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MpbéAoyog

2TOV ‘KOOUO' TWV NAEKTPOVIKWY UTTAPXOUV TIOAAEG €QApPUOYEG  OTTOU
aTTaITEITOI VO PETPNOET Eva QUOIKO pEyeBog. DUOIKA peYEBN OTTWG n aTtréoTaon, N
Bepuokpacia, n uypacia. O amAITACEIS YIa KOAUTEPEG METPAOEIC wOnoav oTnv
onuioupyia Twv MEMS (MicroElectroMechanical Systems) pe Tnv otroia €ivai
QuVvaTH N TAUTOXPOVN Kal OKPIBECTEPN METPNON TWV QUOIKWY PEYEBWY aAAG Kal n

aTTAOUOTEPN PETATPOTTA TWV dEdOUEVWY aTTd TOV XPAOTN.

2TV TTapouca €Pyooia TTAPOUCIACeTal N MEAETN KOl N KATOOKEUR €VOG
METPNTH KAiOEWG. MpOKeITal yia Yo auTdVOUN KATAOKEUN N OTToia JETPAEI TNV KAioN
ME xprion €18ikou aioBnTnpiou Texvoloyiagc MEMS kai atreikovilel To aTToTéAECUa O€
LCD 00évn. AtroteAcital atrd duo BaBuideg (KouTid) OI OTTOIEG ETTIKOIVWVOUV PETAEU

TOUG JE OEIPIOKT OUVOETHOAOYiIA.
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MepiAnyn

H karaokeury kavel y€tpnon m¢g KAiong otoug agoveg X kai Y (pitch-roll
TTPOVEUON-OIATOIXIONOG) Kal  OTNV  OUVEXEID TO ATTOTEAEOUA TNG  MPETPNONG
QTTEIKOVICETAI O€ POPQPN MOIPWV PE akpifeia evog dekadikou wngiou, otnv 0Bdvn
LCD. Emi 1Tp60oB¢eTa, £€xouv opioTei Ta OUMPBOAa ‘<’ Kal >’ yia TNV QTTEIKOVION O€
apIOTEPOOTPOPN Kal OECIOOTPOPN KAION avTioToIXA, £T01 WOTE VA PTTOPEI va Yivel

OIAKPIoN TWV BUO DIOPOPETIKWY EVOEILEWV.

H kataokeur) repiAauBavel dUo Pabuideg:

e Tnv PBaBuida TOoU aQIoBNTNPiou, n oToid ATTOTEAEITAl ATTO TO QIOONTPIO
ADIS16201 (Analog Devices), Tov PIC18LF1320 (Microchip - 3.3 Volt) kau
10 MAX3232 (Texas Instruments - 3.3 Volt).

e Tnv Babpida tng 066vng LCD, n otroia atroteAesital amd 1o MAX232, Tov
PIC18F 1320 kai Tnv 086vn LCD 2x16 (Powertip) .

Babpida aiobnrtnpiou:

O puikpoeAeyktig (PIC18LF1320) déxetan ocipiak@ 1a dedopéva atrd Tov
aiobntipa (ADIS16201) kai agou epapuooel PiAtpo lNemepaopévng KpouoTikAg
Atokpiong (FIR) Ta ammooTéAAel pEéow Tou MAX3232 oTtnv BaBuida Tng 086vng LCD.

BaBpida 066vng LCD :
Ta AneBévra dedopéva odnyouvtal atrd tov MAX232 otov PIC18F1320,
YiveETQl N PETATPOTTA O€ Ynoia Kal KatdAAnAa cupBoAa  (‘<’, ') kal atrooTENAOVTQI

oTnv 086vn yéow 4-bit dlacuvdeong.




Abstract

This structure measures X and Y's axis angle ( pitch and roll) while the
outcome of that measure is depicted into degrees with one decimal digit accuracy,
in LCD screen. Moreover, '<' and ">' symbols have been used in order to depict the
leftwise or rightwise angle, so as the two different measures can be discerned. The

structure contains two gradations:

e The sensor gradation, which consists of the ADIS16201 sensor (Analog
Devices) the PIC18LF1320 (Microchip - 3.3 Volt) and the MAX3232 (Texas
Instruments - 3.3. Volt).

e The LCD screen gradation, which consists of the MAX232, the PIC18F1320
and the LCD 2x16 screen (Powertip).

Sensor Gradation:

The microcontroller (PIC18LF1320) accepts the data in serial form from the
sensor (ADIS16201) and after it applies the Finite Impulse Response (FIR), it sends
it via the MAX3232 to the LCD screen gradation.

LCD screen gradation:
The received data are driven from the MAX232 to the PIC18F1320, where
the conversion into digits and proper symbols takes place ('<', ">') and they are sent

to the screen via a 4-bit link.




KegpdAaio 1

1.1 M1TAOK S1AYypPAUHA KATOOKEUNG

MAakéTa ailoBnTNPiou

AsOntipto PICI8LF1320 MAX3232

KAlong

ADIS 16201

MAakéta atreikdviong (LCD)

MAX232 PIC18F1320 LCD
2X16
Powertip

A 4




1.2 AicOntipag ADIS 16201

ADIS1ENN
| ST

Avrikel oTnv oikoyévela aloBnTthpwy iSensor NG Analog Devices Baciouévo
otnv Texvoloyia IMEMS®. lMpaypaTotrolei YETPOEIG €MITAXUVONG KAl KAIOEWG O€
duo agoveg X (Trpdveuan n pitch) - Y (diatoixiopog 1 roll) pe duvardtnta pérpnong

NG BepUOKpaaTiag Kal TG TAong TPoPodoaiag Tou OAOKANPWHEVOU.

XopoKTNPIOTIKA:

e 12 bit é€0do¢ aiIcONTAPa KAiong kai 14 bit acilcOnTpa emTAxUvong

e +-1.7 g yétpnon emTAXUVONG

e +-90 poipeg péTpnon kKAiong

e 12 bit é€0d0¢ aiIcONTARPa BepPoKpaTiag

o Wnoiokd eAeyxouevn euaiobnoia, puBudg deiydaToAnwiag kal atrokpion
ouxvoTNTaG.

o  Wnoiakd eAeyxouevn Kataotaon XapnAng KatavaAwaong.

e Auxiliary 12 bit ADC input - 12 bit DAC output

e Tpogodooia 3.0V wg3.6V

e 3500 g pé€yioTn avTIKPOdAOHIKA TTPOOTACIO




2TNV KOTAOKEUN XpNnolyotroindnke n avatrtuglakr TTAakéta  (evaluation
board) n otroia TrepiAapBdvel To smd ADIS16201 kai pins yia Gueon Xprnon o€
TIAQKETQ pCb.

™
._‘ GS@9005 REV:B . ]

1.3 MikpoeAeykTiic PIC18F1320

Mpoypapuatiléuevo oAokAnpwuévo TnG Microchip pe pvAun 8Kb kai
ouxvotnTa Asitoupyiag €éwg kar 40Mhz. O1 duo mépTeg Twv 8 bits (PORTA «kai
PORTB) mrpooc@épouv ap@idpoun emmkoivwvia ektog Tou RAS (PORTA) 10 oT10i0

AeIToupyei évo we €i00d0G.




O TTpOYyPAUMOTIONOG TOU MIKPOEAEYKTN YiveTal on-board pe xprion Twv pins
VPP, PGD kai PGC (diaouvdeon ISP — In System Programming). Y1rapxel €101 n
duvatotnTa BeATiwong Kal  €I0aywyng TPOTTOTIOINCEWY OTO  TTPOYPAPMA  TNG
EQPAPPOYAGS KaTa BouAnon.

MNa v mTAakéTa TOu aioBnTnpiou éxel xpnoipotroinBei o PIC18LF1320 o

oTroiog Acitoupyei ota 3.3 V kai €xel Ta idia xapaktnpeioTiké pe Tov PIC18F1320.

1.4 MAX232

evikNG XPNong OAOKANPWHEVO yia CEIPIAKN METAd0OON WNPIOKWY ONUATWV.
NAeiroupyei ge +5V kai ptropei va petadwoel dedopéva oe Taxutnta €wg 120kb/s.
Mepiéxel 2 drivers (‘Toutrouls’) Kai 2 receivers (‘O€KTES’). To KUPIOTEPO TTAEOVEKTNUA
TOU OUYKEKPINEVOU OAOKANPpwEVOU gival OTI N PEYIOTN EMITPETITA TAON OTNV KABE

€iocodo ptropei va @taocel Tnv Tin Twv 30 Volt.

AUTO TO KAVEI IKOVO VO OUVEPYOOTEI UE KUKAWMOTA YEYOAUTEPNG TAONG, OTTWG
Kal oTnv Trapoucd KATaokeury O1Tou ouvdéoupe Tov MAX3232 1ng Baduidag
aicbntnpiou (Asitoupyei ota 3.3 Volt) ye tov MAX232 1ng PBaBuidag 00dévng
(AerToupyei oTta 5 Volt).




1.5 006vn LCD 2x16 xapakThpwVv

06dévn 1ng eTaipiag Powertip upe apibud PC1602 — WB, aTtreikovilel
XOPAKTAPEG 0€ 2 ypaupéG Kal 16 oTiAeg. H petapopd Twv dedopévwyv atrd Tov
MIKPOEAEYKTH yiveTan e 4 bit ouvdeon.

TNV TTPWTN YPOUMN €XOUME ETTIAEEEI va ep@aviCeTal n KAion katd Tov déova Y
o€ Poipeg (5 wnoeia: cupPora ‘+ A -, OEKADEG, HOVADEG, TEAEIQ KAl TTAEOV ONUAVTIKO
0ekadIkG wnoio). Axkéun, 10 wneia yia Tnv ameikovion Twv cUuhBoAwv (5 yia

0e€I6oTpOPN Kal 5 yia apioTepdoTpOPn KAIon)

21NV OeUTEPN YPAPMPN eM@aviCeTal avtioTolxa n KAion otov agova X Tng
TTPOVEUONG 0€ Moipeg (5 wnoia: cupBola + 1 -, dekAdEG, POVADEG, TEAEia Kal
TTA£OV ONUAVTIKO OekadIKO wn@io). Akoun, 10 wneia yia TNV ATTEIKOVION TWV

oupBOAwY (5 yia de€l6oTPOPN Kal S yia aploTEPOCTPOPN KAioN).

2T0 ETTOPEVO OXNUA TTAPOUCIAZETAl O TTAAPNG XAPTNG OCUUPBOAWYV TTOU TTEPIEXEI
n oBévn. ‘Exouv xpnoiyotroindei o1 B€oeig hex Oxbb [ yia apiotepooTpo@n kai Oxbe
# yia 5e€160TpOPN KAion Kai ol Béoeic hex Oxf7 *  kai Oxf6 * omv 6é0on TwV

TTPONYOUNEVWY YIa KABE ouuTTAfipwaon 18 poipwv.

-10 -
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KepdAaio 2

2.1 2x€d10 Kataokeung

OewpnTiKé KUKAwWpa Babpidag aiocOnTnpiou
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ANioTta UAIKWV

MuKVWTEG
C1=100uF /16 V

C2,C3=10uF / 16V
C4,C5,C6,C7 =0.1 uf/ 16 V TavraAiou

OAokAnpwpéva

PIC18LF1320

MAX3232

LM1086

ADIS16201 : H mvooeipd J1 Tou oAokAnpwpévou, cuvdéeTal oTnv Trvooelpd J1 Tng

TTAGKETAG. AvTioTOIXa Kal yia Thv J2.

J3= mini jack BnNAuko 3 eTTapwv
J5= mvooeipd apoevikr 6 pins

Tuttwuévo KUKAwUa Babuidac aiobntnpiou.

KATEMIDIS 1.
2009 (SENSOR)
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OewpnTIKS KUKAWHA BaBpidag 086vng LCD
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ANioTta UAIKWV

MuKVWTEG
C1=100uF /16 V

C2,C3=10uF / 16V
C4,C5,C6,C7 =0.1 uf/ 16 V TavraAiou

AvTIOTAOEIG
47 Ohm- kaBopilel TNV £vTaon Tou OTTioBIou PWTICKOU

10 Kohm trimer — puBupicel To contrast

OAokAnpwpéva

PIC18F1320

MAX232

LM7805

Powertip 2x16 LCD PC-1602 (oT1o ox€dio BA.J2)

J3= mini jack BnAukd 3 eTTapuwv

J4= mvooeipd apoevikr 6 pins

Tumwpévo KUKAwPa Babuidac 08évnc Icd




KegpdaAaio 3

3.1 BaBuida aiocbnrnpiouv ADIS16201

To KUKAwpa Aeitoupyei pe +3.3 Volt 1o omoia TTapéxovriar amdé TOvV
otaBepoTroint Taong LM1086. To mmpoypaupa Tou pikpoeAeykTr) PICT18LF1320 £xel
ypagei oe y\wooa C (MPLAB) kai n YeTATpOTTI) TOU 0€ apxeio .hex (apyeio 1o otroio
aTTOOTEAAETAI OTOV PIKPOEAEYKTH) €yive pe Tov Compiler C18.

To eowTepiko NS Babuidag aiobnrnpiou

Katd tnv évapén Tou TTpoypdupaTtog opidetal n AsiToupyia Tou €0WTEPIKOU
TaAQvTWTA PE pUBuIon ota 8 Mhz kai divovral oI aTTapaiTNTEG ovouaoieg oTta bit
€I000WV-£¢00WV  TOU  Ba  xpnoidotroinBouv.  XpnOIPOTIoIEiTal N EVTOAN
Delay10KTCYx(a/5), 610U OTnV TTOPAPETPO a divOUUE OTTOIOBATIOTE TIUA XPEIAOTEI
KATA TNV PO TOU TTPOYPANUATOC.

‘Emreira kaBopiletar o puBpog deiyparoAnyiag tou ADC (Analog to Digital
Converter) oto 1ms pe Vv evioAn WriteRegister (0x36, 0x08) kai  &ekiva n

avayvwaon TnG TIMAGS kKAiong X-Y atrd Tov aiobnTrpa.

-16 -



Apxikd n £€€0dog Tou aloBNTAPa yia BeTIKEG TIUEG KupaiveTal atrd 0x0000 wg
kal 0x0384 kai yia apvntikég atré OXOFFF wg kai 0xOC7C.

Méoa amd TG evioAég if (xinc & 0x800) kar xinc |[= OxFOOO yiverar o
dIaXWPIoHOG TNG apvNTIKAG (ap1oTEPOOTPOPNG) KAIoNG atTd TNV BETIKN (dECIGOTPOPN)
Kal emegepydletal amd 10 Wneiakd Diktpo lMemrepaopévng KpouoTikhg ATTOKpIong
(FIR Filter- Finite Impulse Response Filter). ¥tov kwdika utroAoyileTal amd Toug
TUTTOUG XiNC=(-x3+9*x2+9*x1-x0)>>4 «kai yinc=(-x3+9*x2+9*x1-x0)>>4. KdaBe Tiun
xinc ka1 yinc avTtioTolxieTal o€ apIOUoUg oTo Oekaegadikd ouoTnua , TO OTIOIO
yivetal pe Tnv evioAn putchar (tohex[(xinc >> 8) & 0xf]) , émmou n AioTta pe Ta
oUpBoAa éxel ypagei otnv apx Tou TTpoypduuartog static rom char tohex[17] =
"0123456789ABCDEF"; . 'Etol otéAvoupe 4 bit (1 nibble) kGBe @opd pe TNV HOPYN

dekaegadikou apiOuou.

