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# # 4070467021 : MAJOR NUCLEAR TECHNOLOGY

KEY WORD: DOSIMETER / RADIATION SAFETY / DIGITAL DOSIMETER / WIRELESS / INTERFACE
SUTHIKEART CHOLLALARP : DEVELOPMENT OF A WIRELESS PERSONAL
DIGITAL DOSIMETER SYSTEM. THESIS ADVISOR : ASSIST. PROF. ATTAPORN
PATTARSUMUNT, THESIS CO-ADVISOR : DECHO TONG-ARAM, 139 pp. ISBN
974-13-1086-2.

A wireless personal digital dosimeter system was developed for radiation safety
applicationsi The system consists of 2 parts: é microcontroller bésed (PIC16F84)
personal digital dosimeter with 0-999 mR range, including the data encoder for 16 sets
selecttable identification code with a built in 0.25 mW UHF data transmitter. The other
part is a data receiver inconjunction with microcomputer base data assessing. The
control program was designed for polling type data seeking which 16 channel of
receiving data can be assessed simultaneously.  Results of operation testing shows
that the personal dosimeter has a capability to measure cumulative dose with accuracy

% 5% and to transmit data within the range of 18 meter without error.
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> 100 keV to 2 MeV 20
> 2 MeV to 20 MeV 10
> 20 MeV 5
Protons, other than recoil proton, energy > 2 MeV 5
Alpha particles, fission fragments, heavy nuclei 20
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L]
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D
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tuinin ldanulagsaiiaeseezeng



14

Beeper

and Alarm
———1

GM Pulse Scale *

] A'| Inverter > Calibrator Alarm

Preset

HV. bias ?
Counter Register

Yoy > e, | 3439
Regulator
battery _—_

1

917 2.5 UNUATWNATYIINIUID AT TASIAULIL Electronic Pocket dosimeter

[ %

2.2 NFLUIUNITINSIR

Tunszuaunsinfidazutingnisaeenidu 2 nguieazaanluniaiansninismsma

]
1oy aa o
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[ o a a Ly o o

NNAURITINNLTIN AL NARNTTTBIRLANTBIFINANATNARADUNNNWAANTlaa e lwd
(ionize) 1848 Buulszalwfrfifinainnislasaludaunsoinlidinnszusunisdangg
a a Yo A :l/ o a d”d o/ Y dln/ al =
aiannsafindleium Aeiuidilssinniidsdidisanmadalaaznan anuenf@lsann i
Uszqluinludn nsmsadnazfesldianiasiramailan1adnnieden Sesagadeaduns-

aa d a a o dd‘ o o o al da’
ﬂ‘j‘ﬂqﬂﬁ‘@ﬂ{]ﬂﬁ‘ﬁl’m%‘i?ﬂﬂﬂLMN’W@Ni‘ﬂ\‘]ﬁ‘ﬂﬂﬁﬁ‘qm’i\‘l@ﬂﬁ‘tmi’lu
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NNTMTIATATIA (detection) kAZN1IIALFNIWTE (measurement) FOWEAAINIFNI9NULLIDY

suluaunIngli 2.6
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signal

DETECTION ' MEASUREMENT
[}
[}
[}
[}
| %(: )
[}
| Nuclear )
[}
Radiation ! Counts/Time
; | Measuring

8 Detect !

i etection : >| 8765432
' System
|
I
I
I
I
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i %
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AT LNATATENA3TAKE47 N151LISIR (radiation counting)

2.2.1 NANNISHAFIAINTIA
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‘1/1'3"3ﬂ?\‘]@ﬂﬂuﬂNisﬁiuﬂqﬁ‘mﬁ‘qqquﬂq?LLN?Q@IﬂﬂWQIﬂﬂ'ﬂ VQQQiﬂLﬂ@?-H@L@@?

o o
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1
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Frynynnunaddsldiamnsasiu T9ldun scaler wiva ratemeter fall Wadnlninesudaziuy

| 1
o

I = 1 a 1 I o o al a o = [ % ?/ =2
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o
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g o a dl dl 1 [~3 .
lnduasfidunuun Gaduaauudwanvdaniauialunisnzqneans (penetration) 49
Wanudneudnssiadnlnines azneqeaufalilinduasfisaniuniisiavcansiadn

1 ¥
598 1NPABLANAFAUNUGAANEANIINIEIAY (recoail electron) BLanmsauilazlans ludfinaai

%
o alR

TnnulszqIniinneluindafsdnmiunisdaniedan (indirect) Aauanslugiln 2.7 a.

+HY +HV
direct ¥ indirect
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o, L R
-af__h ! | photon \ :
charged N anode =+ 2| anode
particle = |77V Ty, e

G-M counier y sigmal G=-M counter P sigmal

. NI AREIBUNINIENAT 9. NIRRT UNTNFENDAN

317 2.7 uamansnsaadniaduesindnlnine s
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2.2.2 unasang Wil usInugs

o o

WdnlninasaziiuladiasanelWiiussdugessudnsdauanauazualun n1gans
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%
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oauld Aaiuiadalninefazineulsassiasinisdnasasiudausasulni o qaineu
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1843729 59R (operating voltage) Asinannaan wadalninesurazainazldusasulnia

°

v
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i Vy Vs
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717 2.8 AruansozdunIMna tnrewindniea

uwnagang i usasugeduiuiada Ininasiiasnisaanuadasrasussdulnianig

dl o = -&l o o al o dld
aant1unans ieasandrynnnuiauinganan weresdndTuiuisdssanyanantauin
<3 90) o = a5 a o | % [ % o all
@n tuiinun wazdlss@nsnings andudesulas i inszuansausssuananuumLaes
(battery) liflulnfnszuanseusasugs InsanAunannismiaainauuudinan n1siEeg

nazua i uwaznismausesfuWin T la Ind wseduge o qavinsuaasiadnlnines
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2.2.2.1 msnulialWrdiusenugs

29237 A WAL IAUgI91AEN199119148999a 3R T AT AR LB FiReT (dC to dc
dl ¥ a g '8 = = N 8
converter) AN UeNauAae99a3aWnafinafAINNNge 29a9TENNTTUA AT ALAeS
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wazndaulasndraginniiniuasuaninresussn Wil 15 AN U (step up) MFeanas
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29asAIuAN  (control circuit)  Hvthiiaauandnan Wi uaeantiaed
(regulate) FraNITAIRaaLsTALANAT AN AU seantlaudaundunIAILANNITTINY
10999238 UNBTADT (feedback control) asnnazFuLsa sl A NIIATLANIZALIANAN
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s
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7. Wasifamaulnasines (forward converter)
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2.3.1 sraaziaanlululasnaulnsaiaas PIC16F84
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Tulnsnenlniainas PIC16F84 Anafndniusnseriuginsnintauan 2 wefn Ae

nasm A waznesn B agazidanvesnseldnuiamauansliumnimen 2.3

wasm A lu PIC16F84 wase A Jaunm 5 16 Aa RAO-RA5 lUunNasaLLL 2 AN

¥ 1

avansn s unesnaunaednaldat19dase dniuaanein A inh 4 uve

]
o o

RA4/TOCKI azilasastiinsvaninasradinnauns aqldiduandunaiudynyiuufninig
uandmiulnwmesinniines TMRO n1elu PIC16F84

wadn B Haun 8 On lunafn 2 firnisasainnsaldaudunasnaunsiansfne

o o

leatndaszidumaafiunesn A 891 RBO 1 ifluadunaiudnyyrudune 51U dowan

o o

3
RB6 uaz RB7 uananilaziiunasanisaanuaadsldiduaniudyoyinufnilultlsuns

dayaTunaaruauuueynsunigludalulasrauinsanasiae
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1 v
G]’T?’Nﬁ 2.3 LLZQﬂ\‘i?’]ﬂﬂﬁilﬁﬂﬂ°l|‘ﬂ\‘1°l|’]ﬁiﬂi%\‘iquﬁ\‘iﬁllﬂ‘ll@\‘lllﬂiﬂ?ﬂ’ﬂuiﬂ?@L@@§ PIC16F84

rneme | B0 | T | o | e [Peserouon

OSCACLKIN 18 18 I STACMOS ™| Opciltator crystal iInputiemstermal clook SO INput.

OECHCLHKOUT 15 15 L] — Oncillaior orysisl outpul.  Connadcts o orystal or resonatorn in orystal
oscillmior mode, In RC mode, OS02 pin cutputs CLKOUT which
:Hlnkmdmci.ﬂmm-maﬂi

WCIR 4 4 i 5T Master clear (resat) inpuliprogramming voltage ingut. This pin is an
v bonw Pl b B derdcs.
PORTA & & bi-dirdctional WD pot.

RAD 1w L Wy TTL

R 18 18 (f=] TTL

A2 1 1 iy TTL

Al F 2 Wy TTL

AT MG 3 3 Iy 5T Can also bo selocied 0 Do the clock inpat o the TRWROD

temeefcounier, Outpul s open drsn type

PORTH & o b-directional VO porl, PORTH can ba scoffwar pro-
Tl 1o nlernel vk pull-up on ool inputa,

|RBOANT L . [y ] TTLAST REINT can aiso bo selecind Bs an sodermal Snbemupt pin.

RB1 T T =] TTL

it a 8 (F=] TTL

Ll 2 L] (L) TTL

R4 0 10 o TTL InkerTugd o chisrege pHn

RBS " " "=} TTL Intorrupt on ohangs pin.

RB& 12 12 "= TTusT B It O chsngs pen. Sensl programiming clock.

|rET? 13 2 o TTLST @ Inbwrrupd on changs pin. Berlal progrsmming daots.

Vas 5 5 P - Ground refecsncs for logic and U0 pes.

VDo 14 14 3 — Posithen supphy for logic and U0 pins.

Lsgornd: 1= mput O = oulpul VO = It/ Ot P = powwnr

— = Mot used TTL = TTL st ST = Schmitt Trigger input
Hote Thin buiffer i @ Schmidl Triger inpol win configunsd os e exiomal bl

LR+

This buflar s 8 Schmitl Trigger inpul when used in serisl progrsmeming mode.
This buffad is 8 Schmitl Trigger input when configuned in BC oscllladon mode and a CMOS inpat othensise.

AN IATAFIBaTNII9ILaed i insaanInIalans PIC16F84 aviiulsinaiungm

tandsegnalueasiiadnsne 7 feanistdsunanieidunisdnnisdtynynidaaanialy

folsazaan deununawlugili 2.16

+a
T

4E'|?FT IﬂIEl‘fF
Ju Ju

3117 2.16 dszgndlulasnauines
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ilef1]o0 gy 05P1
1lels]s ke
gl Ao a g
03 14
Flelo]c Hpy gi
oo Q
TAHCaE2 a2 .
1
161 LEQ 7 SEGHENT J__m"
= [ PICIOFSR |oone ] T AR
Bleq 15 3
ea 0l ke fTALL L 2
iz
& 33pF =y 42 == 33pF
KEY i )
BOUNCE 05 }_

e PIC16F84 luwpzasiladnsna
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2.4 msdasnstayassazlng

nN3aaaNsTay AN ATy U AmINaTeNTsdeLa i UdayaTTNIN9LATIR A LATENTL
WNan1sRnBLATALANNNIINNNUTIBSTEULBIANMIaTng vizensiiuindesya naanaunis

dnnisdayas M @asuaziininaeaiedanianil Wand viadeyan1eadissig

udiu nsdeansdeyaddnynnnszaslinaanunsonin iy 2 iy Ae

n. nadeansdeyanuianansmtiagny ldun arawdalnin aalaufauiuag
(optic fiber) U YARNLATY YDA 7] VeantuLannzgaiuas s
1. nsdeastayatiinlians lAun nstndayalliusauinguazuasdunsis

ARSI

dl ¥ 1 S | Qdal' o ] 1 ¥
nnsdaansdeyaniuanatatia Wuldsnazaonuazlszndn weliaiunsnldauly

'
val ¥

9 = 9 o/ dll A ﬁl dl ¥ dl o
'&.ﬂ’]‘WLL’J@@@NN‘ﬂqﬂ@??ﬂiuﬂqiiﬁN’]uﬂULﬂ?‘tNN’ﬂLﬂﬁ‘@\ﬂ‘ﬁﬂm‘ﬂﬂLﬂ@’ﬂuﬁl’]ﬂWﬂWW AINNNLU

guassaaINnMssUNIUN AT nazAn il azaanAdeufinalias AT Aatiuilaqiiuay
winlddanisdeansuuylfanedundunuamedaman mussuupauaNszainafaeua
Bunsnanluezesdumevial naspauaNiATaNEWNNg tnalaudayatadpzaalaniane
Aans nnsaauANsvaslnadaanauing unindeladszgenauiuasinumen Wusy
o o dl A o nzll 3| [ % % = dl o ] dl

AmFuiersesiadailifussinnnnn lAuyarasesiin s as uy A w8 9LATRNAN

dl 1 o/ dll =l o o dl o K A 173
nandeniresyans nsdedynnszeazinaanieiesiednludvaesiuaaaenldnig

ABANIANLARLINELAND
2.4.1 nsdasstayaszaslnasigAauIng

o dl k2 14 dl a [~ k72 o/ o dl
ﬁﬂﬂﬂqﬁ‘ﬂ’ﬂ@’]?ﬂlﬂﬂﬂﬂﬁ‘zﬂﬁiiﬂ@ﬂ’)ﬂﬂ@u’ﬂ’]ﬁ‘l‘ Lﬂuﬂ’ﬁﬁ‘ﬂhﬂﬂ‘ﬂ&lﬁ@ TUDUNUHNANNLANL

=

ang 1TENI1 NITNRALARA (modulation) wazdedryrynuran lldaaneiniAsaiATesds

(transmitter :Tx) ianszasAduwNwan i lUdua1a1n 1 Are9A3a95U (receiver :Rx)

|
o A

SLULFUATY QNUAZIINIATIALENT A YARTYTYIUBANANARUINYWTDAAUNIN  (F8IN31

a

N1sANaALAR (demodulator) AuaAdlLWELNNGUN 2.17
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4
ARLANY
r . 4 4 .
AAU nagLaLaes LRGN \ATRITL
—»
WA (Tx) (Rx)
Arunyne ANBRLALAIDT
v
finy

917 247 wrunannasaeansdayalunisiudednynin

o i 5 o Dy o y A 3
ﬂ’]@m@ummmumfmmm%ﬁl‘ﬂLﬂum@umﬂummww@ EUEUNEUY ALFBILAN L

HgNABIAINNITLTUITAIND TBINIRIFIUTTUI Y szina AnuualatesAnising

ANUWIANUIUNTNF ITU (International Telecommunication Union) @alewiiasinuaqug 157

Husmsgumeaiu famnsned 2.4

F1319% 2.4 WAANENUAITND ARLANE

AAAD FetuAand fiN9eia

3 kHz -10 kHz Extremely low frequency ELF

10 kHz - 30 kHz Very low frequency VLF
30 kHz -"300 kHz Low frequency LF
300 kHz - 3000 kHz Medium frequency MF
3 MHz - 30 MHz High frequency HF

30 MHz - 300 MHz Very high frequency VHF

300 MHz — 3000 MHz Ultra high frequency UHF

3 GHz - 30 GHz Super high frequency SHF

30 GHz- 300 GHz Extremely high frequency EHF
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anmouzaasdynrlunisdeansdayasaamalulatiaqiiuuiseants 2 dszinn

Aa dyrynuuannaan (analog) Lasdtyn1nudaae (digital)

o

1
=

n.fuanuuauiaan Wudyrunissaunazdyyroutlaauulasad sl

v o

uwamiFinasetflugtssuuiaagudy (decimal number)

o fyeyrandaaa udyorundssdudnyyiued 2 seAU Wralawianisulaau

piagifluAragiarasdalnalnFATnunus 89S UL A UN LA AIAD WL W “0” LAy “1”

meﬂ?ﬁmm@gim:uuLamﬂmmm (binary number)

n. N9ARAITITLILILEUIAEN
A Aﬂld o Y 1 o ¥ ‘ﬁl
n1sdeanssruunerIaen Wussuundnisimun lidednynnideyaneuiann 1
o ¥ 1 = a A o ~ o a :I/ | o
flaasldanuetnalidszansninludaaiii iesaindayayadlusssuamvianuatludoyoo
wa-waen suuulunisuegandtyonudayasanainialilfqanunalaianie adunem

o 4 ad v o o ;IJ
M1 338 Aaaiumel

.1 NNsuagLeAdtIEIMNINIaN1a3a (Amplitude Modulation 138
AM) luAghndoyanndeyadaiuadunid udefinaliuenddanvesndunifiddeuulag
danndesiugdrauresdonnidaya fauandlugli 2,18 n.

n.2 ma‘mgmmﬁmm’]mmwﬂu?{ (Frequency Modulation VG
FM) Lﬂuﬁdﬁmmmﬁmﬁmm%’mﬂ@L%’ﬂﬁumﬁluwwﬁLLz’iqﬁm@iﬁmm?{m@mﬁquﬁﬂ?{ﬂu
LLﬂmmmm’v’mﬁugﬂﬂﬁmmﬁmﬂpm%mﬂ@ ﬁummgﬂﬁ' 2.18.2. nsNagLankLL FM 19
ATUNNTBIATY N ANIINTTHAALRELLL AM sl sz iTaydudanndd

n.3 N13NARERATYTYIUNI9NE (Phase Modulation viga PM) 1w

o

ada o/ v v dl & v a v 4 dl " dl %4
Aan1gEn EUEUNIUTBHALLINLARUNTN waEHa W draspaunilasuLlasaanndag

1
o

sadurasdyaunidieys Aauaneglli 2.18.9. n1sNeglanLUL PM ULANFNNRTLNINEg-

I__°Q

WAL FM Aansnagianull PM IEaauniiNesaaDaeg NNIuagLaaLaznIsaNes-

e lddudau aennlvilszusina
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n. NsuBRARAT NN eNLAIA 1, NINBAARATYIYIUNNANAUATING

