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PIC16(L)F1826/27

FIGURE 1-1: PIC16(L)F1826/27 BLOCK DIAGRAM
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Note 1: See applicable chapters for more information on peripherals.
2:  See Table 1-1 for peripherals available on specific devices.
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TABLE 1-2: PIC16(L)F1826/27 PINOUT DESCRIPTION (CONTINUED)

Name Function I_Ir_lyppuet O_F’;g:t Description
RB3/AN9/CPS9/MDOUT/ RB3 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
ccp1:3)p1a3) Individually enabled pull-up.

AN9 AN — A/D Channel 9 input.
CPS9 AN — Capacitive sensing input 9.
MDOUT — CMOS | Modulator output.
CCP1 ST CMOS | Capture/Compare/PWM1.
P1A — CMOS | PWM output.
RB4/AN8/CPS8/SCL1/SCK1/ RB4 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
MDCIN2 Individually enabled pull-up.
AN8 AN — A/D Channel 8 input.
CPS8 AN — Capacitive sensing input 8.
SCL1 | 1’c™ | OD |I1°C™ clock 1.
SCK1 ST CMOS | SPI clock 1.
MDCIN2 ST — Modulator Carrier Input 2.
RB5/AN7/CPS7/P1B/TX(N/Cck(V/|  RB5 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
scL2@ysck2@/ss1(1-3) Individually enabled pull-up.
AN7 AN — A/D Channel 7 input.
CPS7 AN — Capacitive sensing input 7.
P1B — CMOS | PWM output.
TX — CMOS | USART asynchronous transmit.
CK ST CMOS | USART synchronous clock.
SCL2 | 1’c™ | OD |I12C™ clock 2.
SCK2 ST CMOS | SPI clock 2.
Ss1 ST — Slave Select input 1.
RB6/AN5/CPS5/T1CKI/T10SI/ RB6 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
p1ct!:3)ccp2(!23)poat 2.3y Individually enabled pull-up.
ICSPCLK AN5 AN — | A/D Channel 5 input.
CPS5 AN — Capacitive sensing input 5.
T1CKI ST — Timer1 clock input.
T10SO XTAL | XTAL | Timer1 oscillator connection.
P1C — CMOS | PWM output.
CCP2 ST CMOS | Capture/Compare/PWM2.
P2A — CMOS | PWM output.
ICSPCLK ST — Serial Programming Clock.
RB7/AN6/CPS6/T10S0O/ RB7 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
P1D(1:3)p2B("23)/MDCIN1/ Individually enabled pull-up.
ICSPDAT ANG AN — | A/D Channel 6 input.
CPS6 AN — Capacitive sensing input 6.
T10SO XTAL | XTAL | Timer1 oscillator connection.
P1D — CMOS | PWM output.
P2B — CMOS | PWM output.
MDCIN1 ST — Modulator Carrier Input 1.
ICSPDAT ST CMOS |ICSP™ Data I/0O.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels [2C™ = Schmitt Trigger input with 12c
HV = High Voltage XTAL = Crystal levels
Note 1: Pin functions can be moved using the APFCONO or APFCON1 register.

2: Functions are only available on the PIC16(L)F1827.

3: Default function location.

© 2011 Microchip Technology Inc.
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TABLE 3-6: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

; : . ) ) . . ) value on Valueonall
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other

