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PIC18F47J13 FAMILY

FIGURE 1-1: PIC18F2XJ13 (28-PIN) BLOCK DIAGRAM
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Note 1: See Table 1-3 for I/O port pin descriptions.
2: BOR functionality is provided when the on-board voltage regulator is enabled.
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PIC18F47J13 FAMILY

3.5 Effects of Power-Managed Modes
on Various Clock Sources

When the PRI_IDLE mode is selected, the designated
primary oscillator continues to run without interruption.
For all other power-managed modes, the oscillator
using the OSC1 pin is disabled.

In secondary clock modes (SEC_RUN and SEC_lI-
DLE), the Timer1 oscillator is operating and providing
the device clock. The Timer1 oscillator may also run in
all power-managed modes if required to clock Timer1,
Timer3 or Timerb.

In internal oscillator modes (RC_RUN and RC_IDLE),
the internal oscillator block provides the device clock
source. The 31 kHz INTRC output can be used directly
to provide the clock and may be enabled to support
various special features regardless of the
power-managed mode (see Section 27.2 “Watchdog
Timer (WDT)”, Section 27.4 “Two-Speed Start-up”
and Section 27.5 “Fail-Safe Clock Monitor” for more
information on WDT, FSCM and Two-Speed Start-up).
The INTOSC output at 8 MHz may be used directly to
clock the device or may be divided down by the posts-
caler. The INTOSC output is disabled if the clock is pro-
vided directly from the INTRC output.

If Sleep mode is selected, all clock sources which are
no longer required are stopped. Since all the transistor
switching currents have been stopped, Sleep mode
achieves the lowest current consumption of the device
(only leakage currents) outside of Deep Sleep.

Enabling any on-chip feature that will operate during
Sleep mode increases the current consumed during
Sleep mode. The INTRC is required to support WDT
operation. The Timer1 oscillator may be operating to
support an RTC. Other features may be operating that
do not require a device clock source (i.e., MSSP slave,
PMP, INTx pins, etc.). Peripherals that may add
significant current consumption are listed in
Section 30.2 “DC Characteristics: Power-Down and
Supply Current PIC18F47J13 Family (Industrial)”.

3.6 Power-up Delays

Power-up delays are controlled by two timers so that no
external Reset circuitry is required for most applica-
tions. The delays ensure that the device is kept in
Reset until the device power supply is stable under
normal circumstances and the primary clock is operat-
ing and stable. For additional information on power-up
delays, see Section 5.6 “Power-up Timer (PWRT)”.

The first timer is the Power-up Timer (PWRT), which
provides a fixed delay on power-up (parameter 33,
Table 30-14).

The second timer is the Oscillator Start-up Timer
(OST), intended to keep the chip in Reset until the
crystal oscillator is stable (HS mode). The OST does
this by counting 1024 oscillator cycles before allowing
the oscillator to clock the device.

There is a delay of interval, TcsD (parameter 38,
Table 30-14), following POR, while the controller
becomes ready to execute instructions. This delay runs
concurrently with any other delays. This may be the only
delay that occurs when any of the internal oscillator or
EC modes are used as the primary clock source.
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6.0 MEMORY ORGANIZATION

There are two types of memory in PIC18 Flash
microcontrollers:

* Program Memory
+ Data RAM

As Harvard architecture devices, the data and program
memories use separate busses; this allows for
concurrent access of the two memory spaces.

Section 7.0 “Flash Program Memory” provides
additional information on the operation of the Flash
program memory.

FIGURE 6-1:

6.1 Program Memory Organization

PIC18 microcontrollers implement a 21-bit program
counter, which is capable of addressing a 2-Mbyte
program memory space. Accessing a location between
the upper boundary of the physically implemented
memory and the 2-Mbyte address returns all ‘0’s (a
NOP instruction).

The PIC18F47J13 Family offers a range of on-chip
Flash program memory sizes, from 64 Kbytes (up to
32,768 single-word instructions) to 128 Kbytes
(65,536 single-word instructions).

Figure 6-1 provides the program memory maps for
individual family devices.