771 2.18 nsnegERATYEU WLLFNG

4. NNIADANITZULITILAY

1 12 1
a

nsdeansszundvaszaginadaanauing Wuszunfinmuntuiianisuas
”a;mf]mﬁumﬁm?iumﬁImﬂmﬁmm?ﬁmmﬂmﬁqL@mluixuuzﬁq%’m@LLuuwﬂiu
(serial) Tﬁﬁgﬂuuuﬁlmmmuﬁuma‘mmﬁumﬁ malafinenld i 2 180 14un maile
TULAN (modulation/demodulation) BazNARANITLINIRE/08A54 (encode/decode)

a [ %

a (=3 G ad = o o 2 a (A
wAdATNLAN (modem) LHUATNTIUAEUATY Y INLITIFAT TIRTZAUARAN “O

b

o o o o

waz “17 AN ANLANANAUNIA LA INBNBLAATIATY U A LARUNE UazATY

[

k-

] g

wInssulanandty A undatina e tuana I nAAENITLAY azninsilasw
=

%

Aryry nwsnamoND ATy nudENaANAN 1WgLN 2,19 UARSLABAINNNTNENLAALAY

77

=

A-NagLantealuif
naneganuLiale 3 9ila Ae wianenilagnanagadu (phase amplitude moduation
PAM) WTiAauddn A8 (frequency shift keying :FSK) wazilaZ W AeTaq (phase shift

keying :PSK) lugiu

walAnsdNsvd/0anTua [uAsnmnuaiauesdynszauaean “0”, “1”

o 4

wa¥ high impedance \luganasday oy 1unadniaaundeiadsneiu doanisdngia
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o

o dgj o o/ Adl & 1 o -dl o 1% -dl o dl
(encoder) dnyaunautiaziinllueganiudtynnuaauniiadlldagesiu fuarasiuie

N & 1%

NnNsuEnAdUNIRRanLatazfasiniadyyalilnensiatufinansianaanadneiy

waldndauuiiludyyrudasssumn lunssuauniinensia (decode)

L}
Prase-shife. f F
keying

7171 2.19 nsnegLandtyanidaafemalaluAnlugluuusg )

2.4.2 sluuuraIsTULRRANsTIDNA

-

nnededtynudeyamranisdednaansiunensnidszuaadnaans (Information

o o a '8

processing equipment) lnaatlnsalilssnaataaaisnianiuninenaniaimes Ay

! o A

@Q@ﬂgmﬁm%‘ﬂﬁﬂﬂ‘ﬂ%ﬂuﬁiﬂu%L‘H@NIHQW@NW‘)LF’]@

[ %

uginsnifudedayalaranieli

3

%
?
5
a 1 o 4 dl ¥ i// 6 o ] .

arunsnfasanuld lussuudearsdeyaiugilnsnifudsdaranig (Data terminal

. = 1 1 3| o’d‘ o a o Y = 1 a '8
equipment) 3eintia | 41 DTE flualnsninnniinuaziudedayalunredruneufiomes
dauginsniaeansdeya (data circuit terminating-equipment) #ralFeneia < 91 DCE lngay

Tiauiugunsniiudslatunig DTE fwanslugilin 2.20

funsndiy gunsndfy alnsnisy funsndiy
dddeyn [ dedarene < desdunnnd - dalananne — dddeya
DTE DCE DCE DTE

717 2.20 waunnszLLNNIRRa I TRYA
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[ %

dl o o o ! ¥ dgld
gﬂLL‘LI‘LIﬂW?'&@@”I? EUEUNEY @WNW?Q@@EﬂLLUUﬂ’]??UNQiﬂ 3 gﬂLL'LI‘]_I ANLAR

a < 5 . A 1Y a = 5| 1
N. BUUTHINANT (Simplex) #7an17239003ALLLNANINLALR (One way) wlunnsas
o a = P e 2 4 v P = Y o v = o
fayaiananaadeginsnitisdedaya ginsnlangautleasfesiudeyaiana TN 916
17 A o oI/
naudayanzandsln
2.utuaangand (Half Duplex) visanisdedayautuneaasmis unisulasu
dunelunisdedeyadeansls lnaaduiulddeciu/daluniainamu inisfuuazdslung,
weniululs
A.WLUWARWANT (Full Duplex) vsanisasdayauuuianame iunsdasaiuliany

| o

HAn1eseuanagaununlalunaagaiy g lisesaauadndszuuiudednynns

LATDIA VEGRET
<
(Tx) (Rx)

N. HUNINASTD YA ULUTNIWANS

LATRIE LAFAIA

(Tx) (Tx)

‘\
<

1 ‘\ . 1

.l o N A o
VEGNET 4l 1AFRFL

(Rx) (Rx)

2. UHUNIWAN TR TRy kL UAI AN AWANT

LATRNEN A309d
(Tx) (Tx)
I I
VCEGRET VEGRET
(Rx) (Rx)

(74 =3 e
A. BHUNIWNTASTRyALLLILLLWARLWANT (Full Duplex)

g1 2.21 guuunnsdesnsdeyaynns
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2.4.3 dszsLanaasnsaed

nnsdauaziudnynnudeyautieandy 2 dszinmasnisdeutiueynsn uaznnsgda

a

WULIWNY

n. nedednynyrnuuuuaynsn unisdsdeyaudazinuuuizasaanliifluadu se
A4 o oA a Ly A o % A i~
Wesiunazin Ineanadedeyaasiiagineadumaamindiy asuauninlugli 2.24 n,

1. nsdedryeyrnsiuuawnu duinnisdedayann < dnesnlinden o fuluass

wen Inausiazinavdsluanausazidiu aeurunnlugili 2.24 a.

- " a2 .
LATRNAN LATANTU
0110111
(Tx) P (Rx)

0. LHUNINNITEN VELIV EUNEULLLITIAUNTN

o
o

.
LATRNTU
(Rx)

4,
LATBIAY
(Tx)

+t A ~lo |~ +

o + H —=10 |- +F

=

VVVVVVVY

U, WNUNIWNITEN VQ_/I EUNRLLLIL ALY

9117 2.22 gilununisdedayny o

N.NIFSUAITRYARUUDYNTH

nededeyaiusannsuildluiiagmy IFWmuINIAINNINTgIL - EIA  (Electronic
Industries Association) Lﬂummgm RS (Recommended Standard) 16uA RS-449, RS-
422 uay RS-232 ifludu winldiuunnie NM9FIU RS-232C mﬁum%’mﬂmmuwmuﬁ
aun9naala lugtluunaasnsdetayaaaun1eiu (Full Duplex) AnNmMazNsdstayauLLL
aunsnuLigluuunsiudeliiiu 2 wou ldud nisdedagyauun@alasia (Synchronous

data transmission) LmeMﬁﬂuu@LLUU@:%@Tﬂ?ﬂZQ (Asynchronous data transmission)
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n.1 nsdedeyauuudelania unisdedeyasenllnnnariuiuaunas

wiugn nedanuniazlildinBuduuaziongn luinsugadaamzszndnednasy axl49s
9 o 2// dla 1 o dl = 1 Qd-dl a va o A Y o a [
dndsuaza1ivaeIn 1 nfnfeiu delegaeisnljuaiuae Idanuszded (sync
character) l3utituaan (block) 2998naseinlun dnussderilarnnmldlunianivunens
Soanvdeyalinseiuaiinsalirsesds wialddnyoyrnunng (clock signal) Tnadtyayn

WRnneiudeiazdyrnnntniniesnuiuasldauazaavizaauazdasdyniolugs

dgsinennatesieyanazeds

n.2 Medsdayauuuezaslasta ndeuuutinasianslunisiudidayand

¥ o !

wiaenulinmedunf (bit per second) ma‘z&iqmm'ﬂmqmmﬁmﬂ@m@mﬂu 110, 300,

U

1200, 2400, 4800, 9600, 19200 LiAABIUN LALNNIIAIWEILAZAIUFTUALARINN1T69A

1
a

v
poNiFalvinAu Tunasdedeyaeunsnuunesilasdaniulaseaiisaesieyanazded

v

anwauzidluufenvirewsn dadazudenilsznausiginiENsy (Start bit) waznNsaaiinda

¥
a

v
data bit) 14 8 TinudeAsazasdndugadaya (Stop bit) nsdedayaazdeFennafiu

—~

A
a

N

=Dhe

TimEndu dndaya 7430 8 1in UAN19E (parity) waciinugn Inanmuedaldinnsds

u

|

noudaya ArdtyaasluanaaziliAiuasan “high” ¥3eEanan “Marking State” N9

1
a k% o/

Furaanisdedoya BuALAINAIIM “high” 989 “Marking State” 1lasuiluaaan

. 23X
o

“Low” 2u1a 1 O @aanusiitaguainaaan “high” silwduasdan “Low” Fandn dnEusu

wananndaEnfundafiasindeyaniuud lnasuanindded1AyfA1gn (Least

q

Significant bit) a119% 7 ¥i78 8 U5 na9aIntundIdnnIas (Parity bit) tialinsaagauaanu

'y

gnéisvansdaya udadtynasluarsazgnulasuliiuaasn “high” 2uis 1 6 iwaiflunng
Augaueansdetayatezandt dndugadayavseiinmen

Start bit

D7 Dé6 D5 D4 D3 D2 D1 DO Stop bit

|< Data Bit >|

51l7 2.23 gulununsasdayaaunsuuuiayaslasia



34

2. NFAITAYARLLUUIUUDINDSALATRINNN
WaSALATOINNAW (Printer Port) HAnwnsznIstnanandoyasasnasaiiuuuy
o e Have o o 4 o o A T
21U (Parallel Port) lilasainwesnildd1uiusenuipresfind AaanautinmaNmany
aunsal
1 1 dJ = :j/ 1 g a o1 o . . . a "
slanaTelasusgnInintuANNIUIRaFianfiU (Printer sharing device) Aar lasWuuuwn
. . ° v ==K A 1 dl
WA (Portable disk drive) LL@:mﬂmﬁmm@w (Tape backup) ldaudapTadneanizh
dl 1 aa o ¥ ] 1

(Local area network) WATLATRALAUTATAN NofMIUIUIBNTTLLLsTMRanaT Ry adaW D as
= a =X o 1 2 a a 4 dl '8
Haunm 8 Iin A9aN19nsesfunIstnenandeyanas 8 inls luaneinasinaynsuay
annsnseuiunisinenendayaias 1 Un dansgaunasninsesunin idazifluy IEEE-1284

o o o

fedunmsgulunisdnnisdyaiudniunisidensdegnsnidenatiiune faauiuiuy

2 7ANTY A19FULATRIABNNIABSA9 UL AAS (Standard Signalling Method for a Bi-
directional Parallel Peripheral Interface for Personal Computers) nasnauruluiATe

a '8 = o 6 o £ dl 2 dl a o dl a o
ﬂfszJWfJLM@?@:N&WH@@@'}ML@WV!mmumwmm@yja@’mLm@m‘ﬂwwaLmaﬂﬂﬂ\ummwmw

wazAILANNIIAITaL A 2 ANIS (Bi-directional line) A&y iy 1B UNANIUTINEIUAT

Aryryrnudiays dauanalugin 2.24

Antiund DA

aLam wn T
- dhlushe 1 w1 wafs Cua 8 0
o Cus T - l
d o6 =~
ke Avia
| Hata #ria
" Ko O I iR Conwan 14 B
1im Gl [aa Hoae Yt [=———F
| paniEn
JCNI Mt Funlle w3 ]
| A3y .
hmi FY ) — wrvrind 3
Lo <
o
. | T
N E tivkrind - i
¥ i S 4 TR
Al B T TR Ty
"

7171 2.24 waparianieluaesnasmaum’”
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1 v
TaslnAnasnruIud N ULATaIRNNA N e d N et iauue 17 1du J7aainas
V3l d

3 AIAYLIANNITYINNUAIH

9 aala '8

n. nefmasnndmidnyanadeya 8 14w H3Aawmes deya (Data

register) AAUAN

o

1, WoFRBUNAAINFLNNTEUAIANIUEEN 7] AMNNnEuen Negdaaiu 5

U

aala c .
Ku H3aameadaniue (Status register) TunizaduA
A. nasnansnndmiudsdryninrauanllisginaninauan Sagsdae

kTl

i 4 14y F3aawmasaauAx (Control register) 11nMsAaLIAN

5119199 2.3 WAMANEATR N WAISUNATIO L ULNA FATLNL

Pin No (D- Pin Mo SPP Signal Direction | Register| Hardware
Type 25) | (Centronics) Infount Inverted

| | nStrobe In/Out Control Yes
2 y Data 0 Qut Data
3 3 ‘ Data | Out Data
4 -+ Data 2 Oul Data
5 5 Data 3 Ou Data
[ f Data 4 Out Data
7 7 Data s Out Data

S Data 6 | ©Ow Data
9 0 Data 7 Out Data
10 10 nAck In Status
11 11 Busy In Status es
12 12 Paper-Out In Status

PaperEnd
13 13 Select In Status
14 14 nAuto-Linefeed | In/Out | Control Yes
15 32 nError / nFault In Status
16 il ninitialize In/Out | Control
12 36 nSelect=Printer In/Ourr, |Control Yes
nSelect-In |
18 - 25 149-30) Ground Gnd |

[ %

' dl a o a ol o .i{j
NofnLATaINNNTed L TATARNNLAR T IMNANITN 9 WATL
N. WL SPP (Standard Parallel Port) Aawasnauuluiesas IBM PC Aignaanui
dll ¥ 'S dll a o a 4‘ 1 o
weldnuiunefarsesiniaediulnsneniiameslugausn o Beldinistiavuaninsgiu
Winpaandaauiausin1se1eaallinaeaaasnisdumasimanuumunsaing (centronic

interface) 1uN197119u28INaSAFINNWLLL SPP nguandeyaainisnasdeyazuiu 8
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v !
Tinaannieswasnlfinesianiaman faiulunisfazinnisfudieyasesedanguanass

anue Inansfudayatiazinlinisay 4 Dnwinniu

1
a

2. wuy PS/2 Aanafaauungnuiulaliainisniudedoyalsv 2 fianie GeGEu
14luATas PC 194 IBM {1 PS/2 wasmauiuuiy 2 Arniwiinliginsaldenssaiuisniu

Aetaya 8 DanFandu aenilvinasnuununuy PS/2 antinunldilse lamiilunisdassa

k1] k1l

=

(interface) furanailasing I ﬁ[ﬁ’f@qmﬁ”mﬁ%’mﬂ@m: 8 Up

A. WUU EPP (Enhanced Parallel Port) ﬂﬁinﬁ%uﬂmmu 2 fAN1ai UL fUNesm
WU PS/2 WAHANNIE9g9N90 ABatnnsnanwizamauiaya 1 luslalu 1 sauni9vineu
(one cycle) WwAeaiUszULATALLL ISA (ISA bus) vizalnaiies 1 Tulasauni e
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AARNUIN .

Tuswnsun1sinauaaslulnsaaulnsaraas PIC16F84

LIST P=16F84

#INCLUDE "p16f84.inc"

; using a 16F84 processor 4 mHz crystal
; definitions we might need

; supress annoying message because of tris

__CONFIG _PWRTE_ON & _XT_OSC & _'WDT_OFF ; WDT off, XT osc

; registers we define

units EQU H'0C! ; holds rightmost units digit
tens EQU H'0OD' ; tens digit
hundreds EQU H'OE' ; hundreds digit
thousands EQU H'OF' ;thousands digit
dignbr EQU H'10' ; # of current digit 0-3
mscounter EQU H"11' ; counter used in msec delay
mscounter1 EQU H"12' ; counter used in msec delay
; W_TEMP EQU H"11' ; used to save W during interrupt
; STATUS_TEMP EQU H"12' i used to save STATUS during interrupt
eeprom EQU H'13' ; bit buffer
addr EQU H'14' ; address register
datai EQU. H'15' ; stored data input reg.
datao EQU H'16' ; stored data output reg.
txbuf EQU H'1T' ; transmit buffer
count EQU H48' ; bits transmitted so far
count1 EQU H'1F
count2 EQU H"19'
bits EQU H"A' ; bits to transmit
bytcnt EQU H"B' ; byte counter for read routine
loops EQU H"1C' ; delay loop counter
loops2 EQU H"D' ; delay loop counter
hbyte EQU  H"E' ; high byte for input data
Ibyte EQU H"1F' ; low byte for input data
; Bit Assignments
#DEFINEdi D7 ; eeprom input
#DEFINEdo D'e' ; eeprom output
#DEFINEdatout D7 ; data out line (port_b)
#DEFINEdatin D'e' ; data in line (port_b)



#DEFINEsclk D's' ; clock line (port_b)
#DEFINEchpsel D'4' ; chip select line (port_b)

#DEFINE RB3 D3

#DEFINE RB4 D'4'

#DEFINE RB5 D'5'

#DEFINE RB6 D'6'

#DEFINE RB7 D7
ORG 01ffh

begin goto  PWRUP ; set the reset vector

ORG 0

goto main ; jump over the next instructions

ORG 4

goto introutine ; go to the interrupt routine

; table is used to get a bit

pattern ; patterns use to select which digit is on
addwf PCL, f
retlw B'11111110"
retiw B'11111101'
retiw B'11111011"

; Initialization routine sets up ports and time

init

moviw B'00010000'

tris PORTA ; all Port A outputs

moviw B'10000000' ; Ports RBO _are inputs

tris PORTB

clrwdt

moviw-B'00110000' ; pull-up enabled, falling edge on RBO
option

moviw B'10100000' ; enable GIE and RBIE, clear RBIF

movwf INTCON

clrf PORTA

clrf PORTB

clrf dignbr ; setdigit#1to 0
clrf count

clrf count1

clrf count2

return



sendloop

sendloop1

clrf count2

moviw B'00001111"
movwf PORTA

bcf PORTB,RB3

nop
nop
nop
nop

bsf PORTB,RB3

movf dignbr, W
call pattern
movwf PORTB
moviw units
addwf dignbr, W
movwf FSR
movf INDF, W
movwf PORTA

call msec8

bcf PORTB,RB3
nop
nop
nop
nop
nop

nop

= AUUINBUINT

bsf PORTB,RB3

©

ni

- FNRINTANTININENREY

nop
nop
nop

nop

incf dignbr, f ; next digit

moviw D'3' ; reached 3 yet ?

subwf dignbr, W ; Wwill be zero if yes

btfsc STATUS, Z ; Test status zero flag. Skip if not set

87



loop

goto loop ; reached 3, set digit nbr back to 0

goto sendloop1 ; do it forever
; total of 3 digits at 9.2 msec = 27.6 msec
; this is about 35 complete displays/ sec

; much fewer than this and you see it blink

clrf dignbr

goto disploop

This is the main routine

call init ; main routine starts here

This is a routine fills the display

and read a bits from the data EEPROM

disploop

call EWEN

moviw 0

movwf addr

; moviw D'7' ; set number of addresses to

;. movwf bytent ;read as 8

; incf addr

call READ

movf hbyte,W

movwf units ; Clear the count registers
movf Ibyte,W

movwf tens

moviw. .8

movwf addr

; moviw D'15' ; set number of addresses to

;. movwf bytent ;read as 8

call READ

movf hbyte, W
movwf hundreds
movf lbyte,W

movwf thousands

movf dignbr, W ; get digit number into W

call pattern ; use it to get digit pattern into W ..
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movwf PORTB
moviw units
addwf dignbr, W
movwf FSR
movf INDF, W
movwf PORTA

call msec7

incf dignbr, f
moviw D'3'
subwf dignbr, W
btfsc STATUS, Z
clrf dignbr

incf count2, f
moviw D'180"
subwf count2, W
btfsc STATUS, Z
goto sendloop

goto disploop

89

; and into port A, ( selects digit )
; get the address of the units registerin W ..