Resets
Bank 4
20Ch WPUA — — WPUAS5 — — — — — R R e S
20Dh WPUB WPUB7 WPUB6 WPUBS5 WPUB4 WPUB3 WPUB2 | WPUB1 WPUBO 1111 11111111 1111
20Eh — Unimplemented = —
20Fh — Unimplemented — —
210h — Unimplemented = —
211h SSP1BUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX |uuuu uuuu
212h SSP1ADD ADD7 ADD6 ADD5 ADD4 ADD3 ADD2 ADD1 ADDO 0000 0000|0000 0000
213h SSP1MSK MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO |1111 1111|1111 1111
214h SSP1STAT SMP CKE D/A P S R/W UA BF 0000 0000|0000 0000
215h SSP1CON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO | 0000 0000 (0000 0000
216h SSP1CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000|0000 0000
217h SSP1CON3 ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN |0000 0000|0000 0000
218h — Unimplemented = —
219h S$SP2BUF(M | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX |uuuu uuuu
21Ah ssP2ADDY ADD7 ADD6 ADD5 ADD4 ADD3 ADD2 ADD1 ADDO 0000 0000|0000 0000
21Bh SsP2msk® MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO 1111 1111|1111 1111
21Ch SSP2STATM SMP CKE D/A P S RIW UA BF 0000 0000|0000 0000
21Dh ssP2cON1® | weoL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO |0000 0000 (0000 0000
21Eh SsP2coN2® GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000|0000 0000
21Fh SSP2CON3Y | ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN |0000 0000|0000 0000
Bank 5
28Ch — Unimplemented — —
28Dh — Unimplemented — —
28Eh — Unimplemented — —
28Fh — Unimplemented — —
290h — Unimplemented — —
291h CCPR1L Capture/Compare/PWM Register 1 (LSB) XXXX XXXX |uuuu uuuu
292h CCPR1H Capture/Compare/PWM Register 1 (MSB) XXXX XXXX |uuuu uuuu
293h CCP1CON P1M1 P1MO DC1B1 DC1B0 CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO (0000 0000|0000 0000
294h PWM1CON P1RSEN P1DC6 P1DC5 P1DC4 P1DC3 P1DC2 P1DCA1 P1DCO |0000 0000 (0000 0000
295h CCP1AS CCP1ASE | CCP1AS2 | CCP1AS1 | CCP1ASO | PSS1AC1 | PSS1ACO |PSS1BD1| PSS1BDO {0000 0000|0000 0000
296h PSTR1CON — — — STR1SYNC| STR1D STR1C STR1B STR1A |[---0 0001 |---0 0001
297h — Unimplemented — —
298h CcCcPR2L® Capture/Compare/PWM Register 2 (LSB) XXXX XXXX |uuuu uuuu
299h CCPR2H®M | Capture/Compare/PWM Register 2 (MSB) XXXX XXXX |uuuu uuuu
29Ah CCP2CON® P2M1 P2MO0 DC2B1 DC2B0 CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO (0000 0000|0000 0000
29Bh PWM2CON® | P2RSEN P2DC6 P2DC5 P2DC4 P2DC3 P2DC2 P2DC1 P2DCO |0000 0000 (0000 0000
29Ch ccrP2as® CCP2ASE | CCP2AS2 | CCP2AS1 | CCP2AS0 | PSS2AC1 | PSS2ACO | PSS2BD1| PSS2BDO {0000 0000|0000 0000
29Dh PSTR2CON® — — — STR2SYNC| STR2D STR2C STR2B STR2A |[---0 0001|---0 0001
29Eh CCPTMRS® | C4TSEL1 C4TSELO | C3TSEL1 C3TSELO | C2TSEL1 | C2TSELO | C1TSEL1 | C1TSELO |0000 0000 (0000 0000
29Fh — Unimplemented — —
Legend: x =unknown, u = unchanged, q = value depends on condition, - = unimplemented, r = reserved.
Shaded locations are unimplemented, read as ‘0’.

Note 1: PIC16(L)F1827 only.
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REGISTER 4-3: DEVICEID: DEVICE ID REGISTER®

R R R R
DEV<8:3>
bit 13 bit 8
R R R R R R
DEV<2:0> REV<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared P = Programmable bit
bit 13-5 DEV<8:0>: Device ID bits
DEVICEID<13:0> Values
Device
DEV<8:0> REV<4:0>
PIC16F 1826 10 0111 100 X XXXX
PIC16F1827 10 0111 101 X XXXX
PIC16LF1826 10 1000 100 X XXXX
PIC16LF1827 10 1000 101 X XXXX
bit 4-0 REV<4:0>: Revision ID bits

These bits are used to identify the revision.

Note 1: This location cannot be written.

© 2011 Microchip Technology Inc.

DS41391D-page 49



PIC16(L)F1826/27

5226 32 MHz Internal Oscillator
Frequency Selection

The Internal Oscillator Block can be used with the 4X
PLL associated with the External Oscillator Block to
produce a 32 MHz internal system clock source. The
following settings are required to use the 32 MHz inter-
nal clock source:

* The FOSC bits in Configuration Word 1 must be
set to use the INTOSC source as the device sys-
tem clock (FOSC<2:0> = 100).

* The SCS bits in the OSCCON register must be
cleared to use the clock determined by
FOSC<2:0> in Configuration Word 1
(SCS<1:0> = 00).

» The IRCF bits in the OSCCON register must be
set to the 8 MHz HFINTOSC set to use
(IRCF<3:0> =1110).

* The SPLLEN bitin the OSCCON register must be
set to enable the 4xPLL, or the PLLEN bit of the
Configuration Word 2 must be programmed to a
1.

Note: ~ When using the PLLEN bit of the
Configuration Word 2, the 4xPLL cannot
be disabled by software and the 8 MHz
HFINTOSC option will no longer be
available.

The 4xPLL is not available for use with the internal
oscillator when the SCS bits of the OSCCON register
are set to ‘1x’. The SCS bits must be set to ‘00’ to use
the 4xPLL with the internal oscillator.

