.4 1.0 C
T a=Tum $0.4 1.0 $0.4 1.5 C
Nonlinearity T ST AT aax t0.18 10.35 20.15 ta3 'C
{Note B}
Sansor Gain T ainSTa<T paax +10.0 +9.9, +10.0 +5.9, mv/'C
{Avarage Siopa} +16.1 +10.1
Load Regulation T A=+25'C 10.4 1.0 0.4 1.0 mVv/mA
{Note 3} 0sl, <1 mA T ST a8 T £0.5 $3.0 0.5 1.0 mV/mA
Line Regulation T ,=+25'C +0.01 10.05 10.01 +0.05 mvy
{Note 3) 4VeV <0V 10.02 6.1 to.02 20.1 mviv
Quiescent Current V g=+5V, +25°C 56 67 56 67 WA
{Note 9) V g=+5V 105 121 g 114 HA
V =+30V, +25'C 56.2 68 56.2 68 A
V g=+30V 105.5 133 215 118 HA
Change of 4V <30V, +25°C 0.2 1.0 0.2 1.0 HA
Quiescant Current 4VV <0V 05 2.0 0.5 2.0 WA
{Note 3)
Temperature +0.33 +0.5 +0.38 +0.5 HAL'C
Coefficient of
Quigscant Cumant
Minimum Temperature | In circuit of +15 +2.0 +1.5 +2.0 'C
for Rated Accuracy Figure 1, 1, =0
Lang Term Slability T 1=Tpax for 10.08 $0.08 ‘C
1000 hours

3 www.natichal com
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LM35

Electrical Characteristics

(Notes 1, 6)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Whan.}
{Ncte 4) {Nota 5) {Note 4) {Nole 5)
Accuracy, T ,=+25'C 04 £1.0 104 1.0 'C
LM35, LM35C T A=-10C £0.5 0.5 115 C
(Note 7} T a=Traax 08 15 +0.8 15 c
T a=Toam $0.8 15 +0.8 120 ‘C
Accuracy, LM35D T A=+25'C 106 115 'C
{Note 7) Ta=Thaax +0.9 20 C
Ta=Toun 10.9 2.0 'C
Nontinearity T renSTaS Tarax 203 05 %0.2 05 C
{Note 8)
Sensor Gain T ST aSThaax +10.0 +5.8, +10.6 +9.8, mv/'C
{Average Slope) +10.2 +10.2
Load Regulation T .=+25°C 10.4 2.0 0.4 120 m\i/mA
(Note 3} 05l <1 mA T ST a=T pax to.s 15.0 0.5 5.0 mV/mA
Line Regulation T A=+25°C 10.01 0.1 0.1 101 mvViv
{Note 3) 45V <30V 10.02 0.2 %0.02 102 mviv
Quiescant Current V g=+5V, +25°C 56 80 56 BO pA
(Nota 9) V g=+5V 108 158 81 138 HA
V g=+30V, +25°C 56.2 B2 56.2 82 pA
V g=+30V 105.5 161 91.5 141 HA
Change of 4VaV <30V, +25°C 0.2 20 0.2 20 HA
Quiescent Current 4LV <30V 0.5 3.0 0.5 3.0 HA
{Nota 3)
Temperalure +0.39 +0.7 +0.39 +0.7 HASC
Coefficient of
Quiescent Currant
Minimum Temperature ! In clrcuit of +15 +2.0 +1.5 +2.0 c
for Rated Accuracy Figure 1, |, =0
Long Term Siability T 4= Thamx: Tor +0.08 +0.08 C
1000 hours

Nota 1: Unless olherwise noted, thesa specifications apply: ~85C<T,<+180°C for the LM3S and LM3IBA; -40'<T,<+110°C for the LMISC and LM3BCA; and
0T S+100°C for the LMASD. Vg=+5Vidc and 1| gap=50 pA, n the circuit of Figirme 2. Theea specifications atss apply from +2'C jo Ty in the dircutt of Figwrs 1.
Specifications in boidface appty over the full retad tamperaiure range.

Kote 2: Tharmat resistance of the TO-46 package ia 400°C/W, junction to amblent, and 24'C/W junction to case. Thermal resistance of the TO-62 package =
180°C/W junction to amblent. Thermal resistance of the small outiine molded package ts 220°C/W junction 1o emblent. Themmal resistance of the TO-220 package
is 90°CAW junction to ambient. For additional thermal resistance information see table in the Applications section.

Nots 3: Rapulation (8 measuted at consiant junction tempemturd, using pulse testing with 8 low duty cycls. Changaa in output dua to heating affects can be
computad by multiplying the internal dissipation by the thermal resistance.

Kots 4. Tested Limite are guaranteed and 100% testad in production.

