IN1080-V19

Eksamen IN1080 - Mekatronikk
Eksamensdag: 27. mai kl 14:30
Tid for eksamen: 4 timer

Hjelpemidler: Alle trykte og skrevne hjelpemidler er tillatt. Kalkulator vil veere tilgjengelig digitalt.

Om oppgavene

Oppgavesettet bestar av forskjellige typer oppgaver, bade oppgaver der det forventes at du skriver svar og
flervalgsoppgaver med ett eller flere riktige valg. Noen oppgaver har flere felter for besvarelse, og noen kan ha
vedlegg som er vesentlige for a Igse oppgaven. Pass derfor pa a sjekke at du har lest og besvart hele
oppgaven for hver oppgave, og benytt gjerne rullefeltene (scrollbar) til a8 kontrollere at du har fatt med deg alt.

Flervalgsoppgaver med radioknapper kan endres, men ikke skrus av nar du har valgt alternativ. Felt med
avkrysningsbokser kan ha begrensning i antall kryss som er lov.

Om poeng i dette eksamenssettet

| dette oppgavesettet er det mulig & oppna inntil 100 poeng totalt. Poengene for hver oppgave er oppgitt pa
oversiktssiden for a angi vektingen av hver oppgave slik at kandidatene kan disponere tiden. Feil |
avkrysningsoppgaver kan gi poengtrekk innenfor oppgaven. Poengtrekk tas ikke med fra en oppgave til en
annen. Ngyaktig tall pa poeng for hver riktige eller gale avkrysning vil ikke oppgis da dette kan gi svar pa hvor
mange riktige oppgaven har.

Lykke il!

R1 R2

R3

Gitt kretsen i figuren. Anta fglgende komponentverdier: R1=30 kQ, R2=50 kQ og R3=20 kQ. Beregn
resistansen mellom nodene A og B, og mellom nodene A og C.

Skriv ditt svar her...

Maks poeng: 5
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R1=2kQ

R2=4kQ

Vin=6v( )

Gitt kretsen i figuren.

1. Hva er den Thévenin-ekvivalente resistansen Rth sett mellom node a og b?
2. Hva er den tilsvarende Thévenin-ekvivalente spenningen Vth ?

Skriv ditt svar her...

Maks poeng: 5
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R1 | 1

Gitt kretsen 1 figuren. Anta at alle komponentene er ideelle, og at R1, C1 og L1 kan ha vilkérlige verdier. Hva er den
tilneermede impedansen mellom node C og B 1 felgende to tilfeller:

1. Likestrem (dc)?
2. Vekselstrom (ac) ved svert hoye frekvenser?

Skriv ditt svar her...

Maks poeng: 5
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C

Gitt kretsen i figuren og anta at komponentene er ideelle. Tenk deg videre man kan kortslutte forbindelsen
mellom noder (dvs. de kobles sammen med en leder perfekt leder). Hvilke typer impedans far vi i falgende
tilfeller:

1. Mellom node A og B nar forbindelsen mellom node A og C kortsluttes?
2. Mellom node C og D nar forbindelsen mellom node A og C kortsluttes?

Skriv ditt svar her...

Maks poeng: 5
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C1 C2 V2
R1 R2 v

Gitt kretsen i figuren. Besvar fglgende sparsmal:

1. Finn spenningen Vx uttrykt ved de andre spenningen i kretsen.

2. Anta at Vin eren likespenning starre enn 0: Er da V1 eller V2 stgrst? Begrunn svaret.

3. Hva slags filter er denne kretsen hvis spenningen tas ut over resistorene (dvs Vout=V1)?
4. Hvor ma spenningen tas ut hvis vi gnsker et lavpassfilter?

Skriv ditt svar her...

Maks poeng: 10
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Vin

Gitt diodekretsen vist i figuren hvor VD er spenningen over dioden og VR spenningen over resistoren R. Anta
at dioden er ideell med t barrierespenning V{=0.6 volt, mens breakdown-spenningen er Vbr=-50 volt, og Vin =
S*sin(t).

Hva er det stgrste spenningefallet malt i absoluttverdi (dvs enten postivt eller negativt) over resistoren R?
Hva er det starste spenningefallet malt i absoluttverdi (dvs enten postivt eller negativt) over dioden?

Hva er VR nar Vin = 5 volt?

Hva er VD nar Vin=-5 volt?

howpnhp =

Skriv ditt svar her...

Maks poeng: 10
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Vout

Gitt kretsen i figuren. Anta at opamp'en er ideell hvis ikke annet er angitt, og videre at Rf = 240 kQ, RL= 25 kQ
og Vin = 1+sin(t) volt

Hva ma Ri veere for at kretsen skal gi en forsterkning A = 257

Hva er den maksimale effekten lastmotstanden RL ma tale for det gitte input-signalet?

Hva slags krets far vi hvis Rf=0 og Ri= «?

Anta na at opampen ikke lenger er ideell; blant annet er Rout ikke lenger lik 0. Hvordan vil dette pavirke
hvor mye effekt RL ma tale?

L~

Skriv ditt svar her...

Maks poeng: 10
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Hvilke av disse ventilene har ikke avklart startverdi?
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Velg ett eller flere alternativer

d)

Hvilke av ventilene er normalt (default) helt lukket?

Velg ett eller flere alternativer

a)
d)

ingen

Hvilke av ventilene kan stilles manuelt?
Velg ett eller flere alternativer

c)

ingen

Pilotbaserte magnetventiler...
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Velg ett eller flere alternativer

... brukes bare til hydraulikk

... er normalt avhengig av trykkforskjeller for a virke

... brukes for a klare seg med mindre solenoider enn rene magnetventiler
... kan brukes i hydrauliske systemer

... kan brukes i pneumatiske systemer

... er raskere enn andre magnetventiler

...er enklere mekanisk enn andre ventiler

... trenger starre magneter enn andre magnetventiler

... er uavhengig av trykkforskjeller

Maks poeng: 2.5

e
1 2av
&
M 1
Motor
&
&
\ Rele 2
e

En DC-motor og et relé er koblet som vist pa skjemaet over. Reléet brukes til & skru motoren av og pa og er
koblet til styringslogikk som vi ikke ser pa skjemaet.

| det motoren skrus av hares en frese/knitrelyd til motoren stopper, og etterpa lukter det litt svidd. | denne
oppgaven skal du sikre at denne kretsen blir trygg og kan fungere over lang tid.

Pa koblingsbrettet er det plass til én komponent i parallell med motoren (1), og én komponent i parallell med
reléet (2). I denne oppgaven fins det ikke andre koblingsmuligheter.

Valgene for komponenter (og orientering) er fglgende:

a) b)) ¢ d e}

-

— AN\ Y

UjIUs8uy|
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Velg hvilken komponent som bgr brukes pa plass 1.

a) resistoren

e) spolen

f) ingenting

d) dioden som peker ned
b) kondensatoren

c) dioden som peker opp

Velg hvilken komponent som bgr brukes pa plass 2.

a) resistoren

e) spolen

f) ingenting

c) dioden som peker opp
d) dioden som peker ned

b) kondensatoren

Maks poeng: 2

JEL

CHD

ADC

HS&nsnr

| et maleoppsett har vi en motstandsbasert sensor koblet i en spenningsdeler og en analog til digital konverter
(ADC) som vist pa skjemaet over. Sensoren har en motstand som kan variere fra 5kQ til 20kQ. Uten ytre
pavirkning har sensoren en motstand pa 10kQ.AD-konverteren er av typen LTC1098 (Se [forkortet] datablad).
Forsyningsspenningen til AD-konverteren er 5V , og AD-konverteren er koblet videre til et kontrollsystem som
lar oss lese av verdiene den maler (vises ikke pa skjema).

Vi tar som utgangspunkt for oppgaven at AD vil gi 0 som digital output for 0 volt pa CHO, og maksimal digital
verdi for samme spenning som VREF pa CHO.

Alle tallsvar i denne oppgaven skal oppgis med titallssystem/ desimaltall.

Hva er den laveste digitale AD-verdien vi kan lese av med dette oppsettet?
a)
Hva er den hgyeste digitale AD-verdien vi kan lese av med dette oppsettet?

b)

10/18
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11

Ved hvilket frekvensomrade kan vi bruke denne AD-konverteren uten a fa aliasing?

