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Komparatorn en 1 bits AD-omvandlare

Komparator . Uy
L
. il N Yo +LU -
U Urer _ : + ¥
| | |
| | U
K =3 Uker

En komparator ar en kénslig forstarkare for skillnaden mellan
spanningarna pa ingangarna. Minsta lilla positiv skillnad gor att
utgangen hamnar pa (1) eller vid negativ skillnad pa (0).

Komparatorn kan anvandas for att med hog precision avgora
nar en spanning U, passerar en viss referens Ugge.
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PIC-processorernas komparatorer

\_J

VDD —==[]1 20[]=— Vss
RAST1CKI/OSC1/CLKIN <—=[]2 19[J== RAO/ANO/C1IN+/ICSPDAT/ULPWU
RA4/AN3T1G/OSC2/CLKOUT —=—=[]3 18[]=» RA1/AN1/C12INO-VREF/ICSPCLK
RA3MCLRVPP—=[14 o 17[]== RA2/ANZ/TOCKIINT/C10UT
RCS/CCP1/P1A =—=[]5 @ 16[]== RCO/AN4/C2IN+
RC4/C20UT/P1B =6 £ 15[]«> RC1/AN5S/C12IN1-
RC3/ANT/C12IN3-/P1C < [|7 E 14 []== RC2/ANB/C12IN2-/P1D
RCB/ANS/SS =—»[]8 13[]=—= RB4/AN10/SDI/SDA
RC7/AN9/SDO =—[]9 12[] == RBS/AN11/RX/DT
RB7/TX/CK == []10 11[ ]~ RBG/SCK/SCL

PIC16F690 har tva inbyggda analoga kompara-
torer. De kan anslutas till olika pinnar eller till
Interna enheter. Komparatorn ar en mycket
mangsidig komponent.
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Manga instéllningsmojligheter!

C1CH=<1:0= ,
2 FIGURE 8-2:
~ COMPARATOR C1
c12N0-[X}—o — SIMPLIFIED BLOCK DIAGRAM
C12N1-D—1
MUX
C12IN2-[i—2
C12IN3-E_3
- c1on(
C10UT (to SR latch)

L

FixedRef |

CNREF

+

Cf”‘}—w ?
-___.-'""-'--' J JI -
CAPOL

C2CH=1:0=

FixedRef |

CVREF

C2VREN

FIGURE 8-3:
COMPARATOR C2

C2VIN-

C2VINt

_ SIMPLIFIED BLOCK DIAGRAM

Cc20NM

L

€27 7, C20UT
- Fﬁ
c2POL

Cl:s och C2:s utgangar ar atkomliga internt, men kan
ocksa kopplas till externa pinnar (tex. C20UT — RC4).
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Analog funktion?

Man valjer att anvanda “analog” funktion pa pinnar med
ANSEL-registren. PIC16F690:

REGISTER 4-3: ANSEL: ANALOG SELECT REGISTER

RIW-1 R/W-1 RIW-1 RIW-1 RIW-1 RIW-1 RIW-1 RIW-1
ANS7 | anse | ANss | ANs4 | ANs3 | ans2 | ANS1 | ANSO
bit 7 bit 0

RC3 RC2 RC1I RCO RA4 RA2 RA1 RAO

REGISTER 4-4: ANSELH: ANALOG SELECT HIGH REGISTER
U-0 -0 -0 -0 RAN-1 RAW-1 RAW-1 RAN-1

— — | anst | ansto | AnNse | ANss
bit 0

RB5 RB4 RC7 RCG6

bit 7

Default-installningen ar den analoga funktionen — sa i praktiken
valjer man i stéllet bort analog funktion nar man behover digital.
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CMP2 vid lab

C2CH=1.0= FIGURE 8-3:
72 COMPARATOR C2
), —.|__ SIMPLIFIED BLOCK DIAGRAM
VDD —=[] 1 20[J=— Vss C12IN0- [} o coon

-—[1]2 19[]== RAD/C1IN+ C12N1-[G—1 H

-=[]3 18[]== RA1/C12INO- MU |——CZV0 " o

—=[4 g 17 RA2/C1OUT =L ]

-[]5 © 16
RC4/C20UT -=f6 £ 15
RC3/CI2IN3- =—=[7 2 14 c2pPoL

- [ 13

- [ 9 12

[ 10 1 FixedRef

CVREF

C2VREN

ANSEL 4=1; ANSEL_6=1; TRISC.0=1; TRISC.2=1;
TRISC.4=0;
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Control registers

REGISTER 8-1: CM1CONO: COMPARATOR C1 CONTROL REGISTER 0
F/W-0 R-0 RAW-0 RAW-0 -0 RAW-0 RAN-0 F/W-0
C10N cl1ouT C10E C1POL — C1R C1CH1 C1CHO
bit ¥ bit O
REGISTER 8-2: CM2CONO: COMPARATOR C2 CONTROL REGISTER 0
RW-0 R-0 RAW-0 RAW-0 U-0 RAW-0 RAW-0 RAW-0
C20N c20UuT C20E C2POL — C2R C2CH1 C2CHO
bit 7 bit O
REGISTER 8-3: CM2CON1: COMPARATOR C2 CONTROL REGISTER 1
R-0 R-0 -0 -0 U-0 -0 RAW-1 RAW-0
MC1OUT MC20UT | — — — — TIGSS C25YNC
bit 7 bit 0
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CMP2 vid lab
e