MEMORY MAPS FOR PIC18F47J13 FAMILY DEVICES

PC<20:0> 21
CALL, CALLW, RCALL,
RETURN, RETFIE, RETLW,
ADDULNK, SUBULNK
Stack Level 1
:
Stack Level 31
PIC18FX6J13 PIC18FX7J13
On-Chip On-Chip | 000000h 4
Memory Memory
Config. Words { | - 0OFFFEh
i Q
Config. Words 01FFFFh |&
[oX
%)
Fal
o
IS
(]
=
@
(2]
-]
Unimplemented Unimplemented
Read as ‘0’ Read as ‘0’
1FFFFFF Y
Note: Sizes of memory areas are not to scale. Sizes of program memory areas are enhanced to show detail.
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REGISTER 10-33: RPOR9: PERIPHERAL PIN SELECT OUTPUT REGISTER 9 (BANKED EC9h)

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

— — — RP9R4 RP9R3 RP9R2 | RP9R1 [ RPIRO
bit 7 bit 0
Legend: R/W = Readable bit, Writable bit if IOLOCK = 0
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
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 RP9R<4:0>: Peripheral Output Function is Assigned to RP9 Output Pin bits

(see Table 10-14 for peripheral function numbers)

REGISTER 10-34: RPOR10: PERIPHERAL PIN SELECT OUTPUT REGISTER 10 (BANKED ECAh)

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

— — — RP10R4 RP10R3 RP10R2 ‘ RP10R1 | RP10R0O
bit 7 bit 0
Legend: R/W = Readable bit, Writable bit if IOLOCK = 0
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
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 RP10R<4:0>: Peripheral Output Function is Assigned to RP10 Output Pin bits

(see Table 10-14 for peripheral function numbers)

REGISTER 10-35: RPOR11: PERIPHERAL PIN SELECT OUTPUT REGISTER 11 (BANKED ECBh)

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

— — — RP11R4 RP11R3 RP11R2 ‘ RP11R1 | RP11R0O
bit 7 bit 0
Legend: R/W = Readable bit, Writable bit if IOLOCK = 0
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
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 RP11R<4:0>: Peripheral Output Function is Assigned to RP11 Output Pin bits

(see Table 10-14 for peripheral function numbers)
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FIGURE 11-15: WRITE TIMING, 8-BIT DATA, PARTIALLY MULTIPLEXED ADDRESS
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FIGURE 11-16: WRITE TIMING, 8-BIT DATA, WAIT STATES ENABLED,
PARTIALLY MULTIPLEXED ADDRESS
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FIGURE 11-17: READ TIMING, 8-BIT DATA, PARTIALLY MULTIPLEXED ADDRESS,
ENABLE STROBE
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REGISTER 20-6: SSPxCON1: MSSPx CONTROL REGISTER 1 (I2C MODE)

(1, ACCESS FC6h; 2, F73h)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
wcoL sspov | ssPeEN® |  ckp | sspm3® | sspm2® | sspm1@ | sspmo®
bit 7 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
bit 7 WCOL: Write Collision Detect bit
In Master Transmit mode:
1= A write to the SSPxBUF register was attempted while the 12C conditions were not valid for a
transmission to be started (must be cleared in software)
0 = No collision
In Slave Transmit mode:
1 = The SSPxBUF register is written while it is still transmitting the previous word (must be cleared in
software)
0 = No collision
In Receive mode (Master or Slave modes):
This is a “don’t care” bit.
bit 6 SSPOV: Receive Overflow Indicator bit
In Receive mode:
1 = Abyte is received while the SSPxBUF register is still holding the previous byte (must be cleared in
software)
0 = No overflow
In Transmit mode:
This is a “don’t care” bit in Transmit mode.
bit 5 SSPEN: Master Synchronous Serial Port Enable bit(")
1 = Enables the serial port and configures the SDAx and SCLx pins as the serial port pins
0 = Disables the serial port and configures these pins as /O port pins
bit 4 CKP: SCKx Release Control bit
In Slave mode:
1 = Releases clock
0 = Holds clock low (clock stretch); used to ensure data setup time
In Master mode:
Unused in this mode.
bit 3-0 SSPM<3:0>: Master Synchronous Serial Port Mode Select bits(2)

1111 = I2C Slave mode, 10-bit address with Start and Stop bit interrupts enabled
1110 = I2C Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1011 = I2C Firmware Controlled Master mode (slave Idle)

1001 = Load the SSPxMSK register at the SSPxADD SFR address(®4)

1000 = I°C Master mode, clock = FOSC/(4 * (SSPXADD + 1))

0111 = I°C Slave mode, 10-bit address

0110 = I°C Slave mode, 7-bit address

Note 1: When enabled, the SDAx and SCLx pins must be configured as inputs.
2: Bit combinations not specifically listed here are either reserved or implemented in SPI mode only.
3:  When SSPM<3:0> = 1001, any reads or writes to the SSPxADD SFR address actually accesses the

SSPxMSK register.