; add to it the digit number, (note in W)...
; and put it in the indirect register FSR
; shift contents of register pointed to by FSR ..

; at putitinto CD4511

; delay for each digit to be displayed

; next digit
; reached 3 yet ?
; W will be zero if yes
; Test status zero flag. Skip if not set

; reached 3, set digit nbr back to 0

; next digit
; reached 3 yet ?
; Wwill be zero if yes

; Test status zero flag. Skip if not set

; do it forever
; total of 3 digits at 9.2 msec = 27.6 msec
; this is about 35 complete displays/ sec

; much fewer than this and you see it blink

This is a routine to write s a bits to data EEPROM

moviw. D'8'

movwf bytent

clrf count1

movf units,W

; moviw D'1'

movwf hbyte

movf tens,W

movwf Ibyte

moviw 0

movwf addr

call WRITE

movf hundreds,W

moviw D'4'

movwf hbyte
movf thousands,W
moviw 0

movwf Ibyte

incf addr

;read as 8

; reached 3, set digit nbr back to 0

; clear the count registers

; set number of addresses to



moviw .8
movwf addr
; moviw D'15' ; set number of addresses to
;. movwf bytent ;read as 8
call WRITE
retiw 0 ;yes, jump out

; This is a routine delay

msec? ; delays about 7,000 instructions
moviw D'7"

movwf mscounter

clrw
msloop ; each time through loop takes 4 usec
addlw D'1' ; it goes 256 times before reaching zero again
btfss STATUS, Z ; total time 1.024 msec
goto msloop
decfsz mscounter, f ; goes through 7 of these 1.024 msec loops
goto msloop ; for a total of 7.2 msec
return ; + a few additional usec getting in a out

; This is a routine delay

msec8 ; delays about 7,000 instructions
moviw D'150'

movwf mscounter1

clrw

msloop1 ; each time through loop takes 4 usec
addlw D'1" ; it goes 256 times before reaching zero again
btfss STATUS, Z ; total time 1.024 msec

goto msloop1

decfsz mscounter1, f ; goes through 7 of these 1.024 msec loops
goto msloop1 ; for a total of 7.2 msec
return ; + a few additional usec getting in a out

; Sound routine lasting about 100 milliseconds

snd1

moviw D'153' ; 103 additional would mean roll-over
sndloop

bsf PORTB,RB7 ; RB7 high

nop

nop

bcf PORTB,RB7 ; RB7 low
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addiw 1
btfss STATUS, Z
goto sndloop

return

; bump W and check for roll-over to 0
; 8 instructions in loop
; 0.122 msec/instruction

; 103 loops

this is a routine interrupt

introutine

intloop

restore

; call snd1l

movwf W_TEMP
swapf STATUS,W
movwf STATUS_TEMP
moviw units

movwf FSR

incf INDF, f

moviw D'10'

subwf INDF, W
btfss STATUS, Z
goto restore

clrf INDF

incf FSR, f

movlw hundreds + 1
subwf FSR, W

btfss STATUS, Z

goto intloop

; interrupt routine increments the count
; save W
; save status
; without changing flags

; start by pointing a units register

; up INDF

; reached 107

; test but don't change INDF
; skip if zero, (reached 10)

; else we are finished

; reset INDF to zero

; point at next register

; reached one past last?

; Zero means yes

; else continue

swapf STATUS_TEMP,W; get original status back

movwf STATUS

swapf STATUS_TEMP,f
swapf STATUS_TEMP,W

moviw B'10100000'
movwf INTCON
bcf PORTB,RB7
bsf PORTB,RB7

incf count1, f
moviw D'10'
subwf count1, W
btfsc STATUS, Z
call wri

retfie

; into status register

; old no flags trick again

; to.restore W

; enable GIE and RBIE, clear RBIF

; clear RBO interrupt flag

; next digit
; reached 3 yet ?
; W will be zero if yes

; Test status zero flag. Skip if not set

; finished, return and enable interrupts

; DELAY ROUTINE
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This routine takes the value in 'loops'
and multiplies it times 1 millisecond to

; determine delay time.

WAIT
top moviw .110 ; timing adjustment variable
movwf loops2
top2 nop ; sit and wait
nop
nop
nop
nop
nop
decfsz loops2 ;inner loops complete?
goto  top2 ; NO, go again
decfsz loops ; outer loops complete?
goto top ; NO, go again
retw 0 ; yes, return from sub

Start Bit Subroutine
this routine generates a start bit

(Chip select and DI high when clock goes high)

BSTART
moviw b'10000000'
tris  PORTB ; set port b for output

; except for the data out line

bcf  PORTB,datin ; set datain and chipselect lines
bcf  PORTB,chpsel ; low just to check operation

bcf  PORTB,sclk ; make sure clock starts low too.
nop

bsf PORTB;chpsel ; set chip select line high

bsf  PORTB,datin ; set data in line high

nop

bsf PORTB,sclk ; set the clock line high to

; generate the start bit

nop

nop

bcf  PORTB,sclk ; set clock low again
retw 0

BITIN routine reads one bit of data from the
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; serial EE device and stores it in 'di'

BITIN

bsf  eeprom,di

bsf PORTB,sclk
nop

btfss PORTB,datout
bcef  eeprom,di

bcf  PORTB,sclk

retiw 0

; assume input bit is high
; set clock line high

; read the data bit

; input bit was low

; set clock line low

Receive data routine

; This routine reads one byte of data from the part

; into the 'datai' register.

RX

RXLP

clrf  datai
moviw .8
movwf count

bcf  STATUS,0

rif  datai
call BITIN
bef  datai,0

btfsc eeprom,di
bsf datai,0
decfsz count
goto RXLP

retiw 0

; clear input buffer

; set # bits to 8

; make sure carry bit is low

; rotate the buffer left 1 bit

; read 1 bit

; assume the input bit was low
; check the bit

; set high if neccessary

; 8 bits done?

; no, do another

; BITOUT routine

This routine takes one bit of data in 'do' and

; transmits it to the serial EE device

BITOUT

bitlow

clkout

btfss eeprom,do
goto  bitlow
bsf PORTB,datin

goto  clkout

bcf  PORTB,datin
bsf  PORTB,sclk
nop

bcf  PORTB,sclk

retw 0

; check state of data bit

; low, goto bitlow
; high, set datain high

; and clock it
; output a logic low

; set clock line high

; return clock line low
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; Transmit Data Subroutine

This routine takes the byte of data stored in the

; ‘datao’ register and transmits it to the serial EE device.

>
movf  bits,w ; set the number of bits to xmit
movwf count
TXLP
bcf  eeprom,do ; assume bit 7 is low
btfsc txbuf,7 , is bit 7 clear?
bsf eeprom,do ; no, set data bit =1
call BITOUT ; transmit 1 bit to serial EE
rlf - txbuf ; rotate txbuf left
decfsz count ; all bits done?
goto  TXLP ; no, do another bit
rettw 0 ; yes, jump out

; POWER-UP ROUTINE
; This is the program entry point, which in this case simply
; sets the port_a /O lines and directs control to the

; erase/write enable routine.

PWRUP
; moviw b'00000000*
; tris  PORTA ; set port_a as all output

; clrf  PORTA ; all lines low

; moviw  b'10000000'

; tris  PORTB ; set RB7 as input, rest output;

; Fall through and do erase/write enable

; EWEN (Erase/Write ENable Routine)
; this routine enables the dut for erasing and

writing. This must be done prior to any erase,write

; eral,wral instructions.

EWEN

call BSTART ; generate a start bit
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moviw .2

movwf  bits

moviw  b'00000000'
movwf txbuf

call TX

moviw .8

movwf  bits

moviw  b'11000000'

movwf  txbuf

call TX

bcf  PORTB,chpsel
nop

retw 0

return

; set # bits to 2
; get the opcode (00b)
; into the output buffer
; and transmit it
; set# bitsto 8
; get opcode and address
7 (TIXXXXXX)
; into output buffer
; and transmit it

; set chip select line low

Now continue on to the write command

Byte Write Routine

This routine writes an AA55h pattern into

8 consecutive addresses starting at address 00.

A delay of about 10ms is given after each byte

for the write cycle to complete.

The write is done in the x16 mode: the user must

have the ORG pin tied to Vcc on the device

WRITE

moviw .0
movwf addr
moviw .8

movwf bytent

topwr call BSTART

moviw. .2

movwf bits

moviw  b'01000000'
movwf txbuf

call TX

moviw .8
movwf  bits
movf addr,w
movwf txbuf
call TX

moviw  b'10001000'

; set starting address to 00

; set number of bytes to write as 8

; generate the start bit

; set # bits to 2 for the opcode
; get opcode (01b)
; into the transmit buffer

;and send it

; set # of bits to 8 for the
; address

; get address counter

; into output buffer
;and send it

; get upper byte of data (AAh)
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movf hbyte, W
movwf  txbuf
call TX

; moviw b'01010101"

movf lbyte, W
movwf txbuf

call TX

bcf  PORTB,chpsel

moviw .10
movwf loops

call WAIT

; incf addr

; decfsz bytcnt
; goto  topwr
; return

retiw 0

; into the transmit buffer
;and send it

; get lower byte of data (55h)

; into transmit buffer

;and send it

; Clear the chip select line

; to initiate write cycle

; set delay time to 10mS

; and wait

;increment address counter
; all bytes written?
; No, do another

;yes, go on

; Now continue on to the erase/write disable command

; READ ROUTINE

; This routine reads 8 consecutive addresses in

; random mode starting at address 0. This is done in

; x16 mode and will repeat forever.

READ

; moviw .0
; movwf - addr
; moviw. .8

; movwf bytent

rbyte
call BSTART
moviw .2
movwf  bits
moviw  b'10000000'
movwf  txbuf
call TX

moviw .8

; set starting address to 00
; set number of addresses to

;read as 8

; generate the start bit
; set # bits to 2
; get opcode (10b)
; into output buffer

; and transmit it
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;royte

movwf  bits ; set number of bits to 8
movf addr,w ; get the address
movwf txbuf ; into the output buffer
call TX ; and transmit it
call RX ; read the high byte
movf datai,w ; move input data to w
movwf hbyte ; xfer it to high byte
call RX
movf datai,w
movwf lbyte
bcf  PORTB,chpsel

incf addr

decfsz bytcnt
goto rbyte
goto READ
bcf  PORTB,chpsel
return

retiw 0

END

AONUUINYUINNS )
RN ITNINENAY
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Dim start As Boolean
Dim db As Database

Dim rs, rsql As Recordset
Dim qdf As QueryDef
Dim sql As String

Dim clk As Boolean

Dim It, t(4) As Integer

Private Sub Command1_Click()
Dim val(6)

Dim sw(5)

Dim datat(3)

Dim newdata, olddata, Value
Dim i, k, cnt, Max

Dim data, addr

Dim datasum

start = True
addr=0
Max = It
Do 'switch between pocket dose
If addr > (Max - 1) Then
addr=0
End If
txtPocketID.Text = "00" & t(addr)
Out &H378, t(addr)
k=1
Do ' get data 3 times
Timer2.Enabled = True
total = 0
Fori=1To5
val(i) = 0
Next i
newdata = 1
olddata =1
cnt=1
clk = False
Do 'get data from parallel
DoEvents
data = (Inp(&H379))
sw(0) = (data And &H40) / 64
sw(1) = (data And &H80) / 128
sw(2) = (data And &H20) / 32
sw(3) = (data And &H10) / 16
sw(4) = (data And &H8) / 8
newdata = sw(1)

If (newdata <> olddata) Then



If (newdata < olddata) Then
Value = (8 * sw(0)) + (4 * sw(2)) + (2 * sw(3)) + (1 * sw(4))
val(cnt) = Value
cnt=cnt+1
End If
olddata = newdata
End If
Loop Until (cnt > 3) Or (clk = True)
Delay
'‘Delay
total = (val(3) * 100) + (val(2) * 10) + val(1)
datat(k) = total
PGBar.Value = k * 25
Iblstatus.Caption = "Gimvwﬁmj@ "&k&"3"
k=k+1
Timer2.Enabled = False
txtDose.Text ="
Loop Until (k > 3)
datasum = (datat(1) + datat(2) + datat(3)) /3
txtDose.Text = datasum
"\W\ add new record to database \W\\
If datasum = datat(1) And sw(1) = 0 Then
With rs
AddNew
IPocketlD.Value = "00" & t(addr)
IPKDate.Value = Date
IPKTime.Value = Time()
IPKDose.Value = datasum
.Update
.MovelLast
End With
End If
addr = addr + 1
Loop Until start = False
End Sub

Private Sub Command3_Click()
start = False
Iblstatus.Caption = "flANI3HA9w"

End Sub

Private Sub DBENnd_Click()
End
End Sub

Private Sub Form_Load()
txtDate.Text = Date
txtTime.Text = Time()
Iblstatus.Caption = "WERNNIW

Set db = DBEngine.Workspaces(0).OpenDatabase("c:\mic\dose.mdb")
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Set rs = db.OpenRecordset("PKDoseRate", dbOpenDynaset)
rs.Movelast

rs.MoverFirst

sgl = "SELECT PKUse.PocketID, PKUserAccount.PKUserName"
sql = sgl & " FROM PKUserAccount INNER JOIN PKUse "
sgl = sqgl & " ON PKUserAccount.PKUserID = PKUse.PKUserID;"
Set qdf = db.CreateQueryDef("UserAccount", sql)
Set rsqgl = qdf.OpenRecordset
With rsql
Do Until .EOF
PocketLST.Addltem !PocketID &"," & IPKUserName
.MoveNext
Loop
End With
db.QueryDefs.Delete qdf.Name
End Sub

Private Sub Form_Unload(Cancel As Integer)
rs.Close
db.Close

End Sub

Private Sub PocketSelect_Click()

Dim s As Integer

It=0

For s = 0 To PocketLST.ListCount - 1

If PocketLST.Selected(s) = True Then
t(It) = Int(Left$(PocketLST.List(s), 3))
It=1t+1

End If

Next s

PocketNum.Text = It

End Sub

Private Sub Timer1_Timer()
txtTime.Text = Time

End Sub

Private Sub Timer2_Timer()
clk = True

End Sub
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NEW

TECHNICAL DATA
WO. T-122

GM (Geiger-Miiller)
COUNTER TUBES

uOWF : "{
For dle

Hamamatsu D3372, 03517 and 03553 are compact Gl
(Geiger-Miiller} counter tubes which are mass-produced
while still retaining the superiority of their traditional
features. Like conventional GM counters, they consist of
a cylinder-shaped cathode with an extremely small di-
ameter of anly 5mm, containing an anode and halogen-
quenched counting gas.