Hknmr

e) V

10kQ

10kQ

c)Fra kHz
d) til kHz
~1" 5V
| 10kQ | |
Vrer
CHO
ADC

a) Hva er maksimal og minimal verdi for spenningsforskjell i A (Amax-Amin) og B (Bmax - Bmin)

Ved a koble et potensiometer til Vref som vist pa figuren over, kan vi bestemme maleomradet til AD-
konverteren.
Hvilken verdi bar spenningsreferansen (VREF) ha for at vi skal fa utnyttet det dynamiske omradet til sensor og
ADC sa mye som mulig? (oppgi svar med 0,1V presisjon eller 2 siffer)

Vi lar sensoren veere upavirket, og bruker de digitale verdiene til AD-konverteren til & hjelpe oss mens vi
justerer potensiometeret.
Hvilken verdi bar AD-konverteren vise nar vi har optimal spenningsreferanse (VREF)?

f)

5V

/I"'

Maks poeng: 7.5

Veer

ADC

CHO

oV
10kQ
A
A
Sensor RG
®
B

| et maleoppsett har vi en motstandsbasert sensor koblet i en wheatstone bru som er koblet til en
instrumenteringsforsterker som gar til en analog til digital konverter (ADC) som vist pa skjemaet over.
Sensoren har en motstand som kan variere fra 5kQ til 20kQ. Uten ytre pavirkning har sensoren en motstand
pa 10kQ. AD-konverteren er av typen LTC1098 (Se datablad). AD-konverteren er koblet videre til et
kontrollsystem som lar oss lese av verdiene den maler (vises ikke pa skjema).
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Velg ett alternativ

A: 0,83V, B: 0,83V
A: 2,00V, B: 1,00V
A: 0,83V, B: 0V
A:1.67V,B: 0V

A: 3,00V, B: -3,00V

b) | denne oppgaven har vi en wheatstone bru istedenfor en enkel spenningsdeler (forrige oppgave). Under
star det noen pastander. Kryss av for de som er sanne

Velg ett eller flere alternativer

Vi far (minst) like stort dynamisk omrade med en wheatstone-bru som med en spenningsdeler.

Vi far alltid et mindre dynamisk omrade med wheatstone-bru enn bare én spenningsdeler, men det veies
opp med bedre stgyegenskaper for malekretsen totalt.

En instrumenteringsforsterker er bra fordi den har lav inngangsimpedans.

Wheatstone-bru med differensiell forsterkning gir bedre signal-stgyforhold enn bare en spenningsdeler
nar utslaget er lite i forhold til stgyen.

Vi ma ha en instrumenteringsforsterker for a kunne bruke en wheatstone bru.

Hvis vi kun bruker én differensiell opamp som forsterker vil forsterkerleddet forstyrre avlesningen mer enn
med en instrumenteringsforsterker.

c) Hvilken verdi for RG ma vi ha for a utnytte det dynamiske omradet til AD-konverteren maksimalt?
Velg ett alternativ

20kQ
36kQ
33kQ
30kQ

10kQ

Maks poeng: 6
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12  Forinngangsspenningen V;nn (t) = cos(wt), hva blir utgangsspenningen v (t)?

| [
Uinn(t) ¢ Vut (t)

| |

Velg ett svar

R .
Uyt (B) = : . glwt
() \/(R1+R2)2+(R1R2w0)2
Uyt (t) = RawC - cos (wt + @)
\/(Rl —I—R2)2—|—(R1R2w0’)2
Uyt () = e - cos (wt + ¢)
v/ (Ri+Re)? + (R RywC)?

R
Vut (t) — R1—|—R2—|—;£1R2w

5 - sin (wt + @)

R
vut () = Bimrhimw

= - cos (wt + @)

Maks poeng: 4
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Vi har en bipolar steppermotor med 2 spoler A og B. Vi tenker oss et arrangement der vi styrer spenningene
over spolene fra var Arduino mikrokontroller. Vi tenker oss at "pinA1" og "pinA2" direkte setter spenningene
over spole A (se figuren under) via en motordriver. En HGY verdi pa pinne "pinA1" setter 5V pa ledning A1, en
LAV verdi pa pinne "pinA1" setter OV pa ledning A1 osv. Tilsvarende for pinA2, pinB1 og pinB2. Vi trenger
ikke tenke pa hvordan motordriveren virker. Motoren skal rotere med en jevn stepphastighet i en retning. Under

er det vist en liten sekvens av koden som styrer motoren.

l/-;:-pole A

:;:{33513

Spole B

.

*\l

B1 B2

digitalWrite(pinA1, LOW);
digitalWrite(pinA2, HIGH);

delay(d);

digitalWrite(pinB1, LOW);
digitalWrite(pinB2, HIGH);

delay(d);

digitalWrite(pinA1, HIGH);
digitalWrite(pinA2, LOW);

delay(d);

digitalWrite(pinB1, HIGH);
digitalWrite(pinB2, LOW);

delay(d);

Hvilken kommuteringstype produserer Arduinokoden?

Velg ett alternativ

Mikrostepp

Ingen av delene

Wave
Fullstepp

Halvstepp

Maks poeng: 3
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14  For en steppermotor som vist i databladet med spesifisert vinkel pa 1.8 grader mellom hver fullstep-posisjon,
anta at vi wave-kommuterer den med en forsinkelse pa 20ms mellom hver wavestep-posisjon, hva blir
omdreiningshastigheten?

Velg ett svar

20 rpm
48 rpm
30 rpm
15 rpm

24 rpm

Maks poeng: 4

15 Foren DC motor, hvilket utsagn er riktig for en steady state situasjon? Med belastning mener vi dreiemomentet
lasten yter pa motoren, og med hastighet mener vi vinkelhastighet. Effekt inn er gitt av spenning ganger stram.
Effekt ut (uten tap) er gitt av dreiemoment*vinkelhastighet.

Velg ett svar

Nar belastningen er konstant, er hastigheten omtrent linezert avhengig av pafart spenning. Nar pafart
spenning er konstant er hastigheten omtrent lineaert avhengig av belastningen

Den induserte spenningen gker med belastingen. Maksimal hastighet er omtrent gitt av spenning delt pa
motorkonstant

Belastningen er omtrent proposjonal med strammen. Effekt inn er starst ved maksimal hastighet

Belastningen er omtrent proposjonal med strammen. Effekt inn og ut er stgrst ved minimal hastighet,
derfor ma aldri en DC motor belastes for fullt far den kommer opp i en viss hastighet

Sa lenge motoren ikke overbelastes er hastighet for en gitt spenning uavhengig av belastningen.
Hastigheten er gitt av motorkonstantene

Maks poeng: 6

16 Vi skal lage Arduinokode for a lese av en rotasjons quadraturenkoder. Quadratursignalet skal gjgres om til en
variabel som representerer vinkelen. Et eksempel pa en rotasjons quadraturenkoder er vist i medfglgende
datablad. Koden her er laget for lesbarhet og ikke optimalisert.

Velg ett svar
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/l start kode
int vinkel;
void setup() {

pinMode(13, INPUT); // fase A
pinMode(12, INPUT); // fase B

}

void loop() {

int a = digitalRead(13);
int b = digitalRead(12);

if (@==LOW && b==LOW)
vinkel = 0;

if (@==HIGH && b==LOW)
vinkel = 1;

if (@==LOW && b==HIGH)
vinkel = 2;

if (@==HIGH && b==HIGH)
vinkel = 3;

Y
// slutt kode

/l start kode

int vinkel;
int currentState, nextState;

void setup() {
pinMode(13, INPUT); // fase A
pinMode(12, INPUT); // fase B
currentState = 0;

}

void loop() {

int a = digitalRead(13);

int b = digitalRead(12);

if (@==LOW && b==LOW)
nextState = 0;

if (@==HIGH && b==LOW)
nextState = 1;

if (@==HIGH && b==HIGH)
nextState = 2;

if (@==LOW && b==HIGH)
nextState = 3;

if ( (nextState == (currentState+1)) or (nextState==0 and currentState==3) )

vinkel++;

if ( (nextState== (currentState-1)) or (nextState==3 and currentState==0) )
vinkel--;
currentState = nextState;