4: This mode is only available when 7-Bit Address Masking mode is selected (MSSPMSK Configuration bit is ‘1’).
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DS30009974C-page 303



PIC18F47J13 FAMILY

REGISTER 20-8: SSPxCON2: MSSPx CONTROL REGISTER 2 (I2C SLAVE MODE)
(1, ACCESS FC5h; 2, F71h)

R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GCEN | ACKSTAT® | ADMSK5 | ADMSK4 | ADMSK3 | ADMSK2 | ADMSK1 | SeEN®
bit 7 bit 0
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
bit 7 GCEN: General Call Enable bit (Slave mode only)

1 = Enables interrupt when a general call address (0000h) is received in the SSPxSR
0 = General call address disabled

bit 6 ACKSTAT: Acknowledge Status bit(?)
Unused in Slave mode.
bit 5-2 ADMSK<5:2>: Slave Address Mask Select bits (5-bit address masking)

1 = Masking of the corresponding bits of SSPxADD is enabled

0 = Masking of the corresponding bits of SSPxADD is disabled
bit 1 ADMSK1: Slave Address Least Significant bit(s) Mask Select bit

In 7-Bit Addressing mode:

1 = Masking of SSPxADD<1> only is enabled

0 = Masking of SSPxADD<1> only is disabled

In 10-Bit Addressing mode:

1 = Masking of SSPxADD<1:0> is enabled

0 = Masking of SSPxADD<1:0> is disabled
bit 0 SEN: Start Condition Enable/Stretch Enable bit(")

1 = Clock stretching is enabled for both slave transmit and slave receive (stretch enabled)
0 = Clock stretching is disabled

Note 1: If the I°C module is active, these bits may not be set (no spooling) and the SSPxBUF may not be written
(or writes to the SSPxBUF are disabled).

2: This bit is unimplemented in 12C Slave mode.

REGISTER 20-9: SSPxMSK: I°C SLAVE ADDRESS MASK REGISTER (7-BIT MASKING MODE)
(1, ACCESS FC8h; 2, F74h)()

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
MSK7 | MSK6 | MSKs | MSK4 | MSK3 MSK2 | MsK1 | Msko®
bit 7 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
bit 7-0 MSK<7:0>: Slave Address Mask Select bits

1 = Masking of the corresponding bit of SSPxADD is enabled
0 = Masking of the corresponding bit of SSPxADD is disabled

Note 1: This register shares the same SFR address as SSPxADD and is only addressable in select MSSP
operating modes. See Section 20.5.3.4 “7-Bit Address Masking Mode” for more details.

2: MSKO is not used as a mask bit in 7-bit addressing.
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EXAMPLE 21-1:  CALCULATING BAUD RATE ERROR

For a device with Fosc of 16 MHz, desired baud rate of 9600,
8-bit BRG:
Desired Baud Rate = Fosc/ (64 ([SPBRGHx:SPBRGx] + 1))
Solving for SPBRGHx:SPBRGx:
X = ((Fosc/Desired Baud Rate)/64) - 1
((16000000/9600) /64) - 1
= [25.042] = 25
Calculated Baud Rate=16000000/(64 (25 + 1))
= 9615
Error = (Calculated Baud Rate - Desired Baud Rate) /Desired Baud Rate
(9615 - 9600) /9600 = 0.16%

Asynchronous mode, and

TABLE 21-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TXSTAX CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
RCSTAXx SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
BAUDCONXx ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGHx EUSARTx Baud Rate Generator High Byte
SPBRGx EUSARTx Baud Rate Generator Low Byte

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the BRG.
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The WUE bit is automatically cleared once a
low-to-high transition is observed on the RXx line
following the wake-up event. At this point, the EUSART
module is in Idle mode and returns to normal operation.
This signals to the user that the Sync Break event is
over.

21.2.41 Special Considerations Using

Auto-Wake-up

Since auto-wake-up functions by sensing rising edge
transitions on RXx/DTx, information with any state
changes before the Stop bit may signal a false
End-Of-Character (EOC) and cause data or framing
errors. To work properly, therefore, the initial character
in the transmission must be all ‘0’s. This can be 00h
(8 bits) for standard RS-232 devices or 000h (12 bits)
for LIN/J2602 bus.

Oscillator start-up time must also be considered,
especially in applications using oscillators with
longer start-up intervals (i.e., HS or HSPLL mode).
The Sync Break (or Wake-up Signal) character must
be of sufficient length and be followed by a sufficient
interval to allow enough time for the selected
oscillator to start and provide proper initialization of
the EUSART.

