MICROCHIP

rfPIC12F675

FLASH-Based Microcontroller with ASK/FSK Transmitter

High Performance RISC CPU:

¢ Only 35 instructions to learn
- All single cycle instructions except branches
» Operating speed:
- Precision Internal 4 MHz oscillator, factory
calibrated to +1%
- DC - 20 MHz Resonator/Crystal/Clock modes
- DC - 20 MHz crystal oscillator/clock input
- DC - 4 MHz external RC oscillator
- DC - 4 MHz XT crystal oscillator
- External Oscillator modes
* Interrupt capability
 8-level deep hardware stack
« Direct, Indirect and Relative Addressing modes

Peripheral Features:

* Memory

- 1024 x 14 words of FLASH program memory

- 128 x 8 bytes of EEPROM data memory

- 64 x 8 bytes of SRAM data memory

- 100,000 write FLASH endurance

- 1,000,000 write EEPROM endurance

- FLASH/data EEPROM retention: > 40 years
» Programmable code protection
* 6 1/0 pins with individual direction control, weak

pull-ups, and interrupt-on-pin change
 High current sink/source for direct LED drive
* Analog comparator: 16 internal reference levels
» Analog-to-Digital Converter: 10 bits, 4 channels
« Timer0: 8-bit timer/counter with 8-bit prescaler
» Timerl: 16-bit timer/counter with 3-bit prescaler
» Timerl can use LP oscillator in INTOSC mode
* 5 us wake-up from SLEEP typical with VDD = 3V
* In-Circuit Serial Programming™ (ICSP™)

Low Power Features:

» Low power consumption: (typical with VDD = 3V)
- 14 mA transmitting +6 dBm at 434 MHz
- 4 mA transmitting -15 dBm at 434 MHz
- 500 pA, 4.0 MHz INTOSC
- 0.6 pA SLEEP with watchdog enabled
- 0.1 pA standby current
* Wide operating voltage range from 2.0 — 5.5V
« Industrial and Extended temperature range

Pin Diagram:
SSOP
VDD——[]°1 20 []<«——Vss
GP5/T1CKI/OSCL/CLKIN<—[] 2 ?U« 19 [J-<—> GPO/CIN+/ICSPDAT
GP4/TIG/OSC2ICLKOUT<—»[] 3 3 18 [J<—>GPLICIN/ICSPCLK
GP3/MCLR/VPP—[ 4 & 17 [J~<—» GP2/TOCKI/INT/COUT
RFEXTAL——[] 5 ¥ 16 [J—FSKout
RFEN—[] 6 9 15 [J<«——DATAFSK
REFCLK<——[ 7 o1 14 [J<——DATAASK
PS—»[]8 E 13 J=—>LF
VODRF —[1 9 T 12 [J<—VssrF
VSSRF—»[] 10 T 11 0—>ANT

UHF ASK/FSK Transmitter:

* Integrated crystal oscillator, VCO, loop filter and
power amp for minimum external components

» ASK data rate: 0 — 40 Kbps

* FSK data rate: 0 — 40 Kbps by crystal pulling

* Output power: +10 dBm to -12 dBm in 4 steps

* Adjustable transmitter power consumption

« Transmit frequency set by crystal multiplied by 32

* VCO phase locked to quartz crystal reference;
allows narrow band receivers to be used to
maximize range and interference immunity

« Crystal frequency divide by 4 available (REFCLK)

» Used in applications conforming to US FCC Part
15.231 and European EN 300 220 regulations

Applications:

« Automotive Remote Keyless Entry (RKE) systems
e Automotive alarm systems

Community gate and garage door openers
Burglar alarm systems

Building access

* Low power telemetry

Meter reading

 Tire pressure sensors

* Wireless sensors

Device Frequency Modulation
rfPIC12F675K 290-350 MHz ASK/FSK
rfPIC12F675F 380-450 MHz ASK/FSK
rfPIC12F675H 850-930 MHz ASK/FSK
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)
* The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.
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1.0 DEVICE OVERVIEW

This document contains device specific information for
the rfPIC12F675. Additional information may be found
in the PICmicro™ Mid-Range Reference Manual
(DS33023), which may be obtained from your local
Microchip Sales Representative or downloaded from
the Microchip web site. The Reference Manual should

be considered a complementary document to this Data
Sheet, and is highly recommended reading for a better
understanding of the device architecture and operation
of the peripheral modules.

The rfPIC12F675 comes in a 20-pin SSOP package.
Figure 1-1 shows a block diagram of the rfPIC12F675
device. Table 1-1 shows the pinout description.

FIGURE 1-1: rfPIC12F675 BLOCK DIAGRAM
13 Data Bus 8
riasn K= Program Courter < ]
GPO/ANO/CIN+
',?,{gr%rgs GP1/AN1/CIN-/VREF
8-Level Stack RAM Y GP2/AN2/TOCKI/INT/COUT
1K x 14 (13-bit) Reg':i";t’ers —; <X GP3/MCLR/Vep
64x8 GP4/AN3/T1G/OSC2/CLKOUT
Program 4, GP5/T1CKI/OSC1/CLKIN
Bus
Instruction Reg
i 7 Indirect
|| Direct Addr Addr
Clock
Divider |ZI REFCLK
Internal 8 T
4 MHz
Oscillator
o Crystal
\}, 3 Osdillator DX/ RFXTAL
Instrugtlog
Decode k=
Control Power-up l
Timer O
Timin, Oscillat Phase/Freq
XK= Generat?on <= Stans_ﬁlpﬁ-i%er 8 | — Detector
OSC1/CLKIN Power-on l
0SC2/CLKOUT Vo, Vss [K—»] Reset
Watchdog Divide Charge
Timer by 32 Pump
Brown-out
= LF
TG Detect l—>|Z|
Voltage
‘ Controlled
T1CKI Oscillator
|Z|_’ Timer0 Timerl 4l
TOCKI |Z
PS RF Power |Z|ANT
ﬁ Amplifier
DATAASK [XF—
. Analog @ RE X Voorr
Analog to Digital Converter Comparator EEDATA RFEN[X}—=| Control DX Vssrr
and reference g | 128 bytes Logic X Vssrr
DATA
EEPROM
I% I% I% % 5 CEADDR|  DATAFSK X
©; & FSKouT
CIN- CIN+ COUT éﬁ FSK Switch
VREF ANO AN1AN2 AN3 =
Note 1: Higher order bits are from STATUS register.
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TABLE 1-1: rfPIC12F675 PINOUT
PIN BUFFER WEAK DESCRIPTION
IN ouT | PULL-UP
1 VDD Direct — — Power Supply
GP5 TTL CMOS Prog Ge_ngral purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
2 T1CKI ST — — Timerl clock
0OSC1 Xtal — Bias XTAL connection
CLKIN ST — — External RC network or clock input
GP4 TTL CMOS Prog Gengral purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
T1G ST — — Timerl gate
3 AN3 Analog — — A/D Channel 3 input
0SsC2 — Xtal Bias XTAL connection
CLKOUT — CMOS — Toscl/4 reference clock
GP3 TTL . General purpose input. Individually controlled interrupt-on-
change.
4 [WeR ST — No Master Clear Reset
VPP HV — — Programming voltage
5 RFXTAL Xtal Xtal Bias RF Crystal
6 RFEN TTL — — RF Enable
Reference Clock/4 Output (on rfPIC12F675K/F
7 |REFCLK - CMOS - Reference Clock/8 Outgut Eon rfPIC12F675H) :
8 PS Analog — Bias Power Select
9 \DDRF Direct — — RF Power Supply
10 |VsSRF Direct — — RF Ground Reference
11 |ANT — oD — RF power amp output to antenna
12 | VsSSRF Direct — — RF Ground Reference
13 |LF Analog | Analog — Loop Filter
14 | DATAASK TTL — — ASK modulation data
15 | DATAFsSK TTL — — FSK modulation data
16 |FSKourt — oD — FSK output to modulate reference crystal
GP2 ST CMOS Prog Gengral purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull up.
AN2 Analog — — A/D Channel 2 input
17 couTt — CMOS — Comparator output
TOCKI ST — — External clock for TimerO
INT ST — — External interrupt
GP1 TTL CMOS Prog Gengral purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN1 Analog — — A/D Channel 1 input
18 CIN- Analog — — Comparator input - negative
VREF Analog — — External voltage reference
ICSPCLK ST — — Serial programming clock
GPO TTL CMOS Prog Ge_ngral purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
19 |ANO Analog — — A/D Channel 0 input
CIN+ Analog — — Comparator input - positive
ICSPDAT | TTL CMOS — Serial Programming Data 1/0
20 |Vss Direct — — Ground reference
Legend: TTL = TTL input buffer, ST = Schmitt Trigger input buffer, OD = Open Drain output

DS70091B-page 4
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2.0 MEMORY ORGANIZATION

2.1 Program Memory Organization

The rfPIC12F675 devices have a 13-bit program coun-
ter capable of addressing an 8K x 14 program memory
space. Only the first 1K x 14 (0000h - 03FFh) for the
rfPIC12F675 devices is physically implemented.
Accessing a location above these boundaries will
cause a wrap around within the first 1K x 14 space. The
RESET vector is at 0000h and the interrupt vector is at
0004h (see Figure 2-1).

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK FOR THE
rfPIC12F675

PC<12:0>
CALL, RETURN 13
RETFIE, RETLW

Stack Level 1
Stack Level 2

[ ]
Stack Level 8

RESET Vector 000h
<::

Interrupt Vector 0004

0005
On-chip Program
Memory

03FFh
0400h
1FFFh

2.2 Data Memory Organization

The data memory (see Figure 2-2) is partitioned into
two banks, which contain the General Purpose regis-
ters and the Special Function registers. The Special
Function registers are located in the first 32 locations of
each bank. Register locations 20h-5Fh are General
Purpose registers, implemented as static RAM and are
mapped across both banks. All other RAM is
unimplemented and returns ‘O’ when read. RPO
(STATUS<5>) is the bank select bit.

* RPO =0 Bank 0 is selected
« RPO =1 Bank 1 is selected

Note: The IRP and RP1 bits STATUS<7:6> are
reserved and should always be maintained

as ‘0’s.

221 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 64 x 8 in the
rfPIC12F675 devices. Each register is accessed, either
directly or indirectly, through the File Select Register
FSR (see Section 2.4).

© 2003-2013 Microchip Technology Inc.
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2.2.2 SPECIAL FUNCTION REGISTERS FIGURE 2-2: DATA MEMORY MAP OF

The Special Function registers are registers used by THE rfPIC12F675

the CPU and peripheral functions for controlling the File File
desired operation of the device (see Table 2-1). These Address Address
registers are static RAM. Indirect addr.) | ooh Indirect addr.) | 8oh
The special registers can be classified into two sets: TMRO 01h OPTION_REG | 81h
core and peripheral. The Special Function registers PCL 02h PCL 82h
associated with the “core” are described in this section. STATUS 03h STATUS 83h
Those related to the operation of the peripheral FSR 04h FSR 84h
features are described in the section of that peripheral GPIO 05h TRISIO 85h
feature. 06h 86h
07h 87h
08h 88h
09h 89h
PCLATH 0Ah PCLATH 8Ah
INTCON OBh INTCON 8Bh
PIR1 0Ch PIE1 8Ch
0Dh 8Dh
TMR1L OEh PCON 8Eh
TMR1H OFh 8Fh
T1CON 10h OSCCAL 90h
11h 91h
12h 92h
13h 93h
14h 94h
15h WPU 95h
16h I0C 96h
17h 97h
18h 98h
CMCON 19h VRCON 99h
1Ah EEDATA 9Ah
1Bh EEADR 9Bh
1Ch EECON1 9Ch
1Dh EECON2®) | 9ph
ADRESH 1Eh ADRESL 9Eh
ADCONO 1Fh ANSEL 9Fh
20h AOh
General
;:r_pose accesses
gisters 20h-5Fh
64 Bytes
5Fh DFh
60h EOh
7Fh FFh
Bank 0 Bank 1
D Unimplemented data memory locations, read as '0".
1: Not a physical register.

DS70091B-page 6 Preliminary © 2003-2013 Microchip Technology Inc.
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TABLE 2-1: SPECIAL FUNCTION REGISTERS SUMMARY

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\SFI:EBCS]D Page
Bank 0

00h INDF®) Addressing this Location uses Contents of FSR to Address Data Memory 0000 0000 | 16,63
01h TMRO TimerO Module’s Register XXXX XXXX 25
02h PCL Program Counter's (PC) Least Significant Byte 0000 0000 15
03h STATUS IRP?) ‘ RP1@ | RPO ‘ TO | PD ‘ 7z | DC ‘ c 0001 1xxx 9
04h FSR Indirect Data Memory Address Pointer XXXK KXKX 16
05h GPIO — | — [ cpios | crioa | cpios | cpio2 | Pio1 | GPIOO | --xx sox | 17
06h — Unimplemented = =
07h — Unimplemented = =
08h — Unimplemented = =
09h — Unimplemented = =
0Ah PCLATH — — — Write Buffer for Upper 5 bits of Program Counter ---0 0000 15
0Bh INTCON GIE PEIE TOIE INTE GPIE TOIF INTF GPIF 0000 0000 11
0Ch PIR1 EEIF ADIF — — CMIF — — TMR1IF | 00-- 0--0 13
0Dh — Unimplemented = =
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit Timerl XXXK KKKX 28
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit Timerl XXXK KKKX 28
10h T1CON — TMR1GE | TICKPS1 | TICKPSO | TLOSCEN | TISYNC | TMR1CS | TMR1ON | -000 0000 30
11h — Unimplemented = =
12h — Unimplemented = =
13h — Unimplemented = =
14h — Unimplemented — —
15h — Unimplemented = =
16h — Unimplemented = =
17h — Unimplemented = =
18h — Unimplemented = =
19h CMCON — CouT — CINV CIs CM2 CM1 CMO -0-0 0000 33
1Ah — Unimplemented = =
1Bh — Unimplemented = =
1Ch — Unimplemented = =
1Dh — Unimplemented = =
1Eh ADRESH Most Significant 8 bits of the Left Shifted A/D Result or 2 bits of the Right Shifted Result XXXX XXXX 40
1Fh ADCONO ADFM VCFG — — CHS1 CHSO GO/DONE ADON 00-- 0000 | 41,63
Legend: = — =unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition,

shaded = unimplemented

Note 1:

This is not a physical register.