Hamamatsy GM counter tubes are designed for the de-
tection of gamma rays and high-energy beta rays larger
than 0.5MeV, making them suitable for pocke! dose me-
ters. Particularly the' D3517 can detect up e the high dose

rate.
D3372
Y1) —XhT

B HSREFETT,

(FiglEBCZE0)

SPECIFICATIONS
General
Cathods Material ! 28% Cr. 72% Fe | ~ E
Thickness ' 80 to 100 : mglem® o
Effective Length 16 . [ 3 E 8 mm .1
Fill Gas He, Ne Halogen '
Capacitance of Anoda lo Gathode 3 ! 25 A )= P o '
Maximmum HRatings
Anode Resistance 22 1:“ f{'zwn_:
Applied Voltags 550 ’ 500 | 500 ~N VDI
Temperature Operation B ~_-A4O > 50 sl “?" ‘C d ; 7
Storage -4blo +75 ¢ “C :
Characteristics (at 23°C)
Starting Voltage T T s P a6 Vil
Plaleau Voltage o 500 1o 630 500 1o 600 50010 600 v
Operating Valtage Arbitrary within plateau ! - :
Plateau Slope 015 03 03 %N (Maxi
Background® 2 1 1 cpm (hax )
Dead Time at 600V ! 20 15 15 #s {(Max } 1
Life Expectancy® ) I 5% 10%0 T x 16" 1 x10°¢ counts
| Pnilips 18508 gﬂaman_am Di7eq| Philos 18529

Equivalent Tube

1Hamamatsu D11363

Hamamatsu D126 1

A Shielded with 50mem Pk and 3Imm Al at 575V (D3372), at 550V (D3553, 03517)
B: Count rate 4500 cps (D3372). 3200 ¢ps {D3IS53. D35T7) at 25°C

information furmished by HAMAMATSU 's bzligved io rafliabie,
Specilications are subjec! lo change wilticu

Howaver no resputsioilily s assumes 1or possibie imdgzorasies or o™ s
inotice. No patent rights are grantec tz any of the cirguits d2sar.2ed herain
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" GM COUNTER TUBES ,
Figure 1: Typicai Counting Rale vs. Dose Rate Characteristics  Figure 2. Typical Plateau Curves
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PIC16F8X

8-Bit CMOS Flash/EEPROM Microcontrollers

Devices Included in this Data Sheet:

« PIC16F83

= PIC16CR83

» PIC16F84

» PIC16CR84

« Extended voltage range devices available
(PIC16LF8X, PIC16LCR8X)

High Performance RISC CPU Feafures:

» Only 35 single word instructions to learn
« Al instructions single cycle (400 ns @ 10 MHz)
except for program branches which are two-cycle
= Operating speed: DC - 10 MHz clock input
DC - 400 ns instruction cycle

Pin Diagram

PDIF, SCIC
RA2 =—>[]s1 N 18[] =~ RA1
RA3 +—o[]2 173 =— RAD
RMTOCK =13 8 U 1]~ oscucLkm
FACTR ——-[}4 9 9 15[~ OSCZCLKOUT
vss—=[5 e @ 4le—vm
RBONNT <~—={16 % g 13{7] ~—s RB7
Re1 <—[7 25 3¢ 12[d=—-Res
REZ =—={8 ¢ 11{] = RE5
Ra3 —[Ig 10{] =—= RB4

Memory & v
. T
Device Data M:;
Flash RAM | EEPROM

PIC18F83 512 words 36 64 10 MHz

. 1PIC16CR83 | 512 words 36 64 10 MHz
PIC16F84 1 K-words &8 64 10 MHz
PIC16CR84 |1 K-words 68 64 10 MHz

F = Flash; CR = ROM

" 14-bit wide instructions
= 8-bit wide data path
« 15 special function hardware registers
= Eight-level deep hardware stack
= Direct, indirect and relative addressing modes
» Four interrupt sources:
- BExternal RBO/INT pin
- TMRO timer overflow
- PCRTB<T7:4> interrupt on change
- Data EEPROM write complete

» 1,000,000 data memory EEPROM
ERASE/WRITE cydles

» - EEPROM Data Retention > 40 years
Peripheral Features:

« 13 VO pins with individual direction control

+ High current sink/source for direct LED drive
- 25 mAsink max. per pin
- 20 mA source max. per pin

» TMRO: 8-bit timerfcounter with 8-bit
programmable prescaler

Special M icrocontrolier Features:

« Power-on Reset (POR)
= Power-up Timer {(PWRT)
= QOscillator Start-up Timer (OST)

= Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

= Code-protection

» Power saving SLEEP mode

= Selectable osciliator options

= Serial in-System Programming - via two pins
{ROM devices suppert only Data EEPROM
programming)

CMOS Technology:

= Low-power, high-speed CMOS Flash/EEPROM
technology

+ Fully static design

= Vvide operating voliage range:
- Commercial: 2.0V to 6.0V
~ industral: 2.0V to 6.0V

= Low power consumption:
- <2 mAtypical @ 5V, 4 MHz
- 15 pAtypical @ 2V, 32 kHz
- <1 pA typical standby cumrent @ 2V
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PIC16F8X

|Applicable Devices [F83|CR83[F84 [CR84)
11.0 ELECTRICAL CHARACTERISTICS FOR PIC16F83 AND PIC16F84

Absolute Maxdmum Ratings ¢

Ambient 18mMPeratufe UNTET BHES ..o v cvee v rraersrsrssesenes sarassensasesassenssassseasaras sansnasnaesssossnsases anrnsbinriens -55°C to +125°C
Storags temperature .....c.ooivervvensrens N S0 WL L O U, -65°C to +150°C
Woltage on VDD with respact 10 WSS ..uiveiecamennseieiecoisnesrasinssios avenen rerenreanenree 0.3 10 475V

Voltage on MCLR with respectto Vss® .....vvvcvvcccnenn.e.

Yoltage or any pin with respect to Vss (except Voo and MCLR)
Total power dissipationd D .........cooio e e e
Maximum curment out of VSS pin..
paximum cumrent o VDD PIM .o cveneennens
input clamp curmrent, ik (Vi < 8 or Vi > VDD)
Cutput clamp current, iox (Vo < 0 or Vo > Vop)
Maximum output current sunk by any fO pin........
Raxdimum output current sourced by any WO pin
Maximum current sunk by PORTA ...
Maximum current sourced by PORTA

Mote 1: Power dissipation is calculated as follows: Pdis

Mote 2: Voltage spikes below Vss at the MCLR piy
Thus, 2 serigs resistor of 50-1002 should sed wi
pulling this pin directly to Vss. N \

IoHY + ¥ {{VDo-Vou) x 1o} + T{Vol x loL)
sAreater than 80 mA, may cause latch-up.

those indlcated I the operation listings of tria \:'
extended periods may affect device reliability.




PIC16F8X

{Applicable Devices [F83 chssj F84iCR84]

TABLE 11-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENGIES OF OPERATION {COMMERCIAL DEVICES)
osc PIC16Fa4-04 PIC16F84-10 PICi6LIFB4-04
PIC16FE3-04 PIC16F83-10 PIC16LFE3-04
RC  {VDD: 4.0Vio 6.0V \VoD: 45Vi0S8.5Y VoD: 2.0V to 6.0V
<t 4.5 mAmax st 5.5V oot 1.8 mALyp. Bt 5.5V DD: 4.5 mAmax. at 5.5V

iPo: 14 pA ma at 4V WDT dis
Freq: 4.0 MHz max.

iep: 1.0 pA typ. et 5.5V WOT dis
Frog: 4.0 MHzmax,

IpD: 7.0 pAmax. at 2V WOT dis
Freg: 2.0 MHz max.

ioD: 35 A typ. ut 32 kHz, 3.0V

1°D: 0.6 pAtyp. a1 3.0V WOT dis
Freq: 200 kHz max.

Do not use in LP mode

XT  |VDD: 4.0Vie 6.0V VDD: 4.5V o 5.5v Von: 2.0V tc 6.0V \
IDD: 4.5 mA max. st 5.5V foo: 1.8 mAtyp. st 5.5V ipD: 4.5 mAmax. st 5.5V
1PD: 14 pAmax. at4Y WDT dis [1eD: 1.0 pAlyp. et 5V WDT dis | leo: TDuAmatﬂ!é
Freq: 4.0 MHz max. Fragq: 4.0 MHz max. Fraq: 2.0 MHz max

HS |Voo: 4.5V 55V VDD: 4.5V to 5.5Y
IoD: 4.5 mAtyp. st 5.5V Iop: 10 mA max. at 5.5V &yp. ot e
PO 1.0 pA typ. at 4.5V WDT dis |fpD: 1.0 pATyp. &t 4.5V WDT dis
Freg: 4.0 MHz ma - | Frag: 10 MHz max.

LF (VDD 40Vi0B.0V

tDS 0\'\Q
kHz, 3.0v

OV WOT dis

required.

The shaded sections indicate oscilfator selections which are test
specifications. It is recommended that the user selsct the device

ad formasg;%

not for M!NMAX
specifications

%§§
%V
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PIC16F8X

{Applicable Devices [F83 [CR83|F84CR84 j '

1.1  DC CHARACTERISTICS: PiIC{eFe4, PIC16F83 (Cammerclai industrial)
Standard Operating Conditions {unless othenwvise stated)
DC ctés':d??::ﬁz Operating temperature 0°C < TA < +47C°C {commercial)
Power Supp -40°C < TaA < +85°C (industrial)
Parameter | Sym Characteristic Min | Typt! Max | Units Conditions
o,

DOC1 VYob | Supply Voltage 40 | — 1601 V |XT RCandLPosc configuration
DOO1A _ 45 § — {55 V HS oscconfiguration

0002 VDR | RAM Data Retention 15% —~ | — V. | Device in SLEEP mode

Voltaget® -
D003 VPOR | VDD start voltage to — |Vss| — | V |SeesectiononPowepén t ¥or details

ansure intermnal
Powar-on Reset signat

Do04 SvDo | VDD fise rate to ensure § 0.05° ] — | — | Vims | Ses section ot & -gn Reset for delalls
intemal Power-on
Reset signal
pp | Supply Current'® tion{®
Boio — 1.8 145 | mA /VDD = 5.5V
DO10A - 7.3 | 10 | mA , Vob = 5.5V
< ' g Flash programming)
' osc ONFIGURATION (PIC16F84-10)
D013 =45 10(’7@«\& ost% 10 MHz, Vop = 5.5V
Do20 po | Power-down Current® | — | 7.0 {28 | o0 = £.0V, WDT enabled, industrial -
D021 ‘ — 1 10 /3\ e = 4.0V, WDT disabled, commercial
DO21A 5 j/O\\?Q N uA %m: = 4.0V, WDT disabled, industrial

* These parameters are characterized but not tes

1+ Data in "Typ" column is at 5.0V, 25°C unlesse
and are not tested.

Mote 4: This is the limit to which VDD can pe

& ese parameters are for design guidance only

EF mode without losing RAM data.
¢#hg voltage and frequency Cther factors such as O pin

ta rail; all O pins tristated, pulled to Vo, TOCK] = Voo,
specified.

3 BP/mode does not depend on the oscillator type. Power-down cuiment is
P mode, with all O pins in hi-impedance state and tied to VoD and Vss.
4:

yrfent through Rext is not included. The current through the resistor can be esti-
DD/2Rext (mA) with Rext inkObm. -
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1.2 DC CHARACTERISTICS: PIC16LF84, PIC16LF83 (Commercial, industrial)
I Standard Operating Conditions (unless otherwise stated)
EC Chaéracte-n:tjcs Operating temperature 0°C- < TA < +70°C {commercial)
OwWer SUpply rins - -40°C <TAax +!_35_°C {industriaf)
Parameter | Sym Characteristic Min | Typt | Max] Units . Conditions
Mo, ] |
B0t VDD | Supply Voliage 2.0 — | 60 V | XT, RC, and LP csc configuration
D602 Vor | RAM Daia Retention 15*] — | — V {Device in SLEEP mode
Voltagelt)

D003 VPOR | VDD start voltage to — lVvss| — | V |Seesectionon Powar: eket¥or details
ensure internal :
Power-on Reset signal

D004 1Svop | VoD rise rate to ensure | 0.05%f — | — | Vims See section o r-On Reset Metads
intemna! Power-on @
Reset signal

oo |Supply Cument® RC and XT osc n uratxon“‘)

De10 — 1 4 mA = oD = 5.5V
DO10A —_ 73 10 mA % M Z Voo = 5.5V

{ FlasH programming)

< asc gonfiguration
Do14 — 15 32 532 kHz, VDo = 2.0V,
<\/*P‘&§ T disabled

D020 0 | Power-down Currentt®d | — | 30 Nl VBI=-2.0V, WDT enabled, industrial
D021 w0 C%J\\ }\?D = 2.0V, WDT disabled, commercial
DO21A 7 ‘p.};x\\s. \zA 60 = 2.0V, WOT disabled, industrial

* These parameters are characterized but not tested

1 Data in "Typ" column is at 5.0V, 25°C uniegs 3
and are not tested.

Note 1: This is the fimit fo wivich VDD can

MCLR = voo; WYl
K} 1 EEF mode does not depend on the oscillator type. Power-down current is
P mode, with all /O pins in hi-impedance state and tied to VDo and Vss.
4: ent through Rextis not lncluded The current through the resister can be
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- - |Applicable Devices |F83 |CRB3|F84 |CR84)

11.3 ..DC CHARACTERISTICS: PIC16F84, PIC16F83 (Commercial, Industrial}
‘ PIC16LFE4, PIC16LER3 (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated) -
OC Characteristics Operating temperature  0°C < Ta £ +70°C (commercial)
Lmu Pins Except ‘ -40°C < Ta < +85°C {industrial)
Power Supply Pins Opsrating voltage VoD range as described in DC spec
. Section 11.1 and Section 11.2.
No. Sym Characteristic Min | Typt; #Max |Unlts Conditions
' k/ input Low Yoltage :
| R IfO ports _
D030 with TTL buffer Vss — 08 | V 4M5V\{DD<G:
DO30A VsS — 10.18Vop| V jentire range
D031 with Schmitt Trigger buffer Vss — {1 02Vop | V jeptfrershpge
D032 IMCIR, RAHTOCKI Ves | = |aavoo| V4 O
D033 OSC1 (XT, HS and LP modes)i}  Vss — {03voo| V
D034 OSC1 (RC mode) Vss — (0iVoo | V \\
' tnput High Yoltage ' g
ViH 11O ports - K v &\)
D040 with TTL buffer 24 — oo 35X < Voo < 5.5V
DO40A | 0.48vVpp| — V< lentire rangel®!
D041 with Schmitt Trigger buffer | 0.45VD0 0 entire range
D042 }ﬂﬁfﬁ; RAA/TOCKI, OSC1 0.85VDD] = % D v
(RC mode) <K>
D043 OSC1 {XT, HS and LP modes)("| 0.7V \\\ \Vsp |V
D050 VHYs  Hysterests of ' T [)\ \\\ S v
~ [Schmitt Trigger inputs ~ = D
D070 jirure IPORTB weak puli-up cureny” S\ 280° | 400° | pA Vpp=5.0V, VPIN=Vss
- Input Leakage Current'S) \ w}v ;
DOS0 JiL /O poris — +1 whA Vss<VPINSVDD,
Pin at hi-impedance
0061 IMCLR, RA4/TOCKI %> — — 5 RA Vss <VPIN< VDD
D063 OSGH & — — 5 pA  Vss < VPin < VDD, XT, HS and
P /> ’ LP osc configuration
Fowrh itagé\y -
D080 oL pai 5 — 06 V lioL=8.5mA, VDo = 4.5V
D083 QLOMT /> — 1 — | 068 | V lo=16mA Vop=4.5V
Cuthyt High Yesitage -
DOSC v “‘u 3] Vop0.7| — — V. {loH =-3.0mA, Voo = 4.5V
D092 QEGAC! Voo-0.7 i — N V'  jion =-1.3 mA, VDD = 4.5V
z al

a.paraqel re‘eharacierized but not tested.
"typ” solurgn is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only
not tes)

demnal clock whils the device is in RC mode, otherwise chip damage may result.

Phg [Bakage current on the MCLR pin Is strongly dependent on the applied voltage level. The specified lev-
els fepresent normal operating conditions. Higher leakage current.may be measured at different input voit-
ages.

3: Negative current is defined as coming out of the pin.

4: The user may use better of the two specs.
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[Applicable Devices |F83 | CR83{F84 [CR84|

114 DC CHARACTERISTICS: PIC16F84, PIC16F83 (Commercial, Industrial)
PIC16LF84, PIC16F83 (Commercial, industrial)
_ Standard Operating Conditions {unless otherwise stated)
OC Characteristics Operating tempecature  6°C < Ta < +70°C (commercial)
All Pins Except : ~“40°C < Ta < +85°C {indusfrial)
Power Supply Pins Operating voltage VoD range as described in DC spec Section 11.1
and Section 11.2. .
Parameter | Sym Characteristic Biin Tyot #=x | Units] Conditions
Ne. A
Capacitive Loading Specs L
on Output Pins |
D100 Coscz jOSC2 pin - = 15 pF lin XT, Hs%mn
exte is ushdq toydrive |.
0SCY
Bio1 Cio Al YO pins and OSC2 — — 50 pF 0
{RC mode)
Data EEPROM Memory
0120 Eo Endurance 1M 10M — </\ °C§§
2121 VDrRw VDD for readfwrite VMIN — 8.0 Es%v Sinimum operating
]
D122 |Toew |Erase/Write cycle time = — I\w \
' Program Flash Memaory ELL SN A%
D130 EP  [Endurance 100 ogo\\
D131 VPR |VDD for read VN V VM = Minimum operating
Qﬁ voltage
D132 VPEW VDD for erasefwrite 4{2\—6\ > 5.5 V
D133 TPEW |Erase/Write cycle time P\ F— | m
g

t Data in “Typ” column is at 5.0V, 25°C uni

and are not tested.

NV
&%

5
Wmm parameters are for design guidance only
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{Applicable Devices |F83|CR83[F84|CRa4]

TABLE 41-2: -TIMING PARAMETER §YMBOLOGY
The timing _paiamefer symbols have been ¢reated following one of the following formats:

1. TppS2ppS
2 TppS
=
F Freguency T Time
Lowercase symbals (pp) and their meanings: .
pp
2 fo 03,05C 0O8CH
ck CLKOQUT ! ost oscillator start-up time
ey cycle time piwrt power-up timer
i WO port rbt RBx pins
inp INT pin i© TOCKI O
me MCLR widt watchdog tim SN
Uppercase symbols and their meanings: N NN
S : . : \)
F Falt P Peri ‘v
H High R ise
! Invalid (Hi-impedance) v
L Low Z ance

3

. N

FIGURE 14-1: PARAMETER MEASUREMENT INF }%\i\‘/ '
S irvedh the figures below.

