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ABSTRACT

In present, Wireless communication system is used in process control of industries. This
thesis present application of wireless communication system in transmission temperature value of
operating machine.

This thesis consist one master and three slave. In part of slave, Which measure
temperature value and transmit value to master part. Then master part will demonstrate and record

temperature value at other time with Visual Basic 6 program.
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Byte Byte
Address Bit Address Address Bit Address
7F FF
General Fo [F7|F6|Fs|Fa|F3|F2|F1]Fo| B
Purpose
RAM
EQ |[E7|E6{E5|E4|E3|E2|E1{EO0| ACC
30
2F |TF|TE[TDIC[7B[1A|79|78 DO |D7|D6|D5[D4D3|D2| - [DOf PSW
2E |77|76|75|74173|72|71|70
2D |6F|6E|6D|6C|6B|6A[69 |68 peho il BO{BBBABng P
2C |67]66(65(64 6362|6160
Bit-address 2B |SF|SESD|SC|SBI5A|59|58 BO |B7|B6(B5|B4[B3|B2|B1|BO| P3
~—g—
Ebcation 2A |57|56(55|54153(52(51|50
28 |47146|45|44 143142 (41 (40
27 |3F|3E{3D|3C|3B[3A[39|38
B 2 A0 [A7|A6|AS5|A4|A3|A2|A1|AO| P2
26 137136|35(34|33132(31(30
25 |2F|2E[2D]2C|2B[2A (2928 99 3 ip W SBUF
23 [1F|1E|ID|IC|IB|1A|19(18
21 |OF|OE(OD|0C{OB0A|09]08
\ 20 07]06{05(04(03]02]01|00 8D Not Bit Address THI1
1F 8C Not Bit Address THO
BANK 3 8B Not Bit Address TL1
18 8A Not Bit Address TLO
17 89 Not Bit Address TMOD
BANK 2
88 [8F|8E[8D[8C[8B[8A[89]88| TCON
10 87 Not Bit Address PCON
OF
BANK 1 83 Not Bit Address DPH
08 82 Not Bit Address DPL
07 Default Register 81 Mot Bit Addrese SP
- Bank for RO-R7 8087|86/85(84/83(82[81|80| PO
RAM Special Function Registers

4 o 1 1 o :II J a
ﬂ1Wﬁ 3.24 @]'ILL'V]u@ﬂlﬂﬂﬁu')ﬂﬂ'ﬂiﬁnﬂ@“u‘ﬂhl‘UG]LLﬁﬁLL'U‘U‘UGI
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591 ’e);cluﬂfju Special Function Register ﬁﬂdfil

1) Program Status Word

Hameiiiitunde 9 41 psw azedludumis Dol Faamnsodhiadeynszauia
"lﬁ’Tﬂa?%ﬁmaé{f:ﬁmflucﬁ”mﬂﬂam’;:quﬂmﬂﬂmﬂauImmaa{mmwmﬂmaaue\'azﬁﬁ

wane lAaan1s1an 3.7

d‘ a Y
AN 3.7 YALASHUINAN 9 1u PSW

ey |:AC FO RSI RS2 ov E P
fin | Foa AU UMY
PSW.7 CY D7H Carry Flag
PSW.6 AC D6H Auxiliary Carry Flag
PSW.5 FO DSH Flag 0
PSW.4 RSI D4H AT UIADN Register Bank 1
PSW.3 RS0 D3H IAd1M5UIADN Register Bank 0

00 = Bank 0 ; Address 00H - 07H
01 = Bank 1 ; Address 08H - OFH
10 = Bank 2 ; Address 10H - 17H
11 = Bank 3 ; Address 18H - 1FH

PSW.2 ov D2H Overflow Flag
PSW.1 B DIH Reserved
PSW.0 P DOH Even Parity Flag

- urlan@Ina Carry Flag (CF)

a Y a A a dy = o = o a o a

mﬁrflumm 7 Y99 PSW ’UG]'L!%SNﬂ’NlﬁﬁWﬂﬂJ‘H1ﬂllﬂ1'§ﬂ§$‘1’ﬂ‘ﬂ'lx‘lﬂmﬁﬁ1ﬁ§liIﬂEJ‘Uﬁ
dy d' a a d‘ o A d'l a A a ::; 4’1 a
1Y Set WDNANITNAVDILAN 7 YUENINITUIN KID Set LUBDLNANITUUUDIUAN 7 LUBLNANIT
aulay

1 “ I~ a ;q

ﬂﬂu Accumulator %ztﬂaﬂmﬂu 00H uagun CY 6I‘Ll PSW HNYAUDNIINUUA CY

2 P v g a P a
au1solasly "Boolean Accumulator” 1éda01958n 181U senmosvuna 1 a'ld
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- uNanAIIINA Auxiliary Carry Flag
WoUMTUINUUY Binary-Code-Decimal (BCD) S Auxiliary Carry Flag (AC) Y50
a o 1 A = a A a o A 9 . s '
Tadrionavzgn Set ioimsnanindan 311/Tah 4 ¥ty Lower Nibble UM13ENIN
' k4 1
0AH- OFH ({99913 BCD fiiian Idunadigaun 9 dminiimsuanmuuuy BCD vzdoeny
#2019 DAA (Decimal Adjust Accumulator) teUSuAniAuAY 9 Tasuaniay 6 191 11z
S| @ ~ a
Tilusva BCD funumagudula
4 <
-unanfud Flag 011U Flag
WRlFaunsaldaum 1d
a aa J 4
R SR O R HISING (Register Bank Select Bits)
! ' a a ()
aui ldmsraudahlu Mcs-s1 wliyastameseg 4 gativziion i lauendin
wzimualdluda RS11Az RS2 499 PSW 1z Clear A101BIZUUQNTIYA
o [
- uvlanlonos 1Wad Overflow Flag
@ o a o a o e
uvlan OV 939 Set NAIINNTZMNWAUANTATUAANA Overflow ABIIUIUNIAA
A 7 (ol ke - - A o < YA ' A9 '
1nmMsuInusemsavdiauiunnnswan ludazitu 1y Idasuinndi +128 nietiesndn -128
a Q;’ 4 'S
-UAN1IA (Parity Bit)
ad’la < a ' qqy aa d £ [ o
wisada () iudaiuenA1nIsAu05 61703 Accumulator H90191JUAINTIVEO
vy ) y al vk e e 2 (o
ANNYNABIVBITOYA 1A IntazirAL0IATYTYNAUHATNIAATUAL Accumulator
a d
2) Jdames B (B Register)
aa J 1 o 1 ' o ¥ I aa o
39am05 B ogludwmiis FoH vesmisanuddeyameluy usimeeifiaunso
@ o aa Jd 3 @ a 4 ] o o w
11U 18 Tae 1153 ameitiaz l9gamsensnusvmaes Accumulator 15UN13YIIATE

& g a v Jay Y = a 2 aa 4 I 1
MUL AB %QLﬂUﬂTiﬂmLLUU 8 UWIWUWﬁaW‘ﬁﬂVlﬂﬁ]&’MSIJHTQ 16 U FITIAHDT A 9SINUAT 8

'
a o

a 4 < 1 a ) s o o o 1
find uaz3vanes B wwinum 8 Tags dmsumsms laesmsiade DIV AB Taga1lu A 1z
] v Ay Y o Y Aa o 3 og 3
9AM3IAIe B wadnth Idezguinu13lu S3ames AB Tau B amiaua1 8 Uadwaz A aiius1
a aa 4 c? 9y KX 9 v a 9 o ] a A o v
8 dnge S3maes B Hewnaditdoyaluszaviald Tavdumisvesdanodumniis FoH
=4
9 F7H
3) s?h‘dumma (Stack Pointer)
? g aa o a 1o 1 P=1 1 9
Stack Pointer (SP) (Husdenaasuuia 8 i egdwmis s1H ms@eounudlyly
v Vv Vv ' Y
Auniad SP Fogil 5un11 "Pushing” A1MTUMIOINAIN SP 0 500 T "Popping” A1V SP
e L ~ = Y DAL 9 %
iy nianouazilvudeyansll nazszanamialies udeynoenuiudls vin
Y Yt a < A ea 1 a ' ~
TsunsusiiR1de CALL sz l¥s53amesguantinumdumuaanyse ldsunsy (PC) neunag
° 1 y ° ' < Y ' @ a al
1 1sunsudenierildsunsugeasaudrazauamluauanliny PC awdy Tagdnaa

PC vzimualdeglu RAM molu
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[ o ' 1 o
fldfuwes 8031, 8051 azfumauanld 32 byte WI1ENUIANUTIVDY RAM
IQ,’ d‘ \ o S 1 Y é ‘Q' { o )
amelusgFugah 7FH udisimuald sp Hdwiny sFH deezsuldaunidunia 60H
' ) I~ £ < 1w P
81110 MCS-51 n3i@ A1 SP azgniimuauly 07H $99giu U Register Bank 1
v v
BIMINUNDDALVUUY 2@ 0314 Register Bank 1 A28A5/1MUAR SP 1donoU
a d
4) S3e1m03 Data Pointor (DPTR)
a o H o o I~ o ) ] o
?fuamasﬁ“l%’amsmﬂum%msmuaﬁmﬂﬂsmsw?a%’agaiuwmﬂmmm Tauiilu
Aa 4 a £ Y Aa 4 v A ) VoA I <
SPmmesuuin 16 n FeUsenoudle3idnes 2 A2 Av DPL @unuan 82H laoAuilu 8
ale ° 1 4 <4 1 a aa
Iadwag DPH @wnuan 83H lagazinua 8 g EiTmmeiRaroadiings sy
I aa 4 a
A UIIAADT 16 1
a J J
5) FameINeIA (Port Registers)
' J U 1 o [
T MCS-51 AueIneinIznInede Amvasnlonnus e mindeansdideyasen
- 4 == (=1 9 o 1 o’/ o o 4 ;’f [ (Y] 1
Tihmesa  Nisaadoudeyaliinuisanuidmumimnesainuey  uazdmInezen
o I A 1 1 ° A 1 o 4 o’: [l
F0YANNNOIA mwmmum%mmammmmammm‘ﬁwamuuag T MCS-51 #ein 0

L=

azoyfid M 80H , Wodn 1 1agiiduiniia 90H , Wosn 2 azagfidmmiia AOH uazwosn 3
=1 Y a 1

25 OYTIR UMY BOH W3 0 , 2 A 3 Taova liidaoz 1019 Sriimsfadefumionnut
mouonns ol unwosafieY (@Y Interrupts , Serial Port 4a4) lagyUnaudiazldwesa 1 luns
AndefugUnsainouenwesanamasacuisadedeyaluszaudala

6) '%%ama%nm (Timer Registers)

Ty MCs-51 twes 8051 wii3sanesAldiuiassunavua 16 9 2 3o Timer 0
ogfidms SAH oz 8CH lavdiuniia 8AH vunefia TLO Fouzdu 8 lude uaz scH
et 8 ludga THO F3emesdndafie Timer 1 Taouriuilu TLI1 ogh idwmila sBH lud
waz THI egfidumis 8DH Wuludge m1s1d Timer szdmusramluisames TMOD
(Timer / Counter Mode Control Register) c?e%zaejﬁéiumﬂa 88H

7) 33eIABINOIMBYYNIH (Serial Port Registers)

MCS-51 iinosadoaseynsy (Serial Port) ogmeluFwdsannsnoziumiods

oA lnufnderisi a0 SBUF (Serial Data Buffer) 90gfidiumiia 990 Tasddosnis
dadoy azmuauﬂsuimwum@ua"lﬂmﬂam@iu #1 Serial Port #1130 Tsunsuldhauld
4 Tnua TaoTusunsurusanos SCON (Serial Port Control Register) $141144 98H

8) %aﬁ!ﬂ’e)id?)umﬁg%lwﬁ (Interrupt Port Registers)

MCS-51 @1150 Interrupt 19 5 A Iaodl 2 - Priority #7 Interrupt ﬂy‘ﬂzgﬂ Disable
WM IINTTUVYASITA LAZ1E Enabled A nToudoya 173 mand IE nSofumis AsH

o w o w Aaa J o '
SwuanudRymusan lansimnes IP viedum1e BSH
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9) Power Control Register (PCON)

'
't o ]

a 4 o ' 7
S3ames PCON ogiidwnis 87H ldmgamsiianmuues Mcs-51 lasagngannsdoyaiu

U o

a Y o Yy ' =) = dytv @
wiimIdszuy flddoyan 4 melu Mcs-51 Tulimswasulasuenaniifeaandsam

WA MCS-51 asde
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MIvBNUULNaTMITINMIIngangiisaz aatoyanuylsme

o v =
4.1 Todin199ugaumgi DS1820 nazpaaniAmamaiinvesszuuwiisans
[ 2 dy e a J 15
medyyisvussyunuunismeissidumedyananuudesiiamaadoyafos
a a d o AR s d
ansaaume ld ludiamadolaiglnselnmaesse lulasnouInsames drugdasaifiv
A a o a s s S v W a v @
auadl Ao leFasrnivgungll gunssimammeswziiudadamsouanuniouvesaoduanauny
14 k4
AUt eneadoyauudedyaaiy - Jeyanamua lidesiudeyaniuguniedeyald

' [ A (- 9 s dy:: v o s 4
QTU%%QﬂﬁQUuﬂwﬂiyﬂ[lﬂmil’ﬂgL‘WENLﬁumU’J‘L!‘VN‘Villﬂ1145251’1’J'\Qﬂ'lﬁ“ﬂN"IWll@\iQﬂﬂiﬂliﬂﬂLﬂﬂi

9’3 Qs iy v o 3 T A o o z
wazean mmaﬂLﬂu"lﬂmmmuazmm amagﬂmqau"lfumsmammmqﬂmmiummxuu

ua d o
4.2 nauauiinved Inladen
t4 3 d v A o & dy o a aa
ginsalmmneszifuginsalifisdufsrvuszufanilsaeiiannsadinmsduiiFen
o Y ¢ ¢ ol o A 9 ¢ o v o q 9 o

medyanld lasginsaluranes seuiiagasuduves Indadendrom i I e dyann
ﬂ N ' 2 3 g o 9 ﬂ a 9 4 Ay I
Wuasvndi lugnnamiie nniufzildnduuiiluasings dminginselauaniideamsds
v o @ ¢ < o o ' s 4
Yoyadglnsalinames  gunsalauaraziiludiniuguanzuesmedyanune luas iy

AITUIUNIT

| 480-960 luTlns3u19

Cs <o v o a o
gunsalnmmesinliitluaeindm gunsalumaeiviildifiuaedngae

% Siye oy Sz ADUSU

15-60 luIns3uln - . { s
gunsalauaniildiiuaedndr  gunsalauanilWiduae

INY

| 1 60-120 luTas3uid
1 I il

Y

~ ¢ o = [ L4 @ £
HNNN 4.1 ‘lﬂllﬁﬂﬂﬂ‘ll'ENﬂ']iiL“ﬁﬂllﬁ&’ﬂ'ﬁﬂﬂﬂiﬂﬂﬂﬂ@ﬂﬂﬁmﬂu53ﬂﬂﬂﬁﬂuﬁﬁ’]ﬂ

s ¢ o ° '3 % o 7’
Henduves Indadeanimua lavgunssiunamesiaeiu 4 Hansune Indadenvos

M5313A (RESET),Mye1mdeya (READ DATA),MsiWoudoya “1” (WRITE ONE)uasnsidon
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Y

a A a [ Y t4 a Jd

Joya “0” (WRITE ZERO) InmiadensiwaldlumsiSududanenruginseiauanluvasilng
[} J 9 o @ J 9 a1 4 I d oY = )

adenmso wlddmiunmsemdeyandunnnglnsalauad  dalndafoamsdeudeya

) [ [ 4 J [
“1” uaz “0” IydmSudoudoya lidsgunselauainuamsdayanauvesszuy

+5v
4k7
gunsal T T
4
Lines gulnsal gilnsal gilnsal
aadl #1 o #2 mawl #3

! .

