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Abstract

A remote controller used for controlling house’s appliances via a telephone
network has been developed. By using two modems to connect between host
computer and the controller, the electrical appliances where-ever the telephone
network reach can easily be controlled from the remote terminal. The controller
employ a PIC microcontroller chip, PIC16C57 BASIC STAMP,having an internal
program of 256 bytes and 8 channels /0. The remote terminal program was
developed using a Graphic User Interface development tool, Visual Basic V3.b.
The program sends dialing and on/off command at speed of 2400bps to the remote
controller. In addition to direct turn on and off of the eight devices remotely, timer

functions are also available.
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willawAn dwnnluanlaléify Dial Tone anguanalu 5 Juni TwiAnazmaunaylyl
famauiainaiin “No Dialtone”  ATX3 ayliluiinsuiAryqunutlanemalaidng (Busy
Signal) waz ATX4 Feflundeiis1fithidauann aliuisiunsaagan Dia

- Tone rlaufiaziniaulnadt uasfudynnalatemalidnl
fael Aa winriu ATX2 sauifu ATXS uas

- ATz iludndeliRdntudunduanagiuaniazigantuun (Default
Configuration) \ieladalfFuAndsil Muazan@ndndonBeumlasnsinailifmme
v uazisAnmegrantvuaeiliaintssen Gafueslu ROM (Read Only
Memory) 289 lutANSN 1 ﬁﬁﬁqﬁﬁﬁ?ﬂmﬁmn’mmtﬁﬁLﬁ"\ﬁmmi‘lﬁﬁwi'mnﬁuﬁum
wilowdn  Iaglifesressndnudmudaminfineflathe  uazAGaseaiaily

azls

]
=

L4 J
euadlusatidannsguaedlininauLL Hayes EN

J
o

m@wﬁtm“ﬁfﬂmfﬁ‘lunwﬁqmuuazmuauiuLﬁu Taqiiuufutneuuuenaimdai
Faanndnid e limsldeussnantu danAdeiiiinaniiin Extended Command
Set LLlii"ﬂﬂ‘NﬁLL’Jﬁ{ﬁﬂﬂ’li‘ﬁLﬂllﬂﬂ'ﬂﬂﬂ%LﬁmLtﬁiﬁﬂﬁl'\m']Iﬂ?s"luﬁwi"!&u lasannnldsnds
Adaunn  Bufnneuussuindelil Tmﬂmww‘lﬁuLﬁummgnqu‘lﬂ%i‘uﬁﬁq

WMTFIU AW ARSI RNTNNARER i T 1 uwinlanin
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wasgruadsludiuans CCITT V.26 bis

ﬁﬁ&mmgﬁumm cCITT #lddsemilssisndudenda v.25 bis Command
felifeatunnsguasiolniuusetnda V.25 bis § Dudndeiddsiiuds
siusinenileuiys Hayes Command tiuad RENUAEY V.25 bis idrureudnatien
TaimflaunmsgiuLy Hayes Command %amﬂuﬁqu,mm%quqma&muinLﬁuLmu'}l"q
van Tansausesindeaziluddasadnuenimgsnge Savihesos CRLF (Carriage
Return MNAYE Line Feed) Ld3® ﬁﬂﬁ'\z&&ugnﬁm TANazABLATGY VAL (Valid) U89
mﬁnﬁﬁqﬁu uaztinddaiuBanans wreluAnlaian Aazmaundunndn INV
(Invalic) wniu A V.25 bis Bepus1eus

EON  ifhudnddldhuiin Echo demanundinndustaspanfiames
AdaiuAde ATE! T84 Hayes Command thuias msfugediasyauuy Full Duplex Haeds
luiAn Echo dayandLniane uaznig Echo %@Haﬁmﬁtﬁmﬁumﬁ‘%’udﬁﬂga led
Tuinsianulatemelduda Aa ibnay Echo daamauanazli Command Mode i
Y lunsfudedoya Lﬂ‘é‘ﬂx‘lﬂﬂuﬁ’lWlﬂi‘"}%ﬂﬂﬂﬂﬁ'mﬁzﬂuﬂﬁimnﬁ? Echo damanuszndng
fusnamaieslaidtazifluusy Full Duplex ¥5a Half Duplex

- EOF ifluAnda Echo off viawmilawiu ATEO 189 Hayes Andatiazd
i Echo Yenaundulifenenfiawmes Semsfudedasyaluutn Half Duplex ay
4 Echo LL‘lJ‘lJ‘ﬁ

- CRN (Call Request with Number Provided) I\ wiudslitndamsu
TnsAwilufawafitvuun refidamiu T dwiulnsdwiuuunmly uaz P dwy
wagitnadwiiunfiawag willeuTuAn&s ATDT uaz ATDP 489 Hayes Gaatinaidi CRNT
2345678 azifludndslmulnsdwiuunaulifones 2345678 & lnsdwiiifuuyy
fawauilonldomn P il CRNP 2345678 WeluisinIFFuAdafiazmanAndn VAL nduan
uaz@nGFunluUiuuefitiue

- CRS (Call Request with Stored Number) (lufndsliiluiamaulnadn
paefine e lmionarudzestindy fuieulddndell wAfeianafiu
wefinsdwfieFlulwindetey Sdaanslibudumuuensdwiuesuniiu

1% AldAd391 CRST1 vive CRSP1 mndinzesInsdnsiuuunafaviautuiiansu



33

- witammng < WawRmegadanngy levnisvaguinadwd 1y
nscireamsldtnsdwinneludreananauen  idieslindusadaaniziausinnnsmgy
wef 7 famuind Sedwinaeluinwes o Wewyusenaauan 1 A1EAEaLS
Tusnmyuiuas 9 fieu wazsanisdnaneuan uiaRsAetvsuiues 7 5 Fiati CRNT 9 <
2345678 11w

- PRN (Telphone Number Storage) ‘ddmiuifunsastnadwiitldiianq
e linelumisganusraediudin Tnevinluasfiulfilssinn 20 wef wiazuesd
ANeNa AU 20 et Wudisdesnisfiuesnedngt 2345678 1@ 15 lumloe
puanvastiusauen AldAde PRNT:2345678 Futeamang : andlufauendndud
FiagnsiLaananiuasingAng

- RLN (Request List of Number in Memory) Lﬂuﬁ’ldlﬁﬁcl"ﬁﬁﬂnqmﬂﬁ"
sdweniululindy  ddduivinlafuefedlsld  iessidmyuwed
sdmudnduiigniiasiupnuiianans uazielildnmasey asannue ol
v anadnlilidduiunefieslasiidaffivile

- CLA (Clear Address) M&wisuay e Clear waitnsdmiiludianiu
wenleanty lunsdif@nldwesths vite avausaniomaaefly Wy CLAT udde
auLesTnsAwidnduR 1 aenll sz CLA** azauiuefedwiiiue i vuneen
aniuAx

~ DLN (Last Number Rediall auifludndeliuiamsulnsdnyimnaiwes
ﬁLﬁwgu’LﬂTmﬂﬁﬁq CRN ﬁ&muimﬁwﬁﬁ%wﬁ’qqm Arde DLN azdunduazazaan
ninda CRN Tmaianaauile

- INC (incoming Call Response)  ifludryeyrnuuanednluanlasi
dyrynuFandy  vrelginadnamnlndn Wiinazdedannn  INC s lhAte
pasfames euansinfiauiddnsadnan INC hildinds widudarauans
Msvineureslufy

- ONL (Online Indication) flufiaArwiuansinbudiudeusemilfduy
Saeuda wileudemam Connect 184 Hayes thaee ONL aelildddadudentu INC
delufiusaasdudensieiiléBauten fazdeiananu ONL infuriasnanfiames

NBLARINITNINTY
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- CFI (Call Failure Indication) ({udanuuansinlufudnsaliilans
malsigia Wc‘i’qmnﬁuuu‘[mﬁfwﬁlﬂﬁqmﬂé’ﬁﬁ’muﬂ UnR CFl agiisindnusuananve
ARnselilEmaunan 2 f 1y CFIET fadinws ET aswnaie weflaranialidng
CFIDT visneitia 1Tl Dial Tone TuaneInadwyl CEINT vanati Uanemislieaunayiy
(No Answer)

- DIC (ignore Incoming Call) Lﬂuﬁﬁéﬁ‘lﬁ‘[uLﬁum'anﬁ*uﬁtytywmﬁ'?anrih
1 Lﬁﬂ%‘lﬁﬁﬁn'\mﬁmﬂaﬁﬂiﬂ Andaiazmilauiusd ATA 184 Hayes

- CSP (Change Modem Signalling Rate) ldidmiuvfuanuGaaasiuiiu
e CsP1200 Wludndeliudurinanufinmuide 1200 Tnsedund asndelildy
wazunnudalunsiudedeyn wiasranfiamesidesfuauannlinssiudon

‘f'iﬁl.ﬂuﬁ'\z&mummgm V.25 bis 189 CCITT #iddesulin e
Lﬂ?ﬂuLﬁﬂuﬁuﬁﬁﬁ"amu'\mjﬁuﬂm Hayes ufa aviind umsguied Hayes 1Hdne
uazdnladdeirandnn - iesannldssnesannnuuneldingn snlianadala
d18 uBnaNTHARNER IS IRRLNFLNNERA R ANLILLD Hayes giadnla
dendnanday sz idnmanmdsngusioin  ldeudodnlaiun e
CONNECT, BUSY, NO DIALTONE @4&uflumnaiuain V.25 bis azidnlaznn Aa mevund
wnily ONL CRIDT §lddaunndevidlagaiiadniiosnusilusiumeundusmanei
als aehslafmud s ddalu ﬁm@x‘l%vaw'lzmmﬁﬂumuéﬂszm Hayes wif
dq‘imﬁuuqmuuqzé’uﬁqzm%%a Hayes WAZ V.25 bis AN

Adarasluintahifanfunindessiassvinduniy 2 fusietnla
Tufuild g Hayes a1aasmiamaniy Tusuildisndana CCITT V.25 bis
viaazinsadnfulduunithidadeerlaaelufa (Manual Modem) fFldduiy 18

v ]
TinsavisaassiuldannuG uasnandtyoiumnseiu mu V.25 bis invuadulels

2.2 Basic Stamp

ETBASIC STAMP  iilugmmnuauiildlusurauausine llaedne
uazazmninineisanialinn  BASIC L“illilutﬂﬁ‘l,l,ﬂi‘u‘l"ﬁ'ﬁ'm%uu']LL‘E’QIQﬁ’]L‘}I"lij
uafn ET-BASIC STAMP mnefu PRINT PORT Taaties PC deuaclumisenany
dmewedn ETBASIC STAMP duflumitemsiudn EEPROM aunm 256 BYTE

nagaun1ny  ufin ld A laeviunlidnlufaan  COPY EPROM Rssamisa
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uazAzAINTigN fawAnaesuefatiia PICECS6 CPU UL MICRO CONTROLLER 989
13 MICROCHIP %ﬂé’mﬂﬁfﬁﬂﬂmm PBASIC 784131 PALALLAX Fanenuuil
INTERPRETER tenlusfavnamusaniusafulusunsydaths EEPROM wwaf 93LC56 &
awnsaviiudeyals 256 BYTE

Tnemikndanten BASIC thiaztlsvancu 2 e 3 BYTE Susansnsnidieu
Ada BASIC 1§ 80100 Ande AmnaBalunnsvneuTeanTn BASIC Thlsvanns 2000 An
& siedun?t Taeldaowd 4 MHZ dunns RUN dast PORT filérlu 8 LINE 4 1w INPUT 3
OUTPUT 5 vida INPUT 7 OUTPUT 1 fili Seenaazgiieslilusfinilauiueasinelunsld
nuudafiiudn iy teaanwnztieminllldunussuguaumdnfiazvunzuan

ATNAINNT0I8Y PORT Usaz LINE Tt 41ansn SINK nazuals 25 MA
LAz SOURCE nszuald 20 MA usilunnsidanunasazsanis 8 LINE udalainasiiu 50 MA

<SINK> uaz 40 MA <SOURCE>

o

F5AUQS
gfauaf  Msunsnafeaniliwmunnlasunlaneasliaiuimiin
wlduliieusrazaoniu Inefigleziilugcas BASIC STAMP 18413t PARALLAX 44

dufsuwasimuninsontm BASIC wuwldlusia CPU PIC 16C56 #

-

g
2043903

su 3 22w 'S
-+ ‘ ;
aROWNOUT 4

RESTT ORCINT

7 221 uARY99aT BASIC STAMP
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auitudnuafaiiazly IC Wi 2 fawintiu A PIC 16C56 was EEPORM

) - <
93L.C56 el CPU 16C56 wuazil BLOCK DIAGRAM nnelumnailugiiin 2.2.2
PLCC ;

N

pd
18 17 16 15 14 1312 |
._..R;,z:{.y ~ 1sbRA1H man 3 Ase

ne H20 - 1P NT
—RTCC J3 16 OSCre— = b ah ~e
—MCR 04 mc 150 Osc2ty o't o2 mo1scst oF vee
—> ves 15 16CS4 4] Vooe— :g' PCIECSS b vee
++A80 (6 16c56 130 R8T« weida 7
«RB1 07 1203 REG ¢ NC-g 26 s ne
—RA82 48 WG R3S mnﬁmﬁa; - S Shne
¢hABIgs  9p e e——T T
cORTR AR AWM
8 A AAATGC
€9 71 23CH
FIGURE 2 - PIC16CSx SERIES BLOCK DIAGRAM : ¢ R

EPROM | L) staccs T ——— R
- 911 == pin | [/ 0RANNE ROM i
5121270 [emyemnt pC | STACK?Z ; " I !
048X 12 [ R —— i E-nmnr i B
@ i BLEC
2 WATCHDOG | ops 2 |
> TMER | ppgrEcT } CSCLLATORY
INSTRUCTION ! i N i ”“":;L
REGSTER CONT
s b WEOT TIUE o Suour : i
s oy PRESCALER | |
Z " .l
. 1 <eee
NSTRUCTION | s
DECOCER
] OPTION REG. |——= TPIION )
DIREST ADDRESS
‘ DIRECT RAM B3 <
ACORESS Vi By P B

LIENALS
3
&
3

lw
3
L

FROM W FROUW FROMW A4 6
. < il {B
“RST —F s > TS T =
——{mRss | B | ——{TRSE [ 6 | v\ S B
RAS RBO-RB7 RCO-ACY
% PICI16TSSCS?
ONLY

7 222 vdanalaazunsuusmsnisineunigluuedn

nsvineusasiadld PORT RAO T RA3 lludaufinsaineiu
EEPROM 93156 uazlfan RTCC ( REAL TIME CLOCK COUNTER ) éuﬂmm%uvgmmu
afimvidnnes FudeyaainiFies PC %«@:dﬁm&mﬁmﬁff ihinte BASIC uazuilaa
CODE @ PRINTER PORT andiasia CPU 1514zl PORT damuilu INPUT vida
OUTPUT Aa PORT RBO—RB7



37

ludauzesgulfi 223 auiluneas ET-BASIC STAMP #IRzifiN99aTLNg

dowdnlarnaandnlugii 1 Tneinludounssialdamtu PORT RS232 14 14 IC

MAX232 uazld JUMPER TX/RX ihusinsiasianislfanuzesan P6(RBS), P7(RB7) uanan
dffainludeunnsiinsiay LCD MODULE wuu CHARACTER TYPE Tmeldanuouznas

Amsiafu LCD wuy 4 BIT Aa D4, D5, D6, D7 sarfu PO(RBO),P1(RB1),P2(RB2),P3(RB3)
uald P4(RB4) \iluandtycyacu RS (REGISTOR SELECTION) P5(RBS) luandtycynou E
(ENABLE SIGNAL) 224 LCD MODULE I JP PRN fludnsanuiesas PC TdWaiun BASIC

, 49 34 PIN Wsiadniuuesa 10 sing ETT Runeaglfiasuss JP SK drufusiasiing

Ineisiatinug C 10 WUF

I P > =on T Ve ——
i do wee g1 mens
e & = k= |
T 7 U =3 m
! L —_— ;
. .u}‘ i h- ’ é . r————— -
~ET ] iy T
A i ..__4% P e -
) « —ix §fEe/e= = L=
= v
i XN ’Em - l ~ O e
v = Eee :
2 == v
hat e
—_
=
o~
eI
! o i
soven . vee . “sr
A 5 -5 ):??:. Lo — o e e e e T
y 3D=— . b4 ¢ e . — —_—3
o 2 i A i R
) Ta.wt Tw 1o Vo
Tm—— - ———— s
-
iowes T 'T
<. SETTI .
il —_—— e o
T [sbis e = - E m—iigpas € —
Bl 8= o B s
= i - s {
T ke ol i ———— 4
- '—""F
e ’ jemosag:td
< s azep - at A a=
=, Vel 4 =umm o
rd iy 12 mie 2 \ o] T e z Y e 23
S| i i e R 1
’ ! - FIS T ) L= -
M welT e

7/ 2.2.3 wame9as ET-BASIC STAMP

quiiuwdnfauesa ET-BASIC STAMP iazd@unsasaiu RS232 1Alaemse
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2.3 lulasmaulnsarand PIC16C56

2.3.1 amilmanssuradalasraulnsainadnszga PIC16C5X
PIC16C5X Whululpsrauinsasefuuudneadeliviaaaanaiuuy
2’/ T J (-3 o A

Tsunsuléinfabenagnialu ianideialigs uluinsraulnsanafauin 8 in #
HAnuanunTngeusisnaign wanlaeFenlulasidmaluladl (Microchip Technology) 1
aniiaanssuuuy RISC AAsldanuieud 33 Ade nnAndsldinarlunnadngdod 1
lo@a (200 WAL andulunsailusunsuusud (Branch) Aaaldia 2 Tada AMda
auande 12 m 299 PIC16CEX azdemnlvinarassiamdeisnsdawmily 2.1 e
= or & F=y d’ o o y n}. 1 U ] ] 0 <R
Wiruiulnlasreulnsasefaun 8 fndu fAdeRdiwdensldussdresiansqnas
] d‘ ar
FEAAIATN I LUINITWRUN

PIc16csX it ulasraulnsamasiuuiitae Inalasaaiiauasdilay
] i3 g ol & o o
FRUANTIANLBITLLL, ARANNARINTT IWLAEN, 29857 EAr a3 W (Power on Reset) a4
a5 OST (Oscillator ~ Start up-timer) F@INTTWANRTTEEANIEUBNITANALTLWINTY
ANNNTOFANRTVRATALRLARIIA 4 UUL Teazanivasddaamasiuuiuing uay
paadaininesuuy RC AlsAgn Hlvseadideasyinlinulviias ffa WDT Watch-
Dod Timer) uaznistlaaiunisfiadilswamias