A
All timings are measure between high and low measuréé\ﬁ' ts ted in
. -
I 07 DDA H\\>

ﬂ - - 0.9 VoD {(High}
..... 0.1 Voo (Low)

VO Port Measuremernt Points

Load Condition 2

Fin Tl G

Vss

50 pF  for all pins except OSC2.
15pF  for OSC2 output.
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- [Applicable Davices |F83]|CR83]F84|CRa4)

CLKOUT ‘ \ A i \
: =
TABLE 41-3: EXTERNAL CLOCKTIMING REQUIREMENTS /-\
Parameter e
Mo, Sym | Characteristic Min | Typt Max Units<\c
Fosc | External CLKIN Frequency(!) ot — 2 ﬁ%\ “RC PICT6LFEX-04
pc | — 4 < ™ R PIC16FBX-04
o' oy s - 10 HS PIC15F8X-10
oe 200 ¥z ALP PIC 16LFBX-04
Oscillator Frequencyl®) Al Qg\ N‘? RC osc PIC1BLFBX-04
De . m RG osc PIC16FBX-04 -
0.1 Q\Z\ Hz | XT osc PIC16LF8X-04
0.1 MHz ] XT osc PIC16F8X-04
1) MHz | HS osc PICIBFEX-10
g I\ = 200 | KkHz |iPosc PIC16LFBX-04
1 Tosc |Extermnal GLKIN Period(™ Q\QQ — ns [ XT.RCosc PIC1BLF8X-04
\7%\> = — | ns [XT,RCaosc PICI6FBX-04
—_ ns |HSosc PIC16F8X-10
— us ILPosc PICI6LFSX-04
RN )
Oscliiator Pe \/> 50| — - ns |RCosc PIC1BLEEX-04
20l — — ns [RCosc PIC1BFBX-04
500 — 10,000 ns | XTosc PIC16LFBX-D4
250{ — | 10000 ns |XTosc PIC16FBX-04
0] - 1,000 { ns |HSesc FIC1BFBX-10
501 — — us |LPosc PICIGLFEX-04
2 ,'é;/ }s&@&@é . 04 | 4iFosc | DC | us
3 Josk, WNDSC 1) High or Low 60° | — | ns | X7 osc PICI6LFBX-04
me a0 —_ —_ ns {X7osc PIC16F8X-04
20°| — - us |LPosc PICI6LFBX-04
C 35| — | — | ns |HSosc  PIC16FEX-10
~ </ TosR, | Clock in (OSC1) Rise or Fall Time | 25*| — —_ ns {XTosc PIC16F8X-04
TosF 50*] — — ns |LPosc PIC16LF8X-04
5] — - ns |HSosc PIC16F8X-10

* These parameters are characterized but no tested.
+ Data in "Typ" column is at 5.0V, 25°C unless otherwise stated,
and are not tested.

Noté 1

These parameters are for design guidance only

instruction cycle period {Tcy) equals four imes the input oscillator time-base period. All specified values are
based on characterization data for that particular oscillator type under standard operating conditions with the
device executing code. Exceeding these specified limits may result in an unstable oscillator cperation andlor_

higher than expected current consumption. All devices are tested to operate at "min.” values with an
external clock applied to the OSCH1 pin.
When an exdemnal clock input is used, the "Max." cycie time limit is “DC" {no clock) for all devices.




112

PIC16F8X

[Applicable Devices |[F83]|CR83]F84|CR84]

FIGURE 11-4: CLKOUT AND VO TIMING

osci ) .
CLKOUT 5 \k LA e :
s - 13 !1 e — Y :
4 = € (] 1“"1 ! ! 1
Pl el 14 - : _...._16 .
1O Pin i e .
(input) N :
17— -
{?utzﬁlt) old value : K : /) Lngvvalue .
: —! 20,21
Note: All tests must be done with specified capacitive loads (Figure 11-9,&0{ insand CLKOUT.

TABLE 11-4; CLKOUT AND /O TIMING REQUIREMENTS \»b
: Py

Parameter \f& \pg
Mo. Sym Characteristic P Iy Bax Urits ] Conditions
10 TosH2ckL |OSC1Tto CLKOUTL [PICI6FBX | ~= 30" ns |. Note1
10A PictelFe Nl N\ > 1 15 120 ns | Note
1 TosH2ckH [OSC1T 10 CLKOUTT {PIC1BREX N1\ ) 5 30" ns Note 1
1A PICEREBX, N \— 5 120 ns Note 1
12 TckR CLKOUT rise time ARICIOEBR N ~ — 15 30* ns Note 1
12 < PEIBREA ), — 15 100 * ns | Notet
13 TckF CLKOUT falt ﬁr&\ CYeFsX ) — 15 30° ns Note 1
13A PICYSLEBX — 15 100* s Note 1
14 TekL2ioV | CLKOYT 4 to Post oubyalid, S — — |05Tey +20*] s Note 1
15 TioV2ckH | Port PC1sFBX {0.30Tcy+307] — — ns Note 1
_ %N\ //\ PICIGLFBX [0.30Tev+80°] — — ns | Notet
16 TokH2iol /| PO inhold adter OZKOUT T o A X — ns Note 1
17 Tostiz{v\@éc cydle)ta | PIC18F8X [- B 125° ns
\P@ PICTBLFEX = — | 7 | e
18 Ao io\_\ 06{3’:}(@2 cycle) to Port input invalid 1BD — — ns
’ / Zﬁ \(UO i1 hold time}
19 N TRvzes input valid to 0SC1T TBD - — ns
/‘\ \ {I/Q in setup time)
@ TIOF\) Port output rise time | PIC16F8X — 10 25* ns
<2 ) PIC16LF8X — 10 60" ns
TioF Port output fali ime PIC16F8X — 10 25+ ns
21A PIC16LF8X — 10 60 = ns
22 Tinp INT pin high PIC16FBX - 20° - — — ns
22A or low lime PIC16LFBX 55* —_ —_ ns
1 23 Trop RB7:RB4 change INT | PICT6FEBX TosG § — — ns
23A ' | high or low time PIC16LF8X Tosc § = _ ns

%

These parameters are characterized but not tested.

1 Datain "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.

§ By design
Note 1:

Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc.
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{Applicabie Devices [F83|CR33|F84 |CR84]

FIGURE 11-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP .

TIMER TIMING
. ; _ @
; - )
VoD /
MCLR ’
lntéma}
POR
:—w—-—33—¢—
PWRT .
Time-out ' 32 .
0sC f
Time-out
Internal
RESET
Watchdog
Timer
RESET
VO Pins
TABLE 11-5: RESET,WATCHDOG TIMER.O MSTA_RT-UP TIMER AND POWER-UP
TIMER REQUIREMENTS
Parameter ~
Mo. Sym | Characterisfic Min Typt Max | Units Conditions
30 Tmel | MICER Pulse Wigthow) /" » | 1000° — — | ps |20Ve=VOD<B.0V
31 Twdl | Watgidog Timer Tige-0(t Périod 7 18 33* | ms |VDD=50v
{(Nd'P sga%@
32 Tost | O 'ua‘ﬁén/s’mﬁmerpeﬁod 1024Tosc ms | Tosc = OSC1 period
33 Tyt | Powebyp Tigter Period - 28" 72 132° | ms |VDD=50V
34 i )f '-imMoe from MCLR Low | — — 100 | ns
b

* These-pa terséare characterized but not tesled.
T Ata,in TTyp™ colgming at 5V, 25°C unless otherwise stated. Thase parameters are for design guidance only and are not




114

PIC16F8X

{Appficable Devices [F83]|CR83]FB4]CRa4]

FIGURE 11-6: TIMERO CLOCK TIMINGS

| 3 /i\
TABLE 11-6: TIMERO CLOCK REQUIREMENTS /\\\
Parameter | Sym |Characteristic Min Tyot /"2/ its] Conditions
No.
40 T0H { TOCK! High Pulse Width o Prescaler 0.5Tcy+20°] — \ @s 7
With Prescaler 50" T — \\2 2.0V < VDD < 3.0V
' 30 }\\ 3.0V £ Voo <6.0V
41 TtOL | TOCKI Low Pulse Width No Prescaler 0.570(+ 20} M 1> ns '
With Prescaler -\ — ns 2.0V <VDo < 3.0V
. /\\k — ns (3.0 <VDD <50V

42 THOP { TOCKI Period ’ ns |N = prescale value

(2.4, ... 258)

e \%mmeters are for design guidance only and are not

*  Yhese paramelers are characterized but nct tested.
1 Data in "Typ~ column is at 5,0V, 25°C unless othemwisé
tasted.
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45.0 PACKAGING INFORMATION
15.1 Pack Marking Information

18L PDIP Example
MMMMMMMMMMMMXXX{ PIC16F84
O MMMMMMMM XX XX XXX 10UP
{' AABB CDE & 9305 CBA
18L SQIC Example
MMMMMMMM PICI6LF34
XXXXXKKX 041/50218
A AABB CDE ~8 9310 CBA

Legend: MM...M _ Micrdchip part number information
XX...X  Customer specific information*
AA Year code (last two digits of calendar year)
BB Week code {week of January 1 is week ‘01")
c Facility code of the plant at which wafer is manufactured
C = Chandler, Arizona, U.S.A., '
S = Tempe, Arizona, U.S.A.

b Mask revision number _
E Assembly code of the plant or country of origin in which -
part was assembled . .

Note:  in the event the full Microchip part number cannot be marked on cne ling,
it wiil be carried over to the next line thus limiting the number of available
characters for customer specific information. _

*  Standard OTP marking consists of Microchip part number, year code, week

code, facility code, mask revi#, and assembly code. For OTP marking beyond

this, certain price adders apply. Please check with your Microchip Sales Cffice.

For QTP devices, any special marking adders are included in QTP price.
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EA

15.2  18-Lead Plastic Dual ln-line {FDIP) - 300 mil
N
A rSoararayra e m
W ]
E1{ E )
Pin No. 1 ] ,L l
Indicator A it D I O Sy TN 65 3 O
Area
D -
S L\ NN l
Base ‘

Plane™ { : ‘ ] i

Seating —»

eB

Plane L
Bl—e = — ] = T i
B —&
D1
Package Group: Plastic Dual in-Line (PLA)
HMillimeters inches
Symbol Min Max Notes Min Max Notes
o g 10° 0° 10¢
A - 4.064 - {0.16Q
Al 0.381 - 0.615 -
A2 3.048 3.810 0.120 0.150
B 0.355 0.559 0.014 0.022
‘B 1.524 1.524 Reference 0.060 0.060 Reference
C 0.203 0.381 Typical 0.008 0.015 Typical
D 22 479 23.495 0.885 0.925
. D1 20.320 20.320 . Reference 0.800 0.800 Reference
E 7.620 8.255 0.300 0.325
E1 6.096 7.112 0.240 0.280
el 2.489 2.581 Typlcal 0.098 2.102 Typical
eA 7.620 7.620 Reference 0.300 0.300 Reference
eB 7.874 3.5906 0.310 0.390
L 3.048 3.556 0.120 0.140
N 18 18 18 18
S 0.889 - 0.035 -
S1 0.127 - 0.005 —
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15.3 18-Lead Plastic Su e Mount = 300 mil
— B ' h x 45°
M ] VY :
Index I
Area e~ 5
E H - c
Chanmfer L -Q_T
hix 450 e A%
| T8 8t UlL
v
{ AN N
Seating?_P—n- 0 Sy S W Piane
Plane
A1l A
Package Group: Plastic SOIC {S0)
Millimeters inches
Symbol Min Max Notes Min Max Motes
o g° 8 o° 8 .
A 2.362 2.642 0.093 0.104
A 0.101 0.300 0.004 0.012
B 0,355 0.483 0.014 0.019
C 0.241 0.318 0.009 4.013
D 11.353 11.735 0.447 0.462
E 7416 7.595 0.292 £.299
e 1.270 1.270 Reference 0.050 . 0.050 Reference
H 10.007 10.643 0.394 0.419
h 0.381 0.762 0.015 0.030
L 0.406 1.143 0.516 0.045
N 18 18 18 i8
cP - 0.102 - 0.004




MICROCHIP

118

1K 5.0V Microwire® Serial EEPROM

FEATURES

L3

B € & L 1

Single supply 5.0V operation

Low power CMOS technology

~ 1 mA active current (typical)

- T pA standby current {maximum)

B4 x 16 bit organization

Self-timed ERASE and WRITE cycles (including
aufo-erase) :

Automatic ERAL before WRAL

Power on/off data protection circuitry

industry standard 3-wire serial interface
Device status signal during ERASEMRITE
cycles

Sequential READ function

1,000,000 E/W cycles ensured

Data retention > 200 years

8-pin PDIP/SCIC end B-pin TSSOP packages
Avazilable for the following temperature ranges:

- Commercial {C). - 0°C to +70°C
- Industrai (1): 40°C to +85°C
- Automotive (E): -40°C to  +125°C

BLOCK DIAGRAM
MEMORY K——|ADDRESS
ARRAY DECOD
1
ADDRESS
COUNTER,

MEMORY
DECODE

CS —sef LOGIC

CLOCK
ok —| oERor|

YCC —p
Y85 —a-

OUTPUT
“"% BUFFER !"'DO
;

DESCRIPTION

The Microchip Technology Inc. 83C46B is a 1 Kbit,
low-volitage serial Electrically Erasable PRCM. The
device memory is configured as 64 x 16 bits. Advanced
CMOS technology makes this device idesl for
low-power, nonvolatile memory applications. The
93C46B is available in standard 8pin DIP surface
mourt SOIC, and TSSOP packages. The 93C46BX are
only offered in a 150 mil SOIC package.

PACKAGE TYPE
P 80IC soic TSSOP
cS ~ ~ ’ L o 5
€S Ry
mg 8[Jvee esCHt 8 0ves  nol]t L, PO akdz E ;"“%c
aKk[iz & - 7lNc @ o3 B FSNG
. § 4 ok 2 § d ENC Voo 12 § 7 M yss DO 4 o 8§ FnVas
ofja & &/ Inc =
: = 5 oC3® @ Sfuse  oscd® B 8[Ipo
polj4 5[ Jvss por 4 5 ves  cLkT4 8™




MC34063A
MC35063A
MC33063A

! ' Advance Information
" DC-TC-DC CONVERTER
DC-TO-DC CONVERTER CONTROL CIRCUITS
CONTROL CIRCUITS
SILICON MONOLITHIC

The MC34063A Series is a monolithic control circuit containing
the primary functions required for DC-t0-DC converters. These
devices consist of an Internal temperature compensated refer-
ence, comparator, controlled duty cycle oscillator with an active
current limit circuit, driver and high current gutput switch. This
series was specifically designed to be incorporated in Step-Down
and Step-Up and Voltage-Inverting applications with a minimum

INTEGRATED CIRCUMTS

This documaent containg information on a new product. Specificstions end information harein are

subject to change without natice,

number of axternal components. Refer to Application Notes P SUFFIX
ANZ20A and AN954 for additional design information. PLACSAg% ';QE-OK?GE
& Operation from 3.0V to 40 V Input
® Low Standby Current
@ Current Limiting D SUFFIX
. PLASTIC PACKAGE
@ Qutput Switch Current to 1.5 A CASE 75103
8 Qutput Yoltage Adjustable sSC-8
® Frequency Operation to 100 kHz
@ Precision 2% Reference
) U SUFFIX
CERAMIC PACKAGE
CASE 693-02
FUNCTIONAL BLOCK DIAGRAM s
= PIiy CONMNECTIONS
P e e e =
i 3
Drive B! " i1 o Switch
Collector O : ] Collector Switch | ! Driver
H Collectar } Coliector
[ Switch | ;
: Emitter | pk Sense
i Timing i |
{ox ! Capacitar | B :;CC
= — | Comparstor
Sense el Gnd | Inverting
i Ermittar Input
] -
|| {Top View}
I
i
3 Timing
Yce C— :
& H Capacitor
]
LBV ORDERING INFORMATION
Referenca 1
Regulator l Temperature
: Davice Range Packaga
Comparator la [WCI5063AU | —B5 to +125°C | Coranic DIF.
venind Gnd MC33063AD Plastic SOIC
: A
Input i —40to +85°C -
————————————————————— MC33053AP1 Plastic DIP
MC34083AD Plastic SOIC
Oto +70°C -
MC34083AP1 Piastic DIP




MC34063A, MIC35063A, MC33063A

MAXIMUM RATINGS

Reting Symbol Value Unit
Power Supply Voitage ik Voo 40 Vg
Comparator Input Voltage Range ViR -0.3 10 +40 Vdc
Switch Collecter Voltage Veiswitch) 40 Vdc
Switch Emitter Valtage (Vpjn 1 = 40 Vi VE(switch} 40 Vdg
Switch Collector to Emnitter Voltage VCE(switch] 40 Vdc
Driver Collector Voltage Yeidriver) 40 Yde
Driver Collector Current {Note 1} Icidriven 100 mA
Switch Current Isw 15 Amps
Power Dissipation and Thermal Characteristics
Ceremic Package, U Suffix
Ta = +26°C Pp 1.25 w
Thermal Resistance RaJA 100 SCAR
Plastic Package, P Suffix
Ta = +25°€C Po 1.25 W
Thermal Resistance Rgla 100 "G
SOIC Package, D Suffix
Ta = +25°C Pp 625 mW
Thermal Resistance Raja 180 W
Operating Junction Temperature T3 +150 ™
Oparating Ambient Temperature Ranga Ta ) °C.
MC35063A - -55to +125
MC3I3063A —40 o +85
RMC34063A Otc +70
Storﬁge Temperature Range 4 Tstg —651to0 +150 °C
ELECTRICAL CHARACTERISTICS (Vcc = 5.0V; Ta = Tiow 0 Thigh [Note 2] unless otharwise specified}
I Charactaristic : | symbal | Min | Tye | Mex | Unha
OSCILLATOR )
Frequency “_. fose 24 33 42 kHz
{Vping = OV, Cr = 1.0 nF, Ty = 25°C)
Charga Current - fchg 24 33 42 ah
Moo =50V 40V, Ty = 25°C)
Discharge Current ¥ Idischg 140 200 260 wA
Neo = 5.0V o4l VY, Ty = 25°C) .
Discharge to Charge Current Ratio . idischgflchg) 5.2 6.2 7.5 —_
{Fin7 = Voi, Ta = 25°C)
Current Limit Sense Yoitage Vipki{sensel| 250 300 ) 350 my
Uchg = ldischg, TA = 25°C}
MOTES:
1. Maxd fimits must ba observed.

