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A/Dr Converter

» Conversion off an analog input signal to a 10-
bit binary representation of that signal

» PIC 12F675 has 4 ADC (multiplexed)

» Generates interrupt (ADIF)



A/D block diagram

FIGURE 7-1: A/D BLOCK DIAGRAM
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REGISTER 7-2:

bit 3-0

A/D - ANSEL

ANSEL — ANALOG SELECT REGISTER (ADDRESS: 9Fh)

1L=0 RAW=-0 RAW=-0 RAN-0 RAN=-1 RwWi=1 RAwW=-1

— spcsz | apcst | aDcso | ANS3 [ amsz | anst

bit ¥

Unimplemented: Read as ‘0"

ADCS=2:0>: A/D Conversion Clock Select bits

ooo0 = Foasc/2

o011 = Fosc/8

o10 = Foasc/32

x11 FrRC (clock derived from a dedicated internal oscillator = 500 kHz max}

1a04a Fosc/4

101 Fosc/18

110 = Fosc/g4

ANS3I:ANSD: Analog Select bits

(Between analog or digital function on pins AN<3:0>, respectively.)

1 = Analog input; pin is assigned as analog input[“

o = Digital I/O; pin is assigned to port or special function

Note 1: Setting a pin to an analog input automatically disables the digital input circuitry,

weak pull-ups, and interrupt-on-change. The corresponding TRISIO bit mustbe set
to Imnput mode in order to allow external control of the voltage on the pin.

TABLE 7-1:

Tapvs. DEVICE OPERATING FREQUENCIES

AD Clock Source (TaD)

Device Freguency

Operation

ADCS2:ADCED

20 MHz

5 MHz

4 MHz

1.25 MHz

2 Tosc

a0

100 ns'@!

400 ns'@

500 ns'@

1.6 us

4 Tosc

100

200 nsi!

200 ns'?

1.0 usi@

3.2 us

8 Tosc

ool

400 nsi2}

1.6 us

20uns

64 us

16 Tasc

101

800 ns'2!

3.2 us

40ns

12.8 usld

32 Tosc

a1a

16 us

6.4 us

8.0 ust®!

256 ust?

&4 Tosc

11a

3.2 us

12.8 ust3)

16.0 usl3

51.2 usl3

ADRC

x11

S8 _,_13[1--“

26 _,_13[1--“

26 _,_13[1-‘“

26 us["--ﬂ-b

Legend: Shaded cells are outside of recommended range.

Mote 1:
2:

3
4:

The A/D RC source has a typical Tao time of 4 us for Voo = 3.0V

These values violate the minimum reguired TaD time.

For faster conversion times, the selection of another dock source is recommended.

When the device frequency is greater than 1 MHz, the A/D RC clock source is only recommended if the
conversion will be performed during SLEEP.



A/D — ADCONO

REGISTER ADCOND — A/D CONTROL REGISTER (ADDRESS: 1Fh)

RANW-0 i ) -0 RW-0 RAW-0

ADFM: A'D Result Formed Select bit
Right justified
0 Left justified
VCFG: Yoltage Reference bit
1 =“YREF pin
0 = WDo
Unimplemented: Read as zero
CHS1:CHS0: Analbg Channel Select bits
00 = Channel 00 (ANO}
Channel 01 (AMN1)
10 = Channel 02 [(AMNZ)
11 = Channel 03 (AMN3)
GO/DONE: A/D Conwversion Status bit
1 = AD conversion cycle in progress. Setting this bit starts an A/D conwversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
o = A/D conversion completed/not in progress
ADOMN: AD Conversion STATUS bit
1 = AD comverter module is operating
AD comeertar is shut-off and consumes no operating current

R = Readable bit U= Unimplemented bit, read a=s ‘0"
=n =‘Yalue at POR 0" = Bit is cleared » = Bit is unknown




A/D — output registers

FIGURE 7-2:

(ADFM =0}

(ADFM =1]

10-BIT A/D RESULT FORMAT

ADRESH ADRESL

el | [ L[ [ [ el PP

Bit 7 Bit 0 Bit 7 Bit 0

Sy

10-bit MD Result Unimplemented: Read as ‘('

HEEEEECEs RN

Bit 7 Bit 0 Bit7 Bit 0

Unimplemented: Read as { 10-bit .MD Result



A/D — example (without INT)

//A/D init
//ADCS2?2 ADCS1 ADCS0O ANS3 ANS2 ANS1 ANSO
ANSEL=0b1100001;

//ADFM VCFG — — CHS1 CHSO GO/DONE ADON
ADCONO=0b00000000 ;