Wagann PIC1ecsX e Mmaamqnusinie ludlununlsunsaldasa
= < o Y a’l’d I AI ‘#' o o
wenaaNsan il sszgaiifisagnuasiaunzanadnsgeiazlflunsadnu@n
Angianauin Rawnsatueigulszlamiandiuiiasiunisfedtiundinedleq

o = e oy o vl
AunisaeniaeunuugeialAnniegnneluliandos

2.3.2 qruaniAna qll

: ] b 73 | [
- HAndandiaeFuuiud 33 Ak
- ynAndaldianlfiinn 1 loda 200 nhBuf - endudtdauuy
o v 74 b= a
usudsiacldioane 2 laAs
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- anaiFalunsinany - andnend - ladaadawindu 20 wnzidsmd
Y138 AMNE297T - TaAaAIgawindL 200 wliduni
- andafiaurandng 12 Om
LY 74 v o~
- vadayanda 8 iin
- whaanuawiullsunsuiluiinsanauna 12 s BAug 512 Tud
fe 2 Alalus
- Faawmasiteinliaunm 8 s Jie 72 A2 uqusiiues
ala ' '3 rai o 9 aia e o/
- TAgmasanfauI v uiniRLAe J09 7 A
< I's gy < s
- guAinaNSauaFHANAN 2 FYAL
=t @ =3 v o y b
- AlwusnsdnduenmsarasdiayauazArdauuinama lnaden
WAULLANANGS
WIFHNIIFHAND
- namauANAnvinlaenagldun 1o e 20 an
- Hfaviunsvdtyoyannatauns slin (RTCC) Aumassanalilsunsy
Haum 8 O
- AFFEanaaW (Power on Reset)
- 1619 OST(Oscillair Start up-Timer)
- §if" WDT(Watch Dog Timer) fiuaaddatamasiuuy RC taldlunng
Ufrmuinaenald
- {fnddnsanidmnatlasiunisdsuuiugasalfs
- #ilvium SLEEP amnagoy@emaseuitabilildeu
- A L3 o ] o 1
- feadainmefiviaanlfivaiuunllds@nwsauuuusine del
1) easdaiamasiuuy RC ANFIAYN : RC
2) AismaaFlaunefmAsgIu : XT
3) Fi3amaa/AlanunafauFage : HS

a dd o
4) ATARNANAINNOAN Aulvities : LP
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3._malulatl CMOS
- fiulvlan MWanwsanuuudueaninnuidage
- aanuuuNIaIndeyaneatia
- Ardnan W lugdasildens 2.5 Toadf fe 6.25 Toas

- Aulnan Aetiasndn 2 AaauaniTiusesu 5 Taas AMAD 4 Winne
- vaendn 15 lulasuant] useiu 3 Taad Aanud 32 Aladsad

2.3.3 msldnu
FUmszna PIC16CEX azmunzuimsldeusiusssuudnluinnnelusn
(3 <2 i 13 d o
ausauieants Aupnuameflusserlng wiinlssunanaiunisfasisuasgiingnin

20
@ 0

Wsumis waluladdnsandeain g ldvianasTilsunsulfiatnsniauazazan

RA2 | 1 18 D RA1
RA3 El 2 17 D RAO
RTCC E' 3 16 D OSC1/CLKIN
MCLR 4 PIC 15 []  oscucwkout
Vss 16054 14 D VDD
16C56 :
“weer B e
RB1 7 B D RB6
RB2 8 i D RB5
9 10. |
RB3 D RB4

U7 2.3.1 uamawiauaziumittneedlnlasraulnsaiaainsega PIC16CEX
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FUYINT Warfi
RAO-RA3 Bunaiaviym wein A
RBO-RB7 funm/iavinm wein B
RCO-RC7 Bunmiavinm wan C (@w1e 16C57)

RTCC Talnlnden/ wnlines
MCLR wasafiafus
OSC1/CLKIN pasTaiames @unm)
OSC1/CLKOUT aaddaiamas (1@1vine)
VDD ungsane

VSS navnd
N/C Tadlésialden

ANTNN 2.3.1 UAAUTINLBITANTUEN PICTBCEX
U 231 wasszwausvsuniianaasinlasraulnsaainszga

< 2 o .
PIC16CEX @aum1319% 2.3.1 ULAAINUIVITBITIFANT

2.3.4 soilnenssumelu

annilmenssutey PIC16CSX  HuuapannAauuLFaawmaiing Feail
nsueniauazmizsaannudngmiuiiudeyauasiivande  dadeyauasioannusn

< ¥ IS o o | ° < = ¥
azfizuandie 8 On lusnuefifalilsunsuuasmisaacudniuldsunsuaziiauandag
12 fin wwpuARnaraldgaAduiesgamerlunsincuiude o usy
Rawaffournudog  nelinavnduasindAed Ardeuuudeniuiiu Fevane
: Ao y Aﬁ' o o & e ° N ' ! [l o <

pNd lurnisRAdmilaindsniEnddad  Adssialdazgnenuainmissaninduiy

Tsunsusufivly uienlaezunsuaadlulnsneuinsaned PIC16CEX wanediaqlii 2.3.2
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RTCC

cONFIGURA‘nON EPRO

errom  (§-11 PIN - c1
sir1270 L —7/4 (9-11 ST‘:CK DISABLE 0SC1 0SC2
: (—Z—;sTACK | CObE
| i WATCHDOG
2 | " nmMER (PROTECT CILLATOR

faettds | \woT TiME TROL
ouTt WDT/RTCC CLKOUT
DIRECT, ! PRESCALER SLEEP
iDDREsg f 8 Te
i@ ‘ OPTION
wwoieite " lpipect Ram rgﬂﬁ—“—&"i
— ADDRESS FROMW | Taeflin
» / J—— 4 uil
[ i =
| S—— v T
(| e 7
- CﬁlW‘*ﬁ ALY 11 8oataBUS M
— AL " FROMW — = FROW 3V '
TRIS § TRISA | PORTA |_ PORTB \ TRISC | PORTC
H:s TRIS 6 a TRIS7 T E
RAQ-RA3 RBO-RB7 RCO-RC7
(PIC16C55/57
ONLY)

21lft 232 udenlnazunsusesinlnsneuinsaiaes PICECEX

ImAdlaazunsudnsafinnsssaaansAaids

Aryryrnsnfnnaunm Meudniian 0sc1 ) azgnuivaandiy 4 daq
iearaidudryyrnunfinmmeluiliiudeusu 4 A Bandt Q1 02 03 Q4 My
51U AlUsinsenlinefasdindnfioan Q1 Andsazgninadannuvissnanas v
Tsunsuuaztindn 13 asmesAinds fusa 4 uazgnneania uazdndAadilian

Q1 D9 Q4

ala L -

Tagwadiiudaya

fatayaruin 8 i @zﬁfausi@dquﬁﬁmﬁﬂﬁﬁugquﬁmdqul.%"\@\'qa
e Faawmes g fulsznaudaeiRames 8 Tn S uau 80s sonfawefmdunnie
WAGne U ALU 20 8 Tim wsnawam 32 o qzqné’wﬁmﬂﬂLm‘a"l.éﬂmﬂmm’l,ummzﬁ
Nufvisgpamdrud sun 16 ludseviluued q:qn‘l%’v?immwﬂfmm'm'ﬁﬂ'lﬁﬁ
swnlmiuiuaadupi 233 feysaansognéndeiumidlilaemsnielas
fou Toel43aames PSR wiuAintimenedeiumnidieyn Taelddndamusingnus
dayaazgnivananuistanuanlsunsudnhihizaames w

FRamef  Ifummohiilidy 2 nqude  FRameslfiidns

(Operational register) 1 Faamafidenmialy (General purpose register) FadLAa flin



nisilsznaudon
1. Real time clock counter
2. Program counter
3. Status register
4. Input/output register
5. File select register
6. General purpose register
uananil Taaume sl (special purpose register) azgnidiitanauinamasnduna

levinm wazldlunisiuaniAn WBanawmes( (prescaler ivanimuadINTINg

LU el
ALU aun 8 1 azizasmed W asldiiudagyadansnaruatsas ALU
o ¥ o = o <4 ] @ P 19 <o o o oo
az Huihfiduamneadnatand uas yau szudrdeyafieghidaned W fiEaa
2
s < oA s ) 8 a ‘J [] =
wafWdla wanainil ALU szl fiFnieiudn Tewlefususianmeanegliiaa

waf W vidasaaimasinala g

oz ua T sunsy (Program memory)
v

wdasagNanTlsunsaiiiawin 512 3%a (1 1950 Hawra 12 Tm) du
ANTANANTNENBINAALATA LA LALIAG AAUAMEITRIANRITUNALAN (Micro-
. . ] L4 rd'd A‘ ] 1 or Qe :’/ eial
instruction) azgnALANinettullsunsANlinaTTNnRNA et weRlulEYnATIT
nan@Aadltlsunsn lunslfjiRniaeacuguilsunss. metngeuennsalnense
Tnedanuazn1ansdanuuduing annnsamnudamagauuazAnds SKIP, CALL, JUMP

<4 o d! 4 I'd &l =Y L | -}

wranratunanasdainaluanaslultisunsuimiiings wananiludndalaning 2

svau ialdnesanisdldsunsuteauuuiasaing (nesting)

lsunsaniiimes
] 13
TUsunsumnilimafazafruannsgauinauin 12 dadeldaauniie

mfawnawiw]‘luﬁwmu 2048 AuisifiuAtdaaslisunsy
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Flsnawefiusinuaresilsunsuaniinefuazaunaessuin@mal 2

Wsunsuanimefazdayndodu 1 fregluannefidn ludwanagn

1 ] t 2
FAod WsunsuipniimasaziuAsaslnadaluiRlunwsacAide vseliastii NAaNS

nnaengAsd aziilusaniuusAt AL lUsunsumntiines

AUAN

\iuAazauAn (Push/Pop) dayals A 2.3.4

FILE
ADDRESS

00
01
02
03
04
05
06
07
08
09
0A
oB
oC
oD
OE
OF

Filmszna PIC16CEX HawAnnwanfaud 2 svdu Jeanunsalddwiv

76543210
INDIRECT ADDR. CALL
RTCC RETLW109876543210 109876543210
{a10] a9 | a8 PC STACK 1 STACK 2
STATUS
FSR —
PORT A 76543210
PORTB l TRISA
PORTC TRISB 543210
-t 25 TRISC | _oPTION |
A 3
. d — Wuazsanvin
| — Fiouaefod
_‘iiumn'ﬂrlé durdy
Wil W
— = FROM PROGRAM
RSN — MEMORY
1in 6.5 908 FSR fhnim'ﬁnmmu{
b3y PICI6CST tinlu
3 01 10 11
y A y A 4
10
1
12
13
14
15 Feewnoflnd FiemodInd
1‘75 Wantalyl Wbl
18 dwmiugniy) (t'mt'fu PICI6CST
19 n'hﬂu )
1A
1B
18 (BANK 0) (BANK 1) (BANK 2) (BANK 3)
1E
1F 3F 5F 7F

7# 2.3.3 medamisaanuainieluaes PIC16CEX
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o . s 1 L4 :’z 4 ] -5 <
ARY CALL azsurttsunsuiandimafluaneidu (dWauanaul ) il

ALANTZAL 1 uazaufinaziy 1 azAuAndsufngzau 2 Tnednluei® dfinnsldanda
] :l/ ] ¢=J [-3 (-3 1 1 [} :l/ 'v -3 ]
CALL 3nndn 2 a3s Aniliiuluausinange 2 Avvindundanives)
aa I'e
TRALANTANIUS
FAAmaSIAzIAUAIADIUEMIATUINIIEY ALU ,401UZNNTTER wazAn

Lo ) ¥ o o ] [ -3 A ] 1 a5
Indanwaanuihdmiumitaauaniulilsunsufilugindn 512 (35a  (PIC16C5S,
PIC16C57)

findana/fatiu ua=iinfana/MgiNuLILAan
dnsianadluatfonaanuanisuan (ADDWF) uazitluanstin (borrow)

MNKANTAL (SUBWF) A44 RRF Was RLF Nuasaiiniifo dafanasuLRanasivin

ei ¥ Y o [ o ‘g 124 [ | Qac
nrdreinsang Wy datazldiduAdtinlunisauuuusas

finIndiaviuasinuansaniuznuansaind (10,PD)

dm TO (time out) Waz PD (power down) LiFaaimasanuzanunsnld
nesauiievdideulimdsitstudumananinlien wor devlansdn
Widen wdansduantuua SLEEP Tnelds wOT siemsTldan MCLR  mgnasafiis]

uasadndnIusvatnandliuniee

Twum T0 PD UL
INNATEW 1 1
finlndianviann WDT 0 X lifinasiaiin PD
Anda SLEEP 1 0
Anda CLR WDT 1 1

AT N 2.3.2 nsiuusAnda nsliayiuasiinuansgonuswanafail
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<la [

79415187 FSR

a7 04 azizandaamasinasilafaviiaann 32 fn fnlunsansds
uasnnsalnsdas {im 5-7 184 SFR azauldatinuman wazlnevialiazauanla
winfdu “1”

i laildnstnedelnaden Faames SFR dazamnmlfithiidawmaiqn
seasrviallaunn 5 Oin

alay I'd & o I3
TaALART WATABUNA/BIINA

ey I'd T a & < ' 1 4 k74

Fadwas wafmdunsiaiwmaunsadauuszandlinaalsinnsroun
gaelusunsumieuiuiaamasing atnelasfiay Adaa1u 1w MOVE PORTB W 1atl
snAazduannaaunnianying Ineliauladianiussinuualsifuandunaiaying
d a v aa ] d —] ° w - v
WaiGusmindaeTesivl wafaiamueasgninuuaiithitiuns (uaatuiunnuga)

uasARamasauna e viwmszgnidaAniy “17 Nevun

=y o [ g o [
nstusefiatiuwainuns/AYing
e & o } IR L2 “ <4 o
wasannwafnanirnasiauualidtacliidudunsviaenvine
dmiunmsliouiunedmaunn fygyrnacbignuandienld nrtleudygasunys
azfiasasagaunsegnenulneadetuymauaty  widwiumsldanuiunedaieni
:" ¥ 1191 1 < ' ] = < & 1
woiu  dayaargnuandienld uazashiimaulaaudaundiazina@ieudeyalsida
<l :’/ ° (¥ (3 t ] v [ ¥ y LY =
wanAf neinuuaneialusumiiasing  Widwewiwaasfiesdalidnrounuia
" (TRISA, TRISB, TRISC)HA WY “0” withsaenisliduanguns azdadniinaou

AN “1”

Faaumefldenrialy

fosh-f1th : Faamaflderuialy lumitamanuanuied o

£20h-f2fh : NENBININAZIVEATL fO0h-f0fh

£30h-3th ; FadimaflderunalulunitsAausuued 1

f40h-f4th : NNNENTNAZIMEIAURL f00h-fOfh

f50h-15th - FaatmasldenialulumineAua g 2
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- f60h-f6fh : NINEININATIUR BT F00h-fOfh

- f70h47fh : TRamaFlEanwin il T AN NR LA 3

aa ¢y o
TRALADTUUIN WAL

Fadmas W Working Register) Wausufuslanlefusuifgasludi
Aifaadtailefinuifaaiuayunianndeutinaniely
TRISA {hBaamesaunrdunmieninaduiinesn A On 03 winduilels
el ¥ranndasiumefmBunmnaiwaimunauA 4 i
TRISB hisdamafaumuduns/ievinsdmiunesn B
TRISC fhiFaamafauAnauna i inndmiuwesn C
TRamefruaduysiavisazgnivansaihidaames W il
nanAide RIS Tandn “1” ﬁ‘lﬁ‘lu’?aaLwai"muqmzﬁ'\‘lﬁm%uwm/tmﬁvgm il
ANUTATNFTUNIUG ﬁwﬁ'ﬁﬁﬂumﬁuﬂm wazAn “0” ﬁ‘ld‘lu‘%‘%amﬁmuam:ﬁq
Wadunmiewmaignidentunefmiudaonsihaieniyn Ramefivatasdou
Fatiafuauazazgnidalidu “1” vomadieayluaniasiidn
£33
anmdidrenafaanmsiisaileuin@esliundyl tlaurnaaan
“omid1Ai9n MCLR vifeifinannia WOT ifelnfianst Fazatluannsdaamuwinfian
MCLR fapsiiAnaaan “0” wisasa OST uaniv
§ia OST azuanfiwiuiiinn MCLR fldeednidu “1” luanmndidn
PIC16C5X axiianuizacil
- asadaawmeiasinasiasuduie
- IrBsnesRRunA/ARWIAYNI1Azag luanuzANEunuge Tagadiidnli

2341925 TRIS Aty “1"anus

Tsunsuaniimefazgnidinlidu “17 visuun

Fawefeelduazgnidalidy “1” ianua

#in WOT uazilfsinaiaesazgnimdes

3 DauuliFamesanusazidmtlu «“1” fiavua
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3.1 prussiBreassiasnanasszazinasuay i
o anunsnaruguginsalliiilaennels imaﬁé’muauﬁmfﬁiﬁzﬁﬁmu
o gaauauiuglnsalil innssinga ansamnmlRndaedlflaigenn
o gunsoauANnis Wa/dla gunsaflaenislalaense vise @wananiuae
aNN1IRaAN
o gunsollwindiinansesanty  Feafhgunsallwinilinssuasdy 220
Toas
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fayaddeann pC légnaaumuilaienieszaslng
TWsunsuiidtuiunsuaunneug PC @enldtisunsy Microsoft
Visual Basic for Windows wigrai@entulsunsuifie Viaval Basic fednflupanafinonti
ﬁz‘hﬁtyﬁtﬁimﬁmﬁ’umﬁﬂuu@wwam‘fuﬁﬁqmuuu Windows 14 Visual Basic
lsenaulilfian @WAU ( Engine) frassRnuiLazeiasiatogeanuunildenld
$e fmsuanmiheeinauiiaases Lta:ﬁa’ﬁﬁ’miﬂmmu Visdual Basic se4fun"sda
ansnrdediayanu Port aynsy {eRnsieiu Hardware ntuanlilandne
Tusunsuazgndsaiangd Tas luduneuusn azdendlsi Modem
AU Insdmsiail Modem tanemne sedtygyrumauiil 41 anunsnlnshauda
frauguiRanadnifaiiviiaadidasnis Tendle guUnsnilanemdala