2TNV ouvéxela KabopileTal n TaxutnTa PETAd0ONG ATTO TOV WIKPOEAEYKTH OTA
9600bps kai Ta dedopéva atrooTéANovTal péow Tou MAX3232 oTtnv Babuida 08dévng
- LCD.

3.2 BaOpida 006vng LCD

-17 -



2TNV TIPWTN YPOUMN atTeikovi¢eTal n KAion otov agova Y-roll kar oTtnv deuTepn
ypPauuA N KAion otov dgova X-pitch.

To KUKAwpa Asitoupyei pe +5V 1a otroia TTpoépxovtal atd Tnv €000 Tou
otabepotroint) Taoewg LM7805. Aev  xpnoiwgotrombnkav 3.3 volt |, OTTwg
TTPONYOUNEVWG, BIOTI TO KOOTOG TNG 080vNG KAl TwV OAOKANPWHPEVWY OE QUTH TNV
Tdon A€iIToupyiag €ival apKETA PEYAAUTEPO Ot oOxéon ME Twv ouppBartwv. O
MIkpoeAeykTAG PIC18F1320 xpnoldoTrolEl yia TNV AEITOUpyia TOU TOV €0WTEPIKO
TaAavTwTt ota 8 Mhz Kkal yiveTal n apxXikotroinon Tou PIKPOEAEYKTH. H xprion Tou

EOWTEPIKOU TAAQVTWTI PEIWVEI TO KOOTOG TNG OANG KATAOKEUNG KAl KPIONKE ETTAPKNG

yla TIG AVAYKEG TNG EQAPPOYNG.

KaBopiletal n taxutnta petddoong dedouévwy otov MAX232 ota 9600 bps,
Mia TIUA ETTAPKA yIO TNV TTEPITITWOT PaAg KAl N AeIToupyia TnG 086vng o€ 4-bit mode.
MNa va yivel 70 TeAeuTaio TTPETTEI APXIKA va Asitoupyroel ota 8 bit kal UoTepa va
MeTaBel o€ Aeitoupyia Twv 4-bit, 6TTOU XpPNOIYOTTOIOUKE PJOVO Ta 4 TeAeuTaia bits TNG
lcd.

Av kai uttipxav eAeUBepa bits OTIG TTOPTEG TOU PIKPOEAEYKTH yIa oUvOEOon 8-
bit, emAéxOnke n ouvdeon 4-bit yia Adyoug atrAoUuoTEUONG TOU KUKAWMPOTOG Kal

EUKOAOTEPNG €UPEONG OPAAUATWY OTO KOTAOKEUAOTIKO HEPOG.

A@oU oAokAnNpwOei N apxikotroinon gekivasl N Anwn Twv TIHWV KAiong X — Y.
EkteAeital diadikaoia cuyxpoviopoU (BA. otov kwdika ‘$INC,) kai n Angbeica
TTAnpo@opia ‘@IATpdpetar’ atd TIG evioAég incx & 0x800 kai incx |= 0xFOOO Tou
KWOIKa. MeTd 10 ‘QIATPApIOUA’ 01 BETIKES TIUES TTAPAPEVOUV OTTWG £XOouv, dnAadn
atré 0x0000 wg ka1 0x0384, evw o1 apvnTIKEG €XOUV HAPKAPIOTEI PUE TOV OEKAEEADIKO
F kai €xouv A€oV TINEG atTd OXFFFF wg kai OXFC7C (BA. kepaAaio “ZupttAfpwua

WG TTPOG dU0”).

Av peTaTpEPoupe autoug TOUG apIBUoUG 0To OEKAdIKO ouoTnua Ba doupe OT:

e [0 BeTIKN KAion £xoupe xinc kail yinc ammé 0 wg 900

e [0 apvnTikA KAion €xoupue xinc kai yinc= atré -1 wg -900

- 18 -



AkoAouBei o dlaxwplopds TNG TTANPOPopPIag o OEKADES, MOVADEG Kal OEKATA
OTTWG Kal 0 KATAAANAOG cupBoAiopdg ‘+' ) - yia degI6oTPpOPn 1 apIoTEPOCTPOPN
KAion avTtioToixa. 210V KWOIKA 0 UTTOAOYIONOS Twv deKAdWY YiveTal AtTd Tov TUTTO
x_tens =tmp /100 étrou tmp n TTAnpo@opia xinc kai atrAd diaipeital ye Tov apiBud
100. ‘E101, 61T itrape mapatrdvw, €av xinc = 900 (péyioTtn TiuR) 10T X_tens = 9.

Opoiwg Aeitoupyouv Kal o1 ETTOPEVES EVTOAEG OTOV KWAIKA X_ones Kal X_tenths.

KaBopifovtal o1 Treploxég otnv oBdvn o6tmou Ba yivel n ammeikovion Twv
oupBOAwv (xprion 10 wneiwv og kGBe ypauur TG 086vNng) Kal o1 dIEUBUVOEIG TWV
OUPBOAwY TTpog xpron ato Tov Tivaka TG PvAung ROM 1ng LCD.Xuykekpipyéva
xpnoigotroigital n dieuBuvon 0x30 wg 0x38 yia Toug apiBuoug (0...9), Ta cuuBoAa

yla apioTepocTpoPn Kal OegiéaTpo@n KAion , kal Ta cUpBoAa "'H oTnv Béan

TWV TTPONYOUMEVWY , META ATTO KABE CUUTTAIPWGCT OPICHEVWV UOIPWV.

H oxediaon Tou nAekTpovikOU KUKAWwMOTOG €yive oTo Tpdypappa Orcad
Capture. Kamola atrd 1a UAIKA XPEIGOTNKE VO UTTOOTOUV ETTECEPYQTIa O OXEON WE TA
amoBnkeupéva  OTIGC  BIBAIOBAKEG Tou  TTPoypdupaTog  (AsiToupyia  edit  Tou
TTPOYPAUMATOG) OTTWG YIa TTAPABEIYHA TO OXNUATIKO Tou pikpoegAeykTy PIC18F1320
Kal Twv Tvooelpwy (BA. J3 kai ota duo ox£Dia).

O1 dUo Babpideg ouvdéovtal PETAEU TOUG YE KAAWDIO mini jack 3.5mm Tpiwv
ETTAQWV (OTEPEOPWVIKO). AUO ETTAPES XPNOIUOTTOIOUVTAI VIO HETAPOPA TPOPOdOTiag
ato v Babpida LCD otnv Babuida aiobnrtnpiou (+9V) kai n TpiTn yIa TNV CEIPIAKT)
METAPOPA DEDOPEVWV.

3.3 ZupmrARpwpa wg TTpog duo (“Two’s complement”)

H ovopaocia  “oupmAfipwua wg TTpog dU0” avagEPETal O apvnTIKOUG
duadikoug apiBuoug. e autrv Tnv Tepimmtwon, 1o MSB evdg duadikou apiBuou
XPNOIMOTTOIEITAlI WG ‘onuaia’ Kal kaBopilel av 0 apIBPOGS gival i Ox1 apvnTikdS. MNa va
METATPEWOUNE Evav BETIKO dUadIKG aplBud o apvnTIKO, AVTIOTPEPOUNE TNV TIUF TOU
Ka6e bit (Aoyikr) mpd¢n NOT) kai rpooBEToupe Aoyikd ‘“1° oT1o LSB. lMNpdrtroupe T
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TTOPATTAVW, YVWPEICoVTag TTWG TTAéoV O OUADBIKOG aplBuoG Twy X bits, atroteAgital
mAéov ammé X-1 bits, Aoyw 1ng déopeuong Tou MSB  wg onuaia apvnTikou

TTPOBEUATOC.

210 TTAPAdEIyUa TTapoUCIAleTal dUAdIKOG aplBuOG Twv 8 bits kal n yeTarpoTt)

TOU O€ apvNnTIKO.

DECIMAL
0 1 1 1 1 1 1 1 = 127
0 0 0 0 0 0 1 0 = 2
0 0 0 0 0 0 0 1 = 1
0 0 0 0 0 0 0 0 = 0
1 1 1 1 1 1 1 1 = -1
1 1 1 1 1 1 1 0 = -2
1 0 0 0 0 0 0 1 = -127
1 0 0 0 0 0 0 0 = -128

Me tnv idla Aoyikn €yive n emme€epyacia Twv dedouévwy atrd Tov alodnThpa.
O1 apvnTikoi duadikoi apIBuoi TTPOEPXOUEVOI OTTO TOV aIoONTPA, YETATPATINKAV O€

BeTIKOI KAl ETTEITA YIVETAI N ATTOOTOA} TOUG OTNV 004Vr..
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2TOV TTAPOKATW TTIVOKA QAiveTAl N EAAXIOTN KAl Ol JEYIOTN TIUA yIa BETIKA Kal

apvnTiKA KAion, OTTou PE Kuavr okiaon €ival 1o sign bit (bit — onuaia apvnTikou

apIBuou).

HEX  DEC
o /0 |O0O|O]|O (O |1 |1 (1|0 |0 |0 |0 |1 |0 |O |Ox0384 |900
0 (0|0 |0 |0 |0 O 1T |1 |1 |1 |1 |1 |1 |1 |1 Ox0O1FF |511
0 |/0|O0O|O]|O|O|O]|O (O |O|O |0 |O|O |0 |O |Ox0000 |O
1 (1 {1 (1 (1 {1 (1 (1 {1 11 {1 |1 (1|1 |1 |OxFFFF |-1
1 /1 {11 (1 {1 |1 (01|0 |0 (0|0 |0 (0 |O |1 |OXFEO1 |-511
1 /1 {11 (110 (0|0 |1 (1|1 |11 ]0 |0 |OXxFC7C |-900
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KegpaAaio 4

4.1 Aiaypappa Pong Kwdika Baduidag Aiobntnpiou

G

v

APXIKOIIOIHXH-
OPIEMOX METABAHTQN

v
ANAI'NQXH KAI
METATPOIIH
AEAOMENQN KAIXHX
AIIO TON AIXOHTHPA

'

AIIOXTOAH
AEAOMENQN KAIXHX
XTHN XEIPIAKH O@YPA

A 4

Crenor D
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4.2 AvaAuon YmopouTtivag “Avayvwon kai Merarporry Aedopévwyv KAiong
Até Tov AioOnTRpa “

Canv o

v

ANAT'NQXH AEAOMENQN xinc KAI
yinc TOY ADIS16201

xinc & 0xFFF

OXI

xinc & 0x800 EINAI
AAH®EX ?

xinc |= 0xF000 / AOT'IKO OR
v
xinc *=-1 / ANTIZTPO®H xinc

v
FIR FILTER
xinc = (- x3 + 9*x2 + 9*x1 - x0) >> 4

v

A 4

xinc & OxFFF

yinc & 0x800 EINAI
AAHOEX ?

yinc |= 0xF000 / AOTTKO OR

v

A 4

yinc *=-1 / ANTIZTPOO®OH xinc
v

FIR FILTER
yinc = (- x3 + 9*x2 + 9*x1 - x0) >> 4

@AOE >
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4.3AvaAuon Ytropourtivag ‘AtrooToAr} Aedopévwy KAiong ZTnv Zeipiaki Oupa’

o =

\ 4

TOINIO®ETHXEH ZYMBOAQN ‘§INC,’
XTON TXREG / ZEIPIAKH AIIOXTOAH

v

OAIX@HZXH xinc KATA 8 bits, AOT'TKO
AND ME TON API®MO 0X000F
putchar (tohex[(xinc >> 8) & 0xf])
METATPOIIH XE AEKAEEAAIKO
KATIOXTOAH

v
OAIZ®HZXZH xinc KATA 4 bits, AOT'TKO
AND ME TON API®GMO 0X000F
putchar (tohex[(xinc >> 4) & 0xf])
METATPOIIH XE AEKAEZAAIKO KAI
AITIOXTOAH

v

AOI'TKO AND THZ xinc ME TON
API®GMO 0X000F

putchar (tohex[xinc & 0xf]) METATPOITH
YE AEKAEEAAIKO KAI ATIOZTOAH

v

TOIIO®ETHXH XYMBOAOQY °,” XTON
TXREG

A 4

OAIZ®HZXH yinc KATA 8 bits, AOT'TKO
AND ME TON API®GMO 0X000F
putchar (tohex[(xinc >> 8) & 0xf])
METATPOIIH XE AEKAEZAAIKO KAI
ATIOZTOAH

v
OAIZ®HZXZH yinc KATA 4 bits, AOT'TKO
AND ME TON API®GMO 0X000F
putchar (tohex[(xinc >> 4) & 0xf])
METATPOIIH XE AEKAEZAAIKO KAI
AITIOXTOAH

v
AOI'TKO AND THZ yinc ME TON
API®MO 0X000F
putchar(tohex[xinc & 0xf]) METATPOITH
YE AEKAEEAAIKO KAI ATIOXTOAH

v

@AOZ 2
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4.4 Ahiaypappa Porg Kwdika Baduidag O06vng LCD

G

v

APXIKOIIOIHXH-
OPIEMOXZ METABAHTQN

v

AHYH AEAOMENQN
KAIZHX ATIO THN
YEIPIAKH O@YPA

v

ATAXQPIXEMOZ
OETIKOQN-APNHTIKQN
APIOMQON/ AHMIOYPI'TA
AEKAAQN-MONAAQN-
AEKATQN

v
AIIEIKONIZH TQN
APIGMON XTHN LCD

v

ANTIZTOIXIZH
APIGMON - XYMBOAQN
<< KAI>>

/ ATIEIKONIZH XTHN
LCD

A

Crenor D
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4.5 AvaAuon Ytropourtivag “AfRyn Asdopévwy KAiong amrd tnv Zeipiakni Oupa’

AHWYH ITAHPO®OPIAX
RX, OAIZ®HXH KATA
8 BIT , AIIOOHKEYXH
2TO incx

v
AHYH ITAHPO®OPIAX
RX, OAIZ®HXZH KATA

4 BIT , AIIO®HKEYXH
>TO incx

v

AHYH ITIAHPO®OPIAX
RX, AIIOGHKEYXH
>TO incx

D
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4.6 AvdAuon Ytropourtivag ‘AlaXwpIoHOog OeTIKwv - Apvnrikwv Apifuwy /
Anpioupyia Aekadwv — Movadwyv — AgkdTtwy *

x_neg=0/ ENAEI=ZH APNHTIKOY X =0

OXIl

incx&0x800 / H ITPAZH AINEI
AIIOTEAEEMA AIA®OPO TOY 0 ?

NAI

incx [= 0xF000; // TTIPOXOEXE XTON incx TON 0xF000
incx = -incx; // ANAXTPOOH TOY incx
X_neg=1; // ENAEIEH APNHTIKOY X =1

tmp = incx;

x_tens =tmp/ 100; // AIAIPEXH TOY incx ME 100 // AEKAAEX

tmp = tmp - (unsigned short)x tens * 100; /A®AIPEXH AITO THN APXIKH TIMH
x_ones =tmp/10; /ATAIPEXH ME 10 /MONAAEZXZ

x_tenths = tmp - (unsigned short)x ones * 10; /AEKATA

v

y neg=0 // ENAEIEH APNHTIKOY,Y =0

incy&0x800 / H [TPAZH AINEI
AIIOTEAEEMA AIA®OPO TOY 0 ?

incy [= 0xF000; // ITPOZOEZE XTON incy TON 0xF000
incy =-incy;  // ANAXTPO®H TOY incy
y neg=1; // ENAEIZH APNHTIKOY Y =1

LI

tmp = incy;

y _tens =tmp/ 100; // AIAIPEXH TOY incx ME 100, AEKAAEZ

tmp = tmp - (unsigned short)y tens * 100; /A®AIPEZH AITO THN APXIKH TIMH
y ones =tmp/ 10; //ATATPEXH ME 10 , MONAAEX

y_tenths = tmp - (unsigned short)y ones * 10; //AEKATA
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4.7 AvaAuon Ytropourtivag ‘Atreikovion Twv ApiOpwyv otnv LCD’

< >

H TIMH incx
EINAI AIA®OPH
TOY 0 ?