. ) packasge power di
2. Tjow = —55°C for MC35063A  Thigh = + 125°C for MC350G3A
—40°C for MC33063A +85°C for MC33063A
0°C for MC34063A +70°C for MC34063A
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MC34063A, MC35063A, MC33063A

ELECTRICAL CHARACTERISTICS — continued (Voe = 5.0 Y; T4 = Tiow 0 Thigh uniass atherwise specifiec)
Charpetaristic | Symbol | Min | Typ | Max | Units |

CUTPUT SWITCH (Nots 3)

Sswration Yoltaga, Darlington Connection VCE(sat) — 1.0 13 v
fisw = 1.0 A, Pins 1, 8 connected)

Saturation Voltage ) VCE(sat) - 0.45 o7 v
{isw = 1.0 A, Rpin g = 82 02 to Vg, Forced 8 = 20}
DC Currant Gain ) heg 50 120 - —_
{lsw = 1.0 A, Vo = 5OV, Tp = 25°C)
Collector Off-State Current Igioffy = .01 100 A
(Ve = 40 V)
COMPARATOR

Threshoid Yoltage Vi - v
{Ta = 25°C}) 1.225 1.25 1.275
{TA = Tiow 10 Thigh! 1.21 — 1.28

Thrashold Voltage Line Regulation Regiine - 1.4 5.0 my
(Yoo = 3.0V1040 V)

fnput Bias Current 4 g —_ —40 —400 na
Vin = 0V}

TOTAL DEVICE _ |

Supply Current ) iee _ 28 4.0 mA
{Veo.= 5.0V 40V, Cr = 1.0 sF, Pin 7 = Ve,
Vpin 5 > VYih. Pin 2 = Gnd, Remaining pins open)

TOTAL DEVICE y

Supply Currant oo — 25 4.0 mA,
Voo = 5.0V10 40V, CT = 1.0 oF, Pin 7 = Vg
¥pin 5 > Vi, Pin 2 = Gnd, Remaining pins cpen)

MOTES:

3. Low duty cycie pulse technigques ara used during fest to maintain junction ure &5 cloga to ambi ibl
4. If the outbut switch is driven Inte hard saturstion {non-Darington configuration) at low switch currants {<300 mA) end hlgh  drivar currents

{=30 mAl, i may take up 10 (2.0 us) to come out of saturation. This condition will shorten the “off” time ot frequencies = 30 kHe, end is magnified -

at high o This dition does not cccur with a Darlingion configuration, sinca the output switch cannot saturate. if & non-Darlington
configuration is used, the foliowing outpat driva condition is recommedded:

Forced 8 of output swiich = g, outputfilc, driver — 7.0 mA®) = 10 -

*The 100 i resistor In the emitter of the deiver device requires about 7X*mA bafore the cutput switch conducts.
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MC145118

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER

The MC14511B BCD-to-seven segment |atch/decoder/driver is con-
structed with complementary MOS (CMOS) enhancement mede de-
vices and NPN bipolar output drivers in a single monolithic structure.
The circuit provides the fynctions of a 4-bit storage latch, an B421
BCD-to-seven segment decoder, and an outputdrive capability. Lamp
test (LT), bianking (Bi}, and latch enable (LE] inputs are used to test
the display, to turn-off or pulse moduiate the brighiness of the
display, and 1o store a BCD code,.respectively. Tt can be used with
seven-segment light emitting diodes (LED), incandescent, flucrescent,
gas discharge, or liquid crystal readouts either direcily or indirectly.

Applications include instrument {e.g., counter, DVM, etc.} dis-
play driver, computer/calculator dispiay driver, cock pit display driver,
and various clock, watch, and timer uses.

Low Logic Circuit Power Dissipation

High-Current Sourcing Outpuis (Up to 25 mA)

Laich Storage of Code

Blanking input

Lamp Test Provision

Readout Blanking on all iilegai input Combinations
Lamp Intensity Modulation Capability

Time Share {Multiplexing) Facility

Supply Voltage Range = 3.0V1io 18 ¥

Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Twe HTL Loads Cver the Rated
Temperature Range

Chip Complexity: 216 FETs or 54 Equivalent Gates
Tripie Diode Protection on all inputs

e 8 & © e ® © & § &

L SUFFDX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

D SUFFIX
SOIC
CASE 751B

D¥W SUFFIX
SOIC
CASE 751G

ORDERING INFORMATION
MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MCi4XXXBDW SOIC
MC14XXXBD SOIC

Ta = —55°t0 125°C for all packages.

MAXIMUM RATINGS" (Voltages referenced io Vgg)

PIN ASSIGNMENT

Reting Symbol Valus Unit
DC Supply Voltage Yop —-0S51 +18 Y
Input Voltags, All Inputs Vin ~05toVpp +05) V DISPLAY
DC Current Drain per input Pin { 10 mA [B‘ i’}le _'_',;[5_; ':iill:!l “)IEIJII:H
Operating Temperature Range T -5510 +125 °C L = =
peraing pe g A e 1+ 2 3 4 5 & LA T
Power Dissipation par Packaget Pp 500 mwW
TAUTH TABLE
Storage Termperature Range Teig —65 fo + 150 °C
N N LN PUT QuTPYTS
Maximum Output Drive Current 1OHmax 25 mA el s LT cB aloncae | g)oisbLay
(Source} per Quiput x | = 9 |k x x x|t 1 1 1 1 4 1§ a
. . o 1 6 0 ] Biard
Maximum Continuous Output Power POHmax 50 mw : 5 T : : : : Fa c,' T ? ? 2! luk
Bovrogme RS RS PR SR T
ot = 0N Y00 ~ Vo AN i VA B F B
imum Ratngs are those values bayond which damage 10 the device may T a | 1{p 10 {10101 5
{Temperature Derating: Plastic “P and D/DW" Packages: —7.0 mW."C From 65°C To 125G ° - R R c'” 4
Ceramic "L" Packages: — 12 mW/C From 105°C To 125°C a [} 11T o 0 0fYy 1T o1 s a
a9 1 1 LI+ R T 3 N A T - A I I k)
. PR . . . . o 1 "/ 1 @1 00 0000 0 D Ban
This device contains circuitry o protect the inputs against damage due o high static o - 1ft 01 tlg 0060 0C 0 Bk
voltages or efectric lields, however, it is advised that normal precautions be taken to o 3 71t + 0 0iG 0ODOO0OG6TGC GO Blank
avoid application of any vollage higher than maximum rated voltages to this high im- : [ I T g 3 g FED I B
pedance circuit. A destructive high curréni mode may occur if Vi, and Vi, are not con- o | 1 11111 afoas 000 ol Bl
stramned 10 the range Vg5 < (Vi or Vo) = VDD - PAx ¢ X - -

Due 10 the sourcing capability of this circuit, damage can occur to the device if Vo is
applied, and the oulputs are shorted to Vgg and are at a logical 1 [See Maximum
Ratings).

Unused inputs must always be tied to an appropriate logic voltage ievel (e.g., either
Vgg or Vppl.

X = Dan’t Care
"Deperds upon the BCO code previously applied
when LE 0
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MC14511B

ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vgg)

Charactesist Symbol Vpo -55°C 25°C 125°C Untt
aracte ! n
) Tiete i VAe [T | Max | Min | Typ# | Max | Min | Max
Qutput Voltage “0" Level 5.0 — 0.05 — o} 0.05 — 0.05
Vin = Vpp or 0 VoL 10 —- 0.05 — 0 0.05 - D05 | Vdc
15 — 0.05 — 1] 0.05 — 0.05
“1" Level 5.0 4.1 — 4.1 457 — 4.1 —
Vin = 0orVpp VoH 10 =R | — 9.1 9.58 — 5.1 — Vde
i 15 14.1 — b 141 14.59 — 14.1 —
Input Voltage # “0" Level
{Vp = 3.8 or 0.5 Vdc) viL 5.0 —3 1.5 &= 225 1.5 - 1.5 vde
{Vp = B.8 or 1.0 Vdc) 1 10 - 30 = 4.50 3.0 — 3.0
{Vp = 13.8or 1.5 Vdc} 15 — 4.0 = §75 4.0 —_ 4.0
1" Level
(Vo = 0.5 or 3.8 Vdc) ViH 5.0 3.5 = 3.5 278 — 3.5 — Vde
{Vo = 1.0 or 8.8 Vdc} 10 70 - 7.0 5.50 — 7.0 —
{Vo = 1.5 or 13.8 Vdc) 15 1 — 1" 8.25 - 11 -
Qutput Drive Voltage ) Vor Vdc
(lgH = 0 mA) Source 5.0 4.3 = 4.1 4.57 — 4.1 —
{loH = 5.0 mA) — = - 4.24 — —
{loH = 10 mA) 39 | . — 39 412 — 35 —
{loH = 15 mA) - = - 394 — — —
(loH = 20 mA} 3.4 — 34 3.70 — 3.0 —
{loH. = 25 mA) — — —_ 3.54 = — —
{lgH = 0 mA) 19 9.1 — 8.1 9.58 — 9.1 — | Vde
(loH = 5.0 mA) — — — 5.26 - — —
{loy = 10 mA) 9.0 — 9.0 . 947 — (K] -
{loH = 15 mA) —_ = - 9.04 - - -_
(loH = 20 mA) 8.6 — 86 | 830 — 82 —
{ioH = 25 mA) — — — 8.70 — — —
{loy = 0 mA) 15 1 14 — 14.1 1459 — 14.1 — { vdc
{loH = 5.0 mA} — — - 1427 — — —
(loH = 10 mA) 14 — 14 14.18 — 136 —_
(floH = 15 mA) — - — 1407 | — — —
{loH = 20 mA) 13.6 == 13.6 13.95 - 13.2 —
(oM = 25 mA) _ —_ — 13.70 - — —
Qutpui Drive Current oL mAdc
VoL = 0.4V) Sink 5.0 0.64 — 0.51 0.88 —_ 0.36 —
VoL = 05V) 10 1.6 — 13 2.25 — 0.9 -
(VoL = 1.5V} 15 42 — 34 8.8 — 2.4 —
input Current lin 15 — =01 — =0.00001) =01 — +1.0 { pAdc
Input Capacitance ) Cin = — — — 50 75 —_ —_ pF
Qwiescent Current iDD 50 — 50 — 0.005 5.0 — 150 | mAdc
{Per Package) Vjn = G or Vpp. 10 — 10 = 0.010 10 — 300
oyt = 0 ptA 15 - 20 — 0.015 20 — 600
Total Supply Current**} T 5.0 It = (1.9 pAKHZ} + IpD pAdc
(Dynamic pius Quiescent, 10 IT = (3.8 pAKHZ) T + IDD
Per Package) 15 It = (6.7 uAKHZ) | + Ipp
{CL = 50 pF on ali outputs, all
buffers switching}

#MNoise immunity specified for worst-casa input combination.
Noise Margin for both “1™ and “0" level =

1.0 Vde min @ Vpp = 5.0 Vdc

2.0 Vdc min @ Vpp = 10 Vdc

2.5 Vdc min @ Vpp = 15 Vdc

**The formulas given are lor the typical characteristics only at 25°C.

1To calculate total supply current at loads other than 50 pF:
TG = IT(50 pF} + 3.5% 1073 (G, - 50) vpof
where: I is in zA {per package), C_ in pF, Vpp in Vdc, and f in kHz is input frequency.
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MC14511B

SWITCHING CHARACTERISTICS® (C_ = 50pF, Ta = 25°C)

Voo
Chavactaristic Symbei Ydc Min Typ Max Unit
Output Rise Time LTLH ’ ns
tTLH = 10.40 ns/pF) C_ + 20 ns 50 - 40 80
T R =1(0.25ns/pF) C +17.5ns 10 - 30 60
tTy = 0 20ns/pFI C_+ 16 s 5 - 25 50
Qutput Falt Time X ns
FTHL = (1.5 ns/pF) CL *+ 50 ns Lk W0 ~ 125 250
THL = $0.75 ns/pF) C_ + 37.5 ns 10 - 75 150
tTHL = (0.55ns/pFY C_ + 375 ns 15 - 65 130
Data Propagation Delay Time WPLH ns
tpL = 10.40 ns/pF] €y +620ns 5.0 - 640 1280
tpLH = {0.25ns/pF) Cy +2375ns 10 - 250 500
tpLH = (0.20 nsipF) Cp_ + 165 ns ¥ 15 - 175 350
tpr = (1.3 ns/pF) C + 855 ns PHL 5.0 S 720 1440
1pyyy_ = (0.60ns/pFi C_ + 260 ns ) 10 - 240 580
tp = (0.35ns/pFy C + 1825 ns 15 - 200 400
Blank Propagation Delay Time PLH - ng
tpLH = (0.30 ns/pF) C_ + 585 ns 5.0 . 600 750
tpri{ = 10.25 ns/pF) C_+ 1878 ns . 10 - 200 - 300
tpLp = (0.15 ns/pF) C_ + 1425 ns | 15 150 220
tpyL = {0.85 ns/pF) O + 4425 ns 1 PHL 5.0 - 485 970
tpy = {0.45ns/pFICL + 177 5ns 10 - 200 400
tpHL = (0.35 ns/pF) C + 1425 ng y 15 - 180 320
| Lamp Test Propagation Delay Time LN ng
tpLH = {045 ns/pF) C + 290.5 ns. 5.0 - 313 625
Wi = 10.28n5/0F) CL + 7125 ns 10 - 125 250
tpLH = [(0.20ns/pF} C| + BOns 15 - a0 180
pHy ={t3ns/pF) C +248 s PHL 5.0 - 313 625
PpHL = 1045 ns/pF) C L + 1025 ns 10 - 125 250
P = (0.35 ns/pF) C +725ns : 15 - a0 180
Setup Time oy 5.0 100 - - ng
10 40 - -
i5 0 - -
Hold Time ’ th 5.0 &0 - - ng
10 4D - —
15 30 - -
Latch Enable Pulse Width WL 5.0 s20 260 - ns
10 220 110 -
15 130 &5 =

" The barovulas Givesr dare 100 the Ly gical chusrdciensincs only
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MOT@ROM : Order this document -
SEMICONDUCTOR TECHNICAL DATA ‘by MC145026/D
Encoder and Decoder Pairs MC145026
0s ' -
CM MC145027
Thesa devices are designed to be used as encoder/decoder pairs in remote
cantrol applications. MG 1 45028
The MC145026 encodes nine lines of information and serially sends this .
information upon receipt of 2 transmit enable (TE) signal. The nine lines may be
encoded with trinary data {low, high, or open) or binary data (fow or high). The
words are transmitted twice per encoding sequence io increase security.
The MC145027 decoder raceives the serial stream and inferprets 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 possitle. The remaining serial P BUFFIX
information is interpreted as four bits of binary data. The valid transmission (VT) PLASTIC DIP
output goes high on the MC145027 when two conditions are met. First, two CASE 648
addresses must be consecutively received {in one encoding sequence) which
both match the local address. Second, the 4 bils of date must maich the last
valid data received. The activa VT indicates that the information at the Data D SUFFIX
output pins has been updated. 80G PACKAGE
The MC 145028 deccder treats all nine irinary digits as an address which CASE 751B
allows 19,583 codes. if binary data is encoded, 512 codes ang possible. The VT
output goes high on the MC145028 when two addresses are consecutively
received {in one encoding sequence) which both match the local address. | O SUEFIX
s QOpsrating Temperature Range: — 40 {o + B5°C " S0G PACKAGE
s Very-Low Standby Current for the Encoder. 300 nA Maximum @ 25°C CASE 751G
¢ Intarfaces with RF, Ultrasonic, or infrared Modutators and Demodulators
= RC Osciliator, No Crystal Required
¢ High External Component Tolerance; Can Use + 5% Components CRDERING INFORMATION
e Intemnal Power-On Reset Forces All Decoder Quiputs Low MC145026P Plastic DiP
o Operating Voltage Range: MC145026 = 2.5 to 18 V* MG1450260 50C Package
: MC145027, MC145028 =4 5t0 18 V WC145027P Plastic DIF
s For Infrared Applications, See Application Note ANTO16/D MC1450270W SOG Package
MC145028P Plastic DiP
MC1450280W S0G Package
PIM ASSIGNMENTS
RMC 145026 MC145027 MC145028
ENCODER DECODERS DECODERS
EIRL 16 [I vpp At 1e 16 {1 vpp Al 18 16 {1 Vpp
Azl 2 15 1} Doyt afl2 15 {1 06 Azl 2 15 11 46
alls U TE w31 3 14107 w3 14l a7
M4 1311 Rye afl 4 13 {] o8 204 13 [l A8
A5l s 120 org asfls 12{109 a5l 5 121 A9
DB 6 11 0 Rg Ri [l 6. H{vr ReD & 1 OvT
ATl 7 10 {1 Asioe civ 10 I RgfCp ci 7 10 I RoiCp
ves [ 8 5 1 AsipR ves 1 8 a0 oy vgs I 8 38 oy
REV 3
/38

© Mctorolz, Inc. 1998
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Rg Rrc
Crc
TE 1 12T 13
3-PIN DATA SELECT
"Lo_f’f OSCILLATOR Dl\figER ap 2 pgy
i AND BUFFER
— ENABLE
T i &
RING COUNTER AND 1-OF-8 DECODER
g 8 7 B 5 4 3 2 1
A —2
2 50!
A2 X %y
A3 p &IN
A 1< '
P rey TRINARY
3 iﬁhw DETECTOR
g
i 241
ATIOT 3
asms 21 4 Vpp=PIN 16
P Vg5 =PINB
o iy

Figure 1. MC145026 Encoder Bleck Diagram
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™ & 13
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i -~ a> 12 D8
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DATA i 9
EXTRACTOR Bin

9
1
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3
4
K3

Cy s ! G Vpp =PIN 16
10 Vgg=PINS
Ry
—_ R2 =

Figure 2. MC145027 Decoder Block Diagram

MC145026 MC 145027 MC145028

MOTOROLA WIRELESS SEMICONDUCTOR

SOLUTIONS DEVICE DATA



MAXIMUM RATINGS" (Voltages Referenced to Vgg)
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) 8 7 § 5 4

SEQUENCER CIRCUIT

CONTROL i
LOGIC

¥

g-BIT
SHIFT
REGISTER!.