}

I/ slutt kode

// start kode

int vinkel;

void setup() {
pinMode(13, INPUT); // fase A
pinMode(12, INPUT); // fase B

}

void loop() {

int a = digitalRead(13);
int b = digitalRead(12);

if (@==HIGH && b==LOW)
vinkel++;
if (@==LOW && b==HIGH)
vinkel--;
}
// slutt kode
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Vi gnsker a styre en DC motor med en H-bru av typen TB6612FNG se vedlagte datablad. Vi setter opp og

I

int vinkel;

void setup() {
pinMode(13, INPUT); // fase A
pinMode(12, INPUT); // fase B

}

void loop() {

int a = digitalRead(13);
int b = digitalRead(12);

if (@==HIGH && b==LOW)
vinkel--;

if (@==LOW && b==HIGH)
vinkel++;

}
I

I

int vinkel;
int currentState, nextState;

void setup() {
pinMode(13, INPUT); // fase A
pinMode(12, INPUT); // fase B
currentState = 0;

}

void loop() {

int a = digitalRead(13);
int b = digitalRead(12);

if (@==LOW && b==LOW)
nextState = 0;

if (@==LOW && b==HIGH)
nextState = 1;

if (@==HIGH&& b==LOW)
nextState = 2;

if (@==HIGH && b==HIGH)
nextState = 3;

if (nextState>currentState or (nextState==0 and currentState==3) )

vinkel++;

if (nextState<currentState or (nextState==3 and currentState==0))

vinkel--;
currentState = nextState;

}

I

kobler

TB6612FNG's pinne IN1 (AIN1) til Arduino's pinne 13,

TB6612FNG's pinne IN2 (AIN2) til Arduino's pinne 12,

TB6612FNG's pinne PWM (PWMA) til Arduino's pinne 11,

TB6612FNG's pinne STBY til Arduino's pinne 10

TB6612FNG's pinner OUT1 (AO1), og OUT2 (AO2) kobles til DC motoren.

Vi tilordner falgende konstanter
IN1 =13;

IN2 =12;

PWM =11;

STBY =10;

Hvilke av falgende kodesekvenser vil kjgre motoren med konstant spenning i kun en retning, samt stoppe

start kode

slutt kode

start kode

slutt kode

Maks poeng: 8
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motoren?
Velg ett alternativ

I start kode
digitalWrite(STBY, HIGH);
digital Write(PWM, HIGH);
digitalWrite(IN1, HIGH);
digitalWrite(IN2, HIGH);
)
(

dealy(1000);
digitalWrite(STBY, LOW);

// slutt kode
/l start kode

digitalWrite(STBY, HIGH);
digitalWrite(PWM, HIGH);
digitalWrite(IN1, LOW);
digitalWrite(IN2, HIGH);
)
(

dealy(1000);

digitalWrite(IN1, HIGH);

I slutt kode
I start kode

digitalWrite(STBY, HIGH),
digitalWrite(PWM, HIGH);
digitalWrite(IN1, HIGH);
digitalWrite(IN2, LOW);
dealy(1000);
digitalWrite(IN1, LOW);
digitalWrite(IN2, HIGH);

// slutt kode

I start kode
digitalWrite(STBY, HIGH);
digitalWrite(PWM, LOW);
digitalWrite(IN1, HIGH);
digitalWrite(IN2, HIGH);
dealy(1000);
digitalWrite(IN1, LOW);
digitalWrite(IN2, LOW);

Il slutt kode

Il start kode
digitalWrite(STBY, HIGH);
digitalWrite(PWM, HIGH);
digitalWrite(IN1, HIGH);
digitalWrite(IN2, HIGH);

)

(

(

(

dealy(1000);
digitalWrite(PWM, LOW);
digitalWrite(IN1, LOW);
digitalWrite(IN2, LOW);

// slutt kode

Maks poeng: 7
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Attached




TECHNOLOGY

FEATURES

80uA Maximum Supply Current

1nA Typical Supply Current in Shutdown

8-Pin SO Plastic Package

5V Operation (LTC1096/LTC1098)

3V Operation (LTC1096L/LTC1098L)(2.65V Min)
Sample-and-Hold

16us Conversion Time

33kHz Sample Rate

+0.5LSB Total Unadjusted Error Over Temp
Direct 3-Wire Interface to Most MPU Serial Ports and
All MPU Parallel 1/0 Ports

APPLICATIONS

Battery-Operated Systems
Remote Data Acquisition
Battery Monitoring

Battery Gas Gauges
Temperature Measurement
Isolated Data Acquisition

LT LTC and LT are registerad trademarks of Linear Technology Corporation.

LTC 1096/LTC 1096L
nl ’ \D LTC1098/LTC 1098L

Micropower Sampling
8-Bit Serial I/O A/D Converters

DESCRIPTION

The LTC®1096/LTC1096L/LTC1098/LTC1098L are
micropower, 8-bit A/D converters that draw only 80pA of
supply currentwhen converting. They automatically power
downto 1nAtypical supply current whenever they are not
performing conversions. They are packaged in 8-pin SO
packages and have both 3V (L) and 5V versions. These
8-bit, switched-capacitor, successive approximation ADCs
include sample-and-hold. The LTC1096/LTC1096L have a
single differential analog input. The LTC1098/LTC1098L
offer a software selectable 2-channel MUX.

On-chip serial ports allow efficient data transfer to a wide
range of microprocessorsand microcontrollers over three
wires. This, coupled with micropower consumption, makes
remote location possible and facilitates transmitting data
through isolation barriers.

These circuits can be used in ratiometric applications or
with an external reference. The high impedance analog
inputs and the ability to operate with reduced spans
(below 1V full scale) allow direct connection to sensors
and transducers in many applications, eliminating the
need for gain stages.

TYPICAL APPLICATION

10uW, §8 Package, 8-Bit A/D
Samples at 200Hz and Runs Off a 5V Battery

i

MPU
L = (2.., BOS1)
Gaf
sHutDown Voo [ P14
anacos meut | AN e OLK Pi.2
OV TO 5V RANGE | —d_j ot brs
J__ GND Vegr |

LTCHODSY = TAD

Supply Current vs Sample Rate

1000

FTa=25°C
o \"o: = ‘;"REF =&V

100 r/

SUPPLY CURRENT, kg (pLd)
AN

0.1 1 10 100
SAMPLE FREQUENCY, fampL (KHZ)

LTC10%6S8 « TFCI3

LT IR




LTC 1096/LTC 1096L
LTC 1098 /LTC1098L

ABSOLUTE MAXIMUM RATINGS (notes 1 and 2)

Supply Voltage (Veg) t0 GND ... 12V
Voltage
Analog and Reference ................ -0.3VtoVee + 0.3V
Digital INpUtS ... —0.3V 10 12V
Digital Outputs ........coveeeeae. -0.3Vto Vee + 0.3V
Power DisSipation ..........cccveeeeeeeieeeerercenne, 500mwW
Storage Temperature Range ................. -65°C to 150°C

Operating Temperature
LTC1096AC/LTC1096C/LTC1096LC/
LTC1098AC/LTC1098C/LTC1098LC....... 0°C to 70°C
LTC1096AI/LTC10961/LTC1096LI/
LTC1098AI/LTC1098I/LTC1098LI ..... —40°C to 85°C

Lead Temperature (Soldering, 10 sec.)................ 300°C

PACKAGE/ORDER INFORMATION  yotes 3

TOP VIEW ORDER PART TOP VIEW ORDER PART
swmwﬁ% = %”Gﬂ NUMBER SHUTDO‘?JSNEE = %Vm NUMBER
+IN |2 7] cLk CHo [2 7] CLK LTC1098ACNS
LTC1096ACNS
- o] oo LTC1096ACS8 oH L3 5] O LTC1098ACS8
o L1 o] vees LTG1096AINS s ] o] veer LTC1098AINg
N8 PACKAGE 58 PACKAGE LTC1096AIS8 N8 PACKAGE S8 PACKAGE LTC1098AIS8
8-LEAD PLASTICDIP  &-LEAD PLASTIC S0IC LTC1096CN8 & LEAD PLASTICDIP  &-LEAD PLASTIC S0IC LTC1098CN8
To - 50°, - 1750 (58 LTC1096CS8 Tawc =150, =800 () LTC1098CS8
LTC1096IN8 LTC1098IN8
S8 PART MARKING LTC10961S8 S8 PART MARKING LTC1098IS8
LTC1096LCS8 1008 10981  1098L LTC1098LCS8
1096 10961  1096L LTC1098L1S8
Consult factory for Military grade parts.
ReCOMMeNDED OPERATING CONDITIONS
LTC1096/LTC1098
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Ve Supply Voltage LTC1096 a0 g v
LTC1098 30 6 Vv
Ve =5V Operation
fok Clock Frequency Veg =5Y 25 500 kHz
teve Total Cycle Time LTC1098, fey ¢ = S500kHz 29 us
LTC1098, f = 500kHz 29 us
thol Hold Time, Diy After CLKT Vg =5V 150 ns
tsufs Setup Time CS. Before First CLKT (See Operating Sequence) Ve =8V, LTC1096 500 ns
Vee =5V, LTC1098 500 ns
twakeup | Wake-Up Time CS. Before First CLKL After First CLKT Vee =5V, LTC1096 10 us
{See Figure 1 LTC1096 Operating Sequence)
Wake-Up Time CS| Before MSBF Bit CLK | Vee =5V, LTC1098 10 us
{See Figure 2 LTC1098 Operating Sequence)
teumi Setup Tima, Dy Stable Before CLKT Vee =5V 400 ns
twheLk CLK High Time Vee=5Y 0.8 us