OXl

OXI H TIMH x_neg
EINAI AIA®OPH

TOY 0?

tmpc = -° // XYMBOAO -

tmpc = “+° // XYMBOAO +

A 4

tmpc = ¢ // KENO

A 4
I[MPQTH I'PAMMH THZ LCD

v

1° WH®IO/ ATIEIKONIZH tmpc

A

H TIMH x_tens
EINAI ATA®OPH
TOY 0?

OXl

NAI

A 4 A

2° WHOIO/ 2° WHOIO/
ATIEIKONIZH AEKAAEY/
KENOY ATIEIKONIZH
APIOMOY 0 -9

v v

3° YPHOIO/ MONAAEY. / ATIEIKONIZH
API®GMOY 0 -9

v
4° WH®OIO / AIIEIKONIZH TEAEIAY

v

5° WH®OIO / ATIEIKONIZH AEKATQN

v

GEAOE )
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4.8 AvdAuon Ytropoutivag ‘AvtioTtoixion ApiBuwv / ZupBoAwv < kai > /
Ameikévion otnv LCD’

I

OXI _
Al
ATIEIKONIZH
XYMBOAQN
[
OX|

xneg EXEI
TIMH ?

AITEIKONIZH
XYMBOAQN
APIZETEPOXTPO®HX

KAISHE [% KAT ™

A 4

ATIEIKONIZH
XYMBOAQN
AEZEIOXTPO®HX

KAIZHX ﬂ KAI H

A

A 4

(reaos D
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KegpdaAaio 5

5.1 Aq@n peTposwy yia did@opa etritTreda KAiong

lMNa tnv emmiteuén Twv HETPAOEWV Xpnoiuotroindnke BIBAio pe oTaBepd
€EWQPUAAO, 0TO OTTOIO €ixe TTPoCcapUOooBEi N Babuida Tou alcONTAPA. APXIKA OpicCauE
TAV TIMA TWV POIPWVY TTPOG PETPNON KAl dwoaue TRV KATAAANAN kAion (dvolypa) oTo
e€W@UANO. AuTh) n kKAion gival utTTOAOYIOUEVN PE BACN TOV TPIYWVOMETPIKO TUTTO W =
T06eP(A/B)  (OnA. 16¢0 e@atTopévng ( Uywog / pnkog Bdaong )) TTou JIETTEI KABE

opBoywvio Tpiywvo.

MpayuatotroinOnkav perpoeis yia 0,10,20,30,45 kai 90 poipeg, TOCO oTOV
agova X-pitch 600 kal otov agova Y-roll. H k&Be pétpnon atroteAsital amd 5 AqYelg

TIMWV, WOTE 0 HECOG OPOG AUTWYV VA CUYKPIOET JE TNV TTPAYUATIKI KAIOT.
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AkoAouBouv EIKOVEG aTTO TIG METPNOEIS KAIOEWG OTovV agova X
aPIOTEPOOTPOPA, N OTTOIA ATTEIKOVICETAI WG APVNTIKI KAIoN, OTTWG Kal o1 UTTOAOITTEG
METPAOEIC.

5.2 Aqyn petpposwyv otov agova X-pitch apiotepdoTpo@a (apvnTIKES TIMEG)

MeTprioeic Kal uttoAoyiopoi via 0 poipec

MeTproeig
+0.6 °
0.0
+0.9 °
-0.7°
-0.8°
M.O.=(06+00+09-0.7-0.8)/5=0

YT1ToAOyIOPOG YywVviag w

“Yyog =0, uikog Bdong = 21.5 cm
w = 10¢eQ (0/21.5) = 10&£(0)

w=0

w=T0ge® (A /B), A=0, B=21.5cm
w=Togep (0/21.5)

w=0 poipeg




MeTpnoeic Kal uttoAoyiguoi via 10 yoipec

MeTprioeig YT1roAoyioudg ywviag w

-9.1° "Yyog = 3.8 cm, pfkog Bdong = 21.1 cm
-10.9°

-10.1° w =T10&EY (3.8 cm/21.1 cm)

-10.8°

92° w=10°

M.0.=10.02 °

r w=Tokep (3.8cm/21.1 cm)
w =10 poipeg
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MeTpAoeic Kal uttoAoyiopoi via 20 poipec

MeTproeig YT1ToAOyIOPOG ywviag w

-20.2° "Yyog = 7.2 cm, unkog Bdong = 19.8 cm
-18.9°

207° w =T108¢eQ (7.2 cm / 19.8 cm)

-19.5°

19.9° w=20°

M.O. =19.84°

' ' w =T0EEQ (7.2 cm / 19.8 cm)

| w = 20 poipeg
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MeTpnoeic Kal uttoAoyiguoi via 30 yoipec

MeTprioeig YT1roAoyioudg ywviag w

-31.2° "Yyog = 10.7 cm, pfikog Bdong = 18.5 cm
-30.3°

304 ° w =T10&eQ (10.7 cm / 18.5 cm)

-30.7 °

-30.1° w=30"

M.0.=30.54 °

I-,.
r w =10 (10.7cm /18.5cm )

w = 30 poipeg
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MeTprogIc Kal UTTOAOYIOUOI Via 45 poipec

MeTpAoeig

-45.3°

YTToAOYIONOG ywviag w

-43.6°

447 °

-45.1°

-45.0°

M.O.= 44.74°

“Yyog = 15 cm, pnkog paong = 15 cm

w =T10&EP (15 cm /15 cm)

w=45°

-35-




MeTpriosic Kai uttoAoyiopoi via 90 yoipec

2€ auTAV Tnv B€on, 10 PRKog TG Bdong BewpnTikA €ival undevikd. ETeid Opwg n

dlaipeon pe 10 ‘0’ gival aduvarn, Bewpoape ot gival ico pe B=0.001 cm.

MeTpAoeIg YT1roAoyIopog ywviag w

-89.5° “Yyog = 21.5 cm, prikog Bdong = 0.001 cm
-90.0°

876° w =T10¢EQP (21.5cm / 0.001 cm)

-89.8 °

89.3° w=90"

M.O.= 89.24 °
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5.3 Aqyn petprioswyv otov agova X-pitch de§160Tpo@a (BeTIKEG TIMEG)

MeTprioeic Kal uttoAoyiopoi via 0 poipec

MeTprioeig YT1roAoyioudg ywviag w
-0.3° "Yyog = 0 cm, prkog Bdong = 21.5 cm
+0.8 °
+02° w =T10¢eQP (0 cm / 21.5 cm)
-1.1°
_ o
+0.1° w=0
M.O.=0.06 ©

MeTpnoeic Kal uttoAoyiguoi via 10 yoipec

MeTproeig YT1roAoyIoud¢g ywviog w

+10.0 ° "Yyog = 3.8 cm, urkog Bdong = 21.1 cm
+10.8 °

+9 30 w =T10&EYP (3.8 cm/21.1 cm)

+10.4 °

+10.2° w=10°"

M.O.=10.14°

MeTpioeic Kal uttoAoyiopoi via 20 poipec

MeTproeig YT1roAoyIouOG ywviag w
+18.8 ° "Yyog = 7.2 cm, urkog Bdong = 19.8 cm
+20.9 °
12020 w =T108gEQ (7.2 cm / 19.8 cm)
+20.1 °
_ o
+19.7° w=20
M.O. = 19.94 °©
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MeTpnoeic Kal uttoAoyiguoi via 30 yoipec.

MeTproeig YT1roAoyIouOG ywviag w

+29.3 ° "Yywog = 10.7 cm, prikog Baong = 18.5 cm
+30.0 °

+28.9° w =T108eP (10.7 cm / 18.5 cm)

+30.4 °

+29.7° w=30°

M.O. =29.66 °

MeTpAoeic Kal uTToAoYIoUOI Via 45 poipec

MeTprioeig YT1roAoyIouoS ywviag w

+43.9 ° "Yyog = 15 cm, unkog Bdong = 15 cm
+45.8 °

+457° w = T10geP (15 cm/ 15 cm)

+44.8 °

+45.0° Ww=457

M.O. = 45.04 °

MeTpnoeic kal uttoAoyiopuoi yia 90 yoipec

MeTproeig YT1roAoyIouOG ywviag w

+89.3 ° "Yyog = 21.5 cm, prjikog Baong = 0.001 cm
+88.9 °

+89.6 ° w = T108¢eP (21.5cm / 0.001 cm)

+90.0 °

+895 o w = 90 °

M.O. = 89.46 ©
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5.4 A\qyn peTprioswyv otov agova Y-roll apiotepooTpOPa (APVNTIKES TIMEG)

MeTprioeic Kal uttoAoyiopoi via 0 poipec

MeTprioeig YT1roAoyioudg ywviag w

0.0° "Yyog = 0 cm, prkog Bdong = 21.5 cm
+0.6 °

+09° w =T10¢eQP (0 cm / 21.5 cm)

+0.1°

0.8° w=0°

M.O.=1.6°

MeTpnoeic Kal uttoAoyiguoi via 10 yoipec

MeTproeig YT1roAoyIopdg ywviog w

-91° "Yyog = 3.8 cm, pfkog Bdong =21.1 cm
-9.8°

210.0° w =T108eP (3.8 cm/ 21.1 cm)

-10.3°

95° w=10°

M.O.=9.74°

MeTpioeic Kal uttoAoyiopoi via 20 poipec

MeTproeig

-20.0°

YT1roAoyIoudG ywviog w

-21.2°

-20.9°

-20.3°

-20.6°

M.O.=20.6°

Yyog = 7.2 cm, pnkog Baong = 19.8 cm

w =T108¢EQ (7.2 cm / 19.8 cm)

w=20°
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MeTtpnoeic kal uttoAoyiopoi yia 30 yoipec

MeTproeig YT1roAoyIopdg ywviog w

-30.1° "Yyog = 10.7 cm, pfikog Bdong = 18.5 cm
-31.0°

-309° w =T108eP (10.7 cm / 18.5 cm)

-30.0°

302° w=30°

M.O. = 30.44 ©

MeTpAoeic Kal uTToAOYIOUOI Via 45 poipec

MeTprioeig

-43.3°

YT1roAoyIouoS ywviag w

-44.8°

-45.9°

-45.1°

-45.2°

M.O.=44.86°

“Yyog = 15 cm, pnkog Baong = 15 cm

w =T108eQ (15 cm / 15 cm)

w=45°

MeTpnoeic kal uttoAoyiopuoi yia 90 yoipec

MeTproeig YT1roAoyIouOG ywviag w

-88.8° "Yyog = 21.5 cm, pfikog Bdong = 0.001 cm
-89.4 °

-90.0° w = T108€P (21.5 cm / 0.001 cm)

-89.2°°

89.8° w=90°

M.O. = 89.44 °
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5.6 Aqyn peTprioswyv otov agova Y-roll de§i6cTpo@a (OETIKEG TIMEG)

MeTprioeic Kal uttoAoyiopoi via 0 poipec

MeTprioeig YT1roAoyIouoG ywviag w

0.0° "Yypog =0 cm, unkog Baong = 21.5 cm
+0.4 °

07° w =T10¢e@ (0 cm / 21.5 cm)

-0.2°

+08 o w = O °

M.O. =0.06 °

MeTpnoeic Kal uttoAoyiguoi via 10 yoipec

MeTproeig YT1roAoyIouOG Yywviag w

+8.9 ° "Ywog = 3.8 cm, prikog Bdong =21.1 cm
+9.4 °

+10.0° w = T10eQ (2.8 cm / 21.1 cm)

+9.2°°

1989 w=10°

M.O.=9.46°

MeTpAioeic Kal uttoAoyiopoi via 20 poipec

MeTprioeig YT1roAoyioudg ywviag w

+19.8 ° "Yyog = 7.2 cm, urkog Bdong = 19.8 cm
+19.4 °

+20.0° w =T0GgEP (7.2 cm / 19.8 cm)

+19.2°

+202 (o] w = 20 °

M.O.=19.72°
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MeTpnoeic kail uttoAoyiopuoi yia 30 yoipec

MeTproeig YT1roAoyIouOG ywviag w

+30.8 ° "Yyocg = 10.7 cm, prfikog Bdong = 18.5 cm
+30.4 °

+30.5° w = T108€P (10.7 cm / 18.5 cm)

+30.1°

+31.0° w=30°

M.O.= 30.56 °

MeTpAoeic Kal uTToAOYIOUOI Via 45 poipec

MeTprioeig

+43.9°

YT1roAoyioudg ywviag w

+44.8 °

+44.7 °

+45.9°

+45.0°

M.O. =44.86 ©

“Yyog = 15 cm, pnkog paong = 15 cm

w =T108EQP (15 cm / 15 cm)

w=45°

MeTpnoeic kal uttoAoyiopuoi yia 90 yoipec

MeTproeig YT1roAoyIoud¢g ywviog w

+89.8 ° "Yyog = 21.5 cm, prikog Bdong = 0.001 cm
+90.2 °

+88.9° w =T10&EP (21.5cm / 0.001 cm)

+89.2 °

+88.4° w=90"

M.O.=89.3°
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KegpdaAaio 6
6.1 Zxediaon Npa@nudaTwyv

2€ AQUTO TO KEQAAAIO TTAPOUCIACOVTAl TO YPAPHUATA TTPOEPYXOMUEVA ATTO TNV
OX£0N METPOUMEVNG TINAG — ouxvoTNTAG e@Aviong. Aneenkav 80 PETPACEIS yia TNV

Béon 45 poipwyv degiboTpopa oTov agova X — pitch kal émmeira yia v 8éon 45

MoIpwV aploTepPOOTpoPa oTov agova Y — roll.

Mivakag perpRoeswyv X — pitch agova

OcwpnTIKN Métpnon ATTOKAION ApiBuég
lwvia (°) ©) ©) MeTprioewv
45 43.6 -1.4 1
45 43.7 -1.3 1
45 43.8 -1.2 2
45 43.9 -1.1 2
45 44 -1 1
45 44 1 -0.9 2
45 44.2 -0.8 2
45 443 -0.7 3
45 44 .4 -0.6 2
45 44.5 -0.5 5
45 44.6 -0.4 3
45 447 -0.3 5
45 44.8 -0.2 5
45 44.9 -0.1 7
45 45 0 10
45 451 0.1 6
45 45.2 0.2 4
45 45.3 0.3 5
45 45.4 0.4 3
45 45.5 0.5 4
45 45.6 0.6 3
45 45.7 0.7 3
45 45.8 0.8 1
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6.2 Karavoun Gauss

Ta dedopéva TwV PETPAOEWY TOU TTAPATTAVW TTivaKAa OPadOTToINONKAV WOoTE
va JeAeTNOcei n katavour Gauss. MpdkeiTal yia Pio CUPPETPIKA KAPTTUAN, YE EKOETIKA
atrdéofeon, N Kopuen TNG OTToiag €ival N TIUA KAiIONG PE Tn MEYIOTN ouxvoTnTa
EMPAvIONG.