U —~L_ SIMPLIFI D BLOCK DIAGRAM
VDD —=[]1 20[J=— Vss C12IN0-[— o
~=[]2 19[J== RAD/C1IN+ cramt-[g—x
-=[]3 18[]== RA1/C12INO- MUX ‘32‘“"“‘ S st
—=[4 g 170== RAZICIOUT 2 Cavin+ Y
RC4/C20UT = E 6 £ 15 -
Q
RC3/C12IN3- 2 14 R
- ]: 13 -
- [ 9 12 s
- MUX
[ 10 n FixedRef o 1

CVREF

9]

[2%]

<

A

m

=z
\Hg
NOX

\\

REGISTER 8-2: CM2CONO: COMPARATOR C2 CONTROL REGISTER 0

RW-0 R-0 RIW-0 RIW-0 U-0 RIW-0 RIW-0 RIW-0
C2oN | c2our | c20E | cpoL | — | c2R | c2cH1 | c2cHO
bit 7 bit 0

1 - 1 0 - 1 1 0
C2CH.0=0; C2CH.1=1; C2R=0; C2POL=0; C20E=1;
C20N=1;
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CMP2 vid lab

vdd 5V \_/ Vss GND C2CH.0=0; // C12IN2-
PIC16F690 C2CH.1=1; // C12IN2-

C2R=0; // C2IN+
C2POL=0; // not i1nvert
SR1=0; // no SR-latch

CoIN+ C20E=1; // out to pin

C20N=1; // C2 on
Cl2INZ- IANSEL.4=1; // analog
som ANSEL .6=1; // analog
Komparator TRISC.0=1; // RCO i1nput
TRISC.2=1; // RC2 i1nput
TRISC.4=0; // RC4 output

C20UT

Med dessa installningar anvander vi komparator 2

som fristaende komponent!  Gratonat — default installning
William Sandgvist william@kth.se
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Lab: prova Komparator i

Nar spanningen pa uttaget pa 10k potentiometern passerar
referens-spanningen 2,5V (5V delat med tva) slar
komparatorns utgang om. Omslaget ar mycket distinkt.
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Lab: prova Schmltt trlgger
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En tredje 1k resistor fran utgangen till "+ ingagen
forskjuter referens-nivan sa att man nu maste vrida mer o
for bada omslagen. Det blir sdledes olika omslagsnivaer @

for Till och Fran. Omslagsfunktionen blir darfor ' T .
”segare” och sakrare. Kopplingen kallas for Schmitt- Tnput
trigger och fenomenet for Hysteres. Hysteres.
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Otto Schmitt

En schmitt-trigger har ”snap action”. Nar man passerat
omslagspunkten gar forloppet inte att hejda ...
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http://www.otto-schmitt.org/Otto Photographs full size/Otto & Viola Schmitt Photos/Otto & Viola Photos 4/Dr Otto Schmitt at the Blackboard at U of Stockhom in 1951.png

Omslagsnivaerna? (10.10)

!

1k 5.0 57
10K - 1+05 ' 3
5:/<>1k D D ) N PTX‘ 5\/ C) -? Spannings-
. T__|_ & ‘ 1 . n delning
Q — [_Tov
1 Lok L= L[5V
5V | 1k [ | bt — 5V 1k Lo,
N L ? —— + Spannings-
<> t —~— + . ‘ 5\ C) +_L_? delning
1kT | ) s " 1 52
. l 1+0,5 3

William Sandgvist william@kth.se



RC-oscillator

+5V —

5V

i . .
>1k 1150n | é e 1 _______&\/_ —————— L:/——
T o \

1 Lok 2 | e A et
) T~ AR

v

GND

Komparatorn laddar upp kondensatorn till den évre omslags-
spanningen, darefter slar utgangen om och laddar ur kondensatorn till
den nedre omslags-spanningen. Frekvensen pa komparatorns utgang
beror av produkten R-C. Eftersom C &r konstant sa blir det R som
styr frekvensen.
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Lab: prova RC-oscillator "

1 ﬁy 0k
5V | 1k _
+ || —0
D

1 150N 1k iyl

-

1K L T PICkit 2 Programmer IS P

FSR NTC LOR

Schmitt-triggern laddar nu

kontinuerligt upp och ur

kondensatorns spanning mellan de tva

omslags-nivaerna.