FIGURE 21-8:

21.2.4.2  Special Considerations Using the

WUE Bit

The timing of WUE and RCxIF events may cause some
confusion when it comes to determining the validity of
received data. As noted, setting the WUE bit places the
EUSART in an Idle mode. The wake-up event causes a
receive interrupt by setting the RCxIF bit. The WUE bit
is cleared after this when a rising edge is seen on
RXx/DTx. The interrupt condition is then cleared by
reading the RCREGXx register. Ordinarily, the data in
RCREGx will be dummy data and should be discarded.

The fact that the WUE bit has been cleared (or is still
set) and the RCxIF flag is set should not be used as an
indicator of the integrity of the data in RCREGx. Users
should consider implementing a parallel method in
firmware to verify received data integrity.

To assure that no actual data is lost, check the RCIDL
bit to verify that a receive operation is not in process. If
a receive operation is not occurring, the WUE bit may
then be set just prior to entering Sleep mode.

AUTO-WAKE-UP BIT (WUE) TIMINGS DURING NORMAL OPERATION

Bit Set by User
y N\

1Q1]Q2a3|a4,a1/Q2 @3 a4, Q1| 2| a3| a4,a1|a2|a3|a4,1| Q2| @3|a4,a1]a2|a3|ad,a1]a2| Q3| Q4,Q1| Q2| Q3|Q4,Q1|Q2|Q3|Q4, 1| Q2| 3|4,
SN AYAY AN ANAN AW AN RN AW AN A AW AN AW AN AN AW RN AN AW AN AW AN AN AWAN AW AN AN AWANAWAWAWAWAWAWAWRWRN

. Auto-Cleared
o

WUE bit("

RXx/DTx Line

RCxIF

¥2222222222222%

) N

/

Note 1: The EUSART remains in Idle while the WUE bit is set.

—

Cleared due to User Read of RCREGx —*

Note 1: If the wake-up event requires long oscillator warm-up time, the auto-clear of the WUE bit can occur before the
oscillator is ready. This sequence should not depend on the presence of Q clocks.

2: The EUSART remains in Idle while the WUE bit is set.

FIGURE 21-9: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP

,Q1]Q2|Q3|a4,Q1|Q2|Q3|a4,Q1| Q2| Q3| Q4, Q1 |a2|as|as4,Q1]a2|a3|a4, Q1| a2 Q3|a4,01|a2|as|a4,a1| Q2| a3la4,
0sC1 | 4 . 4 4 . P . :
. Bitset by user . , . ' . — Auto-Cleared
WUE bit® ! : v : : r ' /;‘\ ; l
RXx/DTx Line 1 : : ; \\* : :m:ﬂ‘ete 1 . :
RCxIF . X ' ' : — : : .

' ' ' T T Cleared due to User Read of RCREGxJ

SLEEP Command Executed Sleep Ends
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22.0 10/12-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module in the
PIC18F47J13 family of devices has 10 inputs for the
28-pin devices and 13 inputs for the 44-pin devices.
This module allows conversion of an analog input
signal to a corresponding 10- or 12-bit digital number.

The module has these registers:

» A/D Control Register 0 (ADCONO)

» A/D Control Register 1 (ADCON1)

» A/D Port Configuration Register 0 (ANCONO)

» A/D Port Configuration Register 1 (ANCON1)

» A/D Result Registers (ADRESH and ADRESL)

» A/D Trigger Register (ADCTRIG)

+ Configuration Register 3 High (ADCSEL,
CONFIG3H<1>)

The ADCONO register, shown in Register 22-1,
controls the operation of the A/D module.

The ADCONT1 register, shown in Register 22-2, config-
ures the A/D clock source, programmed acquisition
time and justification. The ANCONO and ANCON1
registers, in Register 22-1 and Register 22-2, configure
the functions of the port pins.

The ADCSEL Configuration bit (CONFIG3H<1>) sets
the module for 10- or 12-bit conversions. The 10-Bit
Conversion mode is useful for applications that favor
conversion speed over conversion resolution.

© 2010-2017 Microchip Technology Inc.

DS30009974C-page 358



PIC18F47J13 FAMILY

The ANCONO and ANCON1 registers are used to
configure the operation of the I/O pin associated with
each analog channel. Setting any one of the PCFG bits
configures the corresponding pin to operate as a digital
only I/O. Clearing a bit configures the pin to operate as
an analog input for either the A/D Converter or the
comparator module. All digital peripherals are disabled
and digital inputs read as ‘0’. As a rule, I/O pins that are
multiplexed with analog inputs default to analog
operation on device Resets.

