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Comparator an 1 bit AD-converter

Komparator Uy
i

L
. il N Yo +LU -
U Urer _ :+ ¥
I

| |

| | U
K =3 Uker

A comparator is a sensitive amplifier for the difference between
Input voltages. The slightest positive difference means that the
output get (1) or negative difference get (0).

The comparator can be used to accurately determine when a
voltage U, pass a certain reference voltage Ugg.

William Sandgvist william@kth.se



PIC-processor comparators

VDD —==[]1 i 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 has two internal analog comparators.
They can be connected to different pins or to
Internal units. The comparator Is a very versatile
component..

William Sandgvist william@kth.se



Many configuration options!

C1CH=1:0=

c12|Nu-®_ o
C12N1-D—1
C12IN2-|E_
C12IN3-E_

C1R

C1IN o
FixedRef |

CNREF 1

L
C1VREN

!

FIGURE 8-2:
COMPARATOR C1

SIMPLIFIED BLOCK DIAGRAM

c1onNt

C10UT (to SR latch)

_Cf“‘}—w ?
+_.-'""-'--' .IJI -
CAPOL

C2CH=1:0=

C2IN 0

FixedRef [

CVREF

C2VREN

FIGURE 8-3:
COMPARATOR C2

C2VIN-

C2VINt

_ SIMPLIFIED BLOCK DIAGRAM

Cc20NM

L

o™ r,__C20UT
o Fﬁ
c2POL

Cl:s and C2:s outputs are are accessible internally, but can
also be connected to external pins (eg. C20UT — RC4 ).
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Analog function?

One choose to use the "analog" function on pins with the
ANSEL registers. 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-setting is the analog function — so in practice choose to
remove analogous function when you need digital.
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CMP2 at 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 at 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 at 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

With these settings we use Comparator 2 as

iIndependent stand alone component!  Ingray
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Lab: try a Comparator i,

When the voltage at the twerminal on the 10k potentiometer
Is passing reference voltage 2.5V (5V divided by two) the
comparator output turns on. The trip point is very distinct.
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Lab: try a Schmltt trlgger thl
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A third 1k resistor from the output to the "+" input shifts
the reference level so that we must now turn more to
change the output. There are dual threshold for on and

off. The function will be more secure. The connection is
called the Schmitt trigger and the phenomen of dual Tnput
tresholds is called hysteresis.

Hysteres.
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Otto Schmitt

A schmitt-trigger has ”snap action”. When you have passed the
trip-point the process is no longer possible to prevent ...
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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

Threshold voltages? (10.10)

1k 5.0 57
10K - 1+05 ' 3
5:/ 1KD D ) o PTX‘ 5\/ C) -? | Voltage
<> 1 T division
W | L el ]| L
: - L lrov
1 Lok L= L[5V
5:/ 1k || [ ')— N _STXI + 1k ph \oltage
<> t i ” ‘ 5\ C) +_L_? division
1kT | ) s " 1 52
. l 1+0,5 3
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RC-oscillator

+5V

5V

1 Lok 2

1k — 3
) + 2,5V

el 150n | 1k e 1

T L 1 ) 3

GND

S

The comparator charges the capacitor to the upper trig level, then
turn the output on and discharges the capacitor to the lower trigger
level. The frequency of the output of the comparator depends on the
product R-C. As C is constant R will determine the frequency.
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Lab: try RC-oscillator "

. 1 Ok = e |
5V | 1k — -

C) 150N Tk

1k — ]
FICEi F
T Ermn Blue Glrn Yel Or Red FSR NTC LDR

Schmitt trigger is continuously
charging and discharging the
capacitor voltage between the two
threshold levels.

Along with the earphone, we now
have a buzzer!
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Sensors

Try some resistive sensors ...

