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PIC18F45J10 FAMILY

TABLE 1-3: PIC18F44J10/45J10 PINOUT 1/O DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer i
Pin Name Description
PDIP | QFN | TQFP | Type | Type
PORTB is a bidirectional I/O port. PORTB can be
software programmed for internal weak pull-ups on
all inputs.
RBO/INTO/FLTO/AN12 33 9 8
RBO I/0 TTL Digital I/0.
INTO | ST External Interrupt 0.
FLTO | ST PWM Fault input for Enhanced CCP1.
AN12 I |Analog| Analoginput12.
RB1/INT1/AN10 34 10 9
RB1 /0 TTL Digital 1/0.
INT1 | ST External Interrupt 1.
AN10 I |Analog| Analog input 10.
RB2/INT2/AN8 35 11 10
RB2 /0 TTL Digital 1/0.
INT2 | ST External Interrupt 2.
AN8 I |Analog| Analog input 8.
RB3/AN9/CCP2 36 12 11
RB3 /0 TTL Digital 1/0.
AN9 I |Analog| Analog Input9.
ccp2® /o | ST Capture 2 input/Compare 2 output/PWM2 output.
RB4/KBIO/AN11 37 14 14
RB4 I/0 TTL Digital I/0.
KBIO | TTL Interrupt-on-change pin.
AN11 I |Analog| Analog Input 11.
RB5/KBI1/C10UT 38 15 15
RB5 I/0 TTL Digital I/0.
KBI1 | TTL Interrupt-on-change pin.
C10UT (0] — Comparator 1 output.
RB6/KBI2/PGC 39 16 16
RB6 I/0 TTL Digital I/0.
KBI2 | TTL Interrupt-on-change pin.
PGC /0 ST In-Circuit Debugger and ICSP™ programming
clock pin.
RB7/KBI3/PGD 40 17 17
RB7 /0 TTL Digital 1/0.
KBI3 | TTL Interrupt-on-change pin.
PGD /0 ST In-Circuit Debugger and ICSP programming
data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for CCP2 when Configuration bit, CCP2MX; is cleared.
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3.6.1 OSCILLATOR CONTROL REGISTER

The OSCCON register (Register 3-2) controls several
aspects of the device clock’'s operation, both in
full-power operation and in power-managed modes.

The System Clock Select bits, SCS<1:0>, select the
clock source. The available clock sources are the
primary clock (defined by the FOSC<2:0> Configura-
tion bits), the secondary clock (Timer1 oscillator) and
the internal oscillator. The clock source changes after
one or more of the bits are written to, following a brief
clock transition interval.

The OSTS (OSCCON<3>) and T1RUN (T1CON<6>)
bits indicate which clock source is currently providing
the device clock. The OSTS bit indicates that the
Oscillator Start-up Timer (OST) has timed out and the
primary clock is providing the device clock in primary
clock modes. The T1RUN bit indicates when the
Timer1 oscillator is providing the device clock in sec-
ondary clock modes. In power-managed modes, only
one of these bits will be set at any time. If neither of
these bits is set, the INTRC is providing the clock, or
the internal oscillator has just started and is not yet
stable.

The IDLEN bit determines if the device goes into Sleep
mode or one of the Idle modes when the SLEEP
instruction is executed.

The use of the flag and control bits in the OSCCON
register is discussed in more detail in Section 4.0
“Power-Managed Modes”.

Note 1: The Timer1 oscillator must be enabled to
select the secondary clock source. The
Timer1 oscillator is enabled by setting the
T10SCEN bit in the Timer1 Control regis-
ter (T1CON<3>). If the Timer1 oscillator is
not enabled, then any attempt to select a
secondary clock source when executing a
SLEEP instruction will be ignored.

2. It is recommended that the Timer1
oscillator be operating and stable before
executing the SLEEP instruction or a very
long delay may occur while the Timer1
oscillator starts.

3.6.1.1 System Clock Selection and the
FOSC2 Configuration Bit

The SCS bits are cleared on all forms of Reset. In the
device’s default configuration, this means the primary
oscillator defined by FOSC<1:0> (that is, one of the HC
or EC modes) is used as the primary clock source on
device Resets.

The default clock configuration on Reset can be changed
with the FOSC2 Configuration bit. The effect of this bit is
to set the clock source selected when SCS<1:0> = 00.
When FOSC2 =1 (default), the oscillator source
defined by FOSC<1:0> is selected whenever
SCS<1:0> = 00. When FOSC2 = 0, the INTRC oscillator
is selected whenever SCS<1:0> = 00. Because the SCS
bits are cleared on Reset, the FOSC2 setting also
changes the default oscillator mode on Reset.

