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ABSTRACT

This thesis presents know-how for using Digital Compass route recoding system

for cars and other street rehicles. The result can be applied to car navigating system.

Which indicates the longtitude and lattitude of the Earth coordimate within a given

accuracy provided by the manufacturer. Computer program is written by using Visual Basic

Which helps butld a map and the vehicle’s position along the traveling oath.
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2.1 Tuininsuiniaweinszga MCS-51
o - [ (J o -
TuinsneuInsameiaszga MCs-51 Bdfunaneisufiu nsaafmoluveaiv
waveisiimicsnrwimeluthawy RoM vrwefidhuuyy EPROM viawedii RAM
- * '
molu 128 Tud waiedd 256 Tud Dhudu Feozidoammisofnu 1dengiie 14Taons s

URTANHUTYDINIAN 4 wTimiiouny

pamniARAgues MCS-51 fidaii

- 1Mo 1781 ROM 4 Kbyte, 8 Kbyte, 20 Kbyte
- UM18ALE1 RAM 128 byte

- finesn VO vua 8 1n 4 nesn

- 4§ Timer 16 1A 2/

- S0BUMBITAN 14 5 unas

- ingsooadaniapiuns e IRMULIN

- fimeinoynsudmuniafudedoyauuy Full Duplex &2omnniags
- Sramisanus i lsunsunisuend 64x

- ramizsnnuindeyameuenld 64K

- umadizananafiasiiald

- s smiaoanus uuuiia A 210 Awnus

J - L 3 & N - - -
- wlaigSniMdsfunaniiza ¢ Tnlas5unh vaheudaw Clock 11,0592 MHz

Tulnsnou Insained MCS-51 exilqadia (Instruction Set) B8Nl diudaa
TMauems q unziilesnn MCs-5i sstszuanauuy 8 fin sHanwuaTeaszivuia 8 iin
&u Fagadrdaez i IR Enugare 28 = 256 yadds Mdaumasdidersiinun 1, 2 vie 3
Tud

MCS-51 3 THuAN1381318AIA T (Addressing Modes) INOAARBAUM AT 1101992
dumisndoyaeonymiafondoymd 1 ¥ianuna § Tnuaite Register, Direct, Indirect,
Immediate, Relative, Absoluie 182 Index
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3. Data Transfer Instructions iunguidai 1§lumnindeuto danendeyadaannsa
danefunuaon 1w 1dnaiouuy iy MOV, XCH, XCHD iudu

4. Boolean Instructions 1¥U ANL, ORL, CLR, SETB fudu
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2.1.2 midananangueluiasaeuiniiosi MCs-51

33335838

38 S

3223555883 dgzz2z2zz2z2z

OoOoOooOononoNnNnonnnoaoacoanoOon

Esaaaﬁzaﬁzscmﬂam&uuﬁ
80C31/80CS51

PN HNERNNESBR RS AR S

| S JNN & Jun % up w gy i AR S b S B R B D U SND I JNL 40 Jup AN e 3 I BN R AN Jan O fun W M B QW

SSSCSCS8gRmZI2II88323

1l 23 namagiliauarmtaanavequeslulnsneu Insinad Mcs-s1

» r - r's
wimuazmItaueav luInineu Insines Mcs-s1

Pin

P0.0-P0.7 Port 0 t}u Open drain bidirectional /O Port 8 Bit 1101413y Output Ty

P1.0-P1.7

¥ o -
um/ mmmuaud

f111705U (Sink) ATEUOVBY Input 4w LS TTL 14 8 @2 dm Ty Port 0 Bit
fgndant 1 eenun seiunfudiu Float Feemnsoldandiy High
impedance Input Wueneinii Saimeriidlu Address Bus §2uves Low
byte (PCL) e ufi1 Data Bus Tunidiiinir 1497y External Memory Tums
i Logic ‘1’ 83Qn®r{ 14910  Strong Intemal pull-upiaz¥ega Port 09z 1§

damniioy1u Intemal program memory BONUNINONITATIVABY (Program

verification) A9ZABIAD External pull-up 1A

Tue3a U4 (Sink/Source) NTERAYOA Input MUV LS TTL 14 4 #3
dmfuPon 1 Bit Wgndesi 1 eemn sxvilieniudu High in
Internal putl-up Bannsalanudiu put 18 uauidlegationdas Logic ‘o
Yiu siuseWinszumoenin anszumes a1 ntemal pullup 1103
(1L, on data sheet) ensnil dnduy 80C52, 83C154 and 83C154D %1 Port
1.0 unz Pr.1 sransalénudlu T2, T2EX (T2: Timer 2 input , T2EX:

Timer 2 “Capture” input)

Port 1 111 Bidirectional 'O Port 8 Bit with Internat pull-up tiie14iilu Cutput .



P2.0-p2.7

P3.0-P3.7

PSEN

&

Port 2 111U Bidirectional /O Port 8 Bit with Interal pull-up lﬁﬂ'l{
uOutput WueuIse /810 (Sink/Source)  ASENA UBA Input LYY LS
TTL 184 & wonuinil Port 2 Guvimihiidiu Address Bus Tudauves
High byte (PCH) Tuns@fiimiléu Extemal Memory h1¥m3sdn
Address LUV 16 Bit 'lunm“: Logic ‘1’ ﬁ:Qﬂﬂ;'N'i'lﬂ Strong Internal
pull-up
Port 3 11 Bidirectional /O Port 8 Bit with Internal pull-up uﬂﬂﬂ'lﬂf:llﬁ‘l mn
#14 84 Port 3 9555149 1miTlu Special feature Y94 MCS —51 Fwo il

P3,0; RXD (Serial input port)

P3.1: TXD (Serial output port)

P3.2: INTO (External interrupt 0)

P3.3: INTI (External interrupt 1)

P3.4: TO (Timer 0 external input)

P3.5: Tl (Timer } external input)

P3.6: WR (External data memory write strobe)

P3.7: RD (External data memory read strobe)
Reset tHudggnutloulitu Mcs iedumsdmuadiududg nisih
Reset f:izﬁmﬁmnﬂi‘:qﬁiiw'lﬂ'lﬁﬁums Tums Reset gy RST
ABa1iBye131T06 2 Machine cycles 33192111115 Reset 14
Address Latch Ensble (Hufiggna szT ml¥awospc  giftudhit
LATCH lusgM3nad d1vea PCL eemnfi PO doygne ALE fozil
pemnanea  ( 1319:iin1314 External memory W38i ) (Hunua
t/6 veadggnam Clock  Fveursath W lilugwnmfiuasesawouen
WusedaifalunsafuunsAnaedy Exemal data memory Sgygau
ALE 38l nila go
Program Store Enable fijos  PSEN  daifusiggiai1§lun1s Fetch
f1&9970 External program memory viu ez hivhanudedums Feteh dda

91 [nternal program memory daggal PSEN  UITUIAAYU TTOIRTY

External data memory Syt PSEN sxdmyld

External Access Tatn1saewiggna EA (Ju ‘High' ms Fetch 1 #a
Address Yo6n1 OFFFh ( 4K @351 80CS1 ) 9214931 Internal program
memory  upz@uilu Address daus 10000 # 921Tum3610I0 External
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program memory A1 EA 191U "Low’ 13 Fetch Midanavuase
NTENINY External program memory
XTALl Input to inverting osciltator amplifier nazl¥dmiumsfiou Extemnal clock

XTAL2 Output to inverting oscillator amplifier

2.1.3 Memory Organization in MCS-51

Logical separation of program and data memory
# MY Microcontroller  MCS-51  Wugasenuuuind fimizennudrdm vy

) » - o - - o
Tasunsu (Op-code) nasvuisanuiidmivinudeyanusnesnninfiuaagy

PROGRAM MEMORY DATA MEMORY
{READ ONLY} (READ/WRITE}
FRFF FFEF

EXTERNAL %

EXTERMAL \ %

I 1
INTERNAL
FFH;
EAsD ) EAst
EXTERNAL INTERNAL
1000 %0 Q000

t

PSEN RO WR

1IN 24 mbuanudiseruazmiasanudusy

AI3BOMIULYOI Data  memory Ausnoemnd  seimlfannsndon1din1K1a0ld
Address 1Tit 8 Bit i1tiu Faex 180195232l CPU i 8 Bit 1An1314 Address i
8 Bit M1 1¥5 198 4@ MM ¥DQ Internal data memory  MALHOS 256 @My (00h — FFh)
dafiivs wed iy milflumatvesTsunavuadn uadieams 14
Datememory $1191nn  se@paiiuns19911v6q External data memory @tarnnsnldns
$309R UM Address v 16 Bit Tat1¥ DPTR: Data pointer (Data memory address register)
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™~ ~
FFFF FFF AFF FFFF
8K 8K