$ 4 i\ L4 A
.ﬂ]Wﬁ 4.2 ﬂTiL‘?@Nﬂ@Uui&’UUUﬁﬂUQﬁTU

o o 6 4 =1 la’l’ Qy o [
HanduvesIndadeniismualavginselauanogisdu 3 fedsudreiufe Tniladon
YBIN1IABUAUBY (PRESENCE), msieudeya “17 (WRITE ONE) uazmsilvudoya <o
o [ a 1 4
(WRITE ZERO) Imiadenvesmsaovauslddmiuneuausimsfndennginssiinmans

v
I @ [ =

s 9 Yo g ' s v
gunsalauanldsumsAnnesinglnsalniames seansdesdyanunouaussmodyaiauie
9 Y '3 o [ dy a [ Y Y (] d o = 9
uﬁnﬁlﬂqﬂﬂsmmﬁmaimmm ‘Uﬂ!guﬁ']il']iﬂﬂﬂﬂﬂﬂuulﬂlmﬁ mu'lﬂmraamm'mmmmgﬁ it
Yo w 1 Y o '3 S o & v o Jdu ¢
wag “0” lddmiudadoyalilisginsslunamesiumodyanavesszuy Feesduusivlng
24 T £ L4 4
ﬁa'E)ﬂﬂ"li@'lu‘ll@yﬂ‘llf)@@ﬂﬂiiuiJ'lﬁm'ﬂ‘J
7w 1 ) Y a
ﬂ']iuﬂﬂlw%wQﬂ‘Ifu‘l]ﬂﬁuﬂﬁgvl'ﬂllﬁﬁ'ﬂfﬂﬂ$1°11ﬂ’J’ISJfJ'YJ‘UE)Qﬂ']‘lll'lﬁ'lllazaﬂ‘hlmgﬂl@\igﬂ
[ @ o :II sa a Py 9 o 9 [ (] 1
dyanadudsmuanaesiilinandounlas fesFudesildmedaanaegluangie

A o @ a ] < a
vedsiemsh Ifaedyananiiuasingeedidesiiunar 1 lulasiui

d o =
4.3 TmladenmsstsauazmsneUaes
d o a a @ 4 1 o
gUnselnmaeshldifemsSmauuamedygroieudwngunsalauanlaenisild
medyyrauiluaeindeiowdnieoadiunat 480 lulasiudl uazezdesinldmedyana

@ ’dj a a = [ 3 Y A 4 1 v o =}
naunuiuasdnganelu 480 Tulasini nasnniudlgunseiauanhosguuaidayanansd
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mIneuaueIdyaaEITANUAIUTyauAOUAUeY  (PRESENCE) lasmsvhldaodayana

g o o

A

iluasdndideriioauiuiszum 60-240 lulasiundl ndsndaanasalsngiszua 15-60

TuTns3um

U a a
}47 60-120 Tulas i

v—  enchnawesilhiduaeing

l v— anstinamesiiduaedngs

|/ einssinanesazin

1 1 dy ‘]J 4 wy °
Mo lugnnmi UNTINANADIM

Tifuaedingamdmnds

| 1-15

#

I

l ihuaedni haUnsaimaridedoya 0"

ihuae3ngs gUnsaleavidedoya 1

45 Wiasunii Joyansuuda

| TulasTundi

A ¢ v 7 o & o ¢ g a Y
MNN 4.3 bl'mJﬁﬂ@ﬂﬂ'li’é)'m‘Uﬂgﬁﬂlﬂﬂﬂqﬂﬂimu'lﬁm@ﬁ mmaﬂu'lwuﬁaaﬂmswamaymm

ginsalaia

d o y £ dJ 3 = Y d

4.4 Inlardenmserndeyaginsahinamesuasmaauteyavesginsaiaual
Y ' ¢ ¢ ¢ o o a o
iiedesntseudeyavinglnsalaua  gunselmammeszhldasdygouiuasing
a = n’: v 3 9 @ a £ A 4
Yszmnm 1-15 Tulasdwdl  sniludeshldaouzvesmendunuiiuaeings  Fsfigulnsel

v [ o o o o Y
auavszdedoyaundeglnsalinanes Tavdrdeyaidlu  «0”  gulnsalauanezvi limodoyana
v E
dluaedndmmnlszane 45 Tulasduni udwihldeedyapandumngannzasingsdnass
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sau luAu 120 Tulasuni Tuvasngdnsaiinamesazldnalunsemdeyasgsznia 15 uag

a = [ a Jd tiy { @ 1
60 TuTas3unii ndwwnGuduIndadenil lugin 4.3 uansgildyanauves Indadoamsarude-
Cs s & A [ a E C4 d o 3 a d?
yavesglnsalmnames Funleuiumsieudeyavesginsalauanuas Indadenisaeunady

' o ' 4 t4 ol ts I °
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d o = Y d d
4.5 Iniadenmsiaudoyavewnilnsalinanes
A J J a 9 Jd 4 o 9 o a o
iieginssinamesdesmsdoudeyaginselmaneszi lfaodyanauiiuasdng
a = 3 vy o £y o a Y o A =
Uszma 1-15 luTasiuni aimiudessildaauzvesmenduuiluasingudaduiuns@ou
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MC145026/D

Encoder and Decoder Pairs
CMOS

These devices are designed to be used as encoder/decoder pairs in remote
control applications.

The MC145026 encodes nine lines of information and serially sends this
information upon receipt of a transmit enable (TE) signal. The nine lines may be
encoded with trinary data (low, high, or open) or binary data (low or high). The
words are transmitted twice per encoding sequence to increase security.

The MC145027 decoder receives the serial stream and interprets five of the
trinary digits as an address code. Thus, 243 addresses are possible. If binary
data is used at the encoder, 32 addresses are possible. The remaining serial
information is interpreted as four bits of binary data. The valid transmission (VT)
output goes high on the MC145027 when two conditions are met. First, two
addresses must be consecutively received (in one encoding sequence) which
both match the local address. Second, the 4 bits of data must match the last

MC145026
MC145027
MC145028

N P SUFFIX
1{ PLASTIC DIP
CASE 648
16
1

valid data received. The active VT indicates that the information at the Data ’ D SUFFIX
output pins has been updated. 16\ SOG PACKAGE
The MC145028 decoder treats all nine trinary digits as an address which CASE 7518
allows 19,683 codes. If binary data is encoded, 512 codes are possible. The VT i
output goes high on the MC145028 when two addresses are consecutively
received (in one encoding sequence) which both match the local address. DW SUFFEIX
o Operating Temperature Range: — 40 to + 85°C i SOG PACKAGE
 Very—Low Standby Current for the Encoder: 300 nA Maximum @ 25°C CASE 751G
e Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators Y
e RC Oscillator, No Crystal Required
¢ High External Component Tolerance; Can Use + 5% Components ORDERING INFORMATION
o Internal Power—On Reset Forces All Decoder Outputs Low MC145026P Plastic DIP
 Operating Voltage Range: MC145026 = 2.5 to 18 V* MC145026D SOG Package
MC 145027, MC145028 =4.5to 18 V MC145027P Plastic DIP
e For Infrared Applications, See Application Note AN1016/D b Rl SOG Fackage
MC145028P Plastic DIP
MC145028DW SOG Package
PIN ASSIGNMENTS
MC145026 MC145027 MC145028
ENCODER DECODERS DECODERS
Al 1e 16 ] Vpp A 1e 16 [ Vpp Atl}1e 16 1 Vpp
A2(] 2 15 [J Doyt A2[] 2 15 [] D6 A2} 2 15 [ A6
A3l] 3 14 J TE Al 3 14 07 Al 3 14 [] A7
A4l 4 13 [ Rrc A4l 4 13 (] D8 A4 (] 4 130 A8
A5 (] 5 12 Crc A5 s 121 D9 A5 [ 5 12 [] A9
A6/D6 [] 6 11 ] Rg Ri [ 6 ngvr R 6 1npvr
A7 [ 7 10 [J A9/D9 ¢ 7 10 [J Ro/Cy ci 7 10 [J Ro/Cy
vss [ 8 9 [ As/D8 vss [ 8 9 o, vss [ 8 90 oj,
REV 3

1/98

© Motorola, Inc. 1998
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Figure 3. MC145028 Decoder Block Diagram

MAXIMUM RATINGS* (Voltages Referenced to Vgsg)

* Maximum Ratings are those values beyond which damage to the device may occur. Func-
tional operation should be restricted to the limits in the Electrical Characteristics tables or
Pin Descriptions section.

Rating Symbol Value Unit This dev.ice contains protection gircuitry Fo
guard against damage due to high static
Vpp DC Supply Voltage (except SC41343, -05to+18 \ voltages or electric fields. However, precau-
SC41344) tions must be taken to avoid applications of any
VDD | DC Supply Voltage (SC41343, SC41344 | - 0.5t0 + 10 v Noreeey oy Baxngn rated vollages
| to this high-impedance circuit. For proper
only) operation, Vi, and Vgt should be constrained
Vin DC Input Voltage -0.5t0Vpp +0.5 to the range Vs < (Vin or Vout) < VDD-
Vout DC Output Voltage -05toVpp +0.5
lin DC Input Current, per Pin +10 mA
lout DC Output Current, per Pin +10 mA
Pb Power Dissipation, per Package 500 mW
Tstg Storage Temperature —-65to+ 150 °C
T Lead Temperature, 1 mm from Case for 260 °C
10 Seconds

MOTOROLA WIRELESS SEMICONDUCTOR
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ELECTRICAL CHARACTERISTICS — MC145026*, MC145027, and MC145028 (Voltage Referenced to Vss)

Guaranteed Limit
—40°C 25°C 85°C
VbD
Symbol Characteristic \ Min Max Min Max Min Max Unit
VoL Low-Level Output Voltage (Vin=Vppor0)| 5.0 = 0.05 — 0.05 — 0.05 \
10 — 0.05 — 0.05 — 0.05
15 — 0.05 — 0.05 — 0.05
VOH High—Level Output Voltage (Vin=0o0rVpp) | 5.0 4.95 — 4.95 — 4.95 — \Y
10 9.95 — 9.95 — 9.95 —
15 14.95 — 14.95 — 14.95 —_
ViL Low-Level Input Voltage \
(Vout=4.50r0.5V) | 5.0 — 1:5 -— 1.5 — 115,
(Vout=9.00r1.0V) | 10 — 3.0 — 3.0 — 3.0
(Vout =13.50r1.5V) | 15 — 4.0 — 4.0 — 4.0
ViH High-Level Input Voltage \
(Vout=0.50r4.5V) | 5.0 3.5 — 3.5 — 3.5 —
(Vout=1.00r9.0V) | 10 7.0 — 7.0 — 7.0 —
(Vout=1.50r135V) | 15 1 — 1 - 1 —
IoH High—Level Output Current mA
(Vout=2.5V)| 5.0 -25 — -21 - -17 -
(Vout=4.6V)| 50 | -0.52 — -0.44 - -0.36 —
(Mout=9.5Vv) | 10 -1.3 — -1.1 — -09 —
. (Vout=13.5V) 15 -3.6 — -3.0 — -24 —
loL Low-Level Output Current mA
(Vout=0.4V) | 5.0 0.52 = 0.44 s 0.36 it
(Vout=0.5V) | 10 4.8 — Y — 0.9 —
(Mout=15V) | 15 3.6 — 3.0 — 24 -
lin Input Current — TE 5.0 — — 3.0 1 — — uA
(MC145026, Pull-Up Device) 10 — — 16 60 — —
15 — = 35 120 — -
lin Input Current 15 — +0.3 — +0.3 — +1.0 uA
Rg (MC145026), Dj, (MC145027, MC145028)
lin Input Current uA
A1 - A5, A6/D6 — A9/D9 (MC145026), 5.0 — — — +110 — —
A1 - A5 (MC145027), 10 — — — +500 — —
A1-A9 (MC145028) 15 — — — + 1000 — —
Cin Input Capacitance (Vin = 0) by — = - 7.5 = — pF
IbD Quiescent Current — MC 145026 5.0 — — — 0.1 — — uA
10 — — — 0.2 — —
15 — — — 0.3 — —
DD Quiescent Current — MC 145027, MC145028 5.0 — — — 50 — — pA
10 — — — 100 — —
15 — — — 150 — —
ldd Dynamic Supply Current —MC145026 5.0 — — — 200 — — nA
(fc = 20 kHz) 10 e —_ — 400 — —
15 — — — 600 — —
ldd Dynamic Supply Current — MC145027, MC145028 5.0 — — — 400 — — uA
(fc = 20 kHz) 10 — — — 800 — —
15 —_ —_ — 1200 — —_
* Also see next Electrical Characteristics table for 2.5 V specifications.
MC145026 MC145027 MC145028 MOTOROLA WIRELESS SEMICONDUCTOR
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ELECTRICAL CHARACTERISTICS — MC145026 (Voltage Referenced to Vsg)