21NV €IKOva TToU akoAouBei TTapoucidletal n ouvdpTnon Kal n 10avIKA KaTtavoun

Gauss.
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- 45 -

A=0
offset:y0=1
center:xc=2
width:w=1.5
areaA=5

ye=y0+A/ (W sqri(pif2))
w=w1/sqrt(Iin(4))




2TOV TTOPAKATW TTivaKa QaiveTal n ouadoTroinon TTou £yive oTa dedouéva.
ZeKIva atmo Tig 43.2 ° e augnon katd 0.4 ° wg kai Tig 46.8 © kal o€ KABs ouada
oupTrepIAauBAvovTal ol TIHEG TTou atréxouv  + 0.2° atmod auTAv.

OpadoTroinuéveg 2uxvoTnTa
Tipég (Hoipeg) epgaviong
43.2 +0.2 0
43.6 +0.2 2
44  +0.2 7
444 +0.2 12
44.8 +0.2 20
452 +0.2 25
45.6 +0.2 13
46 +0.2 1
46.4 +0.2 0
46.8 +0.2 0

Me Bdon Tov TTapaTTavw TTivaka dnuioupynonke n karavour) Gauss (MaUpPEG
KOUKKI®EG) o€ oUyKpION WE TNV 10AVIKA KAUTTUAN (KOKKIVN ypapun). Mapatnpouue
TTWG AKOAOUBEI O€ IKavoTToINTIKO BABPO TNV IDAVIKI) KAUTTUAN.

m Moipeg METpnong
OewpnrTikr Kartavopr] Gauss

BewpnTIKA TIUA (1IBaviKA)

25 4 ]

20 -
5 /
3 /
w
5 45 / \
Q
. ‘ \
wn /
S 104 / \
b =
= . / \
5 / \
T // \,
/s u
0 [ " n
I 1 T T
43 44 45 46 47

ApIBUOC poIpLIV
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A6 TNV eTTeCEpyaTia TNG ouvapTnoNng TNG Katavoung Gauss, oTo TTPOYPAPHa
OriginPro, TTpoKUTITOUV Ol TIUEG OTOUG TTAPOKATW CUVTEAEOTEG:

xc= 45.00182 + 0.04721
y0=0.17456 + 1.3298
RA2= 0.93412

RA2 :Eival n mapdueTpog mToidTNTAG Kal n 18avikn Ty €ivalr n povada. EEaptdral

atro 170 TTARBOG TwV peTproewv. H Ty R*2 = 0.93412 gival apkeTa IKAVOTTOINTIKA.

y0: Eival To Aeydpevo ‘uttépabpo’ TG KaTtavoung dnAadr atd 1Tou Eekivael oTa dkpa
N KAutUAn. Oco 1Mo kovtd oto PNdév , 1600 KaAUTepn €ival n kartavour. H Tiun
y0=0.17456 BpiokeTal oxedOV OTO PNOLV, ETTOPEVWG OEV UTTAPXEI METATOTIION TWV
METPNOEWY, O OXEON WE TNV BewpPNTIKA KATAVOUN.

xc: Eival 10 KévIpo TNG KATAVOUNG, TTPETTEI VO CUMTTITITEI KOTA TO dUvVATOV HE TNV

19avikn Tiun. H 1ipni xc= 45.00182 BpiokeTal akpIfuwg 0TO KEVTPO.
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6.3 Y —roll d§ova oTig 45 poipeg apICTEPOCTPOPA

Otwpntik  Métpnon AmokAion  ApIBuOg

lwvia (°) ©) ® MeTtpricewv
45 43.9 -1.1 1
45 44 -1 1
45 44 1 -0.9 2
45 44.2 -0.8 1
45 44.3 -0.7 1
45 44 4 -0.6 2
45 44.5 -0.5 3
45 44.6 -0.4 5
45 447 -0.3 7
45 44.8 -0.2 6
45 449 -0.1 8
45 45 0 9
45 45.1 0.1 6
45 45.2 0.2 4
45 45.3 0.3 5
45 45.4 0.4 5
45 45.5 0.5 4
45 45.6 0.6 2
45 45.7 0.7 3
45 45.8 0.8 2
45 45.9 0.9 1
45 46 1 1
45 46.1 1.1 1
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6.4 Karavopun Gauss

Ta dedopéva Twv PETPAOEWY TOU TTAPATTAVW TTivaKa OhadoTToINbnKav waoTe

va peAeTnBei n katavouy Gauss.

47.05° kai og KGBe opdda cuptreplAauBavovTal ol TINES TTou atéxouv +0.15° amd

Zekiva atmo TIg 43.15 ° pe BApa 0.3 ° wg Kal TIg

QUTHV.
OuadoTtroinuéveg 2uxvoTnTa
TIPEG (oipEg) EHQAvIong
43.15 0
43.45 0
43.75 0
44.05 4
44.35 4
4465 15
44 .95 23
45.25 15
45.55 11
45.85 6
46.15 2
46.45 0
46.75 0
47.05 0




Me Bdon TOV TTponyoupevo Trivaka OnuioupyAbnke n katavoury Gauss
(MOUPEG KOUKKIOEG) O€ OUYKPION WE TNV IDAVIKI) KAUTTUAN (KOKKIVN YPOUMN).

®  Moipeg Métpnong

—— QewpnTikr) Karavopry Gauss BewpnTIKA TIUA (15avIKH)
25 - J
20 / “\\
/]
/ \
3 154 " .
w f \'\_
g / \
|C_L / \
S 104 / A
wn /f \'\
$ /
\: / \
< / \m
C 54 \
l/l \
/ L
/ AN
- \\\_\
0 E § = "
T E: T T T £l T N T
43 44 45 46 47

ApIBu6S Moipuwv

A6 TNV £TTECEPYQTia TNG ouvAPTNONG TNG KaTavoung Gauss, 010 TTPOYPAUNa

OriginPro, TTpoKUTITOUV Ol TIUEG OTOUG TTAPOKATW CUVTEAEOTEG:

xc=45.0245 + 0.03562
y0=0.28189 + 0.75535
R"2=0.93706
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RA2 :Eival n TTapaueTpog roidTnTag Kai n 10avikr TiunA €ival n povada. E¢aptaral ato
TO TTANB0G TWV peTPrioewv. H iy R*2 = 0.93706 cival apKeTA IKAVOTTOINTIKH.

y0: Eival 1o Aeydpevo ‘uttépaBpo’ TG KaTtavoung dnAadr atd TTou Eekivael ota dkpa
N KAUTTUAnN. Oco 1Mo Kovtd oto pNndév , 1600 KaAUTepn €ival n kartavour. H Tiun
y0=0.28189 BpiokeTal oxedOv OTO PNOLV, ETTOPEVWG OEV UTTAPXEI METATOTIION TWV

METPACEWY, O€ OXEON PE TNV BEWPNTIKY KATAVOWT).

xc: Eival 10 KEVIPO TNG KATAVOUNG, TTPETTEI VA CUMTTITITEI KOTA TO dUVATOV WE TNV

1davikn Tign. H 1ipni xc= 45.0245 BpiokeTal akpIfuwg 0To KEVTPO.

O1 TTapatmdvw UTTOAOYICHOI pag deixvouv TTwg, av Kal UTTAPXE! MIKPN TuXaia
ammokAion a1dé TNV TIPAYMATIKN  KAion, AouBdavovtag  TTOAAEG  PETPAOEIG,
KATOQEPVOUNE TNV agIOTTIOTN HETPNON AUTAG. Ta TTapaTTavw OTATIOTIKA OTOIXEIA pag

deixvouv TTWG 0 METPNTAG AsiToupyei cwoTd.
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KegpdAaio 7
7.1 TexvoAhoyia MEMS

Ta Mikpo-HAekTpo-Mnxaviké 2uotiuara (Micro-Electro-Mechanical Systems
- MEMS) eival n evowpdrtwon Twv PNXAVIKWY  OTOIXEiwv, aionTtnpiwy,
EVEPYOTTOINTWYV KAl NAEKTPOVIKWY O€ £va KOIVO UTTOOTPWHA TTUPITIOU WE TNV Bondeia
TNG vavotexvoAloyiag. Mia cuokeur|, TG otroiag To péyebog dev EetTepvacl auTd evog
KOKKOU Aupou, TEIVEI VO KATAOTEN EUQUNG, KABWG ETITPETTEI TNV EVOWNATWON TWV

NAEKTPOVIKWY KAl JNXAVIKWY CUCTNPATWVOE éva chip.

H texvoloyia MEMS avarmtuxBnke Tn dekaetia Tou 1970 Kal 0Tn CUVEXEIQ
TTPowbNONKe oT0 €uTTOpIO KATA TN OekaeTia Tou 1990, kdAvovTag Ta CUOTAMOTA
MIKPOTEPQA, TTIO YPryopq, TIO ATTOOOTIKA WG TIPOG TNV €VEPYEID Kal AlyOTEPO

dartravnpa.

Ta MEMS atroteAoUvTal ammd UANIKAG TTou To PEyeBOg Toug KupaiveTal atrd 1
¢wg 100 uym (pIkpoueTpa) Kal pia ouokeury MEMS avrioToixa €xel péyebog ammo
20um wg 1Tmm. Ze auTrv TNV KAigaka Ogv 1I0XUOUV TTAVTA Ol KAVOVEG TNG KAAOIKNAG

QUOIKNG, KOBWGS Ta NAEKTPOOTATIKA QAIVOUEVA KAl N UYPOCia UTTEPEXOUV EVAVTI TNG

adpdvelag.

2mv pwrToypagia arreikoviderai
HIKpoOpyaviouos (akdpi) mavw oe pia cuokeuri MEMS
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AlakpivovTtal o€ dUO0 KUPIEG KATNYOPIEG:

. MikpoaioOntrpeg  (microsensors) ---  Evrotriouv
TTANPOPOpPIEC BEPPATNTAG, XNUIKAG, BIOAOYIKAG, OTITIKA Kal Kivnong.
. Evepyotrointég  (actuators) ---  Avrarmrokpivovralr  OTIg

TTOPATTAVW TTANPOPOPIEG KAl EKTEAOUV KAOTAANNAEG EVEPYEIEG.

OepUIKOC EVEPYOTTOINTHS

H texvohoyia MEMS BaaoileTal o€ pia ogipd epyaAeiwv kal pebodoAoyiwy, ol
OTTOIEG XPNOIKOTTOIOUVTAl VIO VO OXNUATIOOUV MIKPEG OOMPEG ME OIAOTAOEIS OTNV
KAipaka MIKPOUETPO (€va EKATOUPUPIOOTO TOU METPOU). APKETA OToIXEia E£xouv
uI00eTNBEi atrd TNV TEXVOAOYia TWV OAOKANPWHEVWY KUKAWPATWY (IC’s).

MNa mapddelypa, oxedov OAeG Ol CUOKEUEG BaaifovTal o€ TTAAKEG TTUPITIOU,
ol OOMEG TOUG aTroTeEAOUVTAl  ATTO  AETITEG  OTPWOEIG UANKWY MEOW NG
Q@WTOANIBOYPO@IKNG HEBGDOU. QOTAOO, UTTAPXOUV APKETEG DIOBIKATIEG, Ol OTTOIEG DEV

TTPOEPXOVTAI OTTO TNV TEXVOAOYIa TwV OAOKANPWHEVWY KUKAWUATWYV.

Ymdpxouv Tpia Bacikd oT1ddia, n evarrobeon AETITWV TAIVIWV UANIKOU OTO
uTTOOTPWHA, N €Papuoyr SIAUOPPWHEVNG PMACKAG OTO TTAVW MPEPOG TWV TAIVIWV

MEOW TNG PWTOANIBOYPAQPIKAG ATTEIKOVIONG KAl N XApagn TwV TAIVIWV ETTIAEKTIKA aTTd

-53 -



TNV Maoka. Mia Tétoia diadikaoia eival ouvnBwg pia dounuévn akoAouBia Twv

TTPALEWV QUTWY WOTE VA ATTOTEAEOOUV TTPAYUATIKEG OUOKEUEG.

‘Eva até 1a Baocikd otddia oTnv emmegepyacia Twv MEMS eival n duvarétnta
evaTroBeong AETTITWV TaIVIWYV UAIKOU. Mia AeTTTr} Taivia pe 1TTaxog Aiywv vavOuETpwY
wg TrepiTTou 100 PIKPOPETPA, XOPAOOETAlI OE TOTTIKO ETTITTEQO, XPNOIMOTTOIWVTAG TIG

d1adIKaCIEG TTOU TTEPIYPAPOVTAI TNV WTOAIBOYPAQIKA Kal 0TAV XApagn.

To o1adI0 TNG EVATTOBEONG TAIVIWV PTTOPEI Va Tagivounei oe dU0 ouAadeG:

1. EvammoB£oeig TTou cuppaivouv eow XnNUIKAG avTidpaong:
*Xnuikn evammoBeon atpwy (CVD)
* HAexkTpoaTTdBe0N
* Epitaxy
* H Bepuikn o&eidwon

O1 d1adikaoieg auTég eKIETAAAEUOVTAI TH dNUIOUPYIA TWV OTEPEWV UNIKWV
aTtreuBeiag aTrd TIG XNUIKEG avTIOPACEIG HETAEU agPiWV i / KAl UYPWV PE TO UAIKO
utTtéoTpwHaA. To oTeped UNIKO ouviBwg dev gival TO POvVO TTPOIGV TTOU oxXnuaTiCeTal
aTré TNV avTidpaon Kabwg UTTOTTPOIOVTA UTTOPET va TTEPIAAUBAVOUV aépia, uypd Kal

oTEPEQ.

2. EvatroBéoeig TTou ouppaivouv AOyw QUOIKAG avTidpaong:
* Quoikn evatréBeon atuwyv (PVD)

* Xdteuon

Aev uttdpxel XNUIKA avTidpaon TTou TPOTTOTTOIEI TO UAIKO OTO UTTOOTPWA.
Av Kal @aiveTal aTTAOUCTEPOG AUTOS O TPOTTOG, OEV £XEI IKAVOTTOINTIKA ATTOTEAEOHUATA

OTTWG OTIG EVATTOBECEIG HEOW XNMIKAG avTidpaong.
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PwToANBoypagia

21NV AIBoypagia Twv PIKPOUNXAVWY, XPNOIUOTTIOIEITAlI QuTOEURiocONTO UAIKO
T0 otoio ovopdaletanl resist. Otav ekTeBei o€ TNV AKTIVOBOAIGG OUYKEKPIPEVNG

évraong, avtidpd avaloya e TIG ETTIAOYEG TOU dNUIOUPYOU - KOTAOKEUQOTI).

Ortav 10 resist T01100eTNOEI ATTO TOV dnUIoUPYSd O€ onueio TTou Ba exTiBETAI
o€ akTIVOPBOAia, Ba xapdéer pia amd TIGC dUO ETIQAVEIEG TOU QVTIKEIUEVOU (ThV
ekTEBEINEVN TTPOG AUTO N} TNV AAAN). Av xpnolpoTtroinBei BeTIKO resist , Ba xapaxOei n
EMQPAVEIA TTOU OeV €ival KAAUPUEVN aTTO aUTO, VW Yia apvnTIKO resist, xapdooeTal n

ETMPAVEIQ KOAUPUEVN ME resist.