BYTES BYTES

ST 6K DI 6K
1000 > BYTES 7001 > BYTES

EXTERNAL EXTERAL

OFFF 1FFF

AKBYTES &KBNES
ool N oo wol N ) o

31U 2-5 nuawanudwrumolu MCS-51

§7UYB4 Progmm memory  szifumissanuiriten IRifascradin oz aunsoi 1@
nuA 64K Muniad iy Mcs-s1 Tuuuufii Program memory aulu faziiuilumaiy
Tilsunsumolu 1Ci8a 4K, 8K, 16K %38 32K Address (A111103983 IC #14) dm3u Address
fnninil fezih Program memory 640N tiau MCS-51 71 1ifl Intemal program memory
74D Program memory mmma:aqmuuanﬁwmmmw External program memory W
Mcs-s19z1¥ndgyanar PSEN ( Program Store Enable )

2.1.3.1 External Data Memory
M3V External data memory #ammuninivrsunioidoudoynnala)1g Aexil Address 7
LNBBNYN Program memory UDSUAUINUIYES  External data memory Wanun 64K
Address Tun1TARADIL External data memory 1iu MCS-51  sel§wndqanu RD uns WR
Yunsdifidpenis1d External program memory 1tnE External data memory ity pei 1
Taommhdggra PSEN waz RD 1nrwdulaeld AND gate o lddganeriumseu
External Program/Data memory
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2.1.3.2 Program memory

0EH

LOCATIONS
ONeH

e B BYTES

I

g
[
g6

3UM 26 Ut NN Program memory

Program memory Tudumissudu Fuile CPU Funsiiaundninms Reset fvz
GumaiaurideR Address 0000h Laz BN Address TtAIABIIY seTidumiaf
BYUBA ISR : Interrupt Service Routine  1AUMIHIIUYOY Interrupt 11 MCS-51 o iin
Fyoo Inferupt 1 uftezna Tanmadanands Tusunsuludnonisimuad
Fret1a9u §1130 Interrupt 0 910N 1wuON e MCS-51 1RTudyg1al Interrupt i ez
sz Taammnundalusunsulu Address 00038 uazHi Interrupt TitAiReIn Timer 0
feznszTaamatanandalusunsuly  Address 000Bh unz Interrupt 1 91AMunen nee
nizTaamsnranandeTsunsnluaddress 0013h Tuudne Address Mmualidmsy isr
s sty Tlsunsa 18 8 Address 981 ISR #A0aNTs Sulabsunsufidug fies
annanlddr W uaddiu sk Reanmudateriild Taons 1886 Jomp TiFaTusunga
Hideamsdai

2.1.3.2 Data memory

Data memory 183 MSC-51 Yusziisoomiihy lntemal data memory (102 External data

memory Taun15 144111404 Data memory Vet uiivzt Address fiuensnAudae
MCS-51 with 128 bytes Internal Data memory (410)

MCS-51 with 256 bytes lntemal Data memory (¥71)



FF

SFRs

DIRECT
ADDRESSING
ONLY

a2

DIRECTS
INDIRECT
ADDRESSING

FFFF

B4K
BYTES
EXTERNAL

F>

_» 0000

INDIRECT
ADDRESSING ONLY
80H TO FFH

FF

86

FF
SFRs
DIRECT

ADDRESSING
ONLY

i

00

DIRECTS
INDIRECT
ADDRESSING

FFFF

>

_/ 0000

13

64K
BYTES
EXTERNAL

3UN 27 1arA3AI Intemal data memoryttnty External data memory

ﬂﬁ‘lﬂn'amémnﬂu(lntemal data memory)

FFH FFH
UPPER | ACCESSIBLE ACCESSIBLE
BY INDIRECT
128 S e, BY DIRECT
A ADDRESSING
80H
7FH 80H
ACCESSIBLE SPECIAL
LOWER BY DIRECT FUNGTION
128 AND INDIRECT REGISTERS
ADDRESSING
00H

o » ' .
7UA 2-8 uarRsiamiea Nl

PORTS

STATUS AND
CONTROL BiTS
TIMER
REGISTERS
STRACK POINTER
ACCUMULATOR
(ECT.)

AR Ao Lower 128, Upper 128 1as SFR 11a29IANISN Internal data memory

» ]
WU 256 Aumuanniu Mldnsdre Address musoin 1@ Taoldidos 8 Bituada

matinveans drtadwmisdioyn ( Addressing mode ) MTWIAR MUY Internal data

memory WIHUA 384 byteslauAmiudoyndaug Address 86h — FFh

Erdradadoynd

2 J o
Address 11U 87075483 Direct addressing  Nez 1&dayatinsinauazdiu funisdeia

Joyah Address 1RGafUITU R2uTBves

Indirect addressing®1n3U9ziMu 1431 Memory 1u

» ]
1 7Uv63 Upper 128 fesil Address (80U Memory Tudianves Aan15antianu o Intemal

L J o L] L 1 I g
data memory viilugagy Fafussgruniseeniiu SFR uavz1§imndidadeyntiuandaiy

Huie



Lower 128 bytes of internal data memory

BANK SELECT
BIT IN PSW l

{1
10
01

00

TFH

2fH
204

1FH
18H

17H
104

0FH
08H

07H
10

14

BIT-ADDRESSABLE SPACE
(BIT ADDRESSABLE 0-7F

4 BANKS OF
8 REGISTERS
RO-R7

L RESET VALUE OF

~

STACK POINTER

zﬂﬁ 2-9 Lower 128 bytes of internal data memory

v
Internal data memory 128 AwMuansn ssliegmiloufiunanualy MCS-51 uuyd1g

Tagezfimsdaisfagy Tuduwes 32 bytes usn sxldarudiu Register 4 ya yoas 8

. <
register AD

4 » <
RO-R7 Fmuwnsodonldauldendideding  madenyaues Register Aezldan

91 lae 1¥erauzvesdoyn 2 Bit eglu PSW: Program Status Word maeenuuuludnyors

i Op-code Miun1d Register viu du

v - £ 4 4 a
{iA11970 Register bank 80 16 Address sziufupudeyafiawiiafonléamlus:

A1 Bit 18 128 bit 1avsil Address A MFuMIGon1¥1uLAy Bit fie 00h — 7Fh

: e e
unsdoyalunng durialuduves Lower 128 1 musaszfnddwitnisves

Direct /Indirect addressing 910013 19 uvsatfaaen 18
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Upper 128 bytes of internal data memory
o
] " v £ T da
HU20A181 U IUVes Upper 128 U 2linglu MCS-51 13U intemal data memory
256 AMMUAN MY 135U BOCS52, 83C154, 83C154D

FFH

NO BIT-ADDRESSABLE
SPACE

AVAILABLE AS STACK
SPACE IN 80C52/80C154
AND 83C154D

NOT IMPLEMENTED
{N 80C51

80H

Iﬂﬁ 2-10 Upper 128 bytes of internal data memory

wlnspouInsmaofaszga  Mosst  dsstdludSggrinudiesdy
TulnsnouTnsainesaszga MCs-51 fimiaonwsimeluihuwuunas (Flash Memory) i
fiuestududan ATso mauadl¥lulnsrouTnsamefuvuiilumsSoufiioms 1§y
Y TnsnouTnsamofasga MCS-5t idawmarn)szmsdsil
1. miasnamsi Tlsunsumoluda ulasnouInsmaesiluuuuuday  manseawiar
o TmilEiTu 1,000 afa SeamnsoldanslugthiuuvestuTasnowTnsaaed S1lides
Nidoalémitnrimiimouen danalfruseldnuneiaduna (Port Input) Y84
TulnsneuInsame ket udnlszdnsnm
7. hituSudesldindeailovimun fmanduinae? (Emulator) uomedoalilsunsy B
N304 (EPROM)
1. lulnsnoulnsaneiaszqaiiiiesnnmuoiued uarfinndnsauangiafiy
oonll v ldimadenlums Waudidnd
4. Imslémiasnnusimoluar luinsseuInsames vinlaunsafleadunsiacen