Guaranteed Limit

—40°C 25°C 85°C
Vbb
Symbol Characteristic \ Min Max Min Max Min Max Unit
VoL Low-Level Output Voltage (Vihn=0VorVpp) | 25 — 0.05 e 0.05 — 0.05 \
VOH High—Level Output Voltage (Vin=0VorVpp) | 25 245 — 2.45 — 2.45 — \
ViL Low-Level Input Voltage (Vout=0.5Vor2.0V) | 25 — 0.3 — 0.3 — 0.3 \
VIH High-Level Input Voltage (Vout=0.5Vor2.0V)| 25 2:2 — 2.2 — 2.2 — \
IOH High-Level Output Current (Vout=1.25V) | 2.5 0.28 — 0.25 — 0.2 = mA
loL Low-Level Output Current (Vout=0.4V) | 25 0.22 — 0.2 = 0.16 — mA
lin Input Current (TE — Pull-Up Device) 2.5 = — 0.09 1.8 — — uA
lin Input Current (A1-A5, A6/D6-A9/D9) 2:5 — — — +25 — — pA
DD Quiescent Current 2.5 — — — 0.05 — o pA
ldd Dynamic Supply Current (fc = 20 kHz) 2.5 — — — 40 — — HA
SWITCHING CHARACTERISTICS — MC145026*, MC145027, and MC145028 (C|_ = 50 pF, Ta = 25°C)
: Guaranteed Limit
Figure
Symbol Characteristic No. Vpp Min Max Unit
tTLH, tTHL | Output Transition Time 4,8 5.0 — 200 ns
10 o~ 100
15 — 80
tr Din Rise Time — Decoders 5 5.0 ~— 15 us
10 — 15
15 — 15
t Djp, Fall Time — Decoders 5 5.0 g 15 s
10 i 5.0
15 — 4.0
fosc Encoder Clock Frequency 6 5.0 0.001 2.0 MHz
10 0.001 5.0
15 0.001 10
f Decoder Frequency — Referenced to Encoder Clock 12 5.0 120 240 kHz
10 1.0 410
16 1.0 450
tw TE Pulse Width — Encoders 7 5.0 65 = ns
10 30 -
15 20 —
* Also see next Switching Characteristics table for 2.5 V specifications.
SWITCHING CHARACTERISTICS — MC145026 (C|_ = 50 pF, Tp = 25°C)
i Guaranteed Limit
Figure
Symbol Characteristic No. Vpp Min Max Unit
tTLH, tTHL | Output Transition Time 4,8 25 — 450 ns
fosc Encoder Clock Freqdency 6 2:5 1.0 250 kHz
tw TE Pulse Width 7 2.5 1:5 — us
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MC145026 MC145027 MC145028
6

MOTOROLA WIRELESS SEMICONDUCTOR
SOLUTIONS DEVICE DATA



OPERATING CHARACTERISTICS

MC145026

The encoder serially transmits trinary data as defined by
the state of the A1 — A5 and A6/D6 — A9/D9 input pins. These
pins may be in either of three states (low, high, or open)
allowing 19,683 possible codes. The transmit sequence is
initiated by a low level on the TE input pin. Upon power—up,
the MC145026 can continuously transmit as long as TE
remains low (also, the device can transmit two—word
sequences by pulsing TE low). However, no MC145026
application should be designed to rely upon the first data
word transmitted immediately after power—up because this
word may be invalid. Between the two data words, no signal
is sent for three data periods (see Figure 10).

Each transmitted trinary digit is encoded into pulses (see
Figure 11). A logic O (low) is encoded as two consecutive
short pulses, a logic 1 (high) as two consecutive long pulses,
and an open (high impedance) as a long pulse followed by a
short pulse. The input state is determined by using a weak
“output” device to try to force each input high then low. If only
a high state results from the two tests, the input is assumed
to be hardwired to Vpp. If only a low state is obtained, the
input is assumed to be hardwired to Vgg. If both ahigh and a
low can be forced at an input, an open is assumed and is
encoded as such. The “high” and “low” levels are 70% and
30% of the supply voltage as shown in the Electrical Charac-
teristics table. The weak “output” device sinks/sources up to
110 uA at a 5 V supply level, 500 pA at 10 V, and 1 mA at
15 V.

The TE input has an internal pull-up device so that a sim-
ple switch may be used to force the input low. While TE is
high and the second—-word transmission has timed out, the
encoder is completely disabled, the oscillator is inhibited,
and the current drain is reduced to quiescent current. When
TE is brought low, the oscillator is started and the transmit
sequence begins. The inputs are then sequentially selected,
and determinations are made as to the input logic states.
This information is serially transmitted via the Doyt pin.

MC145027

This decoder receives the serial data from the encoder
and outputs the data, if it is valid. The transmitted data, con-
sisting of two identical words, is examined bit by bit during
reception. The first five trinary digits are assumed to be the
address. If the received address matches the local address,
the next four (data) bits are internally stored, but are not
transferred to the output data latch. As the second encoded
word is received, the address must again match. If a match
occurs, the new data bits are checKed against the previously
stored data bits. If the two nibbles of data (four bits each)
match, the data is transferred to the output data latch by VT
and remains until new data replaces it. At the same time, the
VT output pin is brought high and remains high until an error
is received or until no input signal is received for four data
periods (see Figure 10).

Although the address information may be encoded in tri-
nary, the data information must be either a 1 or 0. A trinary
(open) data line is decoded as a logic 1.

MC145028

This decoder operates in the same manner as the
MC145027 except that nine address lines are used and no
data output is available. The VT output is used to indicate
that a valid address has been received. For transmission
security, two identical transmitted words must be con-
secutively received before a VT output signal is issued.

The MC145028 allows 19,683 addresses when trinary lev-
els are used. 512 addresses are possible when binary levels
are used.

PIN DESCRIPTIONS

MC145026 ENCODER

A1 - A5, A6/D6 — A9/D9
Address, Address/Data Inputs (Pins 1 -7, 9, and 10)

These address/data inputs are encoded and the data is
sent serially from the encoder via the Doyt pin.

Rs, C1C, RTC
(Pins 11,12, and 13)

These pins are part of the oscillator section of the encoder
(see Figure 9).

If an external signal source is used instead of the internal
oscillator, it should be connected to the Rg inputand the RT¢
and CTc pins should be left open.

TE
Transmit Enable (Pin 14)

This active—low transmit enable input initiates transmis-
sion when forced low. An internal pull-up device keeps this
input normally high. The pull-up current is specified in the
Electrical Characteristics table.

Dout
Data Out (Pin 15)

This is the output of the encoder that serially presents the
encoded data word.

Vss
Negative Power Supply (Pin 8)

The most—negative supply potential. This pin is usually
ground.

VDD
Positive Power Supply (Pin 16)

The most—positive power supply pin.
MC145027 AND MC145028 DECODERS

A1—-A5 A1-A9
Address Inputs (Pins 1 — 5) — MC145027,
Address Inputs (Pins 1 -5, 15, 14, 13, 12) — MC145028

These are the local address inputs. The states of these
pins must match the appropriate encoder inputs for the VT
pin to go high. The local address may be encoded with tri-
nary or binary data.

D6 - D9
Data Outputs (Pins 15, 14, 13, 12) — MC145027 Only

These outputs present the binary information that is on
encoder inputs A6/D6 through A9/D9. Only binary data is

MOTOROLA WIRELESS SEMICONDUCTOR
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acknowledged; a trinary open at the MC145026 encoder is
decoded as a high level (logic 1).

Din
Data In (Pin 9)

This pin is the serial data input to the decoder. The input
voltage must be at CMOS logic levels. The signal source
driving this pin must be dc coupled.

R1, C1
Resistor 1, Capacitor 1 (Pins 6, 7)

As shown in Figures 2 and 3, these pins accept a resistor
and capacitor that are used to determine whether a narrow
pulse or wide pulse has been received. The time constant
R4 x C1 should be set to 1.72 encoder clock periods:

R1.C1=395RtCc CTC

R2/C2
Resistor 2/Capacitor 2 (Pin 10)

As shown in Figures 2 and 3, this pin accepts a resistor
and capacitor that are used to detect both the end of a
received word and the end of a transmission. The time
constant Ro x Co should be 33.5 encoder clock periods (four
data periods per Figure 11): Ro C2 =77 RTc C1c. This time

constant is used to determine whether the Djy pin has
remained low for four data periods (enc of transmission). A
separate on—chip comparator looks at the voltage—equiva-
lent twec data periods (0.4 R Cp) to detect the dead time be-
tween received words within a transmission.

VT
Valid Transmission Output (Pin 11)

This valid transmission output goes high after the second
word of an encoding sequence when the following conditions
are satisfied:

1.thereceived addresses of both words match the local de-
coder address, and
2.the received data bits of both words match.

VT remains high until either a mismatch is received or no

input signal is received for four data periods.

Vss
Negative Power Supply (Pin 8)

The most-negative supply potential. This pin is usually
ground.

VDD
Positive Power Supply (Pin 16)

" The most—positive power supply pin.

MC145026 MC145027 MC145028
8
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This oscillator operates at a frequency determined by the
external RC network; i.e.,

1

fi= e e (HZ) The value for Rg should be chosentobe > 2 times RTc. This range ensures
23R1CCTC that currentthrough Rg is insignificant compared to current through RTc. The
for 1 kHz < f < 400 kHz upperlimitfor Rg must ensure that Rg x 5 pF (input capacitance) is small com-
pared to Rtc x C1C.

where: CTc’=C1c + CIayout +12pF For frequencies outside the indicated range, the formula is less accurate.
Rs=2RTC The minimum recommended oscillation frequency of this circuitis 1 kHz. Sus-
Rg 220k ceptibility to externally induced noise signals may occur for frequencies below

Rtc =210k 1 kHz and/or when resistors utilized are greater than 1 MQ.

400 pF < CTc < 15 uF

Figure 9. Encoder Oscillator Information
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Figure 10. Timing Diagram
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Figure 11. Encoder Data Waveforms
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Figure 13. MC145027 Flowchart
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Figure 14. MC145028 Flowchart
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MC145027 AND MC145028 TIMING

To verify the MC145027 or MC145028 timing, check the
waveforms on C1 (Pin 7) and R2/C2 (Pin 10) as compared to
the incoming data waveform on Djp (Pin 9).

The R-C decay seen on C1 discharges down to 1/3 Vpp
before being reset to Vpp. This point of reset (labelled “DOS”
in Figure 15) is the point in time where the decision is made
whether the data seen on Djj is a 1 or 0. DOS should not be
too close to the Djn data edges or intermittent operation may
occeur.

The other timing to be checked on the MC145027 and
MC145028 is on R2/C2 (see Figure 16). The R-C decay is
continually reset to Vpp as data is being transmitted. Only
between words and after the end-of-transmission (EOT)
does R2/C2 decay significantly from Vpp. R2/C2 can be
used to identify the internal end—of-word (EOW) timing edge
which is generated when R2/C2 decays to 2/3 Vpp. The in-
ternal EOT timing edge occurs when R2/C2 decays to 1/3
Vpp. When the waveform is being observed, the R-C decay
should go down between the 2/3 and 1/3 Vpp levels, but not
too close to either level before data transmission on Dj,, re-
sumes.

Verification of the timing described above should ensure a
good match between the MC145026 transmitter and the
MC145027 and MC145028 receivers.

L2k (i e B W e
Din | |
l I
oV
VoD
ci 28 w
13 =
oV — 1 |
DOS DOS
Figure 15. R-C Decay on Pin 7 (C1)
EOW
|
Vbp - | 1
213=
RC2 o
oV :
EOT

Figure 16. R—C Decay on Pin 10 (R2/C2)
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= Y v,
= VoD E)D o
_|fL = o1 0.1uF i .
’| aF B Aty
= 14 16 = = 16
5 15 D Din 9 A29
TRINARY ; U _N— = - ; A“_‘ 5
ADDRESSES - : P iy
€
4 = : Mg ADDRESSES
[ ]
: MC145026 5 RTC = 71 mc14s027 ——-‘12 25
== 1 — D6
L 12 1161C 1: 4 b7 Gl
4BIT po7 [ 9 =] 13
BINARY 10 " 10 , 08
DATA A = 09
S VT
B R2 Z C2
Tt b 8
C1c’ = C1C * Clayout + 12 pF
TR 100 pF < CTC <15 uF S REPEAT OF ABOVE
0S¢~ 2 3RTCCTC RTC 210 kQ; Rg =2 RTg
R 210 kQ
R1C1=3.95RTcCTC C1 2400 pF REPEAT OF ABOVE
Rp > 100 kQ
R2C2 =77 RTcCT1C C2 2700 pF
Example R/C Values (All Resistors and Capacitors are + 5%)
(Ctc’=C1C + 20 pF)
fosc (kHz) | Rtc Crc Rs R4 Cq R C2
362 10k 120 pF 20 k 10k | 470pF | 100k | 910pF
181 10k 240 pF 20 k 10 k 910pF | 100k | 1800 pF
88.7 10k 490 pF 20 k 10k | 2000pF | 100k | 3900 pF
42.6 10k 1020 pF 20 k 10k | 3900pF | 100k | 7500 pF
21.5 10k 2020 pF 20 k 10k | 8200pF | 100k | 0.015uF
8.53 10k 5100 pF 20 k 10k | 0.02uF | 200k | 0.02uF
1.71 50 k 5100 pF 100 k 50k | 0.02uF | 200k | 0.1uF

Figure 17. Typical Application
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APPLICATIONS INFORMATION

INFRARED TRANSMITTER

In Figure 18, the MC145026 encoder is set to run at an os-
cillator frequency of about 4 to 9 kHz. Thus, the time required
for a complete two—word encoding sequence is about 20 to
40 ms. The data output from the encoder gates an RC oscil-
lator running at 50 kHz; the oscillator shown starts rapidly
enough to be used in this application. When the “send” but-
ton is not depressed, both the MC145026 and oscillator are
in a low—power standby state. The RC oscillator has to be
trimmed for 50 kHz and has some drawbacks for frequency
stability. A superior system uses a ceramic resonator oscilla-
tor running at 400 kHz. This oscillator feeds a divider as
shown in Figure 19. The unused inputs of the MC14011UB
must be grounded.

The MLED81 IRED is driven with the 50 kHz square wave
at about 200 to 300 mA to generate the carrier. If desired, two
IREDs wired in series can be used (see Application Note
AN1016 for more information). The bipolar IRED switch,
shown in Figure 18, offers two advantages over a FET. First,
a logic FET has too much gate capacitance for the
MC14011UB to drive without waveform distortion. Second,
the bipolar drive permits lower supply voltages, which are an
advantage in portable battery—powered applications.