FSR NTC LDR | B

i

J i L T S

NTC-Thermistor L DR-Photo resistor

We will measure frequency with the PIC-processorn CCP-
unit later in the course ...
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Sensors

Try some resistive sensors ...

| =
| IL
/. -l
!
Resistive Film
7

B = AO—'\%—OB

LR B B S

FSR-Force Sensitive Resistor, press between your fingers.
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Simulate the RC-oscillator
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Simulate RC-oscillator

=101 x|

3

V([n002)

b.
4.
4.
3.
3.
2.
2.
1.
1.
0.
0

SuoUmomoumoDme
L

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

T =
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A more stable RC-oscillator

Signetics 1970

Hans Camenzind
designer of the
555 timer

(1934-2002)

Google  sssumer RN About 2 130 000 results
(0,30 sekonds)
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555 as RC-oscillator
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555 RC-oscillator

V[n002)

[

v

0y
0.0ms 0.6ms 1.2ms 1.8Bms 2.4dms 3.0ms 3.6ms 4. ms L.Ams 6.0ms
1, =10 %]

HTRIG Disg- - -

- L ouT THRS
NE#Sd
RET (=)

e
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555 as Schmitt-trigger

With these connections the 555 becomes a Schmitt-trigger
with the threshold levels 1/3 and 2/3 of the supply voltage.

trigger we have
shown previously.

VCC
r~$--------=-=---- 1
|
i il 599 | This circuit has better
N % +;% . [e L% | “performance" than
- .lmﬁ, 3 | the single comparator
e S | ]
13 —>_|7 | connected as Schmitt
|

=
|
|
|
|
L _
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PIC-processor SR-latch

SR-latch output can be read by the program (C1OUT, C20UT),
or connected directly to the chip pins (C1OUT/RA2, C2OUT/RCA4).

FIGURE 8-7: SR

TCH SIMPLIFIED BLOCK DIAGRAM 10E
PULSS Pulze B
Q s o C10UT,
MUX B
i C10UT pin I

C10 (from comparator
A T s @ o
C1SEN\

Latchl(!) CI20E

SYNCC20UT {from ¢ mraor]’_\_r);
C2REN s  — R Q N c20UT (
MUX B4
C20UT pin

\ 0

= Programable, self resetting, bits to
REGISTER 8-4:  SRCON: SR LATEH.CONTROL REGISTER generate pulses on S and R.

Pulse
Gen:E'

RW-0 RAW-0 RW-0 RW-0 N\ R/S-0 U-0 U-0
SR1%@ SR012) CISEN | C2REN | PULSS PULSR — | =

bit ¥
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PIC-processorns SR-latch

SR-latchs inputs can be configured to connect to the comparators.

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 @ lmu;] 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-processor as oscillator

PIC-processor two comparators and

e SR-latch can be configured as a RC-
' (I 555 : - ” '}
I . oscillator, 7555 style
T > e e 0T !
—1 e . B Oscillator Circuit
% _>—17 i PICmicro® MCU
L |

]

__iﬂ___

ol

A stable oscillator is needed
when it is C that the sensor is
— as the capacitive sensing.

INVERTED

¢

Voo
e T ‘,%F
<
% . -
X S
.ﬁi Vs |

120K0

i
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Touch-control

Vandal proof button at
the pedestrian crossing!

/M
777 7
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Oscillator Circuit
Cmicro® MCU

1 §
<
e
]
3
I I+
o4 ©

Sensor Capacitance (Cs)=Cp




Touch-control  feq

Moore contacts — Keyboard.

CEL o FIGURE 8-2:
| comparaToR c1
' SIMFLIFIED BLOCK DIAGRAM

PICmicro® MCU

CVrer
= M3 Voo
- cionin — I’ L
CiR C2R v S
] civie [N C10UT (to SR tateh) ~L
X Uw\.l; — ‘__C..I«-“'; ) e ‘Mux R
FixedRel ___MI;;. ';f__,_, [» . Fixediet JM.:; > 5'
CVrsr 1 ) CVRes 1 A
C1VaEn C2VRI -
TIMERD
Comparators Inputs are 4%—] TIMERT

multiplexed to the same pins

Multiple Sensors

=]

:

EEEE
'
H

— useful when you want to
sense several keys ...
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Touch-control

Moore contacts — Keyboard.

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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