In order to correctly perform A/D conversions on the VBG
band gap reference (ADCONO0<5:2> = 1111), the refer-
ence circuit must be powered on first. The VBGEN bit in
the ANCONT1 register allows the firmware to manually

REGISTER 22-4:

request that the band gap reference circuit should be
enabled. For best accuracy, firmware should allow a
settling time of at least 10 ms prior to performing the first
acquisition on this channel after enabling the band gap
reference.

The reference circuit may already have been turned on
if some other hardware module (such as the on-chip
voltage regulator, comparators or HLVD) has already
requested it. In this case, the initial turn-on settling time
may have already elapsed and firmware does not need
to wait as long before measuring VBG. Once the acqui-
sition is complete, firmware may clear the VBGEN bit,
which will save a small amount of power if no other
modules are still requesting the VBG reference.

ANCONO: A/D PORT CONFIGURATION REGISTER 0 (BANKED F48h)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
pcrG7™M | pcree™ | pcres™ | PCFG4 PCFG3 PCFG2 | PCFG1 | PCFGO
bit 7 bit 0

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
bit 7-0 PCFG<7:0>: Analog Port Configuration bits (AN7-ANO)

1 = Pin configured as a digital port
0 = Pin configured as an analog channel — digital input disabled and reads ‘0’

Note 1: These bits are only available only on 44-pin devices.

REGISTER 22-5: ANCON1: A/D PORT CONFIGURATION REGISTER 1 (BANKED F49h)

R/W-0 R U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
VBGEN r — PCFG12 | PCFG11 | PCFG10 | PCFG9 | PCFGS8
bit 7 bit 0

Legend: r = Reserved bit

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
bit 7 VBGEN: 1.2V Band Gap Reference Enable bit

1 = 1.2V band gap reference is powered on
0 = 1.2V band gap reference is turned off to save power (if no other modules are requesting it)

bit 6 Reserved: Always maintain as ‘0’ for lowest power consumption
bit 5 Unimplemented: Read as ‘0’
bit 4-0 PCFG<12:8>: Analog Port Configuration bits (AN12-AN8)

1 = Pin configured as a digital port
0 = Pin configured as an analog channel — digital input disabled and reads ‘0’
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26.1 CTMU Operation

The CTMU works by using a fixed current source to
charge a circuit. The type of circuit depends on the type
of measurement being made. In the case of charge
measurement, the current is fixed and the amount of
time the current is applied to the circuit is fixed. The
amount of voltage read by the A/D is then a measure-
ment of the capacitance of the circuit. In the case of
time measurement, the current, as well as the capaci-
tance of the circuit, is fixed. In this case, the voltage
read by the A/D is then representative of the amount of
time elapsed from the time the current source starts
and stops charging the circuit.

If the CTMU is being used as a time delay, both capaci-
tance and current source are fixed, as well as the voltage
supplied to the comparator circuit. The delay of a signal
is determined by the amount of time it takes the voltage
to charge to the comparator threshold voltage.

26.1.1 THEORY OF OPERATION

The operation of the CTMU is based on the following
equation for charge:

v

I1=C aT

More simply, the amount of charge measured in
coulombs in a circuit is defined as current in amperes
(7) multiplied by the amount of time in seconds that the
current flows (¢). Charge is also defined as the
capacitance in farads (C) multiplied by the voltage of
the circuit (7). It follows that:

I-t=C-V.

The CTMU module provides a constant, known current
source. The A/D Converter is used to measure (V) in
the equation, leaving two unknowns: capacitance (C)
and time (7). The above equation can be used to calcu-
late capacitance or time, by either the relationship
using the known fixed capacitance of the circuit:

t=(C-M/I

or by:
cC=U-tV

using a fixed time that the current source is applied to
the circuit.

26.1.2 CURRENT SOURCE

At the heart of the CTMU is a precision current source,
designed to provide a constant reference for measure-
ments. The level of current is user selectable across
three ranges or a total of two orders of magnitude, with
the ability to trim the output in +2% increments
(nominal). The current range is selected by the
IRNG<1:0> bits (CTMUICON<1:0>), with a value of
‘01’ representing the lowest range.