The configuration shown in Figure 18 operates over a
supply range of 4.5 to 18 V. A low—voltage system which
operates down to 2.5 V could be realized if the oscillator sec-
tion of a MC74HC4060 is used in place of the MC14011UB.
The data output of the MC145026 is inverted and fed to the
RESET pin of the MC74HC4060. Alternately, the
MC74HCUO04 could be used for the oscillator.

Information on the MC14011UB is in book number
DL131/D. The MC74HCUO04 and MC74HC4060 are found in
book number DL129/D.

INFRARED RECEIVER

The receiver in Figure 20 couples an IR—sensitive diode to
input preamp A1, followed by band-pass amplifier A2 with a
gain of about 10. Limiting stage A3 follows, with an output of
about 800 mV p—p. The limited 50 kHz burst is detected by
comparator A4 that passes only positive pulses, and peak—

detected and filtered by a diode/RC network to extract the
data envelope from the burst. Comparator A5 boosts the sig-
nal to logic levels compatible with the MC145027/28 data
input. The Dj, pin of these decoders is a standard CMOS
high—impedance input which must not be allowed to float.
Therefore, direct coupling from A5 to the decoder input is
utilized.

Shielding should be used on at least A1 and A2, with good
ground and high—sensitivity circuit layout techniques applied.

For operation with supplies higher than + 5V, limiter Ad's
positive output swing needs to be limited to 3to 5 V. Thisis
accomplished via adding a zener diode in the negative feed-
back path, thus avoiding excessive system noise. The bias-
ing resistor stack should be adjusted such that V3 is 1.25 to
1.5V

This system works up to a range of about 10 meters. The
gains of the system may be adjusted to suit the individual
design needs. The 100 Q resistor in the emitter of the first
2N5088 and the 1 kQ resistor feeding A2 may be altered if
different gain is required. In general, more gain does not nec-
essarily result in increased range. This is due to noise floor
limitations. The designer should increase transmitter power
and/or increase receiver aperature with Fresnal lensing to
greatly improve range. See Application Note AN1016 for
additional information.

Information on the MC34074 is in data book DL128/D.

TRINARY SWITCH MANUFACTURERS

Midland Ross—Electronic Connector Div.
Greyhill

Augat/Alcoswitch

Aries Electronics

The above companies may not have the switches in a DIP.
For more information, call them or consult eem Electronic
Engineers Master Catalog or the Gold Book. Ask for SPDT
with center OFF.

Alternative: An SPST can be placed in series between a
SPDT and the Encoder or Decoder to achieve trinary action.

Motorola cannot recommend one supplier over another
and in no way suggests that this is a complete listing of tri-
nary switch manufacturers.
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Figure 18. IRED Transmitter Using RC Oscillator to Generate Carrier Frequency
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MC14011UB
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SEND D—E MPSA13
i OR
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i MC14011UB
TE Dout o—e
MC145026
Rs Crc RTC
1 200k 0.01uF
y 1000 pF '__
SWITCHES 220 kQ 100 k2 FOR APPROX. 4 kHz
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ADJUST/SELECT FOR
f= 50 kHz (APPROX. 100 kQ)

Ll 7y 50kHZ TO
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Figure 19. Using a Ceramic Resonator to Generate Carrier Frequency
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PACKAGE DIMENSIONS

P SUFFIX

PLASTIC DIP (DUAL IN-LINE PACKAGE)
CASE 648-08

_{S

H
G
D 16 PL

R

=K

SEATING

PLANE

[@]0250010®][1]A @]

—i{-A

|e— L—»'

‘\JOTES

. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.

. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.

ROUNDED CORNERS OPTIONAL.

[XYN)

o

3>l

D SUFFIX

SOG (SMALL OUTLINE GULL-WING) PACKAGE
CASE 751B-05

—A-|

i O O I Bl

5|
(=B
1

o

HjltLHHHtLH

INCHES MILLIMETERS
| DIM| MIN | MAX | MIN | MAX
A | 0740 | 0770 | 1880 | 19.55
B | 0250 | 0270 | 6.35 | 6.85
C | 0145 | 0175 | 369 | 444
D | 0015 | 0021 | 039 | 053
F | 0040 | 070 | 102 [ 177
G | 0.100BSC 254 BSC
H | 00508SC 1278SC
J [ 0008 [ 0015 021 ] 038
K | 0110 [ 0130 | 280 [ 330
L | 0295 | 0305 | 750 | 774
M R T B Bl
s | 0020 | 0040 | 051 | 101
NOTES
. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: MILLIMETER
3. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

il 4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
[@0250010®[8 O PER SIDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR

C

[=T=T searme SEATING JL - %
D 16PL

-
AT
N

[@]0250010®][T[8 O[AG)]

=

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT

MAXIMUM MATERIAL CONDITION.
MILLIMETERS INCHES
DIM| MIN MAX MIN | MAX

e LS

9.80 | 10.00 | 0.386 | 0.393
3.80 4.00 | 0.150 | 0.157
1.35 1.75 | 0.054 | 0.068
0.35 049 | 0014 | 0.019
0.40 1.25 | 0.016 | 0.049
1.27 BSC 0.050 8SC
0.19 025 | 0008 | 0.009
0.10 0.25 | 0.004 | 0.009
0° T 0° 72
5.80 620 | 0229 | 0244
0.25 0.50 | 0.010 | 0.019

J

;ﬂv;xt—m-ncnm)l

MC145026 MC145027 MC145028
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DW SUFFIX
SOG (SMALL OUTLINE GULL-WING) PACKAGE
CASE 751G-02

A} ]
AARRAAARA
YRR 1
o 00 A AHAAAN
NOTES:
% 1. DIMENSIONING AND TOLERANCING PER ANSI
[-B-] | sxP Y14.5M, 1982,
o 2. CONTROLLING DIMENSION: MILLIMETER
3. DIMENSIONS A AND 8 DO NOT INCLUDE MOLD
l$|0‘0’0(o'25)®| B ®| PROTRUSION. :
H H H H H H H H 3 4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) PER
ORI, 3 SIDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR
J PROTRUSION. ALLOWABLE DAMBAR
16X D PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN
EXCESS OF D DIMENSION AT MAXIMUM
[@]0010025®[T]A ©[B O] ﬂ MATERIAL CONDITION
F MILLIMETERS INCHES
DIM| MIN | MAX | MIN | MAX
: A | 1015 | 1045 | 0.400 | 041
!<—Rx45 B | 740 | 760 | 0292 | 0.299
C | 235 265 0093 | 0.104
D | 035] 049 | 0014 | 0019
F | 050 [ 090 | 0.020 | 0035
—F_m G 1.27 BSC 0.050 BSC
J | 025 ] 032 | 0010 | 0012
SEATING
14x G PLANE K | 010 | 025 | 0004 | 0.009
M 0°] 7°] o° 70
P | 1005 | 1055 | 0395 | 0415
R | 025 ] 075 [ 0010 | 0029

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential orincidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. Alloperating parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

Mfax is a trademark of Molorola Inc
How to reach us:
USA/EUROPE /Locations Not Listed: Motorola Literature Distribution; JAPAN: Motorola Japan Ltd.; SPD, Strategic Planning Office, 141,
P.O. Box 5405, Denver, Colorado 80217. 1-303-675-2140 or 1-800-441-2447  4-32-1 Nishi-Gotanda, Shinagawa—ku, Tokyo, Japan. 81-3-5487-8488

Customer Focus Center: 1-800-521-6274

Mfax™: RMFAX0@email.sps.mot.com — TOUCHTONE 1-602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,

Motorola Fax Back System —US & Canada ONLY 1-800-774-1848 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
—http://sps.motorola.com/mfax/

HOME PAGE: http://motorola.com/sps/
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LM2902,LM324/LM324A,LM224/

LM224A

Quad Operational Amplifier

Features

+ Internally Frequency Compensated for Unity Gain

+ Large DC Voltage Gain: 100dB

+ Wide Power Supply Range:
LM224/LM224A, LM324/LM324A : 3V~32V (or £1.5 ~
15V)
LM2902: 3V~26V (or £1.5V ~ 13V)

+ Input Common Mode Voltage Range Includes Ground

+ Large Output Voltage Swing: 0V to VccC -1.5V

+ Power Drain Suitable for Battery Operation

Internal Block Diagram

VCCQ)

7
<

IN2 ( +)<5r——i
ey

ouT2 /\IU—J

Description

The LM324/LM324A LM2902,LM224/LM224A consist of
four independent, high gain, internally frequency
compensated operational amplifiers which were designed
specifically to operate from a single power supply over a
wide voltage range. Operation from split power supplies is
also possible so long as the difference between the two
supplies is 3 volts to 32 volts. Application areas include
transducer amplifier, DC gain blocks and all the
conventional OP-AMP circuits which now can be easily
implemented in single power supply systems.
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©2002 Fairchild Semiconductor Corporation



LM2902,LM324/LM324A,LM224/LM224A

Schematic Diagram
(One Section Only)
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Absolute Maximum Ratings
Parameter Symbol | LM224/LM224A LM324/LM324A LM2902 Unit
Power Supply Voltage Vce +16 or 32 +16 or 32 +13 or 26 \
Differential Input Voltage VI(DIFF) 32 32 26 \%
Input Voltage \ -0.3 to +32 -0.3 to +32 -0.3 to +26 \
Output Short Circuit to GND ’ ; :
Vces15V, TA=25°C(one Amp) - Continuous Continuous Continuous -
Power Dissipation, TA=25°C
14-DIP PD 1310 1310 1310 mwW
14-SOP 640 640 640
Operating Temperature Range TOPR -25 ~ +85 0~ +70 -40 ~ +85 °c
Storage Temperature Range TSTG -65 ~ +150 -65 ~ +150 -65 ~ +150 °C
Thermal Data

Parameter Symbol Value Unit
Thermal Resistance Junction-Ambient Max.
14-DIP R6ja 95 °C/W
14-SOP 195




LM2902,LM324/LM324A LM224/LM224A

Electrical Characteristics
(Vcc =5.0V, VEE = GND, Ta = 25 °C, unless otherwise specified)

LM224 LM324 LM2902
Parameter Symbol Conditions - - Unit
Min.| Typ. |Max.| Min.| Typ. |Max.| Min. | Typ. | Max.
Vcm =0V toVee
Input Offset -1.5V
ol Vio Vo) = 1.4V, Rs 1.5 195.0 15170 15|70 | mV
=00
NPl Oliset o : Sl onlien el snulsg A winldens |
Current
Input Bias Current IBIAS c - 40 | 150 | - 40 | 250 - 40 | 250 | nA
Common-Mode Yoo Vce Vee
Input VI(R) | Note1 0 - Oy S | - 0 ST B v e
-1.5
Voltage Range
Pl o= VCC BN NN o+ 1.0 [Na W - [10] 3 {ma
(all Amps)
Supply Current lcc (Ralh Z:F:/S():C =
(Ve = 26V for 7| 10N 12, | € QR ™™=2| -\WR0.7 | 1.2 | mA
LM2902)
Large Signal Vce = 15V,RL22KQ g \ : . V/
Voltage Gain GV | vopy=1vio 11y |20 | 100 A N et L'y mv
RL=
KO 26 - - | 26 - - 22 - - \Y,
Output Voltage VO(H) | Notet RL=
Swing 10KO 27 | 28 AW 27 (328 - 23 | 24 - \
Vo) | Vcc =5V,Ri210KQ| - 5 20 | - 5 20 - 5 | 100 | mV
Gommon:-Mode . A i, fe : 70| 8 | - |65 75| - |50]|75| - |dB
Rejection Ratio
Fower Supply. PSRR S 65| 100 | - | 65| 100 | - | 50 [100| - |dB
Rejection Ratio
Chans CANN T Dghe to 204 Yoo 280 1L | 1204 WS 120 - | dB
Separation
Short Circuit to
GND Isc - - 40 | 60 - 40 | 60 - 40 | 60 | mA
Vi@+) =1V, Vi) = 0V
ISOURCE| Vcc =15V, Vo) | 20 | 40 - |20 | 40 - 20 | 40 - | mA
=2V
Vi(+) =0V, Vi) = 1V
Output Current Vce =15V, Vo(p) 10 § 13 =12 [F10: 113 - 10 | 13 - | mA
' =2V
SINK .
Vi(+) =0V, Vi(-) =1V
Vcec=15VVoR)= | 12 | 45 = 12| 45 - - - - | 1A
200mV
Differential Input
Voltage VI(DIFF) cC Vce Vee| Vv

Note :

1.Vce=30V for LM224 and LM324 ,

Ve = 26V for LM2902




LM2902,LM324/LM324A,LM224/LM224A

Electrical Characteristics (continued)

(Vcc = 5.0V, VEE = GND, unless otherwise specified)
The following specification apply over the range of -25°C < Ta < + 85°C for the LM224; and the 0°C < TA < +70°C
for the LM324 ; and the - 40°C < TA < +85°C for the LM2902

; LM224 LM324 LM2902
Parameter Symbol Conditions . : - Unit
Min.| Typ.| Max. |Min.|Typ.| Max. | Min. | Typ. |Max.
Vicm =0VtoVce
Input Offset Voltage Vio ;/1(')5(;:14\/ Bl - 7.0 - - 9.0 - - 110.0f mV
=0Q
gt esetVoliage: 1AV ioiAT ! e e A b A LR e b e T
Drift
Input Offset Current o - - - 100 - - 150 - - 1200 nA
InputOffsetCurrent AlO/AT p . 10 / : 10 A 5 10 - |pArc
Drift
Input Bias Current IBIAS - - - 300 | - - 500 - - | 500} nA
Common-Mode Vee vce vVce
Input Voltage Range g | ol OIS i VO ka0l
] Vcec =15V, RL =
éz%es'gnalvo'tage Gy | 20KQ 05,1 / T \ et il Bl AN - | vmv
Vo) =1Vto 11V
RL =
KO 26 | - - 268 | - 22 - - \Y
Output Volt g (i N R
utput Voltage L= ) § B
Swing 10KQ 2 7 {128 27 | 28 23 | 24 \Y
vce =9V,
Vo(L) RL>10KO 5. 20 - 5 20 - 5 [ 100 | mV
Vi+) =1V, Vi)
ISOURCE| =0V Vcc =15V, | 10 | 20 - 10 | 20 - 10 | 20 - mA
VO(P) = 2V
Output Current Vi+) = 0V, Vi) =
Y
ISINK Vee =15V, Vo) 705,13 - 5 8 - 5 8 - mA
=2V
Differential Input VI(DIFF) g y . Avarl b - ) . S ee
Voltage
Note:

1.Vcc=30V for LM224 and LM324 , Vcc = 26V for LM2902




LM2902,LM324/LM324A,LM224/LM224A

Electrical Characteristics (continued)
(Vcc = 5.0V, VEE = GND, TA = 25°C, unless otherwise specified)

LM224A LM324A
Parameter Symbol Conditions - - Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Vcm = 0V to Vee
Input Offset Voltage Vio -1.5V - 1.0 | 3.0 - 1501080+ imV,
Vop)=1.4V,Rs=0Q
Input Offset Current llo - - 2 15 - 3:0::1-30 nA
Input Bias Current IBIAS - - 40 80 - 40 | 100 | nA
Vce
Input Common-Mode o Vee
Voltage Range VIR)= [ Veg s o0V 0 Pt el - |15 V
e (AL A ) } Vce = 30V - 6 3 - 1:5 3 mA
u urren mps CcC
ey 7 Vee = 5V do7 | ™N- |07 12| mA
Large Signal Voltage Gain Gv ngp):; ?\\;tiﬁ\% KA eo 00t wN 100 | - [vimy
4 Note1 RL=2KQ | 26 - - 26 - - Y
OH
Output Voltage Swing ) RL=10KQ | 27 | 28 - 27| - 88 - \
Vo) | Vec=5V,RL210KQ | - 5 20 - 5 20 | mV
Common-Mode Rejection CMRR : 70 85 : 65 85 ’ 4B
Ratio
Power Supply Rejection Ratio| PSRR - 65 | 100 - 65 | 100 - dB
Channel Separation Cs f = 1KHz to 20KHz - 120 - - 120 - dB
Short Circuit to GND Isc 2 - 40 60 - 40 60 mA
Vii+) = 1V, Vi) = 0V
ISOURCE| v/ = 15v 20 | 40 - 20 | 40 | - | mA
Vi(+) = 0V, Vi-) = 1V
Output Current Vet siiVom=evi Y |7 |82 | Y2y - | mA
ISINK | Vi(+) = 0v, Vi(-) = 1V
vee = 15V, Vop) = 12 | 50 - 12 50 - LA
200mV
Differential Input Voltage VI(DIFF) = - - (8VEcC | 5 SINVEE [V
Note:

1.Vce=30V for LM224A, LM324A




LM2902,L M324/LM324A,LM224/LM224A

Electrical Characteristics (continued)

(Vce = 5.0V, VEE = GND, unless otherwise specified)
The following specification apply over the range of -25°C < TA < + 85°C for the LM224A; and the 0°C < TA < +70°C

for the LM324A

LM224A

LM324A

Parameter Symbol Conditions Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Vcm = 0V to Vee -1.5V
Input Offset Voltage Vio Vo(P) = 1.4V, Rs = 0Q - - 4.0 - - 50 | mVv
Input Offset Voltage Drift AVIO/AT - - 70,1720 - 0280 uVEE
Input Offset Current lo - - - 30 - - 75 nA
Input Offset Current Drift Allo/AT - - 10200 - 10 | 300 |pA/°C
Input Bias Current IBIAS - - 40 | 100 - 40 | 200 | nA
Vce

Common-Mode Input i Vcc
Voltage Range VIR) | Vec =30V O - e 0 200
Large Signal Voltage Gain Gv Vce = 15V, RL= 2.0KQ 25 - - 15 - - | VImV

v VCC = RL = 2KQ 26 = = 26 = = \V

O(H

Output Voltage Swing H) 1 30v RL = 10KQ 2dll=280h - |27 N28 2

Vo(L) | Vec =5V, RL= 10KQ - 5 20 - 5 20 | mA

IS0URCEf IV IO TV oW apitad o Lol - | ma
Vce = 15V
Output Current v VEY, WV
DG v X I(-) 2 2

ISINK = 5 8 5 R mA

Differential Input Voltage VI(DIFF) o c SITVICE (P S - fivec| V




LM2902,LM324/LM324A,LM224/LM224A

Typical Performance Characteristics
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0

Typical Performance Characteristics (Continued)
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LM2902,LM324/LM324A,LM224/LM224A

Mechanical Dimensions

Package
Dimensions in millimeters
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LM2902,LM324/LM324A,LM224/LM224A

Mechanical Dimensions (Continued)

Package
Dimensions in millimeters
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LM2902,LM324/LM324A,LM224/LM224A

Ordering Information

Product Number Package Operating Temperature
LM324N
14-DIP
LM324AN
0~ +70°C
LM324M
14-SOP
LM324AM
LM2902N 14-DIP
-40 ~ +85°C
LM2902M 14-SOP
LM224N
14-DIP
LM224AN
-25 ~ +85°C
LM224M
14-SOP
LM224AM

1



LM2902,LM324/LM324A,LM224/LM224A

DISCLAIMER
FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY
FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1

Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
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DS1820

DALLAS

SEMICONDUCTOR

DS1820
1-Wire™ Digital Thermometer

FEATURES

e Unique 1-WireT™ interface requires only one port pin
for communication

e Multidrop capability simplifies distributed temperature
sensing applications

e Requires no external components
e Can be powered from data line
e Zero standby power required

e Measures temperatures from —55°C to +125°C in
0.5°C increments. Fahrenheit equivalent is -67°F to
+257°F in 0.9°F increments

e Temperature is read as a 9-bit digital value.
e Converts temperature to digital word in 200 ms (typ.)

e User—definable, nonvolatile temperature alarm set-
tings

e Alarm search command identifies and addresses
devices whose temperature is outside of pro-
grammed limits (temperature alarm condition)

e Applications include thermostatic controls, industrial
systems, consumer products, thermometers, or any
thermally sensitive system

DESCRIPTION

The DS1820 Digital Thermometer provides 9-bit tem-
perature readings which indicate the temperature of the
device.

Information is sent to/from the DS1820 over a 1-Wire
interface, so that only one wire (and ground) needs to be
connected from a central microprocessor to a DS1820.
Power for reading, writing, and performing temperature
conversions can be derived from the data line itself with
no need for an external powér source.

PIN ASSIGNMENT

DALLAS
DS1820

BOTTOM VIEW
NC &= 1 16 = NC
NC &= 2 15— NC
NC = 3 14— NC
NC = 4 13— NC
NC = 5 12— NC
NC = 6 11 = NC
VDD = 7 10 — NC
bDQ = 8 9 — GND
DS1820 DS1820S8
PR35 PACKAGE 16-PIN SSOP
See Mech. Drawings See Mech. Drawings
Section Section
PIN DESCRIPTION
GND — Ground
DQ — Data In/Out
Vpp — Optional Vpp
NC — No Connect

Because each DS1820 contains a unique silicon serial
number, multiple DS1820s can exist on the same
1-Wire bus. This allows for placing temperature sen-
sors in many different places. Applications where this
feature is useful include HVAC environmental controls,
sensing temperatures inside buildings, equipment or
machinery, and in process monitoring and control.
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DETAILED PIN DESCRIPTION

PIN PIN
16-PIN SSOP PR35 | SYMBOL DESCRIPTION
9 1 GND Ground.
8 2 DQ Data Input/Output pin. For 1-Wire operation: Open drain. (See
“Parasite Power” section.)
7 3 Voo Optional Vpp pin. See “Parasite Power" section for details of
connection.

DS1820S (16—pin SSOP): All pins not specified in this table are not to be connected.

OVERVIEW

The block diagram of Figure 1 shows the major compo-
nents of the DS1820. The DS1820 has three main data
components: 1) 64-bit lasered ROM, 2) temperature
sensor, and 3) nonvolatile temperature alarm triggers
TH and TL. The device derives its power from the
1-Wire communication line by storing energy on an
internal capacitor during periods of time when the signal
line is high and continues to operate off this power
source during the low times of the 1-Wire line until it
returns high to replenish the parasite (capacitor) supply.
As an alternative, the DS1820 may also be powered
from an external 5 volts supply.

Communicationto the DS1820 s viaa 1-Wire port. With
the 1-Wire port, the memory and control functions will
not be available before the ROM function protocol has
been established. The master must first provide one of
five ROM function commands: 1) Read ROM, 2) Match
ROM, 3) Search ROM, 4) Skip ROM, or 5) Alarm
Search. These commands operate on the 64-bit
lasered ROM portion of each device and can single out

DS1820 BLOCK DIAGRAM Figure 1

a specific device if many are present on the 1-Wire line
as well as indicate to the Bus Master how many and
what types of devices are present. Aftera ROM function
sequence has been successfully executed, the memory
and control functions are accessible and the master
may then provide any one of the six memory and control
function commands.

One control function command instructs the DS1820 to
perform a temperature measurement. The result of this
measurement will be placed in the DS1820's scratch-
pad memory, and may be read by issuing a memory
function command which reads the contents of the
scratchpad memory. The temperature alarm triggers
TH and TL consist of one byte EEPROM each. If the
alarm search command is not applied to the DS1820,
these registers may be used as general purpose user
memory. Writing TH and TL is done using a memory
function command. Read access to these registers is
through the scratchpad. All data is read and written
least significant bit first.

64-BIT ROM

DQ
AND
1-WIRE PORT

INTERNAL Vpp

POWER
SUPPLY
SENSE .

MEMORY AND
CONTROL LOGIC
TEMPERATURE SENSOR
SCRATCHPAD
HIGH TEMPERATURE
TRIGGER. TH
I LOW TEMPERATURE
TRIGGER, TL
8-BIT CRC
GENERATOR
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PARASITE POWER

The block diagram (Figure 1) shows the parasite pow-
ered circuitry. This circuitry “steals” power whenever the
1/0 or Vpp pins are high. /0 will provide sufficient power
as long as the specified timing and voltage require-
ments are met (see the section titled “1-Wire Bus Sys-
tem"). The advantages of parasite power are two—fold:
1) by parasiting off this pin, no local power source is
needed for remote sensing of temperature, and 2) the
ROM may be read in absence of normal power.

In order for the DS1820 to be able to perform accurate
temperature conversions, sufficient power must be pro-
vided over the I/O line when a temperature conversion is
taking place. Since the operating current of the DS1820
is up to 1 mA, the I/O line will not have sufficient drive
due to the 5K pull-up resistor. This problem is particu-
larly acute if several DS1820's are on the same I/0 and
attempting to convert simultaneously.

There are two ways to assure that the DS1820 has suffi-
cient supply current during its active conversion cycle.
The first is to provide a strong pull-up on the I/O line
whenever temperature conversions or copies to the E2
memory are taking place. This may be accomplished by
using a MOSFET to pull the I/0 line directly to the power
supply as shown in Figure 2. The I/O line must be
switched over to the strong pull-up within 10 pus maxi-
mum after issuing any protocol that involves copying to
the E2 memory or initiates temperature conversions.
When using the parasite power mode, the Vpp pin must
be tied to ground.

Another method of supplying current to the DS1820 is
through the use of an external power supply tied to the

Vpp pin, as shown in Figure 3. The advantage to this is
thatthe strong pull-upis not required on the /O line, and
the bus master need not be tied up holding that line high
during temperature conversions. This allows other data
traffic on the 1-Wire bus during the conversion time. In
addition, any number of DS1820's may be placed on the
1-Wire bus, and if they all use external power, they may
all simultaneously perform temperature conversions by
issuing the Skip ROM command and then issuing the
Convert T command. Note that as long as the external
power supply is active, the GND pin may not be floating.

The use of parasite power is not recommended above
100°C, since it may not be able to sustain communica-
tions given the higher leakage currents the DS1820
exhibits at these temperatures. For applications in
which such temperatures are likely, it is strongly recom-
mended that Vpp be applied to the DS1820.

For situations where the bus master does not know
whether the DS1820's on the bus are parasite powered
or supplied with external Vpp, a provision is made in the
DS1820 to signal the power supply scheme used. The
bus master can determine if any DS1820's are on the
bus which require the strong pull-up by sending a Skip
ROM protocol, then issuing the read power supply com-
mand. After this command is issued, the master then
issues read time slots. The DS1820 will send back “0"
on the 1-Wire bus if it is parasite powered; it will send
back a “1" if itis powered from the Vpp pin. If the master
receives a “0", it knows that it must supply the strong
pull-up on the I/0 line during temperature conversions.
See "Memory Command Functions” section for more
detail on this command protocol.

STRONG PULL-UP FOR SUPPLYING DS1820 DURING TEMPERATURE CONVERSION Figure 2

47K
uP

2adl

+5V

DS1820

GND Voo

110
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USING Vpp TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

TO OTHER 1-WIRE

DEVICES
DS1820

£ Vi
1o 00— EXTERNAL +5V SUPPLY

uP

OPERATION — MEASURING TEMPERATURE

The DS1820 measures temperature through the use of
. an on-board proprietary temperature measurement
technique. A block diagram of the temperature mea-
surement circuitry is shown in Figure 4.

The DS1820 measures temperature by counting the
number of clock cycles that an oscillator with a low tem-
perature coefficient goes through during a gate period
determined by a high temperature coefficient oscillator.
The counter is preset with a base count that corre-
sponds to —55°C. If the counter reaches zero before the
gate period is over, the temperature register, which is
also preset to the -55°C value, is incremented, indicat-
ing that the temperature is higher than -55°C.

Atthe same time, the counter is then preset with avalue
determined by the slope accumulator circuitry. This cir-
cuitry is needed to compensate for the parabolic behav-
ior of the oscillators over temperature. The counter is
then clocked again until it reaches zero. If the gate
period is still not finished, then this process repeats.

The slope accumulator is used to compensate for the
non-linear behavior of the oscillators over temperature,
yielding a high resolution temperature measurement.
This is done by changing the number of counts neces-
sary for the counter to go through for each incremental
degree in temperature. To obtain the desired resolution,
therefore, both the value of the counter and the number
of counts per degree C (the value of the slope accumu-
lator) at a given temperature must be known.

Internally, this calculation is done inside the DS1820 to
provide 0.5°C resolution. The temperature reading is

provided in a 16-bit, sign—extended two's complement
reading. Table 1 describes the exact relationship of out-
put data to measured temperature. The data is trans-
mitted serially over the 1-Wire interface. The DS1820
can measure temperature over the range of —-55°C to
+125°C in 0.5°C increments. For Fahrenheit usage, a
lookup table or conversion factor must be used.

Note that temperature is represented in the DS1820 in
terms of a 1/,°C LSB, yielding the following 9-bit format:

MsB LSB
ey, W e G |

= -25°C

The most significant (sign) bitis duplicated into all of the
bits in the upper MSB of the two—byte temperature reg-
ister in memory. This “sign—extension” yields the 16-bit
temperature readings as shown in Table 1.