5.2.2.7 Internal Oscillator Clock Switch
Timing

When switching between the HFINTOSC, MFINTOSC

and the LFINTOSC, the new oscillator may already be

shut down to save power (see Figure 5-7). If this is the

case, there is a delay after the IRCF<3:0> bits of the

OSCCON register are modified before the frequency

selection takes place. The OSCSTAT register will

reflect the current active status of the HFINTOSC,

MFINTOSC and LFINTOSC oscillators. The sequence

of a frequency selection is as follows:

1. IRCF<3:0> bits of the OSCCON register are
modified.

2. If the new clock is shut down, a clock start-up
delay is started.

3. Clock switch circuitry waits for a falling edge of
the current clock.

4. The current clock is held low and the clock
switch circuitry waits for a rising edge in the new
clock.

5. The new clock is now active.

6. The OSCSTAT register is updated as required.
7. Clock switch is complete.

See Figure 5-7 for more details.

If the internal oscillator speed is switched between two
clocks of the same source, there is no start-up delay
before the new frequency is selected. Clock switching
time delays are shown in Table 5-1.

Start-up delay specifications are located in the
oscillator tables of Section 30.0 “Electrical
Specifications”.
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FIGURE 7-3:
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11.3.2 ERASING FLASH PROGRAM
MEMORY

While executing code, program memory can only be
erased by rows. To erase a row:

1. Load the EEADRH:EEADRL register pair with
the address of new row to be erased.

2. Clear the CFGS bit of the EECON1 register.

3. Set the EEPGD, FREE, and WREN bits of the
EECON1 register.

4. Write 55h, then AAh, to EECON2 (Flash
programming unlock sequence).

5. Set control bit WR of the EECON1 register to
begin the erase operation.

6. Poll the FREE bit in the EECON1 register to
determine when the row erase has completed.

See Example 11-4.

After the “BSF EECONL, WR’ instruction, the processor
requires two cycles to set up the erase operation. The
user must place two NOP instructions after the WR bit is
set. The processor will halt internal operations for the
typical 2 ms erase time. This is not Sleep mode as the
clocks and peripherals will continue to run. After the
erase cycle, the processor will resume operation with
the third instruction after the EECON1 write instruction.

11.3.3 WRITING TO FLASH PROGRAM
MEMORY

Program memory is programmed using the following
steps:

1. Load the starting address of the word(s) to be
programmed.

2. Load the write latches with data.
3. Initiate a programming operation.
4. Repeat steps 1 through 3 until all data is written.

Before writing to program memory, the word(s) to be
written must be erased or previously unwritten. Pro-
gram memory can only be erased one row at a time. No
automatic erase occurs upon the initiation of the write.

Program memory can be written one or more words at
a time. The maximum number of words written at one
time is equal to the number of write latches. See
Figure 11-2 (block writes to program memory with 32
write latches) for more details. The write latches are
aligned to the address boundary defined by EEADRL
as shown in Table 11-1. Write operations do not cross
these boundaries. At the completion of a program
memory write operation, the write latches are reset to
contain Ox3FFF.

The following steps should be completed to load the
write latches and program a block of program memory.
These steps are divided into two parts. First, all write
latches are loaded with data except for the last program
memory location. Then, the last write latch is loaded
and the programming sequence is initiated. A special
unlock sequence is required to load a write latch with
data or initiate a Flash programming operation. This
unlock sequence should not be interrupted.

1. Setthe EEPGD and WREN bits of the EECON1
register.

2. Clear the CFGS bit of the EECON1 register.

3. Setthe LWLO bit of the EECON1 register. When
the LWLO bit of the EECON1 register is ‘1’, the
write sequence will only load the write latches
and will not initiate the write to Flash program
memory.

4. Load the EEADRH:EEADRL register pair with
the address of the location to be written.

5. Load the EEDATH:EEDATL register pair with
the program memory data to be written.

6. Write 55h, then AAh, to EECON2, then set the
WR bit of the EECON1 register (Flash
programming unlock sequence). The write latch
is now loaded.

7. Increment the EEADRH:EEADRL register pair
to point to the next location.

8. Repeat steps 5 through 7 until all but the last
write latch has been loaded.

9. Clear the LWLO bit of the EECON1 register.
When the LWLO bit of the EECON1 register is
‘0’, the write sequence will initiate the write to
Flash program memory.

10. Load the EEDATH:EEDATL register pair with
the program memory data to be written.

11. Write 55h, then AAh, to EECON2, then set the
WR bit of the EECON1 register (Flash
programming unlock sequence). The entire
latch block is now written to Flash program
memory.

It is not necessary to load the entire write latch block
with user program data. However, the entire write latch
block will be written to program memory.