2
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LTC 1096/LTC 1096L

LTC1096/LTC1098
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
twiolk CLK Low Time Vop=5Y 0.8 LS
twHs CS High Time Between Data Transfer Cycles Yep =5V 1 LS
twics CS Low Time During Data Transfer LTC1096, oy = 500kHz 28 LS
LTC1098, fe i = 500kHz 28 1S
Ve = 3V Operation
fowk Clock Frequency Vee=3V 25 250 kHz
teve Total Cycle Time LTC1096, fry = 250kHz 58 s
LTC1098, foyk = 250kHz 58 1S
thoi Hold Time, Dy After CLKT Vee=3V 450 ns
tsucs Setup Time CS| Before First CLKT (See Operating Sequence) Vep= 3V, LTC1096 1 s
Vee= 3V, LTC1098 1 LS
twakee | Wake-Up Time CS1 Before First CLK. After First CLKT Ve =3V, LTC1096 10 1S
(See Figure 1 LTC1096 Operating Sequence)
Wake-Up Time CS. Before MSBF Bit CLK . Ve =3V, LTC1098 10 s
(See Figure 2 LTC1098 Operating Sequence)
tsum Setup Time, Dy Stable Before CLKT Vep=3V 1 s
tWHCLK CLK High Time Veoo=3V 1.6 LS
twicLk CLK Low Time Vee=3V 1.6 1S
twuis CS High Time Between Data Transfer Cycles Veo=3V 2 1S
twics CS Low Time During Data Transfer LTC1096, foLk = 250kHz 56 s
LTC1098, fey i = 250kHz 56 1S
LTC1096L/LTC1098L
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Ve supply Voltage 2.65 4.0 v
ik Clock Frequency Ve =265V 25 250 kHz
teyve Total Cycle Time LTC1096L, foy i = 250kHz 58 us
LTC1098L, fp i = 250kHz 58 us
thol Hold Time, Dyy After CLKT Ve =2.65V 450 ns
tsucs Setup Time CSJ Before First CLKT (See Operating Sequence) Ve = 2.65Y, LTC1096L 1 us
Ve = 2,65V, LTC1098L 1 us
twakcue | Wake-Up Time CS. Before First CLKL After First CLKT Vee = 265V, LTC1006L 10 us
(See Figure 1, LTC1096L Operating Sequence)
Wake-Up Time CS. Before MSBF Bit CLKL Vee = 2,65V, LTC1098L 10 us
{See Figure 2, LTC1098L Operating Sequence)
[ Setup Time, Dy, Stable Before CLKT Ve =265V 1 us
twhHoLK CLK High Time Ve = 2.65V 16 us
twLeLK CLK Low Time Ve = 2.65V 16 us
twHis CS High Time Between Data Transfer Cycles Vee =265V 2 us
twics CS Low Time During Data Transfer LTC1096L, foLk = 250kHz 56 us
LTC1098L, foLk = 250kHz 56 us
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LTC 1096/LTC 1096L

LTC1098/LTC 1098L
CONVERTER AND MULTIPLEXER CHARACTERISTICS
LTC1096/LTC1098
Vep =5V, Vgep =5V, 1 ¢ = 500kHz, unless otherwise noled.
LTC1096A/LTC1098A LTC1096/LTC1008

PARAMETER CONDITIONS MIN  TYP MAX MIN TYP MAX UNITS
Resolution (No Missing Code) ® 8 8 Bits
Offset Error [ +0.5 +0.5 LSB
Linearity Error {Note 4) ® +0.5 +0.5 LSB
Full Scale Error ® +0.5 +1.0 LSB
Total Unadjusted Error (Note 5) VRer = 5.000V ® +0.5 +1.0 LSB
Analog Input Range {Notes 6, 7) -0.05V to Vg + 0.05V Vv
REF Input Range (Notes 6, 7) 45<Vep<BY -0.05V to Ve + 0.05V v

6Y < Vo= 9V, LTC109% —-0.05V to &Y v
Analog Input Leakage Current {Note 8) ° +1.0 +1.0 pA
LTC1096/LTC1098
Ve =3V, Vppp= 2.5V, fg x = 250kHz, unless otherwise noted.

LTC1096A/LTC1098A LTC1096/LTC1098
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Resolution (No Missing Code) ® 8 8 Bits
Offset Error ° +0.75 +1.0 LSB
Linearity Error {Notes 4, 9) o +0.5 +1.0 LSB
Full-Scale Error ® +1.0 +1.0 LSB
Total Unadjusted Error (Notes 5, 9) Vger=2.500V ° +1.0 15 LSB
Analog Input Range {Notes 6, 7) —0.05Y to Vg + 0.05V v
REF Input Range (Notes 6, 7. 9) W=V oV —0.05V to Vg + 0.05V Y
Analog Input Leakage Current {Notes 8, 9) ® +1.0 +1.0 pA
LTC1096L/LTC1098L
Voo =2.65V, Vgep= 2.5V, ok = 250kHz, unless otherwise noted.
LTC1096L/LTC1098L

PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution (No Missing Code) L 8 Bits
Offset Error » +1.0 LSB
Linearity Error {Note 4) » +1.0 LSB
Full-Scale Error » +1.0 LSB
Total Unadijusted Error (Motes 5) Veer = 2.5V ] +1.5 LSB
Analog Input Range (Notes 6, 7) -0.05V to Ve + 0.05V v
REF Input Range (Note 6) 265V =Vee =40V -0.05V to Vpe + 0.05Y v
Analog Input Leakage Current {Note 8) ® +1.0 A
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LTC1096/LTC 10961

LTC 1098/LTC 1098L
DIGITAL AND DC ELECTRICAL CHARACTERISTICS
LTC1096/LTC1098
Ve =5V, Vger = 5V, unless otherwise noted.
SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX UNITS
ViH High Level Input Yoltage Vep =5.25V » 2.0 v
Vi Low Level Input Voltage Vi =475V ® 0.8 v
I High Level Input Current Vin=Vee ® 25 A
e Low Level Input Current Vig=0 ® -25 A
Vou High Level Output Yoltage Ve =475V, Ig = 10pA ® 45 474 v
Vee =4.75V, 1 = 360pA » 24 472 v
VoL Low Level Output Voltage Ve =475V, Ig =1.6mA ® 04 v
loz Hi-Z Output Leakage CS=Viy ® +3.0 pA
lsouRrce Output Source Current Vour =0V -25 mA
lsink Output Sink Gurrent Vour =Vee 45 mA
IRer Reference Current €S =Vee . 0001 25 pA
feve = 200us, fo < 50kHz @ 3.500 7.5 LA
teve = 29us, T g = 500kHz @ 35.000 50.0 A
lec Supply Current 0S =Vee ° 0.001 3.0 pA
LTC1096, toye = 200us, fo g < 50kHz » 40 80 JA
LTC1096, toye = 29us, foy ¢ = 500kHz » 120 180 JA
LTC1098, toye = 200us, fo g < S0kHz » 44 88 JA
LTC1098, toye = 29us, oLy = 500kHz » 155 230 JA
LTC1096/LTC1098
Vee =3V, VRer = 2.5V, unless otherwise noted.
SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX UNITS
Viu High Level Input Voltage Ve =3.6V . 19 v
Vi Low Level Input Voltage Vee =3V » 0.45 v
[ High Level Input Current (Note 9) Vin=Vee ® 25 A
I Low Level Input Current (Note 9) Vin=0V ® -25 pA
Vou High Level Qutput Yoltage Ve =3V, Ig = 10pA ® 23 269 v
Vee =3V, I = 360uA » 24 2.64 Vv
VoL Low Level Output Voltage Vee =3V, Ip = 400pA » 0.3 v
loz Hi-Z Output Leakage (Note 9) CS=Vy ® +3.0 LA
lsource Output Source Current (Note 9) Vour =0V -10 mA
lsimk Output Sink Current (Note 9) Vour =Vee 15 mA
lrer Reference Current {Nota 9) CS =Vee . 0001 25 pA
teye 2 200ps, fo = 50kHz » 3500 75 JA
teve = 58us, Tk = 250kHz @ 35.000 50.0 LA
lec Supply Current (Note 9) CS=Vee » 0001 30 pA
LTC1096, toye = 200us, oLy < 50kHz » 40 80 JA
LTC1096, toye = 58us, fo i = 250kHz » 120 180 LA
LTC1098, toye 2 200us, fey i < 50kHz . 44 88 JA
LTC1098, toye = 58us, oy = 250kHz » 185 230 JA
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LTC 1096/LTC 1096L
LTC 1098 /LTC 1098L