Regardless of the setting of FOSC2, INTRC will always
be enabled on device power-up. It will serve as the
clock source until the device has loaded its configura-
tion values from memory. It is at this point that the
FOSC Configuration bits are read and the oscillator
selection of operational mode is made.

Note that either the primary clock or the internal
oscillator will have two bit setting options, at any given
time, depending on the setting of FOSC2.

3.6.2 OSCILLATOR TRANSITIONS

PIC18F45J10 family devices contain circuitry to
prevent clock “glitches” when switching between clock
sources. A short pause in the device clock occurs dur-
ing the clock switch. The length of this pause is the sum
of two cycles of the old clock source and three to four
cycles of the new clock source. This formula assumes
that the new clock source is stable.

Clock transitions are discussed in greater detail in
Section 4.1.2 “Entering Power-Managed Modes”.

© 2009 Microchip Technology Inc.

DS39682E-page 31



PIC18F45J10 FAMILY

7.0 FLASH PROGRAM MEMORY

The Flash program memory is readable, writable and
erasable during normal operation over the entire VDD
range.

A read from program memory is executed on one byte
at a time. A write to program memory is executed on
blocks of 64 bytes at a time. Program memory is
erased in blocks of 1024 bytes at a time. A Bulk Erase
operation may not be issued from user code.

Writing or erasing program memory will cease
instruction fetches until the operation is complete. The
program memory cannot be accessed during the write
or erase; therefore, code cannot execute. An internal
programming timer terminates program memory writes
and erases.

A value written to program memory does not need to be
a valid instruction. Executing a program memory
location that forms an invalid instruction results in a
NOP.

FIGURE 7-1: TABLE READ OPERATION

7.1 Table Reads and Table Writes

In order to read and write program memory, there are
two operations that allow the processor to move bytes
between the program memory space and the data RAM:

» Table Read (TBLRD)
* Table Write (TBLWI)

The program memory space is 16 bits wide, while the
data RAM space is 8 bits wide. Table reads and table
writes move data between these two memory spaces
through an 8-bit register (TABLAT).

Table read operations retrieve data from program
memory and place it into the data RAM space.
Figure 7-1 shows the operation of a table read with
program memory and data RAM.

Table write operations store data from the data memory
space into holding registers in program memory. The
procedure to write the contents of the holding registers
into program memory is detailed in Section 7.5 “Writing
to Flash Program Memory”. Figure 7-2 shows the
operation of a table write with program memory and data
RAM.

Table operations work with byte entities. A table block
containing data, rather than program instructions, is not
required to be word aligned. Therefore, a table block can
start and end at any byte address. If a table write is being
used to write executable code into program memory,
program instructions will need to be word-aligned.

Table Pointer(")

Instruction: TBLRD*

Program Memory

TBLPTRU : TBLPTRH i TBLPTRL

—

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT
ﬁ—)

Note 1: Table Pointer register points to a byte in program memory.

© 2009 Microchip Technology Inc.
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Example 8-3 shows the sequence to do a 16 x 16
unsigned multiplication. Equation 8-1 shows the
algorithm that is used. The 32-bit result is stored in four
registers (RES3:RESO).

EQUATION 8-1: 16 x 16 UNSIGNED
MULTIPLICATION
ALGORITHM

ARG1H:ARGIL » ARG2H:ARG2L

(ARG1H e ARG2H o 2%6) +

(ARG1H o ARG2L o 28) +

(ARGLL e ARG2H o 28) +

(ARGIL o ARG2L)

RES3:RESO

EXAMPLE 8-3: 16 x 16 UNSIGNED
MULTIPLY ROUTINE

MOVF ARGIL, W
MILWF  ARG2L ; ARGIL * ARG2L->
PRODH: PRODL

MOVFF  PRODH, RES1 ;
MOVFF  PRODL, RESO ;

MOVF ARGLIH, W

MILWF  ARG2H ; ARGIH * ARGRH- >
; PRODH: PRODL

MOVFF  PRODH, RES3 ;

MOVFF  PRODL, RES2 ;

MOVF ARGIL, W

MULW  ARG2H . ARGLL * ARRZH >
;. PRODH: PRODL

MOVF PRODL, W ;

ADDW RES1, F ; Add cross

MOVF PRODH, W ; products

ADDWC RES2, F ;

CLRF VWREG ;
ADDWC RES3, F ;

MOVF ARGLIH, W ;

MILWF  ARG2L ; ARGLH * ARGR2L- >
;  PRODH: PRODL

MOV PRODL, W ;

ADDW  RES1, F ; Add cross

MOVF PRODH, W ; products

ADDWC RES2, F ;

CLRF WREG ;

ADDWC RES3, F ;

Example 8-4 shows the sequence to do a 16 x 16
signed multiply. Equation 8-2 shows the algorithm
used. The 32-bit result is stored in four registers
(RES3:RES0). To account for the sign bits of the
arguments, the MSb for each argument pair is tested
and the appropriate subtractions are done.