DATA g
EXTRACTOR Din

Vpp = PIN 16
Vg5 =PIN8

3

Figure 3. MC145028 Decoder Block Diagram

Rating Symbol Walue Unit
VoD DC Supply Voltage {except 8C41343, -05t+ 18 \
5C41344)
VoD DC Supply Voltage (SC41343, SC41344 -05i0+10 \'
only}
Vin DC input Voltage -05tVpp+05 Vv
Voust OC Cutput Voltage -0.5tVpp+0.5 v
lin BC input Current, per Pin +10 mA
lout DC Output Current, per Pin +10 mA
Pp Power Dissipation, per Package 500 mw
Tsig Storage Temperature —-B85to+ 150 °C
TL Lead Temperatura, 1 mm from Gase for 260 °C
10 Seconds

* Maximum Ratings are those values beyend which damage to the device may occur. Fune-
tional operation should be restricted to the limits in the Electrical Charactenstics tables or

Pin Descriptions section.

This device contains protection circuitry to
guard against damage due to high stalic
voitages or eleciric fields. However, precau-
tions must be taken to avoid applications of any
voltage higher than maximum rated voitages
to this high—impedance circuit. For proper
operation, Vin and Vgt should be constrained
fa the range Vgs < (Vip or Vout) < VDD-

MOTOROLA WIRELESS SEMICONDUCTOR
SOLUTIONS DEVICE DATA

MC 145026 MC145027 MC145028
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ELECTRICAL CHARACTERISTICS — MC145026%, MC145027, and MC145028 (Voltage Referenced to Vgsg)
’ Guaranteed Limit
v - 40°C 25°C 85°G
323 K
Symbo} Characteristic ¥ Min Max Min hax Min Max Urit
VoL | Low—Leve! Output Voitage Vin=Vppord | 50 — 0.05 — 0.05 _ 0.05 vV
10 - 0.05 — 0.05 - 005 |- .
15 _ 0.08 —_ 0.05 — 0.05
VoH | High—Level Qutput Voltage {(Vin=0CorVpp){ 5.0 4.85 — 4.85 — 4.95 — v
10 9.95 — 9.95 — 8.95 —
15 14.95 — 14.95 —_ 14.95 —_
Vi Low—L evel input Voltage Vo
Moyt =450r05V) | 50 — 15 — 1.5 — 1.5 :
{(Vour=9.00r1.0V) | 10 - 3.0 — 3.0 — 3.0
(Moug=135cr15Vvy: 15 — 4.0 — 4.0 — 40 ]
Vi High—Leve! Input Voltage NV
(Vour=050r45Vv}| 50 35 — 35 — KX —
(Vout=1.00r80V){ 10 7.0 — 7.0 — 70 —
Mout=150r135V) | 15 11 — 1 — 1 —
loH High—Level Output Current mA .
Mout=25V) § 50 -25 — -21 — -4.7 —
{(Mout=46V) | 50 | -052 — -0.44 — —0.36 —
Mouwt=85V) | 10 -13 — - 1.1 — -09 —
Vo =135V) 1 15 -38 — -390 —_ —-24 —
loL |Low—Level Oulput Current mA
Mout=04 V)1 5.0 0.52 — 0.44 — 0.36 —
Mo=05V) 1 10 1.3 —_ 14 — 0.9 —
Mout=15V) | 15 38 — 3.0 -~ 24 —
fin {nput Current — T 5.0 — — 3.0 11 — — | pA
{(MC145026, Pull—Up Devics) 10 — — 16 60 — —
: 15 — — 35 120 — —
fin Input Current 15 —_ +03 — +0.3 -— 10
Rg (MC145028), Dy (MC145027, MC145028)
fin Inptt Current ' A
A1 - A5, AB/DE — A9/D9 (MC145028), 5.0 — — — +110 — —
A1 - A5 {MC145027), 10 — — — +500 — -
A1- A3 (MC145028) 15 — — — + 1000 — —
Cin input Capacitance (Vi = 0) — — — — 75 — — pF
Ipp Cluiescent Current — MC 145026 5.0 — - — 0.1 —_ — pA
10 s — — 0.2 — —
15 — — — 0.3 — -
Ualn) Quiescent Current — MC145027, MC145028 5.0 — — — 50 — —_ YA
10 — — — 100 — —
15 - — - 150 —_ —
ldg Dynamic Supply Current — MC145026 5.0 — — - 200 — — BA
(fe = 20 kHz) : 10 — — — 400 — —
15 _ —_ —_ 600 —_ —_
idd Dynamic Supply Current — MC 145027, MC145028 | 50 — — — 400 — -—_ A
{fc = 20 kHz) 10 — — — 800 —_ - Co
15 — — — 1200 — —

* Also ses next Electrical Characteristics table for 2.5 V specifications.

MC 145026 MC145027 MC145028.

MOTOROLA WIRELESS SEMICONDUCTOR
- SOLUTIONS DEVICE DATA -
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ELECTRICAL CHARACTERISTICS — MC145026 (Voltage Referenced to Vgs)

Guaranteed Limit
- 4G 25°G 85°C
Yoo
Symbol Characteristic v Min Pha Min Rax Biin Bax Uit
VgL i Lowlevel Cuiput Vollage (Vin=0VorVpp}| 25 —_ 0.05 — 1 .0.056 — 0.05 v
VoW | High-Level Output Voliage Min=0VorvVppl)| 25 245 - 245 — 2.45 _ v
ViL Low—Level input Voltage  (Voure=05Vor20V)| 25 - 0.3 - 0.3 — 0.3 v
ViH High-Lavel Input Voltage  (Vp=0.5Vor20V)| 25 22 —_ 22 — 22 — v
loH High—Level Output Current Vour=125V) 25 028 — 0.25 — 02 — mA
oL Low—L evel Output Current (Mout=04V)| 25 82 | — 02 —_ 0.16 — mA
fin Input Current (TE — Pull-Up Device) 25 — —_ ¢.09 1.8 — — PA
bin Input Currert (A1-A5, AG/D6-A9/DS) 25 — — — +25 — -~ A
Ipp Quiascent Current 25 —- == — 0.05 —_ — HA
ldg Dynamic Supply Current {f, = 20 kHz) 25 —_ - — 40 —_ — HA
SWITCHING CHARACTERISTICS — MC145028", MC145027, and MC145028 (C =50 pF, T4 =25°C)
Figure Guaranteed Limit .
Symbel Characteristic No. Voo Min Max Unit
tTLH. tTHL | Output Transition Time 48 50 — | 2m ns
10 — 100
15 — 80
tr Dy Rise Time — Decoders 5 5.0 — 15 us
10 -— 15
15 —_ 15
if Dy Fall Time — Decoders 5 5.0 - 15 us
10 — 50
15 — 40
fosc Encoder Clock Frequency 6 - 50 0.001 2.0 MHz
- 10 0.001 50
15 6.001 10
f Decoder Frequency -— Referenced to Encoder Clock 12 5.0 10 240 kHz
10 10 410
. 15 1.0 450
ty TE Pulse Width — Encoders : 7 5.0 65 — ns
10 30 —_
15 20 —
* Also see next Switching Characleristics iable for 2.5 V specifications.
SWITCHING CHARACTERISTICS — MC145028 (C = 50 pF, Ta = 25°C)
Figure Guaranteed Limit
Symbol Characterisiic No. Yoo Min Rax Unit
iR treL | Quiput Transition Time 4.8 25 - - 450 ns
fosc Encoder Clock Frequency <] 25 10 250 kHz
tw TE Puise Width 7 25 1.5 — ps
MOTOROLA WIRELESS SEMICONDUCTOR - MO 145026 MC 145027 MC 145028

SOLUTIONS DEVICE DATA
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S0 7 ¥ t
ANYOUTPUT —op
10% 0%
' TLH tTH—> Bin  gou Vs
Figure 4. Figure 5.
i/
fosc Vop
TE 50%
R1c 50% — Vgg
tw
Flgure 6. Figure 7.
TEST PCINT
ouTPUT
DEVICE
UNDER
TEST ICL'

* Includes alf probe and fixture capacitance.

Figura 8. Test Clreuit

MC 145026 MC 145027 MC145028 ' MOTORCLA WIRELESS SEMICOMNDUCTOR
SOLUTIONS DEVICE DATA



GCPERATING CHARACTERISTICS

MC14502¢

The encoder serially transmits trinary data as defined by
the state of the A1 — AS and AB/D6 — AS/DS 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 inpuf pin. Upon power-up,
the MC 145026 can continuously transmit ds fong as TE
remains iow (also, the device can transmit two—word
sequences by pulsing TE fow}, However, no MC145026
application should be designed to rely upon.the first data
word fransmitied immediately after power—up because this
word may be invalid. Between the two data words, no signai
is sent for three data periods {see Figure 10).

Each transmitted trinary digit is encoded into puises {(see
Figure 11). A logic 0 (low) is encoded as two consecutive
short puises, a logic 1 (high) as two consecutive {ong puises,
and an open (high impedance) as a long pulse followed by a
short puise. The input state is determined by using a weak
“output” device to try to force each input high then fow. If only
.a high state resuits 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. lf both a high and a
fow 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 Eiectrical Charac-
teristics table. The weak “output” device sinks/sources up to
110 pA at a 5 V supply level, 500 pA at 10 V, and 1 mA at
15V,

The TE input has an intemal pull-up device so that a sim-
ple switch may be used fo force the input low. While TE is
high and the second-word transmission has fimed out, the
sncoder is completely disabled, the oscillator is inhibited,
and the current drain is reduced to quiescent current. When
TE is brought low, the oscillater is started and the transmit
sequencs begins. The inputs are then sequentially selected,
and determinafions are made as to the input logic states.
This information is serially transmitted via the Dgyt 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 tinary digits are assumed to be the
address. If the received address matches the local address,
the next four (data} bits are intemmally 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 praviously
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 efror
is received or until no input signal is received for four data
periods {see Figure 10).

Although the address information may be encoded in iri-

nary, ihe data information must be either a 1 or 8. A trinary

(open} data line is decoded as a logic 1.
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#MC145028

This decoder operates in the same manner as the
MC 145027 except that nine address lines are used and no
data output is avaiiable. The VT ouiput 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 MC 145028 allows 19,683 addresses when trinary lev-
els are used. 512 addresses are possible when binary levels
are used,

PiN DESCRIPTIONS
}MC 145026 ENCODER

At - A5, AG/DE — ASDY
Address, Address/Data Inputs {(Pins 1~ 7, 9, and 10)

Thesa address/data inputs are encoded and the data is -
sent seriaily from the encoder via the Dot pin,

Rs, C1c.Rre

{Pins 11, 12, and 13}

These pins are part of the oscillator section of the encoder
(see Figure 8).

if an external signail source is used instead of the infernal
oscillator, it should be connected to the Rg input and the RTo
and CT¢ 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 puti-up current is specified in the
Electrical Characteristics table.

Bout
Data Gut (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.

VDb
Positive Powsr Supply (Pin 186}

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

AT — A5 AT -AD

Address inputs (Pins 1 — 5) — MC145027,

Address Inputs (Pins 1- 5, 15, 14, 13, 12) — MC145028
These are the local address inpuls. 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 -~05
Data Cutputs (Pias 15, 14, 13, 12} — MC145627 Only

These outputs preseni the binary information that is on
encoder inputs AB/D6 through AS/DS. Only binary data is

MOTOROLA WIRELESS SEMICONDUCTOR
SOLUTIONS DEVICE DATA

MC145026 MC 145027 MC145028



acknowiedged; a trinary open at the MC145026 encoder is
decoded as a high level {logic 1).

Din
Data In (Pin 8) .

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

R4, Cq.
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 Cq should be set to 1.72 encoder clock periods:

R4 Cy=3.85R1c CTC

RaiCo
Resistor 2{Capachtor 2 {Pin 14}

As shown in Figures 2 and 3, this pin accepts a resistor
and capacitor that are used {o detect both the end of a
received word and the end of a transmission. The time
constant R x Co should be 33.5 encoder clock periods (four
data periods per Figure 11): R Cp =77 R1p Ctg. This time
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constant is used to determine whether the Dip pin has
remainad low for four data periods (end of transmission). A
separate on—chip comparator looks at the voltage-equiva-
lent two data periods (0.4 Rg Cp) to detect the dead time be-
tween recsived words within a transmission.

YT
¥alid Transmission Cutput {Pin 11)

This valid transmission output goes high after the second
word of an encoding sequence when the foliowing conditions

are satisfied:

1. the received addresses of both words match the local de-
coder address, and
2. the received data hits of both words match.
VT remains high until either a mismatch is received or no
input signal is received for four data periods.

¥ss
Megative Power Supply {Pin 8)

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

VYpp
Positive Power Supply {Pin 18)

The most—positive power supply pin.

MC145026 MC145027 MC145028

MOTOROLA WIRELESS SEMICONDUCTOR
SCOLUTIONS DEVICE DATA
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This oscillator operates at a frequency determined by the
extemnal RC network; i.e.,

fe —1———~ H2) The valuefor Rg shouid be chosen tobe > 2 imes RTc. This range ensures
23RrcCtC that current through Rg is insignificant compared to cumrent through Ryc. The
for 1 kHz < < 400 kHz upperlimitfor Rg must ensure that Rg x § pF {input capacitance) is smail com-
pared tc Ry x C1e.

where: C1¢" = Cye + Clayout * 12 PF For frequencies outside the indicated range, the formula is less accurate.
’ Rg=2RyC The minimum recommended escilfation frequency of this circuitis 1 kHz. Sus-
Rg=20k ceptibility to extemally induced noise signals may occur for frequencies below

Rrcz itk 1 kHz and/or when resistors utilized are greater than 1 Mg

400 pF < Cyc <15 F

Figure 2. Encoder Oscillator infermation

ENCODER
fe—ef PWmin
: 2 WORD TRANSMISSION
E _U—————a-—-—-———————- ———————————————— CONTINUOUS TRANSMISSION
ENCODER 8 3 ZF 38388 g8 e 883
OSOLATOR AT UL ANUUUIRGS ANAATVIAT
(PIN12 ‘ - : -
(P12 18T 9TH 15T 9TH
F—pier—1 F—piair 1 F—oer— F=—pieT 1

Dout

(PIN15) 5 ! UE;;__H fl E U Ul;’lﬂ_iL._
f=— HIGH —>t=— OPEN—}+— LOW —=| i
ke 48T WORD ] L—— 2ND WORD

% ENCODING SEQUENCE

l

DEGODER | 11{RL
!

s | 1 3amB

z
1
| | |
DATA QUTPUTS X ;

Figure 10. Timing Diagram

MOTOROLA WIRELESS SEMICONDUCTOR MC145026 MC 145027 MC 145028
SCLUTIONS DEVICE DATA
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Figure 11. Enceder Data Waveforms
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Ciayoust (PF) ON PINS 1 - 5 (MC145027); PINS 1 -5 AND 12 - 15 (MC145028)

Figure 12. fiax vs Glayout — Decoders Cnly
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MOTOROLA WIRELESS SEMICONDUCTOR
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OTHER AVAILABLE RF PRODUCTS

Transmitter/Receiver Seta:
TX-99K1- 300MHz AM RF LC-based single-button transmitter with cncoder
TX-99K2- 300Hz AM RF LOC-based twin-button tansmitter with enceder
RE-99 V3.0- 300MHz AM RF super regenenative recciver
TX-66 V3.0- 310MHz AM RF traasmiter with SAW resonator
RE-66 V3.0- 310MHz AM RF super-regenerative receiver
TX-88- 418MHz AM RF transmitter with SAW resonator
RE-§3- 418MHz AM RF super-heterodyne receiver

Eacoder/Decoder Seds:
TX-81- 12-bit encoder motherboard { 8-bit address/4-bit data )
RE-01- 13-bit decoder motherb d ( 8-bit sddress/4-bit data )

- ANTENNA INFORMATION

'['thX—Pthsanopmmmumboardl.nddosm(requi.r:!lwldd.iﬁmufu-
wire antenna. A.wireanlznmiunpimeoﬁmumcdormn—imulaﬂedudnunma
specific length and soldered to the ant point of the receiver board. If
you need to use 8 wire ant foliow the diagram below,

We recommend using 22 gauge wire cut to 936" {1f& wave), Most people use the 1/4
mwuﬂmmbeculseitilflirlyﬂmmdwmkswrywdl, bt if desired, & half or
full wave antenna may be used. Better results can be achieved wsing & hslf or ful
wave entena, but & lengthy sntenna is somelimes hard to conceal

Antenna Connection Point.

Eaale
e % Botiom View of TX-59

TESTING & TROUBLESHOQTING

Cmai.npmblemsﬂnnriuwhcnwkingwithRFprodum If the trnsmitter or re-
ceiver boards ere not accurately tuned, or postibly defective, the desired signal may
mv«m:hindmhuﬁmmmcmﬁmqifunlddnsufmmm:ddw

=]
=
[~}

The first things to be tested are the encoder motherboard (TX-01) and decoder mother-
board (RE-01). These will become very useful in 1esting, and if necessary, funing the
fransmitler and receiver. To check the TX-01 and RE-01 you must remove the trans-
mitier and receiver from these boards. Make sure both motherhoards are cormected to
the same power supply, Connect the data-pin on the TX-01 to the data-pin on the RE-
01 (located oa the 3pin connector) with & piece of wire. With both addresses matched
and power applied, the Valid 1D relay on the RE-§ should be closed If the relay is
not closed, and your power supply is above SVDIC, contact your veador and request
replacements.