A - v ] o
\Walinsadniudasu dasaasgndeinatainedwiildalanemiasian Modem &
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AuFIlunsdediayawiniu 2,400 bps dediagauiin Asynchronous
ledeya gnavliisgavefanaupniaziinisiudndeyaunsiaaay
N2 6 Chip Pic 16C56 1l Microcontroller Basic Stamp RsaagaudaslUsunsuiigey
Suudariudintly EEPROM tue4 93LC56 Tsunsuazsaiumidn Output meariu Port 1o
aunsaflitniisiangiu Port dufiaziiney
dwiuTdsunsnmuauannsodenuly 2 fnwos de
e renaunuilanilaieg Tasmnse
o fanilatiie e gunsnilwinlnedm i
nseenuuuganatgNsrarinatiuaalngdin endevannisnisiissdeyatinueie

18/ Insdniaed Modem luialadndiny

3:3.n17R8nuLIL
3.3 11sunga Visual Basic
Tisunss LDRC qna'anLLuumLﬁ@muquqﬂn?m‘“lﬂﬁﬁﬂaﬁﬂmwzﬂ:
Inagnuiisenniiu 2 49y
1. danTesnadansiassndns i (mstnsmnsie)
2. fauasiuReumnsRanA L
Lﬁfmj‘l-ﬁ'tﬁm‘[ﬂmmu LDRC uan Tsunsuasinistuannam daiy
douuamanaztindinglusunsaii UsingiagLiit 3.0 Tawagilsstsingadszunt 7 3und
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nanuullsunsuiazuany douaasnisinsiasenina iy 398
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lUsunsuazsaiunun e s AnyiLa 1 evne i 598 89n1s R AR & 397y
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Tsunsufiazuamnaresnisiinsedmnsalsviiali drgaretaneniclaidng uanadn

1 v
AnsialiliTsunsnazuanaAndn No Carrier AagUil 3.4 Asviugldsesinnnsfnsiedn
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ATINN

7171 3.4 uannanisnghifia wedaaUaramalidng

tinsiia TnAnsun iz iMadni 0 dsnguuasedliinmmig uavas

Hnsuananaiutinaafanf1d Connect 2400 fagilh 3.5
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panundlfiln MENU faziflunnsdelsiusunsuvandausasinlil
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1
S m'_a__i__lzﬂ
I
2 Ne ki
93LCS6 I
3ilm ORG pmfe—d
4o Vsg
1 18
$m= B\ S +
L2 »cpusy

Caum:
=
RESET 15 I
{’ 2 ‘fi‘J-—’— vss PBASIC 2
3
2

7
:
11}—"1_—3'}:|-

1

|
_“-J = 10 PORT

10

o
¥ ¥ g5 95 §

7171 3.10 UAAYI9AT Basic Stamp
isden’d /O Port 489 Basic Stamp lumsAauigNasasDriver MisaagjiugUnsad
IA#" 220 Vac



3.3.3 Tilsunsumnigy Basic Stamp

UAUSILAAIRNALTUARUANINI9NY

o
< LTHRU )"—

TaTUATI"A"

FAATYINL A
vigeli

Yes

l

&< output woniin
high




4—No

«——No

¢—No

<+——No

FAAMUYNY

vzt

FnAtanviariy

el

FrrR1Inaiu

vize lal

AR WA

e lad

Yes——p

o/p port 0 active low

Yes —p

o/p port 0 active high

Yes—p

o/p port o active low

Yes—p

ofp port 0 active high

\ 4
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¢«——No

¢——No

«—No

4+—No

@Aty
viva lad

o/p port 0 low

(EAAYIUHITU B
il

ofp port 0 high

v

(FAA1LTIriL
vizalai

olp port 0 low

h 4

E@Rrtduvianiy 8
el

o/p port 0 high
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ﬂ——No

l——No

[«—No

4—No

[hAANIwITL Rt

@EARI9 UL 3
vire i

o/p port 0 low

vizaly

ofp port 0 high

ofp port 0 low

ofp port 0 high
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ARIILANY

i———No
e la

—No

e lai

iRy '8

| I R

GrAInsinrTL
«—No

FAAIINAIY &

o/p port 0 low

o/p port 0 high

o/p port 0 low
#inelA 16 Bl

ofp port 0 high a§uniy
o/p port 0 low 9N
13wl
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ofp port 2 low
Fsld 15 Fundt

le——No

Tilsunsaazsadudn « A * anldsunsa Visual Basic ilefinnsdapnasn
1) Basic Stamp AzseFUANT 1 6 184 1O port waziAduilu “A” vidalidn
MflisasuAnlund 61 Basic Stamp azdaldl 1/0 port wamum Active High e
umsddagunsallninlsseiumdeneld

wdsaniutLisunssaznsesuAddllann Visual Bnaks Taeen uesi
fiavlalunnssefide 1,2,3,4.5,6,7.8,9,0,2,b,¢c.d,e,f,h
dnlsdnuslafiansianlibinannuted T

- findh “14 a7 O/P Port 7 0 Active Low vinlWigrinsndlwiiavinau

- &l “2% 91 O/P Port 1 0 Active Hight inwiguinsallviinluivineny

- Builu “3% 91 O/P Port # 1 Active Low Yigunsafinivinenu

- Guflu “4* 31 O/P Port 7 1 Active Hight sinWigunsalivifinlaivinann

- &l “5* 91 O/P Port 1 2 Active Low sinivigulnsnflwiiavinau

- Bl “6* 91 O/P Port 1 2 Active Hight i l¥iguinsallviinluivinau

- fiufhu “7% 91 O/P Port 71 3 Active Low ¥inlWigunsnflwivinau

- &uflu “8* 11 O/P Port 3 Active Hight ¥insfgrnsallvifinlaivinanu

- &uflu “9* a1 O/P Port 1 4 Active Low #Wiguinsaflwilvinan

- &uflus “0% 11 O/P Port 7 4 Active Hight vin'Wiguinsallwiilainau

- &uflu “a* 91 O/ Port 5 Active Low tlsgunsndlnitavinann

- &uflu “b* a1 O/P Port 71 5 Active Hight vinlgunsaflnfinlainems

- il “c* 91 O/P Port 7 6 Active Low i Iiguinsallnitnvinenu

- &uflu “d* 91 O/P Port A 6 Active Hight ¥inlWigunsallvfilaivinau
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- guflu “e 91 O/P Port # 0 Active Low Ael¥ifluiaan 15 Wit uazay
waeunduly Active High vinldigunsalindvinelulvue Timer a9 ns
vnandl47 15wl

- &l “f 97 O/P Port 7 6 Active Low ua High aduiuyng 1w
e 15 wii vinligunsadlwiavinam da / Ua adunn 1 Juii Waoean
15 w1#t awnsoeanuun I lEiuAsessatingls

- gy “h* 91 O/P Port 7 6 Active Low A1alifluingn 15 w7l uazas
wasunaul Active High AialWetnenilwfivineaululume Timer faaannis
¥aul7 15 999

fWardusiaamaan Wsunsuazaulysasuanlus

3.3.4 NUUAA Profile modem
(=3 o o ) v 1 o s,:’/ v °
nseenuuu gy 2 sie fudidaya semdnsriuldiiuassiasionis
4 ' 'y g -3 t 2 o o | L% - Q) ) nlt«
AUUAAN Initialization IeTtuANIANWUS Y wiantimeanilu 2 dou Aduneu
NSNS
tidenldlsunsn PROCOMM PLUS Faillulusunsndnagt dwiu
NsAARRRRAIININGIAEUNTH version M@eNldAa 1.4 sinumels Ms

DOS

(R)

Intuitive Commimications {fm).

. » PROCOMM PLUS - Version 1.1B «
. Copyright {C) 1987, 1988 DATASTORM TECHNOLUGIES INC.
Ail Rights Reserved
UNARUTHORIZED DUPLICHTIUN PROHIBITED

PRESS ANY KEY TO ENTER TERMINAL MODE

317 3.1 uanslilsuns PROCOMM PLUS version 1.1
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2. MAds ALT - s azdngnisiomuesisine @wenlu?  MODEM

OPTION uaznm ENTER

-‘HRIN HENU

DEW OPTION
HINAL-OPTIONS-
'.KtRE% GPlIﬂNS—

TLTRANSEER OPTIONS
1E/PHTH-QPTIONS
0LOR OPTIONS =
PROTOCOL OPTION
SRVE SETUP-0PTION

71 3.12 wasantinas PROCOMM PLUS SETUP UTILITY
3. Whnnde nehaaaes MENU OPTIONS @anlilii GENERAL OPTIONS

RESHL.

ORI ASSTGHNEN

717 3.13 wamantitas MENU OPTIONS
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4. Wadandaiiaell azuaneAfie 1eansiafedesnstes Tusulae

il annguisznenlyl e

- Initialization command - ANUUAA register e luluLAN

- Dialing command . fndannsinsevecliui

- Hangup command : ﬁwumﬁw&mmnq

- Auto answer command : ﬁﬁﬂumﬁ’\é%\iﬂﬂi[ﬂ'ﬂuﬁ

- Wait for connection - ANEIMTUNNINeANYID

- Pause between calls : ?:ﬂzmmmwﬁqﬁmmwmﬁﬁn@m

717 3.14 uansArsinerensfnsedeatsesianlaevioll



5. N luluAnsade vivesaagsiunteiiAssaliil

 PROCOWN PLUS SETUP UTILITV-—— >~ JoDpw OPTIONS-

B Initialization-comand - DENSI ARSI

é—»Diaii?m ;C(;maﬂdv :

dl U 44 = ” < o ]
UM 3.15 wanaA Initialization command 183 LANFRAS

6. nnvualiluifnsady vsasiagiuniaiiadaselyd

- PROCONM PLUS SETUP UTLLITY e e oPHONS |
- Titialsation comond 4
| B iaking s~

{=Disling comand sulfix . &
' D- Haﬁgqé ﬁdnn@*iai e

| E- fluto answer couniand-

| F- Hait for connection -.... M seconds .

Gr-iPau::e befween calirlrs".f...‘. seconds

X G 2 oo
717 3.16 uamvA" Initialization command wasTuLANFATY
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3.3.5 DRIVER CIRCUIT

‘l,umﬂ%ﬂuwim::wi'mw?ﬁﬁmﬁuiﬂﬁﬁﬁﬁq ( Digital circuit ) fL4agii
SusesinAger ( Power circuit ) Seadiagld ledilszim aenlalelaiawmes Afivend
wailuuuulasuen lumsdeusailerautlaensi luniseenuuy iwnienfledeal
Tnlatmianiues MOC3041 Triac Driver Output Tumsidensie wrafasidnsden
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nszuaiianpeniaamef  liTalaleavnellivintfiewialnsuenagluaniiz
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wapae i iilusinddmiuinnszuandy 220 Taad ( Bidirectional Switch ) Tng
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PIC16C5x Devices

PIC16C5x Pin-Outs

The following diagrams show the 18-pin and 28-pin PIC16C5x pin-outs:

PICCB4, -58, -58 PIC10CSSE, 87
WEI\IIODRAI RTCC [ 1 % 28 [1 MCLR
rallz 17 [JRao vad [ 2 273 osct
ml:: 1 [] osct mgs 26 [1 OSCACLKOUT
MCLR 4 15 I oscacikouT vss [ 4 2s[J Rez
ves (05 4[] vad wells 24[] RCE
oo 13 Re7 R s 23 Acs
7 12[nes Rt 7 221 Ace
Az (e 11 [JRes Rzl s 21 Ac2
reaQe 10 R84 R0 200 AC2
feo [} 10 1901 AC1
POw M0 n 18 ACo
CERDW® me2 [} 12 17 {1 r87
So1c g3 [ 13 16 (] B
red 14 15[ r8S
PP
CERTP
SO
Pin Function
RAO - RA3 1/O Port A
RBO - RB7 1/0 Port B
RCO - RC7 /O Port C (only on 28-pin PIC’s)
RTCC Real-time clock/counter input
MCLR Master clear (reset)
OSC1 Oscillator input
OSC2/CLKOUT  Oscillator output (OSC/4)
Vdd Power supply
Vss Ground
N/C No connection
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PIC16C5x Devices

PIC16C5x Microcontroliers

The table below shows the various PIC16C5x devices available:

UARY = iEiPROMN RAM iy SUPpPLY 0se
PIC16C54-RC/P No 512x 12 32x8 12 |3.00-825V| RC DC - 4 MHz
PICIECS4XTP | No | St2x12 | 3x8 | 12 |300-625v| XTAL | DC-4MHz
PIC16CS4-HSP No S512x 12 32x8 12 |450-550V | XTAL DC - 20 MHz
PIC16C54-LP/P No 512x12 32x8 12 |250-6825V | XTAL DC- 40 kHz
PIC16CS4/IW Yes 512x 12 32x8 12 |3.00-550V| RCXTAL | DC-20 MHz
PIC16CS5-RC/P No st2x12 | 32x8 | 20 |3.00-625v| RC DC - 4 MHz
PIC16CSS-XT/P No S512x 12 RXx8 20 |3.00-825V| XTAL DC -4 MHz
PIC18CS5-HSP No S12x 12 32x8 20 |450-550V| XTAL DC - 20 MHz
PIC16CS5-LPP No 512x 12 32 x8 20 |250-825V| XTAL DC - 40 kHz
PIC16CS5/JW Yes S12x 12 32x8 20 {3.00-550V]| RCXTAL | DC-20MHz
PIC16C56-RC/P No 1Kx 12 R2x8 12 | 3.00-625V| RC DC -4 MHz
PIC16CS6-XT/P No 1Kx12 32x8 12 |3.00-625V | XTAL DC - 4 MHz
PICIECS6HSP | No | fkx12 | @xB | 12 |450-ss0v| x7al | DC-20MHz
PIC16CS6-LP/P No 1Kx12 32x8 12 |250-6.25V | XTAL DC - 40 kHz
PIC16CS6/JW Yes 1Kx 12 32x8 12 }3.00-550V| RCXTAL | DC-20MHz
PIC16C57-RC/P No 2K x 12 80x8 20 |3.00-625V| RC DC-4 MHz
PIC16CS7-XT/P No 2Kx 12 80x8 20 |3.00-625V| XTAL DC -4 MHz
PIC16CS7-HS/P No 2Kx 12 80x8 20 |450-550V| XTAL DC - 20 MHz
PIC16CS7-LPP No 2K x 12 80x8 20 1250-625V| XTAL DC - 40 kHz
PIC16CS7/UW Yes 2Kx 12 80x8 20 [3.00-550V| RCXTAL | DC-20MHz
PICIGLCSBAOAP | No 2kx12 | 80x8 | 20 |250-825V| RCXTAL | DC-4MHz
PIC16CSBA-04/P No 2K x 12 80x8 20 |300-625V | XTAL DC - 4 MHz
PIC16CS8A-20/P No 2K x 12 80x8 20 }3.00-625V | XTAL DC - 20 MHz
\PK?‘IWM Yes 2K x 12 80x8 20 {3.00-625V| RCXTAL DC-mMHZJ
Peripheral Features

In addition to the obvious features shown above, the PIC’s have a
number of not-so-obvious features and qualities that are important:

« Fully static operation, allowing you to stop the oscillator and
then restart where you left off, with all registers intact. This is
useful in applications where power conservation is important.

¢ |ndividual VO pins are programmable as inputs or outputs.
Sink current: 25 mA per pin, 50 mA per port
Source current: 20 mA per pin, 40 mA per port

¢ 2-level hardware stack.
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PIC16C5x Devices

Peripheral Features (continued)

« Real-Time Clock/Counter (RTCC). The RTCC is an 8-bit counter,
which can be driven by the RTCC pin or by the PIC’s internal
instruction clock (OSC/4). If the external pin is used, the counter
can be set to increment on low-to-high or high-to-low transitions.

Normally, the RTCC is driven directly by either source. For
higher count values, though, the prescaler can be used to effec-
tively increase the RTCC to 16 bits.

The RTCC signal source and trigger edge are determined by bits
in the Option register (see next section for register descriptions).

See the Microchip PIC16C5x data sheet for details concerning
timing characteristics for the RTCC's external input.

* Watchdog Timer (WDT). When enabled, the watchdog timer is
used to reset the PIC if the program has “crashed.” Normally, a
CLR WDT instruction in the main loop of your program would
prevent the watchdog timer from ever timing out and resetting
the PIC. However, if the program was not executing properly, the
watchdog timer would reset the PIC.

The watchdog timer works from an internal oscillator, allowing
it to run even if the PIC's main oscillator has stopped. The
watchdog timer’s normal time-out period is 18 ms, but can be
increased to several seconds by using the post-scaler.

* Prescaler/Post-scaler. This 8-bit counter can be assigned to the
RTCC (as a prescaler) or the watchdog timer (as a post-scaler). For
simplicity, this counter is normally referred to as the “prescaler,”
even when it's used as a post-scaler.

When assigned to the RTCC, the prescaler is placed between the
RTCC and its clock source. The clock signal which would nor-
mally increment the RTCC, increments the prescaler. When the
prescaler overflows, the RTCC is incremented. Increment ratios
from 1:2 - 1:256 can be used, effectively giving you a 16-bit RTCC.

When assigned to the watchdog timer, the prescaler is placed
between the watchdog timer and the PIC’s reset circuit. The
watchdog timer signal which would normally reset the PIC,
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PIC16C5x Devices

Peripheral Features (continued)

increments the prescaler. When the prescaler overflows, the PIC
is reset. Delay ratios from 1:1 - 1:128 can be used, allowing the
watchdog period to be set from 18 ms to several seconds.

The prescaler setup is determined by bits in the Option register
(see the next section for register descriptions).

¢ Code-protect fuse. This is a special fuse that can be blown
during programming; once the fuse is blown, the PIC's EPROM
cannot be read.

* Power saving sleep mode. For applications where low power
consumption is important, the PIC has a sleep mode. This mode
is entered by executing a SLEEP instruction, which shuts down
the oscillator. I/0 pins maintain whatever state they had when
the sleep mode was entered.

To awaken the PIC from sleep mode, a reset must be performed,
either from the MCLR pin or from a watchdog timer time-out.

Once the PIC is running, the “PD"” and “TO” bits in the Status
register can be read to determine 1) if the PIC was powered up or
awakened from sleep, and 2) if the wake-up was caused by an
external reset or by the watchdog timer.