‘ETo1 uttdpyxel n duvarotnta dnuioupyiag avayAupwy 3D dopwv OTO KOTAOKEUOOUA.

Subtractive Process Additive Process

- Photolithography ////////////////////4

/\

/a Etch Deposit //////////yk////////ﬁ

NS

7 Strip Resist 77 7%

Pattern transter Pattern transter
by etching by Lift ot
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Fadiation

Mask

Fhetosensitive material
Substrate

Photosensitive materials properties change
only where exposed to radiation

Spray substrate with
developer solution

a) Positive resist, b) Negative resist,
developer solution developer solution
rermoves exposed FEroy es unexposed
material material

Aladikaoia Xdpa&nc

Na va oxnuaTioTE phia Aeiroupyikr) dour TTavw oTO UTTOCTPWHA, Eival ATTapaiTNTo Vo
XOPAEOUNE TIG AETTTEG TAIVIEG. € YEVIKEG YPAUMPES, UTTAPXOUV U0 KAAOEIG AUTAG TNG

dladikaoiag:

1. Yypny xapagn kard tnv otroia 1o UAIKO diaAusTtal étav BuBiletal oe €va XnNUIKO
O1GAupa.
2. =Zgpn) xapaén katd Tnv oTroiad TO UAIKO €TTeCepyAleTal XPNOIKNOTTOIVTAG

avtevepyn 16vra.
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7.2 EmitaxuvoiopeTpa / KAioiduerpa texvoAoyiag MEMS

21NV v AOyw epyaaoia, Xpnoluotoinénke o aicbntrpag emrdayxuvong / KAiong
ADIS16201, kataokeuaopévo pe Texvoloyia MEMS. Evw o1 cupBatikoi aioBntApeg
Xpnoigotrololv  ouvhBwg udpdpyupo yia Tnv avixveuon kAiong, ota MEMS
EKMETAAEUOPOOTE TNV METOBOAA TNG XWPENTIKOTNTAG TTOU gu@avifetal Kabwg 2
ETTIPAVEIEG, XWPIGC NAEKTPIKI oUVOEON METAEU TOUG, QUEOMEIWVOUV TNV ATTOOTAON

Toug Adyw TnG Kivhong.

H tmmapakdrtw @wTtoypagia OtiXVeEl TO €0WTEPIKO €VOG ETTITAXUVOIONETPOU.
Mapatnpouue OTI AOyw TwWV HIKPWV dIOOTACEWY (TAEEWS PIM) UTTAPXOUV APKETA
Ceuyn em@aveiwy, WOTE va auéndei n ouvoAikn xwpenTikdéTnTa. H améoTaon petagu

TWV dUO TTAOKWYV €vOg (euyoug, dev uttepBaivel Ta 10 um, AauBdvovtag utr'éynv Tnv

KAipaka.
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EtriAoyog

H xprion evog wn@iakoU PeTpnTA KAICEWS, BPIOKElI EQappoyr o€ OUVOAKES
OTToU XpelaldpaoTe akpiBeia otnv uETpnon KAioswg. H TtexvoAoyia MEMS, non
XPNOIMOTIOIEITAI OTNV PETPNON KAIONG TWV TTAOIWV KAl AEPOCKAPWYV. 2€ OXHNATA TTOU
XpnoigoTtrolouvTal yia avdapacon PBouvwy, €ival UTTOXPEWTIKI N TTapakoAoubnon Tng
KAIONG Tou OXAMOTOG WOTE va unv avatrodoyupioel. ANG Kal oTnv 1aTPIKA, OTToU
uTTdpXouv pPOJTTOTIKOI Bpaxioveg. ETiong o€ aTmAég  e@appoyég, OTTWG N

€UBUYPAPUION QVTIKEIMEVWYV (TT.X. OTAV KATAOKEUN OIKOOOWNG, EYKATAOTACT OKETTNG).

Ta Tapamdvw atroteAolv  éva  PIKPO  TTapddelypa  epappoywy. Ol
duvVaATOTNTEG TOU CUYKEKPIPNEVOU OAOKANPWHEVOU, ETTEKTEIVOVTAI KAl O€ TTI0O OUVOETES
EQPAPMOYEG, AOYW TNG IKAVOTNTAG TOU VA YETPAEI KAionN, ETITAXUVOTN, BEpPOKpaacia Kal
Tdon Tpoodooiag. Me Tov KaTAAANAo kwdika eivalr duvath n Xprion Tou Kal wg

alarm €1do1T0inCNG 1 KIVOUVOU.
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BiAloypa@ia

loTOOEAIDEC

TexvoAoyia Mems:

1)www.allaboutmems.com

2)WWW.memx.com

Datasheets:

3)http://www.analog.com

4)http://www.analog.com/en/mems-and-sensors/products/index.html

5)http://www.analog.com/en/other/multi-
chip/adis16201/products/product.html

6)http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en
010265

7)http://focus.ti.com/lit/ds/symlink/max232.pdf

8) www.powertip.com
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Mapdaptnua A

Mpoypdauuara Twyv 2 Baduidwyv (Mwooca C)
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[Mpoypaupa Baduidag aiodntnpiou

#include <P18cxxx.H>
#include <delays.h>

#include <stdio.h>

#pragma config WDT = OFF
#pragma config OSC = INTIO2
#pragma config MCLRE = OFF

#define SET_CS_n(a) LATADits.LATAO = a
#define SET_SCLK(a) LATADbits.LATA1 =a
#define SET_DOUT(a) LATADbits.LATA2 = a
#define SET_RST_n(a) LATADbits.LATA3 = a
#define GET_DIN PORTADbits.RA4

void Init (void);
void putchar (unsigned char ch);
void putstring (const rom char *s);

void putstringcrlf (const rom char *s);

static rom char tohex[17] = "0123456789ABCDEF";

unsigned short ReadRegister (unsigned char address);

void WriteRegister (unsigned char address, unsigned char data);

#define DelayMS(a) Delay10KTCYx(a/5)

signed short xinc, x0,x1,x2,x3;
signed short yinc, y0,y1,y2,y3;
signed short xacc, yacc;

unsigned short vcc;
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signed short temp;

signed long temp2;
void main (void)
{

unsigned char i;

Init ();

DelayMS (100);

SET_RST_n (0);

SET_CS_n (1);

SET_SCLK (1);

SET_DOUT (0);

DelayMS (10);

SET_RST_n (1);

DelayMS (10);

WriteRegister (0x36, 0x08);

WriteRegister (0x38, 0x07);

i=0;

while (1) {

TMR1H = 0x9e;
TMR1L = 0x58;
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PIR1bits. TMR1IF = 0;

xinc = ReadRegister (0x0C);
yinc = ReadRegister (Ox0E);

xinc &= OxFFF;
if (xinc & 0x800) {
xinc |= OxFO0O;
}
xinc *= -1;
X3 = x2;
X2 = x1;
x1 = x0;
x0 = xinc;
xinc = (- x3 + 9"x2 + 9*x1 - x0) >> 4;

yinc &= OxFFF;
if (yinc & 0x800) {
yinc |= OxF000;

y3 =y2;
y2=y1;
y1=y0;
y0 = yinc;

yinc = (-y3 + 9%y2 + 9%y1 - y0) >> 4;

putstring ("$INC,");

putchar (tohex[(xinc >> 8) & 0xf]);
putchar (tohex[(xinc >> 4) & 0xf]);
putchar (tohex[xinc & 0xf]);
putchar (',');

putchar (tohex[(yinc >> 8) & 0xf]);
putchar (tohex[(yinc >> 4) & 0xf]);
putchar (tohex[yinc & 0xf]);
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putstringerlif ("");

while (PIR1bits. TMR1IF == 0) {

}

i++:

void Init (void)
{
OSCCON = 0x70;
T1CON = 0xA1;
ADCON1 = Ox7f;

LATA = 0x00;
TRISA = 0x10;
LATB = 0x00;
TRISB = 0x16;
RCSTA = 0x90;
TXSTA = 0x20;
BAUDCTL = 0x00;
SPBRGH = 0x00;
SPBRG = 0x0C;

void putchar (unsigned char ch)

{
while (!PIR1bits. TXIF) {

}
TXREG = ch;
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void putstringcrlf (const rom char *s) // cariage return, line feed.
{
while (*s) {
putchar (*s++);
}
putchar (0x0d);
putchar (0x0a);

void putstring (const rom char *s)
{
while (*s) {

putchar (*s++);

unsigned short ReadRegister (unsigned char address)
{
unsigned char i;
unsigned short dout;
unsigned char bitout;

unsigned short nibble;
SET_SCLK (1);
SET_DOUT (0);

SET_CS_n (0);

dout = (unsigned short)address << 8;
dout = dout & 0x3f00;

for (i=0;i<16; i++) {
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SET_SCLK (0);

bitout = (dout & 0x8000) ? 1 : 0;
dout = dout << 1;

SET_DOUT (bitout);

SET_SCLK (1); edge of sclk

SET_CS_n (1);
SET_SCLK (1);
SET_DOUT (0);

Delay10KTCYx(5);

SET_SCLK (1);
SET_DOUT (0);
SET_CS n (0);

for (i=0;i<16; i++) {
SET_SCLK (0);
SET_SCLK (1);
dout <<= 1,
dout |= (GET_DIN ? 1: 0);
}
SET_CS_n (1);
SET_SCLK (1);
SET_DOUT (0);

return dout;

void WriteRegister (unsigned char address, unsigned char data)

{

unsigned char i;

unsigned short dout;
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unsigned char bitout;

unsigned short nibble;

/I set clock high, data out low, chip select low
SET_SCLK (1);

SET_DOUT (0);

SET_CS_n (0);

address &= 0x3f;

dout = 0x8000 | ((unsigned short)address << 8) | data;

for (i=0;i<16; i++) {
SET_SCLK (0);
bitout = (dout & 0x8000) ? 1 : 0;
dout = dout << 1;
SET_DOUT (bitout);
SET_SCLK (1); }

SET_CS n (1);
SET_SCLK (1);

SET_DOUT (0);

Delay10KTCYx(5);
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#include <P18cxxx.H>

#include <delays.h>

#pragma config WDT = OFF
#pragma config OSC = INTIO2
#pragma config MCLRE = OFF

#define DATA_PORT PORTA
#define TRIS_DATA_PORT TRISA

#define PIN_D7 PORTADbits.RA3
#define RW_PIN PORTBbits.RB2
#define TRIS_RW DDRBbits.RB2
#define RS_PIN PORTBbits.RBO
#define TRIS_RS DDRBbits.RB0O
#define E_PIN PORTBbits.RB3
#define TRIS_E DDRBbits.RB3
#define TRIS_D3 DDRADbits.RA7
#define TRIS_D2 DDRADbits.RA6
#define TRIS_D1 DDRBbits.RB7
#define TRIS_DO DDRBDbits.RB6

#define DelayMS(a) Delay10KTCYx(a/5)

void Init (void);

void WriteCommand (unsigned char command);

void WriteData (unsigned char command);

void WriteNibble (unsigned char rs, unsigned char nibble);
void LCDWait (void);

void PutString (unsigned char addr, const rom char *s);

void putchar (unsigned char ch);

unsigned char getchar (void);
O —
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void parse (unsigned char rx);

unsigned char fromhex (unsigned char);

void PosGraph (unsigned char addr, unsigned char bars);

void NegGraph (unsigned char addr, unsigned char bars);

unsigned char rxstate;

short incx;

short incy;

unsigned short tmp;

unsigned char tmpc;

unsigned char x_neg, x_tens, x_ones, x_tenths;
unsigned chary_neg, y_tens, y ones, y tenths;

unsigned char x_bars, y_bars;

void main (void)

{
unsigned char ch;
Init ();
rxstate = 0O;
while (1) {
ch = getchar ();
parse (ch);
}
}

void parse (unsigned char rx)

{

putchar (rx);

if (rx =="$") { rxstate = 1; return; }
if (rx == 0x0d) { rxstate = 0; return; }
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if (rx == 0x0a) { rxstate = 0; return; }

switch (rxstate) {

case 1:if (rx =="I') rxstate = 2; else rxstate = 0; break;

case 2:i

case 4:i

if (rx =="N') rxstate = 3; else rxstate = 0; break;
case 3:if (rx =="C') rxstate = 4; else rxstate = 0; break;
if (

rx ==",") rxstate = 5; else rxstate = 0; break;

case 5:incx = (unsigned short)fromhex(rx) << 8; rxstate = 6; break;

case 6: incx |= (unsigned short)fromhex(rx) << 4; rxstate = 7; break

case 7:incx |= (unsigned short)fromhex(rx); rxstate = 8; break;

case 8:if (rx ==",") rxstate = 9; else rxstate = 0; break;

case 9:incy = (unsigned short)fromhex(rx) << 8; rxstate = 10; break;

case 10: incy |= (unsigned short)fromhex(rx) << 4; rxstate = 11; break;

case 11: incy |= (unsigned short)fromhex(rx);

x_heg = 0;
if (incx & 0x800) {
incx |= 0xFOOQO;
incx = -incx
X_neg =1;
}
tmp = incx;

x_tens =tmp/ 100;

tmp

= tmp - (unsigned short)x_tens *100;

x_ones =tmp/10;

x_tenths = tmp - (unsigned short)x_ones * 10;

y_neg =0;
if (incy & 0x800) {
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incy |= 0xF0OQO;

incy = -incy;
y_heg =1;
}
tmp = incy;

y_tens =tmp/ 100;

tmp  =tmp - (unsigned short)y_tens * 100;
y_ones =tmp/10;

y_tenths = tmp - (unsigned short)y _ones * 10;

tmpc=incx? (x_neg ?"'-":'+") "
WriteCommand (0x80);
WriteData (tmpc);
WriteData (x_tens ? (0x30 + x_tens) :'");
WriteData (0x30 + x_ones);
WriteData (.'");

WriteData (0x30 + x_tenths);
tmpc =incy ? (y_neg ?'-':'+'):""
WriteCommand (0xCO0);

WriteData (tmpc);

WriteData (y_tens ? (0x30 +y_tens) :'");
WriteData (0x30 + y_ones);
WriteData (.'");

WriteData (0x30 + y_tenths);

X_bars = (unsigned short)(12 * incx / 450) + 1;

if (x_bars > 25) x_bars = 25;
y_bars = (unsigned short)(12 * incy / 450) + 1;
if (y_bars > 25)y bars = 25;

if (incx == 0) {
NegGraph (0x86, 1);
PosGraph (0x8b, 1);
} else if (x_neg) {
NegGraph (0x86, x_bars);
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PosGraph (0x8b, 0);
} else {
NegGraph (0x86, 0);
PosGraph (0x8b, x_bars);

if (incy == 0) {
NegGraph (0xc6, 1);
PosGraph (Oxcb, 1);

} else if (y_neg) {
NegGraph (0xc6, y_bars);
PosGraph (Oxcb, 0);

} else {
NegGraph (0xc6, 0);
PosGraph (Oxcb, y_bars);

}
rxstate = 0;
break;
default:
rxstate = 0;
break;
}
}
void PosGraph (unsigned char addr, unsigned char bars) /Impara gia

thetikes times

{
unsigned char idx;
unsigned char ch;
unsigned char disp[5];
unsigned char solid;

unsigned char partial,

solid = bars / 5;
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(idx == solid) {

partial = bars % 5;

for (idx = 0; idx < 5; idx++) {
if (idx < solid) {

ch = OxFG6; } else if
if (partial == 0) {
ch=""%
} else {
ch =0xBC ;
}
} else {
ch="" )
disp[idx] = ch; }

