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Komparatorn en 1 bits AD-omvandlare

Komparator Uy
i
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N hy IM 4 Uy +1L
|+ Urer _ : *
| |
L
| - N e M
= - 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 Uggr.
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PIC-processorernas komparatorer

\_J

VDD —=[]1 20 ]=— Vss
RA5/T1CKI/OSC1/CLKIN =—=[]2 19 ]+ RAD/ANO/C1IN+/ICSPDAT/ULPWU
RA4/AN3/T1G/OSC2/CLKOUT =—=[]3 18[]=» RA1/AN1/C12INO-/VREFIICSPCLK
RA3MCLRVPP—=[14 o 17[]== RAZ/AN2TOCKVINT/C10UT
RCS/CCP1/P1A =—=[]5 @ 16[]== RCO/AN4/C2IN+
RC4/C20UT/P1B =—=[|6 £ 15[]«» RC1/AN5/C12IN1-
RC3/ANT/C12IN3-/P1C <= []7 E 14 []== RC2/ANB/C12IN2-/P1D
RCE/ANS/SS = []8 13[]=—= RB4/AN10/SDI/SDA
RC7/ANS/SDO =—[]9 12[] == RBS/AN1T1/RX/DT
RB7/TX/CK =—=[]10 11[] =+ RBB/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 installningsmojligheter!

CACH=10> C2CH<10> , FIGURE 8-3:

—/ﬂ COMPARATOR C1 COMPARATOR C2
[~ SIMPLIFIED BLOCK DIAGRAM
crano ], ) SIMPLIFIED BLOCK DIAGRAM )

2

0 C12IND- %I—j coonl
C1ZN1-Pd— C12IN1- E_l C2Vin- “_L
2

!

MUX .
C12IN2-[ 2 C12IN2- Covis|, €2 Dﬂ
c12N3-Pd—3 - . i
- c1on -
CiR GZR c2POL
- C1VIN- C10UT (to SR latch)
C1IN o - o ~ C2IN
Muﬂw+fﬁ’—jj _ - MLIJ-:
FixedRef | ™~~~ —1 __ g FixedRet |
-~ C1POL
MUX MU
GVL.J_ CWVREF l

CAVREN di GZHEN
C1l: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 R/W-1 RIW-1 R/W-1 RIW-1 RIW-1
ANS7 | anse | ANss | ANs4a | ANs3 | aNs2 | ANS1 | ANSD
bit 7 bit 0

RC3 RC2 RCl RCO RA4 RA2 RAl RAO

REGISTER 4-4: ANSELH: ANALOG SELECT HIGH REGISTER

U-0 u-0 U-0 U-0 RAW-1 RIW-1 R/W-1 RW-1
— | ans1t | ansio | ANs9 | Anss
bit 7 bit 0

RB5 RB4 RC7 RC6

Default-installningen &ar den analoga funktionen — sa i praktiken
valjer man i1 stallet bort analog funktion nar man behover digital.
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CMP2 vid lab

C2CH<1:0 FIGURE 8-3:
2 COMPARATOR C2

—1_ SIMPLIFIED BLOCK DIAGRAM
Vss C12IN0- [} o C20NM
RAO/C1IN+ c1at-[— )
RA1/C12INO- MUX C2Vin- I~

2 CoViN+ Cc2 | C20UT,
RA2/C10UT -

M+

C2POL

FixedRef

CNREF

C2VREN

ANSEL.6=1; TRISC.0=1; TRISC.2=1;

VDD —=[] 1 ~ 20[]=—
-[]2 19 ]
-[]3 18 []=>
—[4 g 17
-[]5 © 16
RC4/C20UT =—=fl6 2 15
Rca,fmmNa-HE? 2 14
- [ 13
- []9 12
- [110 1
ANSEL.4=1;
TRISC.4=0;
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Control registers

REGISTER 8-1: CM1CONO: COMPARATOR C1 CONTROL REGISTER 0
RAW-0 R-0 RAW-0 RAwW-0 U-0 RAW-0 RAW-0 RAW-0
C10N Ci1ouT C10E C1POL — CiR C1CH1 C1CHO
bit 7 bit 0
REGISTER 8-2: CM2CONO: COMPARATOR C2 CONTROL REGISTER 0
RAW-0 R-0 R/W-0 RAW-0 U-0 RAW-0 RAW-0 R/W-0
C20N C20UT C20E C2POL — C2R C2CH1 C2CHOD
bit 7 bit 0
REGISTER 8-3: CM2CON1: COMPARATOR C2 CONTROL REGISTER 1
R-0 R-0 U-0 U-0 uU-0 U-0 RAW-1 RAW-0
MC1OUT MC20UT — — — — T1GS5 C25YNC
bit 7 bit O
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CMP2 vid lab
e