'ﬁ'ﬂynummi'mmmiﬂdsunm‘lﬁzi‘luaduﬁ
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|
. i
! k4
= W ADoA A POAT 0 PORT 3 ouick
: REQI LATCH H ELASH
. F Y
:
H h b l
4 Y
H h
: PROGRAM
8 STACK
: o ADDRESS
; REQISTER POMTER ADORESS
| r :
' a—s|  eurren —»
: T™P2 ™Y B
.
: l_
: pC
; ALY INCREMENTER [4— ¥
1
! ’ NIERRUPT SERIAL PORT,
: AND TIMER BLOCKS
' k 4
: 4 4 procra 1o
1 Paw COUNTER -
:
H

e
EA / Vg == CONTROL

HETRLICTION
REGISTER

11 2-11 enzdvrlnsanandnvesluTnsneu Insamed MCS-s1 uuuuay

DPTR

P10 - P17

»
- ] - '
1. VIMBia 3(P3.0-P3.7) U811 AMAY 10 - 17 TaelmsMuuanaiuzuesvineda

L 4 L] »
miloufumsfmusuneia o usnainmiuvmeda 3 duduunniminmsi$au

- - -t - L] q’
Ny Aaliswazovaaaae i

- p3.0 Wdhundunadmiviudoyasinmisemseynsu nfen RxD

- p3.1 Wnflundumrdmivdedeynsinmiatiomsoynsy wiov Txd

Y - - - o 1
- p3.2 MiluniBunaiudggraudumn i ndeinmeusnyss 0 v3e vi INTO

= ) - ‘o »
- p3.3 1duvibunsiudygraduineiSkaninnnuonyes 1 nSa ¥IINTO



immoayane s mswuntimanyzlf

17
- P34 1undunedmiuiudygna Inuesnnisuenyel 0 vie w1 To
- P35 Mdluvnbugedmiviudygradureiimavinnousntes 1 e T
- P3.6 Willuvidggae wr luns@ilidoudefuminonaumousn
- p3.7 Wiiluwidgone RD lunsdii Midendedumizsanusimouen
Minef 2.1 1wazBoanaduvesluininou Insamas MCs-51 wuuuray
RYCEAILY AN wiwanuifioya dmuinweds
TulnsneuInsnined Tusunsu wnniiaed 16 in
ATS9SC1051 nuvuaay vuia i w3 64 Tud 1
flalud
AT895C2051 wuuiray vuia 2 usy 128 Tud 2
Alntud
ATB9SC51 wuuuday e 4 wsy 128 Tud 2
ilalud
AT89SC52 HuLIDE vuIR 8 sy 256 Jud 3
Alalud
ATE9SCS5 winiuvray vuia 20 sy 256 Tuk 3
Alatud
AT8958252 HUUUADY YR 8 usy 256 Tud 3
alatud gonsew 2 filatud
ATS9S53 duuidnY YA 12 w51 256 Tud 3

flatua

83089
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asuynlisanesaniagaud
W luTnsnouInsanes Mcs-s1 imirsamuimelundng ef 2 dau fie nuwaiud
TWiunsu kazmiaganuiioyn
1. mu2aud TUs1nTY (Program Memory)
2. JuTsunsuiifu Tsunsudanu Tasaunindenlfmizennuinoluod
RomIeTufuniouen niedenldnulsanusmsuenstiufef 18 Taoniolu ATs9CS1
sesimiasn i Tlsunsunolu 4 Alalud §ufenldmissnnuinisusnnanua 64

Alalud auraalugald 2.12

wwnnnud hitunsunten oo fTatus

muaanu6)
- Tl unsumousn

s4flalud

nuennud i umanniohs 45l lud

31l 2-12 msifenl¥mirenudr lisunsuvealulnineuInsninediues ATseCs1

3. muwAu$ioya (Data Memory)

fid20fu 2 vy fo mizennudifoyamuuen uaznwly Taolulnsneuniamed
MCS-s1 uuuunaslueynsu AT89  tunsadaredunuuauiineuonldgags 64
Alalud nisdadedumitonnudifeyaniousnved lulnsasulnsaaed Mcs-s1
iy Hdnvasadrodunidadedumizennudi Tusunsuniouen uandiudiide
5o uazitoudoyaniouen

gmiululnineuininaed Mcs-s1  wpuuvaslueynsy ATs9  ynwedesil
mizanudrfoyameluiiuwunusy TasudazweezlivurauandraiuTl dmiuns
faasamiasnnuideyameluiadu 3 dau fie wiseanusifeyadiuuy, daman uas

-y I'd T o
ImReIHINSUMNIENY
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2.1.4 AHIZIUNIBUABTINA (Interrupt Processing)
- T W » o - 4 - e -
anasrenuIznInnInsnonIniaiaeitugunssinousnminsont 14 2 dnuazhe
138015 Tnads (Potting)  TaoTulnsneuInsaeideanasasieasugiaeiniusnsy
L ol d‘ iy L] " 1] J qdﬂ' -
ansanmNideyandeanisasdoiulnlaraouInsaimeiniely Fadstieeii i lulng
nouInsaaeidoadonmlifunisasastouuiunn niniiglaseliaunndadenyiu
o« - . ni -, o o o« o=l o
Tulninoulnsanes nmiRrasuvuigeuiunmildnisdumaiing (Juisnisalulag
[} 4 ] 1 » o« L]
nouInsmanihudeanasasismouginisinwuenoganea urez Idgiinsainiouents
-~ = - r - [
Fyopudumed ndidunllrisireu Insamed isgilnisinwusndesnisdnaeiu
A - - - L] L J L]
NirInsnouTnsaaes dislulnsrou Insaaed 18Tudgyanudwaeiindnds Sohmsfuds
t 4
foyatugunsaimausmiug aehl
- o ['d A =1 A‘ ol [T V] » o)
mitwaeiing  udsGenaszuiumsnitinivadanazesiinulavtdnives
W inspsuInsaaed W lulasnouInsawmed MCS-51 siTaABUaUEINIISIABT T HAN
oy J L] - -~ . -
inatuldvin 5 auasdniiadmives ATSSCS1 UssneudlumIduinesna vinniousn
[] - - - A
Audmau INTO ung INT! Fgygudunsiindsin Inweiannines To uax T1 luvazh
T InsneuInsaiaes ATE9CS2 uazlusynsu ATSISxx HNIIOABLTIUBINTIOUMET S WA 1A
| e & -, - - PIY Pl o s a -
210 6 unasniuia lanwunisTudggraduaeiinaninlnueiinniined2 Banils

unaanuila

215 pIdamidunesing
i o o v o /1 1 4 o -f - o
disilintwani A luluTasnouInynaes MCs-s1 1fatu MilAmusoasuaueInts
oy o o - : = a - ) + Aa
eI inA 1S nszwunsndimiugfigezns: Taa hidwenms alumisnnudfidmun
» »

3 Gundunuaneairsaiiin LoAAIIBMADIINA (Interupt vector address) RANUIEABAT
o ' ) - o - - T o l'd, 1
msdieu Tilsunsudosmsuimituwaesing Uuormsaduire i inAlnines i lagrivoa

- o o o ] [ - o o - - ] d‘
uoRIATADWIADS I nAaluaeissuana i 1 lumIBuires inrd1in Aesuazidurre i
MIdumeITnAmuuenivl INTO ifweamns tdume T s nALINMes ogh 0003H
nsdumeisnAninlnwed o DAwermsadumeTi wanniaes pgn 000BH
pdwan Indpouenivg INTI Iinusarsadumei InaLNABI 8GN 0013H
- S o ¢ e o s o ¢ e
noumoiindAennwei 1 fisueams adumesinamaeisgi 001BH
=y - - 1 - - ld
m3sumaiinaninneineynsy iR umarIadure i nannmaiegh 0023H

- o o o _ at o s o / aad
mmummmm'm'lmum 2 UAUDAIATTOUIAB T TWALINIADTOYN 002BH
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2.2 szvuifmwy £C nazmfoude

F'C 6831910 Inter - IC Communication Minufamifadedomsssninled Taovn Fc
WsumsRanduTaoRaUd (phiip)  &avymjamunondnde dean1ileduie Tuga
amnsofadedan uavarunualdmedoyganiios 2 1fu Wunidsie aodeyaeynsy
130 SDA (Serial Data line) Bréunilafie Fygruu1inieynsu nie SCL (Serial Clock line)
1 lumidmuadanazmisdhag msdeiuduseaglnsaluuio 'c Ml&nnnn Hoade
modeyanazaodygnennimesiginstiudazasvuiuiull  dunisdmuaneaase
dmTuRasequnidlidazd Wsiadoyaimfumsimuaganzasiniviusaiasa

sarndedoyauutio ’'c gads 100 iladaseTuifiluTnuadnd (Standard modenias
qaita 400 AlatiadeduAiluTnuanaunisga (Fast mode) msddagunseivute r'c 1%
doyadmiumsifitia 2 Afie 7 UA (7 - bit addressing) 130 10 1@ (10 - bit addressing) gL
2.5 ueRamTdeuABIATE IMILTR IR TC

' 5y

SDA {Serial Data lino)
SCL (Serial Clock Ire)
—

SCLKML ' GALANT I SCLEM2 I DATANZ '
ur out CUT

auT

SCuK SCEX < | DATA
IN < I N N

qunsal 'C &9 1 qun3al F'C @7 2
P 4 ' w

1 2-13 pluyymsvenrenasguveIsELULN IC
msAaredearsduginislurasieslipluvunisiudadoyanio Tl Tanen (Protocol)
figunsaigndifin dvndeamstigilaseidalmiludariudoyn dadaszdaoainsaves

» v
gunsaianiulddeudninguniald lafiusamsmasadudezFudoymiull dwiuda
ol T L] v o’ 4 o a L4 ar 1

qunssindoamstadoyassFoniunmaey (masten) Fuiluaafiadefanasfogrudeg un

LY + ¢ - - - 1
vt dugdnsaifignriummiedludafudeyaszFuniiniad slave)