* Programmable oscillator type. The PIC can run with any of
four oscillator types, as shown below:

LP: Low power crystal (DC - 40 KHz)

RC: Resistor & capacitor  (DC -4 MHz, + 13-39 percent)
XT: Crystal or resonator (100 KHz - 4 MHz2)

HS: High speed crystal (4 -20 MHz)

The oscillator type is determined by two EPROM bits, which are
normally programmed at the factory. The RC and erasable PIC's,
however, can be user-programmed for any of the oscillator types.
Keep in mind, though, that RC-type PIC’s are only tested for use
with RC oscillators.
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PIC16C5x Devices

Internal Architecture

Internally, the PIC is based on a register file concept with separate
busses and memories for data and instructions (sometimes called
“Harvard architecture”). The data bus and memory (RAM) are 8-bits
wide, while the program bus and memory (EPROM) are 12-bits wide.
All PIC instructions and their operands fit into a single 12-bit word,
resulting in smaller code and faster execution. PIC programs are
typically 33-50 percent smaller than programs written for 8-bit proces-
sors. And most instructions execute in a single instruction cycle (4 clock
cycles); instructions. that affect the program counter take an extra
instruction cycle, for a total of 8 clock cycles. To further increase speed,
the PIC uses overlapping instruction fetch and execution cycles; while
one instruction is executed, the following instruction is being read from
program memory. Because of its efficiency, the PIC can deliver 5 MIPS
execution with a clock frequency of 20 MHz.

PIC16C5x Registers

The following table shows the various PIC16C5x registers; the function
of each register is described in the following pages.

Register  Function

00h Indirect addressing register
01h Real-time clock/counter (RTCC)
02h Program counter (PC)

- Stack registers (2)

03h Status register

04h File select register (FSR)
05h I/0 Port A

06h I/0OPort B

07h I/OPort C

- TRISA

- TRISB

- TRISC .

- W register

- Option register
08h - OFh General purpose registers
10h - 1IFh General purpose registers (4 banks in PIC16C57)
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PIC16C5x Devices

PIC16C5x Registers (continued)

Quick reference register map:

00h
01h
02h
03h
04h
05h
06h
07h
08h

OFh
10h

1Fh

BANK 0 BANK 1* BANK 2* BANK 3*
W register W register W register W register
Stack (2) Stack (2) Stack (2) Stack (2)
Option register | Option register | Option register | Option register
TRISA TRISA TRISA TRISA
TRISB TRISB TRISB TRISB
TRISC TRISC TRISC TRISC
Indirect addr. Indirect addr. Indirect addr. Indirect addr.
RTCC RTCC RTCC RTCC
PC PC PC PC
STATUS . STATUS STATUS STATUS
FSR FSR FSR FSR
PORT A PORT A PORT A PORT A
PORT B PORT B PORT B PORT B
PORT C PORT C PORT C PORT C
8
general reads/writes reads/writes reads/writes
purpose registers registers registers
registers 08h - OFh 08h - OFh 08h - OFh
(RAM)
30h 50h 70h
16 16 16 16
general general general general
purpose purpose purpose purpose
registers registers registers registers
(RAM) (RAM)* (RAM)* (RAM)*
3Fh 5Fh 7Fh
(00h - 1Fh) (20h - 3Fh)* (40h - 5Fh)* (60h - 7Fh)*

* Available on PIC16C57 only.
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PIC16C5x Devices

PIC16C5x Regism (continued)

The following text describes the function of each register. For some of
the registers, you'll notice the designation “xxh” following the register
name. This indicates the address of the register. Registers with no
address cannot be addressed directly.

¢ Indirect Addressing Register (00h). This register doesn't actu-
ally exist. Naming register 00h in an instruction causes the PIC to
read the register pointed to by register 04h (file select register). For
example, the instruction “ADD 00h, #05" will not add five to
register 00h; instead, it will add five to whatever register is pointed
toby the address in register 04h.

If register 00h itself is read through register 04h (04h contains
“00h”), 00h will be returned. If register 00h is written to through
register 04h, the PIC will execute a NOP.

* Real-Time Clock/Counter (01h: RTCC). This is the location of
the RTCC (see previous section for a description). Although its
contents may change in response to a clock signal, the RTCC
register may be read and written just as any other register.

¢ Program Counter (02h: PC). The program counter holds the
address for the instruction currently being executed. The pro-
gram counter and its associated two-level stack are 9-11 bits wide,
depending on the EPROM size of the PIC being used.

Certain instructions affect the program counter, as shown below:

GOTO (Microchip) and JMP (Parallax) load the lower 9 bits
of the program counter. In the PIC16C56 and '57, which have
more than 512 words of EPROM, the upper two bits of the
program counter are loaded with the page select bits from the
status register. The Parallax instruction set includes a conve-
nient instruction, LJIMP, which sets the page select bits before
executing the jump.

CALL loads the lower 8 bits of the program counter and
clears the ninth bit. The program counter + 1 is pushed into
the stack. In the '56 and '57, the upper two bits of the program
counter are loaded with the page select bits from the status
register. The Parallax instruction set includes LCALL, which
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PIC16C5x Devices

PIC16C5x Rogim (continued)

sets the page select bits before executing the jump.

RETLW (Microchip) and RETW (Parallax) load the program
counter with the address most recently pushed on the stack
by a CALL instruction.

Instructions which load a computed value into the program
counter, such as JMP PC+W, load the value into the lower 8
bits. The ninth bit of the program counter is cleared. In the
PIC16C56 and '57, the upper two bits of the program counter
\ are loaded with the page select bits from the status register.

It should be noted that because the ninth bit of the program
counter is cleared by CALL instructions and computed value
instructions (such as JMP PC+W), all subroutine calls and com-
puted jumps must have their destination in the first 256 locations
of any page (each page is 512 words).

As you may have noticed when reading the JMP and CALL
paragraphs above, the program counter may not be loaded as
expected when using a PIC with more than 512 words of EPROM.
This is because the upper two bits of the program counter are
loaded with the page select bits from the status register. If your
program continues into the second page of memory and executes
a JMP without having properly set the page select bits, execution
may jump to another page (probably not what you want). To
avoid this mistake, make sure to set the page select bits for the
correct page. Or, use the Parallax “long” instructions, which do
this for you (long instructions are LCALL, LJMP, and LSET).

¢ Stack. The stack is a pair of registers which are used for calling
and returning from subroutines. The stack is affected by two
instructions:

When a CALL is executed, the first stack register is copied
into the second register, then the program counter + 1 (the
return address) is loaded into the first register. The original
contents of the second register are lost. Finally, the program
counter is loaded with the subroutine address, at which point
execution continues.
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PIC16C5x Devices

PIC16C5x Registers (continued)

When aRETLW (Microchip) or RETW (Parallax) is executed,
the first stack register is copied into the program counter,
then the second register is copied into the first register.
Execution continues at the address loaded from the first stack
register.

¢ Status Register (03h). This register contains the status of the
PIC'’s arithmetic logic unit (ALU), the reset status, and the page
select bits for PIC’s with more than 512 words of EPROM.

The function of each bit in the status register is shown below:

Bit Function

0 Carry bit (C). Set if an addition or subtraction causes
an overflow from the most significant bit of the
resultant (bit 7). Subtraction is included because it's
executed by adding the two’s complement.

Also used by rotate instructions, which rotate the
contents of a register and copy the low or high order
bit of the register into the carry bit.

1 Digit carry bit (DC). Set if an addition or subtraction
causes an overflow from the 4th low order bit (bit 3).
Digit carry indicates that more than one hex digit (4
bits) was necessary to accomodate the result.

2 Zero bit (Z). Set if the result of an arithmetic or logic
operation is zero.

3 Power-down bit (PD). Set during power-up or by a
CLR WDT (clear watchdog) instruction. Cleared by
a SLEEP instruction.

4 Time-out bit (TO). Set during power-up, by CLR
WDT, or by SLEEP. Cleared by a watchdog time-out.

5-6 Page select bits (PA0O, PA1). In the 54 and '55, these
are unused. In the '56, bit 5 selects program page 0 or
1 (bit 6 is unused). In the '57, both bits select page 0,
1, 2, or 3. Each page is 512 words long.
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PIC16C5x Devices

PIC16C5x Registers (continued)

Bit Function
7 Unused bit (PA2). Reserved by Microchip for future

use.

The following table shows how various events affect the
power-down and time-out bits:

Event PD TO
Power-up 1 1
Watchdog time-out X 0
SLEEP instruction 0 1
CLR WDT instruction 1 1

Lastly, this table shows the status of the power-down and
time-out bits after a reset:

Cause of Reset PD TO

Watchdog time-out (not during sleep) 1 0
Watchdog time-out (during sleep) 0 0
External reset (not during sleep) X X
External reset (during sleep) 0 1
Normal power-up 1 1

e File Select Register (04h: FSR). This register serves a dual
purpose: it selects the register for indirect addressing, and it
selects the current register bank in the PIC16C57.

In all PIC16C5x devices, bits 0-4 select one of 32 registers in the
current bank (only the '57 has more than one bank).

In the PIC16C57, bits 5-6 select one of four register banks. Each
bank has 32 registers. However, reading or writing the lower 16
registers inany bank will access registers 00h - 0Fh (bank 0). Only
the upper 16 registers in each bank are unique. This results in one
bank of 32 registers, plus three banks of 16 registers, for a total of
80 registers.
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PIC16C5x Devices

PIC16C5x Rogisurs (continued)

bank 0. For instance, to load register 30h with #A5h, you would
execute the following instructions:

MOV 04h,#00100000b ;Select bank 1

MOV 10h, #A5h ;Load register 10h in
:sbank 1 (register 30h)
;with #AS5h

e I/O Port A (05h: RA or Port A). 4-bit I/O port. This register is
used to read and write I/0O Port A. This register can be read and
written just as any other register. However, read instructions
always read the 1/0 pins, regardless of whether the pins are
programmed as inputs or outputs.

The upper 4 bits are unused and read as 0’s.
* /O Port B (06h: RB or Port B). 8-bit I/0 port.

¢ I/O Port C (07h: RC or Port C). 8-bit I/O port, only available on
28-pin PIC’s. On 18-pin PIC’s, this register can be used for storage.

* TRISA (TRI-State A). This is the data direction register for Port
A. Bits in this register which are set to “1” cause the correspond-
ing bits in Port A to become inputs (the pins go into high
impendence mode, allowing them to be driven by an external
source). Bits which are cleared to “0” cause the corresponding
bits in Port A to become outputs.

The data direction registers are not directly addressable; to
change their contents, you can use either of these instructions:

TRIS port fr (Microchip) Copies W into
the data direction register
for port_fr, where port_fris
05h-07h.

MOV !port_fr,#literal (Parallax) Copiesliteralinto
the data direction register
for port_fr, where port_fris
05h-07h.

Page 20 * PIC16Cxx Applications Handbook 1.1 « Parallax, Inc. * (916) 624-8333



PIC16C5x Devices

PIC16C5x Registers (continued)

* TRISB. Data direction register for Port B.
¢ TRISC. Data direction register for Port C.

¢ W (working register). The W register holds the second operand in
two-operand instructions and is used in internal data transfer;
much like the “accumulator” in other processors.

¢ OptionRegister. This register defines the prescaler ratio, prescaler
assignment, RTCC trigger edge, and RTCC signal source. The
function of each bit in the option register is shown below:

Bit Function

0-2 . Prescaler ratio. These 3 bits determine the prescaler
input-to-output ratio. When using the prescaler with
the RTCC, the seven possible ratios are 1:2, 1:4, 1:8,
1:16, 1:32, 1:64, 1:128, 1:256. When using the prescaler
with the watchdog timer, the ratios are 1:1, 1:2, 1:4,
1:8, 1:16, 1:32, 1:64, 1:128.

For example, let's say that the prescaler is assigned to
the watchdog timer. To increase the watchdog time-
out period to 64 times its normal length, the prescaler
ratio would be set to 110b; this yields a watchdog
period of approx. 1 second (64 x 18 ms).

3 . Prescaler assignment. This bit determines whether
the prescaler is assigned to the RTCC (“0”) or to the
watchdog timer (“17).

4 ARTCC trigger edge. This bit determines whether
= - the RTCC increments on a low-to-high (“0”) or high-
to-low (“1”) transition on the RTCC pin.

5 : R'f_CC signal source. This bit determines whether
" the RTCC is driven by the PIC’s internal instruction
clock (“0”) or by the RTCC pin (“17).

+ General purpose registers. These registers may be used by
'your program for storage of variables, data, etc.
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Stamp Applications no. 1 (March '95):

New Column Puts the Spotlight on

BASIC Stamp Projects,

First Look at the New BS1-IC Stamp-on-

WELCOME to the first installment of Stamp
Applications, a forum for users of BASIC Stamp
single-board computers. Every month we'll
introduce new ideas in hardware and software
for the Stamp, answer questions, and keep up
with news about the Stamp and related
products.

To kick things off, let's look at the newest
member of the Stamp product line, the BS1-IC,
also known as “Stamp on a SIP.” SIP stands for
single-inline package, and it describes the
diminuitive new Stamp’s printed-circuit board
design. The entire Stamp circuit plugs right into

Hints, and Tips

a-SIP, by Scott Edwards

a 14-pin SIP socket. This makes it easier to
breadboard with the Stamp, or to incorporate it
into your own circuit designs.

Figure 1 shows the layout and important
dimensions of the BS1-IC. I elected to sketch the
unit rather than photograph it because its small
size makes it a real challenge to get a decent
picture.

The BS1-IC has four advantages over the
regular, full-sized Stamp. The first is size. The
BS1-IC is small enough to be treated as a
component that can be integrated into ultra-
small designs.
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Figure 1. The new BSI-IC.
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Stamp Applications no. 1 (March '95):

New Column Puts the Spotlight on
BASIC Stamp Projects, Hints, and Tips

First Look at the New BS1-1C Stamp-on-a-SIP, by Scott Edwards

WELCOME to the first installment of Stamp
Applications, a forum for users of BASIC Stamp
single-board computers. Every month we'll
introduce new ideas in hardware and software
for the Stamp, answer questions, and keep up
with news about the Stamp and related
products.

To kick things off, let's look at the newest
member of the Stamp product line, the BS1-IC,
also known as “Stamp on a SIP.” SIP stands for
single-inline package, and it describes the
diminuitive new Stamp’s printed-circuit board
design. The entire Stamp circuit plugs right into

a 14-pin SIP socket. This makes it easier to
breadboard with the Stamp, or to incorporate it
into your own circuit designs.

Figure 1 shows the layout and important
dimensions of the BS1-IC. I elected to sketch the
unit rather than phetograph it because its small
size makes it a real challenge to get a decent
picture. .

The BS1-IC has four advantages over the
regular, full-sized Stamp. The first is size. The
BS1-IC is small enough to be treated as a
component that can be integrated into ultra-
small designs.

93LC56
vo e serial
. EEPROM

regulator

reset
circuit

PC Parallel Port
(programming cable) i
25 i

1 -
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Figure 1. The new BS1-IC.
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The second advantage is price. At $29, the
BS1-IC has everything the original $39 Stamp
had, except for the battery clips and prototyping
area. If your power supply is something other
than a 9V battery, you won't miss the clips. And
if you're not a fan of wire-wrapping (I detest it!
Crocheting for engineers!), you'd prebably never
use the grid-of-holes proto area anyway. The
BS1-IC plugs right into socket-type proto
boards, like the ones sold by Radio Shack and
Jameco, allowing rapid circuit testing. If you
want to add the clips and proto grid later, you
can buy a “carrier board” for $10 to turn the
BS1-IC in a normal-form-factor Stamp.

The third, least tangible benefit of the
component-style package is professional appear-
ance. You can integrate a factory-assembled and
tested Stamp into a product without having a
messy jumble of printed circuit boards under the
hood. Put the BS1-IC right on the circuit board
with your application-specific components.

The fourth advantage over the original Stamp
design is not very glamorous, but nonetheless
important: The BS1-IC has a reset input that’s

accessible to your circuitry. You can add a
button between reset and ground. This allows
you to reset a runaway program to the
beginning. You can also treat the reset
connection as an output, using it to reset other
logic in your circuit.

In my first application for the BS1-IC, I wasn't
too worried about looking good. I just wanted to
reduce the jumble of jumper wires that was
accumulating as I interfaced Stamps to different
projects and test jigs around the shop. My
Stamp Stretchers and LCD Serial Backpacks
both borrow power from the Stamp and use a
standard connector layout: +5V, ground, serial
data. I decided to make a bunch of three-wire
jumpers with female header sockets at each end.
I then designed my own carrier board with
eight, three-conductor male headers--one for
each input/output pin.

Figure 2 shows the resulting board layout. I
present it not as a finished product, but as an
example of how simply you can turn Parallax’
newest Stamp into Scott's Stamp or Mary's
Stamp or Acme Industries’ Stamp.

BS1-IC
Socket for pullup/

/pulldown resistors

= ¢ 3-conductor header
o oe| |/ tomatch Stretcher,
lesal ~/ LCD Backpack
aon/ | .

= oa
&%}

[0060006660|

Programming
connector

Power input
(7 to 15 Vdc)

Figure 2. Example of a simple, homemade carrier board for the BSI-IC.
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That wraps up this month’s installment of
Stamp Applications. Future columns will dig
into Stamp hardware and software issues,
generally presenting at least one schematic and
one program listing each month. Initially, I'll
take the topics from Parallax’s technical support
folks and the online venues where the Stamp is
discussed. But I'd be grateful for your
suggestions and questions. Contact me at:

Scott Edwards Electronics

964 Cactus Wren Lane

Sierra Vista, AZ 85635

phone: 602-459-4802; fax 602-459-0623
Internet: 72037.26 12@compuserve.com
Compuserve: 72037,2612



Stamp Applications no. 2 (April '95):
Thermometer-on-a-Chip

Simplifies Temperature Measurement

Using the DS1620, by Scott Edwards

DESIGNING a temperature-measurement appli-
cation for the BASIC Stamp is a lot like voting;
you end up selecting the lesser of three evils,
shown in figure 1. Cost, calibration, or teo many
components make these solutions less than
ideal.

Now, there’s a fourth candidate. It's the Dallas
Semiconductor DS1620 digital thermometer/
thermostat chip, shown in figure 2. The DS1620

measures temperature in units of 0.5 degrees
Centigrade from -55° to +125° C. The DS1620 is
calibrated at the factory for exceptional accur-
acy: $0.5° C from 0 to +70° C, which, is the
Stamp's operating temperature range.

(For fans of the familiar Fahrenheit scale,
those °C temperatures convert to: range, -67° to
+257° F; resolution, 0.9° F; accuracy, £0.9° F
from 32° to 158° F.)