U/ —1_ SIMPLIFI D BLOCK DIAGRAM
VDD —=[]1 20[J-=— Vss C12IND- E—g
-=[]2 19[J== RAD/C1IN+ J— .
-=[]3 18[]=>= RA1/C12IND- X C2VN S . caour
—=[4 g 170== RAZICI0UT 2 CaVin+, Y
RC4/C20UT = E 6 £ 15 -
Q
RC3/C12IN3 2 14 S
- [ 13 :] - -
-~ [ 9 12 :| - g
- - MUX
[ 10 n :| FixedRef o 1

CVREF

(9]

[2*]

<

Al

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 | cepOL | — | C2R | C2CH1 | cC2CHO
bit 7 bit 0

1 - 1 0 - 0 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 gNp |C2CH.0=0; // Cl2IN2-
PIC16F690 C2CH.1=1; // Cl2IN2-
C2R=0; // C2IN+
C2POL=0; // not invert
S SR1=0; // no SR-latch
S C20E=1; // out to pin
C20N=1; // C2 on
C12IN2- | ANSEL. 4=1; // analog
SOm ANSEL.6=1; // analog
Komparator TRISC.0=1; // RCO input
TRISC.2=1; // RC2 input
TRISC.4=0; // RC4 output

Med dessa installningar anvander vi komparator 2

som fristaende komponent!  Gratonat — default installning
William Sandqvist william@kth.se



| 10k ~] U_<25V
SV | 1k —
+<> “2,5\&7 + ‘%
1k | — AN Vg
L
1 10k ~] U_>25V
5:&)'”( ——Z,E\E}i 1 :%
1k | ] Wz
1

PICkKit 2 Programmer ICSP

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 Schmitt-trigger \”"

PICEit 2 Programmer ICSP

5V 1k N [}7& Brn Blue Grn ‘el Or Fed

Y T IPO.-‘-G‘ +J—G
O F+r N Sy |
A R 1EIEIn'$ $ [ |
I M s 30t T T
—l—h : ‘Prcfsllrsisuli‘ 1;% ch'”‘ m 10k-|.
o e |
_|<> L _|_ “o,,-o- . C2out
] / 1k
1k ] Tz h
I o ' )
En tredje 1k resistor fran utgangen till ”+ ingédngen forskjuter IT.:.T |
referens-nivan sa att man nu méaste vrida mer for bdda omslagen. ¥ >
Det blir saledes olika omslagsnivaer for Till och Fran. . 5
1pu

Omslagsfunktionen blir darfor “segare” och sikrare. Kopplingen
kallas for Schmitt-trigger och fenomenet for Hysteres. Hysteres.
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Otto Schmitt

Input

En schmitt-trigger har ”snap action”. Nar man passerat
omslagspunkten gir 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

Omslagsnlvaerna? (10.10)

e Threshold for ”0”—1” !
10Kk ™~V < ? 1k

5V | 1k _ oV + 1—|—05 3
K) 2 :>H%T_ 5\ C) +—T— ? | Spannings-

delning
1K 1k 1k
NS
[OV

l

e Threshold for ”’17—0” t ? [5\/]

0,5 1

[
5V | 1k ia——m 5V + 1k Spannings-
+<> T [ ﬂ _I_‘>LD_J - 5V C) +—L—<:)de'”i”g
Tk L - 51+05_
T ]
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RC-oscillator

5V

1k

+ .

—1 150 1K M \/ \
1k 1L ] 3.5 b 0: cfenese 2 2 <08 RSN MNP 4_
T o 3 “‘\\11 h

IR 2ol Lo Eallig -
. - S N AN

Komparatorn laddar upp kondensatorn till den dvre 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 1 Ok ' \'—;_".__;_'_2_.«- :
5V | 1k — -
t T —0
D +
—1 150n 1k
1k — —
_1_ L

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 L~

g
|

1 L R B R S

NTC-Termistor LDR-Fotoresistor

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

Prova ndgra resistiva sensorer ...