WriteCommand (addr);
WriteData (disp[0]);

WriteData (disp[1]
WriteData (disp[2]
WriteData (disp[3]
WriteData (disp[4]

)
)
)
)

void NegGraph (unsigned char addr, unsigned char bars)

{

unsigned char idx;
unsigned char ch;
unsigned char disp[5];
unsigned char solid;

unsigned char partial;

solid = bars / 5;

partial = bars % 5;

for (idx = 0; idx < 5; idx++) {
if (idx < solid) {
ch = OxF7;
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} else if (idx == solid) {
if (partial == 0) {
ch=""
} else {

ch = 0xBB;

disp[idx] = ch;

WriteCommand (addr);
WriteData (disp[4]);
WriteData (disp[3]);
WriteData (disp[2]);
)
)

WriteData (disp[1]
WriteData (disp[0]

unsigned char fromhex (unsigned char ch)
{
if (ch >="0"' && ch <="9")
return ch - '0";
if (ch >="a' && ch <=f)
return ch - 'a' + 10;
if (ch >="A' && ch <="F")
return ch - 'A' + 10;

return O;

void Init (void)

{
OSCCON = 0x70;
ADCON1 = 0x7f;
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void LCDWait (void)
{

LATA = 0x00;
TRISA = 0x00;

LATB = 0x00;

RCSTA = 0x90;

TXSTA = 0x20;

BAUDCTL = 0x00;

SPBRGH = 0x00;

SPBRG = 0x0C;

DelayMS (260);

WriteNibble (0, 0x3);

WriteNibble (0, 0x3);

WriteNibble (0, 0x3);

WriteNibble (0, 0x2);
WriteCommand (0x0C);

WriteCommand (0x06);

unsigned char i;

TRIS_DATA_PORT = 0xOF;

TRIS_D2 = 1;
TRIS_D1 = 1;
TRIS_DO = 1;
RS_PIN = 0;
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TRISB = 0x10;

DelayMS (5);

DelayMS (1);

DelayMS (5);

WriteCommand (0x01);

display data ram address

TRIS_D3 = 1;




RW_PIN = 1;

do {

Delay10TCYx(5);

E PIN=1;

Delay10TCYXx(5);

i = PIN_D7;

Delay10TCYXx(5);

E_PIN=0; Delay10TCYXx(5);

E _PIN=1,;

Delay10TCYXx(5);

E_PIN=0; Delay10TCYXx(5);
} while (i);

TRIS_DATA_PORT = 0x00;
TRIS_D3 = 0;
TRIS_D2 = 0;
TRIS_D1 = 0;
TRIS_DO = 0;

void WriteCommand (unsigned char command)

{
LCDWait ();
WriteNibble (0, command >> 4);
WriteNibble (0, command & Oxf);
}

void WriteData (unsigned char data)

{
LCDWait ();
WriteNibble (1, data >> 4);
WriteNibble (1, data & 0xf);
}

void WriteNibble (unsigned char rs, unsigned char nibble)
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RS _PIN =rs;

RW_PIN = 0;
DATA_PORT = nibble;
Delay10TCYx(5);

E _PIN=1;
Delay10TCYXx(5);
E_PIN=0;
Delay10TCYXx(5);

void putchar (unsigned char ch)

{

while (!PIR1bits. TXIF) {

}
TXREG = ch;

unsigned char getchar (void)

{

while ('PIR1bits.RCIF) {
if (RCSTAbits.OERR) {
RCSTAbits.CREN = 0;
RCSTAbits.CREN = 1;

}
return RCREG;

void PutString (unsigned char addr, const rom char *s)

{

WriteCommand (0x80 | addr);
while (*s) {
WriteData (*s++);

=77 -




NMapdpTnua B

QUAAa dedopévwyv

-78 -




PIC18F1320

2nNMHavTIKOTEPO atrooTTadcpaTta amrd To datasheet.

-79 -



e\

MICROCHIP

PIC18F1220/1320
Data Sheet

18/20/28-Pin High-Performance,
Enhanced Flash Microcontrollers
with 10-Bit A/D and nanoWatt Technology

2007 Microchip Technology Inc. DS386805F

- 80 -



MICROCHIP

PIC18F1220/1320

18/20/28-Pin High-Performance, Enhanced Flash MCUs
with 10-bit A/D and nanoWatt Technology

Low-Power Features:

.

.

.

.

.

Power Managed modes:

- Run: CPU on, peripherals on

- Idle: CPU off, peripherals on

- Sleep: CPU off, peripherals off
Power Consumption modes:

- PRI_RUN: 150 pA, 1 MHz, 2V
PRIIDLE: 37 pA, 1 MHz, 2V
SEC_RUM: 14 pA, 32 kHz, 2V
SEC IDLE: 5.8 pA, 32 kHz, 2V
RC_RUM: 11 pA, 1 MHz, 2V
RC_IDLE: 52 pA, 1 MHz, 2V
Sleep: 0.1 pA, 1 MHz, 2V
Timer1 Oscillator: 1.1 pA, 32 kHz, 2V
Watchdog Timer: 2.1 pA
Two-Speed Osgillator Start-up

Oscillators:

.

.

.

Four Crystal modes:
- P, XT, HS: up to 25 MHz
- HSPLL: 4-10 MHz (16-40 MHz internal}

Two External RC modes, up to 4 MHz
Two External Clock modes, up to 40 MHz

Internal oscillator block:
- B user-selectable frequencies: 31 kHz, 125 kHz,
250 kHz, 500 kHz, 1 MHz, 2 MHz, 4 MHz, 8 MHz

- 125 kHz to 8 MHz calibrated to 1%

- Two modes select one or two /O pins

- OSCTUNE - Allows user to shift frequency
Secondary osgillator using Timer1 @ 32 kHz
Fail-Safe Clock Monitor

- Allows for safe shutdown if peripheral clock stops

Peripheral Highlights:

High current sink/source 25 mA/25 mA

Three external interrupts

Enhanced Capture/Compare/PWM (ECCP} module:
- One, two or four PWM outputs

- Selectable polarity

- Programmable dead time

- Auto-Shutdown and Auto-Restart

- Capture is 16-bit, max resolution .25 ns {TCY/16}
- Compare is 16-bit, max resolution 10¢ ns (Tcy)
Compatible 13-bit, up to 13-channel Analog-to-
Digital Converter module (A/C} with programmable
acquisition time

Enhanced USART module:

- Supports RS-485, RS-232 and LIN 1.2

- Auto-Wake-up on Start bit

- Auto-Baud Detect

Special Microcontroller Features:

+ 100,00C erasefwrite cycle Enhanced Flash
program memory typical

1,000,000 eraselwrite cycle Data EEPROM
memory typical

Flash/Data EEPROM Retention: > 40 years
Self-programmable under software control
Priority levels for interrupts

8 x 8 Single-Cycle Hardware Multiplier
Extended Watchdog Timer (WDT}):

- Programmable period from 41 ms to 131s
- 2% stability over Voo and Temperature
Single-supply 5V In-Circuit Serial Programming™
{ICSP™} via two pins

In-Circuit Cebug (ICD} via two pins

Wide operating voltage range: 2.0V to 5.5V

Program Memory Data Memory
o 10-bit ECCP Timers
Device Flash # Single-Word SRAM | EEPROM 1o AID (ch) (PWM) EUSART 8/16-bit
(bytes) Instructions (bytes) (bytes}
PIC18F 1220 4K 2048 256 256 16 7 1 ¥ "3
PIC18F 1320 8K 4006 256 256 16 7 1 ¥ 143

2007 Microchip Technology Inc. DS29605F -page 1
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Pin Diagrams

18-Pin PDIP, S0IC
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PIC18F1220/1320

A block diagram of the PIC18F1220/132C device
architecture is provided in Figure 1-1. The pinouts for
this device family are listed in Table 1-2.

1.3 Details on Individual Family
Members

Cevices in the PIC18F1220/1320 family are available
in 18-pin, 20-pin and 28-pin packages. A block diagram

for this device family is shown in Figure 1-1.

The devices are differentiated from each other only in
the amount of on-chip Flash program memory
{4 Kbytes for the PIC18F1220 device, 8 Kbytes for the
PIC18F1320 device). These and other features are

summarized in Table 1-1.

TABLE 1-1: DEVICE FEATURES

Features PIC18F1220 PIC18F1320
Operating Frequency DC - 40 MHz CC - 40 MHz
Program Memory (Bytes) 4096 8192
Program Memory {Instructions} 2048 4096
Cata Memory (Bytes} 256 256
Cata EEPROM Memory (Bytes) 256 256
Interrupt Sources 15 15
/0 Ports Ports A, B Ports A, B
Timers 4 4

Enhanced Capture/Compare/PWM Modules

1

1

Serial Communications

Enhanced USART

Enhanced USART

13-bit Analog-to-Digital Module

7 input channels

7 input channels

Resets (and Celays)

POR, BOR,
RESET Instruction, Stack Full,
Stack Underflow (PWRT, OST)},
MCLR {optional), WOT

POR, BOR,
RESET Instruction, Stack Full,
Stack Underflow (PWRT, OST},
MCLR (optional}, WDT

Programmable Low-Voltage Detect

Yes

Yes

Programmable Brown-out Reset

Yes

Yes

Instruction Set

75 Instructions

75 Instructions

Packages

18-pin SDIP
18-pin SCIC
20-pin SSOP
28-pin QFN

18-pin SDIP
18-pin SOIC
20-pin SSOP
28-pin QFMN

DS38605F-page 6
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PIC18F1220/1320

FIGURE 1-1: PIC18F1220/1320 BLOCK DIAGRAM
Data Bus<B>
v 1 !
21 |[Table Pointer <27]) I L Data Latch PORTA
re—=-[] RAD/AND
pe R
>
’,21 log L) [t [ X] RA1/AN 1/LVDIN
aﬂ Addiress Latch] [
5 =[] RAZ/AN2AVREF-
Address Lateh || et = ﬁ 122
Program Memory / Address<12> ._..g RA3SANINREF+
(4 Kiytes) £y ﬁ ﬁ Fay
PIC18F 1220 Aff 12 4 o[ RA4ITOCKI
8 Kbytes) 8SR] [[Fsro]|BankeA] X
RIGIBE 920 R la— 4] MCLRverRAS T
Data Latch L FsRz| 12
k=[] OsC2ICLKORAS!
16 [EEGEE
logic lew-[] 30201 KIRATD

PORTB

4= RE0/ANA/INTO

=[] RE1/ANSTXCKANT

Instruction
Decode &
Gontrol

T

-4+—=DX] RE2/P 1B/NTZ

4D RB3/CCP1PIA

4[] RB4/ANG/RX/DT/KBIO

08c1? Gh—e Power-up BIT %P WRI;G = = RE5/PC KB
Timer
08C2 [R—s] | cemarat 4= B4 ResPGOTIOR0)
Generation — Oscillator ) T13CKIP1C/KBI2
Bd—| |[ mTRe St Ty B rezipcomiosy
e
Ties! Oscillator Power-on ALU<8> P1D/KBI3
Reset
T1080 =
Watchdog 8
Timer
Brown-out L | Precision >
Low-VoItage - = vottage
TER g Programming Reset Reference
ncirsut | e vnor
Voo, Vs [—| | Debugger
Timer0 Timer1 Timer2 Timer3 > AD Converter

it it i
) b

Enhanced e e Data EEPROM

Note 1. RAS is available only when the MCLR Reset is disabled.

2: 08G1, O8G2, GLKI and CLKO are only available in select oscillator modes and when these pins are not being used as digital
/0. Refer to Section 2.0 “Oscillator Configurations” for additional information.

2007 Microchip Technology Inc. DS39605F-page 7
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TABLE 1-2: PIC18F1220/1320 PINOUT I/O DESCRIPTIONS

Pin Number
. Pin | Buffer oy
Pin Name Description
PDIP/ Type | Type
solc SSOP | QFN
MCLRAPPRAS 4 4 1 Master Clear (input) or programming voltage (input).
MCLR | ST Master Clear (Reset) input. This pinis an active-low
Reset to the device.
Vpp P — Programming voltage input.
RAS | ST Digital input.
OSC1/CLKIRAT 16 18 21 Oscillator crystal or external clock input.
0sc1 | 8T Oscillator crystal input or external clock scurce
input. ST buffer when configured in RC mede,
CMOS otherwise.
CLKI CMOS External clock source input. Always associated with

pin function OSC1. (See related OSC1/CLKI,
OSCZ/CLKO pins.)

RAY o] ST General purpose /0 pin.
OSC2/CLKO/RAS 15 17 20 Oscillator erystal or clock output.
oscz2 (6] — Oscillator erystal cutput. Connects to crystal or
resonator in Crystal Oscillator mode.
CLKO (o] = In RC, EC and INTRC medes, OSC2 pin outputs

CLKO, which has 1/4 the frequency of OSC1 and
denotes instruction cycle rate.
RAB o] ST General purpose 1/O pin.

PORTA is a bidirectional /O port.

RAO/AND 1 1 26
RAD [fis] ST Digital /0.
ANO | Analog Analeg input 0.
RAVANAAVDIN 2 2 27
RA1 [f{e] ST Digital 1/O.
AN1 | Analog Analog input 1.
LVDIN | Analog Low-Voltage Detect input.
RA/ANZAREF- |53 7 7
RA2 tis] ST Digital 1/O.
AN2 | Analog Analeg input 2.
VREF- | Analog ASD reference voltage (lew) input.
RA3/AN3A/REF+ 7 8 8
RA3 Iis] ST Digital /0.
AN3 | Analog Analog input 3.
VREF+ | Analog A/D reference voltage (high} input.
RA4TOCKI 3 3 28
RA4 O | ST/OD Digital /0. Open-drain when configured as output.
TOCKI | 8T TimerQ external clock input.
RAS See the MCLRA/PP/RAS pin.
RAS See the OSC2/CLKO/RAS pin.
RAY See the OSC1/CLKI/RAY pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
8T = Schmitt Trigger input with CMOS levels | = Input
(o] = Qutput P = Power
OD = Open-drain (no P diode to VDD)
DS38605F-page 8 2007 Microchip Technology Inc.
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TABLE 1-2: PIC18F1220/1320 PINOUT I/O DESCRIPTIONS {CONTINUED)
Pin Number
Pin | Buffer
Pin Name Description
PDIF/ Type | Type P!
S0IC SSOP | QFN
PORTR is a bidirecticnal IO port. PORTB can be scftware
pregrammed for internal weak pull-ups on all inputs.
RBO/ANA/INTO 8 9 9
RBO [f{e] TTL Digital /0.
AN4 | Analog Analog input 4.
INTO | ST External interrupt 0.
RBA/ANS/TX/CKANTA 9 10 10
RB1 [f(e] TTL Digital /O,
ANS5 | Analog Analog input 5.
TX o — EUSART asynchronous transmit.
CK [f(e] ST EUSART synchronous clock {see relatad RX/DT).
INT1 | ST External interrupt 1.
RB2/P1B/INT2 17 19 23
RB2 [f{e] TTL Digital /0.
P1B (0] — Enhanced CCP1/PWM cutput.
INT2 | 5T External interrupt 2.
RB3/CCP1/P1A 18 20 24
RB3 1£O TTL Digital /0.
CCP1 fe] 5T Capture 1 input/Compare 1 output/PWM 1 output.
P1A (o] — Enhanced CCP1/PWM output.
RBA/ANGRX/DTKBIO 10 11 12
RB4 1£Q TTL Digital /0.
ANG | Analog Analog input 8.
RX | ST EUSART asynchronous receive.
DT 1£O ST EUSART synchronous data (see related TX/CK).
KBIO | TTL Interrupt-on-change pin.
RB5/PGM/KBI1 11 12 13
RB5 1£0 TTL Digital /0.
PGM [fje] ST Low-Voltage ICSP Programming enable pin.
KBI1 | TTL Interrupt-on-change pin.
RB&/PGC/T1080/ 12 13 15
T13CKIP1C/KBI2
RB& [f(e] TTL Digital /0.
PGC 1£O 8T In-Circuit Debugger and ICSP programming clock pin.
T1080 (0] — Timer1 oscillater output.
T13CKI | ST Timer1/Timer3 external clock output.
Pi1C (o] — Enhanced CCP1/PWM output.
KBIZ2 | TTL Interrupt-on-change pin.
RB7/PGD/T108I/ 13 14 16
P1D/KBI3
RB7 1O TTL Digital /0.
PGD fje] ST In-Circuit Debugger and |ICSP programming data pin.
T108I | CMOS Timer1 oscillator input.
P1D (o] — Enhanced CCP1/PWM output.
KBI3 | TTL Interrupt-on-change pin.
Vss 5 56 3,5 P — Ground reference for logic and |70 pins.
VoD 14 |15 16|17, 12| P — Positive supply for logic and /O pins.
NC — — 18 — — No connect,
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or cutput
ST = Schmitt Trigger input with CMOS levels | = |nput
O = Qutput P = Power
OD = Open-drain (no P diode to VDD)

2007 Microchip Technology Inc.
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ANALOG
DEVICES

iSensor™ |nclinometer/Accelerometer

Evaluation Board

ADIS1620x/PCB

GENERAL DESCRIPTION

The ADI$1620x/PCBs are simple evaluation boards that
provide convenient access to the ADIS1620x family of products,
using a standard 2 mm, 2 x 6, connector interface. These
connectors can be accessed using a variety of cable options,
including standard 1 mm ribbon cables. The ADIS1620x/PCB is
designed to be evaluated in an existing digital platform {such as
MCU, DSP, FPGA, PLD) or as part of the ADISEVAL system.
Four mounting holes (sized for 2-56 or 2 mm screws) have been
provided to secure the board during evaluation.