Mote 5: Design Limits are gquanantsed {but not 100% production ested) over the indicated temperatune and supply volage ranges. These limits are nat used o
calculaie xitgoing quakity levels,

Notas 8: Specliications in bokiface spply over the full rated temperature rangs.

Mols 7: Accumcy |s definad as the amror between the oulput voltage and 10mv"C fimes the device's caga temperature, ai specifisd condiions of vallaga, currei,
and temparaung (expressad in "C).

Note B: Nonlineartty |s defined as tha daviation of the oulpui-voRage-versus-ismperature curva from the best-fit straight ina, ovar the device's rated temperature
ange.

Mote 8: Quisscent curment is defined in the circuit of Figure 7.

Note 10: Absolute Maximum Retinga indicate kmhs bayond which damage 1o the device may occwr. DC and AC alactsical apecifications do nat apply when operating
thve device bayond it mted opsrating conditions. Ses MNote 1.

Nole 14: Human body model, 100 pF discharged through a 1.5 ki2 msistor.

Note 12: Ses AN-450 “Surface Mounting Methods and Their Effect an Product Reliabillty” or the section titted “Surface Mount™ found in 8 curment Mationsd
Sermicanducior Linear Data Book for other methods of soidering surface mount devices.
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Typical Performance Characteristics

Thermal Resistance
Junction to Air
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LM35

Typical Performance Characteristics (continued)

Noise Voltage

H2)

NOISE {nY

FREQUENCY (Kz)

Applications

The LM35 can be applied easily in the same way as other
inlagraled-circuil temperature sensors. it can be glued or
cemented to a surface and its lemperature will be within
about 0.01°C of the surface temperature.

This presumes that the ambient air temperaturs is almost the
same as the surface temperature; if the air temperature were
much higher or lower than the surface tempereture, the
actual temperature of the LM35 die would be at an interme-
diale lemperature between the surface temperature and the
air temperature. This is expecially true for the TO-92 plastic
package, where tha copper laads are the principal thermal
path to carry haat inlo tha davica, so ils tampereture might
ba claser lo the air temperature than to the surface tempera-
tura,

To minimize this problem, be sure that the wiring to the
LM335, as il leaves the device, is held at the same tempera-
ture as the surface of inlerest. The easiest way 1o do this is
lo cover up thesa wires with a bead of epoxy which will
insure that the leads and wires are all at the same tempera-
ture as the surface, and that the LM35 die's temperature will
not be affected by the air temperature.

Start-Up Response

§
4

2

Vg (¥

[
2.6

0.4

e
0.2 ¥/

T

9 1 20 30 40 50 &0

Yoyr (V)

TIME {microssacnde)
Daoimate-as

The TO-46 metal package can also be soldered to a metai
surface or pipe without damage. Of course, in that case the
V¥~ terminal of the circuil will be grounded to that metal,
Allemnatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped into a bath or scrawed
into a threaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuils must be kept insulated and
dry, o avoid leakage and corrosion. This is espaciaily true if
the circuit may operate at cold temperatures whers conden-
sation can occur. Printed-circuit coatings and vamishas such
as Humiseal and epoxy paints or dips are oflen used to
insure that moisture cannot corrade the LM35 or ils connec-
tions.

These devices are sometimes soldersd to a small
light-weight heat fin, io decrease he thermal time constant
and speed up the rasponse in slowly-moving air. On tha
othar hand, a small thermal mass may be added io the
sensor, to give the steadiest reading despiie small deviations
in the air tamperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,0,,)

TO-48, TO-48", TO82, TOQ, 304 SO TO-229
no heat amail heat fin no heat small hest fin no hast wmall heat fin no haat
sink nink wink Hnk
Stil air 400°CAw 100°CAw 180°CAY 140°CAW 220°COW 110°Cw B80CAw
Maowing alr 100°Cw 40°Gw WCMN TOCIW 105" CAN W°CW 26'Crw
SRl ot 100G 40'CwW «'CAN TOCrw
Stirred oil 50'ChY AWCh A5°CAN 40°CIW
(Cramped o matal,
Infinile heat sink) (24°CAW) (S5°CAW)

“Wakefield type 201, or 1" disc of 0.02(0" sheet brmss, soldered tn case, or similar.
“*T(-92 and 50-8 packagas giued and leads soldaned to 1° squars of 1/16™ printad circuft board with 2 oz foll or semitar.
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Typical Applications

+ ] HEAWY CAPRCITAVE LDAD, WIRNG, ETC.