Current trim is provided by the ITRIM<5:0> bits
(CTMUICON<7:2>). These six bits allow trimming of
the current source in steps of approximately 2% per
step. Note that half of the range adjusts the current
source positively and the other half reduces the current
source. A value of ‘000000’ is the neutral position (no
change). A value of ‘100001’ is the maximum negative
adjustment (approximately -62%) and ‘011111’ is the
maximum positive adjustment (approximately +62%).

26.1.3 EDGE SELECTION AND CONTROL

CTMU measurements are controlled by edge events
occurring on the module’s two input channels. Each
channel, referred to as Edge 1 and Edge 2, can be con-
figured to receive input pulses from one of the edge
input pins (CTED1 and CTED2), Timer1 or Output
Compare Module 1. The input channels are level-
sensitive, responding to the instantaneous level on the
channel rather than a transition between levels. The
inputs are selected using the EDG1SEL and EDG2SEL
bit pairs (CTMUCONL<3:2> and <6:5>).

In addition to source, each channel can be configured for
event polarity using the EDGE2POL and EDGE1POL
bits (CTMUCONL<7,4>). The input channels can also
be filtered for an edge event sequence (Edge 1 occur-
ring before Edge 2) by setting the EDGSEQEN bit
(CTMUCONH<2>).

26.1.4 EDGE STATUS

The CTMUCONL register also contains two status bits:
EDG2STAT and EDG1STAT (CTMUCONL<1:0>).
Their primary function is to show if an edge response
has occurred on the corresponding channel. The
CTMU automatically sets a particular bit when an edge
response is detected on its channel. The level-sensitive
nature of the input channels also means that the status
bits become set immediately if the channel’s configura-
tion is changed and is the same as the channel’s
current state.

The module uses the edge status bits to control the cur-
rent source output to external analog modules (such as
the A/D Converter). Current is only supplied to external
modules when only one (but not both) of the status bits
is set, and shuts current off when both bits are either
set or cleared. This allows the CTMU to measure cur-
rent only during the interval between edges. After both
status bits are set, it is necessary to clear them before
another measurement is taken. Both bits should be
cleared simultaneously, if possible, to avoid re-enabling
the CTMU current source.

In addition to being set by the CTMU hardware, the
edge status bits can also be set by software. This is
also the user’'s application to manually enable or
disable the current source. Setting either one (but not
both) of the bits enables the current source. Setting or
clearing both bits at once disables the source.
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ADDWFC ADD W and Carry bit to f ANDLW AND Literal with W
Syntax: ADDWFC  f{,d{,a}} Syntax: ANDLW  k
Operands: 0<f<255 Operands: 0<k<255
de[0.1] Operation: (W) .AND. k > W
ae[01]
) Status Affected: N, Z
Operation: (W) + (f) + (C) — dest
Encoding: 0000 1011 kkkk kkkk
Status Affected:  N,OV, C, DC, Z g | | | | |
E o Description: The contents of W are ANDed with the
ncoding: ‘ 0010 | 00da ‘ £ref | fref | 8-bit literal ‘k’. The result is placed in W.
Description: Add W, the Carry flag and data memory Words: 1
location ‘f'. If ‘d’ is ‘0’, the result is '
placed in W. If ‘d’ is ‘1", the result is Cycles: 1
placed in data memory location ‘f’. Q Cycle Activity:
If ‘@’ is ‘0’, the Access Bank is selected. Q1 Q2 Q3 Q4
If*a’is °1’, the BSR is used to select the Decode |Read literal | Process Write to
GPR bank (default). K Data w
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates Example: ANDLW 05Fh
in Indexed Literal Offset Addressing .
mode whenever f < 95 (5Fh). See Before Instruction
Section 28.2.3 “Byte-Oriented and w = Ash
Bit-Oriented Instructions in Indexed After Instruction
Literal Offset Mode” for details. W = 03n
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: ADDWEC REG, 0, 1
Before Instruction
Carry bit = 1
REG = 02h
w = 4Dh
After Instruction
Carry bit = 0
REG = 02h
w = 50h
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COMF Complement f CPFSEQ Compare f with W, Skip if f=W
Syntax: COMF  f{,d{,a} Syntax: CPFSEQ f{a}
Operands: 0<f<255 Operands: 0<f<255
de[0,1] ae [0,1]
a e [0,1] Operation: (f) = (W),
Operation: f - dest skip if (f) = (W)
(unsigned comparison)
Status Affected: N,z Status Affected: None
Encoding: ‘ 0001 | tlda ‘ £fef | £fef ‘ Encoding: | o110 [ oota | frer [ frer |
Description: The contents of register " are ] Description: Compares the contents of data memory
complemented. If ‘d’ is ‘0’, the result is location ‘f to the contents of W by
stored in W. _If C 1S ‘', the result is performing an unsigned subtraction.
stored back in register ‘f’ (default). ) o
If ‘f = W, then the fetched instruction is
If ‘@’ is ‘0, the Access Bank is selected. discarded and a NOP is executed
If ‘@’ is ‘1’, the BSR is used to select the instead, making this a 2-cycle
GPR bank (default). instruction.
If ‘a’ is ‘0’ and the extended instruction If‘a’is ‘0’. the Access Bank is selected.
set is enabled, this instruction operates If‘a’is ‘1’. the BSR is used to select the
in Indexed Literal Offset Addressing GPR bank (default).
mode whenever f <95 (5Fh). See e ) )
Section 28.2.3 “Byte-Oriented and If a. is ‘0’ and thg e.xtendeq instruction
Bit-Oriented Instructions in Indexed set is enabled, this instruction operates
Literal Offset Mode” for details. in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Words: 1 Section 28.2.3 “Byte-Oriented and
Cycles: 1 Bit-Oriented Instructions in Indexed
Q Cycle Activity: Literal Offset Mode” for details.
Q1 Q2 Q3 Q4 Words: !
Decode Read Process Write to Cycles: 1(2) o
register ‘f Data destination Note: 3 cycles if skip and followed
by a 2-word instruction.
Example: COMF REG, 0, O Q Cycle Aét1|V|ty: Q2 3 Q4
Before Instruction Decode Read Process No
REG . = 13h register ‘f’ Data operation
After Instruction If skip:
ke - B Qf Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSEQ REG, 0
NEQUAL
EQUAL
Before Instruction
PC Address =  HERE
W = ?
REG = ?
After Instruction
If REG = ;
PC = Address (EQUAL)
If REG * ;
PC = Address (NEQUAL)
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INCFSZ Increment f, Skip if 0 INFSNZ Increment f, Skip if Not 0