-————

=3 I
b

SDA __.,_\E-—_/ w/_;_,______._ 304

1
i
{
!
)
¥
1
1
T
1
i
1
i

ddauTwiudy Ganlud udu

snaaliaven dleo S RSTIACTIE (LAILIR

, nre'auting $ays
i SCL v o wauzii §CL s t

7UN 2-14 Favazdggnanauuni

221 sanzfidaguniia r'c

1. Ya919 (Bus not busy) anisiifedudioaanzassauums SDA uay SCL 1y
an‘iﬂqwfqgj thimnenawds masumeadeyammasaduduiuig

2. Gudutisfoyn (Stert data tronsfer) wA1Iilen SCL sufuaelngs uanmn SDA
sufdnunnaoinga Tifluneing Gunhaanzdudy (star)

3. ANVIEUGA (Stop) Azl scL q:tﬂunn‘ﬁnqq udeu SDA aeilAsusinasin
fhiduneings

4. an1ziifoyn (Data valid) ﬁm'J.':f:v:aéi:ﬂ'hmm'Jzz?:nﬁmmzﬂm')znqa 1)
msiudaloyadieg sfalugnzil msudsdoynuaneiiaes 1 dyeaunfnmilagn
Tasdeynuu SDA xdpanaii vaizii sCL (funotinga unrdadeyalu spA sxnifouulag
WRvardi scL iflunedndr Swndauu spa fnsafdsunyasvazi scL uneings
ssuvazinnuiniiuannzdududsdoyanionnizugauny

5. amawaeuiY (Acknowledge)  titegUnsainameieyamnsunitalufuia
tusadyou SCL gait 9 mmaeiezdadoynasingeonnn uazdidisydsudeyansy
udnivsedadggpaaeuiy ack Taohidszduasinguudyga spa Waeduiluasin
A1 uad i K fudeyaigndes dafussildulddrdmgaluanizte
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2.2.2 M3dntauuy 7 (7 - bit addressing)
¥ a [ [ o a + - -t F-J L d
AeuGursdoyasrvingunialdng fdseguuin Avafimisdradaqunsalidonou Tas
G o - - L ot A ' '
nisdnfaginseluua ' duvzldnsdadwny 7 dande 10 dn Tunsainignscidony
ar ] -4 a o a [} F v + -~ ]
e hinin 1¥nidistauny 7 datdsame uadriigunialdesguuriauinnia 127
uomiaset Sududnsldmsdrafiauny 10 B wiannhradegUnsaludazd 18 Gouieondsn
sedudunirdadoynde T plusuvesdeyanasguilflumadhdweaalugd 2-15
i -y J o ﬂ' ﬂ' R t
Soynludisnfifatundannanizduduite fouaf1flunsdredagniaiidomaads

» []
W 7 daraniatia MsB  Awsnidudoyausaiasavesqinsdlamdidosnsaann 1ag

]
uvaxﬁu
N e o o Y - -~ ~
un Un 6 A s L TGK a2 LR ua o
X X X X A2 Al Al A
l. ﬁ-nﬁmuﬂlmmmnmﬁ -|‘ AT TH Laeng o - l

[
Tiljunuld

U 215 gluvudeyamnasgulumsguisamsaveimsdoumeuussunia '
ongUl#i 2-14
1. SARTMUALDAATIAST (fixed address bit) $1U7u 4 T4 éaﬁaqm{qﬂnmﬂténzﬁwz
erdmumnenguda Wiennsonfuunlaadlei
2. tadwmuaussiasefousoTsunsuld (programmable address bit) §117u 3 Da
(fin 1-3) Tasdmuamnzasiniudin A0 - A2 vesqinsaifiFounetia r'c
3. Uefmuanueuniedoudoyaqunidiomd (fuiia Lse)
it 0" mneths AeansiSioudoynTdigunsalmad
i “1” wneda Aesnaswdoyaningunselman
- Soynluludnendio doyaniugu control byte) deyaludierduegiugunsaiusas
sz Rodmuanismharudieg voadadu gunsdundszianense: hidesiinsdou
Tudiiig
- foynluludaoanie doyntininatasds (data)
nhsnnfiinsdadoyaluudazud qunsemaditI&iunsAesodesdadygnaiuf
asundndaoynasa Tuguh 216 tmaqphmuﬂagaaqmuﬁtﬁaﬂu‘lumsﬁadauuﬁ'ﬂ rc

m3dradadioya 7 Oa
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$nu  WIAR danmamatavig Goa tiAn 2 drdnyan i
" o . , .
aulviwiniandadanas yayg ORI ITL FYRTINLEY P RIS
-~ . - - . A
wi e U T AR Brwd e AR IACyatrol word P R .
Topatumiohif e Tua
I l > - et 1]
] llﬂi-'ﬂi-ll“lillll\ﬁﬂl
Tirdu Ab-AlE RA=0 | 1 Co il 1 7] inf N uf e
! !
|
Anngendni dmadiil wnianrfy Amawgdardmarinhinnaadadw

114 216 pluvwvesdeynlumadrusamsauuy 7 davussuuie 'c

2.2.3 MIB120AY 10 iR

PR . o
sapalualiidennn Lnynluad ,
P p .
Sradmyy dauniyiis o edenga i vm__n'luna-ﬂd
. - 1 N - -
= G dinyadn = ]'_"ﬂnnurm»r.r b= niminine o Le- Gn ludt o
: e v mar
1110 Fag s An s Gadue waiplntsaidn g Suaetaiida
VANAA XHT 2 (Hapu AadanTn Comtrol word niie:
i Judu ] Tl oAb Ay | RS- { Tui [ AT W [ HTH CoLu ‘ | juf [ , fuf l nger
Lﬂ:umnqﬂnw'nmd I t annangieramad ?
Wil nAanad EINETELI ST

517 217 gduvuverdeyalumsdraueamsamiu 10 nuussuurie e

- -, = - . J

ugli 217 wemaguuudoyneyniuvesnisdadasuy 10 dassiideyamudrin
@ndes Taoluludusnudnifaamiziudu  doadmuald s davuiidenailu 11110
daudn2 lindauniludaueanitveaginiaiideimsszAnde luila LsB veedoyalud
usatanatiumstmuai deansenmiaiisudeyasuginsalmanirndsanisdaded o
Joyaludneuniiudoyausaasaluludii 2 veagininifindeansdndndau Jeyalud

» ]
aalutadudeyaniugu doyandinmiufeniiudoynsienl§lunidade
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1 {$STAMP BS2sx}

1 {$PBASIC 2.5}

pbearing VAR WORD

main:

PULSIN 4, 1, bearing * Get reading

bearing = (bearing-1250)}/125 ' BS28x - Calculate Bearing
' in degrees

DEBUG "Compass Bearing ", DEC3 bearing ,CR
' Display Compass Bearing

GOTO main
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1 {$STAMP BS2sx}
{$PBASIC 2.5}

SDA CON
SCL CON 7
WrCMPS03 CON sCo
RACMPS03 CON sC1
Ack CON 0
Nak CON 1
i2¢cSDA VAR NIB
i2cData VAR WORD
REGISTER VAR BYTE
i2cWork VAR BYTE
i2cAck VAR BIT
temp VAR WORD
digits VAR NIB
width VAR NIB
Init:

PAUSE 250

12cSDA = SDA

REGISTER = 0

GOSUB Read_Byte

DEBUG 2,1,1, "Revision Number =
Main:

REGISTER = 1

GOSUB Read_Byte

DERUG 2,1,3,

REGISTER = 2

GOSUB Read_Word

DEBUG 2,1.,5, "Position =

PAUSE 250

GOTOD Main

' Compasa Accesg Subroutines

Write_Byte:
GOSUB I2C_Start
i2cWork = WrCMPS03
GOSUB I2C_TX_ Byte
i2cWork = REGISTER
GOSUB I12C_TX Byte
i2cWork = i2cData.LOWBYTE
GOSUBR I2C_TX Byte
GOSUB I2C_Stop
RETURN

' Writas i2cData to REGISTER
Write_Word:
GOSUB I2C_Start
i2cWork = WrCMPSO03
GOSUB I2C_TX_Byte
i2cWork = REGISTER
GOSUB I2C_TX Byte
i2cWork = i2cData.HIGHBYTE
GOSUB I2C_TX Byte
i2cWork = i2cData.LOWBYTE
GOSUB I2C_TX_Byte
GOSUB 1I2C_Stop
RETURN

- - m m o om % = m 4+ & & o=

*The Coarse Data(0-255) = *

* DEC i2cData/10,".",DEC1 i2cData,"