2: These bits are reserved and should always be maintained as ‘0.

© 2003-2013 Microchip Technology Inc.
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TABLE 2-1: SPECIAL FUNCTION REGISTERS SUMMARY (CONTINUED)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 onall;esoono Page
Bank 1

80h INDF®) Addressing this Location uses Contents of FSR to Address Data Memory 0000 0000 | 16,63
81h OPTION.REG | GPPU | INTEDG | Tocs | Tose | Psa | Ps2 | Pst | Pso [1111 11111026
82h PCL Program Counter's (PC) Least Significant Byte 0000 0000 15
83h STATUS RP@ ‘ RP1® | RPO ‘ To | PD ‘ z | DC ‘ c 0001 lxxx | 9
84h FSR Indirect Data Memory Address Pointer XXXK KKKX 16
85h TRISIO — | — [ trisios | Trisios | TRisios | Trisioz | Trisior | TRisioo | --11 1111 17
86h — Unimplemented — —
87h — Unimplemented — —
88h — Unimplemented — —
89h — Unimplemented — —
8Ah PCLATH — — — Write Buffer for Upper 5 bits of Program Counter ---0 0000 15
8Bh INTCON GIE PEIE TOIE INTE GPIE TOIF INTF GPIF 0000 0000 [ 11
8Ch PIE1 EEIE ADIE — — CMIE — — TMR1IE | 00-- 0--0| 12
8Dh — Unimplemented — —
8Eh PCON - | = 1 = [ = ] = ] = [ Pr | BOD [---- -- ox | 14
8Fh — Unimplemented — —
90h OSCCAL cas | cas | cas | caz | caun | cao | — | — 1000 00-- | 14
91h — Unimplemented — —
92h — Unimplemented — —
93h — Unimplemented — —
94h — Unimplemented — —
95h WPU — — WPUS WPU4 — WPU2 WPU1 WPUO | --11 -111| 18
96h 10C — — I0C5 10C4 I0C3 l0C2 IoC1 10C0 --00 0000 | 19
97h — Unimplemented — —
98h — Unimplemented — —
9oh VRCON VREN — | wr | — | wvr3 | vR2 | VRL | VRO [o0-0- o000 38
9Ah EEDATA Data EEPROM Data Register 0000 0000 45
9Bh EEADR — Data EEPROM Address Register -000 0000 45
och  |EECONL — — | — ] — Jwrerr]| wren | wrR | RD [---- x000| 46
9Dh EECON2( EEPROM Control Register2 oo 46
9Eh ADRESL Least Significant 2 bits of the Left Shifted A/D Result of 8 bits or the Right Shifted Result XXXX XXXX 40
9Fh ANSEL — Apcs2 | Apcs: | Abcso | anss | ans2 | anst | ANso | -ooo 1111 42,63
Legend: = — =unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition,

Note 1:
2:

shaded = unimplemented
This is not a physical register.
These bits are reserved and should always be maintained as ‘0'.

DS70091B-page 8
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2221 STATUS Register
The STATUS register, shown in Register 2-1, contains:

« the arithmetic status of the ALU
» the RESET status
« the bank select bits for data memory (SRAM)

The STATUS register can be the destination for any
instruction, like any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect any STATUS bits. For other instructions not
affecting any STATUS bits, see the “Instruction Set
Summary”.

Note 1: Bits IRP and RP1 (STATUS<7:6>) are not
used by the rfPIC12F675 and should be
maintained as clear. Use of these bits is
not recommended, since this may affect
upward compatibility with future products.

2: The C and DC bits operate as a Borrow
and Digit Borrow out bit, respectively, in
subtraction. See the SUBLW and SUBWF

instructions for examples.

REGISTER 2-1: STATUS — STATUS REGISTER (ADDRESS: 03h OR 83h)
Reserved Reserved R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 RPO To | pb | z | bC c
bit 7 bit 0
bit 7 IRP: This bit is reserved and should be maintained as ‘0’
bit 6 RP1: This bit is reserved and should be maintained as ‘0’
bit 5 RPO: Register Bank Select bit (used for direct addressing)
1 =Bank 1 (80h - FFh)
0 = Bank 0 (0O0h - 7Fh)
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = A WDT time-out occurred
bit 3 PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

For borrow, the polarity is reversed.

1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)
1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note:  For borrow the polarity is reversed. A subtraction is executed by adding the two’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high or low order bit of the source register

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’
'0’ = Bit is cleared

X = Bit is unknown

© 2003-2013 Microchip Technology Inc.
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2222 OPTION Register

The OPTION register is a readable and writable el

register, which contains various control bits to
configure:

To achieve a 1:1 prescaler assignment for
TMRO, assign the prescaler to the WDT by
setting PSA bit to ‘1’ (OPTION<3>). See
Section 4.4.

 TMRO/WDT prescaler

« External GP2/INT interrupt
« TMRO

* Weak pull-ups on GPIO

REGISTER 2-2: OPTION_REG — OPTION REGISTER (ADDRESS: 81h)

R/W-1 R/W-1 R/W-1 R/W-1

R/W-1 R/W-1 R/W-1 R/W-1

GPPU | INTEDG | Tocs | TosE | Psa | Ps2 | Psi PSO
bit 7 bit 0
bit 7 GPPU: GPIO Pull-up Enable bit

1 = GPIO pull-ups are disabled

0 = GPIO pull-ups are enabled by individual port latch values

bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of GP2/INT pin

0 = Interrupt on falling edge of GP2/INT pin
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on GP2/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on GP2/TOCKI pin
0 = Increment on low-to-high transition on GP2/TOCKI pin

bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the TIMERO module

bit 2-0 PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR "1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

DS70091B-page 10 Preliminary
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2223 INTCON Register

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for TMRO register overflow, GPIO port change and
external GP2/INT pin interrupts.

Note:

Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User
software should ensure the appropriate
interrupt flag bits are clear prior to enabling
an interrupt.

REGISTER 2-3: INTCON — INTERRUPT CONTROL REGISTER (ADDRESS: OBh OR 8Bh)

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

R/W-0 R/W-0 R/W-0

GIE PEIE TOIE INTE ‘ GPIE

| ToF INTF | GPIF

bit 7

GIE: Global Interrupt Enable bit
1 = Enables all unmasked interrupts
0 = Disables all interrupts

PEIE: Peripheral Interrupt Enable bit

1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

TOIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt

0 = Disables the TMRO interrupt

INTE: GP2/INT External Interrupt Enable bit

1 = Enables the GP2/INT external interrupt

0 = Disables the GP2/INT external interrupt

GPIE: Port Change Interrupt Enable bit()
1 = Enables the GPIO port change interrupt
0 = Disables the GPIO port change interrupt

TOIF: TMRO Overflow Interrupt Flag bit®

bit 0

1 = TMRO register has overflowed (must be cleared in software)

0 = TMRO register did not overflow
INTF: GP2/INT External Interrupt Flag bit

1 = The GP2/INT external interrupt occurred (must be cleared in software)

0 = The GP2/INT external interrupt did not occur
GPIF: Port Change Interrupt Flag bit

1 = When at least one of the GP5:GPO pins changed state (must be cleared in software)

0 = None of the GP5:GPO pins have changed state

Note 1: IOC register must also be enabled to enable an interrupt-on-change.
2: TOIF bit is set when TIMERO rolls over. TIMERO is unchanged on RESET and

should be initialized before clearing TOIF bit.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown

© 2003-2013 Microchip Technology Inc. Preliminary
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2224 PIE1 Register

The PIE1 register contains the interrupt enable bits, as
shown in Register 2-4.

REGISTER 2-4:

bit 7

bit 6

bit 5-4
bit 3

bit 2-1
bit 0

Note: Bit PEIE (INTCON<6>) must be set to
enable any peripheral interrupt.

PIE1 —PERIPHERAL INTERRUPT ENABLE REGISTER 1 (ADDRESS: 8Ch)

R/W-0 R/W-0 uU-0 u-0 R/W-0

u-0 u-0 R/W-0

EEIE ADIE — — CMIE

- | = ] 71vRuE |

bit 7

EEIE: EE Write Complete Interrupt Enable bit
1 = Enables the EE write complete interrupt
0 = Disables the EE write complete interrupt

ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D converter interrupt

0 = Disables the A/D converter interrupt
Unimplemented: Read as ‘0’

CMIE: Comparator Interrupt Enable bit

1 = Enables the comparator interrupt

0 = Disables the comparator interrupt
Unimplemented: Read as ‘0’

TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n =Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown

DS70091B-page 12
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2.2.25 PIR1 Register

The PIR1 register contains the interrupt flag bits, as Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User
software should ensure the appropriate
interrupt flag bits are clear prior to enabling

shown in Register 2-5.

REGISTER 2-5:

bit 7

bit 6

bit 5-4
bit 3

bit 2-1
bit 0

an interrupt.

PIR1 — PERIPHERAL INTERRUPT REGISTER 1 (ADDRESS: 0Ch)

R/W-0 R/W-0 uU-0 uU-0 R/W-0 uU-0 uU-0 R/W-0
EEIF ADIF = — | emF | — — | T™RLF

bit 7 bit 0

EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)

0 = The write operation has not completed or has not been started

ADIF: A/D Converter Interrupt Flag bit

1 = The A/D conversion is complete (must be cleared in software)

0 = The A/D conversion is not complete

Unimplemented: Read as ‘0’

CMIF: Comparator Interrupt Flag bit

1 = Comparator input has changed (must be cleared in software)

0 = Comparator input has not changed

Unimplemented: Read as ‘0’

TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMRL1 register overflowed (must be cleared in software)

0 = TMR1 register did not overflow

Legend:

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

- n =Value at POR 1’ = Bitis set '0’ = Bitis cleared X = Bit is unknown

© 2003-2013 Microchip Technology Inc. Preliminary
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2.2.2.6 PCON Register

The Power Control (PCON) register contains flag bits
to differentiate between a:

+ Power-on Reset (POR)

* Brown-out Detect (BOD)

« Watchdog Timer Reset (WDT)

e External MCLR Reset

The PCON Register bits are shown in Register 2-6.

REGISTER 2-6: PCON — POWER CONTROL REGISTER (ADDRESS: 8Eh)

u-0 U-0 u-0 U-0 U-0 U-0 R/W-0 R/W-x
| -1 -1 -1 -1 - [ — [ Por | 800 |
bit 7 bit 0
bit 7-2 Unimplemented: Read as 'O’
bit 1 POR: Power-on Reset STATUS bit

1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 BOD: Brown-out Detect STATUS bit
1 = No Brown-out Detect occurred
0 = A Brown-out Detect occurred (must be set in software after a Brown-out Detect occurs)

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR "1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown

22.2.7 OSCCAL Register

The Oscillator Calibration register (OSCCAL) is used to
calibrate the internal 4 MHz oscillator. It contains 6 bits
to adjust the frequency up or down to achieve 4 MHz.

The OSCCAL register bits are shown in Register 2-7.

REGISTER 2-7: OSCCAL — OSCILLATOR CALIBRATION REGISTER (ADDRESS: 90h)

R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 u-0
| CAL5 | CAL4 ‘ CAL3 ‘ CAL2 ‘ CAL1 ‘ CALO | = | = |
bit 7 bit 0
bit 7-2 CALS5:CALO: 6-bit Signed Oscillator Calibration bits

111111 = Maximum frequency
100000 = Center frequency
000000 = Minimum frequency

bit 1-0 Unimplemented: Read as '0'
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n =Value at POR 1’ = Bitis set '0’ = Bitis cleared X = Bit is unknown

DS70091B-page 14 Preliminary © 2003-2013 Microchip Technology Inc.
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2.3 PCL and PCLATH

The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The high byte (PC<12:8>) is not
directly readable or writable and comes from PCLATH.
On any RESET, the PC is cleared. Figure 2-3 shows the
two situations for the loading of the PC. The upper
example in Figure 2-3 shows how the PC is loaded on
a write to PCL (PCLATH<4:0> — PCH). The lower
example in Figure 2-3 shows how the PC is loaded
during a CALL or GOTO instruction (PCLATH<4:3> —
PCH).

FIGURE 2-3: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
12 8 _7 0 Instruction with
PC | | PCLas
Destination
E PCLATH<4:0> 8
5 ALU result
LTI LT
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | : | coro, carr
PCLATH<4:3> 11
2 Opcode <10:0>
LITTITTT]
PCLATH

23.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When perform-
ing a table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256-byte block). Refer to the
Application Note “Implementing a Table Read"
(AN556).

2.3.2 STACK

The rfPIC12F675 Family has an 8-level deep x 13-bit
wide hardware stack (see Figure 2-1). The stack space
is not part of either program or data space and the stack
pointer is not readable or writable. The PC is PUSHed
onto the stack when a CALL instruction is executed, or
an interrupt causes a branch. The stack is POPed in
the event of a RETURN, RETLW Or a RETFIE
instruction execution. PCLATH is not affected by a
PUSH or POP operation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
so on).

Note 1. There are no STATUS bits to indicate
stack overflow or stack underflow
conditions.

2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFIE
instructions, or the vectoring to an
interrupt address.

© 2003-2013 Microchip Technology Inc.
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2.4 Indirect Addressing, INDF and A simple program to clear RAM location 20h-2Fh using
FSR Registers indirect addressing is shown in Example 2-1.
The INDF register is not a physical register. Addressing EXAMPLE 2-1: INDIRECT ADDRESSING
the INDF register will cause indirect addressing.
Indirect addressing is possible by using the INDF "DV:MW 2’;;0 'tn' ;'A:/: Ize pointer
register. Any instruction using the INDF register actu- NEXT mljvf | NDF ’ |° | NDF st
ally accesses data pointed to by the File Select register _Cnrf FSR ' _cnear i nt er regrster
(FSR). Reading INDF itself indirectly will produce 00h. Ibt;:ss FSR 4 ' ;I IC gg'neoe
Writing to the INDF register indirectly results in a no oto NEX’T ' no cl ear .next
operation (although STATUS bits may be affected). An CONTI NUE g ' es continue
effective 9-bit address is obtained by concatenating the Y
8-bit FSR register and the IRP bit (STATUS<7>), as
shown in Figure 2-4.
FIGURE 2-4: DIRECT/INDIRECT ADDRESSING rfPIC12F675
Direct Addressing Indirect Addressing
RP1M RPO 6 From Opcode 0 IRP(M 7 FSR Register 0
- v J v J
Bank Select Location Select Bank Select Location Select
- > 00 01 10 11 </
00h 180h
Data Not Used
Memory
7Fh 1FFh

Bank O Bank 1 Bank 2 Bank 3

For memory map detail see Figure 2-2.
Note 1: The RP1 and IRP bits are reserved; always maintain these bits clear.