Higher resolutions may be obtained by the following
procedure. First, read the temperature, and truncate
the 0.5°C bit (the LSB) from the read value. This value is
TEMP_READ. The value leftin the counter may then be
read. This value is the count remaining
(COUNT_REMAIN) after the gate period has ceased.
The last value needed is the number of counts per
degree C (COUNT_PER_C) at that temperature. The
actual temperature may be then be calculated by the
user using the following:

(COUNT_PER_C - COUNT_REMAIN)

TEMPERATURE = TEMP_READ - 0.25 +
5 COUNT _PER_C
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TEMPERATURE MEASURING CIRCUITRY Figure 4

PRESET

SLOPE ACCUMULATOR

COMPARE

SET/CLEAR
LOW TEMPERATURE COUNTER PRESET SENC
COEFFICIENT OSCILLATOR
INC
A TEMPERATURE REGISTER
HIGH TEMPERATURE NT
COEFFICIENT OSCILLATOR SPUNIER
STOP
=0

TEMPERATURE/DATA RELATIONSHIPS Table 1

DIGITAL OUTPUT DIGITAL OUTPUT
TEMPERATURE (Binary) (Hex)

+125°C 00000000 11111010 00FA

+25°C 00000000 00110010 0032h
+1,°C 00000000 00000001 0001h

+0°C 00000000 00000000 0000h
“,eC 1111111 111111 FFFFh
-25°C 11111111 11001110 FFCEh
-55°C 11111111 10010010 FF92h

OPERATION — ALARM SIGNALING

After the DS1820 has performed a temperature conver-
sion, the temperature value is compared to the trigger
values stored in TH and TL. Since these registers are
8-bit only, the 0.5°C bit is ignored for comparison. The
most significant bit of TH or TL directly corresponds to
the sign bit of the 16-bit temperature register. If the
result of a temperature measurement is higher than TH
or lower than TL, an alarm flag inside the device is set.

This flag is updated with every temperature measure-
ment. As long as the alarm flag is set, the DS1820 will
respond to the alarm search command. This allows
many DS1820s to be connected in parallel doing simul-
taneous temperature measurements. If somewhere the
temperature exceeds the limits, the alarming device(s)
canbeidentified and read immediately without having to
read non—alarming devices.
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64-BIT LASERED ROM

Each DS1820 contains a unique ROM code that is
64—bits long. The first eight bits are a 1-Wire family
code (DS1820 code is 10h). The next 48 bits are a
unique serial number. The last eight bits are a CRC of
the first 56 bits. (See Figure 5.) The 64-bit ROM and
ROM Function Control section allow the DS1820 to
operate as a 1-Wire device and follow the 1-Wire proto-
col detailed in the section "1-Wire Bus System”. The
functions required to control sections of the DS 1820 are
notaccessible until the ROM function protocol has been
satisfied. This protocol is described in the ROM function
protocol flowchart (Figure 6). The 1-Wire bus master
must first provide one of five ROM function commands:
1) Read ROM, 2) Match ROM, 3) Search ROM, 4) Skip
ROM, or 5) Alarm Search. After a ROM functions
sequence has been successfully executed, the func-
tions specific to the DS1820 are accessible and the bus
master may then provide and one of the sixmemory and
control function commands.

CRC GENERATION

The DS1820 has an 8-bit CRC stored in the most signif-
icant byte of the 64—bit ROM. The bus master can com-
pute a CRC value from the first 56-bits of the 64-bit
ROM and compare it to the value stored within the
DS1820 to determine if the ROM data has been
received error—free by the bus master. The equivalent
polynomial function of this CRC is:

CRC=X8+X5+X4+1 "~

The DS1820 also generates an 8-bit CRC value using
the same polynomial function shown above and pro-

64-BIT LASERED ROM Figure 5

vides this value to the bus master to validate the transfer
of data bytes. In each case where a CRCis used for data
transfer validation, the bus master must calculate a
CRC value using the polynomial function given above
and compare the calculated value to either the 8-bit
CRC value stored in the 64-bit ROM portion of the
DS1820 (for ROM reads) or the 8-bit CRC value com-
puted within the DS1820 (which is read as a ninth byte
when the scratchpad is read). The comparison of CRC
values and decision to continue with an operation are
determined entirely by the bus master. There is no cir-
cuitry inside the DS1820 that prevents a command
sequence from proceeding ifthe CRC stored in or calcu-
lated by the DS1820 does not match the value gener-
ated by the bus master.

The 1-Wire CRC can be generated using a polynomial
generator consisting of a shift register and XOR gates
as shown in Figure 7. Additional information about the
Dallas 1-Wire Cyclic Redundancy Check is available in
Application Note 27 entitied "Understanding and Using
Cyclic Redundancy Checks with Dallas Semiconductor
Touch Memory Products”.

The shift register bits are initialized to zero. Then start-
ing with the least significant bit of the family code, one bit
at a time is shifted in. After the 8th bit of the family code
has been entered, then the serial number is entered.
After the 48th bit of the serial number has been entered,
the shift register contains the CRC value. Shifting in the
eight bits of CRC should return the shift register to all
Zeros.

8-BIT CRC CODE

48-BIT SERIAL NUMBER

8-BIT FAMILY CODE (10h)

MSB LSB MSB

LSB MSB LSB
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ROM FUNCTIONS FLOW CHART Figure 6

MASTER T4

RESET PULSE

DS1820 Ty
PRESENCE
PULSE

!

MASTER Tx ROM
FUNCTION COMMAND

33h 55h Foh cch N
READ ROM MATCH ROM SEARCH ROM ALARM SEARCH SKIP ROM
COMMAND COMMAND COMMAND COMMAND

ALARM N
CONDITION
DS1820 Ty FAMILY MASTER Ty BIT 0 2
CODE
1BYTE
DS1820 Ty BIT 0
DS1820 Ty BIT 0
MASTER T BIT 0
DS1820 T
SERIAL NUMBER
6 BYTES

DS1820 Tx BIT 1
DS1820 Ty BIT 1
MASTER Ty BIT 1

DS1820 Ty
CRC BYTE

4

DS1820 Tx BIT 63
DS1820 Ty BIT 63
MASTER Tx BIT 63

MASTER Tx BIT 63

BIT 63
MATCH?
X

MASTER Tx MEMORY OR CONTROL
¢ FUNCTION COMMAND

BIT 63
MATCH?

030598 7/27
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1-WIRE CRC CODE Figure 7

INPUT

(MSB)

(LSB)

MEMORY

The DS1820's memory is organized as shown in
Figure 8. The memory consists of a scratchpad RAM
and a nonvolatile, electrically erasable (E2) RAM, which
stores the high and low temperature triggers THand TL.
The scratchpad helps insure data integrity when com-
municating over the 1-Wire bus. Data is first written to
the scratchpad where it can be read back. After the data
has been verified, a copy scratchpad command will
transfer the data to the nonvolatile (E2) RAM. This pro-
cess insures data integrity when modifying the memory.

The scratchpad is organized as eight bytes of memory.
The first two bytes contain the measured temperature

DS1820 MEMORY MAP Figure 8

SCRATCHPAD
BYTE

TEMPERATURE LSB 0
TEMPERATURE MSB 1
TH/USER BYTE 1 2
TUUSER BYTE 2 3
RESERVED 4
RESERVED 5
COUNT REMAIN 6
COUNT PER °C 7

[ N3

information. The third and fourth bytes are volatile
copies of TH and TL and are refreshed with every pow-
er—on reset. The next two bytes are not used; upon
reading back, however, they will appear as all logic 1's.
The seventh and eighth bytes are count registers, which
may be used in obtaining higher temperature resolution
(see "Operation—-measuring Temperature” section).

There is a ninth byte which may be read with a Read
Scratchpad command. This byte contains a cyclic
redundancy check (CRC) byte which is the CRC over all
of the eight previous bytes. This CRC is implemented in
the fashion described in the section titled “CRC Genera-
tion”.

E2 RAM

TH/USER BYTE 1

TUUSER BYTE 2
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1-WIRE BUS SYSTEM

The 1-Wire busis a system which has a single bus mas-
ter and one or more slaves. The DS1820 behaves as a
slave. The discussion of this bus system is broken down
into three topics: hardware configuration, transaction
sequence, and 1-Wire signaling (signal types and tim-
ing).

HARDWARE CONFIGURATION
The 1-Wire bus has only a single line by definition; it is
important that each device on the bus be able todrive it

HARDWARE CONFIGURATION Figure 9

v
BUS MASTER
4.7K

at the appropriate time. To facilitate this, each device
attached to the 1-Wire bus must have open drain or
3-state outputs. The 1-Wire port of the DS1820 (I/O
pin) is open drain with an internal circuit equivalent to
that shown in Figure 9. A multidrop bus consists of a
1-Wire bus with multiple slaves attached. The 1-Wire
bus requires a pullup resistor of approximately 5K .

DS1820 1-WIRE PORT

RLO<}

o

Ry = RECEIVE
Ty = TRANSMIT

Theidle state for the 1-Wire busis high. If foranyreason
atransaction needs to be suspended, the bus MUST be
leftinthe idle state if the transaction is to resume. Infinite
recovery time can occur between bits so long as the
1-Wire bus is in the inactive (high) state during the re-
covery period. If this does not occur and the bus is left
low for more than 480 s, all components on the bus will
be reset.

TRANSACTION SEQUENCE
The protocol for accessing the DS1820 via the 1-Wire
port is as follows:

e |nitialization
e ROM Function Command
e Memory Function Command

® Transaction/Data

i>o—Rx
T |
yp T
100 OHM
MOSFET
INITIALIZATION

All transactions on the 1-Wire bus begin with an initial-
ization 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 the
DS1820is on the bus and is ready to operate. For more
details, see the “1-Wire Signaling” section.

ROM FUNCTION COMMANDS

Once the bus master has detected a presence, it can
issue one of the five ROM function commands. All ROM
function commands are 8-bits long. A list of these com-
mands follows (refer to flowchart in Figure 6):
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Read ROM [33h]

This command allows the bus master to read the
DS1820's 8-bit family code, unique 48—bit serial num-
ber, and 8-bit CRC. This command can only be used if
there is a single DS1820 on the bus. If more than one
slave is present on the bus, a data collision will occur
when all slaves try to transmit at the same time (open
drain will produce a wired AND result).

Match ROM [55h]

The match ROM command, followed by a 64-bit ROM
sequence, allows the bus master to address a specific
DS1820 on a multidrop bus. Only the DS1820 that
exactly matches the 64—bit ROM sequence willrespond
to the following memory function command. All slaves
that do not match the 64—bit ROM sequence will wait for
a reset pulse. This command can be used with a single
or multiple devices on the bus.

Skip ROM [CCh]

This command can save time in a single drop bus sys-
tem by allowing the bus master to access the memory
functions without providing the 64-bit ROM code. If
more than one slave is present on the bus and a read
command is issued following the Skip ROM command,
data collision will occur on the bus as multiple slaves
transmit simultaneously (open drain pulldowns will pro-
duce a wired AND result).

Search ROM [FOh]

When a system is initially brought up, the bus master
might not know the number of devices on the 1-Wire
bus or their 64—bit ROM codes. The search ROM com-
mand allows the bus master to use a process ofelimina-
tion to identify the 64—bit ROM codes of all slave devices
on the bus.

Alarm Search [ECh]

The flowchart of this command is identical to the Search
ROM command. However, the DS1820 will respond to
this command only if an alarm condition has been
encountered at the last temperature measurement. An
alarm condition is defined as a temperature higher than
TH orlower than TL. The alarm condition remains setas
long as the DS1820 is powered up, or untilanother tem-
perature measurement reveals a non—alarming value.
For alarming, the trigger values stored in EEPROM are
taken into account. If an alarm condition exists and the
TH or TL settings are changed, another temperature

conversion should be done to validate any alarm condi-
tions.

Example of a ROM Search

The ROM search process is the repetition of a simple
3—step routine: read a bit, read the complement of the
bit, then write the desired value of that bit. The bus mas-
ter performs this simple, 3—step routine on each bit of
the ROM. After one complete pass, the bus master
knows the contents of the ROM in one device. The
remaining number of devices and their ROM codes may
be identified by additional passes.

The following example of the ROM search process
assumes four different devices are connected to the
same 1-Wire bus. The ROM data of the four devices is
as shown:

ROM1  00110101...
ROM2  10101010...
ROM3  11110101...
ROM4  00010001...

The search process is as follows:

1. The bus master begins the initialization sequence by
issuing a reset pulse. The slave devices respond by
issuing simultaneous presence pulses.

2. The bus master will then issue the Search ROM
command on the 1-Wire bus.

3. The bus master reads a bit from the 1-Wire bus.
Each device will respond by placing the value of the
first bit of their respective ROM data onto the 1-Wire
bus. ROM1 and ROM4 will place a 0 onto the
1-Wire bus, i.e., pull it low. ROM2 and ROM3 will
place a 1 onto the 1-Wire bus by allowing the line to
stay high. The resultis the logical AND of all devices
on the line, therefore the bus master sees a 0. The
bus master reads another bit. Since the Search
ROM data command is being executed, all of the
devices on the 1-Wire bus respond to this second
read by placing the complement of the first bit of their
respective ROM data onto the 1-Wire bus. ROM1
and ROM4 will place a 1 onto the 1-Wire, allowing
the line to stay high. ROM2 and ROM3 will place a
0 onto the 1-Wire, thus it will be pulled low. The bus
master again observes a 0 for the complement of the
first ROM data bit. The bus master has determined
that there are some devices on the 1-Wire bus that
have a 0 in the first position and others that have a 1.
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The data obtained from the two reads of the 3—step
routine have the following interpretations:

00 There are still devices attached which have
conflicting bits in this position.

01 Al devices still coupled have a 0-bit in this
bit position.

10  All devices still coupled have a 1-bit in this
bit position.

11 Thereareno devices attached to the 1-Wire
bus.

4. The bus master writes a 0. This deselects ROM2
and ROMS for the remainder of this search pass,
leaving only ROM1 and ROM4 connected to the
1-Wire bus.

5. The bus master performs two more reads and
receives a 0-bit followed by a 1-bit. This indicates
that all devices still coupled to the bus have 0's as
their second ROM data bit.

6. The bus master then writes a 0 to keep both ROM1
and ROM4 coupled.

7. The bus master executes two reads and receives
two 0-bits. This indicates that both 1—bits and 0-bits
exist as the third bit of the ROM data of the attached
devices.

8. Thebus masterwrites a 0-bit. This deselects ROM1
leaving ROM4 as the only device still connected.

9. The bus masterreads the remainder of the ROM bits
for ROM4 and continues to access the part if
desired. This completes the first pass and uniquely
identifies one part on the 1-Wire bus.