DIGITAL AND DC ELECTRICAL CHARACTERISTICS

LTC1096L/LTC1098L
Voo =2.65V, Vgpr = 2.5V, fork = 250kHz, unless otherwise noted.
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Viy High Level Input Yoltage Vee =30V [ 19 Y
ViL Low Level Input Voltage Ve = 2.65V ® 0.45 Y
Iy High Level Input Current Vin=Vee [ 25 LA
I Low Level Input Current Vig =0V ¢ -25 P
VoH High Level Output Voltage Ve = 2.65V, Ig = 10pA [ 23 264 V
Vee = 2.65V, lg = 360uA ® 241 2.50 V
VoL Low Level Qutput Voltage Vee = 2.65Y, lp = 400ud ® 0.3 Y
loz Hi-Z Quiput Leakage CS = High [ +3.0 LA
lsource Output Source Current Vour=0V -10 mA
Isimk QOutput Sink Current Vour =Vee 15 mA
Iner Reference Current CS=Vee ® 0.001 25 pA
teye = 200us, fork < 50kHz ® 3500 75 A
teye = 58us, foLk = 250kHz ® 35.000 50.0 LA
lee Supply Current 0S =V . 0001 3.0 uA
LTC1096L, toye = 200us, fopy < 50kHz [ 40 80 LA
LTC1096L, teye = 58us, foLk = 250kHz ® 120 180 LA
LTC1098L, teve = 200us, fork = 50kHz ® 44 88 LA
LTC1098L, teye = 58us, fo k= 250kHz [ 155 230 LA
AC CHARACTERISTICS
LTC1096/LTC1098
Ve =5V, VRer = 5V, fg g = 500kHz, unless otherwise noted.
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
tsmpL Analog Input Sample Time See Operating Sequence 15 CLK Cycles
fompLimayy| Maximum Sampling Frequency [ 33 kHz
toony Conversion Time See Operating Sequence 8 CLK Cycles
tapo Delay Time, CLK | to Dour Data Valid Sea Test Circuits [ 200 450 ns
i Delay Time, CST to Doyr Hi-Z See Test Circuits [ 170 450 ns
ten Delay Time, CLK | to Doyt Enable Sea Test Circuits [ 60 250 ns
thoo Time Qutput Data Remains Valid After CLK. CLoap = 100pF 180 ns
i Doy Fall Time See Test Circuits [ 70 250 ns
tr Dour Rise Time See Test Circuits ® 25 100 ns
Cin Input Capacitance Analog Inputs On Channel 25 pF
Analog Inputs Off Channel 5 pF
Digital Input 5 pF
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LTC1096/LTC 10961
LTC1098/LTC 1098L

AC CHARACTERISTICS

LTC1096/LTC1093
Voo =3V, Vppr = 2.5V, Ik = 250kHz, unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MN TYP MAX UNITS
tempL Analog Input Sample Time See Operating Sequence 15 CLK Cycles
fompLowaxy | Maximum Sampling Frequency ] 16.5 kHz
teony Conversion Time See Operating Sequence 8 CLK Cycles
taoo Delay Time, CLK | to Doy Data Valid See Test Circuits (Note 9) ] 500 1000 ns
Tdis Delay Time, CST to Doy Hi-Z See Test Circuits (Note 9) [ ] 220 800 ns
[ Delay Time, CLK | to Doyt Enable See Test Circuits (Mote 9) [ ] 160 480 ns
thoo Time Qutput Data Remains Valid After CLK CLoap = 100pF 400 ns
t Doy Fall Time See Test Circuits (Note 9) ] 70 250 ns
i Dgyr Rise Time See Test Circuits (MNote 9) ] 50 150 ns
Ciy Input Capacitance Analog Inputs On Channel 25 pF
Analog Inputs Off Channel 5 pF
Digital Input 5 pF
LTC1096L/LTC1098L
Ve =2.65V, Vper = 2.5V, forg = 250kHz, unless otherwise noted.
SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX UNITS
tampL Analog Input Sample Time See Operating Sequence 1.5 CLK Cycles
fampLimaxy | Maximum Sampling Frequency ® 16.5 kHz
toony Conversion Time See Operating Sequence 8 CLK Cycles
taoo Delay Time, CLK. to Dgyr Data Valid See Test Circuits [ 500 1000 ns
tais Delay Time, CST to Doy Hi-Z See Test Circuits ® 220 800 ns
tan Delay Time, CLKL to Dy Enable See Test Circuits L 160 480 ns
thoo Time Output Data Remains Valid After CLK. Croap = 100pF 400 ns
ts Doyt Fall Time Sae Test Circuits ® 70 250 ns
i Dgyr Rise Time See Test Circuits ® 50 200 ns
Cin Input Capacitance Analog Inputs On Channel 25 pF
Analog Inputs Off Channel 5 pF
Digital Input 5 pF

The @ denotes specifications which apply over the operating temperature

range.

Note 1: Absolute Maximum Ratings are those values bayond which the life
of a device may be impaired.

Note 2: All voltage values are with respect to GND.
Note 3: For the 8-lead PDIP, consult the factory.
Note 4: Linearity error is specified between the actual and points of the
AD transfer curve.
Note 5: Total unadjusted error includes offset, full scale, linearity,
multiplexer and hold step errors.
Note 6: Two on-chip diodes are tied to each reference and analog input
which will conduct for reference or analog input voltages one diode drop
below GND or one diode drop above Vee. This spec allows 50mVY forward
bias of either diode. This means that as long as the reference or analog

input does not excead the supply voltage by more than 50mV, the output
cade will be correct. To achieve an absolute 0V to 5V input voltage range
will therefore require a minimum supply voltage of 4.950V over initial
tolerance, temperature variations and loading. For 5.5V < Ve 9V,
reference and analog input range cannot excead 5.55V. If reference and
analog input range are greater than 5.55Y, the output code will not be

quarantead to be correct.

Note 7: The supply voltage range for the LTC1096L/LTC1096L is from
2.65V to 4V. The supply voltage range for the LTC1096 is from 3V to 9V,
but the supply voltage range for the LTC1028 is only from 3V {o 6Y.

Note 8: Channel leakage current is measured after the channel selection.
Note 9: These specifications are either correlated from 5V specifications or

quaranteed by design.
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LTC 1096/LTC 1096L
LTC 1098 /LTC 1098L

PIN FUNCTIONS

LTC1096/LTC1096L

CS/SHDN (Pin 1): Chip Select Input. A logic low on this
inputenables the LTC1096/LTC1096L. Alogic high onthis
input disables the LTC1096/LTC1096L and disconnects
the power to the LTC1096/LTC1096L.

IN*(Pin 2): Analog Input. This input must be free of noise
with respect to GND.

IN=(Pin 3): Analog Input. This input must be free of noise
with respect to GND.

GND (Pin 4): Analog Ground. GND should be tied directly
to an analog ground plane.

VRrer (Pin5): Reference Input. The reference input defines
the span of the A/D converter and must be kept free of
noise with respect to GND.