DS70091B-page 16 Preliminary
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3.0 GPIOPORT

There are as many as six general purpose /O pins
available. Depending on which peripherals are
enabled, some or all of the pins may not be available as
general purpose I/O. In general, when a peripheral is
enabled, the associated pin may not be used as a
general purpose /O pin.

Note:  Additional information on I/O ports may be
found in the PIC Mid-Range Reference
Manual (DS33023)

3.1 GPIO and the TRISIO Registers

GPIO is an 6-bit wide, bi-directional port. The
corresponding data direction register is TRISIO.
Setting a TRISIO bit (= 1) will make the corresponding
GPIO pin an input (i.e., put the corresponding output
driver in a Hi-impedance mode). Clearing a TRISIO bit
(= 0) will make the corresponding GPIO pin an output
(i.e., put the contents of the output latch on the selected
pin). The exception is GP3, which is input only and its
TRISIO bit will always read as ‘1’. Example 3-1 shows
how to initialize GPIO.

Reading the GPIO register reads the status of the pins,
whereas writing to it will write to the port latch. All write
operations are read-modify-write operations. There-
fore, a write to a port implies that the port pins are read,
this value is modified, and then written to the port data
latch. GP3 reads ‘0’ when MCLREN = 1.

The TRISIO register controls the direction of the
GP pins, even when they are being used as analog
inputs. The user must ensure the bits in the TRISIO

register are maintained set when using them as analog
inputs. 1/0 pins configured as analog inputs always
read ‘0.

Note: The ANSEL (9Fh) and CMCON (19h)
registers (9Fh) must be initialized to
configure an analog channel as a digital
input. Pins configured as analog inputs will

read ‘0’.
EXAMPLE 3-1: INITIALIZING GPIO
bcf STATUS, RPO ;Bank 0
clrf GPIO ;Init GPIO
movlw 07h ;Set GP<2:0> to
movwf  CMCON ;digital IO

bsf STATUS, RPO ;Bank 1

clrf ANSEL ;Digital I/0

movlw  OCh ;Set GP<3:2> as inputg
movwf TRISIO ;and set GP<5:4,1:0>

;as outputs

3.2 Additional Pin Functions

Every GPIO pin on the rfPIC12F675 has an interrupt-
on-change option and every GPIO pin, except GP3,
has a weak pull-up option. The next two sections
describe these functions.

3.2.1 WEAK PULL-UP

Each of the GPIO pins, except GP3, has an individually
configurable weak internal pull-up. Control bits WPUx
enable or disable each pull-up. Refer to Register 3-3.
Each weak pull-up is automatically turned off when the
port pin is configured as an output. The pull-ups are
disabled on a Power-on Reset by the GPPU bit
(OPTION<7>).

REGISTER 3-1: GPIO — GPIO REGISTER (ADDRESS: 05h)
u-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
| _ | _ ‘ GPIO5 ‘ GPIO4 | GPIO3 ‘ GPIO2 ‘ GPIO1 ‘ GPIOO |
bit 7 bit 0
bit 7-6: Unimplemented: Read as '0’
bit 5-0: GPIO<5:0>: General Purpose I/O pin.
1 = Port pin is >VIH
0 = Port pin is <VIL
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR

"1’ = Bit is set

‘0’ = Bit is cleared X = Bit is unknown

© 2003-2013 Microchip Technology Inc.
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REGISTER 3-2: TRISIO — GPIO TRISTATE REGISTER (ADDRESS: 85h)

R/W-x R/W-x

bit 0

U-0 U-0 RIW-x  R/W-x R-1 RIW-x
| _ | _ ‘ TRISIOS ‘ TRISIO4 | TRISIO3 ‘TRISI02 ‘ TRISIO1 ‘ TRISIOO |
bit 7

bit 7-6: Unimplemented: Read as '0’

bit 5-0: TRISIO<5:0>: General Purpose 1/O Tri-State Control bit

1 = GPIO pin configured as an input (tri-stated)
0 = GPIO pin configured as an output.

Note: TRISIO<3> always reads 1.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

REGISTER 3-3: WPU — WEAK PULL-UP REGISTER (ADDRESS: 95h)

uU-0 uU-0 RW-1  RM-1 U-0 RW-1  RMW-1  RMW-1
= = wpus | wpus | — | wpu2 | wpul | wPUO
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 WPU<5:4>: Weak Pull-up Register bit

1 = Pull-up enabled
0 = Pull-up disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 WPU<2:0>: Weak Pull-up Register bit
1 = Pull-up enabled
0 = Pull-up disabled

Note 1: Global GPPU must be enabled for individual pull-ups to be enabled.
2: The weak pull-up device is automatically disabled if the pin is in Output mode

(TRISIO = 0).
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bitis set '0’ = Bitis cleared X = Bit is unknown

DS70091B-page 18 Preliminary © 2003-2013 Microchip Technology Inc.
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3.2.2 INTERRUPT-ON-CHANGE

Each of the GPIO pins is individually configurable as an
interrupt-on-change pin. Control bits IOC enable or
disable the interrupt function for each pin. Refer to
Register 3-4. The interrupt-on-change is disabled on a
Power-on Reset.

For enabled interrupt-on-change pins, the values are
compared with the old value latched on the last read of
GPIO. The ‘mismatch’ outputs of the last read are OR'd
together to set, the GP Port Change Interrupt flag bit
(GPIF) in the INTCON register.

This interrupt can wake the device from SLEEP. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of GPIO. This will end the
mismatch condition.

b) Clear the flag bit GPIF.

A mismatch condition will continue to set flag bit GPIF.

Reading GPIO will end the mismatch condition and
allow flag bit GPIF to be cleared.

Note: If a change on the 1/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the GPIF inter-

rupt flag may not get set.

REGISTER 3-4: IOC — INTERRUPT-ON-CHANGE GPIO REGISTER (ADDRESS: 96h)
uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — locs loca | 1oc3 | 1oc2 | loct | 10co
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 I0C<5:0>: Interrupt-on-Change GPIO Control bit

1 = Interrupt-on-change enabled
0 = Interrupt-on-change disabled

Note 1: Global interrupt enable (GIE) must be enabled for individual interrupts to be

recognized.

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’
'0’ = Bitis cleared

X = Bit is unknown

© 2003-2013 Microchip Technology Inc.
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3.3 Pin Descriptions and Diagrams

Each GPIO pin is multiplexed with other functions. The
pins and their combined functions are briefly described
here. For specific information about individual functions
such as the comparator or the A/D, refer to the
appropriate section in this Data Sheet.

3.3.1 GPO/ANO/CIN+

Figure 3-1 shows the diagram for this pin. The GPO pin
is configurable to function as one of the following:

« ageneral purpose I/O

 an analog input for the A/D

* an analog input to the comparator

3.3.2 GP1/AN1/CIN-/VREF

Figure 3-1 shows the diagram for this pin. The GP1 pin
is configurable to function as one of the following:

« as ageneral purpose I/O

 an analog input for the A/D

* an analog input to the comparator

 avoltage reference input for the A/D

FIGURE 3-1: BLOCK DIAGRAM OF GPO
AND GP1 PINS
Analog
Data Bus Input Mode
Q VDD

WR > CK

WPU |

weu TP @ Do_de:’veak
RD ‘ﬂ] [%

VDD

I |

1/0 pin

D
WR 15 CK
PORT ™~
D Q
WR

TRISIO

rRD % §

PORT |

| 3 CK 5o
TRISIGT P ~_ Q Vss
Analog
RD ¢ Input Mode ﬁ

[

I0C

D Q
WR __’SE Q

RD
10C

EN
Interrupt-on-Change

To Comparator

EN

RD PORT

-

__To A/D Converter
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3.3.3 GP2/AN2/TOCKI/INT/COUT

Figure 3-2 shows the diagram for this pin. The GP2 pin
is configurable to function as one of the following:

* ageneral purpose I/O

 an analog input for the A/D

« the clock input for TMRO

» an external edge triggered interrupt

« adigital output from the comparator

3.34 GP3/MCLR/VPP

Figure 3-3 shows the diagram for this pin. The GP3 pin
is configurable to function as one of the following:

» ageneral purpose input

» as Master Clear Reset

FIGURE 3-3: BLOCK DIAGRAM OF GP3

FIGURE 3-2: BLOCK DIAGRAM OF GP2
Analog
Data Bus Input Mode
Q VDD
WR | L CK = |:—r
WPU > U Q j_q Weak
RD I——%
WPU |
couT ﬁﬂg'&g
D Q VoD
WR | L CK =
pORT [P~ @
1/0 pin
& D Q
WR —
trisio? & Qe vss
Analog
rRD ¢ Input Mode 6
TRISIO /J
rD ¢ §
PORT
D 0Q
WR L) CK = $—eQ D
I0C > ™ Q
EN
RD
loc o bR

EN
Interrupt-on-Change

RD PORT

To TMRO

To INT

To A/D Converter

Data Bus MCLRE
RESET —( N\ | X 1O pin
RD _‘ﬂj vss
TRISIO
J MCLRE vss
RD

PORT |
& D Q
WR | —Q D
10C
ENY
RD
loc o D
EN
Interrupt-on-Change
RD PORT

© 2003-2013 Microchip Technology Inc.

Preliminary

DS70091B-page 21



rfPIC12F675

3.3.5 GP4/AN3/T1G/OSC2/CLKOUT

Figure 3-4 shows the diagram for this pin. The GP4 pin
is configurable to function as one of the following:

* ageneral purpose I/O

* an analog input for the A/D

* a TMR1 gate input

 a crystal/resonator connection

 a clock output

FIGURE 3-4: BLOCK DIAGRAM OF GP4
Analog
Input Mode CLK o
Data Bus Modes
Q VoD
WR |y CK = I:—r
WPU > ~ Q DO—Cl Weak
RD ¢ GPPU
wpU Oscillator
Circuit
OSC1
CLKOUT Vo
Enable
D Q 1
WR b CK 5 1/0 pin
PORT | P~ Q@
CLKOUT
Enable
Vss
¢D Q
INTOS! 2{
WR — RC/EC
CK °
TRISIOTP = Q
CLKOUT
RD _1 Enable
TRISIO Analog
Input Mode
q
ro <]
PORT J /
¢ D Q
wR _|} ck 3 —Q D¢
10C N
EN
RD
l10C o DR
EN
Interrupt-on-Change
RD PORT
ToTMR1T1G
___To A/D Converter

Note 1: CLK modes are XT, HS, LP, LPTMR1 and CLKOUT
Enable.

2: With CLKOUT option.

3.3.6 GP5/T1CKI/OSC1/CLKIN

Figure 3-5 shows the diagram for this pin. The GP5 pin
is configurable to function as one of the following:

* ageneral purpose I/O

e a TMR1 clock input

 acrystal/resonator connection

« aclock input

FIGURE 3-5: BLOCK DIAGRAM OF GP5
INTOSC
Mode
TMR1LPEN®
Data Bus

D Q T’
WR L) cK 5 \730—01 E;Veak

wrPU | I L—c
y GPPU
RD
WPU
Oscillator
Circuit
0sc2
D 0 Voo
WR | L CK =
pORT [P 0 Q
1/0 pin
¢ D Q
WR CK =
TRISIOT P <. Q[—* Vss
) INTOSC
RD 7 Mode
TRISIO ‘

RD _‘ﬁ J / @
PORT

& D Q
WR __} CK 6 *— Q Dre
I0C ~
EN
RD
I0C

EN
Interrupt-on-Change

RD PORT

To TMR1 or CLKGEN

Note 1: Timerl LP Oscillator enabled

2:  When using Timer1 with LP oscillator, the Schmitt
Trigger is by-passed.
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TABLE 3-1: SUMMARY OF REGISTERS ASSOCIATED WITH GPIO

Value on: |Valueonall

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOD RESETS

05h GPIO — — GP5 GP4 GP3 GP2 GP1 GPO - - XX XXXX --uu uuuu
0Bh/8Bh | INTCON GIE PEIE TOIE INTE GPIE TOIF INTF GPIF 0000 0000 | 0000 000u
19h CMCON — couT — CINV CIS CM2 CcMm1 CMO -0-0 0000 | -0-0 0000
81h OPTION_REG | GPPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO 1111 1111 | 1111 1111
85h TRISIO — — TRISIOS5 | TRISIO4 | TRISIO3 | TRISIO2 | TRISIOL | TRISIOO | --11 1111 | --11 1111
95h WPU — — WPU5 | WPU4 — WPU2 WPUL1 | WPUO | --11 -111 | --11 -111
96h I0C — — 10C5 I0C4 10C3 10C2 I0C1 I0CO --00 0000 | --00 0000
9Fh ANSEL — ADCS2 | ADCS1 | ADCSO | ANS3 ANS2 ANS1 ANSO -000 1111 | -000 1111

Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0". Shaded cells are not used by GPIO.

© 2003-2013 Microchip Technology Inc. Preliminary DS70091B-page 23



rfPIC12F675

NOTES:
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40 TIMERO MODULE

The TimerO module timer/counter has the following
features:

* 8-bit timer/counter

* Readable and writable

« 8-bit software programmable prescaler

« Internal or external clock select

* Interrupt on overflow from FFh to 00h

» Edge select for external clock

Figure 4-1 is a block diagram of the TimerO module and
the prescaler shared with the WDT.

Counter mode is selected by setting the TOCS bit
(OPTION_REG<5>). In this mode, the Timer0 module
will increment either on every rising or falling edge of
pin GP2/TOCKI. The incrementing edge is determined
by the source edge (TOSE) control hit
(OPTION_REG<4>). Clearing the TOSE bit selects the
rising edge.

Note: Counter mode has specific external clock
requirements. Additional information on
these requirements is available in the
PICmicro™ Mid-Range Reference Manual

(DS33023).