EQUATION 8-2: 16 x 16 SIGNED

MULTIPLICATION
ALGORITHM

RES3:RESO

ARGIH:ARGIL ¢ ARG2H:ARG2L
(ARG1H ¢ ARG2H o 216) +

(ARG1H e ARG2L  28) +

(ARGIL e ARG2H e 28) +

(ARGIL e ARG2L) +

(-1 ¢ ARG2H<7> ¢ ARGIH:ARGIL » 216) +
(-1 e ARGIH<7> ¢ ARG2H:ARG2L o 216)

EXAMPLE 8-4: 16 x 16 SIGNED

MULTIPLY ROUTINE

MOVF
MULWF

MOVFF
MOVFF

MOVF
MULWF

MOVFF
MOVFF

MOVF
MULWF

MOVF

MOVF
ADDWFC
CLRF
ADDWFC

MOVF
MULWF

MOVF

MOVF
ADDWFC
CLRF
ADDWFC

BTFSS
BRA
MOVF
SUBWF
MOVF
SUBWFB

SI GN_ARGL
BTFSS
BRA
MOVF
SUBWF
MOVF
SUBWFB

CONT_CODE

ARGIL, W

ARG2L ; ARGIL * ARG2L ->
;  PRODH: PRODL

PRODH, RES1 ;

PRCDL, RESO ;

ARGLH, W

ARGH ; ARGIH * ARG2H ->
;  PRODH: PRODL

PRODH, RES3 ;

PRCDL, RES2 ;

ARGIL, W

ARG2H ; ARGLIL * ARG2H - >
;  PRODH: PRODL

PRODL, W ;

RES1, F ; Add cross

PRODH, W ; products

RES2, F ;

WREG :

RES3, F ;

ARGIH, W

ARG2L ; ARGIH * ARG2L - >
;  PRODH: PRODL

PRODL, W

RES1, F ; Add cross

PRODH, W ; products

RES2, F ;

WREG :

RES3, F ;

ARG2H, 7 ; ARGH: ARGL neg?
SI GN_ARGL ; no, check ARGL
ARGLL, W

RES2 ;

ARGLH, W ;

RES3

ARG1H, 7 ; ARGLH: ARGLL neg?
CONT_CODE ; no, done

ARG2L, W )

RES2 ;

ARGH, W

RES3

DS39682E-page 82
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TABLE 10-5: PORTB I/O SUMMARY
Pin Function S-;:\;ilﬁg 110 nge Description
RBO/INTO/FLTO/ RBO 0 O DIG LATB<0> data output; not affected by analog input.
AN12 1 | TTL PORTB<0> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.®
INTO | ST External Interrupt O input.
FLTO | ST PWM Fault input (ECCP1/CCP1 module); enabled in
software.
AN12 | ANA | A/D Input Channel 12.(9)
RB1/INT1/AN10 RB1 0 O DIG LATB<1> data output; not affected by analog input.
1 | TTL PORTB<1> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.®
INT1 1 | ST External Interrupt 1 input.
AN10 1 | ANA | A/D Input Channel 10.()
RB2/INT2/AN8 RB2 0 O DIG LATB<2> data output; not affected by analog input.
1 | TTL PORTB<2> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.(
INT2 1 | ST External Interrupt 2 input.
AN8 1 | ANA | A/D Input Channel 8.1
RB3/AN9/CCP2 RB3 0 O DIG LATB<3> data output; not affected by analog input.
1 | TTL PORTB<3> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.®
AN9 1 | ANA | A/D Input Channel 9.()
ccp2@ o o DIG |CCP2 compare and PWM output.
1 | ST CCP2 capture input
RB4/KBI0/AN11 RB4 0 O DIG LATB<4> data output; not affected by analog input.
1 | TTL PORTB<4> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.®
KBIO 1 | TTL Interrupt-on-change pin.
AN11 1 | ANA | A/D Input Channel 11.(1)
RB5/KBI1/TOCKI/ RB5 0 (0] DIG LATB<5> data output.
c1ouT 1 | TTL PORTB<5> data input; weak pull-up when RBPU bit is cleared.
KBI1 1 | TTL Interrupt-on-change pin.
TOCKI 1 | ST TimerO0 clock input.
C10UT 0 (0] DIG Comparator 1 output; takes priority over port data.
RB6/KBI2/PGC RB6 0 (0] DIG LATB<6> data output.
1 | TTL PORTB<6> data input; weak pull-up when RBPU bit is cleared.
KBI2 1 | TTL Interrupt-on-change pin.
PGC X | ST Serial execution (ICSP™) clock input for ICSP and ICD operation.(3)
RB7/KBI3/PGD RB7 0 (0] DIG LATB<7> data output.
1 | TTL PORTB<7> data input; weak pull-up when RBPU bit is cleared.
KBI3 1 | TTL Interrupt-on-change pin.
PGD X (0] DIG Serial execution data output for ICSP and ICD operation. )
X | ST Serial execution data input for ICSP and ICD operation.(3)

Legend:

DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer; ANA = Analog level input/output;

x = Don'’t care (TRIS bit does not affect port direction or is overridden for this option).