Doyt (Pin 6): Digital Data Qutput. The A/D conversion
result is shifted out of this output.

CLK(Pin7): Shift Clock. This clock synchronizes the serial
data transfer.

Vee (Pin 8): Power Supply Voltage. This pin provides
power to the A/D converter. It must be free of noise and
ripple by bypassing directly to the analog ground plane.

LTC1098/LTC1098L

CS/SHDN (Pin 1): Chip Select Input. A logic low on this
inputenables the LTC1098/LTC1098L. Alogic high onthis
input disables the LTC1098/LTC1098L and disconnects
the power to the LTC1098/LTC1098L.

CHO (Pin 2): Analog Input. This input must be free of noise
with respect to GND.

CH1 (Pin 3): Analog Input. This input must be free of noise
with respect to GND.

GND (Pin 4): Analog Ground. GND should be tied directly
to an analog ground plane.

Dy (Pin 5): Digital Data Input. The multiplexer address is
shifted into this pin.

Doyt (Pin 6): Digital Data Output. The A/D conversion
result is shifted out of this output.

CLK(Pin7): Shift Clock. This clock synchronizes the serial
data transfer.

Vee (Vrep)(Pin 8): Power Supply Voltage. This pin pro-
vides power and defines the span of the A/D converter. It
must be free of noise and ripple by bypassing directly to
the analog ground plane.

BLOCK DIRGRAM LTC1096/LTC1096L
Vg (Voo Vaer) T8 (D) CLK
T T
I ' !
E mur%ﬁ.ﬁ%?ncuw SERIALPORT == Dout
1
In* [CHU}—i—O CoampLe — o

i H

IH™ {CH1) i

SAR

MICROPOWER
COMPARATOR

1
1
1
1
1
1
1
1
1
1
1
1
1
:
CAPACITIVE DAC :
1
1
1
1
1
1
1
1
1
1
1
d

VREF PIN NAMES IN PARENTHESES
REFER TO THE LTC1098/LTCA098L
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CHINA YUMO ELECTRIC CO.,LIMITED
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ABA2 series

Incremental Rotary Encoder

YUMO®

¢ Ordering Information

#Substitute: E6A2
eMini type encoder

eOutside Diameter 25 Model: A6 A2

*®Features

Miniature rotary encoder for positioning in space-confined areas

eWide variety of supply voltages and output forms to match input devices
eModels with zero index function ideal for position applications

eHigh resolution models (300 or 360 pulses per revolution) substantially
improve measuring accuracy
eHigh response frequency and noise immunity make encoders ideal for
factory automation applications

6 C
T B: PNP Open Collector Output
1: DC5V C: NPN Open Collector Output
3: DC5~12V E: Voltage Output
5: DC12~24V GH: NPN Push Pull Output
6: DC5~24V EH: PNP Voltage Output

A 6 A 2-C w Z
Sequence Incremental S: Singleness
Number Rotary Encoder Output A

W: AB90° Phase
Difference

Outside

L Z: +Zero signal

¢ Note:

X: Line Driver Output

1, Please contact sales representative to confirm the correctness and availability of the part number

+ Technical Specifications

Power Supply Output —— Resolution
Cliout Phiases Voltage Configuration Sissilion (pulses/rotation)
10, 20, 60, 100, 200, 300, 360
Voltage Output A6A2-CS3E 00
5to 12 VDC
10, 20, 60, 100, 200, 300, 360
Phase A ABA2-CS3C
Open-collector Output 500
(NPN Output) 10, 20, 60, 100, 200, 300, 360
12 to 24 VDC AB6A2-CS5C
500
100 200 360
Voltage Output AB6A2-CW3E 500
5to 12 VDC
100 200 360
Phase A and B ABA2-CW3C
Open-collector Output 500
(NPN Output) 100 200 360
12 to 24 VDC ABA2-CW5C
500
A6A2- 100 200 360
Voltage Output CWZ3E 00
31012 VDC 100 200 360
Phase A, B, and Z CAVE\;/';%C
Open-collector Output 500
(NPN Output) R 100 200 360
12 to 24 VDC ABAZ
CWz5C 500
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CHINA YUMO ELECTRIC CO.,LIMITED
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ABA2 series

Incremental Rotary Encoder

YUMO®

¢ Ratings and Specifications

Model ABA2- ABA2- ABA2- ABA2- ABA2- AGA2-CWEC ABA2- é3vA223 ABA2-
Item CS3E CS3C CSs5C CW3E CW3C CWZ3E c CWz5C
12 VDC- 12 Vbe-
5 VDC-5% to 12 12 VDC-10% 5 VDC-5% to 12 10% to 24
-50, 0,
Power supply 5 VIZi/C*-fO{)o/to 12 13:3_;%/24 V+10%, to 24 V+15%, V+10%, V+15%,
Voltage ripple (p-p): 50% max ripple (P?b)' ripple (p-p): 5% ripple (p-p): ripple (p-p): 5% ripple (p-
) ’ : max. 5% max. max. p): 5%
5% max.
max.
Current‘ 30mA 20mA max 30mA 20mA max 30mA max
Consumption max max
Rl 10, 20, 60, 100, 200, 300, 360, 500 10, 200, 360, 500
(See Notel)
o Phase A Phase Aand B Phase A, B, and Z
Phases
Voltage NPN Open- NPN Open- Voltage NPN Open-
OUFPLE BT Output collector Output Voltage Output collector Output Output collector Output
Output Output
Resistance: Output . . Resistance: . .
2KQ Applied Voltage: Resistance: égsgeg r:]/gl)t(age. 2KQ g‘gs:';cd r\n/gl)t(age.
30VDC max. 2KQ ' ’
Output . . Output . .
Current: Sink Current: Output Current: i(')':ﬁ f ::;im' Current: gg:ﬁ A(\: :::;im'
Output 20mMA max. 30mA max. 20mA max. ’ 20mA max. ’
Capacity . .
Residual Residual Voltage: Residual sglst;%f_ﬂ Residual \Fjsl‘:f'adgf_ll
\n/g;age:o.éw ?;\s/ir:s)((:urrent of Q}(age:o.w 0.4vmax \rr/g;age:o.w 0.4vmax
(Output 30mA) (Output current: (at sink current of (Output (at sink current of
. 30mA) . 30mA)
current: 20mA max.) current:
20mA max.) 20mA max.)
Maximum
Response 30kHZ
Frequency
Phase
Difference of Phase difference between phases A and B: 90°+45°
Output
Output
Waveform 50+25%
Percentage
1.0ys max. 1.0ys max.
1.0ys max. 1.0ps max. . 1.0ps max. .
Output Rise (Cable (Cable length: 2m, (éé%ﬁ:: I(Tr?xt.h' (%i:ﬂ%ger:l?;?' (Cable ((;?T?I?:?r?t?é?
And Fall length: 2m, Control output -Ngth: ' . length: 2m, ' .
. - . . 2m, Sink output voltage: : . output voltage:
Times Sink current: voltage: 5V, Load . Sink current:
10 mA) resistance 1kQ) current: 10 mA) _5V, Load 10 mA) _5V, Load
resistance 1kQ) resistance 1kQ)
& Note:

*1. An inrush current of approximately 9A will flow for approximately 0.3ms when the power is turned ON.
*2. The maximum electrical response revolution is determined by the resolution and maximum response frequency as follows :

Maximum Electrical Response Frequency (Rpm) = Maximum Response Frequency/ Resolution*60

This means that the A6 A2 encoder will not operate electrically if its shaft speed exceeds the maximum electrical response

revolution

*3. No protection is provided against water or oil.
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AGA2 series Incremental Rotary Encoder YUM O®

Mechanical Specifications

Starting Torque 1mN.m max
Moment Of Inertia 1 x 10'kg.m? max.
X Radial 10N
Shaft Loading
Thrust 50N
Mounting Tolerance Radial: 0.03mm TIR Max; Axial:0.2mm Max; Shaft Runout: 0.1° Max
Allowable Shaft Load Radial: 5N; Axial: 3N

Maximum Rotating Speed 5000 rpm
Ambient Temperature

Operating: -10 to 55°C (with no icing), Storage: -25 to 80°C (with no icing)

Range

Ambient Humidity Range Operating/storage:35% to 85% (with no condensation)

Insulation Resistance 20 MQ min. (at 500 VDC) between current-carrying parts and case