Note: Additional information on the TimerO
module is available in the PICmicro™ Mid-

Range Reference Manual (DS33023).

4.1 Timer0O Operation

Timer mode is selected by clearing the TOCS bit
(OPTION_REG<5>). In Timer mode, the Timer0
module will increment every instruction cycle (without
prescaler). If TMRO is written, the increment is inhibited
for the following two instruction cycles. The user can
work around this by writing an adjusted value to the
TMRO register.

4.2 TimerO Interrupt

A TimerO interrupt is generated when the TMRO
register timer/counter overflows from FFh to 00h. This
overflow sets the TOIF bit. The interrupt can be masked
by clearing the TOIE bit INTCON<5>). The TOIF bit
(INTCON<2>) must be cleared in software by the
Timer0 module Interrupt Service Routine before re-
enabling this interrupt. The TimerO interrupt cannot
wake the processor from SLEEP since the timer is
shut-off during SLEEP.

FIGURE 4-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKOUT
(= Fosc/4) Data Bus
0
8
L4 1 \4
SYNC2 |
1 ™ Cycles > TMRO
TOCKI 0
pin .
TOSE TOCS 8-bit Set Flag bit TOIF
Prescaler PSA on Overflow
]
PSA
PSO - PS2 1
L » WDT
Watchdog 0 Time-out
Timer
WDTE PSA

Note 1: TOSE, TOCS, PSA, PS0-PS2 are bits in the Option register.
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4.3 Using TimerO with an External a small RC delay of 20 ns) and low for at least 2Tosc
Clock (and a small RC delay of 20 ns). Refer to the electrical
specification of the desired device.

When no prescaler is used, the external clock input is
Note: The ANSEL (9Fh) and CMCON (19h)

the same as the prescaler output. The synchronization : A i
of TOCKI, with the internal phase clocks, is accom- registers must be mmahzgd_to c_onflgure_an
plished by sampling the prescaler output on the Q2 and analpg CEMTE! &5 a d'g'tal. Input. ‘P,ms
Q4 cycles of the internal phase clocks. Therefore, it is ECNITES) & EElDE rpuis il e U
necessary for TOCKI to be high for at least 2Tosc (and

REGISTER 4-1: OPTION_REG — OPTION REGISTER (ADDRESS: 81h)

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

GPPU | INTEDG | Tocs | TosE | PsA | Ps2 [ Ps1 PSO
bit 7 bit 0
bit 7 GPPU: GPIO Pull-up Enable bit

1 = GPIO pull-ups are disabled

0 = GPIO pull-ups are enabled by individual port latch values
bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of GP2/INT pin

0 = Interrupt on falling edge of GP2/INT pin
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on GP2/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)
bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on GP2/TOCKI pin

0 = Increment on low-to-high transition on GP2/TOCKI pin
bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the TIMERO module

bit 2-0 PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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4.4

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer. For simplicity, this counter will be referred to as
“prescaler” throughout this Data Sheet. The prescaler
assignment is controlled in software by the control bit
PSA (OPTION_REG<3>). Clearing the PSA bit will
assign the prescaler to TimerQ. Prescale values are
selectable via the PS2:PSO0 bits (OPTION_REG<2:0>).

The prescaler is not readable or writable. When
assigned to the TimerO module, all instructions writing
to the TMRO register (e.g., CLRF 1, MOVWF 1,
BSF 1, x....etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the Watchdog Timer.

Prescaler

4.4.1 SWITCHING PRESCALER

ASSIGNMENT

The prescaler assignment is fully under software
control (i.e., it can be changed “on the fly” during

EXAMPLE 4-1: CHANGING PRESCALER
(TIMERO—WDT)
bcf STATUS, RPO  ; Bank O
cl rwdt ; Ol ear WOT
clrf TMRO ; Clear TMRO and
; prescaler
bsf STATUS, RPO  ; Bank 1
movliw b’ 00101111 ; Required if desired
movwi  OPTION_REG ; PS2:PSO is
cl rwdt ; 000 or 001
movl w b’ 00101xxx’ ; Set postscaler to
nmovwf OPTION_REG ; desired WOT rate
bcf STATUS, RPO ; Bank O

To change prescaler from the WDT to the TMRO
module, use the sequence shown in Example 4-2. This
precaution must be taken even if the WDT is disabled.

program execution). To avoid an unintended device EXAMPLE 4-2: ?/C'DA_ING_II_’\IISEZ%ESCALER
RESET, the following instruction sequence ( - )
(Example 4-1) must be executed when changing the ol rwdt O ear VDT and
prescaler assignment from Timer0 to WDT. post scal er
bsf STATUS, RPO  ; Bank 1
movlw b’ xxxx0xxx’' ; Sel ect TMRO,
prescal e, and
cl ock source
nmovwf OPTI ON_REG
bcf STATUS, RPO  ; Bank 0
TABLE 4-1: REGISTERS ASSOCIATED WITH TIMERO
value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOD all other
' RESETS
0lh TMRO Timer0 Module Register XXXX XXXX | uuuu uuuu
0Bh/8Bh [INTCON GIE PEIE TOIE INTE GPIE TOIF INTF GPIF 0000 0000 | 0000 000u
81h OPTION_REG | GPPU |[INTEDG| TOCS | TOSE PSA PS2 PS1 PSO | 1111 1111 | 1111 1111
85h TRISIO — — | TRISIO5 | TRISIO4 | TRISIO3 | TRISIO2 [ TRISIO1 | TRISIOO| --11 1111 | --11 1111
Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown.

Shaded cells are not used by the TimerO module.
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5.0 TIMER1 MODULE WITH GATE

CONTROL

The rfPIC12F675 devices have a 16-bit timer. Figure 5-1
shows the basic block diagram of the Timerl module.
Timerl has the following features:

 16-bit timer/counter (TMR1H:TMR1L)

* Readable and writable

« Internal or external clock selection

« Synchronous or asynchronous operation

* Interrupt on overflow from FFFFh to 0000h

* Wake-up upon overflow (Asynchronous mode)

+ Optional external enable input (T1G)

« Optional LP oscillator

The Timerl Control register (T1CON), shown in
Register 5-1, is used to enable/disable Timerl and
select the various features of the Timerl module.

Note:  Additional information on timer modules is
available in the PICmicro™ Mid-Range

Reference Manual (DS33023).

FIGURE 5-1: TIMER1 BLOCK DIAGRAM
TMR1ON
TMR1GE {E
TMR1ON T1G
Set Flag bit TMRIGE
TMR1IF on
Overflow
TMR1 Synchronized
TMR1H ‘ TMR1L Clock Input
-
'\ T1SYNC
1
I% Synchronize
Prescaler
Foscl4 12,48 _/_Detect
Internal 0 |
Clock 2
) SLEEP Input
INTOSC T1CKPS<1:0>
w/o CLKOUT TMRI1CS
T10SCEN
LP
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5.1 Timerl Modes of Operation

Timerl can operate in one of three modes:

* 16-bit timer with prescaler
 16-bit synchronous counter
« 16-bit asynchronous counter

In Timer mode, Timerl is incremented on every
instruction cycle. In Counter mode, Timerl is
incremented on the rising edge of the external clock
input T1CKI. In addition, the Counter mode clock can
be synchronized to the microcontroller system clock
or run asynchronously.

In Counter and Timer modules, the counter/timer clock
can be gated by the T1G input.

If an external clock oscillator is needed (and the
microcontroller is using the INTOSC w/o CLKOUT),
Timerl can use the LP oscillator as a clock source.

Note: In Counter mode, a falling edge must be
registered by the counter prior to the first
incrementing rising edge.

FIGURE 5-2:

5.2 Timerl Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timerl rolls
over, the Timerl interrupt flag bit (PIR1<0>) is set. To
enable the interrupt on rollover, you must set these bits:
e Timerl interrupt Enable bit (PIE1<0>)

* PEIE bit (INTCON<6>)

* GIE bit INTCON<7>).

The interrupt is cleared by clearing the TMR1IF in the
Interrupt Service Routine.

Note: The TMR1H:TTMRI1L register pair and the
TMR1IF bit should be cleared before

enabling interrupts.

TIMER1 INCREMENTING EDGE

53 Timerl Prescaler

Timerl has four prescaler options allowing 1, 2, 4, or 8
divisions of the clock input. The T1CKPS bits
(TLCON<5:4>) control the prescale counter. The
prescale counter is not directly readable or writable;
however, the prescaler counter is cleared upon a write
to TMR1H or TMRIL.

TICKI=1
when TMR1

Enabled *

T1CKI =0

when TMR1
Enabled A

Note 1: Arrows indicate counter increments.

clock.

2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of the
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REGISTER 5-1:

bit 7
bit 6

bit 5-4

bit 3

bit 2

bit 1

bit 0

T1CON — TIMER1 CONTROL REGISTER (ADDRESS: 10h)
u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

| — ‘ TMR1GE |T1CKPSl | T1CKPSO | T10SCEN ‘ T1SYNC | TMR1CS | TMR1ON |

bit 7 bit 0

Unimplemented: Read as ‘0’

TMR1GE: Timerl Gate Enable bit
If TMR1ON = 0:

This bit is ignored

I TMRION=1:

1 =Timerlis on if T1G pin is low
0 =Timerl is on
T1CKPS1:TICKPSO0: Timerl Input Clock Prescale Select bits
11 = 1:8 Prescale Value

10 = 1:4 Prescale Value

01 = 1:2 Prescale Value

00 = 1:1 Prescale Value

T10OSCEN: LP Oscillator Enable Control bit

If INTOSC without CLKOUT oscillator is active:
1 = LP oscillator is enabled for Timerl clock

0 = LP oscillator is off

Else:

This bit is ignored

T1SYNC: Timerl External Clock Input Synchronization Control bit
TMRICS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TMRICS =0:

This bit is ignored. Timerl uses the internal clock.

TMRI1CS: Timerl Clock Source Select bit

1 = External clock from T1OSO/T1CKI pin (on the rising edge)
0 = Internal clock (Fosc/4)

TMR1ON: Timerl On bit

1 = Enables Timerl

0 = Stops Timerl

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bitis set '0’ = Bitis cleared X = Bit is unknown

DS70091B-page 30

Preliminary © 2003-2013 Microchip Technology Inc.



rfPIC12F675

54 Timerl Operation in

Asynchronous Counter Mode

If control bit TLSYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during SLEEP and can
generate an interrupt on overflow, which will wake-up
the processor. However, special precautions in
software are needed to read/write the timer
(Section 5.4.1).

Note: The ANSEL (9Fh) and CMCON (19h)
registers must be initialized to configure an
analog channel as a digital input. Pins
configured as analog inputs will read ‘0.

54.1 READING AND WRITING TIMER1 IN

ASYNCHRONOUS COUNTER MODE

Reading TMR1H or TMR1L, while the timer is running
from an external asynchronous clock, will ensure a
valid read (taken care of in hardware). However, the
user should keep in mind that reading the 16-bit timer
in two 8-bit values itself, poses certain problems, since
the timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write
contention may occur by writing to the timer registers,
while the register is incrementing. This may produce an
unpredictable value in the timer register.

Reading the 16-bit value requires some care.
Examples 12-2 and 12-3 in the PIC Mid-Range MCU
Family Reference Manual (DS33023) show how to
read and write Timerl when it is running in
Asynchronous mode.

5.5

A crystal oscillator circuit is built-in between pins OSC1
(input) and OSC2 (amplifier output). It is enabled by
setting control bit T1OSCEN (T1CON<3>). The
oscillator is a low power oscillator rated up to 37 kHz. It
will continue to run during SLEEP. It is primarily
intended for a 32 kHz crystal. Table 10-2 shows the
capacitor selection for the Timerl oscillator.

Timerl Oscillator

The Timerl oscillator is shared with the system LP
oscillator. Thus, Timerl can use this mode only when
the system clock is derived from the internal oscillator.
As with the system LP oscillator, the user must provide
a software time delay to ensure proper oscillator
start-up.

While enabled, TRISIO4 and TRISIO5 are set. GP4
and GP5 read ‘0’ and TRISIO4 and TRISIOS5 are read
‘1.

Note: The oscillator requires a start-up and
stabilization time before use. Thus,
T1OSCEN should be set and a suitable
delay observed prior to enabling Timer1.

5.6 Timerl Operation During SLEEP

Timerl can only operate during SLEEP when setup in
Asynchronous Counter mode. In this mode, an external
crystal or clock source can be used to increment the
counter. To setup the timer to wake the device:

» Timerl must be on (TLCON<0>)

* TMRL1IE bit (PIE1<0>) must be set

* PEIE bit (INTCON<6>) must be set

The device will wake-up on an overflow. If the GIE bit

(INTCON<7>) is set, the device will wake-up and jump
to the Interrupt Service Routine on an overflow.

TABLE 5-1: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

. . . . . . . . Value on Value on
Address | Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOD all other

' RESETS

0Bh/8Bh [INTCON | GIE PEIE TOIE INTE GPIE TOIF INTF GPIF |0000 0000|0000 000u
0Ch PIR1 EEIF | ADIF — — CMIF — — TMR1IF |00-- 0--0|00-- 0--0
OEh TMRI1L |[Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
OFh TMR1H |Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
10h T1CON — | TMRI1GE | TICKPS1 | TLICKPS0 | TLOSCEN| T1SYNC | TMR1CS | TMRLON |- 000 0000 |- uuu uuuu
8Ch PIE1 EEIE | ADIE — — CMIE — — TMRI1IE |00-- 0--0|00-- 0--0
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Timerl module.
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NOTES:
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6.0 COMPARATOR MODULE

The rfPIC12F675 devices have one analog
comparator. The inputs to the comparator are
multiplexed with the GP0O and GP1 pins. There is an
on-chip Comparator Voltage Reference that can also

REGISTER 6-1:

uU-0 R-0 uU-0

be applied to an input of the comparator. In addition,
GP2 can be configured as the comparator output.
The Comparator Control Register (CMCON), shown
in Register 6-1, contains the bits to control the
comparator.