3-wire
interface
inear, voltage-made O__1 | Program:
temperature sensor Am BASIC Wmt:&e:rhl
fprotacol for ADC;
precision valtage Converter i3 93 conversion of data
reference ) to temperature
Traditional Method: Requires several extemal components and three 1O fines
(latle or no calibration needed)
1-wire
interface
Voltage-to- ? P:grd-m
P measurement;
finear, voltage-mods Fi BASIC
t t Mmg Stamp wwshnmo?dmco

Timing Method: Requires extemal components and one O fine

(slight callbration needed)
1-wire
precision thermistar @— | Program: Pot routine to
BASIC measure rasistance;
Stamp finearization and
T conversion of data to
= temp:

Conzo Minimalist Method: Requires thermistor, capacitor and one 1O line
{must be cafibrated to work properly)

Figure 1. Three methods for measuring temperature with the Stamp.
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The chip makes its temperature data available
as a 9-bit number conveyed over a three-wire
serial interface. The DS1620 can be set to
operate continuously, taking one temperature
measurement per second, or intermittently,
conserving power by measuring only when told
to.
The DS1620 can also operate as a standalene
thermostat. A temporary connection to a Stamp
or other controller establishes the mode of
operation and high/low-temperature setpoints.
Thereafter, the chip independently controls
three outputs: T(high), which gees active at
temperatures above the high-temperature
setpoint; T(low), active at temperatures below
the low setpoint; and T(com), which goes active
at temperatures above the high setpoint, and
stays active until the temperature drops below
the low setpoint.

Let’s concentrate on applications using the
DS1620 as a Stamp peripheral, as shown in the
listing. Later, we'll talk about adapting the code
for configuring it as a thermostat.

Using the DS1620 requires sending a
command (what Dallas Semi calls a “protocol”)
to the chip, then listening for a response (if
applicable). The code under “DS1620 1/0
Subroutines” in the listing shows how this is
done. In a typical temperature-measurement
application, the program will set the DS1620 to
thermometer mode, configure it for continuous
conversions, and tell it to start. Thereafter, all
the program must do is request a temperature
reading, then shift it in, as shown in the listing’s
Again loop.

Stamp Pins w*
pin2 —waaA—1]
pin{ —{
pin0 —

DO—Data inputioutput

CUK—Ciook for ahifting data infout (active-iow conversion start in thenmostet/
1.ghot moda)

HET—Heset; high activates chip, low disables it

GND—Ground connection

VOD-—-Supply veliegs; +4.5 to 6.5 Vdo

T{(hi}—in thermostat mode, outpuls & 1 when temp is ebove high setpoint
T(lo)—in themnestat mode, oulpuis a 1 when temp ia below low aetpeint
T{eotn)—in thennostat mode, cutputs a 1 when temp exceeds high setpoint
and remsins high untii temp dropa below tow astpoint

Figure 2. DS1620 pinout and connection.

The DS1620 delivers temperature data in a
nine-bit, tweo's complement format, shown in the
table. Each unit represents 0.5° C, so a reading
of 50 translates to +25°C. Negative values are
expressed as two's complement numbers. In
two's complement, values with a 1 in their
leftmost bit position are negative. The leftmost
bit is often called the sign bit, since a 1 means -
and a 0 means +.

To convert a negative two’s complement value
to a positive number, you must invert it and add
1. If you want to display this value, remember to
put a minus sign in front of it.

Rather than mess with two's complement
negative numbers, the program converts
DS1620 data to an absolute scale called DSabs,
with a range of 0 to 360 units of 0.5° C each. The
Stamp can perform calculations in this all-
positive system, then readily convert the results
for display in °C or °F, as shown in the listing.

Going Further. Once you have configured
the DS1620, you don't have to reconfigure it
unless you want to change a setting. The
DS1620 stores its configuration in EEPROM
(electrically erasable, programmable read-only
memory), which retains data even with the
power off. In memory-tight Stamp applications,
you might want to run the full program once for
configuration, then strip out the configuration
stuff to make more room for your final
application.

If you want to use the DS1620 in its role as a
standalone thermostat, the Stamp can help
here, too. The listing includes protocols for
putting the DS1620 into thermostat (NoCPU)
mode, and for reading and writing the
temperature setpoints. You could write a Stamp
program to accept temperature data serially,
convert it to nine-bit, two's complement format,
then write it to the DS1620 configuration
register. An example program that does this is
available from the source listed below.

Be aware of the DS1620's drive limitations in
thermostat mode; it sources just 1 mA and sinks
4 mA. This isn't nearly enough to drive a relay—
it's barely enough to light an LED. You'll want
to buffer this output with a Darlington
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Nine-Bit Format for DS1620 Temperature Data

-T -DS1620 Data-
F € Binary Hexadecimal Decimal
+257 +125 011111010 OOFA 250
+77 +25 000110010 0032 50
+32.9 +0.5 0 00000001 0001 1
+32 0 0 00000000 0000 0
+31.1 0.5 111111111 O1FF 511
-13 -25 111001110 01CE 462
67 -55 110010010 0192 402

Example conversion of a negative temperature:
-25°C = 1 11001110 in binary. The 1 in the leftmost bit indicates that this is a negative number.
Invert the lower eight bits and add 1: 11001110 -> 00110001 + 1 = 00110010 = 50. Units are
0.5°C, so divide by 2. Converted result is -25°C.

or MOSFET switch in serious applications.

For Your Convenience
Dallas Semiconductor offers data and samples

of the DS1620 at reasonable cost. Call them at
214-450-0448 or contact your distributor. For a
capy of the program listing (plus a thermostat
programming example and PIC assembly

language source code) on disk, a sample
DS1620, and DS1620 documentation, you may
order the DS1620 App Kit from Scott Edwards
Electronics, 964 Cactus Wren Lane, Sierra
Vista, AZ 85635; phone, 520-459-4802; fax 520-
459-0623. Price is $20 postpaid. Visa,
Mastercard, American Express, checks, and
qualified purchase orders accepted.
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' Program Listing For Interfacing To DS1620 Digital Thermometer
' Program: DS1620.BAS

' This program interfaces the DS1620 Digital Thermometer to the
* BASIC Stamp. Input and output subroutines can be combined to
' set the '1620 for thermometer or thermostat operation, read

' or write nonvolatile temperature setpoints and configuration
' data.

' Define Pins and Variables

SYMBOL DQp = pin2 * Data I/0 pin.

SYMBOL DQn = 2 ‘* Data I/0 pin _number_.

SYMBOL CLKn = 1 ' Clock pin number.

SYMBOL: RSTn = 0 ' Reset pin number.

SYMBOL DSout = w0 ' Use bit-addressable byte for DS1620 output.
SYMBOL DSin = w0 ¢ . - - word * . input.
SYMBOL clocks = b2 * Counter for clock pulses.

' Define DS1620 Constants
' >>> Constants for configuring the DS1620

SYMBOL Rconfig = $AC ' Protocol for 'Read Configuration.'

SYMBOL Wconfig = $0C ' Protocol for 'Write Configuration.'

SYMBOL CPU = %10 ' Config bit: serial thermometer mode.

SYMBOL NoCPU = %00 ‘* Config bit: standalone thermostat mode.

SYMBOL OneShot = %01 ' Config bit: one conversion per start request.
SYMBOL Cont = %00 ' Config bit: continuous conversions after start.
' >>> Constants for serial thermometer applications.

SYMBOL StartC = $EE ¢ Protocol for 'Start Conversion.'®

SYMBOL: StopC = $22 ! Protocol for 'Stop Conversion.'

SYMBOL Rtemp = $AA ' Protocol for 'Read Temperature.'

' >>> Constants for programming thermostat functions.

SYMBOL RhiT = $Al ! Protocol for 'Read High-Temperature Setting.'
SYMBOL WhiT = $01 ' Protocol for ‘'Write High-Temperature Setting.'
SYMBOL RloT = $A2 ' Protocol for 'Read Low-Temperature Setting.'
SYMBOL WloT = $02 ' Protocol for 'Write Low-Temperature Setting.'

¢ Begin Program
' Start by setting initial conditions of I/0 lines.

low RSTn ' Deactivate the DS1620 for now.
high CLKn ' Initially high as shown in DS specs.
pause 100 * Wait a bit for things to settle down.

' Now configure the DS1620 for thermometer operation. The

* configuration register is nonvolatile EEPROM. You only need to

* configure the DS1620 once. It will retain those configuration

' settings until you change them--even with power removed. To

' conserve Stamp program memory, you can preconfigure the DS1620,
' then remove the configuration code from your final program.

* (You'll still need to issue a start-conversion command, though.)

let DSout=Wconfig * Put write-config command into output byte.
gosub Shout ' And send it to the DS1620.

let DSout=CPU+Cont ' Configure as thermometer, continuous conversion.
gosub Shout ' Send to DS1620.

low RSTn * Deactivate '1620.

Pause 50 * Wait 50ms for EEPROM programming cycle.

let DSout=StartC ! Now, start the conversions by

gosub Shout ' sending the start protocol to DS1620.

low RSTn ' Deactivate '1620.
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‘ The loop below continuocusly reads the latest temperature data from

' the DS1620. The ‘1620 performs one temperature conversion per second.
' If you read it more frequently than that, you'll get the result

' of the most recent conversion. The '1620 data is a 9-bit number

' in units of 0.5 deg. C. See the ConverTemp subroutine below.

Again:
pause 1000 ' Wait 1 second for conversion to finish.
let DSout=Rtemp ' Send the read-temperature opcode.
gosub Shout
gosub Shin ' Get the data.
low RSTn ' Deactivate the DS1620.
gosub ConverTemp ' Convert the temperature reading to absolute.
gosub DisplayF ' Display in degrees F.
gosub DisplayC ' Display in degrees C.

goto Again

DS1620 I/0 Subroutines

' Subroutine: Shout

' shift bits out to the DS1620. Sends the lower 8 bits stored in

' DSout (w0). Note that Shout activates the DS1620, since all trans-
' actions begin with the Stamp sending a protocol (command). It does
' not deactivate the DS1620, though, since many transactions either
' send additional data, or receive data after the initial protocol.
' Note that Shout destroys the contents of DSout in the process of

* ghifting it. If you need to save this value, copy it to another

' register.
Shout:
high RSTn * Activate DS1620.
output DOn ' Set to output to send data to DS1620.
for clocks = 1 to 8 ' Send 8 data bits.
low CLKn ' Data is valid on rising edge of clock.
let DQp = bit0 ' Set up the data bit.
high CLKn ' Raise clock.
let DSout=DSout/2 ¢ shift next data bit into position.
next ' If less than 8 bits sent, loop.
return ‘' Else return.

* Subroutine: Shin

' Sshift bits in from the DS1620. Reads 9 bits into the lsbs of DSin

t (w0). Shin is written to get 9 bits because the DS1620's temperature

' readings are 9 bits long. If you use Shin to read the configuration

' register, just ignore the 9th bit. Note that DSin overlaps with DSout.
* If you need to save the value shifted in, copy it to another register
' before the next Shout.

Shin:
input DOQn ' Get ready for input from DQ.
for clocks = 1 to 9 ' Receive 9 data bits.
let DSin = DSin/2 ' Shift input right.
low CLKn ) ' DQ is valid after falling edge of clock.
let bit8 = DQp ' Get the data bit.
high CLKn ' Raise the clock.
next ' If less than 9 bits received, loop.
return ' Else return.
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y Data Conversion/Display Subroutines
' Subroutine: ConverTemp

' The DS1620 has a range of -55 to +125 degrees C in increments of 1/2

' degree. It's awkward to work with negative numbers in the Stamp's

* positive-integer math, so I've made up a temperature scale called

' DSabs (DS1620 absolute scale) that ranges from 0 (-55 C) to 360 (+125 C).
* Internally, your program can do its math in DSabs, then convert to

' degrees F or C for display.

ConverTemp: .
if bit8 = 0 then skip * If temp > 0 skip "sign extension®" procedure.
let w0 = w0 | $FEO0O ' Make bits 9 through 15 all 1s to make a
' 16-bit two's complement number.
skip:
let w0 = w0 + 110 ‘* Add 110 to reading and return.
return

' Subroutine: DisplayF
' Convert the temperature in DSabs to degrees F and display on the
' PC screen using debug.

DisplayF:
let wl = w0*9/10 ' Convert to degrees F relative to -67.
if wl < 67 then subzF ' Handle negative numbers.

let wl = wl-67
Debug #wl, * F",cr

return
subzF:
let wl = 67-wl ! Calculate degrees below 0.
Debug °"-",#wl,*®* F",cr ! Display with minus sign.
return

' Subroutine: DisplayC
* Convert the temperature in DSabs to degrees C and display on the
' PC screen using debug.

DisplayC:
let wl = w0/2 ! Convert to degrees C relative to -55.
if wl < 55 then subzC ' Handle negative numbers.

let wl = wl-55
Debug #wl, " C",cr

return
subzC:
let wl = 55-wl ' Calculate degrees below 0.
Debug "-*,#wl," C®,cr ' Display with minus sign.
return
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Adapt a Keypad for Pro-Quality Data Entry;
Included Software Lets Stamp “"Type"” on a PC

Hacking a Commercial Keypad, by Scott Edwards

THIS month's applications make an off-the-shelf
numeric keypad for PCs do double duty; first as
a serial data-entry terminal for the Stamp, then
as a sneaky software method of getting Stamp
data into your favorite PC applications, like
spreadsheets and word processors.

I've wanted te manufacture a Stamp-
compatible keypad, but the cost of starting from
scratch is daunting. A decent keypad requires
good switches and a sturdy enclosure, both of
which are very expensive in the small quantities
that the Stamp aftermarket might use. There
are occasional surplus bargains, but there’s also
the risk that the supply will dry up on the very

day that Ultra-Mega Industries Inc. places a big
order.

I recently found an accessory keypad for
laptop computers—an ORTEK MCK-18S/N,
made in Taiwan. It communicates with and is
powered by a PC’s serial port. Included software
redirects data from the keypad to the keyboard
buffer, so that it functions just like keys on the
standard keyboard. The pad has 18 buttons,
consisting of the numbers 0 through 9, decimal
point, Escape, Num Lock, Enter, and the math
operators (/, *, -, 4). The keys are quality Alps
switches with standard PC-style keycaps. The
unit is enclosed in a nice flat-black case.

Figure 1. Connecting the serial keypad to the Stamp for data entry requires
Just one 1/0 pin plus a few microamps from the Stamp’s power supply.
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At $49 (see the source list), the keypad isn't
cheap, but it's not unreasonably expensive
either. So I bought one and proceeded to hack it.
Here's what I found:

The heart of the keypad circuitry is a PIC
micrecontroller, just like the Stamp's own
processor. This one runs at a leisurely 38.4 kHz;
less than 1/100th the speed of a Stamp. This
limits current draw to the 10s of microamps. It
also helps the keypad meet FCC limits on radio
interference.

When you press one of the pad’s keys, its PIC
sends a one-byte code (generally a lower-case
letter) to the PC via an AT-style DB-9 serial
connector. The serial data is sent at 1200 baud,
with no parity, 8 data bits, and 1 stop bit (N81).
If you hold down a key, the PIC waits a moment,
then transmits a string of the same one-byte key
code in rapid-fire fashion to simulate the
“typeamatic” response of the standard keyboard.
When you release a key, the PIC sends a
different one-byte code (generally the upper-case
version of the key-down code). Table 1
summarizes the codes.

Table 1. Key Codes Used

by Unmodified ORTEK Keypad
Key-Down  Key-Up

Key (ASCI) (ASCH)
1 ! (96) @ (64)
2 a(97) A (65)
3 b (28) B (66)
4 €(99) cn
5 d (100) D (68)
6 e (101) E (69)
7 f(102) F (70)
8 g(103) G(71)
9 h (104) H(72)
Esc i(105) 1(73)

/ j (106) J(74)

* k (107) K (75)

- 1(108) L (76)
+ m (109) M (77)
. (point) n (110) N (78)
0 (zero) o (111) 0(79)
Enter t(116) T(84)
Num Lock y(121) Y (89)

From an electrical standpoint, the keypad is
wired to derive power from and send signals to
the PC serial port. Its interface generates
bipolarity RS-232 signals from the stolen port
output voltages. However, the pad will work just
fine with a single-ended 5-volt supply, like that
of the Stamp. See table 2 for connections.

Table 2. ORTEK Keypad Wiring

DB-9 Color PC Function Stamp
2 orange receive data serial in
3 yellow transmit data ground
6 white DSR handshake +5 volts
5 black ground ground

Armed with nothing more than the
information above, you could make use of the
ORTEK keypad for Stamp data entry. Figure 1
shows the hookup, while listing 1 demonstrates
how to make sense of the data. However,
I couldn’t leave well enough alone.

PC Keypad + PIC Program = “Stamp Pad”

The SERIN command can convert strings of
ASCII text like “123" into equivalent numbers
without the additional programming effort of
listing 1. If only the keypad generated terminal-
style output...

Instead of wishing, I picked up a soldering
iron and removed the keypad's PIC controller. I |
probed the remaining keypad circuitry and
determined the following:

» Like most keypads, this one is wired as a
matrix of row and column connections. When a
key is pressed, it shorts one row to one column.
The processor looks up the row and column
coordinates of the short in a table stored in
ROM to translate it to a key code.

» The pad’s column connections go to the four
bits of PIC port RA, which are configured as
inputs. (On the Stamp, RA is used to
communicate with the PC and manage the
EEPROM. It isn't accessible to the user.) When
no key is pressed, all bits of RA are pulled high
(reading 1s) by four resistors.

* The pad addresses the row connections with
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the outputs of a 74HCT138 eight-channel
multiplexer. This chip accepts a three-bit
address from the lower bits of PIC port RB, and
outputs a low on one of its eight outputs.
Another bit of RB is used to activate and
deactivate the ‘138. Bit RB.7 serves as the serial
output. The remaining three bits of RB are
unused.

Based on these observations, I coded a
replacement PIC in assembly language. Thanks
to the clever design of the hardware, this was
extremely easy to do. Most of the effort went
into preparing tables that unscrambled the
row/column coordinate system of the pad, which
was apparently designed to permit an
inexpensive, one-sided circuit-board layout.

In addition to changing the data format with
my new program, I added a hardware feature; a
key-acknowledgment beeper. If an inexpensive
piezo beeper is connected between pin RB.4 of
the PIC and circuit ground, the beeper will
make a short “bink” sound to acknowledge each
key press. For applications that lack a display to
confirm the numbers being entered, this is a
tremendous help.

The modified keypad acts like a micro
terminal that transmits one ASCII character
per keypress (as shown in table 3). The
characters correspond to the Stamp’s internal
table of the ASCII character set. That is, the
following line of Stamp code will respond to the
code sent by pressing the **” key:

IF theKey = “** THEN Asterisk

My keypad PIC program has a strict debounce
function that requires keys to be pressed and
released in a deliberate manner. Speed isn't
compromised, as long as users don't roll from
one key to the other. The first key has to be
released before the next will register.