10. The bus master starts a new ROM search sequence
by repeating steps 1 through 7.

11. The bus master writes a 1-bit. This decouples
ROM4, leaving only ROM1 still coupled.

12. The bus master reads the remainder of the ROM bits
for ROM1 and communicates to the underlying logic
if desired. This completes the second ROM search
pass, in which another of the ROMs was found.

13. The bus master starts anew ROM search by repeat-
ing steps 1 through 3.

14.The bus master writes a 1-bit. This deselects
ROM1 and ROM4 for the remainder of this search
pass, leaving only ROM2 and ROM3 coupled to the
system.

15. The bus master executes two read time slots and
receives two zeros.

16. The bus master writes a 0-bit. This decouples

ROMS3, and leaving only ROM2.

17. The bus master reads the remainder of the ROM bits
for ROM2 and communicates to the underlying logic
if desired. This completes the third ROM search
pass, in which another of the ROMs was found.

18. The bus master starts a new ROM search by repeat-
ing steps 13 through 15.

19.The bus master writes a 1-bit.
ROM2, leaving only ROM3.

20. The bus master reads the remainder of the ROM bits
for ROM3 and communicates to the underlying logic
if desired. This completes the fourth ROM search
pass, in which another of the ROMs was found.

This decouples

Note the following:
The bus masterlearns the unique ID number (ROM data
pattern) of one 1-Wire device on each ROM Search
operation. The time required to derive the part's unique
ROM code is:

960 s+(8+3x64)61 s=13.16ms
The bus masteris therefore capable of identifying 75 dif-
ferent 1-Wire devices per second.

1/0 SIGNALING

The DS1820 requires strict protocols to insure data
integrity. The protocol consists of several types of
signaling on one line: reset pulse, presence pulse, write
0, write 1, read 0, and read 1. All of these signals, with
the exception of the presence pulse, are initiated by the
bus master.

The initialization sequence required to begin any com-
munication with the DS1820 is shown in Figure 11. A
reset pulse followed by a presence pulse indicates the
DS1820 is ready to send or receive data given the cor-
rect ROM command and memory function command.

The bus master transmits (TX) a reset pulse (a low sig-
nal for a minimum of 480 ' 's). The bus master then
releases the line and goes into a receive mode (RX).
The 1-Wire bus is pulled to a high state via the 5K
pull-up resistor . After detecting the rising edge on the
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1/0 pin, the DS1820 waits 15-601 s and then transmits
the presence pulse (a low signal for 60-240 iIs).

MEMORY COMMAND FUNCTIONS
The following command protocols are summarized in
Table 2, and by the flowchart of Figure 10.

Write Scratchpad [4Eh]

This command writes to the scratchpad of the DS 1820,
starting at address 2. The next two bytes written will be
saved in scratchpad memory, at address locations 2
and 3. Writing may be terminated at any point by issuing
areset.
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MEMORY FUNCTIONS FLOW CHART Figure 10

MASTER Tx MEMORY
OR CONTROL COMMAND

DS1820 SETS ADDRESS
COUNTER TO 2

=

MASTER Tyx DATA BYTE
TO SCRATCHPAD

MASTER
Ty RESET
2.

ADDRESS
=3
2

DS1820 INCREMENTS
ADDRESS

b |

N MASTER
Tx RESET
?

4Eh BEh
WRITE N READ N
SCRATCHPAD SCRATCHPAD
? ?
2 Y

DS1820 SETS ADDRESS
COUNTER TO O

MASTER Ry DATA
FROM SCRATCHPAD

MASTER
Tx RESET
2

ADDRESS
=7
?

MASTER Ry 8-BIT
CRC OF DATA

MASTER
Ty RESET
2

{ MASTER Ry *1s” I

—

’ DS1820 Ty

PRESENCE PULSE [
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MEMORY FUNCTIONS FLOW CHART Figure 10 (cont'd)

48h
COPY N

44h
CONVERT N

CRATCHPAD
5

PARASITE
POWER
?

MASTER ENABLES
STRONG PULLUP FOR
10ms

MASTER DISABLES

STRONG PULLUP

MASTER Tx
RESET
2

NONVOLATILE

MEMORY

BUSY
?

MASTER MASTER
Ry "1"s Ry "0°s

DS1820 BEGINS
CONVERSION

JEMPERATUR
2

PARASITE
POWER
2

MASTER ENABLES

STRONG PULL-UP

DS1820 CONVERTS
TEMPERATURE

MASTER DISABLES
STRONG PULL-UP

MASTER Tx
RESET
2

DEVICE BUSY

CONVERTING

JEMPERATURE
e

MASTER MASTER
R “1"s Rx "0"s
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MEMORY FUNCTIONS FLOW CHART Figure 10 (cont'd)

B88h Bdh
RECALL N READ N
E2 POWER SUPPLY
7 e 3
Y

DS1820 RECALLS
FROM E2 PROM

MASTER
Tx RESET
2

DEVICE
BUSY CONVERTING

MASTER
Rx “1's

MASTER
Ty RESET
2

PARASITE
POWERED
o

MASTER
Rx0's

TEMPERATURE
MASTER MASTER
Rx “1"s Rx “0"s

MASTER
Ty RESET
2
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INITIALIZATION PROCEDURE “RESET AND PRESENCE PULSES” Figure 11

|e——

Vee

1-WIRE
BUS
GND

Master Ty “reset pulse’
480 s minimum
960 s maximum

DS1820

waits
15-60 s

>

DS1820 Tx
“presence pulse”
60-240 's

Master Ry
480 s minimum

£

e

B ™ .

LINE TYPE LEGEND

Bus master active low

Both bus master and

DS1820 active low N

DS 1820 active low

Resistor pull-up

DS1820 COMMAND SET Table 2

INSTRUCTION

Convert T

DESCRIPTION

Initiates temperature conversion.

MEMORY COMMANDS

PROTOCOL

1-WIRE BUS
AFTER ISSUING

PROTOCOL NOTES

TEMPERATURE CONVERSION COMMANDS

44h

<read temperature 1
busy status>

Read Scratchpad Reads bytes from scratchpad and BEh <read data up to 9
reads CRC byte. bytes>

Write Scratchpad Writes bytes into scratchpad at 4Eh <write data into 2
addresses 2 and 3 (THand TL bytes at addr. 2 and
temperature triggers). addr. 3>

Copy Scratchpad Copies scratchpad into nonvolatile 48h <read copy status> 2
memory (addresses 2 and 3 only).

Recall E
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Read Scratchpad [BEh]

This command reads the contents of the scratchpad.
Reading will commence at byte 0, and will continue
through the scratchpad until the 9th (byte-8, CRC) byte
isread. Ifnotall locations are to be read, the master may
issue a reset to terminate reading at any time.

Copy Scratchpad [48h]

This command copies the scratchpad into the EZ2
memory of the DS1820, storing the temperature trigger
bytes in nonvolatile memory. If the bus master issues
read time slots following this command, the DS1820 will
output “0" on the bus as long as it is busy copying the
scratchpad to EZ; it will return a “1” when the copy pro-
cess is complete. |f parasite powered, the bus master
has to enable a strong pull-up for atleast 10 msimmedi-
ately after issuing this command.

Convert T [44h] .
This command begins a temperature conversion. No
further data is required. The temperature conversion will
be performed and then the DS1820 will remain idle. If
the bus master issues read time slots following this com-
mand, the DS1820 will output “0” on the bus aslong as it
is busy making a temperature conversion; it will return a
“1"when the temperature conversion is complete. If par-
asite powered, the bus master has to enable a strong
pullup for 500 ms immediately after issuing this com-
mand.

Recall E2 [B8h]

This command recalls the temperature trigger values
stored in E2 to the scratchpad. This recall operation hap-
pens automatically upon power—up to the DS1820 as
well, so valid data is available in the scratchpad as soon
as the device has power applied. With every read data
time slot issued after this command has been sent, the
device will output its temperature converter busy flag
“0"=busy, “1"=ready.

Read Power Supply [B4h]

With every read data time slot issued after this com-
mand has been sent to the DS1820, the device will sig-
nal its power mode: “0"=parasite power, “1"=external
power supply provided.

READ/WRITE TIME SLOTS

DS1820 data is read and written through the use of time
slots to manipulate bits and a command word to specify
the transaction.

Write Time Slots

A write time slot is initiated when the host pulls the data
line from a high logic level to a low logic level. There are
two types of write time slots: Write One time slots and
Write Zero time slots. All write time slots must be a mini-
mum of 60 s in duration with a minimum of a one s
recovery time between individual write cycles.

The DS1820 samples the l/Olineinawindow of 15 sto
60 /s afterthe l/Oline falls. If the line is high, a Write One
occurs. If the line is low, a Write Zero occurs (see
Figure 12).

For the host to generate a Write One time slot, the data
line must be pulled to alogic low level and then released,
allowing the data line to pull up to a high level within
15 (/s after the start of the write time slot.

For the host to generate a Write Zero time slot, the data
line must be pulled to alogic low level and remain low for
60 (s.

Read Time Slots

The host generates read time slots when data is to be
read from the DS1820. A read time slot is initiated when
the host pulls the data line from a logic high level to logic
low level. The data line must remain at a low logic level
foraminimum of one s; output data from the DS1820is
validfor 15 s after the falling edge of the read time slot.
The host therefore must stop driving the I/O pin low in
ordertoread its state 15 s fromthe start of the read slot
(see Figure 12). By the end of the read time slot, the I/O
pinwill pull back high via the external pull-up resistor. All
read time slots must be a minimum of 60 ('s in duration
with @ minimum of aone 's recovery time between indi-
vidual read slots.

Figure 13 shows that the sum of Tyt Trc, and
TsampLe must be less than 15 is. Figure 14 shows that
system timing margin is maximized by keeping TinT
and Trc as small as possible and by locating the master
sample time towards the end of the 15 s period.
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READ/WRITE TIMING DIAGRAM Figure 12

MASTER WRITE "0 SLOT
60 's<Tx "0"<120"'s

MASTER WRITE 1" SLOT
17s<trec <=
[-——

[ ———
Vee
1-WIRE
BUS
GND :
>1:iis
DS1820 SAMPLES — DS1820 SAMPLES
MIN TYP MAX MIN TYP. MAX
re— 15 s 155—+7 87" s le—15 s 155~+—35 —e
1 .8<tReg <o
MASTER READ “0" SLOT MASTER READ "1" SLOT
fe——— r-—
Vee 7 L
1-WIRE
BUS
GND b e N i

Both bus master and

ks syl DS 1820 active low

> >1 3§
— MASTER SAMPLES MASTER SAMPLES
te—15.s 15iis ~—’<7 RY - | ta— 15 s
LINE TYPE LEGEND:
— Bus master active low DS 1820 active low

Resistor pull-up
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DETAILED MASTER READ “1” TIMING Figure 13

Nee . —

1-WIRE
BUS

GND

RECOMMENDED MASTER READ “1” TIMING Figure 14

Y Viiy OF MASTER
=8 IRc3 i

Vieo: e

1-WIRE
BUS

GND

-

Vi OF MASTER

Tinr>1 S i

, MASTER SAMPLES

SMALL

MASTER
SAMPLES

LINE TYPE LEGEND:

e Bus master active low

Both bus master and
== DS1820 aclive low

DS1820 active low

Resistor pull-up
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Related Application Notes Semiconductor “Application Note Book”, via our web-
The following Application Notes can be applied to the site at http://www.dalsemi.com/, or through our faxback
DS1820. These notes can be obtained from the Dallas service at (214) 450-0441.

Application Note 27: “Understanding and Using Cyclic Redundancy Checks with Dallas Semiconductor Touch
Memory Product”

Application Note 55: “Extending the Contact Range of Touch Memories”
Application Note 74: “Reading and Writing Touch Memories via Serial Interfaces”
Application Note 104: “Minimalist Temperature Control Demo”

Application Note 105: “High Resolution Temperature Measurement with Dallas Direct—to-Direct Temperature Sen-
sors”

Application Note 106: “Complex MicroLANs"
Application Note 108: “MicroLAN - In the Long Run”

Sample 1-Wire subroutines that can be used in conjunction with AN74 can be downloaded from the website or our
Anonymous FTP Site.
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MEMORY FUNCTION EXAMPLE Table 3

Example: Bus Master initiates temperature conversion, then reads temperature (parasite power assumed).

MASTER MODE

DATA (LSB FIRST)

COMMENTS

X Reset Reset pulse (480-960 s).

RX Presence Presence pulse.

TX 55h Issue "Match ROM" command.

IEX <64-bit ROM code> Issue address for DS1820.

X 44h Issue “Convert T" command.

TX <l/O LINE HIGH> 1/0 line is held high for at least 500 ms by bus master to
allow conversion to complete.

TX Reset Reset pulse.

RX Presence Presence pulse.

X 55h Issue “Match ROM" command.

TX <64-bit ROM code> Issue address for DS1820.

TX BEh Issue “Read Scratchpad” command.

RX <9 data bytes> Read entire scratchpad plus CRC; the master now recal-
culates the CRC of the eight data bytes received from the
scratchpad, compares the CRC calculated and the CRC
read. If they match, the master continues; if not, this read
operation is repeated.

TX Reset Reset Pulse.

RX Presence Presence pulse, done.
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MEMORY FUNCTION EXAMPLE Table 4

Example: Bus Master writes memory (parasite power and only one DS1820 assumed).

MASTER MODE DATA (LSB FIRST) COMMENTS

TX Reset Reset pulse.

RX Presence Presence pulse.

X CCh Skip ROM command.

X 4Eh Write Scratchpad command.

X <2 data bytes> Writes two bytes to scratchpad (TH and TL).

TX Reset Reset pulse.

RX Presence Presence pulse.

> CCh Skip ROM command.

TX BEh Read Scratchpad command.

RX <9 data bytes> Read entire scratchpad plus CRC. The master now recal-
culates the CRC of the eight data bytes received from the
scratchpad, compares the CRC and the two other bytes
read back from the scratchpad. If data match, the master
continues; if not, repeat the sequence.

TX Reset Reset pulse.

RX Presence Presence pulse.

X CCh Skip ROM command.

TX 48h Copy Scratchpad command; after issuing this command,
the master must wait 6 ms for copy operation to complete.

TX Reset Reset pulse.

RX Presence Presence pulse, done.
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MEMORY FUNCTION EXAMPLE Table 5

Example: Temperature conversion and interpolation (external power supply and only one DS1820 assumed).