An example of the complete write sequence for eight
words is shown in Example 11-5. The initial address is
loaded into the EEADRH:EEADRL register pair; the
eight words of data are loaded using indirect addressing.

© 2011 Microchip Technology Inc.
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18.0 SR LATCH

The module consists of a single SR Latch with multiple
Set and Reset inputs as well as separate latch outputs.
The SR Latch module includes the following features:

* Programmable input selection

* SR Latch output is available externally
+ Separate Q and Q outputs

» Firmware Set and Reset

The SR Latch can be used in a variety of analog appli-
cations, including oscillator circuits, one-shot circuit,
hysteretic controllers, and analog timing applications.

18.1 Latch Operation

The latch is a Set-Reset Latch that does not depend on
a clock source. Each of the Set and Reset inputs are
active-high. The latch can be Set or Reset by:

» Software control (SRPS and SRPR bits)
» Comparator C1 output (SYNCC10UT)
» Comparator C2 output (SYNCC20UT)

* SRl pin

* Programmable clock (SRCLK)

The SRPS and the SRPR bits of the SRCONO register
may be used to set or reset the SR Latch, respectively.
The latch is Reset-dominant. Therefore, if both Set and
Reset inputs are high, the latch will go to the Reset
state. Both the SRPS and SRPR bits are self resetting
which means that a single write to either of the bits is all
that is necessary to complete a latch Set or Reset oper-
ation.

The output from Comparator C1 or C2 can be used as
the Set or Reset inputs of the SR Latch. The output of
either comparator can be synchronized to the Timer1
clock source. See Section 19.0 “Comparator Mod-
ule” and Section 21.0 “Timerl Module with Gate
Control” for more information.

An external source on the SRI pin can be used as the
Set or Reset inputs of the SR Latch.

An internal clock source is available that can periodically
set or reset the SR Latch. The SRCLK<2:0> bits in the
SRCONO register are used to select the clock source
period. The SRSCKE and SRRCKE bits of the SRCON1
register enable the clock source to set or reset the SR
Latch, respectively.

Note:  Enabling both the Set and Reset inputs
from any one source at the same time
may result in indeterminate operation, as
the Reset dominance cannot be assured.

18.2 Latch Output

The SRQEN and SRNQEN bits of the SRCONO regis-
ter control the Q and Q latch outputs. Both of the SR
Latch outputs may be directly output to an I/O pin at the
same time.

The applicable TRIS bit of the corresponding port must
be cleared to enable the port pin output driver.

18.3 Effects of a Reset

Upon any device Reset, the SR Latch output is not ini-
tialized to a known state. The user’s firmware is
responsible for initializing the latch output before
enabling the output pins.

© 2011 Microchip Technology Inc.
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REGISTER 18-2: SRCON1: SR LATCH CONTROL 1 REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
SRSPE SRSCKE SRSC2E SRSC1E SRRPE SRRCKE SRRC2E SRRC1E
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 SRSPE: SR Latch Peripheral Set Enable bit

1 = SR Latch is set when the SRI pin is high.
0 = SRI pin has no effect on the set input of the SR Latch

bit 6 SRSCKE: SR Latch Set Clock Enable bit

1 = Set input of SR Latch is pulsed with SRCLK

0 = SRCLK has no effect on the set input of the SR Latch
bit 5 SRSC2E: SR Latch C2 Set Enable bit

1 = SR Latch is set when the C2 Comparator output is high
0 = C2 Comparator output has no effect on the set input of the SR Latch

bit 4 SRSCI1E: SR Latch C1 Set Enable bit

1 = SR Latch is set when the C1 Comparator output is high
0 = C1 Comparator output has no effect on the set input of the SR Latch

bit 3 SRRPE: SR Latch Peripheral Reset Enable bit

1 = SR Latch is reset when the SRI pin is high.

0 = SRI pin has no effect on the reset input of the SR Latch
bit 2 SRRCKE: SR Latch Reset Clock Enable bit

1 = Reset input of SR Latch is pulsed with SRCLK
0 = SRCLK has no effect on the reset input of the SR Latch

bit 1 SRRC2E: SR Latch C2 Reset Enable bit

1 = SR Latch is reset when the C2 Comparator output is high

0 = C2 Comparator output has no effect on the reset input of the SR Latch
bit 0 SRRCI1E: SR Latch C1 Reset Enable bit

1 = SR Latch is reset when the C1 Comparator output is high
0 = C1 Comparator output has no effect on the reset input of the SR Latch

DS41391D-page 160 © 2011 Microchip Technology Inc.
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TABLE 18-2: SUMMARY OF REGISTERS ASSOCIATED WITH SR LATCH MODULE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
ANSELA — — — | ANSA4 | ANSA3 | ANSA2 | ANSAT | ANSAO | 123

SRCONO SRLEN SRCLK2 | SRCLK1 | SRCLKO | SRQEN | SRNQEN | SRPS SRPR 159
SRCON1 SRSPE | SRSCKE | SRSC2E | SRSC1E | SRRPE | SRRCKE | SRRC2E | SRRC1E 160
TRISA TRISA7 TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAOQ 122
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the SR latch module.