You can make your own Stamp Pad. Figure 2
shows details of the modification. To use the
modified pad, connect it to the Stamp as shown
in listing 1, then use Serin to collect the data. If,
for instance, you want a 16-bit number to be
stored to variable w1, use:

SERIN 0,N1200, #W1

Table 3. Key Codes for “Stamp Pad”

Transmitted Text
(ASCH value)
1(49)

2(50)

3 (51)

4 (52)

5(53)

6(54)

7 (55)

8 (56)

9(57)

Esc <ESC> (27)

/ 1(47)

5 * (42)

- - (45)

+ +(43)

- (point) - (46)

0 (zero) 0 (48)

Enter <RETURN> (13)
Num Lock  <SPACE> (32)

CDONQOIAODM-*E

The # symbol before the variable name tells
the Stamp to interpret up to five keystrokes as a
number ranging from 0 to 65,535 (the range of a
16-bit number). The user must press Enter or
any other non-numeric key to finish the entry. If
you just want to know which key was pressed,
use a byte variable without the #:

SERIN 0,N1200,B2

After the instruction executes, B2 will contain
the ASCII value of the key pressed, as shown in
table 3. If you have used SERIN before to accept
data from a PC or ether computer, this stuff is
old hat by now.

You can obtain the Stamp Pad PIC from me,
either by buying it outright, or by obtaining the
source code free with purchase of my PIC Source
Book. This is a collection of assembly language
routines for the PIC that mimic the functions of
the BASIC Stamp, helping users to move their
programs into faster, more efficient PIC
hardware. See the source box at the end of this
column.
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: Carefully desolder and remove the

B » original PIC from the board. Replace
. with the custom “Stamp Pad” PIC,
using a socket if desired.

Install a piezo beeper (Radio Shack no.
273-074) for a “bink” response to each
keypress. Attach hookup wire close to the
body of the beeper, then trim excess lead
length. Glue the beeper in place.

circuit ground (~) as shown.

Connect the beeper wires to
pin 10 of the PIC (+) and

Beeper + lead.

Figure 2. Details of the Stamp Pad modification.

But Wait, There’'s More!

There's an expression about sausage makers
using “every part of the pig except the squeal.”
In that spirit, I couldn’t ignore the software that
came with the keypad. It redirects codes from
the serial port to the keypad buffer, allowing
you to use numeric input from the pad in any
DOS or Windows application.

It occurred to me that if the Stamp were
programmed to mimic the key codes, and the
keypad software were installed, then the Stamp
could “type” data at the keyboard. Think about
it--Stamp-collected data magically appears in
your spreadsheet, database, or word processor
document. No fumbling with terminal software
or file transfers.

There are general-purpose software utilities
and hardware devices sold for this very purpose,
with prices from $100 to $500. They accept any
kind of serial input, not just numbers. But if
numbers are all you need, check out listing 2. To
use the program, install the keypad software
according to the instructions that come with the
pad. Temporarily disable the keypad driver by
typing “KEYPAD OFF" at the DOS prompt.
Connect a Stamp programmed with listing 2 as

shown in table 4, but don't connect power to the
Stamp yet. Next, turn on the keypad driver by
typing “KEYPAD" at the DOS prompt.

Table 4. Stamp-to-PC Connections

for Listing 2
Pin DB9 DB25
pin 0 2 3
GND 5 7

You're ready to go. For a test drive, boot the
BASIC Stamp host program STAMP.EXE, but
don’t load a program. Reconnect power to the
Stamp. A column of numbers will be typed onto
the screen. That's the Stamp, communicating
with your keyboard buffer through the keypad
software. Now you can write data-acquisition
programs for the Stamp that can communicate
directly with any piece of PC software you own!

By the way, the reason for the somewhat
roundabout setup procedure above is to avoid
trashing your work. When I wrote the program
in listing 2, I already had the keypad driver
resident in my PC’s memory, and the Stamp
connected to the serial port. As soon as I ran the
program, it began typing into my just-finished
Stamp program listing. I had to quickly
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disconnect the Stamp, and erase all of the
numbers it had added to the listing.

Conclusion

If you're interested in other keypad solutions
for the Stamp, make sure to get Parallax
application note no. 3, which shows how te
connect a 74C922 16-key pad and an LCD to the
Stamp. Looking for an interesting application
for our serial keypad? Try Parallax application
note no. 6, a stepper-motor driver that can be
controlled directly from the Stamp Pad.

Sources

The ORTEK keypad is available from Jameco
(part no. 114841) for $49.95, plus applicable
shipping and handling charges. To order or
request a catalog: Jameco Electronic Com-
ponents, 1355 Shoreway Drive, Belmont, CA
94002-4100; phone 1-800-831-4242 or 415-592-
8097.

The Stamp Pad PIC required to modify the
keypad is $10 postpaid from Scott Edwards
Electronics. Source code for the Stamp Pad PIC
is free with purchase of The PIC Source Book, a
cookbook of assembly language PIC routines
based on the instruction set of the BASIC
Stamp. Prototype your ideas with the Stamp,
then convert them into fast, professional, one-
chip solutions with the help of the cut-and-paste
routines from the Source Book. Price is $39
postpaid. Order from Scott Edwards Electronics,
964 Cactus Wren Lane, Sierra Vista, AZ 85635;
phone 520-459-4802; fax 520-459-0623. Use Visa
or Mastercard for phone/fax orders; checks,
money orders, or POs from approved insti-
tutions also accepted. CODs and foreign orders
incur additienal charges.

For more information on the BASIC Stamp,
contact Parallax Inc., 3805 Atherton Road no.
102, Rocklin, CA 95765; phone 916-624-8333;
fax 916-624-8003; BBS 916-624-7101.
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! Ligting 1: OR_KEYS.BAS (interpret ORTEK MCK-188/N keypad codes)

' This program accepts serial data from the ORTEK MCK-18S/N numeric
* keypad and converts it into a 16-bit wvalue in variable wl. Users
* must be careful not to hold keys down, or they will activate the
' pad's autorepeat function, causing entry errors.

' Main program loop.

Loop:

gosub GetKeys ' Getkeys does all the work.

debug wl ' Show the result on the PC screen.
goto Loop * Do it forever.

! Subroutine to receive the serial data, filter out extraneous key-up
' codes, and convert received data bytes to a 16-bit value. GetKeys

' will keep accepting and interpreting digits until the user presses
' a non-numeric key, like <Enter>. The routine takes advantage of the
' fact that the key c¢odes for the numbers 1-9 are sequential;

' subtracting 95 from them leaves you with the number itself.

' Although0 (zero) is out of sequence, an additional IF/THEN

' statement recognizes its code (“o").

GetKeys:
let wl = 0 ' Clear wl to start.
Again:
Serin 0,N1200,b0 ' Get code from the keypad.
if bitS = 0 then Again ' Bit5 is 0 in key-up codes; ignore em.
if B0 <> "o" then skip ' Change 0 code from "o" (111) to 95.
let bQ = 95
skip:
if b0 > 104 then done ' Non-numeric key pressed; we're done.
let b0 = b0 - 95 ' Otherwise convert to 0-9, multiply
let wl = wi * 10 + b0 ' old total by 10, add new value, and
goto Again * get the next digit.
done:
return ! Done: return to main program.



Stamp Applications no. 3, May 1985

' Listing 2: FAKE PAD.BAS (imitate the ORTEK keypad codes)

' This program mimics the codes produced by the ORTEK keypad,

* allowing a PC running the ORTEK software to receive Stamp data

' to its keyboard buffer. The Stamp "types®" directly into programs
' that are incapable of normal serial input. To demonstrate this

' capability, the Stamp will count upward by 1 and type the result
¢ of each calculation to the PC. Remember that the keypad software
* must be installed on the PC for this to work. Before running

* this program, make sure that this program is saved, since the

' Stamp may begin typing numbers into it, if the keypad software

* is active.

SYMBOL nonZero = bit0 ' Leading-zero suppression flag.
SYMBOL code = bl ' Key code to send.

SYMBOL: decade = w2 ¢ Power-of-10 divisor for conversion.
SYMBOL count = w3 ' Counter for demo.

' Main program loop.

Loop:

let wl = count ' Transfer value of copy to wl.
gosub typeData ' "Type" the data to PC.

pause 100 ' Wait briefly

let count = count + 1 ' Increment counter.
goto Loop * Do it forever.

' Subroutine to convert the value stored in wl to ORTEK keypad codes.

typeData:
let nonZero = 0 * Clear flag that indicates first non-0 digit.
let decade = 10000 * Start with highest digit of wl.
nextDigit:
let code = wl/decade ! Get value of current digit.
let wl = wl//decade ' Leave remainder in wil.
if code=0 AND nonZero=0 AND decade <> 1 then skip3 ' No leading Os.

if code=0 then skipl
let nonZero = 1

goto skip2

skipl:
let code = 16 ' Code for 0, minus 95.

skip2:
let code = code + 95
serout 0,N1200, (code) ' Send key-down code of digit.
let bitl3 = 0 ' Clear bit5 of bl (bitl3) for key-up code.
serout 0,N1200, (code) ' Send key-up code.

skip3:
let decade = decade/10 ' Get ready for next lower digit
if decade > 0 then nextDigit
serout 0,N1200, (“tT") ' Done. Send <Enter> key.

return
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High-Precision Measurement Made Easy
With New 12-bit Analog-to-Digital Converter

Using the LTC1298, by Scott Edwards

MANY popular applications for the Stamp
include analog measurement, either using the
built-in Pot (resistance measurement) command
or an external analog-to-digital converter (ADC).
These measurements are limited to eight-bit
resolution, meaning that a 5-volt full-scale
measurement would be broken into units of
5/256 = 19.5 millivolts (mV).

That sounds pretty good until you apply it to a
real-world sensor. Take the LM34 and LM35
temperature sensors as an example. They
output a voltage proportional to the ambient
temperature in degrees Fahrenheit (LM34) or
Centigrade (LM35). A 1l-degree change in
temperature causes a 10-mV change in the
sensor’s output voltage. An eight-bit conversion

Variable Voftage
Source for Demo

EL
- 0-5Vin
pot

Sk
ipa

pin 0
L

gives lousy 2-degree resolution. By reducing the
ADC's range, or amplifying the sensor signal,
you can improve resolution at the expense of
more components and a less-general design.

The easy way out is to switch to an ADC with
10- or 12-bit resolution. Until recently, that
hasn't been a decision to make lightly, since
more bits = more bucks. However, the new
LTC1298 12-bit ADC is reasonably priced at less
than $10, and gives your Stamp projects two
channels of 1.22-millivolt resolution data. It's
available in a Stamp-friendly 8-pin DIP, and
draws about 250 microamps (uA) of current.

The figure shows how to connect the LTC1298
to the Stamp, and the listing supplies the
necessary driver code.

pn2 pint

Connections to BASIC Stamp VO pins

Pinout and connection details for the LTC1298.



Stamp Applications no. 4, June 1995

If you have used other synchronous serial
devices with the Stamp, such as EEPROMs,
other ADCs or the DS1620 thermometer
described in a previous column, there are no
surprises here. We have tied the LTC1298's data
input and output together to take advantage of
the Stamp's ability to switch data directions on
the fly. The resistor limits the current flowing
between the Stamp 1/O pin and the 1298’s data
output in case a programming error or other
fault causes a “bus conflict.” This happens when
both pins are in output mode and in opposite
states (1 vs. 0). Without the resistor, such a
conflict would cause large currents to flow
between pins, possibly damaging the Stamp
and/or ADC.

You may have noticed that the LTC1298 has
no voltage-reference (Vref) pin. The voltage
reference is what an ADC compares its analog
input voltage to. When the analog voltage is
equal to the reference voltage, the ADC outputs
its maximum measurement value; 4095 in this
case. Smaller input voltages result in
proportionally smaller output values. For
example, an input of 1/10th the reference
voltage would produce an output value of 409.

The LTC1298's voltage reference is internally
connected to the power supply at pin 8. This
means that a full-scale reading of 4095 will
occur when the input voltage is equal to the
power-supply voltage, nominally 5 volts. Notice
the weasel word “nominally,” meaning “in hame
only.” The actual voltage at the +5-volt rail of
the full-size (pre-BS1-IC) Stamp with the
LM2936 regulater can be 4.9 to 5.1 volts
initially, and can vary by 30 mV.

In some applications you’'ll need a calibration
step to compensate for the supply voltage.
Suppase the LTC1298 is looking at a source of
2.00 volts. If the supply is 4.90 velts, the
LTC1298 will measure (2.00/4.90) * 4095 =
1671. If the supply is at the other extreme, 5.10
volts, the LTC1298 will measure (2.00/5.10) *
4095 = 1606.

How about that 30-millivelt deviation in
regulator performance, which cannot be

alibrated away? If calibration makes it seem as
Hough the LTC1298 is getting a 5.000-volt
bhte nce, a 30-millivolt variation means that

the voltage would vary 15 millivelts high or low.
Using the 2.00-volt example, the LTC1298
measurements can range from (2.00/4.985) *
4095 = 1643 to (2.00/5.015) * 4095 = 1633.

The bottom line is that the measurements you
make with the LTC1298 will be only as good as
the stability of your +5-volt supply.

I suppose the reason for leaving off a separate
voltage-reference pin was to make room for the
chip’s second analog input. The LTC1298 can
treat its two inputs as either separate ADC
channels, or as a single, differential channel. A
differential ADC is one that measures the
voltage difference between its inputs, rather
than the voltage between one input and ground.

A final feature of the LTC1298 is the sample-
and-hold capability. At the instant your
program requests data, the ADC grabs and
stores the input voltage level in an internal
capacitor. It measures this stored voltage, not
the actual input voltage.

By measuring this voltage snapshot, the
LTC1298 avoids the errors that can occur when
an ADC tries to measure a changing voltage.
Without going into the gory details, most
common ADCs are successive approximation
types. That means that they zero in on a voltage
measurement by comparing a guess to the
actual voltage, then determining whether the
actual is higher or lower. They formulate a new
guess and try again. This game becomes very
difficult if the voltage is constantly changing!

ADCs that aren’t equipped with sample-and-
hold circuitry should not be used to measure
noisy or fast-changing voltages. The LTC1298
has no such restriction.

The program listing is thoroughly commented,
so I won't waste ink by repeating that stuff here.
Instead, I want discuss a subtlety that trips up
many Stamp users: the difference between an
I/0 pin number and a pin variable.

Look at the beginning of the listing, under
ADC Interface Pins. We've assigned names
(SYMBOLSs) to each of the pins that the Stamp
uses to talk to the LTC1298. CSis 0, CLK is 1,
and DJIO (data in/out) is 2. DIO actually has twe
SYMBOLs: DIO_n (2) and DIO_p (pin2). Why?

PBASIC refers to the I/O pins in one of two
ways; as numbers (0 through 7) or as bit
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variables with preassigned names (pin0Q through
pin7). The following commands use pin
numbers:
High, Low, Toggle, Input, Output, Reverse,
Pot, Pulsin, Pulsout, PWM, Serin, Serout, Sound
Take High for example. The following are

valid PBASIC commands:
High 3 ' Make pin 3 output high.
High b2 ' Make the pin number {0-7)
' contained in b2 output high.
High bit7 ' Make pin 0 high if bit7 = 0;

' make pin 1 high if bit7 = 1.

You can specify the pin as either a constant like
“3" or as a variable like b2 or bit7.

On the other hand, the math and logic
instructions leok at the pins as bit variables
with a value of 0 or 1. Suppose pin 1 is set up as
an input, and the following instruction executes:

Let b2 = b2 + pinl ' Add pin 1 to b2.

If there's a 0 at pin 1, 0 is added to b2. If there's
al at pin 1, 1 is added to b2. This example
points out why we sometimes refer to pins by
their numbers, and sometimes by their variable
names. Would the following instruction have the
same result as the one above?

Let b2 = b2 + 1 * Add 1 to b2.

Nope. We have to make the distinction
between I and pinl.

Back to the question I originally posed: Why
assign two SYMBOLs for the DIO pin? The

reason is that this pin is used with High, which
requires a pin number, and also with a Let
expression, which requires a variable name. The
listing's convention for this is to add the ending
“_n" for the number and “_p” for the pin-variable
name.

The common bug that arises from the two
ways of referring to pins looks like this:

High pin3 ' Usually a bug!

The programmer believes that he or she is
making pin 3 output high. PBASIC interprets
this line to mean, “if pin3 = 0 then make pin Q
high; if pin3 = 1 then make pin 1 high.”
Probably not what the prograrnmer had in mind.

Conclusion. The LTC1298 is a Stamp-
friendly peripheral for precision sensing
applications. It's available from Digi-Key (800-
344-4539) for $8.89 in single quantity as part
number LTC1298CN8-ND (8-pin DIP) or
LTC1298CS8-ND (surface-mount). Be sure to
request a data sheet or order the data book
(9210B-ND, $9.95) when you order,

For a copy of the program listing (plus a
thermostat programming example and PIC
assembly language source code) on disk, a
sample LTC1298, and LTC1298documentation,
you may order the LTC1298App Kit from Scott
Edwards Electronics, 964 Cactus Wren Lane,
Sierra Vista, AZ 85635; phone, 520-459-4802;
fax 520-459-0623. Price is $25 postpaid. Visa,
Mastercard, American Express, checks, and
qualified purchase orders accepted.
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' Program: L¥C1298 (1L2C1298 analog-to-digital converter)

' The LTC1298 is a 12-bit, two-channel ADC. Its high resolution, low

! supply current, low cost, and built-in sample/hold feature make it a

' great companion for the Stamp in sensor and data-logging applications,
* With its 12-bit resolution, the LTC1298 can measure tiny changes in

* input voltage; 1.22 millivolts (5-volt reference/4096).

' ADC Interface Pins

L3 o e St it s iy St S i e e e e —

‘ The 1298 uses a four-pin interface, consisting of chip-select, clock,

' data input, and data output. In this application, we tie the data lines
' together with a 1k resistor and connect the Stamp pin designated DIO

! to the data-in side of the resistor. The resistor limits the current

¢ flowing between DIO and the 1298's data out in case a programming error
' or other fault causes a "bus conflict." This happens when both pins are
‘ in output mode and in opposite states (1 vs 0). Without the resistor,

* such a conflict would cause large currents to flow between pins,

' possibly damaging the Stamp and/or ADC.

SYMBOL €S = 0 ‘* Chip select; 0 = active.

SYMBOL CIK =1 * Clock to ADC; out on rising, in on falling edge.
SYMBOL, DIO.n = 2 ' Pin _number_ of data input/output.