FSR NTC LDR
O -
| R— I
g
l'Re&;is;tive Film
7

8 g AO—'\;&\,—OB

L R B R S

FSR-Force Sensitive Resistor, for “klamtryck”.
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Simulera RC-oscillatorn
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Simulera RC-oscillatorn

] =]
V[n002)

h.Ov
LR
4.0¥
3.0V
3.0%
2.5V
2.0v
1.5Y
1.0%
0.5v

0.0v
0.0ms 0.6bms 1.2ms 1.8ms 2.4Ams 3.0ms 3.4.Bm5 h.4Ams bB.0ms

| schmittasc J[=[p
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En stabilare RC-oscillator

Signetics 1970
Hans Camenzind

designer of the
555 timer

(1934-2002)

Google  sssumer G 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)

[ Ts

v

0y
0.0ms 0.6ms 1.2ms 1.8ms 2.4dms 3.0ms 3.6ms d.ms L.4ms 6.0ms

1, =101 x|
L
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The 555 Inside story

VCC
RESET [ Y~~~ """ TT _'I
" []r5kQ L555 .
TRESHOLD | T . |

REF | '_> R |q 10U

Tl Rolg 7
' r BkQ) o— |
! S |
g =l |
TRIGGER |
! - !
- [|r BkQ |
DISCHARGE | |
T > — |
o :
L p—-—-—-—— - - — — — — — - — — -

GND
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555 som Schmitt-trigger

Kopplar man sa har blir 555:an en Schmitt-trigger med
omslagsnivaerna 1/3 och 2/3 av matningsspanningen.
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Denna krets har
bdttre “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 (C10OUT, C20UT),
eller kopplas direkt till chippets pinnar (CLOUT/RA2, C20UT/RCA4).

FIGURE 8-T: SRO

TCH SIMPLIFIED BLOCK DIAGRAM C10E
PULSS Pulze x“‘l

Gen'! -
ux LLC1oUTI [ ]
C10O (from comparator) — — J
] —% Q@ 1 C10UT pin
C1SEN \ L ; ~ :

Latchf} CI0E
SYNCC20UT (from ¢ ;:nar“:l;c:lr)’_\—r ~ _
C2REN Aib —J >R @ lmux} cout|[ ] [ x
o C20UT pin
L~
SR1

Programmerbara, sjalvaterstallande,

- [+]
REGISTER 8-4:  SRCON: SR LATEH.CONTROL REGISTER bitar som ger pulser pa S och R.
RIW-0 R/W-0 RIW-0 RIW-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 Pulss .
Genl?! -
% pux_C1ouT | 5
CA10UT (from comparator) —,
C10UT ™ s Q v |
Ciout ) 22 = -
”1 th) SR
Latch!!) C20E
C20UT SYNCC20UT (from mn’u:n:«r‘:l;c:lr_]lﬂ—r B H‘“m
: c2KeN ——L " — >—r @ " aux|_C20UT [
”1” o ) C20UT pin
PULS '
gggg, SR1
REGISTER 8-4:  SRC{N: SR LAXCH CONTROL REGISTER
R/W-0 RWO \ RW-0 \ RWOD R/S-0 R/S-0 U-0 U-0
SR1%@ SR0? | CI1SEN | Mc2REN | PULSS | PULSR | —
bit 7 bit 0
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PIC-processorn som oscillator

PIC-processorns tva komparatorer och

LR SR-latch kan konfigureras som en RC-
' (I 555 | . L) 9
T . oscillator, 7555 style
T > [w Jalow ’
—1 (e . B Oscillator Circuit
% _>—|7 i PICmicro® MCU
miL |

]

_.E_

ol

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

INVERTED

¢

Voo
e T g
<
% . .
<] s
% Vs |

120K

ik
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Oscillator Circuit
PICmicro® MCU

Touch-control

Vandalsédker knapp vid
overgangsstallet! ==

1] §
._“:
Q
bg
I+ |+
o4 ©

1

Sensor Capacitance (Cs)=CP

Yt

m Sensor Capacitance (Cs) = CP

AR

0

=}
l |]
]
I
I
)

Sensor Capacitance (Cs)=CP+ CF
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Touch-control  Jfeq

Fler kontakter — Tangentbord.

I8P e FiGURE 8-2:
| comparaTor c1
- SIMHLIFIED BLOCK DIAGRAM

PICmicro® MCU

CVrer
= N3 Voo
s
l r :
TIMERD
TIMER1 ‘F_‘

=]

:

Komparatorernas ingangar

ar multiplexade till samma E i
pinnar — anvandbart nar E Ty e

man Vvill kidnna av flera

tangenter ...
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Touch-control e

Fler kontakter — Tangentbord.

chl+ch?2

chl i 2

ch1+ch§ ) ch2+ch4
chl+ch

ch3<«~ ch4
ch3+ch4

g ch3+ch2
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M.:‘?“H.p For More Information

WebSeminars

e AN1101: Introduction to Capacitive Sensing

e AN1102: Layout and Physical Design
Guidelines for Capacitive Sensing

o AN1103: Software Handling for Capacitive
Sensing

e AN1104: Capacitive Multi-Button
Configurations

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

William Sandqvist william@kth.se