' Writes low byte of 12cData to REGISTER

I2C serial data line
I2C serial clock line
write to compass

read from compass
acknowledge bit

no ack bit

I2C serial data pin
data to/from device
register address

work byte for TX routine
Ack bit from device
for rj printing

' define SDA pin
' compass revision number

.DEC2 i2cData
* Show Data 0-255 for 0-360 degree
* Read Byte From I2C

,DEC i2cbhata

get Data in degrees, 0.0 - 359.9 Degree

Degree"®

' gend device address

' gend register number

t gend the data

' Bend device address

' gend register number
* send the data - high byte

' send the data - low byte

o i . s " 1
Tusunsuin 2 Wsunsuswdenlina cMPS03 ghuszuuna 1°c ¥89 -Stamp (iiR8)
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' Raad i2cData (8 bits) from REGISTER

Read Byte: GOSUB I2C Start
i2cWork = WrCMPS02
GOSUB I2C_TX_Byte
i12cWork = REGISTER
GOSUB I2C_TX_Byte
GOSUB I2C_Start
i2cWork = RACMPSO03
GOSUB I2C_TX_Byte
GOSUB 12C RX_Byte_Nak
GOSUB I2C Stop
i2chata = i2cWork
RETURN

' Read i12cData (16 bits) from REGISTER
Read Word: GOSUB I2C_Start
i2cWork = WrCHMPSO3
GOSUB 1I2C_TX_Byte
i2cWork = REGISTER
GOSUB I2C_TX_Byte
GOSUB 12C_ “start
i2cWork = RACMPSO03
GOSUB I2C TX_ Byte
GOSUB I2C_RX_Byte
i2cData .HIGHBYTE = i2cWork
GOSUB I2C_RX_Byte Nak
GOSUB I2C Stcp
i2cData.LOWBYTE = i2cWork
RETURN
' Low Level I2C Subroutines
tgtart
I2C_Start: INPUT i2cSDA
INPUT SCL
LOW i2cSDA
Clock_Hold:
IF {INS.LOWBIT{SCL) = 0} THENW Clock_Hold
RETURN

'Transmit

I2C_TX_Byte:
SHIPTOUT i2cSDA,SCL,MSBPIRST, {i2cWork\8]
SHIFTIN i2cSDA, SCL,MSBPRE, [i2chck\ 1]
RETURN

‘Receive
I2C_RX Byte_Nak: i2chck = Nak
GOTO I2C_RX
12C_RX Byte: i2chck = Ack
I2C_RX:
SHIFTIN i2cSDA,SCL,MSBPRE, (i2cWork)\8]
SHIPTOUT i2cSDA,SCL,LSBFRIRST, [i2chAck\1]

RETURN
‘Stop
I2C_Stop: LOW i2cSDA
INPUT SCL
INPUT i2cSDA
RETURN

' send compass address

send register number
' repeat start {sets register}

' gend read command

' return the data

' send compass addresas

t gsend register number
* repeat start (sets register)

' send read command

' read high byte of data

' read low byte of data

* I2C start bit sequence
' SDA -> low while SCL high

' device ready?

' send byte to device
' get acknowledge bit

' no Ack = high
' Ack = low

' get byte from device
' pend ack or nak

' I2C stop bit sequence

' SDA --> high while SCL high

Tusunsuit 2 Wsunsudwamnluga CMPS03 thussuud I°C 380 i-Stamp (fide)
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Augus 1666
FAIRCHILD 2000
SEMICONDILNCTIOR u
DM74L5S08
Quad 2-input AND Gates
General Description
This devica condains four independent gates sach of which
patforme the lagic AND function.
Ordering Code:
Order Humber | Package Mumber Package Description
DM74LSOBM MidA 14-Laad Small Cutiine Intagrated cmT(?ﬂC). JEDEC MS-120, 0.150 Narrow
DMT4L5085) M14D 14-Laed Small Outine Package (S0P}, EWAJ TYPE 11, 5.3mm Wide
DMT4LSOBN N14A 14-Laad Plastic Dual-In-Line Package (POWP), JEDEC MS5-001, 0 300 Wide
Covices €590 Sveliabi 1 Tipe Srad el Spedily by appanding Yo wulfi Haer X 10 tag oroering code
Connection Diagram Function Table
Y=AB
¥, - . ™ [ 1] A )
AL i} 'II L1} Ill ) [ w w
A ] Y
[ L L
L H L
H L L
H H H
P__‘ H = HaGH Logk Lavel
L = LOW Logke Lewsl
1 1 i L] i1 L3 1]
Al I‘l l]I (] n ] - 1]
© 2000 Fairchid Samiconductor Comporation  DS006347 www falrchildseml_com
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DM74LS08

Absolute Maximum Ratingsmote 1

Mate 1. Tha “Absciss kaximum Ratings” ard $uoss valaee beyond which

the safaly of the device cerrl be Quirstised The device shoukd not be
Operaied o e Bmdin. The paremetic vy defined In the Elecirical

Chuisichirigiicy bl mre not gusranied of Tee absniute maximum ratings

Supply Voltage ™
nput Voltape v
Operating Fres Alr Tomparatumn Range 0°C to +70°C
Storage Tempersturs Rangs —85'C Ip +150°C ' A deias dperstion.

Recommended Operating Conditions

The Raciommandad Oparsting Cordtions” ible wil defire the conddions.

Symbol Patasnwler Min Nom Max Units
Voo Supply Voltage 475 [ 525 v
Vi HIGH Lavel input Voltags 2 v
Vi LOW Level Input Voltage 0B v
low HIGH Lavel Outout Curment -4 mA
Iy LOW Level Output Current 8 mA
Ta, Froe Ar Oparating Temparatura 0 70 *C
Electrical Characteristics
[ vied opersling frie air empetaturs range {Unkots Ofaratse noled) -

Symbal Paremter Conditions Win Max Units
(o 2
v neut Clamp Voltage Ve = Min, = - T8 mA 15 v
Vow HIGH Laresl Vg = M, gy = Max, 27 24 v
Output Voltage Yy =M
Vo LOW Loval Voo = Wkn, e, = Mex, o35 s
Quiput Voltage Vg = Max v
oL = 4 MA, Vep, = blin 025 [
Y Inpul Curment § Max Input Voltage Voo = Max, V, = 7V [X) mA
[ HAGH Leval Inpt Curment Vg = Mex, Vi w 27V 20 HA
[ LOW Laval input Cusment Vez- = Max, V, = 0 4V 0% mA
os Short Cirout Oupest Curment Vo = Wax (Note 3) = 100 ™A
[ Supply Crament with Ouiputs HIGH Vec = Max 24 ¥} mA
[y Supply Curmant with Ouputs LOW Vier, = Max 44 [T ™
Switching Characteristics
M Ve = 5V and T, » 25°C
R =20
Symbol Parameter CL = 18pF Cy =50 pF Units
Min Max Sl Mas
s opagetan Oiley Thns 4 1” ] 18 -
LOW-io- HIGH Lavel Outras
s P Y Tema 1 " s 8 ns
HIGH-D-LOW Loval Outpad

Note I AR lypicaie we Bl Voo = V. T, e 25C
Molw 3. MOt Ay Wiet One DUt shield b shorusd at 2 e, snd e duration shoukd ol onsided o ae0ond.

www fairchildsami com




Physical Dimensions inches (miimetsrs) uniass otherwise noted
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Package Mumber M14A
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DM?4L.508

Physical Dimensions nches (mitimeters) unieas otherwise noted (Contrued)
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| 5 TYP
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00,

10_
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6EE DETAL A

B DIMENSONS ARE IH MILLIWMETERS.
G DIMENSIONS AFIC EXCLISIVE OF BURRS, MOLD

1
W 4DRIE 1 Eadans

Packags Number 140

GADE PLANE
NOTES. E
A, COMRORIES TO BAJ EDR- 7300 AEGISTRATON, reTE _[-
ESTABLSHED 1M DECEMBER. 1988, ‘

N
MH.ANDTEWM 00015 SEATIHO PLANE
PEIAL A

14-Lsad Small Outiing Package (80P}, ELAJ TYPE I, 5.3mwn Wide

weww fairchildsen.com 4




Physical Dimensions inches (milimetsrs) unisss othenwise notad (Cantinued)
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Hi-Loat Plastic Dusi-in-Line Packape (PDIP), JEDEC MS3-001, 0.300 Wide

Package Numbar N14A

i ey

Fairchild does not assume any responsibiity for use of any circullry described, no circult petent Bcanses are Impllad ond

Fairchild resarves the righ at any bme withaul notice 1o changs said circultry and specificationa.