CMCON — COMPARATOR CONTROL REGISTER (ADDRESS: 19h)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— CouT —

CINV cs | om2 [ omi | cmo

bit 7

bit 7 Unimplemented: Read as ‘0’

bit 6 COUT: Comparator Output bit
When CINV = 0:
1 = VIN+ > VIN-
0 = VIN+ < VIN-
When CINV = 1:
1 = VIN+ < VIN-
0 = VIN+ > VIN-

bit 5 Unimplemented: Read as ‘0’

bit 4 CINV: Comparator Output Inversion bit

1 = Qutput inverted
0 = Output not inverted

bit 3 CIS: Comparator Input Switch bit
When CM2:CMO =110 0r 101 :

1 = VIN- connects to CIN+
0 = VIN- connects to CIN-

bit 2-0 CM2:CMO0: Comparator Mode bits

bit 0

Figure 6-2 shows the Comparator modes and CM2:CMO bit settings

Legend:
R = Readable bit
-n =Value at POR

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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6.1 Comparator Operation

A single comparator is shown in Figure 6-1, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 6-1 represent
the uncertainty due to input offsets and response time.

Note: To use CIN+ and CIN- pins as analog
inputs, the appropriate bits must be
programmed in the CMCON (19h) register.

The polarity of the comparator output can be inverted
by setting the CINV bit (CMCON<4>). Clearing CINV
results in a non-inverted output. A complete table
showing the output state versus input conditions and
the polarity bit is shown in Table 6-1.

TABLE 6-1: OUTPUT STATE VS. INPUT
CONDITIONS
Input Conditions CINV CouT
VIN- > VIN+ 0 0
VIN- < VIN+ 0 1
VIN- > VIN+ 1 1
VIN- < VIN+ 1 0
FIGURE 6-1: SINGLE COMPARATOR
VINt ——— +
Output
VIN- — —

Output . . . .

Note: CINV bit (CMCON<4>) is clear.
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6.2 Comparator Configuration

There are eight modes of operation for the comparator.
The CMCON register, shown in Register 6-1, is used to
select the mode. Figure 6-2 shows the eight possible
modes. The TRISIO register controls the data direction
of the comparator pins for each mode. If the

FIGURE 6-2:

Comparator mode is changed, the comparator output
level may not be valid for a specified period of time.
Refer to the specifications in Section 13.0.

Note:

Comparator interrupts should be disabled
during a Comparator mode change. Other-
wise, a false interrupt may occur.

COMPARATOR I/0O OPERATING MODES

Comparator Reset (POR Default Value - low power)

CM2:CMO = 000

GP1/CIN- A

GPO/CIN+ A Off (Read as '0")

0

GP2/COUT D

Comparator Off (Lowest power)
CM2:.CMO =111

GP1/CIN- D

GPO/CIN+ D

GP2/COUT D

Off (Read as '0")

Comparator without Output
CM2:CMO = 010

GP1/CIN- A

GPOICIN* A cout

o

GP2/COUT D

Comparator w/o Output and with Internal Reference

CM2:CMO =100

GP1/CIN- A

GPO/CIN+ D

GP2/COUT D

+

CcouT

From CVREF Module

Comparator with Output and Internal Reference
CM2:CMO = 011

GP1/CIN- A

GPOICIN+ D cout

b

GP2/COUT D

From CVREF Module

Multiplexed Input with Internal Reference and Output

CM2:CMO =101

GP1/CIN- A

GPO/CIN+ A
GP2/COUT D

CIS=0
Cls=1

_|_

—e¢— COUT

—— From CVREF Module

Comparator with Output
CM2:CMO0 = 001

GP1/CIN- A

GPOICIN+ A couTt

o

GP2/COUT D

Multiplexed Input with Internal Reference

CM2:CMO0 =110

GP1/CIN- A

GPO/CIN+ A

GP2/COUT D

CIs=0
CiIs=1

_l’_

—— COUT

From CVREF Module

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

A simplified circuit for an analog input is shown in
Figure 6-3. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input, therefore, must be between
Vss and VDD. If the input voltage deviates from this

FIGURE 6-3: ANALOG INPUT MODE

range by more than 0.6V in either direction, one of the
diodes is forward biased and a latchup may occur. A
maximum  source impedance of 10kQ s
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

VDD

VT = 0.6V RIC

* ANV
Leakage
VT =0.6V +500 nA
L

Vss

Legend: CPIN

= Input Capacitance

\a = Threshold Voltage

ILEAKAGE = Leakage Current at the pin due to Various Junctions
Ric = Interconnect Resistance

Rs = Source Impedance

VA = Analog Voltage

6.4 Comparator Output

The comparator output, COUT, is read through the
CMCON register. This bit is read-only. The comparator
output may also be directly output to the GP2 pin in
three of the eight possible modes, as shown in
Figure 6-2. When in one of these modes, the output on
GP2 is asynchronous to the internal clock. Figure 6-4
shows the comparator output block diagram.

FIGURE 6-4:

The TRISIO<2> bit functions as an output enable/
disable for the GP2 pin while the comparator is in an
Output mode.

Note 1: When reading the GPIO register, all pins
configured as analog inputs will read as a
‘0. Pins configured as digital inputs will
convert an analog input according to the
TTL input specification.

2: Analog levels on any pin that is defined as
a digital input, may cause the input buffer
to consume more current than is

specified.

MODIFIED COMPARATOR OUTPUT BLOCK DIAGRAM

To GP2/TOCKI pin =

To Data Bus

J' :
RD CMCON

CINV

(4
Set CMIF bitﬂ 0

CM2:CMO

EN

LRESET

RD CMCON
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6.5 Comparator Reference

The comparator module also allows the selection of an
internally generated voltage reference for one of the
comparator inputs. The internal reference signal is
used for four of the eight Comparator modes. The
VRCON register, Register 6-2, controls the voltage
reference module shown in Figure 6-5.

6.5.1 CONFIGURING THE VOLTAGE
REFERENCE

The voltage reference can output 32 distinct voltage
levels, 16 in a high range and 16 in a low range.

The following equations determine the output voltages:
VRR =1 (low range): CVREF = (VR3:VR0/ 24) x VDD

VRR = 0 (high range): CVREF = (VDD / 4) + (VR3:VRO x
VDD / 32)

6.5.2 VOLTAGE REFERENCE
ACCURACY/ERROR

The full range of Vss to VDD cannot be realized due to
the construction of the module. The transistors on the
top and bottom of the resistor ladder network
(Figure 6-5) keep CVREF from approaching Vss or
VDD. The Voltage Reference is VDD derived and there-
fore, the CVREF output changes with fluctuations in
VDD. The tested absolute accuracy of the Comparator
Voltage Reference can be found in Section 13.0.

FIGURE 6-5: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
16 Stages
A
8R R R R R
VDD L] XX TR SVAVAVY SAVAVAY. ®
8R j|_ VRR
16-1 Analog
MUX
VREN
CVREF to
Comparator ¢————
Input —
VR3:VRO

6.6 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output is ensured to have a valid level. If
the internal reference is changed, the maximum delay
of the internal voltage reference must be considered
when using the comparator outputs. Otherwise, the
maximum delay of the comparators should be used
(Table 13-7).

6.7 Operation During SLEEP

Both the comparator and voltage reference, if enabled
before entering SLEEP mode, remain active during
SLEEP. This results in higher SLEEP currents than
shown in the power-down specifications. The
additional current consumed by the comparator and the
voltage reference is shown separately in the specifica-
tions. To minimize power consumption while in SLEEP
mode, turn off the comparator, CM2:CMO = 111, and
voltage reference, VRCON<7> = 0.

While the comparator is enabled during SLEEP, an
interrupt will wake-up the device. If the device wakes
up from SLEEP, the contents of the CMCON and
VRCON registers are not affected.

6.8 Effects of a RESET

A device RESET forces the CMCON and VRCON
registers to their RESET states. This forces the
comparator module to be in the Comparator Reset
mode, CM2:CMO = 000 and the voltage reference to its
off state. Thus, all potential inputs are analog inputs
with the comparator and voltage reference disabled to
consume the smallest current possible.
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REGISTER 6-2: VRCON — VOLTAGE REFERENCE CONTROL REGISTER (ADDRESS: 99h)
R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
VREN = VRR = VR3 | VR2 | WR1 | VRO |
bit 7 bit 0
bit 7 VREN: CVREF Enable bit
1 = CVREF circuit powered on
0 = CVREF circuit powered down, no IDD drain
bit 6 Unimplemented: Read as 'O’
bit 5 VRR: CVREF Range Selection bit
1 = Low range
0 = High range
bit 4 Unimplemented: Read as 'O’
bit 3-0 VR3:VRO: CVREF value selection 0 < VR [3:0] < 15
When VRR = 1: CVRer = (VR3:VRO / 24) * VDD
When VRR = 0: CVREF = VDD/4 + (VR3:VRO / 32) * VDD
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
6.9 Comparator Interrupts The user, in the Interrupt Service Routine, can clear the

The comparator interrupt flag is set whenever there is
a change in the output value of the comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCON<6>, to
determine the actual change that has occurred. The
CMIF bit, PIR1<3>, is the comparator interrupt flag.
This bit must be reset in software by clearing it to ‘0’.
Since it is also possible to write a '1' to this register, a
simulated interrupt may be initiated.

The CMIE bit (PIE1<3>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupt. In
addition, the GIE bit must also be set. If any of these
bits are cleared, the interrupt is not enabled, though the
CMIF bit will still be set if an interrupt condition occurs.

interrupt in the following manner:

a) Any read or write of CMCON. This will end the
mismatch condition.

b) Clear flag bit CMIF.

A mismatch condition will continue to set flag bit CMIF.

Reading CMCON will end the mismatch condition, and
allow flag bit CMIF to be cleared.

Note: Ifachangein the CMCON register (COUT)
should occur when a read operation is
being executed (start of the Q2 cycle), then
the CMIF (PIR1<3>) interrupt flag may not
get set.

TABLE 6-2: REGISTERS ASSOCIATED WITH COMPARATOR MODULE
. . . . . . . . Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOD all other
' RESETS
0Bh/8Bh INTCON GIE PEIE TOIE INTE GPIE TOIF INTF GPIF 0000 0000 | 0000 00O0u
0Ch PIR1 EEIF ADIF — — CMIF — — TMR1IF | 00-- 0--0 [ 00-- 0--0
19h CMCON — CouTt — CINV CIs CM2 CM1 CMO -0-0 0000 | -0-0 0000
8Ch PIE1 EEIE ADIE — — CMIE — — TMR1IE | 00-- 0--0 | 00-- 0--0
85h TRISIO — — TRISIOS5 | TRISIO4 | TRISIO3 | TRISIO2 | TRISIO1 | TRISIOO | --11 1111 |--11 1111
99h VRCON VREN — VRR — VR3 VR2 VR1 VRO 0-0- 0000 | 0-0- 0000
Legend: X = unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the comparator module.
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7.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The analog-to-digital converter (A/D) allows conversion
of an analog input signal to a 10-bit binary representa-
tion of that signal. The rfPIC12F675 has four analog
inputs, multiplexed into one sample and hold circuit.

The output of the sample and hold is connected to the
input of the converter. The converter generates a
binary result via successive approximation and stores
the result in a 10-bit register. The voltage reference
used in the conversion is software selectable to either
VDD or a voltage applied by the VREF pin. Figure 7-1
shows the block diagram of the A/D.

FIGURE 7-1: A/D BLOCK DIAGRAM
VDD
VCFG =0
VREE VCFG = IT._
cpo/ano [
GP1/AN1/VREF X
ADC
ap2/an2 [X L0
cpa/ans X GO/DONE—>]
ADFM
CHS1:CHS0— 10
ADON —]
| ADRESH | ADRESL |
Vss _L

7.1 A/D Configuration and Operation

There are two registers available to control the
functionality of the A/D module:

1. ADCONO (Register 7-1)
2. ANSEL (Register 7-2)

7.1.1 ANALOG PORT PINS

The ANS3:ANSO bits (ANSEL<3:0>) and the TRISIO
bits control the operation of the A/D port pins. Set the
corresponding TRISIO bits to set the pin output driver
to its high impedance state. Likewise, set the
corresponding ANS bit to disable the digital input
buffer.

Note:  Analog voltages on any pin that is defined
as a digital input may cause the input
buffer to conduct excess current.

7.1.2 CHANNEL SELECTION

There are four analog channels, ANO through AN3. The
CHS1:CHSO hits (ADCONO0<3:2>) control which
channel is connected to the sample and hold circuit.

7.1.3 VOLTAGE REFERENCE

There are two options for the voltage reference to the
A/D converter: either VDD is used, or an analog voltage
applied to VREF is used. The VCFG bit (ADCONO0<6>)

controls the voltage reference selection. If VCFG is set,
then the voltage on the VREF pin is the reference;
otherwise, VDD is the reference.

7.1.4 CONVERSION CLOCK

The A/D conversion cycle requires 11 TAD. The source
of the conversion clock is software selectable via the
ADCS bits (ANSEL<6:4>). There are seven possible
clock options:

e Fosc/2

» Fosc/4

* Fosc/8

» Fosc/16

» Fosc/32

» Fosc/64

* FRcC (dedicated internal RC oscillator)

For correct conversion, the A/D conversion clock
(1/TaD) must be selected to ensure a minimum TAD of

1.6 us. Table 7-1 shows a few TaD calculations for
selected frequencies.
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TABLE 7-1:  TaDp vs. DEVICE OPERATING FREQUENCIES
A/D Clock Source (TAD) Device Frequency

Operation ADCS2:ADCSO0 20 MHz 5 MHz 4 MHz 1.25 MHz
2 Tosc 000 100 ns® 400 ns® 500 ns® 1.6 ps
4 Tosc 100 200 ns® 800 ns® 1.0 ps®@ 3.2 s
8 Tosc 001 400 ns® 1.6 us 2.0ps 6.4 us
16 Tosc 101 800 ns® 3.2 s 4.0 us 12.8 ps®
32 Tosc 010 1.6 us 6.4 us 8.0 us® 25.6 us®
64 Tosc 110 3.2 us 12.8 ps® 16.0 ps® 51.2 us®
A/D RC x11 2-6us®¥ 2-6 ust¥ 2 -6 ust9 2 -6 us®9

Legend: Shaded cells are outside of recommended range.

Note 1:
2:

The A/D RC source has a typical TAD time of 4 us for VDD > 3.0V.
These values violate the minimum required TAD time.

3: For faster conversion times, the selection of another clock source is recommended.
4: 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.