*
L3y TO A NIGH-IMPEDANCE LOAD

D30eDs18-19

FIGURE 3. LM35 with Decoupling from Capacitive Load

r—-- P KEAVY CARCITIVE LOAD, WG, ETC.
: TR B & —
0.1 o8 Wy L
TN T~ = n
1
]
L........ ,rul'

DS005418-20

FIGURE 4. LM35 with R-C Damper

CAPACITIVE LOADS

Like most micropower circuits, the LM35 has a limited ability
to drive heavy capacilive loads. The LM35 by itself iz able to
drive 50 pf without special precautions. If heavier loads are
anticipated, it is easy lo isolate or decouple the load with a
resislor; see Figure 3. Or you can improve the tolerance of
capacitance with a series R-C damper from output to
ground; see Figure 4.

When the LM35 is epplied with a 2006} load resister as
shown in Figure 5, Figure 6or Figure 8it is relatively immune
to wiring capaciance bacause the capacilance forms a by-
pass from ground fo input, not on the output. However, as
with any linear circuit connected to wires in a hostile onvi-
ronmant, its parformance can be affected adversely by in-
tense elactromagnelic sourcas such as relays, radio lrans-
rmitlers, molors with arcing brushes, SCR transients, etc, as
its wiring can act as a raceiving antenna and its intemal
junctions cen act as rectifiers. For best results in such cases,
a bypass capacitor from V), to ground and a series R-C
damper such as 7542 in series with 0.2 or 1 uF from output to
ground are often useful. These are shown in Figure 13,
Figure 14, and Figure 16.

av

Your =10 s/ °C (Tawmenr +1°C)
FROM +2¢C TO +40°C

HEAY
Fing

OS0ss18-5

FIGURE 5. Two-Wire Remote Tomperature Sensor
{Grounded Sensor)

Y
of
ﬁ TWISTED PR
Vour =10 m¥/*C (Tasmany +1°E)
FROM +2°CTO +40*C
Y.
5%
OA 10x AHECSTAT
FOR QAN ABIURT

DSIOss18-4

FIGURE 8. Two-Wire Remote Temperature Sensor
{Output Referred to Ground)

+h

|

LN +

L1 L)
L]
0%

ANA
vyyw

DSO08518-7

FIGURE 7. Tamperatura Sensor, Single Supply, -55" to
+150°C

TWISTED PaR

Nyt == 10 @¥/*C (Tasspeeny + 10°C)
FROM —5°C o +40°C

S
> 1% 1%

=
= DSOOssTa-8

FIGURE 8. Two-Wire Remote Temperature Sensor
{Cutput Referred to Ground)

d— 50130

Lm3?

DS005516-9

FIGURE 9. 4-To-20 mA Current Source (0'C to +100°C)
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LM35

Typical Applications (Continued)

|
+¥s
(8V TO 20V) LM3s
]
A
L3S =
45,54
1%
nsomgﬂ-n
}E‘" FIGURE 11. Centigrade Thermometer (Analog Metar)
Vour =
+ 1.0 m¥/°F W
204k I
L3as-1.2 2 13 v
W 1.0 100 gA.
9 oW
FULL-SCALE
[
- DSO0S516-10 L3525 2.5k
FIGURE 10. Fahrenheit Thermometer
= - PRO0sE16-12
FIGURE 12. Fahrenhelt ThermometerExpanded Scale

Thermometer
{50" to 80" Fahrenheit, for Example Shown)

o

o
<
* :’ﬁ.!
- gut ] "
o - SER
REFS ADCORIN = ooy guTPyt
gl i
- 31

et CLOTK
LM386

m;['/i?{“ Lt DOARLE

L1y
DS00sa16-13

FIGURE 13. Tamperature To Digltal Converter (Serial Output) {+128'C Full Scale)

W
+ < 16k
ot " 5 PARALLEL
) DATA
ouTPyT
aND

ap
0500581614

FIGURE 14. Temperaturs To Digital Converter {Paraliel TRI-STATE™ Outputs for
Standard Data Bus to pP interface) {128°C Fuli Scale)
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Typical Applications (continued)

28
RN

*=1% or 2% film resistor
Trim Rp for Vp=3.075V
Trim R¢ for Vg =1.958V
Trim Ry, for Va=0.075V + 100mV/C % Tampiem
Exampia, V,=2.2T5V at 22°'C
FIGURE 15. Bar-Graph Temperature Display (Dot Mode)

108k
Lm38 VWA
G0
0.01 uF

0500351815

FIGURE 16. LM35 With Voltage-To-Frequency Converter And Igolated Output
{2°C to +150°C; 20 Hz to 1500 Hz)
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LMm35