LIFE SUPPORT POLICY

FAIRCHULDE PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
OEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used hersic

1, s suppor devices or systerms are devices or systems 2. A critical componand in any camponant of a iife support
which, (8) ams intended for mwgical implant into the davice or systom whosa fallure 10 parkorm can be ree-
body, or () support or sustain le, and (¢} whoss falure sonably expaciad o causa the faBure of the iife support
o perforn when property used In sccordance with devics or systerm, of o affect i aafety or effactivensss.

instructions for use providad in the labefing, can be res-

sonably axpecied 10 resufl in & signficant injury 10 the wary fairchiidseml.com

LEBE,

www.favchiidsemi, com

seje9 ANY Indul-Z pend 80STWLAQ



{‘ TEXAS

INSTRUMENTS

Data sheet ao%uu-d trom Harmig Semiconductor
SCH5023D ~ Revised Apnl 2005

CMOS Dual
‘D’-Type Flip-Flop

High-Voltage Types (20-Volt Rating)

@ CD 40138 comisty of twodentical,
indepandent data-type flip-fiopy Each Hip-
flop hat independent data, sst, mst, snd
clock Imputs and Q and T outputs These de-
vices can be ined for thift_regster apphics
tions, and, by connacting Q output to the
data input, for counter and toggie applics
tions. The logec fevel present at the O input
i tramierred to the Q output during the
poutive-gaing tramution of the clock pulie
Satting or rasttung is independént of the
clock and is sccomplished by a high levet on
the set or reset ling, respectively.

The CD40138 types are supplisd in 14-dead
hermetic dualdndine ceramic packages
(F3A suffix), 1d-lead dualdn-ine plastic
packages (E suffix), 14-ead smafi-outiine
packages (M, MT, M36, and NSR suffixes),
and 144ead thin shrink small-outline
packages (PW and PWR suffixes)

RECOMMENDED OPERATING CONOITHONS

CD4013B Types

Features:
& Set-Resst capahility ":
a2 Static Mip-flop operation — rataims 1ate
indefiretaty with dock level sither urnt
o o’ e S
8 Medium-apeed oparation — 16 MHr (ryp.) st 4
cdock toggle raw at 10V TR
® Srandardized symmaetrical output &
‘w.m L s14f B
& 100% tested for quiescent current st 20 V !
® Maximum input currentof 1 pA st 18 V (L
over full package temperatura ringe, e
100 nA at 18 V and 26°C CDa0138
§ Mokly margin fover full pacikage FUNCTIONAL DIAGRAM
wmperature range): 1Vt Vpp~5V
2Vat Vw-‘ﬁ v

26V Vgp=Is vV
B 5V, 10-V; and 15V parsmetric ratings

® Moot all reguiremants of JEDEC Ventative
Standard No. 138, “Standard Specifications
{or Dwscription of ‘B Series CMOS Devien”

Applicstions:
® Reghmn, countses, control circuits

Dty - TO= SCRANCE WOR TACE | Wi ¥

AT duge

Fig | — Typcal output low fsnk)
currenf charactariunes.

At T4 = 25°C, Except st Noted. For maximuwm reliability, momnal operating condi-
A

tions should be selec tad 30 (hat operatran it always wethin the following renges-

CHARACTERISTIC Yoo LIMITS uNITS
MIN MAX,
Supply Voltage Range
{For Tp = Full Package - 3 18 v
Temperature Renga)
5 40 - )
Oria Setup Time g 10 0 - ns
15 15 -
s 140 - Y b
Clock Pulis Wadth 1y 10 50 - s Fip 2 — Mimorm ourpa lowr fumt !
15 40 -
3 35 ORAN - T0- HIVECE WL TR gy
Clock Input Frequency o 10 de 8 MH:
5 12
Clock Rrwe or Fall Time > - 3
(CL et ' 10 - 10 b
15 - 5
5 180 -
Set or Aaset Pulss Width 10 80 _ s
W 15 50 -

“1f more then ona uniL o chacidad s & paralbel docked operstion, ¢ CL thould be madse lets than or el

SR

I MLaa

tha tum of the fixed propagation oalay trme at 15 pF and the Ganstion (e of the output drving stage tor Fig 3 — Typecal outpid high (owrce)

thw sitmatad capacither boad

Currenl char s tivribics

Copynght © 2005, Texas instruments Incorporated



CcCD407138B Types

STATIC ELECTRICAL CHARACTERISTICS PALISCTO" BILRCK YL Tl s~
CHARAC. CONDITIONS LIMITE AT INDICATED TEMPERATURES (°C) | uNITS
TEAISTIC
Vo | Vin}VoD +25
v ivi| tv) | =565 | —40 | +BS | +125 | Min Typ. | Max
Cusescent - 0s 5 1 1 N0 30 - 002 1
Device - D,10] 10 2 2 50 80 - 002 2 a
Current —_jois| 5| a4 | 4 [0z} — Jooe| al”
lDD MIX - 0,20 20 20 20 ° m 600 bt 0.0‘ 20
Oulput Low T 00h Tl
{Sink ) 04 0.5 5 064 [061 | 042 1036 | 0.51 1 - Flg. 4 — Mwumem owtput hegh lowrce)
Current, D5 (G10f 10} 16 f15 |14 j08 | 1.a] 28 — comant charac rfirics.
Iy Min, 15 J015] 15 | 82 | 4 [ 28 [24 [ 34| 68 | — |
OuipitAgh | 46 ] 05| 5 | 064|081]|-043|-0381 661} -1 | —
(Sourcel 25 0.5 5 ~2 | =18 ] =13 ]-1I6}-16) =32 —
Current, 95 010} WO | -16|=-15]-11]-09 |-1.3] -28 -
oM Min 135 |045[ 15 | 42| 4 |-28]-24]-34] 68| -
Output Volt-
age. - los]| s 005 - { o |ogs
Low-Lavel. - 0,10] 10 Q05 - 0 1005
Y) - 0151 15 o0s - 1] 0.06
oL Max v
Dutput Voit.
e - 051 5 495 4951 5 -
High-Lavel, - o] 10 995 995 | 10 - ;
Vo Man, - 0,15] 15 14.95 1496 15 - LOMS AR Wt 1€, et
M3 1
Input Low |0.545 — 5 1.5 - — 186 F
5=T hon delay foad
Voltaga, 1.9 - {10 3 - - 3 ke apmmo?x or SET 1 ACLOCK
VieMax [15338] - | 15 4 =1 - al, os RESET to O)
Input Hgh 0545 | — | 5 as 3s - _
Voltage, 19 - 10 7 7 — —
V“.' Min, 15136 - 15 1} i _ _
Input
Current, - loas| 18 | 01201 | 21 | 11 - |t10-5]01 | ua
Iin Max
rayhs fom
wTeTTTe caraatanct {8 b= of
j: '.. l...' Lo Y LT 15
R 1 Fig 6 — Tyorca! propegetron dalay twws wi_ hoad
n ke e capscitsnct {SET to O or RESET 0 O
[ ] L] 1 [ ]
: :'u '
LCEN Q~i0m
LORIC = WG
a o LEvEL CrmGE

Ao Oo0u ¥ T W0
Ml FF) /T ] T Rl
ASTOHMEINIL




CD40138 Types

MAXIMUM RATING S, Absolute - Maxmam Vakes | . e
DC SUPPLY-VOLTAGE RANGE, (Vpp) ./ A /
Vollagms refwranced ko Ygg Teminal) .. .. ... ceeecieens . . 05V o+ 2N ———a S
HPUT VOLTAGE AANGE ALLINPUTB ..ooiivnn & n o0 - - -0SVioVpp +0 5V j /°
DC MPUT CLARENT, ANY ONEINPUT . ... - £10mA
POWER DISSIPATION PEA PACKAGE (ng
ForTam-BS0CIo 410000 .. .. . .. Lii cieeene e s s emnn saisamaienos - . S00mwW w
ForTa=+1009C 40 +1259C.. ...l .. . DéraieLinassity st 1zmw:°cw 200mwW AMROLNT TAWERATUNE (€4 }+237C
DEVICE DISSIPATION PER OUTPUT TRAMSISTOR U v
FOR T = FULL PACKAGE TEMPERATURLE RANGE (Al Package Types .. e e eeeee .. 100mW - oo —
OPERATING-TEMPERATURE RAMGE (TA}. . cuvviince « o 4 wis an servanien on -839C 15 +1250C e oo
STORAGE TEMPERATURERANGE (Tgagd... . - ccic i saviranmse con vaaeans . ~830C 10 +1300C
LEAD TEMPERATURE (DURING SOLDERMNGY o "y . i 4
Aldistancs 1/168 £ 1/AZInch (158 2 0.70mm)fromcasalor TON MR ... . .. ..ieceeirs aies +2850C WPT FRIQUERCT W=t
Fig. 9 = Typlcal power an;:u::
v, fricurency,
TEST CIRCUITS
DYNAMIC ELECTRICAL CHARACTERISTICS
At Ta= 25°C, input Lt = 20 ns, C. = 50 pF. R, = 20 k2 Yoo
!
BT CONDITIONS LIMITS
CHARACTERISTIC Yoo V) TR 7 ki ‘
Propagation Deley Time. [ - 150 300 ‘
Clock to Q or © Outputs 0 - = & 10 na
ta, toin 1% — 45 90
.5 -— 150 300
Set to Q or Rest to Q lew 10 — & 130 ns
1: - 2: 3 BEY Jrasin
Set10 Q or Aeset 10 Q tay 10 — | 8 | ne P 10 = Chusscont device current,
15 3 —_ 80 120
- 5 —_ 100 200
Tranadion Time tru, trn 110 a— -m 100 ne
i85 — - 40 80 Yoo
Meximum Clock Input 3 s 7 -— }
Frequancy” fo, 10 8 18 - MHz et ¥ L
i5 12 24 - R 3 [~
[3 - 70 140 - Y - I: ’_?
Minimum Clock Pulse Width [+ — 30 80 ns -
tw 135 - 20 40 3,_, i e v
Minimum Set or Reset Pulse [ - [ 180 Tt
WD 1w 10 —.1 4 80, ns e
1" . __‘ 25 rﬁ.' Fig 11 — input voltege.
5 — 20 40
Minimum Data Setup Time ts 10 -— 10 20 ne
15 — 7 15
5 = 2 5 =
Minimum Owta Hold Time t, 10 - 2 5 ns aeygs
15 - 2 5 = i
\@.. - AT P
Ciock input Fise or Fall Time 5 - | = 15 - S s vy
LCL, (oL 10 — - 10 s — R
15 —_ -— 5 '. 'ﬂ-'-
tnput Capaclitance Cw Any input - 5 75 pF R
Yinputt,h =S ns Fra. 12 — dnput current.
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IMPORTANT NOTICE