Dielectric Strength 500 VAC, 50/60 Hz for 1 min between current-carrying parts and case

Vibration Resistance Destruction: 10 to 55 Hz, 1.5-mm double amplitude for 2 hours each in X, Y, and Z directions
Shock Resistance Destruction: 500m/s? 3 times each in X, Y, and Z directions

Degree Of Protection IEC 60529 IP50

Connection Method Pre-wired Models (Standard cable length: 2 m)

Weight Approx. 60g

ASEESEEES Coupling, Servo Mounting Bracket (provided with the E6A2-CWZ[1), Hexagonal wrench,

Instruction manual

#1/0 Circuit Diagrams

Model Output circuits Output mode [ Connection
Qutput transistor
ABA2-CS3C
ABA2-CS5C oy POy
|— RS O e v/2T14T (50%225%)
Brown Vee
1 T . . .
1 ! (ﬁgﬁigﬂ’ggf tok iy Direction of rotation: CW
ABA2-CW3C A Black,whte, oange (as viewed from end of shaft)
2] i utpu H
ABA2-CW5C rcl;ractﬂn J— v (Black: phase A, Output transistor
AH | eovbo . White: phase B, LT(60), o
' | | L Blue ov Orange: phase Z) Chase A ggsz) s Color Signal
|_ S Phase 8 ONH) . Brown Vee
ABA2-CWZ3C g;f:)) =l 1/4TEI/BT (90'245) Black Phase A
ABA2-CWZ5C PhaseZ Srri) — [ White Phase B
Orange Phase Z
Blue 0 V (common)
Direction of rotation: CCW Note: 1. The white and orange wires of
4 i ABA2-CSI
ABA2-CW3E (as viewed from end of shaft) fg%’ﬁtgﬂu‘f;; ;562120037H) a0
Output transistor connection).
l_ o o 2. The white and orange wires of
: Ve (+5 10 12 V) T(360°) sc—— Single Models (A6A2-CSLI[]) do
i ON(H)* - ‘—‘ not output signals (no
Phase A oee) _\— — connection).
~ ABA2 Black, white, orange ON(H) frm— - 3. Voltage Output Models are
ABA2-CWZ3E ‘ main mﬁ:_‘ ;ﬁ';z“g"““e A, | PhemBioergy — L*_umwsr_(gows*) capable of sinking a maximum
Orang'e: phase IZ) Phase Z ONEH) f=—| current of 20 mA.
! [20ma [ Be o O
max.
L______T QOutput transistor
ABA2-CS3E T(100%)
= —
O T aTraT (s0%t25%)

Note: 1. *(H) and (L) indicate the
output levels of Voltage
Output Models.

2. Output A leads B by 1/4
T+1/8 T when the shaft
revolves clockwise, while
A lags behind B by 1/4
T+1/8 T when the shaft
revolves
counterclockwise.



CHINA YUMO ELECTRIC CO.,LIMITED
YUEQING YING'S IMPORT & EXPORT CO.,.LTD
ADD: ZHAOYANG INDUSTRIAL ZONE, LIUSHI TOWN, YUEQING CITY, ZHEJIANG, 325604 CHINA
TEL: 0086-577-62791815 FAX: 0086-577-62791825
Http://www.yumoelectric.com E-mail:sales@yingselectric.com

AGA2 series Incremental Rotary Encoder YUM O®

+Dimensions(mm)

41

1.5

3]
®18+0.1

2-M3 deep4

=]
D~

25

[

¥ +—H+H—-—

=2

D©22
®12h7
h




Question 17
Attached




TOSHIBA TB6612FNG

Toshiba Bi-CD Integrated Circuit Silicon Monolithic

TB6612FNG

Driver IC for Dual DC motor

TB6612FNG is a driver IC for DC motor with output transistor in
LD MOS structure with low ON-resistor. Two input signals, IN1
and IN2, can choose one of four modes such as CW, CCW, short
brake, and stop mode.

Features

SSOP24-P-300-0.65A

e Power supply voltage; VM = 15 V(Max)

e Output current; IouT=1.2 A(ave) / 3.2 A (peak) BE:0.14 g (=)
e Output low ON resistor; 0.5Q (upper+lower Typ. @VM > 5 V)

¢ Standby (Power save) system

e CW/CCW // short brake / stop function modes

e Built-in thermal shutdown circuit and low voltage detecting circuit

¢ Small faced package(SSOP24: 0.65 mm Lead pitch)

e Response to Pb free packaging

* This product has a MOS structure and is sensitive to electrostatic discharge. When handling this product,
ensure that the environment is protected against electrostatic discharge by using an earth strap, a conductive
mat and an ionizer. Ensure also that the ambient temperature and relative humidity are maintained at
reasonable levels.

The TB6612FNG is a Pb-free product.

The following conditions apply to solderability:

*Solderability

1. Use of Sn-37Pb solder bath
*solder bath temperature = 230°C
*dipping time = 5 seconds
*number of times = once
*use of R-type flux

2. Use of Sn-3.0Ag-0.5Cu solder bath
*solder bath temperature = 245°C
*dipping time = 5 seconds
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TOSHIBA TB6612FNG

Block Diagram

VM1 PWMA AIN2 AIN1 Vcc STBY GND BIN1 BIN2 PWMB VM3 VM2

24 23 22 21 20 17 16 15 14 13

STB
Control Logic Control Logic
A UVLO B
TSD
) ! ! °

H—SW H-SW

B
# | | |

01 1PGND1 AO2 AO2 BO2 BO2 PGND2 PGND2BO1 BO1
Pin Functions
No. Pin Name 1/0 Function
1 AO1
(6] ch A output1
2 AO1
3 PGND1
Power GND 1
4 PGND1
5 AO2
O ch A output2
6 AO2
7 BO2
O ch B output2
8 BO2
9 PGND2
— Power GND 2
10 PGND2
11 BO1
O ch B output1
12 BO1
13 VM2 Mot ly (2.5Vto 13.5V)
— otor su . 0 13.
14 VM3 PP
15 PWMB | ch B PWM input / 200 kQ pull-down at internal
16 BIN2 | ch B input 2 / 200 kQ pull-down at internal
17 BIN1 | ch B input 1 /200 kQ pull-down at internal
18 GND — Small signal GND
19 STBY “L"=standby / 200 kQ pull-down at internal
20 Vce — Small signal supply
21 AIN1 [ ch Aiinput 1 /200 kQ pull-down at internal
22 AIN2 [ ch Alinput 2 /200 kQ pull-down at internal
23 PWMA | ch APWM input / 200 kQ pull-down at internal
24 VM1 — Motor supply (2.5 V~13.5 V)
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Absolute Maximum Ratings (Ta = 25°C)
Characteristics Symbol Rating Unit Remarks
Vm 15
Supply voltage \Y
Vce 6
Input voltage VIN -0.2t0 6 \% IN1,IN2,STBY,PWM pins
Output voltage VouT 15 \% 01,02 pins
louT 1.2 Per 1 ch
Output current 2 A tw = 20 ms Continuous pulse, Duty < 20%
louT (peak) )
3.2 tw = 10 ms Single pulse
0.78 IC only
Power dissipation Pp 0.89 W 50 mm x 50 mm t=1.6 mm Cu > 40% in PCB mounting
1.36 76.2mm x 114.3 mm t=1.6 mm Cu > 30% in PCB monting
Operating temperature Topr -20 to 85 °c
Storage temperature Tstg -55 to 150 °c
Operating Range (Ta=-20~85°C)
Characteristics Symbol Min Typ. Max Unit Remarks
Supply voltage Vee 27 3 55 v
Vm 2.5 5 13.5 V
— — 1.0 VM =45V
Output current (H-SW) lout 04 A 45V>Vy=25V
T T ) Without PWM Operation
Switching frequency fPwMm — — 100 kHz
Input pin; N1, IN2, PWM, STBY Output pin; 01, 02
Voo VN
nput —‘l 01 02 Li_
O O O
Internal _‘ i_
q circuit q F
GND PGND
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TOSHIBA

TB6612FNG

H-SW Control Function

Input Output
IN1 IN2 PWM STBY OuUT1 ouT2 Mode
H H H/L H L L Short brake
H H L H CCw
L H
L H L L Short brake
H H H L cw
H L
L H L L Short brake
OFF
L L H H o Stop
(High impedance)
OFF
H/L H/L H/L L o Standby
(High impedance)

H-SW Operating Description

- To prevent penetrating current, dead time t2 and t4 is provided in switching to each mode in the IC.