MASTER MODE DATA (LSB FIRST) COMMENTS

ID¢ Reset Reset pulse.

TR Presence Presence pulse.

TX CCh Skip ROM command.

TX 44h Convert T command.

RX <1 data byte> Read busy flag eight times. The master continues reading
one byte (or bit) after another until the data is FFh (all
bits 1).

X Reset Reset pulse.

RX Presence Presence pulse.

TX CCh Skip ROM command.

X BEh Read Scratchpad command.

RX <9 data bytes> Read entire scratchpad plus CRC. The master now recal-
culates the CRC of the eight data bytes received from the
scratchpad and compares both CRCs. If the CRCs match,
the data is valid. The master saves the temperature value
and stores the contents of the count register and count
per °C register as COUNT_REMAIN and COUNT_PER_C,
respectively.

TX Reset Reset pulse.

RX Presence Presence pulse, done.

CPU calculates temperature as described in the data sheet
for higher resolution.
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground

Operating Temperature

Storage Temperature

Soldering Temperature

—-0.5V to +7.0V
-55°C to +125°C
-55°C to +125°C
260°C for 10 seconds

* Thisisastress ratingonly and functional operation of the device atthese or any other conditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL | CONDITION MIN TYP MAX UNITS | NOTES
Supply Voltage Vob 110 Functions 2.8 5.0 508, 152
+1/,°C Accurate | 4.3 5.5 \
Temperature
Conversions
Data Pin 110 -0.5 +5.5 2
Logic 1 ViH 2.0 Veet+0.3 2,3
Logic 0 Vi -0.3 +0.8 2,4
DC ELECTRICAL CHARACTERISTICS (=65°C to +125°C; Vpp=3.6V to 5.5V)
PARAMETER SYMBOL | CONDITION MIN TYP MAX | UNITS | NOTES
Thermometer Error terr —0°C to +70°C 1/, R
-55°C to 0°C
and +70°C to See Typical Curve 1,9 10
+125°C
Input Logic High Vin 2% 5.5 2:3
Input Logic Low ViL -0.3 +0.8 2,4
Sink Current I Vij0=0.4V —4.0 mA 2
Standby Current la 200 350 nA 8
Active Current lop 1 1.5 mA 5,8
Input Load Current I 5 IA 74
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AC ELECTRICAL CHARACTERISTICS: (=55°C to +125°C; Vpp=3.6V to 5.5V)
PARAMETER SYMBOL MIN YR MAX UNITS NOTES
Temperature Conversion Time tconv 200 500 ms
Time Slot tsLoT 60 120 s
Recovery Time trec 1 s
Write 0 Low Time "LOWO 60 120 s
Write 1 Low Time tLows 1 15 s
Read Data Valid trOV 15 S
Reset Time High tRSTH 480 S
Reset Time Low tRsTL 480 4800 s
Presence Detect High tPDHIGH 18, 60 s
Presence Detect Low teoLow 60 240 s
Capacitance Cinvout 25 pF

NOTES:

1. Temperature conversion will work with £2°C accuracy down to Vpp = 3.4 volts.

2. All voltages are referenced to ground.

3. Logic one voltages are specified at a source current of 1 mA.

4. Logic zero voltages are specified at a sink current of 4 mA.

5. lpp specified with V¢ at 5.0 volts.

6. Active current refers to either temperature conversion or writing to the E2 memory. Writing to E2 memory con-

sumes approximately 200 A for up to 10 ms.

7. Input load is to ground.

8. Standby current specified up to 70°C. Standby current typically is 5 A at 125°C.

9. See Typical Curve for specification limits outside the 0°C to 70°C range. Thermometer error reflects sensor accu-

racy as tested during calibration.

10. Typical accuracy curve valid for 4.3V < Vpp < 5.5V.

1-WIRE WRITE ONE TIME SLOT

tstot START OF NEXT CYCLE

re— lrec

4
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1-WIRE WRITE ZERO TIME SLOT

tstot

le—— 'ReC

tLowo

1-WIRE READ ZERO TIME SLOT

START OF NEXT CYCLE

tstot

re—— IREC

START OF NEXT CYCLE

e

e—— trpy —>|

1-WIRE RESET PULSE

RESET PULSE FROM HOST

tRSTL

tRSTH

1-WIRE PRESENCE DETECT
P

—1 'POHIGH

RESENCE DETECT

poLOW |
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TYPICAL PERFORMANCE CURVE

DS1820 DIGITAL TERMOMETER AND THERMOSTAT
TEMPERATURE READING ERROR

ERROR (deg. C)

34
24
1%
UPPER LIMIT
SPECIFICATION
\ L L W Me=l o rema Vo e
t t F—— t i + t !
-55 -35 =15 25 45 65 85 105 125
LOWER LIMIT TYPICAL
ERROR

SPECIFICATION

£

Fo

TEMPERATURE (deg C)
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Quad 2-Input NAND Schmitt Trigger

General Description

The CD4093B consists of four Schmitt-trigger circuits.
Each circuit functions as a 2-input NAND gate with Schmitt-
trigger action on both inputs. The gate switches at different
points for positive and negative-going signals. The differ-

ence between the positive (V1) and the negative voltage
(V17) is defined as hysteresis voltage (Vy).
All outputs have equal source and sink currents and con-

form to standard B-series output drive (see Static Electrical
Characteristics).

Features

B Wide supply voltage range:

B Schmitt-trigger on each input
with no external components

M Noise immunity greater than 50%

3.0Vto 15V

Ordering Code:

B Equal source and sink currents
B No limit on input rise and fall time
B Standard B-series output drive

B Hysteresis voltage (any input) Ty = 25°C

Typical Vpp = 5.0V
Vpp = 10V
Vpp = 15V
Guaranteed
Applications

Wave and pulse shapers

- High-noise-environment systems
Monostable multivibrators

-+ Astable multivibrators

- NAND logic

V=15V
Vyy=2.2V
V=27V
Vi =0.1Vpp

Order Number | Package Number

Package Description

CD4093BCM M14A

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150" Narrow Body

CD4093BCN N14A

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter X" to the ordering code.

Connection Diagram

Pin Assignments for SOIC and DIP

Voo H G

lu 13 12

M (s F i E

1

I7

Vss

Top View

© 1999 Fairchild Semiconductor Corporation DS005982.prf

www.fairchildsemi.com

4966111 Nwyss aNVN Induj-z pend 29£60vAD



CD4093BC

Absolute Maximum Ratingsote 1)
(Note 2)

DC Supply Voltage (Vpp)
Input Voltage (V)

-0.5t0 +18 Vp¢
-0.5to Vpp +0.5 Vpe
Storage Temperature Range (Tg) -65°C to +150°C

Power Dissipation (Pp)

Dual-In-Line 700 mW

Small Outline 500 mW
Lead Temperature (T )

(Soldering, 10 seconds) 260°C

DC Electrical Characteristics (note 2)

Recommended Operating
Conditions (note 2)

DC Supply Voltage (Vpp)
Input Voltage (V)

3to 15 Vpe
0to Vpp Voc
-40°C to +85°C

Note 1: "Absolute Maximum Ratings™ are those values beyond which the
safety of the device cannot oe guaranteed: they are not meant to imply that
the devices should be operated at these Iimits. The table of “Recom-
mended Operating Conditons™ and “Electrical Characteristics” provides
conditions for actual device operation

Operating Temperature Range (T )

Note 2: Vgg = OV unless otherwise specified

-40°C +25°C +85’C
Symbol Parameter Conditions - - - Units
Min Max Min Typ Max Min Max
oo Quiescent Device Vpp =5V 1.0 1.0 145 nA
Current Vpp =10V 2.0 2.0 15.0 HA
Vpp = 15V 4.0 4.0 300 | pA
Vou LOW Level Vin=Vop, llo] < 1 HA
Output Voltage Vpp =5V 0.05 0 0.05 0.05 \
Vpp =10V 0.05 0 0.05 0.05 %
Vpp= 15V 0.05 0 | 00s 0.05 v
Vou HIGH Level Vin=Vss, llo] < 1 pA
Output Voltage Vpp=5V 4.95 495 5 4.95 \
Vpp = 10V 9.95 9195 10 9.95 Y
Vpp= 15V 14.95 1495 15 14.95 v
Vr- Negative-Going Threshold llo] <1 uA
Voltage (Any Input) Vpp =5V, Vg = 4.5V 123 225 &) 1.8 2256 1.5 23 Vv
Vpp =10V, Vo =9V 2185 | W6 | 30gl=wade=l=ab [ 80 |“2.65 \
Vpp =15V, Vg = 13.5V 435 [ 675 | 45 | 63 | 675 | 45 | 69 v
Vi+ Positive-Going Threshold llo] < 1A
Voltage (Any Input) Vpp=5V, Vo = 0.5V 2.75 3.6 275 33 335 2.65 3.5 v
Vpp=10V, Vg =1V 5.5 749541 55 6.2 7:0 N[75.35 7.0 \4
Vpp =15V, Vg = 1.5V 825 | 10.65 | 825 | 9.0 105 | 8.1 10.5 \
Vy Hysteresis (V+ - V=) Vpp=5V 0.5 [(82:35 |4¥0{5 15 2.0 | 0.35 2.0 \%
(Any Input) Vpp =10V 1.0/ 0w A Ant071 2| 40 |Ow0 | A0 \%
Vpp =15V 15 6.3 1.5 27 6.0 1.20 6.0 \
lou LOW Level Output Vin=Voo
Current (Note 3) Vpp =5V, Vg = 0.4V 0.52 0.44 0.88 0.36 mA
Vpp =10V, Vo =0.5V 18 5] 225 0.9 mA
Vpp =15V, Vg = 1.5V 36 30 | 88 2.4 mA
loH HIGH Level Output Vin=Vss
Current (Note 3) Vpp=5V, Vo =4.6V -0.52 0.44 | -0.88 -0.36 mA
Vpp = 10V, Vo = 9.5V -1.3 -1.1.-2.25 -0.9 mA
Vpp = 15V, Vg = 13.5V -36 30 | 88 24 mA
i Input Current Vpp =15V, Viy = OV -0.3 1071 <03 1.0 nA
Vpp =15V, Vjy = 15V 0.3 107%7 |1/0.3 1.0 | pA

Note 3: lgy and I are tested one output at a time.

www. fairchildsemi.com
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AC Electrical Characteristics (Notea)
Ta = 25°C, C_ = 50 pF, R = 200k, Input t,, t; = 20 ns, unless otherwise specified

Symbol Parameter Conditions Min Typ Max Units
tonL toLH Propagation Delay Time Vpp =5V 300 450 ns
Vop = 10V 120 210 ns
Vpp = 15V 80 160 ns
trae e Transition Time Vop =5V 90 145 ns
Vpp = 10V 50 75 ns
Vpp = 15V 40 60 ns
Cin Input Capacitance (Any Input) 5.0 7.5 pF
Cpp Power Dissipation Capacitance (Per Gate) 24 pF
Note 4: AC Parameters are guaranteed by DC correlated testing
3 www.fairchildsemi.com
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Typical Applications

Gated Oscillator

CONTROL

B

_::E_C

Assume ty + ty >> tpyy + tpyy then
to = RC /n [Vpp/Vr-]
4y =RC /n [(Vpp - V1-)/(Vpp - V1-)]
1= RC in [vyVT7]
1 1

t= =
4+
RC ¢n

(Vr*) (Voo —Vr°)
(Vr=){Vpo = V7 *)

Voo — ey

CONTROL

Voo

Vour |

o —

Gated One-Shot

(a) Negative-Edge Triggered

Voo
ViN
Vi

e g/l ) (21

vy WVP I/
|

I I

]
,_e I~ t=RCw [Vpp/Vpp - Vys)

(b) Positive-Edge Triggered

Voo

Vin

kY2 SN L

N dS N
= ==

t=RC¢n (Vpp/VT-)
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Typical Performance Characteristics

Typical Transfer Guaranteed Trigger Threshold
Characteristics Voltage vs Vpp
15
|-Vop = 15V 2] Vr-— V-;-, - s B e WYSTERESIS » (Vi) (V)
e g : 0 Da0sIeC L 7
| ll | I o T — e L AT Ve
= I—Vpp = 10V } E >’ . Voo :L;,kr
o L
C R 85 | Yo ]
z [V St AU s,
b= 1 77 - 7 p -
: A I
= g2 5 o et
H] Vo =5V e zol 7L i
=X 90 < o ’ TIE
3 VTV i Sa 3 ]
A FITIOT 2 CEERE) s |
P - |
T »ANY INPUT T = 1 ANV INPUT
0 | | Ll = A |+ MIMINUM HYSTERFSIS SPREAD D 1 Voo
0 5 10 15 5 10 15
INPUT VOLTAGE (V) Vpp (V)
Gu?nranteed Hysteresis vsVpp Guaranteed Hysteresis vs Vpp
T g1 gl 6 T @ =
L R =26°C | ! | Tp=25°C % ! ] l l
= | s !
g ' ! R i ——
= GUARANTEED MAXIMUM @ |/
2 v ﬁ)_, s et | a {0.4 Vuy
ot | € q
~2 W - LR
7 E el — L
123 T~ = s
R o “ TYPICAL == 2 P YR
= 1 =
: JAP! =
S g = ——
= GUARANTEED MINIMUM S E = MIN)T—
Pl B 14 bt | o L_f—
Had TS558 ke W
0 Q ' N
5 10 15 5 10 15
Vpp (V) Vpp (V)
Input and Output Characteristics
Voo

Vou Vin
You VoL ..ﬂ_

L
DRIVER 0A0
Output Characteristic Input Characteristic
__LOGIC “1" OUTPUT
/ REGION
Midorosss.cciiomerrrrra

Vo

VIHMIN) = VT (MIN)
|
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Vou
Vss

\__ LOGIC "0 OUTPUT
REGION
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w
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AC Test Circuits and Switching Time Waveforms
Vop

L
IN

50 pF

=

8IS ~

v

B 0%

Vin 50%
= 10%

~ ["*ITHL | =~trn

|

e W Kb, N
0B 90%
VouT 50%
10%
oV

— 14— tPHL ] tPLH
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Physical Dimensions inches (milimeters) unless otherwise noted
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14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow Body

Package Number M14A
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CD4093BC Quad 2-Input NAND Schmitt Trigger

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
Package Number N14A

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS W

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

RITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness

www.fairchildsemi.com

Fairchild does not mmmhkwbwdncmwmmmom patert licenses are inplied and Fairchild resenves the right at arny tme without nctice to charge sad Grautry and specfictions.