Taxas ingtruments Incorporated and its subsidiarias (T1) reserve the dght to maka comections, modifications, enhancements,
mgrovements, end other changes to its products and senvices at any tme and to discontinue any product or senvica without nobce
Cusiomears should obtain the latest relevant information before placing ordars and should veriy that such Information | cument and
complete, Al products are sold subject tb TT's 1arma end condftions of sale supplled at the time of order acknawledgment.

T warrants performance of i3 hardware products in the spacifications applicable af the ime of saia In accordance with TT's
standard wamanty. Testing and other quality conrdrol fechniques are usad 10 the extent TT deerms necessary o suppan this
waitanty, Except where mandatad by government requirements, tasting of ol parameders of each product ks not neceasarily
parformed

Tl assumes na Eabiity for applications assistance or cusiomer product design. Customers ars responsible for thair products and
applications using T components. To minimizn the risks azsociated with cusiomer products and applicaions, cusiomers should
provide adequate design and oparating safaguands.

Tl does not warant or represent that any licensa, elther express or mplied, is granted under any T1 patent righl. copyright, mask
work vighid, or other T1 indelinciunl propexty right retaling 0 any combenabon, maching, or process in which T products or services
are usexd. informalion published by T regarding third-party products or sarvices does not constiute a icense from Tl fo use such
products of sarvices or a warranly of endursernend thesoot. Use of such informalion sey require a Scormse: frm @ thisd pardy sndor
the patents or other intelleciunl propery of the thisd perly, or a Boonse fom T1 under B palenls or other indellecihsal pacpesty of Tl

Raprodkxtion of inforraion (n Tl dats books or dats sheets is parmisciiie only I regrodoction is withoot allecation and ks
accompinicd by sl sysociaind wesardies, cordiions, Sinlisiions. snd aolices. Reppoduction of Shis information with alleradion s an
untair and decepiive business peactice. T1 ix not sesponaihie or Kable for such altesed docurnentation

Rasale of T procis:ts or sandres wilh stalrmeents dilesers ixxn or beyond e pacnefers staind by T1 for faad rodact or sexvice
volds gl express snd arvy nplind wiatsoties o e ssoocisied T1 proskect or sevvioe sl s an wfair snd deceplive beslosos:
praciica_ Tl is nol Pesponsibie or kable or awy sech stalements:

Ti peochucts are sot autharired for ves in safedy cilical spolicalions fsuch as le suppodf) whevo » faln of the T1 prociact would

repretetalives against any dicages arising ot of e wee of 71 prodocts in soch safely-orfical

T prderts svo salhar desigeed mor infewded for win in willtarytwesrepecy spplicalions of sosbosmeals toless f T1 peoducts ars
speciiically designoted by T1 a5 milltary-gradie or “enbxiced plarsfic * Ooly prodhucts desigeated by T1 as military-grade st oliiory

spacilicaioes. Buyrs
=olely ol he Buyer's, dick, el Bud they avwer xolvlly sesponsille for compiancs wily aft togel ad segriaiery
conneciion wilh mach wse.,

T prochacts see slieer desigeed mor infiended for wne ia srractive appiicalions or eaviosmesds scdras S speciic T prodhucts
are designotent by Tl s complianct wilh TSOITS 16249 weopemerts. Buyoes acknoniedge sod ages Smd. I ey oo wvwy
non~desigaded prodects i anlsclios spolicaiows, TT will et be ssepostibis fx sny ke > sewt 3ech saquiscsacaty.

Following are URLs wiwse you can obiain infarrvalion on ofter Texes Kesirumenis products and applicaion aohswons:

Proccts Aggiications
Ampliliers ampldfier.boom Anniis www beom/audia
Oata Copventers  dataconverter,i.com AAomolve www b com/automotive
DsP dso i.com Broadtzand www ll.comibroadhand
Interface wnterface b.com Digitad Conirol www. 1 comidigraleontrol
Logic logia b com Mitary www 31 comiulitary
Power Mgmi powerh com Optical Networlang www tLeomiophcalnetwari
Microcontrollers  mucrpcontroller li.com Secutty www b com/segunty
Low Power vy |i.comApw Telaphony www.li.comitelephony
Wireless
Video & Imaging www.iL.comiden
Wirsless wew bt comiwiraless

Mafling Address: Texas insinuments, Post Office Box 655300, Daltas, Texas 75265
Copyrigii © 2007, Texas instrumeanis incorporaled



R Texas PACKAGE OPTION ADDENDUM
{NSTRUMENTS
www 8l com 14-Aug-2007

PACKAGING INFORMATION

Orderable Device Status V'  Packmge Packsge Pins Packsge EcoPlan™  Lead/Ball Finish MSL Peak Temp ©
Qty
BI2ETAKBIT OBSOLETE  CFP WR 14 TBD Calt T! caT
CD4013BE ACTIVE PDIP N 14 25 Pb-Fres CUNIPDALL N/ A for Pkg Type
(RoHS)
CD4012BEE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pig Type
{RoHS)
CD4013BF ACTIVE CoIP J 14 1 TBD A42SNPB N/ A for Pg Type
CO4D138F3A ACTIVE coP J 14 1 TBD A42 SNPB N/ A for Pxg Type
CD40138K3 OBSOLETE  CFP WR 14 TBD Call Tl Cal TI
CD4013BM ACTIVE SOIC D 14 50 Green(RoHS& CUNIPDAU Level-1-260C-UNLIM
no ShvBr)
C040138M96 ACTIVE S0IC D 14 2500 Groen (RoHS & CUNIPDAU  Levet-1-260C-UNLIM
no Shvidr)
CD40138MIGE4 ACTIVE SOK D 14 2500 Gresn (RoHS & CUNIPDAU Level-1-260C-UNLIM
no StBr}
CD4013BMI6G4 ACTIVE SOIC D 14 2500 Green(RoHS & CUNIPDAU Level1-260C-UNLIM
no SBr)
CD4013BME4 ACTIVE SOIC D 14 50 Green (ROHS & CUNIPDAU  Level-1-260C-UNLIM
no St/Br)
CD4013BMG4 ACTIVE SOIC D 14 50 Geeen(RoHS& CUNPDAU  Level-1-260C-UNLIM
no St/Br)
CD4013BMT ACTIVE SOIC D 14 250 Gresn(RoHS & CUNIPDAU  Level-1-260C-UNLIM
no StvBr)
CD4013BMTE4 ACTIVE S0IC D 14 250 Gresn{RoHS & CUNIPDAU Lewel-1-260C-UNLIM
ng Sh/Br)
CD4013BMTG4 ACTIVE sOIC D 14 250 Green (RoHS & CUNIPDAU  Level1-260C-UNLIM
no Sb/Br}
CD4013BNSR ACTIVE S0 NS 14 2000 Green{RoHS & CUNIPDAU Level-1-260C-UNLIM
no Shir)
CO4013BNSRE4 ACTIVE [=1s] NS 14 2000 Green (ROHS & CUNIPDAU  Leve-1-260C-UNLIM
o Shiir}
CD4013BNSRG4 ACTIVE S0 NS 14 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no StBr)
CD40138PW ACTIVE  TSSOP PW 14 90 Green(RoHS& CUNIPDAU Levei-1-260C-UNLIM
no Sb/Br)
CD4D13BPWES ACTIVE  TSSOP PW 14 80 Green (RoHS& CUNIPDAU Lavel-1-260C-UNLIM
no SHBr)
CD40138PWGH ACTIVE  TSSOP PW 14 00 Green{RoHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
CD40138PWR ACTIVE  TSSOP PW 14 2000 Green (RoHS& CUNIPDAU  Level-1-260C-UNUM
no StVBr)
CD40138PWRES ACTIVE  TSSOP PW 14 2000 Green(RoHSA& CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)
CO401IBPWRG4 ACTIVE  TSSOP PW 14 2000 Gresn(RoHS & CUNIPDAU  Lewel-1-260C-UNLIM
no Stver)
JM38510/05151BCA ACTIVE coIP J 14 1 TBD A42SNPB N /A for Pkg Type

() The marksting stalus values are dofined as follows:
ACTIVE: Product devica recammended for now designs
LIFERUY: T1 has announced that the device will be discontinued, and a lifetime-buy period s in effect




23 Toyn PACKAGE OPTION ADDENDUM

S
INSTRUMENTS
wary th com 14-Aug-200T

NRND: Not recommanded for new designs Devica Is in produchon 1o suppor axisting customers, but Tl does not recommend using thes part in
& new desion.