CIRCUIT DESCRIPTION

The schematic, layout, and parts list for the ADIS1620x/PCB
can be found in

Figure 1,
Figure 2, and Table 1.

The ADIS1620x’s digitized outputs can be accessed using the
4-wire serial port interface (SPI) signals on J1: SCLEK, CS, DOUT,
and DIN. For specific information on using the ADIS1620x SPI
interface, refer to the ADIS16201 data sheet. Auxiliary functions,
such as the 12-bit ADC input, can be accessed using J2. C1
provides additional power supply filtering but is generally not
required.

Table 1. Parts List

Reference Designator Part Description

u1 ADIS1620xyCCZ'

J1, )2 12-pin, dual row, 2 mm connector
C1 Powver supply filtering, notinstalled

'%x=0,1,234or9y=Borl

SPECIAL NOTES ON HANDLING

Note that the ADIS1620%/PCB is not reverse-polarity protected.
Reversing the power supply or applying inappropriate voltages
(that is, voltages outside the Absolute Maximum Ratings in the
ADIS1620x data sheets) to any pin may damage the
ADIS1620x/PCB.

Table 2. Power Supply Levels

Parameter Range
Ve 3.0Vto36Y
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ESD CAUTION

Model Description

ADIS16201/PCBZ Evaluation Board
ADIS16202/PCBZ Evaluation Board
ADIS16203/PCBZ Evaluation Board
ADIS16204/PCBZ Evaluation Board
ADIS16209/PCBZ Evaluation Board

A
Az

ESD {elactrostatic discharge) sensitiva device.
Charged devices and circuit boards n discharge
without detection. Although this product features
patented or proprietary protection clrcultry, damage
may oceur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to
avold performance degradation or loss of functlonality.

' Z =RoHS Compliant Part,

©2007 Analog Davlces; Inc. All rights reserved. Trademarks and
d trad ks are the of thalr respact owners.
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Programmable Dual-Axis
Inclinometer/Accelerometer

ADIS16201

FEATURES

Dual-axis inclinometer/accelerometer measurements
12-, 14-bit digital inclination/acceleration sensor outputs
1.7 g accelerometer measurement range

190° inclinometer measurement range, linear output
12-bit digital temperature sensor output

Digitally controlled sensitivity and bias calibration
Digitally contrelled sample rate

Digitally controlled frequency response

Dual alarm settings with rate/threshold limits
Auxiliary digital I/0

Digitally activated self test

Digitally activated low power mode

SPI®-compatible serial interface

Aunxiliary 12-bit ADC input and DAC output
Single-supply operation: 3.0Vto +3.6V

3500 g powered shock survivability

APPLICATIONS

Platform control, stabilization, and leveling

Tilt sensing, inclinometers

Motion/position measurement

Monitor/alarm devices (security, medical, safety)

GENERAL DESCRIPTION

The ADIS16201 isa complete, dual-axis acceleration and
inclination angle measurement system available in a single
compact package enabled by the Analog Devices iSensor™
integration. By enhancing the Analog Devices IMEMS® sensor
technology with an embedded signal processing solution, the
ADIS16201 provides factory calibrated and tunable digital
sensor dafta in a convenient format that can be accessed using a
serial peripheral interface (SPI). The SPI interface provides
access to measurements for dual-axis linear acceleration, dual-
axis linear inclination angle, temperature, power supply, and
one auxiliary analog input. Easy access to calibrated digital
sensor data provides developers with a system-ready device,
reducing development time, cost, and program risk.

Unique characteristics of the end system are accommodated
easily through several built-in features, such as a single
command in-system offset calibration, along with convenient
sammple rate and bandwidth control.
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Figure 1.

The ADIS16201 offers the following embedded features, which
eliminate the need for external circuitry and provide a simplified
systermn interface:

e  Configurable alarm function
¢ Auxiliary 12-bit ADC

e Auxiliary 12-bit DAC

e  Configurable digital I[/O port
e Digital self-test function

The ADIS16201 offers two power management features for
managing system-level power dissipation: low power mode and
a configurable shutdown feature.

The ADIS16201 is available in a 9.2 mm x 9.2 mm x 3.9 mm
laminate-based land grid array (LGA) package with a
temperature range of —40°C to +125°C.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 vwww.analog.com
Fax: 781.461.2113 ©2006 Analog Devices, Inc. All rights reserved.




ADIS16201

SPECIFICATIONS

Ta = -40°C to +125°C, Voo = 3.3 V, tilt = 0°, unless otherwise noted.

Table 1.
Parameter Conditions Min Typ Max Unit
INCLINOMETER Each axis
Input Range Operable to ~+90 degrees +70 Degrees
Relative Accuracy 15 degrees, 25°C, max filter +0.25 Degrees
+30 degrees, 25°C, max filter +0.5 Degrees
+60 degrees, 25°C, max filter +15 Degrees
Sensitivity 160 degrees, 25°C 9.9 10 10.1 LSB/degrees
Sensitivity over Temperature 30 degrees +50 ppm/<C
Offset At 25°C 2037 2048 2059 LSB
Offset over Temperature +0.082 LSB/°C
ACCELEROMETER Each axis
Input Range' At 25°C +1.7 el
Nonlinearity' % of full scale +0.5 +2.5 %
Alignment Error X sensor toY sensor +0.1 Degrees
Cross Axis Sensitivity 12 %
Sensitivity At 25°C 2140 2.162 2184 LSB/mg
Sensitivity over Temperature +50 ppm/°C
Offset At 25°C, 0g 8151 8192 8233 LSB
Offset over Temperature +0.33 LSB/°C
ACCELEROMETER NOISE PERFORMANCE
Output Noise At 25°C, no averaging 22 LSB rms
Noise Density At 25°C, noaveraging 037 LSB/yHz rms
ACCELEROMETER FREQUENCY RESPONSE
Sensor Bandwidth 2250 Hz
Sensor Resonant Frequency 55 kHz
ACCELEROMETER SELF-TEST STATE?
Output Change When Active At 25°C 372 708 1040 LSB
TEMPERATURE SENSOR
Output at 25°C 1278 LSB
Scale Factor -2.13 LSB/°C
ADCINPUT
Resolution 12 Bits
Integral Nonlinearity 12 LSB
Differential Nonlinearity +1 LSB
Offset Error +4 LSB
Gain Error 2 LSB
Input Range o] 25 v
Input Capacitance During acquisition 20 pF
ON-CHIP VOLTAGE REFERENCE 25 vV
Accuracy At 25°C -10 +10 my
Reference Temperature Coeffident +40 ppm/°C
OutputImpedance 70 Q

Rev. & | Page 3 of 32
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ADIS16201

Parameter Conditions Min Typ Max Unit
DAC OUTPUT 5k/100 pF to GND

Resolution 12 Bits

Relative Accuracy For Code 101 to Code 4095 4 LSB

Differential Nonlinearity 1 LSB

OffsetError +5 my

Gain Error +0.5 %

Qutput Range O0to 25 v

Output Impedance 2 (0]

Qutput Settling Time 10 Hs
LOGIC INPUTS

Input High Voltage, Vi 20 v

Input Low Voltage, Vin 0.8 A9

Logic 1 Input Current, linx Vin= Voo +0.2 +1 HA

Logic 0 Input Current, I V=0V —40 -60 PA

Input Capacitance, Cin 10 pF
DIGITAL QUTPUTS

Output High Yoltage, Vou lsounce = 1.6 mA 24 ¥

Qutput Low Voltage, Vou lsie=1.6 mA 04 v
SLEEP TIMER

Timeout Period?* 0.5 128 Seconds
FLASH MEMORY

Endurance® 20,000 Cydles

Data Retention® T, =85"C 20 Years
CONVERSION RATE

Minimum Conversion Time 244 Hs

tvlaximum Conversion Time 484 ms

Maximum Throughput Rate 4096 SPS

tlinimum Throughput Rate 2.066 SPS
POWER SUPPLY

Operating Voltage Range VDD 3.0 33 3.6 Y

Power Supply Current Mormal mode, SMPL_TIME = 1 14 -

0x08 (f: < 910 Hz), at 25°C
Fast mode, SMPL_TIME < 0x07 36 42 —
(fs 2 1024 Hz), at 25°C
Sleep mode, at 25°C 500 750 A
Turn-On Time 130 ms

" Guaranteed by IMEMs packaged part testing, design, and/or characterization.

25elf-test response changes as the square of Voo,
* Quaranteed by design.

4Endurances is qualified as per JEDEC Standard 22 Method A117 and measured at —40°C, +25°C, +85°C, and +125°C.
* Retention lifetime equivalent at junction temperature (T)) 55°C as per JEDEC Standard 22 Method A117, Retention lifetime decreases with junction temperature,

Rev. & | Page 4 of 32
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ADIS16201

TIMING SPECIFICATIONS
Ta=25C, Voo = 3.3 V, tilt = 0°, unless otherwise noted.

Table 2.

Parameter Description Mint Typ Max Unit

fscLk Fast mode, SMPL_TIME < 0x07 {fs = 1024 Hz) 0.01 25 MHz
Normal mode, SMPL_TIME = 0x08 (f. < 910 HZ) 0.01 1.0 MHz

toamarATE Chip select period, fast mode, SMPL_TIME < 0x07 (f. = 1024 Hz) 40 Hs

toamarATe Chip select period, normal mode, SMPL_TIME = 0x08 (f; < 910 Hz) 100 Hs

tes Chip select to clock edge 48.8 ns

Toar Data output valid after SCLK edge 100 ns

tosu Data input setup time before SCLK rising edge 244 ns

toro Data input hold time after SCLK rising edge 48.8 ns

tor Data output fall time 5 125 ns min

tor Data output rise time 5 125 ns min

tors CShigh after SCLK edge 5 ns typ

! Guaranteed by design, not tested.

TIMING DIAGRAMS

i toara rate

taraiL

&5

SELKWIMM

asaszam

terarL =toara rate — 16F50ik

Figure 2. 5P1 Chip Sefect Timing

s

SCLK

pouT oe13 x pe12 x DB11 X pe1o
1:IIIHIII

DIN ‘ASJ(.MXABXM

Figure 3. 5P Timing
(Utilizing SPI Settings Typicallyidentified as Phase = 1, Polarity = 1)

Rev. & | Page 5 of 32

-903 .



ADIS16201

ABSOLUTE MAXIMUM RATINGS

Table 3.

Parameter Rating
Acceleration (Any Axis, Unpowered) 3500g
Acceleration (Any Axis, Powered) 3500¢g

VDD to COM -03Vto+7.0V
Digital Input/Output Voltage to COM -03Vto+55V

Analog Inputs to COM

Analog Inputs to COM
Operating Temperature Range
Storage Temperature Range

-0.3t0VDD + 0.3V
-0.3t0VDD + 0.3V
—40°C to +125°C
~65°C to +150°C

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

Table 4. Package Characteristics

ESD CAUTION

ESD (electrostatic discharge] sensitive device. Electrostatic charges as high as 4000V readily accumulate on
the human body and test equipment and can discharge without detection. Although this product features
proprietary ESD protection circuitry, permanent damage may occur on devices subjected to high energy
electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid performance

degradation or loss of functionality.

Package Type B B Device Weight

16-Terminal LGA 250°C/W 25°C/W 0.6 grams

WARNING!

Rev, & | Page 6 of 32
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ADIS16201

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS
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Figtire 4. Pin Configuration

Table 5. Pin Function Descriptions

PinNo. | Mnemonic Type' | Description

1 SCLK | Serial Clock. SCLK provides the serial clock for accessing data from the part and writing serial data
to the control registers.

2 DouT 8] Data Out. The data on this pin represents data being read from the control registers and is clocked
out on the falling edge of the SCLK.

3 DIN | Data In. Data written to the control registers is provided on this input and is docked in on the
rising edge of the SCLK.

4 s | Chip Select, Active Lows. This input frames the serial data transfer.

56 DI09, DIO1T [I{e] Multifunction Digital I/0 Pins.

711 NC = No Connect.

810 AUX COM 5 Auxiliary Grounds. Connect to GND for proper operation.

9 RST | Reset, Active Low. This input resets the embedded microcontroller to a known state.

12 AUX DAC 8] Auxiliary DAC Analog Voltage Qutput.

13 VDD 5 +3.3V Power Supply.

14 AUX ADC | Auxiliary ADC Analog InputVoltage.

15 VREF 6] Precision Reference Qutput.

16 COM 5 Common. Reference point for all circuitry in the ADIS16201.

1S =Supply; 0 = Qutput; | =Input.