Tillsammans med horluren har vi fatt
en summer!
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Sensorer

Prova nagra resistiva sensorer ... ¥

FSR NTC LDR | B

-

J i L T S

NTC-Termistor L DR-Fotoresistor

Vi kommer att mata frekvensen med PIC-processorns
CCP-enhet senare 1 kursen ...
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Sensorer

Prova nagra resistiva sensorer ...
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FSR-Force Sensitive Resistor, for ”klamtryck”.
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Simulera RC-oscillatorn
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Simulera RC-oscillatorn

o =10l x|
V([n002)

h.0v
4.5V
4.0v
3.5V
3.0%
2.hV—
2.0v
1.5V
1.0¥
0.5V

0.0v
0.0ms 0.bms 1.2ms 1.8ms 2.4ms 3.0ms 3.4.Bm5 h.Ams 6.0ms

T =

William Sandgvist william@kth.se




William Sandgvist william@kth.se



En stabilare RC-oscillator

Signetics 1970

Hans Camenzind
designer of the
555 timer

(1934-2002)

Go 8le 555 timer n Ungefar 2 130 000 resultat
(0,30 sekunder)
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555 som RC-oscillator
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555 RC-oscillator

V[n002)
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VCC
RESET (-~~~ ""TTTTTTT _'I
" []r5kQ L555 .
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Tva
komparator-
er och en SR-
laskrets.




555 som Schmitt-trigger

Kopplar man sa héar blir 555:an en Schmitt-trigger med
omslagsnivaerna 1/3 och 2/3 av matningsspanningen.
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Denna krets har
battre ’prestanda
an den ensamma
komparator
kopplad som
schmitt-trigger vi
visat tidigare.
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PIC-processorns SR-latch

SR-latchens utgangar kan lasas av programmet (C1OUT, C20UT),
eller kopplas direkt till chippets pinnar (CLOUT/RA2, C20UT/RC4).

FIGURE 8-7: SR

TCH SIMPLIFIED BLOCK DIAGRAM C10E
PULSS Pulze “‘“-].
0 B

Gen'?!
MUX] C1ouUT|| - g
C10 (from comparator) — —
U o - lffj C10UT pin

C1SEN\ -
SR
Latcht® CI20E
SYNCC20UT (from corgparator ~ [
CIREN A—li:}'__,r} R Q lMU;] C20UTH - ( E
\ 0 ,J lCE{]UTpinl
= Programmerbara, sjalvaterstallande,

bitar som ger pulser pa S och R.

REGISTER 8-4:  SRCON: SR LATEH CONTROL REGISTER
RW-0 RAW-0 RW-0 RW-0 N\ R/S-0 U-0 U-0
SR1%@ SR012) CISEN | C2REN | PULSS PUSR | — | —

bit 7 bit 0
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PIC-processorns SR-latch

SR-latchens ingangar kan konfigureras att anslutas till komparatorerna.

FIGURE 8-T: SRO
SR LATCH SIMPLIFIED BLOCK DIAGRAM C10E
PULSS gulel.?_ —
= C'MU;] clouT [ x
C10UT (from comparator) —,
ciouT ] s a v |
ciout ) 2o e -
n n
SR
1 Latch(?) C20E
C20UT SYMCC20UT (from Eli!lI'r'l|:r€i|'“€l‘.{:lr~]lﬂ—r — et
C2NEN —— >R @ lMUh] c20uT [__
1" 0 ,J C20UT pin
PULS '
ggﬂ;‘ SR1
REGISTER 8-4:  SRCY{N: SR LAXCH CONTROL REGISTER
R/W-0 RWO \ RW-O \ RW-0 R/S-D R/S-0 U-0 U-0
SR11) SR | CI1SEN | MC2REN | PULSS | PULSR | —
bit 7 bit 0
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PIC-processorn som oscillator

PIC-processorns tva komparatorer och

e SR-latch kan konfigureras som en RC-
' (I 555 : - ” '}
I . oscillator, 7555 style
T > e e 0T !
—1 e . B Oscillator Circuit
% _>—17 i PICmicro® MCU
L |

]

__iﬂ___

ol

En stabil oscillator behovs nar
det ar C som ar sensorn — som
vid kapacitiv avkanning.

INVERTED

¢

Voo
e T ‘,%F
<
% . -
X S
.ﬁi Vs |

120K0

i
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Touch-control

Vandalsaker knapp vid
overgangsstallet!
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Sensor Capacitance (Cs)=Cp

Oscillator Circuit
PICmicro® MCU
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Touch-control g

Fler kontakter — Tangentbord.

CH1 ) FiGURE 8-2:
| comparaToR c1
' SIMFLIFIED BLOCK DIAGRAM

PICmicro® MCU

CVrer
= M3 Voo
s
l r :
TIMERD
TIMER1 ‘F_‘

=]

:

Komparatorernas ingangar
ar multiplexade till samma
pinnar — anvandbart nar
man vill kdnna av flera
tangenter ...

Multiple Sensors

EEEE
'
H
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Touch-control

Fler kontakter — Tangentbord.

chl+ch?2
chle—
4
ch1+ch3 2+ch4
7 h4
ch3 C
ch3+ch4

g ch3+ch2
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M.EQIH.F. For More Information

WebSaminars

e AN1101: Introduction to Capacitive Sensing

e AN1102: Layout and Physical Design
Guidelines for Capacitive Sensing

e AN1103: Software Handling for Capacitive
Sensing

e AN1104: Capacitive Multi-Button
Configurations

e mTouch™ Design Center at
www.microchip.com/mTouch
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