Syntax: INCFSZ f{,d {a} Syntax: INFSNZ  f{,d {,a}

Operands: 0<f<255 Operands: 0<f<255
de[0,1] de[01]
ae[0,1] ae[01]

Operation: (f) + 1 - dest, Operation: (f).+ 1 — dest,
skip if result = 0 skip if result = 0

Status Affected: None Status Affected: None

, Encoding: | 0100 | 10da | FEFF | FEFF |
Encoding: ‘ 0011 | 1lda ‘ ffff | ffff ‘
o " Description: The contents of register ‘f’ are

Description: The contents of register ‘' are incremented. If ‘d’ is ‘0’. the result is
incremented. If ‘d’ is ‘0’, the result is placed in W. If ‘d"is ‘1’, the result is
placed in W. If 'd"is "1, the result is placed back in register ‘f' (default).
placed back in register ‘f'. (default)

. ) ) If the result is not ‘0, the next

If the result is *0", the next instruction instruction which is already fetched is
which is already fetched is discarded discarded and a NOP is executed
and a NOP is executed instead, making instead, making it a 2-cycle
it a 2-cycle instruction. instruction.
If‘a’is '0’, the Access Bank is selected. If ‘a’is ‘0’, the Access Bank is selected.
If ‘a’is ‘'1’, the BSR is used to select the If‘a’is ‘1’. the BSR is used to select the
GPR bank (default) GPR bank (default)
If*a’is "0" and the extended instruction If ‘a’ is ‘0’ and the extended instruction
set is enablgd, this instruction operates set is enabled, this instruction operates
in Indexed Literal Offset Addressing in Indexed Literal Offset Addressing
mode whenever f < 95 (SFh). See mode whenever f < 95 (5Fh). See
Section 28.2.3 “Byte-Oriented and Section 28.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details. Literal Offset Mode” for details.

Words: 1 Words: 1

Cycles: 1(2) Cycles: 1(2)

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE INCFSZ CNT, 1, O
NZERO
ZERO

Before Instruction

PC = Address (HERE)
After Instruction

CNT = CNT+1

IfCNT = 0;

PC = Address (ZERO)

IfCNT = 0;

PC = Address (NZERO)

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE INFSNZ REG, 1, O
ZERO
NZERO

Before Instruction

PC = Address (HERE)
After Instruction

REG = REG+1

fREG = 0;

PC = Address (NZERO)

IfREG = 0;