Now that you have determined your TX-091 and RE-0I boands are functioning accu-
rately, the transmitter and receiver can ks fested Attach the transmitier to the encoder
board and apply poweer. Attach the recelver to the decoder board, position them about

the encoder matches the address of the decoder, and the power supply iz at Jeast 9VDC
for both the TX0L and RE-C1, the Valid ID relay on the RE-U1 should be closed. 1f
the relay is not closed, an 2ttemipt should be made to tune the receiver board,

The frequency of the receiver board can be modified by carefully turning the variable
capacitor located on top of the receiver board, This should be done with a plastic or
ceramic screw-driver, The variable capacitor looks a lot like 2 flat head screw and has
a haifiturn range. This means that if you have adjusted the capacitor more than one
half of & tum in either direction, you will have gone through the entire range of the
" capacitor and should have picked up the signal. Comtinue slowly tumning the capacitor
until the Valid ID relay closes. This procedure can be d at various dist up
10 200 feet away from the transmitter, The guaranteed operiting dixtance of these sets.
hiﬂ&d,but\ﬁﬂxlliﬂblﬂmﬁmandawiremﬁl& boards are capable of
about 200 feet. Jf you are unable 4 actieve the guaranteed distance of 50 fcat, or if
you feel that tuning these boards i= beyond your ability; please contact your vendor for
- replacements, These boards are funed from the factory and should have &t feast a 30
foot range. Tuning is only recommended when grealer distances are nequired or in the
event that & board appears 10 be defective.
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T}gﬂ»ﬂiﬂllﬁ-buedSDﬂMﬂzAMRFﬁmiﬂumhh
ideal for almost any epplicati ding & wireless control sysiem
mmm&mﬂlmﬁm&mﬁm
board, and RE-G] docoder motherboard, the TX-99 offers 4 bits of
data providing up fo 16 different codes. 8 bits of address rasure that
mmﬁmmhmfuwmpmdmmﬂmnbmmm
puts, and 2] strny data are rejected, The 8-bit address 2lao allows the
use of up fo 256 individually addressed recetvers to be used with 2
dnﬂekuwdﬂu.ﬁsﬂwﬂ:wﬂhaypﬁmﬁmmﬂ:up&hq—
hgﬁnﬁwnmhmmmlﬁng'rmdylmudobjm
mchlsliglﬂs,vulvu,mo(m-amdjuﬁabmmy!hingalse.

SPECIFICATIONS

ELECTRICAL

Operating Vollage: IVDC

Operating Current; LémA
Frequency: 300 MHz

Circuit Type: LC Based AM
ENVIRONMENTAL

Operating Temp: 0°C ta 40°C
Storage Temp: <20°to 80°C
PHYSICAL '

Length: 314" (19.05mm)
Width: N 1-3/4" (44.45mm)
Height: 12° (12.70mm)
Weight: 030z {011gmn)

&

MICROSYSTEMS ™

—_—
=

= .
[ S s SR
RF PRODUCTY
ST i

_TX-99 V3.0
300MHz AM
VP, - A ————

RF TRANSMITTER BOARD

Applications Include:
Wireless Control
- Garage Door Opsner
Remete Data Acquisition
Car Alarm/Keyless Entry
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GENERAL INFORMATION THAT APPLIES TQO OUR REMOTE CONTROL PRODUCTS

BREAKDOWN OF A REMOTE CONTROL SYSTEM:

A remote contro] system is amy syslem with controls or commands deliversd to the main
umtﬁ-umndlshmgmmnus:hyndm&nqumcymmmﬂmmmmm
we will discuss includ: der, transmiiter, , and & . All of these parts
munbcusedmnfdermmmlmmpmelmk.&dampumhhw

ENCODER:

Ap encoder is & tircuit in which & code or signal presented m one formel can be changed
to 2 format compatible with the circuitry it mierfaces with In the case of the TXL the
format delivered by the user is 2 12-bit pacallel code consisting of 8 address bits and 4
data bits. This code rust be changed to 2 serial format in order to become compatible
with the transmitter's topit. This is the job of the TX-01 encoder motherboard, or Tore
specificaily, the HT12E enceder LC, found on the TX-01 encoder motherboard.

TRANSMITTER:

A transmitter i o circuit with an output sent through the air by light, sound, or slectro-
magnetic waves at & specific fequency, In the case of the D(-W,ﬁwnulpmixmmﬂ-
tude modulated radio frequency of 300MHr The transmitter receives 8 coded signal
from the mcodrmdunslhnlmgullom&llm its 300MHz carrier. In simple terms,
the output of the transmitier is an electr representation of the input data code.

P

RECEIVER:

A receiver is & circuit capable of accepling and processing light, sound, or cléctromag-
netic waves of o specific frequency. l.nlh:ns:nf the RE9S, the 300MHz mdlo
frequency signal sent by the ived, and the i ing dats extracted
" from that signal. m:mmddm::umsthmmﬂfommmuum
‘board.

DECODER:

A decoder is & circuit in which a coded signal of 2 specific format {usually that of its
compatible encodey’) is received and changed (o 2 format compatible with the ircuitry it
interfaces with (ususlly the format originally prescnted to the encoder is the aame for-
mat used for the output of the decodar whent wsed n wireless sysioms, but not slweys).
In the case of it RE-DL, the incoming code is a 12-bit serial format. This cods must be
checked to ensure that the first 8 bits {address bits) match the address of the decoder L
C.. This is the job of the RE-01 decoder motherboard, or more specifically, the HT1ID
detoder LC. found on the RE-01 decod herboard. If the i ing 8 bit address is
correct, the last 4 bits of the 12 bit code {data bits) are passed on to the dats outputs of
the RE-01, and the Valid ID relay closes and remains closed until the incoming signal is
no longer present. The 4 data bits, however, lnwhandmmmwhnlcmmmcy
wq'esctmbythelastmmmmoq,mmlﬂxyue hanged by the next Ir i

DATA CODES:

A data code is 3 set of sumbers or letters rep g some forin of information. In the
case of the encoders and decoders described sbove, the data code consists of & contbine-
tion of four 1s apdior Os representing 16 possible states, If a 4V signal is applicd to
one of the four data lines, or if the data line is left foeting { Dot connected ) , this is
" considered a 1. IF40V (or ground} is applied to one of the four dats lines, this is consid-
ered a 0. By using different combinations of 12 and D¢ on the four data lines, 16 separate
control commands can be semt 1.Cs are aveilsble, such ag the 74HC154, which can
m 2 4 bit dalz code into 2 mere user fricodly output, giving you the option to selert |
of 16 different output pins to activale per trensinission. If the 4-bit data code is being
sent lo & micro-controlier, nnfl&lhmti d:.ﬂ'er:niwmmmdsu:mded. these extra §.
-C.luenotmeded.

IMPORTANT NOTE:
The bandwidth utilized on cur RF modules wes intended for experimental use in appli-
cations that require caly short burs! tronsmissions. Our RF boards roust be used with
Mmﬁdmmmm(mdl&ml)mmhmfamummﬂ
date spplications.

MING RF products ars designed for o1 ! use and are not FCC approved. It i
the responsibility of the usar to verify compli with FOC reguliations oa their own
application and obisin an FOC spproval number for the fioa! product whick is to be
marketed,

= LIMITED WARRANTY ™
The TX-99 is warrasted against manufacturing defects in matectals and workmanship
formeyurﬂvmthcdﬂnafwuhm Within thiz paried, MING will at is option,
repair or replace the product, of any past thereaf, without charga fox parts snd Jabor,

This warranty does not apply in the following ceses: Improper instaliation, misuse,
failure to follow instaflation and operating instructions, slteration, shuse, accident or
tampering.

MING is not responsible or liable for indirect, special, or consequentiafl damages arising
out of ar in connection with the use or performance of the product or other damage with
respect 1o amy economic loss, loss of property, loss of revernies or profit, of ocets of
removal, installation or reinstallation

Except s provided herein, MING makes no express wasrantics, and sny implied war-
rat of merchantability or fiiness for particular purpose is limited in i duration to the
durstion of the writlen limied warrenties set forth berein.

There will be churges rendered repairs to the product made afier the expiration of the
aforesaid one year warranty period.

mswmnygtmyousp:uﬁclegﬂmgm nndywmyhnveo!hﬁngbﬂuhd\vnry

@mmmm y

FOR TECHNICAL SUPPORT
PLEASE CALL (626) 912-9864




OTHER AVAILABLE RF PRODUCTS

Tranditer/Recetver Seds:
TX-99K1- 300MHz AM RF LC-besed single-button transmitier with coonder
TX-99K2- 300MHz AM RF LC-based twin-button transmiiter with encoder
TX-99 V3.0- 300MHz AM BF LC-based transmitiar
TX-66 V3.0- 316MHz AM RF transmitier with SAW resonator
RE-66 V3.0- 310MHz AM RF guper-regenerative receiver
TX-88- 413MHz AM KF transmitter with SAW resonator
RE-88- 418MHz AM RF super-heicrodyne receiver

Encoder/Decoder Seie:
TX-01- 12-bit encoder motherboard { 8-bit address/4-bit data }
RE-01- 12-bit decoder motherboard { B-bit address/4-bit data )

ANTENNA INFORMATION

The RE-99 requires a wire antenna for optimum operating distance, A wire antenns is
a piece of insulated or nog-insulated wire cut o a specific length and soldered fo the
antrnna connection point of the rectiver board.

We recommend using 32 gauge wire cut 1o 9.36” (L/4 wave). Most people use the [/4
wave antenma because it is fairfy short and works very well, but if desired, o haif or
full wave antrnns may be used. Better results can be achieved using 2 hslf or full
wave sntennz, but 8 lengthy antenna is sometimes hard to conceal

If coax cable is required for your application, please see the diagram below.

/ Antenna Ground

Conaect the center conductor of 50ohm
V+D G eoax (RG58) to the antenne pin sad the

Topaf RE-g9 | Hieldingto ground
TESTING & TROUBLESHOQOTING

Ccﬂaiupmbl&mmnaﬁsewhmwmkingwi&k?pmduds,lfthekmrﬂﬂuum-
cziver boards are not accuralely tuned, or possibly defective, the desired signal may.
never reach its destination. At the same time, if the address of the encoder board dots
not match the address of the decoder board, or either board is defeciive, again, the
detuedslgm!mzyncwrruchmdsumhm.]lumctunﬁwryhudlahllwht
the actual problem is. The following instructions should be helpful. -

The first things to be lested are the encoder motherboard (TX-01) and decoder mother-
board (RE-01). These wil' become very useful in lesting, and if necessary, tuning the
transauitter and raceiver. To check the TX01 and RE-D1 you must femove the trans-
mitter and receiver fiom these boards. Make sure both motherboards are connected to
die same pawer supply. Connect the data-pin on the TX-L1 {o the data-pin on the RE~
01 (located on the 3pin counector) with a piece of wire, With both addresses matched
and power applied, the Valid [ relay on the RE-0t should be closed. If the relay is
0ot closed, and your power supply is abave 9VDC, confact your vendor and request
replacements.

Now that you have determined your TX-01 end RE-01 boards are funclicning accu-
rately, the transmiiter and receiver ¢an be tzsted. Aftach the transmitter to the encoder
board and spply power. Attach the receiver o the decoder board, position them sbout
50 feet away from the encoderAransmitter boards, and apply power, If the address of
the encoder matches the address of the decoder, and the power supply is at least $VDC
for both the TX-01 and RE-01, the Valid ID relay on the RE-D1 should be closed. If
the relay is not closed, an attempt should be made to tune the receiver hoard.

“The frequency of the receiver board can be modified by carcfully turning the variable
cepacitor focated on top of the receiver board. This should be done with a plastic or
ceramic screw-driver. The variable capacitor looks a [ot like a flat head screw and hes
& halftura renge. This means that if you have adjusted the capacitor more than one
haif of a tum in either direction, you will have gone through the entire range of the
capacitor and should have picked up the signal. Continue slowly turning the capacitor:
uniil the Valid ID relay closes. This procedure can be repeated st various distances up
to 200 feet away from the iransmitter. The g d operating di of these sets
iz 50 feet, but with & Iittle attention and & wire antenne these boards are capable of
about 200 feet. If you are unable 1o schieve the guaranteed distance of 50 feet, o if
you feel that tuning these boards is beyond your ability, please contact your vendor for
replacements, These boards are tuned from the factory and should have st least 5 50
foot range. Tuning is only recommended when greater distances are required or in the
cveni that a board appears to be defective.
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Mnlwzwmmﬂwmwm
cciver board. It is ideal for almost any ap
oontrol systems. When used mthth'ﬂ(”l(kqhdnmmmmter
snd RE-Q1 decoder motherboard, the RE-99 is perfect for use a3 8
keyless entry sysiem for your bome or autemebile, If your applica-
fion requiret ibe ability to send data codes, the TX-39 transmitter and
IX-01 encoder motherboard, combined with the RE-99 recsiver and
RE-C! decoder motherboard, will aflow 4-bit dets trapsmission. This
pet works well in applications guch as pathering datz from remote
sezsors of eontrolling remokely focated objects such as fights, valves,

motors snd just sbout enyihing else.

SPECIFICATIONS

ELECTRICAL

Operating Voliage: 3VDC

Operating Curren: 1.6mA
Frequency: 300 MHz
Circuit Type: LC Based AM
ENVIRONMENTAL

Cperating Temp: 0°C o 40°C
Storage Temp: 20°10 80°C
PHYSICAL )

Length: 1-3/16™ (30.16maa)
Width: 2-3/8" (60:33mm)
Height: 11/16* {17 46mm)
Weight: L6ez (056gme)

iG

MICROSYSTEMS ™

RF FROO

LTI

RE-98 V3, 0
J00MHz AM
-4

MR

RF RECEIVER BOARD

Applications Include:
Wireless Control
Garage Door Opener
Remote Data Acquisition
Car Alarm/i{eyless Entry
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GENERAL INFORMATION THAT APPLIES TO OUR REMOTE CONTROL PRODUCTS

BREAKDOWN OFAREMOTE CONTROL SYSTEM:
* A remwie control system is any system with ks o ] to the main
umﬁmaddnw;mthsmbyndm&whmmmﬂ:mﬂesym

2o ol

we will discuss inciudes an -, and decod Aﬂnfﬂwupm!
st be used in. order Lo stiain a complete link. See ',‘ below.
ENCODBER:

Au encoder is a circuit in which & code or signal presented in one fommat can be changed
10 & format compatible with the circuitry it interfaces with. In the cage of the TX0L the
format delivered by the user is o 12-bit paraliel code consisting of 8 address biis and £
data bits. This code musi be changed 10 2 serial format i order to bectvne compatible
with the tranamiitters inpat Thiz iz the job of the TX-01 encoder motherboard, of mcre
specifically, the HT12E. cacoder LC. found enthe TX-01 encoder mothesboard.

TRANSMITTER:

A transmitler is a circuit with an cutput sent through the air by light, sound or electro-
magnetic waves at 2 specific frequency. In the cese of the TX-99, the output 18 an anpli-
tude modulated radie frequency of 30CMHzZ The transmitter receives a coded signsl
ﬁmﬁwumd:rmdusaﬂu!ugulmnwduhhmMOMqumﬂ In. gimple torms,
ﬂuuulpulofﬂ-le ittey ig &n el T it ot'lhemputdn:noo&e.

RECE[VER.

A receiver is a circuit capeble of accepting rnd processing light, sound, or electromag-
netic waves nfaspecﬁinﬁ:qucncyhtheuunf the RE-99, l.he 300MHz mdio
frequency signal sent by the itler is recgived, and the & g dain extracted
from that signal. The extracted data is then sent out in serial format to the decoder
board.

DECODER:

A decoder is a circuit in which & coded signal of & specific formal (usually thet of its
compatible encoder) is received and changed 1o a formal compatible with the circuitry it
interlaces with {usuaily the format originally presemted to the encoder is the same for-
ouat used for the output of the decoder when used in wire] but not &l

IMPORTANT NOTE:
mbmmhuﬂmdmwmwawnwhmmmﬂmmwh-
calions thal require only short burst tansmissions. Our KF hoards mst be used with
iheit ntended motherboards (TX-01 & RE-G1) and carnct be used for continuous serial
data mpplications.

MING RF producis are desipned for expevimental use and are not FCC approved It is
the responsibility of the user to verify compli with FCC fations on thekr swn
application and oblain an FCC approval aumber for the final product which i to be
mmarketed.
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) LIMITED WARRANTY

The RE-S9 is warraaied against ng defexts in iels and wark

for one year from the date of puschase. Wlﬂ:m'hspmnd, I\ﬂNGwd.Lntmqmm
repir of replace the product, of eny part thereof, without charge for parts and lebor.
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MING is pot responsible or linble for indinect, special, or consequential damages arising

out of or in connection with the use or performance of the product or other damage with
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Except as provided herein, MING makes no express werenties, and exy implied war-
rant of merchantahility o Gtness for particulsr puspose iz limited in #ts duration to the
duration of the writlen limited warreniics sef forth herein.

In the case of the RE-01, thcnmmmgeode:snu-bﬂsmalfmmat'rhuoodcmbe
checked to ensure that the first 8 bils (address bits) match the sddress of the decader L
Q.ﬂﬁsislh:johofﬂtRE-Old.eu:dumlh«bunrd,ormmqyeciﬁmﬂy,thﬁiﬂ'llD
decoder L.C. found on the RE-U1 decoder motherboard. If the incoming 8-bit address is

correct, the last 4 bits of the 12 bit code {deta bits) are passed on to the date cutputs of

the RE-01, and the Valid ID relay clotes and remains closed umil the incoming signal is
no longer present. The 4 datg bits, however, latch snd remnin in whatever siste they
were set 1o by the last transmission, until they are changed by the next fransmistion.

DATA CODES:
A data code is a set of numbers or letters 1 somxc form of information In the
case of the ders and decoders “abuve,hd.:uwdemmoi‘nwmhum-

tion of four 1s andfor {Is representing 16 possible states X a +5V signal is spplied ta
one of the four datn lines, or if the data Line is fefl floating { not comected ), this is
considered a 1. If4+0V {(or ground) is applied to one of the four dats lines, this is consid-
ered 2 0. By using different combinations of s and 05 on the four date lines, 16 separate
control commands can be sent. L.Cs are availabie, such as the 74HCIS4, which can
fum = 4 bit data code inlo & more user friendly outprt, giving you the option {o select 1
of 16 diffferent cutput pins to activeie per transmission. If the 4-bit data code is heing
sert t0 & micro-ooatroller, of if less than 4 different commands ere needed, these extra L
. C.3 are not needed,

There will be charges rendered repairs to the product made afler the expiretion of the
aforseid one year watanty period.

This warranty gives you. specific legal rights and you may have other rights which vary
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FOR TECHNICAL SUPPORT
PLEASE CALLL (626) 912-9864
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