7.1.5 STARTING A CONVERSION

The A/D conversion is initiated by setting the
GO/DONE bit (ADCONO0<1>). When the conversion is
complete, the A/D module:

« Clears the GO/DONE bit

» Sets the ADIF flag (PIR1<6>)

» Generates an interrupt (if enabled).

If the conversion must be aborted, the GO/DONE bit
can be cleared in software. The ADRESH:ADRESL
registers will not be updated with the partially complete

A/D conversion sample. Instead, the
ADRESH:ADRESL registers will retain the value of the

previous conversion. After an aborted conversion, a
2 TAD delay is required before another acquisition can
be initiated. Following the delay, an input acquisition is
automatically started on the selected channel.

Note: The GO/DONE bit should not be set in the
same instruction that turns on the A/D.
7.1.6 CONVERSION OUTPUT

The A/D conversion can be supplied in two formats: left
or right shifted. The ADFM bit (ADCONO0<7>) controls
the output format. Figure 7-2 shows the output formats.

FIGURE 7-2: 10-BIT A/D RESULT FORMAT
ADRESH ADRESL
worm=0)  [wse] | [ | | [ | | [ Jsef [ | [ [ | |
Bit 7 Bit 0 Bit 7 Bit 0
T~ ~
10-bit A/D Result Unimplemented: Read as ‘0’
worw=y [ | [ [ | [ fwse] | [ | [ [ | [ [ [se
Bit 7 Bit 0 Bit 7 Bit 0
Unimplemented: Read as ‘0 10-bit A/D Result
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REGISTER 7-1: ADCONO — A/D CONTROL REGISTER (ADDRESS: 1Fh)

RW-0  R/W-0 U-0 U-0 RW-0  RMW-0  RMW-0  RMW-0
ADFM | VCFG — — | cHs1 | cHso |GO/DONE| ADON
bit 7 bit 0
bit 7 ADFM: A/D Result Formed Select bit

1 = Right justified
0 = Left justified

bit 6 VCFG: Voltage Reference bit
1 = VREF pin
0 =VDD
bit 5-4 Unimplemented: Read as zero
bit 3-2 CHS1:CHSO0: Analog Channel Select bits

00 = Channel 00 (ANO)
01 = Channel 01 (AN1)
10 = Channel 02 (AN2)
11 = Channel 03 (AN3)
bit 1 GO/DONE: A/D Conversion STATUS bit
1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress
bit 0 ADON: A/D Conversion STATUS bit
1 = A/D converter module is operating
0 = A/D converter is shut-off and consumes no operating current

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bitis set '0’ = Bit is cleared X = Bit is unknown
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REGISTER 7-2: ANSEL — ANALOG SELECT REGISTER (ADDRESS: 9Fh)

u-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1 R/W-1
— | Apcs2 | Aapcst | ADcso | ANs3 | ANs2 | ANsSL | ANSO
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6-4 ADCS<2:0>: A/D Conversion Clock Select bits
000 = Fosc/2
001 = Fosc/8

010 = Fosc/32

x11 = FRrRc (clock derived from a dedicated internal oscillator = 500 kHz max)
100 = Fosc/4

101 = Fosc/16

110 = Fosc/64

bit 3-0 ANS3:ANSO: Analog Select bits
(Between analog or digital function on pins AN<3:0>, respectively.)
1 = Analog input; pin is assigned as analog input™®
0 = 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 must be set
to Input mode in order to allow external control of the voltage on the pin.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR "1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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7.2

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 7-3. The source
impedance (Rs) and the internal sampling switch (Rss)
impedance directly affect the time required to charge
the capacitor CHoLD. The sampling switch (RsS)
impedance varies over the device voltage (VDD), see
Figure 7-3. The maximum recommended imped-
ance for analog sources is 10 kQ. As the impedance

A/D Acquisition Requirements

EQUATION 7-1: ACQUISITION TIME

is decreased, the acquisition time may be decreased.
After the analog input channel is selected (changed),
this acquisition must be done before the conversion
can be started.

To calculate the minimum acquisition time,
Equation 7-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D).
The 1/2 LSb error is the maximum error allowed for
the A/D to meet its specified resolution.

To calculate the minimum acquisition time, TACQ, see
the PIC Mid-Range Reference Manual (DS33023).

TACQ = Amplifier Settling Time +
Hold Capacitor Charging Time +

Temperature Coefficient

= TawmpP + TcC + TCOFF
= 2us + TC + [(Temperature -25°C)(0.05us/°C)]

Tc = CHoLD (RIC + RSS + RS) In(1/2047)
= - 120pF (1kQ + 7kQ + 10kQ) In(0.0004885)
= 16.47ps
TACQ = 2us+ 16.47us + [(50°C -25°C)(0.05us/°C)
= 19.72ps
Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.
3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin
leakage specification.
FIGURE 7-3: ANALOG INPUT MODEL
Voo Sampling
R VT = 0.6V , Switch
X Rs: ANx RiC <1K:SS Rss:
1 AVAVAV :_ vAv :
' Coeen L L L e cHDCXICD: it
' I _ L = capacitance
@ o vr=06v(}):'500 A T =120pF
= ¢ 1 vss
Legend CPIN = input capacitance
VT = threshold voltage g
| LEAKAGE = leakage current at the pin due to VDD 4\
various junctions 3\
Ric = interconnect resistance 2\
SS = sampling switch
CHoLD = sample/hold capacitance (from DAC) 567891011
Sampling Switch
(k)
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7.3 A/D Operation During SLEEP

The A/D converter module can operate during SLEEP.
This requires the A/D clock source to be set to the
internal RC oscillator. When the RC clock source is
selected, the A/D waits one instruction before starting
the conversion. This allows the SLEEP instruction to be
executed, thus eliminating much of the switching noise
from the conversion. When the conversion is complete,
the GO/DONE bit is cleared, and the result is loaded
into the ADRESH:ADRESL registers. If the A/D
interrupt is enabled, the device awakens from SLEEP.
If the A/D interrupt is not enabled, the A/D module is
turned off, although the ADON bit remains set.

TABLE 7-2: SUMMARY OF A/D REGISTERS

When the A/D clock source is something other than
RC, a SLEEP instruction causes the present conversion
to be aborted, and the A/D module is turned off. The
ADON bit remains set.

7.4 Effects of RESET

A device RESET forces all registers to their RESET
state. Thus the A/D module is turned off and any
pending conversion is aborted. The ADRESH:ADRESL
registers are unchanged.

Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOD RESETS
05h GPIO — — GPIO5 GPIO4 GPIO3 GPIO2 | GPIO1 | GPIOO |--XX XXXX | --uu uuuu
0Bh, 8Bh |INTCON GIE PEIE TOIE INTE GPIE TOIF INTF GPIF | 0000 0000 | 0000 000u
0oCh PIR1 EEIF ADIF — — CMIF — — TMR1IF |00-- 0--0| 00-- 0--0
1Eh ADRESH |Most Significant 8 bits of the Left Shifted A/D result or 2 bits of the Right Shifted Result XXXX XXXX | uuuu uuuu
1Fh ADCONO | ADFM VCFG — — CHS1 CHSO0 GO ADON | 00-- 0000 | 00-- 0000
85h TRISIO — — TRISIO5 | TRISIO4 | TRISIO3 | TRISIO2 |TRISIOL1| TRISIOO |--11 1111 | --11 1111
8Ch PIE1 EEIE ADIE — — CMIE — — TMR1IE [00-- 0--0| 00-- 0--0
9Eh ADRESL |Least Significant 2 bits of the Left Shifted A/D Result or 8 bits of the Right Shifted Result XXXX XXXX | uuuu uuuu
9Fh ANSEL — ADCs2 | ADCSL | ADCSO | ANS3 | ANS2 | ANSL | ANSO [-000 1111 |-000 1111
Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used for A/D converter module.
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8.0 DATA EEPROM MEMORY

The EEPROM data memory is readable and writable
during normal operation (full VDD range). This memory
is not directy mapped in the register file space.
Instead, it is indirectly addressed through the Special
Function Registers. There are four SFRs used to read
and write this memory:

« EECON1

» EECONZ2 (not a physically implemented register)

* EEDATA

* EEADR

EEDATA holds the 8-bit data for read/write, and
EEADR holds the address of the EEPROM location
being accessed. The rfPIC12F675 devices have 128

bytes of data EEPROM with an address range from Oh
to 7Fh.

The EEPROM data memory allows byte read and write.
A byte write automatically erases the location and
writes the new data (erase before write). The EEPROM
data memory is rated for high erase/write cycles. The
write time is controlled by an on-chip timer. The write
time will vary with voltage and temperature as well as
from chip to chip. Please refer to AC Specifications for
exact limits.

When the data memory is code protected, the CPU
may continue to read and write the data EEPROM
memory. The device programmer can no longer access
this memory.

Additional information on the Data EEPROM is
available in the PIC Mid-Range Reference Manual
(DS33023).

REGISTER 8-1: EEDAT — EEPROM DATA REGISTER (ADDRESS: 9Ah)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEDAT7 | EEDAT6 | EEDATS | EEDAT4 | EEDAT3 | EEDAT2 | EEDATL | EEDATO
bit 7 bit 0
bit 7-0 EEDATN: Byte value to write to or read from Data EEPROM
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n =Value at POR 1’ = Bitis set '0’ = Bitis cleared X = Bit is unknown
REGISTER 8-2: EEADR — EEPROM ADDRESS REGISTER (ADDRESS: 9Bh)
uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
= EADR6 | EADR5 | EADR4 | EADR3 | EADR2 | EADRL | EADRO
bit 7 bit 0
bit 7 Unimplemented: Should be set to 'O’
bit 6-0 EEADR: Specifies one of 128 locations for EEPROM Read/Write Operation
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’
'0’ = Bit is cleared

X = Bit is unknown
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8.1 EEADR

The EEADR register can address up to a maximum of
128 bytes of data EEPROM. Only seven of the eight
bits in the register (EEADR<6:0>) are required. The
MSb (bit 7) is ignored.

The upper bit should always be ‘0’ to remain upward
compatible with devices that have more data EEPROM
memory.

8.2 EECON1 AND EECONZ2
REGISTERS
EECONL1 is the control register with four low order bits

physically implemented. The upper four bits are non-
implemented and read as '0's.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set, in
software. They are cleared in hardware at completion

REGISTER 8-3:
u-0 u-0 u-0

of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature
termination of a write operation.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set when a write operation is interrupted by a MCLR
Reset, or a WDT Time-out Reset during normal opera-
tion. In these situations, following RESET, the user can
check the WRERR bit, clear it, and rewrite the location.
The data and address will be cleared, therefore, the
EEDATA and EEADR registers will need to be re-
initialized.

Interrupt flag bit EEIF in the PIR1 register is set when
write is complete. This bit must be cleared in software.

EECON?2 is not a physical register. Reading EECON2
will read all '0's. The EECON2 register is used
exclusively in the Data EEPROM write sequence.

EECON1 — EEPROM CONTROL REGISTER (ADDRESS: 9Ch)

u-0 R/W-x R/W-0 R/S-0 R/S-0

— | WRERR | WREN | WR RD

bit 7

bit 7-4 Unimplemented: Read as ‘0’

bit 0

bit 3

bit 2

bit 1

bit 0

WRERR: EEPROM Error Flag bit

1 =A write operation is prematurely terminated (any MCLR Reset, any WDT Reset during
normal operation or BOD detect)

0 =The write operation completed

WREN: EEPROM Write Enable bit

1 = Allows write cycles

0 = Inhibits write to the data EEPROM

WR: Write Control bit

1 =Initiates a write cycle (The bit is cleared by hardware once write is complete. The WR bit
can only be set, not cleared, in software.)

0 =Write cycle to the data EEPROM is complete

RD: Read Control bit

1 = Initiates an EEPROM read (Read takes one cycle. RD is cleared in hardware. The RD bit
can only be set, not cleared, in software.)

0 = Does not initiate an EEPROM read

Legend:

S = Bit can only be set
R = Readable bit

- n = Value at POR

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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8.3 READING THE EEPROM DATA
MEMORY

To read a data memory location, the user must write
the address to the EEADR register and then set
control bit RD (EECON1<0>), as shown in
Example 8-1. The data is available, in the very next
cycle, in the EEDATA register. Therefore, it can be
read in the next instruction. EEDATA holds this value
until another read, or until it is written to by the user
(during a write operation).

EXAMPLE 8-1: DATA EEPROM READ
bsf STATUS, RPO ; Bank 1
movl w CONFI G_ADDR
movwf  EEADR ; Address to read

bsf EECONL, RD
novf EEDATA, W

; EE Read
;Move data to W

8.4 WRITING TO THE EEPROM DATA
MEMORY

To write an EEPROM data location, the user must first
write the address to the EEADR register and the data
to the EEDATA register. Then the user must follow a
specific sequence to initiate the write for each byte, as
shown in Example 8-2.

EXAMPLE 8-2: DATA EEPROM WRITE
bsf STATUS, RPO ; Bank 1
bsf EECON1, WREN ; Enable wite
bcf I NTCON, G E ; Di sabl e | NTs

[ nmovlw 55h ;Unlock wite

BS movwf  EECON2 ;

25 nmoviw AAh ;

£8 movwf EECON2 ;

| Dbsf EECONL, WR ;Start the wite
bsf I NTCON, G E ; Enabl e I NTS

The write will not initiate if the above sequence is not
exactly followed (write 55h to EECON2, write AAh to
EECON2, then set WR bit) for each byte. We strongly
recommend that interrupts be disabled during this
code segment. A cycle count is executed during the
required sequence. Any number that is not equal to the
required cycles to execute the required sequence will
prevent the data from being written into the EEPROM.

Additionally, the WREN bit in EECON1 must be set to
enable write. This mechanism prevents accidental
writes to data EEPROM due to errant (unexpected)
code execution (i.e., lost programs). The user should
keep the WREN bit clear at all times, except when
updating EEPROM. The WREN bit is not cleared
by hardware.

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. The WR bit will
be inhibited from being set unless the WREN bhit is set.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EE Write Complete
Interrupt Flag bit (EEIF) is set. The user can either
enable this interrupt or poll this bit. The EEIF bit
(PIR<7>) register must be cleared by software.

8.5 WRITE VERIFY

Depending on the application, good programming
practice may dictate that the value written to the data
EEPROM should be verified (see Example 8-3) to the
desired value to be written.