© 2011 Microchip Technology Inc. DS41391D-page 161
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NOTES:
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24.4.5 PROGRAMMABLE DEAD-BAND FIGURE 24-16: EXAMPLE OF
DELAY MODE HALF-BRIDGE PWM
In Half-Bridge applications where all power switches OuUTPUT
are modulated at the PWM frequency, the power Period Period
switches normally require more time to turn off than to | o |
turn on. If both the upper and lower power switches are e Pulse Width, [ [
switched at the same time (one turned on, and the PxA@ ! | ! !
other turned off), both switches may be on for a short L | | [
period of time until one switch completely turns off. o dl ! : :
During this brief interval, a very high current PxB® : ' t_>: :<_| |
(shoot-through current) will flow through both power -/ e |—1_
switchgs, shorting t_he bridge supply. To avoid this :(1) : :(1) '(1)
potentially destructive shoot-through current from ! '
flowing dgring switching, turning on either of the power d = Dead-Band Delay
switches is normally delayed to allow the other switch
to completely turn off. Note 1: At this time, the TMRX register is equal to the
In Half-Bridge mode, a digitally programmable PRx register.
dead-band delay is available to avoid shoot-through 2: Output signals are shown as active-high.
current from destroying the bridge power switches. The
delay occurs at the signal transition from the non-active
state to the active state. See Figure 24-16 for
illustration. The lower seven bits of the associated
PWMxCON register (Register 24-4) sets the delay
period in terms of microcontroller instruction cycles
(Tcy or 4 Tosc).
FIGURE 24-17: EXAMPLE OF HALF-BRIDGE APPLICATIONS
\V+
Standard Half-Bridge Circuit (“Push-Pull™) T
FET
Driver +
™S |'€ —
PXA — > |t} -V
Load
FET
Driver +
™S | € —
PxB — > |t} =V
V-
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25.3 1°C MODE OVERVIEW

The Inter-Integrated Circuit Bus (I2C) is a multi-master
serial data communication bus. Devices communicate
in a master/slave environment where the master
devices initiate the communication. A Slave device is
controlled through addressing.

The I2C bus specifies two signal connections:

 Serial Clock (SCLx)
» Serial Data (SDAX)

Figure 25-11 shows the block diagram of the MSSPx
module when operating in 12C Mode.

Both the SCLx and SDAXx connections are bidirectional
open-drain lines, each requiring pull-up resistors for the
supply voltage. Pulling the line to ground is considered
a logical zero and letting the line float is considered a
logical one.

Figure 25-11 shows a typical connection between two
processors configured as master and slave devices.

The 12C bus can operate with one or more master
devices and one or more slave devices.

There are four potential modes of operation for a given
device:

» Master Transmit mode
(master is transmitting data to a slave)

» Master Receive mode
(master is receiving data from a slave)

 Slave Transmit mode
(slave is transmitting data to a master)

+ Slave Receive mode
(slave is receiving data from the master)

To begin communication, a master device starts out in
Master Transmit mode. The master device sends out a
Start bit followed by the address byte of the slave it
intends to communicate with. This is followed by a sin-
gle Read/Write bit, which determines whether the mas-
ter intends to transmit to or receive data from the slave
device.

If the requested slave exists on the bus, it will respond
with an Acknowledge bit, otherwise known as an ACK.
The master then continues in either Transmit mode or
Receive mode and the slave continues in the comple-
ment, either in Receive mode or Transmit mode,
respectively.

A Start bit is indicated by a high-to-low transition of the
SDAX line while the SCLx line is held high. Address and
data bytes are sent out, Most Significant bit (MSb) first.
The Read/Write bit is sent out as a logical one when the
master intends to read data from the slave, and is sent
out as a logical zero when it intends to write data to the
slave.

FIGURE 25-11: I2C MASTER/
SLAVE CONNECTION
VDD
SCLx % SCLx
VDD
Master % Slave
SDAXx SDAX

The Acknowledge bit (ACK) is an active-low signal,
which holds the SDAX line low to indicate to the trans-
mitter that the slave device has received the transmit-
ted data and is ready to receive more.

The transition of a data bit is always performed while
the SCLx line is held low. Transitions that occur while
the SCLx line is held high are used to indicate Start and
Stop bits.