PREVIEW: Device has baen announced but is not in production Samples may or may not be avaflable.

OBSOLETE: TI has dscontinued the production of the device.

@ Ecu Plan - The planned ecn-friendly classification. Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
hitp fiwww b com/productcontent for the latest avalability information and additional product contend detalls.

TBD: Tha Ph-Free/Grean conversion plan has not been defined.

Pb-Free (RoHS): Tt's teimns “Laad-Free® or “Pb-Free® mean serniconducior products that are compatible with tha curent RoHS

packege, or 2) lsad-based die adhesive used between the die and leadirame. The component is otherwise considered Pb-Free (RoHS
compatible) as definad above.

Greon (RoHS & no SbiBr): T1 dofines “Green” 10 mean Po-Free (RoHS compabbla), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not excead 0.1% by weight In homogeneous malerial)

mmMTm-mmmwmmbmmcmmmwmmm
temperature.

important information and Discialmer:The infocmation prowided on this page represents TT's knowledge and balief as of the date that d s
prowided. T1 bases B3 fwowiedge and befief on information provided by thind parties, and makes no representabon or warranty as to the
accuracy of such information. Eliorts are undetway 1o betier inlegrate information from third parties. T1 has taken and continves to take
reasonable sieps 10 provids representalive and aoousale: nfowmulion bot oesy ot owe comdocind desingive tesiing o chomical analysie on
incoming materials and chesnicals. T1 and T suppliers cossidhes' cestain information & be progrietay, and $has CAS mavbers ond other milled
Information may not be avaikable for release.

in no event shall Ty fabiity arising out of such information exceod the otal purchase price of the T1 pari(s) ot issue in e document sold by Tl
10 Customer on an annual basts
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Carrier tape design is defined largely by the companent lentgh, width, and thickness.

Ao = Dimension designed to occommodate the component width.
Bo = Dimensicn designed to accommodote the component length.
= Dimension designed to accommodate the componeni thickness.
W Overall width of the carrier iape,
P_= Pitch betwsen successive cavity centers.

OO0 00 00O Sprocket Holes

7
Pocket Quadrants

TAPE AND REEL INFORMATION
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PACKAGE MATERIALS INFORMATION

{'} TEXAS
INSTRUMENTS
W) GO 18-Jul-2007
Device Package|Pina| She Reel Rael AD(mm) | Bd{mm) | KO{mm) P1 w Pin1
Diameter] Wiith {mm} | (mm) |Quadrant
{mm) | (mm)
CO40138M96 D 14 MLA 330 16 65 30 21 8 16 at
CD4013BNSR NS 14 MLA 0 16 8.2 105 25 12 16 Qt
CD4013BPWR PW 14 MLA 330 12 7.0 56 1.6 8 12 [s]]
TAPE AND REEL BOX INFORMATION
Device Package Pins Site Length (mm) | Width (mwm) | Height (mm)
CD4013BM96 D 14 MLA 3460 3460 330
CD4013BNSR NS 14 MLA 3460 60 330
CD4013BPWR PW 14 MLA 346 0 360 290
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J (R—GDIP—T=x) CERAMIC DUAL IN-LINE PACKAGE
14 LEADS SHOWN

PINS o
o 14 16 18 20
. 0300 | 0300 | 0300 | 0300
8 0 ey | 062 | e | (62
14 [ 85¢C BSC Bsec BSC
0785 | .B40 | 0960 | 1.060
alaialalaiala B MAX 1 ag4) | (21.34) | (24.38) | (26.92)

0300 | 0300 | o310 | 0300
(762) | (762) | (7.87) | (7.62)

- O —p
w
2
|
|
|
|

C MAX

D 245 0.245 0.220 0.245
0.065 {1.65 C MN (6.22) | (6.22) | (559) | (5.22)

—-l r— 0005 {0,13) MIN ggff? i;g; EI
|

Leme
0.200 (5,08) MAX
J Seating Piane

oo (3.30) WIN

0026 éO.GE'! |
0.014 (0,36 o-15

0.100 (2,54 0.014 (0,36

0.008 (0,20

4040083 /F 03/03

All Inecr dimensions ore in inches {millmelers)

This drawing is subject to chonge withoul notice.

This pockoge is hermelicolly seoled with o ceramic fid using glags frit

Index point is provided on cop for termunal identification only on press ceramic gloss frit seal only

Falls wthin ML STD 1835 GDIP1-T14, GDIP1-TI6, GDIP1-TIA and GDIP1-T20

NOTES:

monw»



MECHANICAL DATA

N (R—PDIP—T**)

15 PINS SHOWN

PLASTIC DUAL~IN—LINE PACKAGE

16

W W W= WA W ]

D)

|
0.260 =5.GOE
0.240 (6,10
|

T
[
Il

.

lﬂ S g e e s iy e iy £
0070 (1,78
"l L'oo-:r. HI 7t A\
0 045 (1,14
— r——{o—m’s A 0.020 {0,51) MIN
- ’\ 0.200 {5.08) MAX

l Seatng Plane

. 14 16 18 20

PINS *¢

A MAX 0.775 0775 0.920 1060
(19.69) | (19,69} | (2).37) | (26.92)

A N 0.745 | 0745 | 0850 | 0940
(18.92) | (18.92) | (21,59) | (23,88)

WS-001
VARIATION AR BR AC AD

0325 (8,26
0.300 (7,62

0.015 (0,38
— TG""‘;’ Plane

LT

0425 (3.18) MiN

0010 (0,25) NOW

—J 0.430 (10,82) MAX L—

0.021 (0,53
¢ 5015 (0,38 .

[@]c o0 (6.25)®)] / \

\

14/18 Pin Oaly
\ / 20 P vendor option N\
4040049/E 1272002
HOTES: A Al linear dmensions ore mn nches (milimeters).

8. This drawing is subject to change withoul notice
A\ Fals within JEDEC MS-001, except 18 and 20 pin mmimum bady length (Dim A).
A\ The 20 pin end Ieod shouder width 13 o vender cption, sither haif or fuli width,

Z.



MECHANICAL DATA

D (R-PDSO-G14) PLASTIC SMALL-OUTLINE PACKAGE

0.344 (8,75)
0.337 (3,55)

14 B

| 0244 (6,20)
0228 (5.80)

T T T T 0 157 {4.00)
0150 (3,80) &

RN }\\\‘l\\\ l

OB ghooo
""/ L—J—mJLﬁﬁf‘;(ﬁih’

[0.010 (0.25) @)

4 S \.

1

. Ay = -
| 0010 (0,25)
0069 (1.75) Max 0.004 (0,10)

0.010 (0,25
0007 Eo.n) 1
' I 4 -

_L’ [
Gouge Plane - =

?—Seal'anime
000 B} o-& \/

0050 (1,27)
0016 {0,40)

A040047-3 M 11/2006

ROTES. A ANl [mear dimensions are in inches (millimeters).
B This drowing is subject to change withaut notice.
& Body length does not incdude mold flash, protrusions, or qate burrs  Mold fash, protrusions, or gate burrs shdll
not exceed .006 (0,15) per end.
Bady width does not indude interlead flosh. Inlerleod flosh shotl nol exceed 017 {0,43) per side.
E. Reference JDEC MS-012 vorigtion AB.

Q TEXAS
INSTRUMENTS
www.tlL.com



MECHANICAL DATA

MTSS001C - JANUARY 1995 - REVISED FEBRUARY 1999

PW (R-PDSO-G*)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

0,15 NOM
450 680
430 §20
Q Gage Plane
1 7|
e— A ——p
Y AW
OIS, eearin !
L 1,20 maX 0,15 ~[u.10
0,05
PINS =
1
o1 8 4 18 20 24 28
A MAX 310 [ 510 § 510 | 660 | 790 { 980
A MIN 200 | 490 | 490 | 640 | 770 | 960

4040064/F 01797

NOTES: A Al linear dimensions are in milimeters,

cow

Falls within JEDEC MQ-153

This drawing 1S subject lo change withoul nolca
Body dimensions do not include motd flash of protrusion not Lo exceed 0,15,

*9 Texas
INSTRUMENTS

POST OFFICE BOX B5530] ® DALLAS, TEXAS 75MS
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