EXAMPLE 8-3: WRITE VERIFY
bcf STATUS, RPO ; Bank 0
: ; Any code
bsf STATUS, RPO ; Bank 1 READ

novf  EEDATA, W ; EEDATA not changed
;fromprevious wite
; YES, Read the

;value written

bsf EECON1, RD

xorwf EEDATA W

btfss STATUS, Z ;1s data the sanme
goto WRITE_ERR ; No, handl e error
: ; Yes, continue

8.5.1 USING THE DATA EEPROM

The data EEPROM is a high-endurance, byte address-
able array that has been optimized for the storage of
frequently changing information (e.g., program
variables or other data that are updated often).
Frequently changing values will typically be updated
more often than specifications D120 or D120A. If this is
not the case, an array refresh must be performed. For
this reason, variables that change infrequently (such as
constants, IDs, calibration, etc.) should be stored in
FLASH program memory.

8.6 PROTECTION AGAINST
SPURIOUS WRITE

There are conditions when the device may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built in. On power-up, WREN is cleared. Also, the
Power-up Timer (72 ms duration) prevents
EEPROM write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during:

e brown-out

» power glitch

« software malfunction
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8.7 DATA EEPROM OPERATION
DURING CODE PROTECT

Data memory can be code protected by programming
the CPD bit to ‘0.

When the data memory is code protected, the CPU is
able to read and write data to the Data EEPROM. It is
recommended to code protect the program memory
when code protecting data memory. This prevents
anyone from programming zeroes over the existing
code (which will execute as NOPs) to reach an added
routine, programmed in unused program memory,
which outputs the contents of data memory.
Programming unused locations to ‘0’ will also help
prevent data memory code protection from becoming
breached.

TABLE 8-1: REGISTERS/BITS ASSOCIATED WITH DATA EEPROM

value on Valueon all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOD other
: RESETS

och PIR1 EEIF | ADIF — — CMIF — — |T™MRuIF[00-- 0--0{00-- 0--0
9Ah EEDATA |EEPROM Data Register 0000 0000 {0000 0000
9Bh EEADR — |EEPROM Address Register -000 0000 [-000 0000
9ch EECON1 — — | — | — |wrerr|WReN| WR | RD |---- x000]---- g000
9Dh EECON2() |EEPROM Control Register 2 e

Legend: x = unknown, u = unchanged, - = unimplemented read as '0', g = value depends upon condition.
Shaded cells are not used by Data EEPROM module.
Note 1: EECON2 is not a physical register.
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9.0 UHF ASK/FSK TRANSMITTER

9.1 Transmitter Operation

The transmitter is a fully integrated UHF ASK/FSK
transmitter consisting of crystal oscillator, Phase-
Locked Loop (PLL), Power Amplifier (PA) with open-
collector output, and mode control logic. There are 3
variations of this device to optimize its performance for
the most commonly used frequency bands.

TABLE 9-1: FREQUENCY BANDS
Device Frequency Modulation
rfPIC12F675K 290-350 MHz ASK/FSK
rfPIC12F675F 390-450 MHz ASK/FSK
rfPIC12F675H 850-930 MHz ASK/FSK

The internal structure of the transmitter is shown in
Figure 9-1. A Colpitts oscillator generates the
reference frequency set by the attached crystal. The
voltage controlled oscillator (VCO) converts the voltage
on the LF pin to a frequency. This frequency is divided
by 32 and compared to the crystal reference. If the
frequency or phase does not match the reference, the
charge pump corrects the voltage on the LF pin. The
VCO output signal is also amplified by the PA, whose
single ended output drives the user’s antenna.

The external components required are a crystal to set
the transmit frequency, a supply bypass capacitor, and
two to seven biasing/impedance matching components
to get maximum power to the antenna. The two control
signals from the microcontroller are connected exter-
nally for maximum design flexibility. The rfPIC12F675
is capable of transmitting data by Amplitude Shift
Keying (ASK) or Frequency Shift Keying (FSK).

The rfPIC12F675 is a radio frequency (RF) emitting
device. Wireless RF devices are governed by a
country’s regulating agency. For example, in the United
States it is the Federal Communications Committee
(FCC) and in Europe it is the European Conference of
Postal and Telecommunications Administrations
(CEPT). Itis the responsibility of the designer to ensure
that their end product conforms to rules and regulations
of the country of use and/or sale.

RF devices require correct board level implementa-
tion in order to meet regulatory requirements. Layout
considerations are listed at the end of each subsec-
tion. It is required to place a ground plane on the PCB
to reduce unwanted radio frequency emissions.

FIGURE 9-1: TRANSMITTER BLOCK
DIAGRAM
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9.2 Supply Voltage (VDDRF, VSSRF)

Pins VDDRF and VssrrF supply power and ground
respectively to the transmitter. These power pins are
separate from power supply pins VDD and Vss to the
microcontroller. Both VSSRF pins should be tied to the
ground plane with the shortest possible traces. The
microcontroller ground should be tied to the same RF
ground potential. However, the VDDRF supply can be at
a different potential than the microcontroller as long as
the RFEN and DATA input levels are within specifica-
tion limits.

Layout Considerations - Provide low impedance
power and ground traces to minimize spurious
emissions. A two-sided PCB with a ground plane on
the bottom layer is highly recommended. Separate
bypass capacitors should be connected as close as
possible to each of the supply pins VDD and VDDRF.
Connect both VSsRF pins to the ground plane using
multiple PCB vias adjacent to the VSSRF pads. Do not
share these PCB vias with other ground traces. Filter
the VDDRF with an RC filter if the microcontroller noise

spurs exceed regulatory limits.
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9.3 Crystal Oscillator

The transmitter crystal oscillator is a Colpitts oscillator
that provides the reference frequency to the PLL. It is
independent of the microcontroller oscillator. An
external crystal or AC coupled reference signal is
connected to the XTAL pin. The transmit frequency is
fixed and determined by the crystal frequency
according to the formula:

f =f x 32

RFXTAL

transmit

Due to the flexible selection of transmit frequency, the
resulting crystal frequency may not be a standard off-
the-shelf value. Therefore, for some carrier frequencies
the designer will have to consult a crystal manufacturer
and have a custom crystal manufactured. For
background information on crystal selection see
Application Note AN588, PIC® Microcontroller Oscilla-
tor Design Guide, and AN826 Crystal Oscillator Basics
and Crystal Selection for rfPIC™ and PIC® Devices.

For ASK modulation the crystal can be connected
directly from RFXTAL to ground, or in series with an
additional capacitor to trim the frequency. Figure 9-2
shows how the crystal is connected and Table 9-2
shows how the frequency of a typical crystal changes
with capacitance.

The oscillator is enabled when the RFEN input is high.
It takes the crystal approximately 1 ms to start oscillat-
ing. Higher frequency crystals start-up faster than
lower frequencies. The crystal oscillator start time
(ToN) is listed in Table 13-11, Transmitter AC
Characteristics. This start-up time is mainly due to the
crystal building up an oscillation, but also includes the
time for the PLL to lock on the crystal frequency.

9.4 ASK Modulation

In ASK modulation the data is transmitted by varying
the output power. The DATAASK pin enables the PA,
toggling the pin turns the RF output signal on and off. A
simple receiver using a tuned filter and peak detector
diode can capture the data. A more advanced super-
heterodyne receiver such as the rfRXD0420 can
greatly increase the range and reduce susceptibility to
interference.

In ASK mode the DATAFsk and FSKouUT pins are not
used and should both be tied to ground. An example of
a typical ASK circuit is shown in Figure 9-5. The C1
capacitor can be replaced by a short to simplify the
transmitter if the receiver has a wide enough
bandwidth. For a very narrowband receiver the C1
capacitor may need to be replaced by a trimmer cap to
tune the transmitter to the exact frequency.

FIGURE 9-2: ASK CRYSTAL CIRCUIT

XTAL

rfPIC12F675K/F/H

- c

TABLE 9-2: XTAL OSC APPROXIMATE FREQ. VS. CAPACITANCE (ASK MODE) @
c1 Predlct?sﬂggquency PPM from 13.55 MHz Transml(tSI;rS?;Tirll_():y (MHz)
22 pF 13.551438 +106 433.646
39 pF 13.550563 +42 433.618
100 pF 13.549844 -12 433.595
150 pF 13.549672 -24 433.5895
470 pF 13.549548 -33 433.5856
1000 pF 13.549344 -48 433.579
Note 1: Standard Operating Conditions (unless otherwise stated) TA = 25°C, RFEN = 1, VDDRF = 3V,
fXTAL = 13.55 MHz
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9.5 FSK Modulation

In FSK modulation the transmit data is sent by varying
the output frequency. This is done by loading the
reference crystal with extra capacitance to pull it to a
slightly lower frequency which the PLL then tracks.
Switching the capacitance in and out with the data
signal toggles the transmitter between two frequencies.
These two crystal based frequencies are then
multiplied by 32 for the RF transmit frequency.

Unlike the ASK transmit frequency the FSK center
frequency is not actually transmitted. It is the artificial
point half way between the two transmitted
frequencies, calculated with this formula.

f — fmax + fmin

‘ 2

The other important parameter in FSK is the frequency
deviation of the transmit frequency. This measures how
far the frequency will swing from the center frequency.
Single ended deviation is calculated with this formula.

Af = Tmac = Toin
2

An FSK receiver will specify its optimal value of
deviation. The single ended deviation must be greater
than data rate/4. The minimum deviation is usually
limited by the frequency accuracy of the transmitter and
receiver components. The maximum deviation is usually
limited by the pulling characteristics of the transmitter
crystal.

An extra capacitor and the internal switch are added to
the ASK design to build an FSK transmitter as shown
in Figure 9-3. The C1 capacitor in series with the crystal
determines the maximum frequency.

With the DATAFsK pin high the FSKouT pin is open and
the C2 capacitor does not affect the frequency. When
the DATAFSK pin goes low, FSKouT shorts to ground,
and the C2 is thrown in parallel with C1. The sum of the
two caps pulls the oscillation frequency lower as shown
in Figure 9-4.

In FSK mode the DATAASK pin should be tied high to
enable the PA. The FSK circuit is shown in Figure 9-6.
Use accurate crystals for narrow bandwidth systems
and large values for C1 to reduce frequency drift.

FIGURE 9-3: FSK CRYSTAL CIRCUIT

XTAL
I—
c2
I FSKOUT
- cC1
(fPIC12F675K/FH

FIGURE 9-4:
A

FREQUENCY PULLING

Fmax

Frequency
(MHz)

Fmin

v

Ccl1 cyc2
DATAFsk =1 DATAFSK=0

Load Capacitance (pF)

TABLE 9-3: TYPICAL TRANSMIT CENTER FREQUENCY AND DEVIATION (FSK MODE) @
C2 =1000 pF C2 =100 pF C2 =47 pF
C1 (pF) Freq (MHz) / Dev (kHz) Freq (MHz) / Dev (kHz) Freq (MHz) / Dev (kHz)

22 433.612 /34 433.619 /27 433.625/21

33 433.604 / 25 433.610/19 433.614/ 14

39 433.598 /20 433.604/ 14 433.608 / 10

a7 433.596 /17 433.601/11.5 433.604 /8

68 433.593/13 433.598/9 433.600/5.5

100 433.587 /8 — —

Note 1: Standard Operating Conditions, TA = 25°C, RFEN = 1, VDDRF = 3V, fXTAL = 13.55 MHz
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FIGURE 9-5:  TYPICAL ASK TRANSMITTER SCHEMATIC
+V
; Vop Vss 20
J/ 3 GP5/T1CKI/OSC1/CLKIN GPO/ANO/CIN+/ICSPDAT 12
C3 21 GP4/AN3/T1G/OSC2/CLKOUT GP1/AN1/CIN-/VRer/ICSPCLK 17
0.1 uF ? GP3/MCLR/Vep GP2/AN2/TOCKI/INT/COUT 16
5 RFEXTAL FSKout 15
L X1 =1 RFENIN DATAFsk =
= 5 CLkout DATAssK = OTO
o] S wlliE 12 sw2 7 swi
VDDRF U1 VssrF
c1 R1 | ca 10 \ssre rfPIC12F675K ant 2 oio
T T 100 pF
C1 can be shorted = =
R1 can be omitted +V L1
/r 120 nH
R2
C5 4.7 kQ
100 pF
+V T
\(
ns os /1
- 5 pF
+ BT1 Loop Antenna
—L= CcR2032
- 3V Lithium Cell
c7
) 4 pF
FIGURE 9-6: TYPICAL FSK TRANSMITTER SCHEMATIC
+V
; Vob Vss ?g
J/ 3 GP5/T1CKI/OSC1/CLKIN GPO/ANO/CIN+/ICSPDAT 18
C3 7 GP4/AN3/T1G/OSC2/CLKOUT GP1/AN1/CIN-/VRer/ICSPCLK 17
0.1 uF 5] GP3/MCLR/VeP GP2/AN2/TOCKI/INT/COUT 6
5 RFXTAL FSKout 15 +V
AL X1 7 RFENIN DATAFsk 12 /r
£ 13.55 MHz 3] CLKOUT DATAAsk 3 OTO
9| s o 17 sw2 {7 sw
c1 R1 0 VDDRF U1 VssrF T
39 pF \/SSRF rfPIC12F675K ANT  — Oio
Cc2
= y [ 1000 pF =
A +V L1
120 nH
R2
C5 4.7 kQ
100 pF g
3 T
\(
L cs /|
- 5pF
+ BT1 Loop Antenna
—— CR2032
- 3V Lithium Cell
c7
) 4 pF
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9.6 Clock Output

The clock output is available to the microcontroller or
other circuits requiring an accurate reference
frequency. This signal would typically be used to
correct the internal RC oscillator for system designs
that require accurate bit synchronization or tight time
division multiplexing. The REFCLK output can
connect directly to the TOCKI or T1CKI.

The REFCLK output frequency is the crystal oscillator
divided by 4 on the rfPIC12F675K and rfPIC12F675F.
For the rfPIC12F675H the crystal oscillator is divided
by 8.

Layout considerations - Keep the clock trace short
and narrow yet as far as possible from other traces to
reduce capacitance and the associated current draw.
If the REFCLK trace must pass near the crystal and

LF nodes then shield them with ground traces.