If the master intends to write to the slave, then it repeat-
edly sends out a byte of data, with the slave responding
after each byte with an ACK bit. In this example, the
master device is in Master Transmit mode and the
slave is in Slave Receive mode.

If the master intends to read from the slave, then it
repeatedly receives a byte of data from the slave, and
responds after each byte with an ACK bit. In this exam-
ple, the master device is in Master Receive mode and
the slave is Slave Transmit mode.

On the last byte of data communicated, the master
device may end the transmission by sending a Stop bit.
If the master device is in Receive mode, it sends the
Stop bit in place of the last ACK bit. A Stop bit is indi-
cated by a low-to-high transition of the SDAX line while
the SCLx line is held high.

In some cases, the master may want to maintain con-
trol of the bus and re-initiate another transmission. If
so, the master device may send another Start bit in
place of the Stop bit or last ACK bit when it is in receive
mode.

The I2C bus specifies three message protocols;

» Single message where a master writes data to a
slave.

» Single message where a master reads data from
a slave.

» Combined message where a master initiates a
minimum of two writes, or two reads, or a
combination of writes and reads, to one or more
slaves.
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26.1.2.8 Asynchronous Reception Set-up:

1. Initialize the SPBRGH, SPBRGL register pair
and the BRGH and BRG16 bits to achieve the

26.1.2.9 9-bit Address Detection Mode Set-up

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address

desired baud rate (see Section 26.3 “EUSART
Baud Rate Generator (BRG)").

Detect Enable:

. . . 1. Initialize the SPBRGH, SPBRGL register pair
2. Clear the ANSEL bit for the RX pin (if applicable). and the BRGH and BRG16 bits to achieve the
3. Enable the serial port by setting the SPEN bit. desired baud rate (see Section 26.3 “EUSART
The SYNC bit must be clear for asynchronous Baud Rate Generator (BRG)").
operation. 2. Clear the ANSEL bit for the RX pin (if applicable).
4. If interrupts are desired, set the RCIE bit of the 3. Enable the serial port by setting the SPEN bit.
PIE1 register and the GIE and PEIE bits of the The SYNC bit must be clear for asynchronous
INTCON register. operation.
5. If 9-bit reception is desired, set the RX9 bit. 4. If interrupts are desired, set the RCIE bit of the
6. Enable reception by setting the CREN bit. PIE1 register and the GIE and PEIE bits of the
7. The RCIF interrupt flag bit will be set when a INTCON register.
character is transferred from the RSR to the 5. Enable 9-bit reception by setting the RX9 bit.
receive buffer. An interrupt will be generated if 6. Enable address detection by setting the ADDEN
the RCIE interrupt enable bit was also set. bit.
8. Read the RCSTA register to get the error flags 7. Enable reception by setting the CREN bit.
and, |f_9-b|t data reception is enabled, the ninth 8. The RCIF interrupt flag bit will be set when a
data bit. character with the ninth bit set is transferred
9. Get the received 8 Least Slgnlflcant data bits from the RSR to the receive buffer. An interrupt
from the receive buffer by reading the RCREG will be generated if the RCIE interrupt enable bit
register. was also set.
10. If an overrun occurred, clear the OERR flag by 9. Read the RCSTA register to get the error flags.
clearing the CREN receiver enable bit. The ninth data bit will always be set.

10. Get the received 8 Least Significant data bits
from the receive buffer by reading the RCREG
register. Software determines if this is the
device’s address.

11. If an overrun occurred, clear the OERR flag by
clearing the CREN receiver enable bit.

12. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and generate interrupts.

FIGURE 26-5: ASYNCHRONOUS RECEPTION
. Start . . Start — . Start :
RX/DT pin \pit7ie/ sé%p\ bit_(bit0 Y §Ybit 78 Sl’;(i)tp\ bit_) (Xoit g siop
Rev Shift !
M f—1] 35—
Rcv Buffer Reg. :T Word 1 Word 2 T [
| RCREG RCREG .
et T (( 1 L
) ) ' .
Read R X .
Bﬁger R’cgg. S S 5 S S S : [T
RCREG )
(( ((
RCIF ((
(Interrupt Flag) )) I ) ))
i (( (( ((
OERR bit Y § 5§ ) [
CREN (( (( (( 3
)) )) )) R
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,
causing the OERR (overrun) bit to be set.
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LSLF Logical Left Shift MOVF Move f
Syntax: [label ] LSLF f{,d} Syntax: [label] MOVF fd
Operands: 0<f<127 Operands: 0<f<127
d e [0,1] d e [0,1]
Operation: (f<7>)—>C Operation: (f) —> (dest)
(f<6:0>) — dest<7:1> Status Affected: z
0 — dest<0>
) Description: The contents of register f is moved to
Status Affected: C.z a destination dependent upon the
Description: The contents of register ‘' are shifted status of d. Ifd = 0,
one bit to the left through the Carry flag. destination is W register. If d = 1, the
A ‘0’ is shifted into the LSb. If ‘d’ is ‘0’, destination is file register fitself. d = 1
the result is placed in W. If ‘d’ is ‘1’, the is useful to test a file register since
result is stored back in register ‘f’. status flag Z is affected.
Cycles: 1
Example: MOVF FSR, 0
; ; ; After Instruction
LSRF Logical Right Shift
S ogical Right S W = value in FSR register
Syntax: [label ]LSLF f{,d} Z =1
Operands: 0<f<127
de[0,1]
Operation: 0 — dest<7>
(f<7:1>) — dest<6:0>,
(f<0>) » C,
Status Affected: Cz
Description: The contents of register ‘' are shifted