Block Diagram

1.8 Wripr
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VY

AR

l ?,,

OS003516-23
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Physical Dimensions inches (miimeters) unless atherwise noted

| 0.209-0.214
5.308-5.563)
| 0.178-0.135
SEATING 4.521-4.853)
FLANE T 0.080 — 0.106
0.025 {2.032 - 2.687)
{0.635) { 0500
UNCONTAOLLED — iz N
LEAD OIA S A
0.016-0.018 ___I F 0.630
{0.406-6.483) (0.762)
DIATYP MAX
| , aioe
ryp 1050 2580}
{1.21)
0.035-0.048 0.028-0.048
91, m)\/{ B\ 0.111-1.219)
HIH (REY C}

TO-48 Metal Can Package (H)
Order Number LM35H, LM3SAH, LM35CH,
LM3SCAH, or LM35DH
NS Package Number HO3H

.88 -0.147

(48005088} |

TEE
"'p

5.0 ypy
{D. 254}

FW L)
1

LEAD ND. 1:
10ENT

4

HH:Ti

T
o

S0-8 Molded Small Qutfine Package (M)
Order Numbear LM3SDM
NS Package Number MOSA

1500187
™ e
TYITIY . P P (:‘2:::':,
(a.2s4--0.5 g‘ t b NAXTYP T 0,904 - 0.010
ALL LEADS E1wr—0.784)
I 1 P =7 o
Y. —f ? § * PLANE
9.008-0.0%0 m(m" - {:.g] | 0140928 g
VP L Lo 10.008—1.770) T 60500
TYPALL LEAGS ll.m)‘" - A (REY M)
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LM35

Physical Dimensions inches (milimeters) unless otharwise noted {Continued)

”l/‘\ /\::’*([xs.uia_m])—j

0.525-0.555

‘24‘32%3?}_ //‘ ! ’

£.240-0.260
"i l6.10-6.60] [ 330-0.350
0.160-0.120 [8.38-8.89]
[2.54-3.05]
0.080-0.075 0.149-0.153
(1.52-1.91] 1" “i 7~ [3.78-1.89] £.190-0.210
f Vi 0.090-0.110 [4.83-5.33] |
} 'E”“ [2.29-2.78]
L mrra—iiit et
0.400 49-50 = - - 3 o
-1.045
[10.16 1332 { ' / - m—r——— ¥
’ +0.013 | p— )
0.388 _q 004 i l
+0.18 i e =
[9.86 2 5
i - 0.048-0.055 1, 1
i [1.22-1.40]
0.045-0.055 0.130-0.160
RS “PXL*L en | e
0.001=0.007 PIN #1 D R
l0.25-0.178}" " 1.005-1.035 _ |
' ’ {25.53-26.29}

+G.007

1— 0.015 _g.00
+h.18
¥ (038 gl

}

0.048- nusz
{1.22-1.32]

TAPERED SIOES 1©

4“' \— SEATIHG PLANE

Do..sn

Power Package T0-220 (T}
Order Number LM35DT
N8 Package Number TAO3F

[ oo 230

-0,25
“'57 -0.58

TADIF (REV A)
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Physical Dimensions inches (milimelers) unless otherwise noted (Continued)

5.2 4,19
4.7 3.83

EJECTIOW MARN
1.6 MaX
G.38 NAX

-~
o

/—SEAT ING PLANE

2.29 MAX
(UNCONTROLLED LEAD DIA)

—rw

i)
0.35 ryp ] le

0.40 4|L~0.50
1.27206.05 038
—2.5420.1

g8 DIMENSIONS ARE IN MILLIMETERS

TO-32 Plastic Package (Z)
Order Number LM3I5CZ, LM35CAZ or LM35DZ
NS Package Number Z03A

LIFE SUPPORT POLICY

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

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systemns which, {a) are intended for surgical implant support device or system whose failure to perform
into the body, or (b} support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectivaness.

iabeling, can be ressonably expected Io result in a
significant injury to the user.

Hational Ssmiconductor Mations! Semiconductor National Ssmiconductor MNational Semiconductor
Corporation Europe Aala Paclfic Customaer Japan Ld.
Americas Fax. +49 {0} 180-530 85 88 Rasponse Group Tet: 81-3-5830-7560
Tal: 1-800-272-8650 Emall; ewrope.sLpportgnsc.com Tal: 65-2544486 Fax: B1-3-5630-750T
Fax: 1-800-737-7018 Deulach Tel: +48 {0) 69 0508 6208 Fax: 65-2504488
Emall: supportg@nsc.com Englisn  Tel: +44 (1) 870 24 0 217t Ema¥. ap supportgnec.com

www.national.com Francais Tei: +33 (0) 1 41 91 87890

Heioral doet not assuma any responsibity for use of any circulry described, no circuit patard Hicarses sre knpliad andt Netionai rrserves the righl al By time wilbeu notice to change said cirulry and spechications.
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