<Short brake>
3
VM
o, 65,
ouT1
Voltage wave 3
GND
> t2 < > t4 <
4 2008-05-09



TOSHIBA TB6612FNG

Electrical Characteristics (unless otherwise specified, Ta=25°C,Vcc=3V,Vm=5V)

Characteristics Symbol Test Condition Min Typ. Max Unit
Icc(3V) STBY =Vcc=3V,Vm=5V — 1.1 1.8 A
m
| 5V TBY =Vcc=55V,Vy=5V — 1. 22
Supply current cc(5.5V) S cc=55V.Vm=5 >
! — — 1
CCSTB) | s1RY =0V uA
IM(STB) — — 1
\ Vcex0.7 — Vcct0.2
Control input voltage I cc cc \%
VIL -0.2 — Vcex0.3
. lH VIN=3V 5 15 25
Control input current MA
L VIN=0V — — 1
\ Vcex0.7 — Vcet0.2
Standby input voltage IH(STB) cc cc \%
ViL(STB) -0.2 — Vcex0.3
| VIN=3V 5 15 25
Standby input current IH(STB) IN MA
lIL(STB) ViN=0V — — 1
V. lo=1A,Vcc=VmM=5V — 0.5 0.7
Output saturating voltage satU+L)1 ° cc” ™ \%
Vsat(U+L)2 lo=0.3A,Vcc=Vm=5V 0.15 0.21
| VM=V =15V — — 1
Output leakage current L) M~ “OUT MA
ILw) Vm=15V,Voyt=0V -1 — —
o VEU) — 1 1.1
Regenerative diode VF IF=1A \%
VFWL) — 1 1.1
Low voltage detecting — —
UvLD . 1.9
voltage (Designed value) \%
Recovering voltage UVLC — 2.2 —
tr . — 24 —
. (Designed value) »
Response speed f — — ns
Dead | HtoL | Penetration protect time — 50 —
time | LtoH | (Designed value) — 230 —
Th | shutd ircuit
ermat. s lt,l own CtII'CUI TSD o 175 L
operating temperature
P g P (Designed value) °c
Thermal shutdown
) ATSD — 20 —
hysteresis
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TOSHIBA TB6612FNG

Target characteristics

Pb

Pp-Ta lout - Duty
(w) P (A)
1.50 25
® @IC only 0j-a=160°C/W
@n boarding
PCB area 50 mm X 50 mm X 1.6 mm 20
— .

\ Cu area > 40% 8
100 \ @n boarding -

s @ \ PGB area 76.2 mm X 114.3 mm X 1.6 mm 15
5 \LCu erea > 30% <
s N N £
@ @ \ N 3

© \ N S 10
3 050 > 2
2 o N ~ £
o \ N o]

b ‘\ 05 |
S
\‘\\ R
\ Ta=25°C ICE{&
0.00 0.0
0 50 100 150 0% 20% 40% Duty 60% 80% 100%

Ta (°C)
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TOSHIBA

TB6612FNG

Typical Application Diagram

+2.7V *—¢
toS,SVL cl
J; 0. 1ufF

G3

10uF

H-SW
Driver

2] 4] ¢ 445V
0. 1uF 10uF | t013.5V,

McU TSD
»
Control H-SW
Logic Driver
B B
Note: Condensers for noise absorption (C1, C2, C3, and C4) should be connected as close as possible to the IC.
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TOSHIBA TB6612FNG
Package Dimennsions
SSOP24-P-300-0.65A Unit : mm
24 13 -
AHAHAAAAARA —— f e
N ™
ol o
Fi|  H
ol ©
W o~
O
THHH"HHHHHH | s
1 H 12
0.325TYP L e 0.22%0.1 013
0.65
< 8.3MAX s
” 7.810.2 .
N < 0
o < —<
cﬂm"g ?—?
S < &
-3 <
Q‘j ‘I l_0.45i0.2
= >
Weght: 0.14 g (typ)
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TOSHIBA TB6612FNG

Notes on Contents

1. Block Diagrams
Some of the functional blocks, circuits, or constants in the block diagram may be omitted or simplified
for explanatory purposes.

2. Equivalent Circuits
The equivalent circuit diagrams may be simplified or some parts of them may be omitted for
explanatory purposes.

3. Timing Charts

Timing charts may be simplified for explanatory purposes.

4. Application Circuits
The application circuits shown in this document are provided for reference purposes only. Thorough
evaluation is required, especially at the mass production design stage.
Toshiba does not grant any license to any industrial property rights by providing these examples of
application circuits.

5. Test Circuits
Components in the test circuits are used only to obtain and confirm the device characteristics. These
components and circuits are not guaranteed to prevent malfunction or failure from occurring in the
application equipment.

IC Usage Considerations
Notes on handling of ICs

[1] The absolute maximum ratings of a semiconductor device are a set of ratings that must not be
exceeded, even for a moment. Do not exceed any of these ratings.
Exceeding the rating(s) may cause the device breakdown, damage or deterioration, and may result
injury by explosion or combustion.

[2] Use an appropriate power supply fuse to ensure that a large current does not continuously flow in
case of over current and/or IC failure. The IC will fully break down when used under conditions that
exceed its absolute maximum ratings, when the wiring is routed improperly or when an abnormal
pulse noise occurs from the wiring or load, causing a large current to continuously flow and the
breakdown can lead smoke or ignition. To minimize the effects of the flow of a large current in case
of breakdown, appropriate settings, such as fuse capacity, fusing time and insertion circuit location,
are required.

[3] If your design includes an inductive load such as a motor coil, incorporate a protection circuit into
the design to prevent device malfunction or breakdown caused by the current resulting from the
inrush current at power ON or the negative current resulting from the back electromotive force at
power OFF. IC breakdown may cause injury, smoke or ignition.

Use a stable power supply with ICs with built-in protection functions. If the power supply is
unstable, the protection function may not operate, causing IC breakdown. IC breakdown may cause
injury, smoke or ignition.

[4] Do not insert devices in the wrong orientation or incorrectly.
Make sure that the positive and negative terminals of power supplies are connected properly.
Otherwise, the current or power consumption may exceed the absolute maximum rating, and
exceeding the rating(s) may cause the device breakdown, damage or deterioration, and may result
injury by explosion or combustion.
In addition, do not use any device that is applied the current with inserting in the wrong orientation
or incorrectly even just one time.
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TOSHIBA TB6612FNG

Points to remember on handling of ICs

(1) Thermal Shutdown Circuit
Thermal shutdown circuits do not necessarily protect ICs under all circumstances. If the thermal
shutdown circuits operate against the over temperature, clear the heat generation status
immediately.
Depending on the method of use and usage conditions, such as exceeding absolute maximum ratings
can cause the thermal shutdown circuit to not operate properly or IC breakdown before operation.

(2) Heat Radiation Design
In using an IC with large current flow such as power amp, regulator or driver, please design the
device so that heat is appropriately radiated, not to exceed the specified junction temperature (Ty)
at any time and condition. These ICs generate heat even during normal use. An inadequate IC heat
radiation design can lead to decrease in IC life, deterioration of IC characteristics or IC breakdown.
In addition, please design the device taking into considerate the effect of IC heat radiation with
peripheral components.

(3) Back-EMF
When a motor rotates in the reverse direction, stops or slows down abruptly, a current flow back to
the motor’s power supply due to the effect of back-EMF. If the current sink capability of the power
supply is small, the device’s motor power supply and output pins might be exposed to conditions
beyond maximum ratings. To avoid this problem, take the effect of back-EMF into consideration in
system design.
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TOSHIBA TB6612FNG

RESTRICTIONS ON PRODUCT USE

070122EBA_R6

e The information contained herein is subject to change without notice. 021023_D

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc. 021023_A

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk. 021023_B

e The products described in this document shall not be used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations. 060106_Q

e The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which
may result from its use. No license is granted by implication or otherwise under any patents or other rights of
TOSHIBA or the third parties. 070122_c

o Please use this product in compliance with all applicable laws and regulations that regulate the inclusion or use of
controlled substances.
Toshiba assumes no liability for damage or losses occurring as a result of noncompliance with applicable laws
and regulations. 060819_AF

e The products described in this document are subject to foreign exchange and foreign trade control laws. 060925_E
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