SYMBOL DIO_p = pin2 ' Variable name_ of data input/output.

SYMBOL  ADbits = bl ' Counter variable for serial bit reception.
SYMBOL. AD = wl * 12-bit ADC conversion result.

' ADC Setup Bits

* The 1298 has two modes. As a single-ended ADC, it measures the

' voltage at one of its inputs with respect to ground. As a differential
' ADC, it measures the difference in voltage between the two inputs.

! The sglDif bit determines the mode; 1 = single-ended, 0 = differential.
' When the 1298 is single-ended, the oddSign bit selects the active input
' channel; 0 = channel 0 {(pin 2), 1 = chamnel 1 (pin 3).

' When the 1298 is differential, the oddSigm bit selects the polarity

' between the two inputs; 0 = channel 0 is +, 1 = channel 1 is +.

' The msbf bit determines whether clock cycles _after_ the 12 data bits

' have been sent will send 0s (msbf = 1) or a least-significant-bit-first
' copy of the data (msbf = 0). This program doesn't continue clocking after
' the data has been obtained, so this bit doesn't matter.

‘ You probably won't need to change the basic mode (single/differential)
' or the format of the post-data bits while the program is running, so

' these are assigned as constants. You probably will want to be able to

' change channels, so oddSign (the channel selector) is a bit variable.
SYMBOL  sglDif = 1 * Single-ended, two-channel mode.

SYMBOL msbf = 1 ' Qutput 0s after data transfer is complete.
SYMBOL  oddsign = bit0 ' Program writes channel # to this bit.
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Demo Program

' This program demonstrates the LTC1298 by alternately sampling the two
' input channels and presenting the results on the PC screen using Debug.

high Cs ' Deactivate the ADC to begin.
Again: ' Main loop.
For oddSign = 0 to 1 ' Toggle between input channels.
gosub Convert ' Get data from ADC.
debug “ch *,#0ddSign,*:",#AD,cr ' Show the data on PC screen.
pause 500 ' Wait a half second.
next ' Change input channels.
goto Again ' Endless loop.

¢ ADC Subroutine

' Here's where the conversion occurs. The Stamp first sends the setup
' bits to the 1298, then clocks in one null bit (a dummy bit that always
' reads 0) followed by the conversion data.

Convert:
low CLK * Low clock--output on rising edge.
high DIO_n ' Switch DIO to output high (start bit).
low CS ' Activate the 1298.
pulsout CLK,5 ' Send start bit.
let DIO_p = sglDif ' First setup bit.
pulsout CLK,5 ' Send bit.
let DIO_p = oddSign ' Second setup bit.
pulsout CLK,5 ' Send bit.
let DIO_p = msbf ' Final setup bit.
pulsout CLK,5 ' Send bit.
input DIO_n ' Get ready for input from DIO.
let AD = 0 ' Clear old ADC result.

for ADbits = 1 to 13 ' Get null bit + 12 data bits.
let AD = AD*24DIO p ' Shift AD left, add new data bit.

pulsout CLK,5 ! Clock next data bit in.
next ' Get next data bit.
high CS ' Turn off the ADC
return ' Return to program.
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Checking Battery Condition
and Multiplexing I/O Lines

Two Mini Applications, by Scott Edwards

THIS month'’s first application was contributed
by Guy Marsden of ART TEC, Qakland,
California. Guy, a former visual effects
specialist for the movies (Star Trek the Motion
Picture, Ghostbusters, 2010) makes his living
helping artists incorporate electronics into their
work. One such work was powered by 12-volt
lead-acid battery, and Guy devised a simple,
effective way for the Stamp te monitor the
battery and sound an alarm at charging time.

Figure 1 and listing 1 show Guy's method.
He'’s using the brightness of the LED as a
relative indication of battery voltage. The Stamp
reads this brightness as a variable resistance
across the photocell. When the photocell
resistance exceeds a preset limit, the Stamp
sounds an alarm.

To Stamp
Pin0

12-voit battery

Figure 1. Battery-monitor setup.

Although Guy used a commercially made
optoisolator, you should get similar results with
a roll-your-own version. Just mount an LED

facing a photocell and cover the assembly to
block outside light.

This approach can be used more generally to
convert a variable voltage into a form that can
be read with the Pot command. Just keep a
couple of LED characteristics in mind:

* LEDs have a relatively high forward voltage
of approximately 1.5 to 2.1 volts. They don't
light at all if the input voltage is below their
forward voltage. They require a series resistor to
make sure that the current through them is
reasonable (usually up to 25 mA continuous). To
calculate the value of this resistor, use the

following formula:
Series Resistor = (Input Voltage-LED
Forward Voltage) / LED current

For example, suppose your input is 9 volts.
Just guessing, you figure the LED forward
voltage at 1.9 volts. And you decide that 10
milliamperes is a safe bet for current.
(Remember that most electronic formulas
invelving current want the value in amperes; 10
mA = 0.01 amperes.) The series resistor should
be (9-1.9)/0.01 = 710 ohms. Pick the closest
standard value (or the closest value that you
have on hand) and you're done.

* An LED's forward voltage decreases with
temperature, increasing the current that will
pass through it with a given series resistance.
More current usually means more light output,
but brightness decreases with temperature. To
make matters worse, data isn't available for
most common LEDs. Even when data is
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Figure 2. Four Stamp pins read eight pots through a 4051 analog multiplexer.

available, it doesn’t usually provide much detail
on these effects.

So I'm wondering: Is Guy's circuit usable
across a wide range of temperatures, or is it
restricted to the great indoors? I started tp set
up an experiment to find out, then decided that
a contest would be more fun.

Here’s the deal: Design and construct a Stamp
project to test the output of Guy’s circuit over a
range of at least 32 to 90 degrees F with a
steady input voltage. (Temperature control can
be as simple as an ice bucket in which the ice is
allowed to melt) Send me a drawing of the
circuit, the BASIC program listing, a brief
description of your procedure, and a copy of the
data generated by it. I'll accept entries until
October 31, 1995.

The reader who submits the best entry (my
call) will recelve the newest version of the LCD
Serial Backpack display with 16x1 LCD. This
latest model features switchable 2400- or 9600-
baud operation, low-voltage reset circuit,
improved contrast control, and an easy-to-read
16-character display. All runners-up will receive
a coupon good for 10 percent off anything I sell;
see the Sources box.

Double Your 1/O

The next application is for those of you who
can never have enough input/output (I/O) lines.
Although I'm demonstrating it with the Pot
command, the same method will work with
almost any Stamp input or eutput statment.

Take a look at figure 2 and listing 2. It's based
around a 4051 multiplexer/demultiplexer chip.
This device works like a digitally controlled
rotary switch, shown conceptually in figure 3.
Depending on the binary number on its control
bits, the chip connects one of eight J/Os to a
single common pin. This connection is analog
and bidirectional, so you can use it for input,
autput, or both. The Pot command is a good
example of both, since it switches back and forth
between input and output as it measures the
time required to discharge a capacitor through
an unknown resistance.

vor
1roe
vos o)
120Q N\
common

T inhisit
confrolfnes (1 = open)

Figure 3. The 4051 multiplexer works Ilike a
digitally controlled rotary switch. The three
control bits select I/0 0 (000 binary)

through 7 (111 binary).

For an investment of four pins—three control
bits and one common—you receive a dividend of
eight J/Os. Better than Wall Street most days.

There are a few limitations to this trick. The
first is evident if you try the pot demonstration.
You can never quite get a reading of zero; the
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lowest the readings will go is about 8. This is
because the 4051’s electronic rotary switch isn't
perfect--it has a resistance of approximately 120
chms.

A second limitation is that inputs to the 4051
must never exceed 0.5 volts above the supply
voltage or below ground. This means that the
4051 can't be used to directly receive RS-232
serial signals through a series resistor as the
Stamp'’s I/O pins can.

The last restriction is common to both the
4051 and the Stamp, so it really isn't much of a
limitation: Current through the 4051 should
never exceed 25 mA.

If you like the 4051, but still need more /O,
try the 4067. It provides 16 1/Os for five Stamp
pins. Check your favorite data book (such as the

CMOS Cookbook by Don Lancaster) for details.

Sources

Enter the LCD Serial Backpack contest and
win a new LCD display for your Stamp projects
(a $40 value) or 10 percent off Stamp accessories
and microcontroller projects seen here in Nuts &
Volts. Entries (or questions, suggestions,
requests) to: Scott Edwards Electronics, 964
Cactus Wren Lane, Sierra Vista, AZ 85635;
phone 520-459-4802; fax 520-459-0623; e-mail
(Compuserve) at 72037,2612; or via Internet
72037.2612@compuserve.com.

For more information on the BASIC Stamp,
contact Parallax Inc., 3805 Atherton Road no.
102, Rocklin, CA 95765; phone 916-624-8333;
fax 916-624-8003; BBS 916-624-7101.

Listing 1. BASIC Stamp Battery Monitor
CHEAP AND SIMPLE LOW BATTERY WARNING
Guy Marsden, March 1995. tekart@well.com

' Uses a Cds opto coupler with LED input such as: CLM6000.

* Put a 33 or 47K resistor across cell and a .luF cap to gnd.

* Use a high value resistor in series with the LED wired directly
' to the battery. I used 100k for a 12volt system. This value is
‘ enough to produce a resistance of 20k at nominal battery voltage.

When the voltage drops, the Cds resistance increases. By setting
the SCALE of the POT function under a low battery condition, you
will then have a range to work with. Determine your setpoint
using a variable bench supply and a DVM.

symbol Batt = b2
symbol LoBatt = 220

CheckBatt:

pot 0,76,Batt

if Batt > LoBatt Alarm
goto CheckBatt

' check battery voltage
' if less than established value

Alarm:
sound 1,100,100
pause 100

goto Alarm

‘ beep piezo alarm
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b2 !
b3 !

SYMBOL pot_sel
SYMBOL pot_val

Let dirs = %0111 !
Again:
for pot_sel = 0 to 7 !
let pins = pot_sel '
pot 3,150,pot_val '

Listing 2. Multiplexing Stamp I/0 Lines

Program: MULTIPOT.BAS (Multiple pots using a 4051 multiplexer)
This program demonstrates how to connect and measure multiple
pots using a 4051 multiplexer chip. The 4051's control inputs
(11,10,9) connect to Stamp pins 0, 1, and 2 respectively.

The common I/0 pin (3) of the 4051 goes to Stamp pin 3.

By writing a value between 0 and 7 to its pins, the Stamp can
select one of eight variable-resistance inputs through the
4051. See the schematic for details.

Pot number 0-7 selected through 4051.
Result of the pot measurement.

Make the lower 3 pins outputs to drive 4051.
For each of the eight pots:

Write pot number to the 4051,
Perform pot measurement on selected pot.

debug "pot #*,fpot_sel," *,#pot_val,cr ' Display result.

next pot_sel
pause 2000 ¢
debug cr '
goto Again s

Read the next pot.

Wait two seconds.

Insert a carriage return on screen.
Do it again (endless loop).
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Silicon Steroids for the Stamp
Help Your Projects Heft Big Loads

Using Switching Trasistors, by Scott Edwards

ONE of the outstanding characteristics of the
PIC microcontroller used in the BASIC Stamp is
fts ability to directly drive loads like LEDs
through its input/output pins. The Stamp can
source (conduct to +5) up to 20 mA and sink
(conduct to ground) up to 25 mA. Total current
sourced or sunk by all eight pins should not
exceed 40 or 50 mA, respectively.

Now Tl grant that 25 mA doesn't sound like a
lot of current. But shop around. Qther
microcontrollers make a big deal out of having a
few “high-current” pins capable of sourcing 2
mA and sinking 10.

OK, so the Stamp is a muscle-bound brute by
micrecontroller standards. It still gets sand
kicked in its face by applications that need to
drive motors, incandescent bulbs, relays,

Stamp pin

Bsss  Losd

Trensistor REB Curromt
2N2222 3900 fimA

ZTX6898 3000 11mA 2A
ZTX805 33k 1mA 1A

100 mA

solenoids, etc. In today’s column we're going to
pump up the Stamp to new levels of power.

Let's start with the basic transistor switch. To
keep matters simple, we will limit our
discussion to current-sink capablility—-switching
current to ground.

The tools for the job are simple and easy to
abtain; a resistor and an NPN transistor. Figure
1 shows the capabilities of a common 2N2222, a
high-gain transistor, and a low-power
Darlington transistor. ,

In figure 1, you can think of the collector (C)
and emitter (E) of the transistor as forming a
switch to ground. Current at the base turns the
switch on. If Stamp pin 0 were connected to this
circuit, the instruction High 0 would turn on
current to the load; Low 0 would turn it off.

o5V Common
12V osv High-gain
100V 18V Darfington

Figure 1. Simple one-transistor switch boosts the Stamp’s current-switching capability.



Stamp Applications na. 6, August 1985

S e ek T B

ULN2803

Nt ———oi — OUT1
1 1.

N2 —— our2
2 { w

NG ————] ouT3
s *

NG —— OUT4
. t ®

ING ——— OouTs
s t "

Ny ——] ’ ouTe
[} t )

IN? ~———] ouT?
7 { 2
8 n

GRAOUND SUPPLY

9 o asewd

Figure 2. Handy power switches on-a-chip: the ULN 2x03 ICs.

Transistors switches are good, but not perfect.
See the column in figure 1 that says C-E Voltage
Drop? The voltage across the load will be that
much smaller than the supply voltage. For
example, if you're driving a flashlight bulb with
a 2N2222 transistor and a 6-volt supply, the
bulb will actually see only 5.5 velts. The other
half volt will be lost, "dropped,” across the
transistor.

The voltage drop, multiplied by the current
drawn by the load, gives you the power in watts
wasted by the switching transistor. Where does
the wasted power go? It produces heat,
sometimes lots of it. For example, the Zetex
ZTX689B can conduct as much as 2 amperes of
current with a 0.5-volt drop, lesing 1 watt to
waste heat in the process. When you consider
that a small soldering iron has a 15-watt
heating element, you can imagine how hot that
little transistor can get, Larger switching
transistors have metal tabs on their cases for
attachment to heat sinks. The large surface area
and other properties of the heat sink help
spread and dissipate all that waste heat. (A 15-
watt soldering iron is very hot; an electric
blanket with the same wattage is barely warm.)

All three transistors in the figure-1 table are
compatible with Stamp output capabilities, but
the third--the Darlington transistor--looks

especially good from the Stamp’s point of view.
It requires only 1 mA to drive a 1-ampere load.

But whoa, the C-E voltage drop is terrible at 1.5
volts. Can't we get a Darlington with better C-E
specs?

In a word, no. Darlingtons consist of two NPN
transistor in the same case wired in a way that
multiplies their overall gain {ratio of current in
to current controlled). In the process, the
Darlington adds one base-to-emitter junction
worth of voltage drop, approximately 0.7 volts,
to the C-E drop.

Despite this drawback, Darlingtons are so
handy for interfacing logic to loads that IC
manufacturers offer arrays of seven or eight
Darlington switches, complete with appropriate
base resistors and protective diodes, in neat IC
packages. Figure 2 shows two such units, the
ULN2003 and ULN2803. These interface
directly to a Stamp pin to drive loads of up to
500 mA per output.

The input pins of the ULN2x03s can connect
directly to Stamp I/Q pins. They're equivalent to
connecting the pin to the left of RB in figure 1.
The output pins of the ULN2x03s are equivalent
to the collector (C) connection of the transistor
switch in figure 1. They provide a switched
ground connection for the load.

The ULN2x03s also feature something not
shown in figure 1, a series of diedes connected to
their outputs. When the devices are used to
power inductive loads like relays and motors,
these diodes should be connected to the positive
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supply that powers the load. When one of the
ULN2x03 switches cuts power to the inductive
load, the load's magnetic field collapses,
generating a nasty negative power spike. The
diodes short out this spike, preventing it from
damaging the transistor switch.

If you construct your own switches with
discrete transistors, you'd do well to copy this
protective feature. Just add a common rectifier
diode like a 1N4002 with its banded end
(cathode; the negative connection when the
diode is conducting) to the + connection of the
relay or motor. The diode won't interfere with
the normal operation of the motor or relay, but
it'll snub those spikesl!

A real-world example

Francis Rogers of Sun City West, Arizona
wrote me to describe an application he'd like to
build with the Stamp. He has a PC with barcode
software that can read membership cards for his
S.C.W. Metals Club. The barcode software
generates a code through the PC serial port
when it's presented with a valid card. Mr.
Rogers would like the Stamp to read this code
and energize a relay to unlatch a door.

This fits perfectly with the theme of this
month’s column. Figure 3 is the schematic. I've
made some assumptions about Mr. Rogers'
barcade software: that it can be set to output at
2400 baud, and that all valid cards output some
common code for the Stamp to recognize.

Thanks to the serial-input (Serin) command's
built-in “qualifier” feature, the entire program
takes just a few lines of Stamp code:

loop:
low 7 * Pin 7 low to latch door

' (relay open)

serin 0,N2400, (*OK") ‘' Watch serial input

' until "OK" rec'd.

high 7 * Pin 7 high to unlatch door
! (reley closed).
pause 5000 Wait 5 seconds.

goto loop ' Latch door and resume
' watching serial input.

Of course, Mr. Rogers will have to substitute
the actual password for “OK" in the program
above.

That's it for this month. Next time, we'll look
at a nifty IC that lets the Stamp transmit and
receive DTMF tones (telephone touch tones). In
addition to obvious telephone applications,
DTMF can be used as a form of low-speed, high-
reliability data transfer. Stay tuned!

Sources

For switching transistors and ULN2x03 ICs
get a catalog from Jameco Electronic Compon-
ents, 1355 Shoreway Road, Belmont, CA 94002-
4100; phone 1-800-831-4242.

Questions, suggestions or comments about
this column? Contact Scott Edwards Electronics,
964 Cactus Wren Lane, Sierra Vista, AZ 85635;
phone 520-459-4802; fax 520-453-0623; e-mail
(Compuserve) at 72037,2612; or via Internet
72037.2612@compuserve.com.

For more information on the BASIC Stamp,
contact Parallax Inc., 3805 Atherton Road no.
102, Rocklin, CA 95765; phone 916-624-8333;
fax 916-624-8003; BBS 916-624-7101.

+12V

Ir'u

1N4002

g

Barcode ID reader
N

Figure 3. When the Stamp receives the proper code from the PC bar-code reader,
it activates a relay to unlock the door.
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DTMF “Touch”" Tones are Music to the Ears
of this Stamp Transmit/Receive Circuit

Working with the CM8880 DTMF Transceiver, by Scott Edwards

ENCODING and decoding DTMF tones—those
musical “touch tones” you hear when you dial
the phone—is the current fad in electronics
projects. There are gadgets that capture and
display or store dialed digits, ethers that dial
stored numbers, and still others that use the
hardy dual-tone, muitifrequency digits for data
transmission or remote control.