9.7

The LF pin connects to an internal node on the PLL
filter. Typically the pin should not be connected. In
specialized cases it may be necessary to load this pin
with extra capacitance to ground. Adding capacitance
reduces the loop filter bandwidth which trades off an
increase in phase noise for a reduction in clock spurs.

Phase-Locked Loop Filter

Useful diagnostic measurements can be taken on the
LF pin with a high impedance, low capacitance probe.
Measuring the time from RFEN going high until the LF
voltage stabilizes will determine the minimum delay
before the start of a transmission. For more information
on PLL filters refer to Application Note AN846 Basic
PLL Filters for the rfPIC™/rfHCS.

Layout considerations - Keep traces short and if the
optional loop filter capacitor is required, place it as
close as possible to the LF pin with its own via to the
ground plane.

9.8

The PLL output feeds the power amplifier (PA) which
drives the open-collector ANT output. The output
should be DC biased with an inductor to the VDDRF
supply. The output impedance must be matched to the
load impedance to deliver the maximum power. This is
typically done with a transformer or tapped capacitor
circuit. Failure to match the impedance may cause
excessive spurious and harmonic emissions. For more
information on transformer matching see Application
Note AN831, Matching Small Loop Antennas to rfPIC™
Devices. For more information on tapped capacitor
matching see Application Note AN242 Designing an
FCC Approved ASK rfPIC™ Transmitter.

The transmit output power can be adjusted in five
discrete steps from +9 dBm to -70 dBm by varying the
voltage on the PS pin. Since the PS pin has an internal
8 nA source the voltage can be set with a resistor from
the PS pin to ground as shown in Figure 9-7. Some
possible resistor values to set the current are shown in
Table 9-4.

It is usually desirable to select the lowest power level
step that does not compromise communications reli-
ablity. The most important benefit is the conservation of
battery power. Another reason is to make it easier to
pass regulatory limits. And a third reason is to reduce
interference to other communications in the shared RF
spectrum. Small inefficient antennas will require higher
power level settings than larger efficient antennas.

Power Amplifier

FIGURE 9-7: .POWER SELECT CIRCUIT
rfPIC12F675
VPS
v @ IPS = 8 pA
PS -
To power
select
circuitry
R1

TABLE 9-4:  POWER SELECT RESISTOR SELECTION (2
Power Step Output Power PS Voltage R1 Resistance RF Transmitter
(dBm) (Volts) (© Current (mA)
4 9 1.6 open 10.7 I
3 2 0.8 100k @ 6.5
2 -4 0.4 47k ® 4.7
1 -12 0.2 22k 3 35
0 -70 0.1 short 2.7
Note 1: Standard Operating Conditions, TA = 25°C, RFEN = 1, VDDRF = 3V, fTRANSMIT = 433.92 MHz
2: Typical values, for complete specifications see data sheet Section 13.0.
3: Rl resistor variations plus IPs current supply variations must not exceed VPs step limits.
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9.9 Digital Control Signals

The mode control logic pin RFEN controls the
operation of the transmitter. When RFEN goes high,
the crystal oscillator starts up. The voltage on the LF
pin ramps up proportionally to the RF frequency. The
PLL can lock onto the frequency faster than the start-
ing up crystal can stabilize. When the LF pin reaches
0.8V, the RF frequency is close to locked on the crys-
tal frequency. This initiates a 150 microsecond delay
to ensure that the PLL settles. After the delay, the PS
bias current and power amplifier are enabled to start
transmitting when DATAASK goes high.

When RFEN is low, the transmitter goes into a very
low power Standby mode. The power amplifier is
disabled and the crystal oscillator stops. The RFEN
pin has an internal pull-down resistor.

9.10 Low Voltage Output Disable

The rfPIC12F675 transmitter has a built in low voltage
disable centered at about 1.85V. If the supply voltage
drops below this voltage the power amplifier is
disabled to prevent uncontrolled transmissions.
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10.0 SPECIAL FEATURES OF THE
CPU

Certain special circuits that deal with the needs of real
time applications are what sets a microcontroller apart
from other processors. The rfPIC12F675 Family has a
host of such features intended to:

* maximize system reliability

* minimize cost through elimination of external
components

» provide power saving operating modes and offer
code protection.
These features are:

 Oscillator selection
« RESET
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Detect (BOD)
* Interrupts
* Watchdog Timer (WDT)
» SLEEP
» Code protection
* ID Locations
« In-Circuit Serial Programming

The rfPIC12F675 has a Watchdog Timer that is
controlled by configuration bits. It runs off its own RC
oscillator for added reliability. There are two timers that
offer necessary delays on power-up. One is the
Oscillator Start-up Timer (OST), intended to keep the
chip in RESET until the crystal oscillator is stable. The
other is the Power-up Timer (PWRT), which provides a
fixed delay of 72 ms (nominal) on power-up only,
designed to keep the part in RESET while the power
supply stabilizes. There is also circuitry to reset the
device if a brown-out occurs, which can provide at least
a 72 ms RESET. With these three functions on-chip,
most applications need no external RESET circuitry.

The SLEEP mode is designed to offer a very low
current Power-down mode. The user can wake-up from
SLEEP through:

» External RESET

* Watchdog Timer wake-up

e Aninterrupt

Several oscillator options are also made available to
allow the part to fit the application. The INTOSC option
saves system cost while the LP crystal option saves

power. A set of configuration bits are used to select
various options (see Register 10-1).
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10.1 Configuration Bits

The configuration bits can be programmed (read as '0"), Note:  Address 2007his beyond the user program

or left unprogrammed (read as '1) to select various memory space. It belongs to the special

device configurations, as shown in Register 10-1. configuration memory space  (2000h -

These bits are mapped in program memory location 3FFFh), which can be accessed only during

2007h. programming. See rfPIC12F675 Program-
ming Specification for more information.

REGISTER 10-1: CONFIG — CONFIGURATION WORD (ADDRESS: 2007h)
R/P-1 R/P-1 U-0 u-0 U0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

Bc1|Boo| — | — | — [cPp | cP |BopEN|mcLRE|[PWRTE|wDTE |Fosc2 | Fosct | Fosco|

bit 13

bit 0

bit 13-12 BG1:BGO0: Bandgap Calibration bits for BOD and POR voltage(l)

bit 11-9
bit 8

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

00 = Lowest bandgap voltage
11 = Highest bandgap voltage

Unimplemented: Read as ‘0’

CPD: Data Code Protection bit(®
1 = Data memory code protection is disabled
0 = Data memory code protection is enabled

CP: Code Protection bit®
1 = Program Memory code protection is disabled
0 = Program Memory code protection is enabled

BODEN: Brown-out Detect Enable bit®
1 = BOD enabled
0 = BOD disabled

MCLRE: GP3/MCLR pin function select®
1 = GP3/MCLR pin function is MCLR
0 = GP3/MCLR pin function is digital /0, MCLR internally tied to VDD

PWRTE: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled

WDTE: Watchdog Timer Enable bit

1 =WDT enabled

0 = WDT disabled

FOSC2:FOSCO: Oscillator Selection bits

111 = RC oscillator: CLKOUT function on GP4/0SC2/CLKOUT pin, RC on GP5/0SC1/CLKIN

110 = RC oscillator: I/0 function on GP4/0OSC2/CLKOUT pin, RC on GP5/0SC1/CLKIN

101 = INTOSC oscillator: CLKOUT function on GP4/OSC2/CLKOUT pin, I/O function on GP5/0SC1/CLKIN
100 = INTOSC oscillator: 1/O function on GP4/OSC2/CLKOUT pin, I/O function on GP5/0SC1/CLKIN
011 = EC: I/O function on GP4/OSC2/CLKOUT pin, CLKIN on GP5/0SC1/CLKIN

010 = HS oscillator: High speed crystal/resonator on GP4/0SC2/CLKOUT and GP5/0SC1/CLKIN
001 = XT oscillator: Crystal/resonator on GP4/0OSC2/CLKOUT and GP5/0SC1/CLKIN

000 = LP oscillator: Low power crystal on GP4/OSC2/CLKOUT and GP5/0SC1/CLKIN

Note 1: The Bandgap Calibration bits are factory programmed and must be read and saved prior to erasing
the device as specified in the rfPIC12F675 Programming Specification. These bits are reflected in
an export of the configuration word. Microchip Development Tools maintain all calibration bits to
factory settings.

2: The entire data EEPROM will be erased when the code protection is turned off.
3: The entire program memory will be erased, including OSCCAL value, when the code protection is
turned off.

4: Enabling Brown-out Detect does not automatically enable Power-up Timer.

5

. When MCLR is asserted in INTOSC or RC mode, the internal clock oscillator is disabled.

Legend:

P = Programmed using ICSP

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

-n = Value at POR 1 =bitis set 0 = bit is cleared X = bit is unknown
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10.2 Oscillator Configurations

10.2.1 OSCILLATOR TYPES

The rfPIC12F675 can be operated in eight different
Oscillator Option modes. The user can program three
configuration bits (FOSC2 through FOSCO) to select
one of these eight modes:

e LP Low Power Crystal

e XT Crystal/Resonator

e HS High Speed Crystal/Resonator

* RC External Resistor/Capacitor (2 modes)

* INTOSC Internal Oscillator (2 modes)

« EC External Clock In
Note:  Additional information on oscillator config-
urations is available in the PICmicro™
Mid-Range Reference Manual,
(DS33023)
10.2.2 CRYSTAL OSCILLATOR / CERAMIC

RESONATORS

In XT, LP or HS modes a crystal or ceramic resonator
is connected to the OSC1 and OSC2 pins to establish
oscillation (see Figure 10-1). The rfPIC12F675
oscillator design requires the use of a parallel cut
crystal. Use of a series cut crystal may yield a
frequency outside of the crystal manufacturers
specifications. When in XT, LP or HS modes, the
device can have an external clock source to drive the
OSC1 pin (see Figure 10-2).

FIGURE 10-1: CRYSTAL OPERATION (OR
CERAMIC RESONATOR)
HS, XT OR LP OSC
CONFIGURATION

| 0SC1
—eo
1 To Internal
ca i Logic
1 XTAL X SLEEP
= osc2|
|—e{Rs®|+—
c2® PIC12F629/675

Note 1: See Table 10-1 and Table 10-2 for recommended

values of C1 and C2.

2: A series resistor may be required for AT strip cut
crystals.

3: RF varies with the Oscillator mode selected

(Approx. value = 10 MQ).

FIGURE 10-2: EXTERNAL CLOCK INPUT
OPERATION (HS, XT, EC,
OR LP OSC
CONFIGURATION)
Clock from

External Syste

m—l>o—> osc1

PIC12F629/675
Open <@—— | 0sc2®W

Note 1: Functions as GP4 in EC Osc mode.

TABLE 10-1: CAPACITOR SELECTION FOR
CERAMIC RESONATORS
Ranges Characterized:

Mode Freq OSC1(C1) 0SC2(C2)
XT 455 kHz 68 - 100 pF | 68- 100 pF
2.0 MHz 15 - 68 pF 15 - 68 pF

4.0 MHz 15 - 68 pF 15 - 68 pF

HS 8.0 MHz 10 - 68 pF 10 - 68 pF
16.0 MHz 10 - 22 pF 10 - 22 pF

Note 1: Higher capacitance increases the stability

of the oscillator but also increases the
start-up time. These values are for design
guidance only. Since each resonator has
its own characteristics, the user should
consult the resonator manufacturer for
appropriate values of external

components.
TABLE 10-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR

Mode Freq OSC1(C1) 0SC2(C2)

LP 32 kHz 68 - 100 pF | 68 - 100 pF
XT 100 kHz | 68- 150 pF | 150 - 200 pF

2 MHz 15 - 30 pF 15 - 30 pF

4 MHz 15- 30 pF 15-30 pF

HS 8 MHz 15 - 30 pF 15 - 30 pF

10 MHz 15 - 30 pF 15 - 30 pF

20 MHz 15 - 30 pF 15 - 30 pF

Note 1: Higher capacitance increases the stability

of the oscillator but also increases the
start-up time. These values are for design
guidance only. Rs may be required in HS
mode as well as XT mode to avoid
overdriving crystals with low drive level
specification. Since each crystal has its
own characteristics, the user should
consult the crystal manufacturer for
appropriate values of external

components.
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10.2.3 EXTERNAL CLOCK IN

For applications where a clock is already available
elsewhere, users may directly drive the rfPIC12F675
provided that this external clock source meets the AC/
DC timing requirements listed in Section 13.0.
Figure 10-2 shows how an external clock circuit
should be configured.

Note:  The microcontroller oscillator is indepen-
dent of the RF peripheral oscillator. An
accurate time-base is still possible with
only one crystal. Use the RF crystal on
transmitter and tie the REFCLK signal
back into TOCKI or T1CKI to correct the
RC, INTOSC, or EC clocks. Since REF-
CLK is only active when RFEN=1, it is not
a suitable source for CLKIN.

10.2.4 RC OSCILLATOR

For applications where precise timing is not a require-
ment, the RC oscillator option is available. The
operation and functionality of the RC oscillator is
dependent upon a number of variables. The RC
oscillator frequency is a function of:

* Supply voltage
» Resistor (RexT) and capacitor (CEXT) values
» Operating temperature

The oscillator frequency will vary from unit to unit due
to normal process parameter variation. The difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CEXT values. The user also needs to account for the
tolerance of the external R and C components.
Figure 10-3 shows how the R/C combination is
connected.

Two options are available for this Oscillator mode
which allow GP4 to be used as a general purpose 1/0
or to output Fosc/4.

FIGURE 10-3: RC OSCILLATOR MODE

VDD
PIC12F629/675

REXT
GP5/0SC1/ Internal

CLKIN j; }E-,—» Clock

GP4/0SC2/CLKOUT

CEXT

Vss —

Fosc/4
B I—

10.2.5 INTERNAL 4 MHz OSCILLATOR

When calibrated, the internal oscillator provides a fixed
4 MHz (nominal) system clock. See Electrical
Specifications, Section 13.0, for information on
variation over voltage and temperature.

Two options are available for this Oscillator mode
which allow GP4 to be used as a general purpose 1/0
or to output Fosc/4.

10.2.5.1 Calibrating the Internal Oscillator

A calibration instruction is programmed into the last
location of program memory. This instruction is a
RETLW XX, where the literal is the calibration value.
The literal is placed in 