Rev. & | Page 7 of 32

-95 -



ADIS16201

Table 7. Data Output Register Information

Resolution Data Scale Factor
Name Function Address (Bits) Format {per LSB)
SUPPLY_OUT Powser Supply Data 0x03, 0x02 12 Binary 1.22mV
XACCL_OouT X-Axis Acceleration Data 0x05, 0x04 14 Twos complement 0.4625mg
YACCL_OUT Y-Axis Acceleration Data 0x07, 0x06 14 Twos complement 0.4625 mg
AUX_ADC Auxiliary Analog Input Data 0x09, 0x08 12 Binary 061 mY
TEMP_OUT Sensor Temperature Data 0x0B, 0x0A 12 Binary —047°C
XINCL_OUT X-AxisInclination Data 0x0D, 0x0C 12 Twos complement 0.1°
YINCL_OUT Y-Axis Inclination Data 0x0F, 0x0E 12 Twos complement 0.1°
Table 8. Output Coding Example, XACCL_OUT" ?
Acceleration Level Binary Output HEX Output Decimal
+1.7g 0011100101 1011 O0x0E5B 3675
+1g 00 10000111 0010 0x0872 2162
+0.4625g 000011 11101000 0x03E8 1000
+0.4625 mg 00 0000 0000 0001 0x0001 1
Og 00 0000 0000 0000 0x0000 0
—0.4625 mg mnmmininn Ox3FFF -1
—04265¢g 11 1100 0001 1000 0x3C18 =1000
-lg 110111 10001110 0x378E =2162
-1.7g 11 0001 10100101 0x31A5 —3675

1 Tweo MSBs hawe been masked off and are not consideredin the coding.
2Nominal sensitivity (2,162 L5B/mg) and zero offsetnull performance are assumed,

Rew. & | Page 16 of 32
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ADIS16201

Table 9. Control Register Mapping

Register Name | Type | Nonvolatile | Address Bytes | Function

0x00to 0x01 | 2 Reserved
SUPPLY_OUT R 0x02 2 Power supply output data
XACCL_ouT R Ox04 2 X-axis acceleration output data
YACCL_OUT R 0x06 2 Y-axis acceleration output data
AUX_ADC R 0x08 2 Auxiliary ADC data
TEMP_OUT R Ox0A 2 Temperature output data
XINCL_OUT R 0x0C 2 X-axis inclination output data
YINCL_OQUT R Ox0E 2 Y-axis inclination output data
XACCL_ OFF R/W X ox10 2 X-axis acceleration offset factor
YACCL_ OFF R/W X ox12 2 Y-axis accel eration offset factor
XACCL_ SCALE R/W X ox14 2 X-axis acceleration scale factor
YACCL_ SCALE R/W X oxle 2 Y-axis acceleration scale factor
XINCL_OFF R/W X ox18 2 X-axis inclination offset factor
YINCL_ OFF R/W X Ox1A 2 Y-axis inclination offset factor
XINCL_SCALE R/W X ox1C 2 X-axis inclination scale factor
YINCL_ SCALE RAW X Ox1E 2 Y-axis inclination scale factor
ALM_MAGT RAW X 0x20 2 Alarm 1 amplitude threshold
ALM_MAG2 R/W X 0x22 2 Alarm 2 amplitude threshold
ALM_SMPL1 RAW X 0x24 2 Alarm 1 sample period
ALM_SMPL2 RAW X 0x26 2 Alarm 2 sample period
ALM_CTRL R/W X 0x28 2 Alarm source control register

0x2Ato 0x2F | & Reserved
AUX_DAC R/W 0x30 2 Auxiliary DAC data
GPIO_CTRL RAW 0x32 2 Auxiliary digital I/Q control register
MSC_CTRL RAW 0x34 2 Miscellaneous control register
SMPL_PRD RAN X 0x36 2 ADC sample period control
AYG_CNT R/AW X 0x38 2 Defines number of samples used by moving average filter
PWR_MDE RAW 0x3A 2 Counter used to determine length of power-down mode
STATUS R 0x3C 2 System status register
COMMAND W 0x3E 2 System command register

Table 10. Register Write Command Bit Map

DIN wr |0

[as Jasa Jas Jaz [a1 Jao [p7 [pé [ps [pa [p3 [p2 [pD1

Upper Byte

Lower Byte

T
DIN | ! aporess | DATA I
1 ]

ZERD
WRTERIT=1

052824035

Figure 35, Control Register Wiite Command Sequence of SPI Signals
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MAX232, MAX232I

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1388 — REVISED MARCH 2004

® Meets or Exceeds TIA/EIA-232-F and ITU

Recommendation V.28

Operates From a Single 5-V Power Supply

With 1.0-uF Charge-Pump Capacitors

Operates Up To 120 kbit/s
Two Drivers and Two Receivers
+30-V Input Levels

ESD Protection Exceeds JESD 22

Low Supply Current ... 8 mA Typical

= 2000-V Human-Body Model (A114-A)

Upgrade With Improved ESD (15-kV

HEM)

and 0.1-uF Charge-Pump Capacitors is

Available With the MAX202
® Applications

- TIA/EIA-232-F, Battery-Powered Systems,
Terminals, Modems, and Computers

description/ordering information

MAX232 ... D, DW, N, OR NS PACKAGE
MAX2321... D, DW, OR N PACKAGE

(TOP VIEW)
c1+ [ 1 ~ 18]] Vee
Ve [] 2 15]] GND
c1-[|3 14]] TIOUT
co+ | 4 12 R1IN
cz-[|5 12[]] R1OUT
ve-[l8 1] T1IN

TzOUT | 7 10]] T2IN

8

R2IN [}

gl REOUT

The MAX232 is a dual driverireceiver that includes a capacitive voltage generator to supply TIA/EIA-232-F
voltage levels from a single 5-V supply. Each receiver converts TIA/EIA-232-F inputs to 5-V TTLW/CMOS levels.
These receivers have a typical threshold of 1.3 V, a typical hysteresis of 0.5 V, and can accept £30-V inputs.
Each driver converls TTL/CMOS input levels into TIAEIA-232-F levels. The driver, receiver, and
voltage-generator functions are available as cells in the Texas Instruments LinASIC™ library.

ORDERING INFORMATION

™ PACKAGET A Roeee | e
POIP (N} Tube of 25 MAX2 32N MAX232N
Tube of 40 MAX232D
ol D) Reel of 2500 MAX2320R Maxzs2
0070 Tubs of 40 MAX232DW
SOICIDW) el or 2000 MAX2320WR Maxzs2
SOP (NS) Reel of 2000 MAX232NSR MAX232
POIP (N Tube of 25 MAX232IN MAX2I2IN
Tube of 40 MAX232ID
arcess | SO Reel of 2500 MAX232IDR Maxaas!
conow | e MAX2 3210V oo
Reel of 2000 MAX232IDWR

‘rPackage drawings, standard packing guantities, thermal data, symbolization, and PCB design

guidelines are available at www li.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data shest,

LinASIC is a tracdemark of Texas Instruments.
L

PRODUCTION DATA Infarmatian |s current as of
Products conform to speciflcations per the terms of
standard warranty. m g daes not
testing of all parameters.

ubllcation date.
exas Instrumems
y Include

Copyright @ 2004, Texas Instruments Incorporated

TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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MAX232, MAX232|

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1585 — REVISED MARCH 2004

logic diagram {positive logic)

Function Tables
EACH DRIVER
INPUT | OUTPUT
TIN TOUT

L H
H L
H = high level, L = low
level
EACH RECEIVER
INPUT | QUTPUT
RIN ROUT
L H
H L
H = high level, L = low

level

1 14
T1IN Ti0UT
10 7
T2IN T20UT
12 13
R10OUT T R1IN
9 8
RZOUT T R2IN
2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

- 100 -




MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1388 — REVISED MARCH 2004

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

Input supply vollage range, Ve see Note 1) ... oo -0.3Vio6BY
Positive output supply voltagerange, Vg .. ... Vog - 03Vio15V
Negative output supply voltage range, Vg_ . ... -0.3Vio-15YV
Input voltage range, V: Driver ....... -0.3VioVop t0.3V
RECEIVETY covnommms s onsonmy mie OGNS oo GEECEII TSNS D0 CGIIGEEE meE +30V
Output voltage range, Voy: TIOUT, T20UT . ... .. i Vg -03VioVg, + 0.3V
RIOUT-R20UT « vownsan vvi meamnns seamamess v -0.3Vio Voo + 0.3V
Short-circuit duration: T1OUT, T20UT .. .. e e e e e Unlimited
Package thermal impedance, 84 (see Notes 2 and 3): Dpackage ... . 73°CIW
DWpackage .............. ..., 57°CIwW

N package

NS package ..
Operating virual junction temperature, Tj .. ...
Storage temperature range, Tstg ..................................................

T Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltages are with respect to network GND,

2. Maximum power dissipation is a function of Tj(max), 8a, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Py = (T jimax) - Ta)8 5. Operating at the absolute maximum T of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN  NOM MAX | UNIT

Ve Supply voltage 4.5 5 55 vV

VIH High-level input voltage (T1IN, T2IN} 2 v

VL Low-level input voltage (T1IN, T2IN} 08 v

R1IN, RZIN Receiver input voltage +30 v
i i MAX232 0 70

Ta Operating free-air temperature °C
MAX232| -40 85

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature {unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPE MAX | UNIT
Yoo =55V, All outputs open,
lce Supply current S onn 8 10 mA
pply Tp = 25°C
 Alltypical values are at Yoo = 5V and Tp, = 25°C.
NCOTE 4: Test conditions are C1-C4=1pF atVpo =5V 05V
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3
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DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1585 — REVISED MARCH 2004

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 4)

PARAMETER TEST CONDITIONS MIN TYPT  mMax | uNIT
YoH  High-level output voltage T1QUT, T20UT RL =3 ki to GND 5 7 v
VoL Lowdevel output Voltage-t T1QUT, T20UT R| =3 ki to GND -7 -5 vV
g Cutput resistance T1OUT, T20UT | Vg+ =Vg-=0, Vo=12V 300 o
Ing¥  Short-cireuit output cumrent TIOUT, T20UT | VYoo =535V, Vp=10 +10 mA
lig Short-circuit input current T1IN, T2IN V=0 200 pA

T All typical values are at Voo =5V, Ta = 25°C.

fThe algebraic convention, in which the least-positive {most negative) value is designated minimum, is used in this data sheet for logic voltage
levels only,

§ Not more than one output should be shorted at a time.

NOTE 4: Test conditions are C1-C4 = 1 uF atVeo =5V +05V

switching characteristics, Voo =5V, Ta = 25°C (see Note 4)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
8R Diriver slew rate RL= 3 k1o 7 iy 30| Vips
See Figure 2
SRit) Driver transition region slew rate See Figure 3 3 Vips
Data rate One TQUT switching 120 khit/s
NOTE 4: Test conditions are C1-C4 =1 pF at Voo =5V 205V
RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 4)

PARAMETER TEST CONDITIONS MmN TYPT  max| uniT
VoH  High-level output voltage R1CUT, R2OUT | lpH =-1 mA 35 v
VoL Lowdlevel output voltage® R1CUT, R2OUT | I =32 mA 04 v
ViT+ 51?:::5; ‘\’:;i';"g’:’g“'”g 7Pk R1IN, R2IN Voo =5V, Ta=25°C 17 24| Vv

Receiver negative-going input K _

V1= threshold valtage R1IN, R2IN Yoo =5V, Tp = 25°C 0.8 1.2 i
Vhys Input hysteresis voltage R1IN, R2IN Ve =5Y 0.2 0.5 1 v
rj Receiver input resistance R1IN, R2IN Ve =35, Tp = 25°C 3 5 7 kax

T All typical values are at Veop =5V, Ta = 25°C.
tThe algebraic convention, in which the least-positive (most negative) value is designated minimum, is used in this data sheet for logic voltage

levels only,
NOTE 4: Test conditions are C1-C4 = 1 uFatVee =5V £05 V.

switching characteristics, Voo =5V, Ta = 25°C (see Note 4 and Figure 1)

PARAMETER TYP | UNIT
IPLH(R) Receiver propagation delay time, low- 1o high-level output 500 ns
IPHL(R) Receiver propagation delay time, high- to low-level output 500 ns

NOTE 4: Test conditions are C1-C4 = 1 puF at Voo =5V 05V
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MAX232, MAX232I
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PARAMETER MEASUREMENT INFORMATION

Vee

RL = 1.3k
R1IN

Pulse SeeNote C

Generator
(see Note A}

Cp =50 pF =
(see Note B}

TEST CIRCUIT

=10ns —» le— — |e—=10ns
| ||
|

—————— 3V
Input
ov
L— 500 ns —»
le—w—t
tBHE : PLH

! ' VoH

Qutput 15V * 15V z 77777 .
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zgy = 50 £, duty cycle < 50%.
B. £ includes probe and jig capacitance.
C. Alldiodes are 1N3064 or eguivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpy, and tp y Measurements
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PARAMETER MEASUREMENT INFORMATION

T1IN or T2IN T10UT or T20UT

Pulse
Generator
(see Note A}

ElA-232 Output

Cp =10 pF
(see Note B}

TEST CIRCUIT
<10ns —H‘ le— —p ‘H—smns
|
|

Output

trHL —»
08 (Vg -Vg) 08Vg -Vgy
R = iy THL
WAVEFORMS

NOTES: A, The pulse generator has the following characteristics: Zg = 50 £, duty cycle <50%.
B. Cp includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpy) and tp 4 Measurements (5-us Input)

Pulse
Generator ElA-232 Output
(see Note A}
I CL=25nF
TEST CIRCUIT
10ns —» le— —» le— <10ns
Input |
90% |
\ |
rdi 20 us —b]
—
tTHL_H‘ ‘“_ | r free
| ‘ VoH
Output 3V | | 3V
v Sg -3V f ______ Vi
SR = %
THL 'TLH
WAVEFORMS

NOTE A:  The pulse generator has the following characteristics: Zg = 50 £, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for tyy and ty y Measurements (20-us Input)
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APPLICATION INFORMATION

5v
Al
Ceypass =1WF =
16
e cat 1
i Vee ; = TeE
I E— 0 "
¢ 14F 3 Vas » 85V
22 - o
4 i
| c2+ vs_—Jt—b Bl
C27=14F 5 G-l F
L o o
. M| > 14 Ein-232 output
From CMOS or TTL
o - — A0 B 7 EIA-232 Output
12 13
«— 7 |<"— Ea-232 Input
To CMOS or TTL 9 a8
- — T |« E1A-232 Input
15
GND

T C3 can be connected to Yoo or GND,
NOTES: A. Resistor values shown are nominal.

B. Nonpolarized ceramic capacitors are acceptable. If polarized tantalum or electrolytic capacitors are used, they should be
connecled as shown. In addition 1o the 1-pF capacitors shown, the MAX202 can operate with 0.1-pF capacitors.

Figure 4. Typical Operating Circuit
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MECHANICAL DATA

N (R—PDIP—T#**) PLASTIC DUAL—-IN—LINE PACKAGE
16 PINS SHOWN
PINS *
. — i 14 18 18 20
15 . 0775 | 0.775 | 0920 | 1.060
] ACMAN T aeey | (969) | (23.37) | (26.82)
0745 | 0.745 | 0850 | 0.040
) % ACMING 1 Gaeiy | daed) | (21.59) | (25:88)
A | e I BB AC AD

VARIATION

0.325 (8,28)
0,300 (7,62)

\
,-_\Al 0.200 ?503) MAX | ‘ ‘ l—m
| | I Gauge Plane
¢ Seating Plane \_j T
T

0.125 (3,18} MIN 0.010 (0,25) NOM
L UiR0less) J 0,430 (10,92) MAX L
0.021 (0,53)
e 05 (038 .
0.010 {0,251 /

L} I

U " 1ese o oy
- 20 Pin wendor opticn @

0020 (0,51] MM

4040049/ 1272002

NOTES: A, Al finear dimensions are in inches (millimeters),
B. This drawing is subject to change without notice

A Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Bim A).
@ The 20 pin end lead shoulder width is a vendor cption, either half or full width,
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