PC = Address (ZERO)
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IORLW Inclusive OR Literal with W IORWF Inclusive OR W with f
Syntax: IORLW k Syntax: IORWF  f{d {,a}}
Operands: 0<k<255 Operands: 0<f<255
Operation: (W) .OR. k > W de[0.1]
ae[0,1]
Status Affected: N, Z )
Operation: (W) .OR. (f) > dest
Encoding: 0000 1001 kkkk kkkk
9 ‘ | ‘ | ‘ Status Affected: N, Z
Description: The contents of W are ORed with the E o
8-bit literal ‘k’. The result is placed ncoding: | 0001 | o00da | e£e | fege |
in W. Description: Inclusive OR W with register f'. If ‘d’ is
Words: 1 ‘0’, the res‘ult is placed in.W. If“d’ is ‘1,
the result is placed back in register ‘f’
Cycles: 1 (default).
Q Cycle Activity: If ‘@’ is ‘0’, the Access Bank is selected.
Q1 Q2 Q3 Q4 If ‘a’is ‘'1’, the BSR is used to select the
Decode Read Process Write to GPR bank (default).
literal 'k’ Data w If ‘a’is ‘0’ and the extended instruction
set is enabled, this instruction operates
. in Indexed Literal Offset Addressin
Example: IORLW 35h In 9
) mode whenever f <95 (5Fh). See
Before Instruction Section 28.2.3 “Byte-Oriented and
w T 9Ah Bit-Oriented Instructions in Indexed
After Instruction Literal Offset Mode” for details.
w = BFh
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
Example: IORWF RESULT, 0, 1
Before Instruction
RESULT = 13h
w =  91h
After Instruction
RESULT = 13h
w = 93h
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TABLE 30-16: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

Pilr::m Symbol Characteristic Min Max | Units | Conditions
40 TTOH TOCKI High Pulse Width No prescaler 0.5 Tey + 20 — ns
With prescaler 10 — ns
41 TTOL TOCKI Low Pulse Width No prescaler 0.5Tcy + 20 — ns
With prescaler 10 — ns
42 TTOP TOCKI Period No prescaler Tcy +10 — ns
With prescaler|  Greater of: — ns |N = prescale
20 ns or value
(Tcy + 40)/N (1,2,4,.., 256)
45 TT1H T1CKI/T3CKI|Synchronous, no prescaler 0.5 Tey + 20 — ns
High Time Synchronous, with prescaler 10 — ns
Asynchronous 30 — ns
46 TT1L T1CKI/T3CKI |Synchronous, no prescaler 0.5Tcy +5 — ns
Low Time Synchronous, with prescaler 10 — ns
Asynchronous 30 — ns
47 TT1P T1CKI/T3CKI |Synchronous Greater of: — ns |N = prescale
Input Period 20 ns or value
(Tcy + 40)/N (1,2,4,8)
Asynchronous 83 — ns
FT1 T1CKI Input Frequency Range(?) DC 12 MHz
48 Tcke2TMRI |Delay from External T1CKI Clock Edge to 2 Tosc 7Tosc| —
Timer Increment
Note 1: The Timer1 oscillator is designed to drive 32.768 kHz crystals. When T1CKIl is used as a digital input,

frequencies up to 12 MHz are supported.
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TABLE 30-29: EUSARTx SYNCHRONOUS TRANSMISSION REQUIREMENTS

Pilr:m Symbol Characteristic Min Max | Units | Conditions
120 TckH2DTV |Sync XMIT (Master and Slave)
Clock High to Data Out Valid — 40 ns
121 TCKRF Clock Out Rise Time and Fall Time (Master mode) — 20 ns
122 TDTRF Data Out Rise Time and Fall Time — 20 ns
FIGURE 30-22: EUSARTx SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING
TXx/CKx ﬁ
pin © 125 .
-~ :
RXx/DTx :
pin bl X

! 4—1264>E

Note: Refer to Figure 30-4 for load conditions.

TABLE 30-30: EUSARTx SYNCHRONOUS RECEIVE REQUIREMENTS

Pa:(a)m. Symbol Characteristic Min Max | Units Conditions
125 TDTV2CKL | Sync RCV (Master and Slave)

Data Hold before CKx { (DTx hold time) 10 — ns
126 TckL2DTL | Data Hold after CKx 4 (DTx hold time) 15 — ns
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31.2 Package Details

The following sections give the technical details of the packages.

28-Lead Plastic Quad Flat, No Lead Package (ML) - 6x6 mm Body [QFN]
With 0.55 mm Terminal Length

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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44-Lead Plastic Quad Flat, No Lead Package (ML) - 8x8 mm Body [QFN or VQFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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