one bit to the right through the Carry
flag. A ‘0’ is shifted into the MSb. If ‘d’ is
‘0, the result is placed in W. If 'd” is ‘1’,
the result is stored back in register ‘f’.

o[ regert |
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MOVIW

Move INDFn to W

Syntax:

Operands:

Operation:

Status Affected:

[ label ] MOVIW ++FSRn
[ label ] MOVIW --FSRn
[ label ] MOVIW FSRn++
[ label ] MOVIW FSRn--
[ label ] MOVIW k[FSRn]

n e [0,1]
mm e [00,01, 10, 11]
-32<k<31

INDFn - W

Effective address is determined by
* FSR + 1 (preincrement)

* FSR -1 (predecrement)

* FSR + k (relative offset)

After the Move, the FSR value will be
either:

* FSR + 1 (all increments)

* FSR -1 (all decrements)

* Unchanged

z

Mode

Syntax mm

Preincrement
Predecrement

Postincrement

Postdecrement

++FSRn 00
--FSRn 01
FSRn++ 10
FSRn-- 11

Description:

MOVLB

This instruction is used to move data
between W and one of the indirect
registers (INDFn). Before/after this
move, the pointer (FSRn) is updated by
pre/post incrementing/decrementing it.

Note: The INDFn registers are not
physical registers. Any instruction that
accesses an INDFn register actually
accesses the register at the address
specified by the FSRn.

FSRn is limited to the range 0000h -
FFFFh. Incrementing/decrementing it
beyond these bounds will cause it to wrap
around.

Move literal to BSR

Syntax:
Operands:
Operation:
Status Affected:

Description:

[label ] MOVLB k
0<k<15

k - BSR

None

The five-bit literal ‘k’ is loaded into the
Bank Select Register (BSR).

MOVLP Move literal to PCLATH

Syntax: [ label ] MOVLP k

Operands: 0<k<127

Operation: k — PCLATH

Status Affected: None

Description: The seven-bit literal 'k’ is loaded into the

PCLATH register.

MOVLW Move literal to W

Syntax: [label] MOVLW k

Operands: 0<k<255

Operation: k— (W)

Status Affected: None

Description: The eight-bit literal ‘k’ is loaded into W
register. The “don’t cares” will assem-
ble as ‘O’s.

Words: 1

Cycles: 1

Example: MOVLW  Ox5A
After Instruction

W = Ox5A

MOVWF Move W to f

Syntax: [label] MOVWF f

Operands: 0<f<127

Operation: (W) — ()

Status Affected: None

Description: Move data from W register to register

A

Words: 1

Cycles: 1

Example: MOVWF  OPTI ON_REG

Before Instruction
OPTION_REG = OxFF
W = 0x4F
After Instruction
OPTION_REG = 0x4F
W = 0x4F
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TABLE 30-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER

AND BROWN-OUT RESET PARAMETERS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA < +125°C

P;a\:;m Sym. Characteristic Min. | Typt | Max. | Units Conditions
30 TMcL  |MCLR Pulse Width (low) 2 — | — | s
31 TwDTLP |Low-Power Watchdog Timer 10 16 27 ms [VDD = 3.3V-5V
Time-out Period (No Prescaler) 1:16 Prescaler used
32 TosT  |Oscillator Start-up Timer Period® @] — | 1024 | — | Tosc |(Note 3)
33* |TPWRT |Power-up Timer Period, PWNRTE=0| 40 | 65 | 140 | ms
34> Tioz I/0 high-impedance from MCLR Low | — — 20 us
or Watchdog Timer Reset
35 VBOR Brown-out Reset Voltage 238 | 25 | 2.73 V |BORV=2.5V
1.80 | 1.9 | 2.11 BORV=1.9V
36* VHYST |Brown-out Reset Hysteresis 0 25 50 mV | -40°C to +85°C
37* TBORDC |Brown-out Reset DC Response 0 3 35 pus |VDD < VBOR
Time

Note 1:

These parameters are characterized but not tested.

Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Instruction cycle period (TcY) equals four times the input oscillator time base period. All specified values are
based on characterization data for that particular oscillator type under standard operating conditions with the
device executing code. Exceeding these specified limits may result in an unstable oscillator operation and/or
higher than expected current consumption. All devices are tested to operate at “min” values with an external
clock applied to the OSC1 pin. When an external clock input is used, the “max” cycle time limit is “DC” (no
clock) for all devices.

By design.

Period of the slower clock.

To ensure these voltage tolerances, VDD and VsS must be capacitively decoupled as close to the device as
possible. 0.1 uF and 0.01 pF values in parallel are recommended.

FIGURE 30-10: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS
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32.2 MPLAB C Compilers for Various
Device Families

The MPLAB C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC18,
P1C24 and PIC32 families of microcontrollers and the
dsPIC30 and dsPIC33 families of digital signal control-
lers. These compilers provide powerful integration
capabilities, superior code optimization and ease of
use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

32.3 HI-TECH C for Various Device
Families

The HI-TECH C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC
family of microcontrollers and the dsPIC family of digital
signal controllers. These compilers provide powerful
integration capabilities, omniscient code generation
and ease of use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

The compilers include a macro assembler, linker, pre-
processor, and one-step driver, and can run on multiple
platforms.

32.4 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

« Integration into MPLAB IDE projects

» User-defined macros to streamline
assembly code

» Conditional assembly for multi-purpose
source files

 Directives that allow complete control over the
assembly process

32.5 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:
« Efficient linking of single libraries instead of many
smaller files

* Enhanced code maintainability by grouping
related modules together

» Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

32.6 MPLAB Assembler, Linker and
Librarian for Various Device
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC devices. MPLAB C Compiler uses
the assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

» Support for the entire device instruction set

» Support for fixed-point and floating-point data
» Command line interface

* Rich directive set

* Flexible macro language

* MPLAB IDE compatibility
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32.7 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0O, most peripherals and internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

32.8 MPLAB REAL ICE In-Circuit
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit.

The emulator is connected to the design engineer’'s PC
using a high-speed USB 2.0 interface and is connected
to the target with either a connector compatible with in-
circuit debugger systems (RJ11) or with the new high-
speed, noise tolerant, Low-Voltage Differential Signal
(LVDS) interconnection (CAT5).

The emulator is field upgradable through future firmware
downloads in MPLAB IDE. In upcoming releases of
MPLAB IDE, new devices will be supported, and new
features will be added. MPLAB REAL ICE offers
significant advantages over competitive emulators
including low-cost, full-speed emulation, run-time
variable watches, trace analysis, complex breakpoints, a
ruggedized probe interface and long (up to three meters)
interconnection cables.

32.9 MPLAB ICD 3 In-Circuit Debugger
System

MPLAB ICD 3 In-Circuit Debugger System is Micro-
chip's most cost effective high-speed hardware
debugger/programmer for Microchip Flash Digital Sig-
nal Controller (DSC) and microcontroller (MCU)
devices. It debugs and programs PIC® Flash microcon-
trollers and dsPIC® DSCs with the powerful, yet easy-
to-use graphical user interface of MPLAB Integrated
Development Environment (IDE).

The MPLAB ICD 3 In-Circuit Debugger probe is con-
nected to the design engineer's PC using a high-speed
USB 2.0 interface and is connected to the target with a
connector compatible with the MPLAB ICD 2 or MPLAB
REAL ICE systems (RJ-11). MPLAB ICD 3 supports all
MPLAB ICD 2 headers.

32.10 PICKit 3 In-Circuit Debugger/
Programmer and
PICkit 3 Debug Express

The MPLAB PICkit 3 allows debugging and program-
ming of PIC® and dsPIC® Flash microcontrollers at a
most affordable price point using the powerful graphical
user interface of the MPLAB Integrated Development
Environment (IDE). The MPLAB PICKkit 3 is connected
to the design engineer's PC using a full speed USB
interface and can be connected to the target via an
Microchip debug (RJ-11) connector (compatible with
MPLAB ICD 3 and MPLAB REAL ICE). The connector
uses two device I/O pins and the reset line to imple-
ment in-circuit debugging and In-Circuit Serial Pro-
gramming™.

The PICkit 3 Debug Express include the PICkit 3, demo
board and microcontroller, hookup cables and CDROM

with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.
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