ADON=1 ; //ENABLE A/D convertor
GODONE=1; //start

if (GODONE==0) {data=ADRESH;} //data rdy



Comparator

» The PIC12F629/675 devices have one analog
comparator

» Compare two analog values

» On GPO and GP1 are inputs to the
comparator

» GP2 can be the comparator output
» Generates interrupt (CMIF)



Comparator - CMCON

REGISTER 6-1: CMCOMN — COMPARATOR CONTROL REGISTER (ADDRESS: 19h)
-0 -0 u-0 RAN-0 RAn=-0 RAN-0 RAN-0 RAN-0

SN

bit 7

Unimplemented: Read as ‘0’

COUT: Comparator Output bit
When CIKNW = 0:
1 ="VWiIN+t = Win-
= WIN+ < WiN-
When CIkW :
WM = W
WM+ = Win-

Unimplemented: Read as ‘0’

CIMNV: Comparator Output Imversion bit
1 Qutput inverted
a Cutput not inverted
CIS: Comparator Input Switch bit
When CM2:ChM0O0 =11 00r 1071 =
1 =WiN- connects to CIMN+
o = WiN- conneacts to CIM-
bit 2-0 CM2:CMO: Comparator Mode bits
Figure 6-2 shows the Comparator modes and CM2:CMO bit settings

Lege nd:
R = Readable bit W = Writable bit U= Unimplemeantad bit, read as ‘0’
=-n ="%alue at POR 1" = Bit is set '0" = Bit is cleared = = Bit is unknown




Comparator — operation modes

FIGURE 6-2: COMPARATOR 'O OPERATING MODES

Comparator Reset (FOR Default Value - low power) Comparator Off (Lowest power)

CM2:CM0O = ooa

GPICIN- A

GPOLCIN: A

GPZCOUT D

CMZ:CMO =111

GPUCIN- D

GPUCIN+ 8]

GPZCOUT D =

TABLE 6-1:
CONDITIONS

OUTPUT STATE VS. INPUT

Input Conditions CINY

Comparator without Output
CM2:CMO = o010

GP1CIN- A
GPOLCIN: A

GPZCOUT _D

Comparator wio Output and with Internal Reference
CM2:CMO = 100

GP1CIN- A

GRUCING D .

GPZCOUT _D

——From CWiaes Module

WM = WIN+ a

WiN= < ViN+

Q
WiN= = WViN+ 1
WiN= < ViN+ 1

FIGURE 6-1:

SINGLE COMPARATOR

Comparator with Output and Internal Reference
CM2:CMO = 011

GP1CIN- A
GPOCIN+ D

GPZCOUT _D

—— From ChaE= Module

Multiplexed Input with Internal Reference and Output
CM2:CMO = 101

GP1CIN- A

GPUCIN+:  _A

Cls=0

GPECOUT _D

I— From Cisss Module

Comparator with Qutput
CM2:CMD = 001

GPICIN- A [

.
- couT
+ /—T
L~

GPOUCIN+ A

GPZCOUT _D

Multiplexed Input with Internal Reference
CM2:CMD =110

GP1CIN- A

GPUCIN+ A

GPZCOUT _D

From CWiass Module

Wi+

Win-

Output

Note: CINY bit [CMCOM=4>) is clear.

A = Analog Input, ports always reads ‘0’
D = Digital Input
C15 = Comparator Input Switch (CMCON<3>)




Comparator — voltage reference

» [he voltage reference can output 32 distinct
voltage levels

REGISTER 6-2: VRCON — VOLTAGE REFERENCE CONTROL REGISTER (ADDRESS: 99h)

RMAN-0 uU-0 RM-O RM-O RAN-0 RMW-0 R/MW-0 RMAN-0

[vRen [ — [ ver | — [ vea | Rz | vei | veo

bit 7 bit O

VREM: CVWREF Enable bit
1 = CVREF circuit powered on
0 = CVREF circuit powered down, no DD drain
Unimplemented: Read as "0’
VRR: CVREF Range Selection bit
1 = Low range
0 = High range

hit 4 Unimplemented: Read as "0’

bit 3-0 VRINRO: CVREF value selection 0 < VR [3:0] =15
When VRR = 1: CVREF = (WVR3NRO /24 " VoD
When VRR =0: CVRerF =Vood + (WVR3INVR0O/32) VoD

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

——

-n =\alue at FOR "1' = Bitis set 1" = Bitis cleared x = Bitis unknown




Comparator — voltage reference

FIGURE 6-5: COMPARATOR VOLTAGE REFEREMCE BLOCHK DIAGRAM
16 Stages

% 16-1 Analog
MU
WREN
CWREF 1o
Camparatar
Input




Comparator - example

//init
// - COUT - CINV CIS CM2 CM1 CMO
CMCON=0 ;

output=COUT ;
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