Stamp users are an independent lot, so we're
going to buck the trend of one-trick DTMF
projects. In this edition of Stamp Applications,
we'll look at a universal DTMF send/receive
solution that can serve as the basis for decoders,
loggers, dialers, and even data transcetvers.

A Quick Review of DTMF Principles

All the recent excitement over the decades-old
DTMF signaling method makes the first part of
my job easy. I can breeze through the

Row (low-group)
Fraquencies (Hz)

explanation of the signals themselves with
confidence that the curious reader who wants
more background can find it his er her recent-
magazine stack, for example, DTMF IR Remote
Control System, N&V June ‘95.

A DTMF signal consists of a mixture of two
sinewave tones, often called the row and column
frequencies because of their correspondence to
the layout of the phone keypad (figure 1).
Engineers at then-mighty Ma Bell chose these
tones carefully to ensure that none had a
harmonic relationship with the others and that
mixing the frequencies would not produce sum
or product frequencies that could mimic another
valid tone. They specified that the tones be free
of distortion, and that the high-group
frequencies (the column tones) be slightly louder
than the low-group to compensate for the high-
frequency rolloff of voice audio systems.

Figure 1. The DTMF tone that's generated
wheén you press a buttor: on the phone keypad
consists of a mixture of the row and column

frequencies. For example, pressing 9 mixes a
column frequency of 1477 Hz with a row

frequency of 852 Hz.
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Because DTMF was devised in the days before
you could hear a pin drop or appreciate Whitney
Houston's singing over long distance, it's an
exceptionally noise-resistant signaling method.
If a properly designed DTMF decoder thinks
there's a valid DTMF signal present in some
lousy audio, there almost surely is.

DTMF tones can represent one of 16 different
states or symbols, as shown in figure 1. That is
equivalent to four bits of data, also known as a
nibble. Most DTMF decoders can process at
least 10 tones per second under the worst of
conditions, so DTMF can easily convey 40 bits (5
bytes) of data per second. That's nowhere near
the performance of a good communications
modem, which can operate nearly 600 tinmes as
fast (28,800 bits per second), but it's a lot more
robust under noisy line conditions.

Note that the numbers and symbols on the
phone keypad don't always match the binary
values of the DTMF nibbles. Most notably, the
“0” on the keypad is represented in DTMF by a
value of 10 (decimal) or 1010 binary. Table 1
summarizes the rest of the four-bit values.

A DTMF Transceiver: the CM8880

All you need to generate DTMF tones are two
precise, low-distortion sine-wave oscillators and
a mixer. To decode DTMF takes just eight tone
decoders and a little glue logic. The circuit board
to accommedate all this stuff shouldn’t be much
more than 4 by 6 inches and $50.

Don’t like those numbers? Then you will like
the California Micro Devices CM8880 Integrated
DTMF Transceiver. For $10 or less in single
quantity, this chip does everything associated
with sending and receiving DTMF tones. The
schematic in figure 2 shows a Stamp hookup for
both send and receive applications. Listing 1
demonstrates DTMF dialing. Listing 2 shows
DTMF reception and display.

Rather than rehash the comments from the
program listings, I'd like to show you how to set
up and use the CM8880 in your own
applications.

Table 1. DTMF Values, Keypad Symbols

Binary Decimal Keypad
Vaiue Valuo Symbol
0000 0 D
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 5 5
0110 6 6
0111 7 7
1000 8 8
1001 ) 9
1010 10 0
101t 1 *
1100 12 #
1101 13 A
1110 14 B
1111 15 C

Communication with the 8880 takes place
over a 4-bit bus, consisting of DO threugh D3,
with three additional bits selecting modes of
operation. Those bits are chip select (CS),
read/write (RW) and register select (RS0). Table
2 summarizes the effects of all combinations of
CS, RW, and RS0.

To sum up the table, the 8880 is active only
when CS is 0. The RW bit determines the data
direction; 1 = read (data from 8880 to Stamp)
and 0 = write (data from Stamp to 8880). The
RS bit determines whether the transaction
involves data (DTMF tones) or internal CM8880
functions (instructions or status); 1 =
instructions/status and 0 = data.

Once the CM8880 is set up, the Stamp writes
000 to CS, RW, and RS0 to send DTMF; or 010
to read DTMF. Simple as that.

Setting up the CM8880

Before you can use the CMB880, you have to
set it up. The device has two control registers, A
and B. When you put 001 in bits CS, RW and
RSO0, the data on D0 through D3 is written to
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Table 2. Effects of the CS, RW, and RS0 Bits

S RW RSO
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

Description

Active: write data (i.e., send DTMF)
Active: write instructions to 8880
Active: read data (i.e., receive DTMF)
Active: read status from 8880
Inactive

Inactive

inactive

Inactive

Table 3. Functions of Control Register A

Bit Name Function
0 Tone Out 0 = tone generator disabled
1 = tone generator enabled
1 Mode Control 0 = Send and receive DTMF
1 = Send DTMF, receive call-progress tones
(DTMF bursts lengthened to 104 ms)
2 Interrupt Enable 0 = Make controller check for DTMF rec'd
1 = Interrupt controller via pin 13 when DTMF rec'd
3 Register Select 0 = Next instruction write goes to CRA.

1 = Next instruction write goes to CRB.

Table 4. Functions of Control Register B

0 = Output DTMF bursts of 52 or 104 ms

1 = Output DTMF as long as enabled

0 = Normal operating mode

1 = Present test timing bit on pin 13

0 = Output dual (real DTMF) tones.

1 = Oufput separate row or column tones

Bit Name Function
0 Burst

1 Test

2 Single/ Dual

3 Column/ Row

0 = If above = 1, select row tone.

1 = If above = 1, select column tone.

control register A (CRA). Table 3 summarizes
the functions of the four bits of CRA.

Looking at listing 1, the dialer, we see that
1011 was written to CRA. That works out to
(right to left) 1 (tone generator on), 1 (Send
DTMF, long tones), 0 (don't generate
interrupts), and 1 (next write to CRB). Listing 2
writes 1000 to CRA: 0 (tone-generator off), 0

(receive DTMF), 0 (don't generate interrupts)
and 1 (next write to CRB).

Although we don't use it in our applications,
the 8880 has a call-progress detection feature,
which can be enabled via bit 1 of CRA. Call-
progress is a collective term for the dial tone,
busy signal, and ringing signal. These tones are
all around 400 Hz. The CM8880's call-progress
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filter accepts audio from the normal input and
passes frequencies from 300 to 500 Hz to the
IRQ/CP pin. You could add hardware to further
filter and detect these tones.

Since both listings also set up register B
(CRB), take a look at table 4 ta see how it works.

Listing 1 (dialer) writes Os to all bits of CRB,
meaning burst mede, normal operation, real
DTMF, and (if DTMF weren't selected) row
tones. Listing 2 (decoder) also clears CRB.
Although CRB has little or nothing to do with
DTMF reception, it's wise to always initialize it
to a known state,

A Few Hardware Notes

To hear the DTMF tones generated by the
CMB8880, I connected a small speaker/amplifier
(Radio Shack part no. 277-1008C) to the audio
output. The amplifier’s high gain and the 8880's
healthy audio cutput quickly taught me to set
the volume control low! I was able to dial the
phone by holding the speaker close to the
mouthpiece.

I used two approaches to generate DTMF test
tones for the decoder application. The first was
to connect an old touch-tone phone to a 9V
battery and the audio-input coupling capacitor
(0.1pF shown in figure 2) to the positive
terminal. The polarity of the connection didn’t
matter, as phones are designed to tolerate

wiring mixups. However, this setup sucked
better than 50 mA from the battery.

I found a better DTMF generator at one of my
favorite surplus dealers. Marlin P. Jenes and
Associates (MPJA) has a bunch of dialers that
were apparently made for one of those early
flash-in-the-pan long-distance services. It's
preprogrammed to autodial an access number. If
you press the manual-dial button (MAN'L) on
the keypad, it works like a normal DTMF
keypad. Output is through a headphone speaker
built into the case.

MPJA also stocks a couple of other essentals
for this circuit. The decoder application uses an
LCD equipped with one of my LCD Serial
Backpacks. This allows the Stamp to display
data on it using a convenient one-wire serial
connection. MPJA stocks both the Backpack and
a range of LCDs from 1-line by 16 characters to
2x40. See Sources for more information.

DTMF and a glass of red...

It’s almost embarrassing to admit that that's
all there is to designing DTMF send/recetve
applications based on the CM8880 and the
Stamp. I deliberately skirted issues having to do
with direct connection to the phone line, since
that's a subject worthy of two (or three!) articles
of this size. Your best bet is to see how athers
have done it successfully, or to purchase a
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Figure 3. DTMF
send/receive setup.

commercially made Data Access Arrangement
(DAA) to serve as an interface. One man-
ufacturer of DAAs is Cermetek, Sunnyvale, CA,
408-752-5000.

Don't limit yourself to phone applications.
Remember what I said about DTMF serving as a
reliable data-transfer method? You could con-
nect CM8880-equipped Stamps to inexpensive
two-way radios to create a wireless network for
data acquisition aver a 1/4-mile radius.

I experimented briefly with this idea, using
the DTMF output from the amplified speaker to
trigger the voice-activated transmit feature of a
Radio Shack headset walkie-talkie (part no 21-
406). The voice activation was fast enough that
even the first tone got through. This means that
you wouldn't need an additional pin to switch
between transmit and receive.

This is an application that a lot of Stamp
users have been clamoring for. I remember in
particular that grape growers need to gather
and evaluate “microclimate” data regarding
temperature and humidity among their
pampered vines, and would kill for a wireless
way ta obtain it. Here it is: Cheers. (And I prefer
red, if you please, a Cabernet Sauvignon or
Merlot.)

Return of the Counterfeit

Many of you have called my order line to
purchase BASIC Stamps. It's a natural
assumption: I'm cheerleading for a great
product—I've got to carry that product, right?

Unfortunately, I don't. However, the
manufacturer (Parallax) makes PBASIC chips

available to those who want to build their own
controllers based on Stamp technology. I showed
how to do just that in my “Counterfeit Stamp”
article last spring (N&V, May ‘94).

In response to many requests, I'm making the
Counterfeit available again as a complete kit for
$29. The design incorporates features I have
found handy in developing applications you've
seen here: heavy-duty (100+ mA) voltage
regulator, socket for pull-up/pull-down resistors,
ground and +5V cannections paired with every
/O pin, and Turbo options for running the
Counterfeit at 8 or 16 MHz—two to four times
standard speed. The board is compact, but easy
to assemble; see the photo (figure 4).

I have also put together a Counterfeit
Development System for $69. This includes
everything required to program Counterfeits (or
BS1 Stamps, for that matter), including your
first Counterfeit kit. See the Sources listing for
further information.

Figure 4. A trio of Stamp-compatible
Counterfeit Controllers.
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Sources

For mere information on the BASIC Stamp,
contact Parallax Inc., 3805 Atherton Road no.
102, Rocklin, CA 96765; phone 916-624-8333;
fax 916-624-8003; BBS 916-624-7101; e-malii
info@parallaxinc.com.

The CM8880 is available from electronics
distributors who carry California Micro Devices'
product line (CMD phone, 602-961-6000), or
from Scott Edwards Electronics (see listing
below).

The DTMF box (part no. 5824-EN, $4.95),
LCD Serial Backpack (7074-SE, $29), and a
variety of LCD displays are available from
Martin P. Jones and Assaciates, P.O. Box 12685,
Lake Park, FL 33403-0685; phone 407-848-8236;
fax 407-844-8764.

Scott Edwards Electronics:

Questions, suggestions, or requests for future
Stamp Applications to: Scott Edwards
Electronics, 964 Cactus Wren Lane, Sierra

' Listing 1. Stamp-Based Autodialer

Vista, AZ 85635; phone 520-459-4802; fax 520-
459-0623; e-mail (Compuserve) at 72037,2612;
Internet 72037.2612@compuserve.com. Scott
also offers the following Stamp-related kit
goodies:

The CM8880 is $10; an App Kit containing one
CM8880, the Stamp programs shown here (plus
PIC assembly language versions) on disk, and
complete documentation, is $22.

The Counterfeit controller, a kit alternative to
the BASIC Stamp, is $29. Double- and quad-
speed options are $2 and $4, respectively. The
Counterfeit Development System, required to
program Counterfeits (also for programming
original BASIC Stamps, like the BS1-IC) is $69
and includes 150-page manual, downloading
cable kit, Parallax software, and one Counterfeit
controller kit.

Prices are postpatd (express shipping and
CODs extra). Visa, Mastercard, American
Express accepted for phoneffax orders. POs
accepted on approved credit. Personal checks,
money orders welcome for orders by mail.

Program: DIAL.SRC (Sends a string of DTMF tones via the 8880)
This program demonstrates how to use the CM8880 as a DIMF tone

then write the number of the desired DTMF tone to the 8880's

! generator. All that's required is to initialize the 8880 properly,

4-bit bus.

* The symbols below are the pin numbers to which the 8880's
' control inputs are connected, and one variable used to read

! digits out of a lookup table.

SYMBOL RS p = 4 * Register-select pin (O=data).
SYMBOL RW.p =5 ‘* Read/Write pin (0O=write).
SYMBOL CS.p=6§6 ' Chip-select pin (0=active).
SYMBOL digit = b2 ' Index of digits to dial.

' This code initializes the 8880 for dialing by writing to its

* internal control registers CRA and CRB. The write occurs when

' ¢S (pin 6) is taken low, then returned high. See the accompanying
¢ article for an explanation of the B8880's registers.

let pins = 255 * All pins high to deselect 8880.

let dirs = 255 ' Set up to write to 8880 (all outputs).

let pins = %00011011 ' Set up register A, next write to register B.
high CS_p

let pins = %00010000
high CS_p

' Clear register B; ready to send DTMF.
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This for/next loop dials the seven digits of my fax number. For
simplicity, it writes the digit to be dialed directly to the output
pins. Since valid digits are between 0 and 15, this also takes RS,
RW, and CS low--perfect for writing data to the 8880. To complete
the write, the CS line is returned high. The initialization above
sets the 8880 for tone bursts of 200 ms duration, so we pause

250 ms between digits. Note: in the DTMF code as used by the phone
system, zero is represented by ten (1010 binary) not 0. That's why
the phone number 459-0623 is coded 4,5,9,10,6,2,3.

for digit = 0 to 6
lookup digit, (4,5,9,10,6,2,3),pins ' Write current digit to pins.

high CS_p ' Done with write.

pause 250 ' Wait to dial next digit.
next digit
end

' Listing 2. DTMF Decoder and Disgplay

Program: DTMF_RCV.BAS (Receives and display DTMF tones using the 8880)
This program demonstrates how to use the 8880 as a DTMF decoder. As
each new DTMF digit is received, it is displayed on an LCD Serial
Backpack screen. If no tones are received within a period of time

set by sp_time, the program prints a space (or other selected character)
to the LCD to record the ‘delay. When the display reaches the righthand
edge of the screen, it clears the LCD and starts over at the left edge.

SYMBOL RS_p = 4 ' Register-select pin (0O=data).

SYMBOL RWp =5 * Read/Write pin (O=write).

SYMBOL CS_p =6 ' Chip-select pin (O=active).

SYMBOL dtmf = b2 ¢ Received DTMF digit.

SYMBOL dt_Flag = bit0 ‘ DTMF-received flag.

SYMBOL home_Flag = bitl ' Flag: 0 = cursor at left edge of LCD.
SYMBOL polls = w2 ' Number of unsuccessful polls of DTMF.
SYMBOL LCDw = 16 ! Width of LCD screen.

SYMBOL LCDcol = b3 ' Current column of LCD screen for wrap.
SYMBOL ICDcls = 1 ' LCD clear-screen command.

SYMBOL I = 254 ' LCD instruction toggle.

SYMBOL sp_time = 1000 * Print space this # of polls w/o DTMF.

' This code initializes the 8880 for receiving by writing to its
* internal control registers CRA and CRB. The write occurs when
' CS (pin 6) is taken low, then returned high.

let pins = %01111111 * Pin 7 (LCD) low, pins 0 through 6 high.

let dirs = %11111111 ' Set up to write to 8880 (all outputs).

let pins = %00011000 ‘ Set up register A, next write to register B.
high CS_p

let pins = %00010000 ' Clear register B.

high CS_p

let dirs = %11110000 ' Now make set the 4-bit bus to input.

high RW_p ‘* And set RW to "read."

serout 7,n2400, (I,LCDcls,I) ' Clear the LCD screen.

' In the loop below, the program checks the 8880's status register
' to determine whether a DTMF tone has been received (indicated by
'‘'a 'l' in bit 2). If no tone, the program loops back and checks
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* again. If a tone is present, the program switches from status to
* data (RS low) and gets the value (0-15) of the tone. This
' automatically resets the 8880's status flag.

again:
high RS_p Read status register.
low CS_p Activate the 8880.

1

let dt_flag = pin2 ' Store status bit 2 into flag.

high CS_p ‘* End the read.
if dt_Flag = 1 then skipl ¢ If tone detected, continue.
let polls = polls+l * Another poll without DIMF tone.
if polls < sp_time then again ' If not time to print a space, poll again.
if LCDcol = LCDw then skip2 ' Don't erase the screen to print spaces.
let dtmf = 16 ' Tell display routine to print a space.
gosub Display * Print space to LCD.

skip2:

let polls = 0 ' Clear the counter.

goto again ' Poll some more.

skipl: ' Tone detected:

let polls = 0 ' Clear the poll counter.

low RS_p ' Get the DTMF data.

low CS_p ' Activate 8880.

let dtmf = pins & %00001111 ' Strip off upper 4 bits using AND.
high CS_p ' Deactivate 8880.

gosub display ' Display the data.

goto again ' Do it all again.

Display:

if LCDcol < LCDw then skip3 * If not at end of LCD, don't clear screemn,
serout 7,n2400, (I,LCDcls,I) ' Clear the LCD screen,

let LCDcol = 0 ' And reset the column counter.
skip3: ' Look up the symbol for the digit.
if 1CDcol=0 AND dtmf=16 then ret ' No spaces at first columm.
lookup dtmf, (*D1234567890*#ABC-") ,dtmE

serout 7,n2400, (dtmf) ‘ Write it to the Backpack display.
let LCDcol = LCDcol + 1 ' Increment the column counter,
ret:

return