Note 1:

Pins are configured as analog inputs by default.

2:  Alternate assignment for CCP2 when the CCP2MX Configuration bit is ‘0’. Default assignment is RC1.
3:  All other pin functions are disabled when ICSP™ or ICD are enabled.

DS39682E-page 102
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10.5 PORTD, TRISD and LATD
Registers

Note: PORTD is only available in 40/44-pin
devices.

PORTD is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction register is TRISD. Setting a
TRISD bit (= 1) will make the corresponding PORTD
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISD bit (= 0)
will make the corresponding PORTD pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Data Latch register (LATD) is also memory
mapped. Read-modify-write operations on the LATD
register read and write the latched output value for
PORTD.

All pins on PORTD are implemented with Schmitt Trigger
input buffers. Each pin is individually configurable as an
input or output.

Three of the PORTD pins are multiplexed with outputs
P1B, P1C and P1D of the Enhanced CCP module. The
operation of these additional PWM output pins is
covered in greater detail in Section 15.0 “Enhanced
Capture/Compare/PWM (ECCP) Module”.

Note: On a Power-on Reset, these pins are

configured as digital inputs.

PORTD can also be configured as an 8-bit wide micro-
processor port (Parallel Slave Port) by setting control
bit, PSPMODE (TRISE<4>). In this mode, the input
buffers are TTL. See Section 10.7 “Parallel Slave
Port” for additional information on the Parallel Slave
Port (PSP).

Note:  When the Enhanced PWM mode is used
with either dual or quad outputs, the PSP
functions of PORTD are automatically
disabled.

INITIALIZING PORTD

; Initialize PORTD by
cl earing out put

; data |atches

; Alternate nethod

; to clear output

; data |atches

; Value used to
initialize data

; direction

; Set RD<3:0> as inputs

; RD<5:4> as outputs

; RD<7:6> as inputs

EXAMPLE 10-5:
CLRF  PORTD

CLRF LATD

MOVLW OCFh

MOVWF  TRI SD

© 2009 Microchip Technology Inc.
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In addition to the expanded range of modes available
through the CCP1CON register and ECCP1AS
register, the ECCP module has an additional register
associated with Enhanced PWM operation and
auto-shutdown features. It is:

+ ECCP1DEL (PWM Dead-Band Delay)

15.1 ECCP Outputs and Configuration

The Enhanced CCP module may have up to four PWM
outputs, depending on the selected operating mode.
These outputs, designated P1A through P1D, are
multiplexed with I/O pins on PORTC and PORTD. The
outputs that are active depend on the ECCP operating
mode selected. The pin assignments are summarized
in Table 15-1.

To configure the I/O pins as PWM outputs, the proper
PWM mode must be selected by setting the P1M<1:0>
and CCP1M<3:0> bits. The appropriate TRISC and
TRISD direction bits for the port pins must also be set
as outputs.

15.1.1 ECCP MODULES AND TIMER
RESOURCES

Like the standard CCP modules, the ECCP module can
utilize Timers 1 or 2, depending on the mode selected.
Timer1 is available for modules in Capture or Compare
modes, while Timer2 is available for modules in PWM
mode. Interactions between the standard and
Enhanced CCP modules are identical to those
described for standard CCP modules. Additional
details on timer resources are provided in
Section 14.1.1 “CCP Modules and Timer

15.2 Capture and Compare Modes

Except for the operation of the Special Event Trigger
discussed below, the Capture and Compare modes of
the ECCP module are identical in operation to that of
CCP2. These are discussed in detail in Section 14.2
“Capture Mode” and Section 14.3 “Compare
Mode”. No changes are required when moving
between 28-pin and 40/44-pin devices.

15.2.1 SPECIAL EVENT TRIGGER

The Special Event Trigger output of ECCP1 resets the
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timer1.

15.3 Standard PWM Mode

When configured in Single Output mode, the ECCP
module functions identically to the standard CCP
module in PWM mode, as described in Section 14.4
“PWM Mode”. This is also sometimes referred to as
“Compatible CCP” mode, as in Table 15-1.

Note:  When setting up single output PWM
operations, users are free to use either of
the processes described in Section 14.4.4
“Setup for PWM Operation” or
Section 15.4.9 “Setup for PWM Opera-
tion”. The latter is more generic and will
work for either single or multi-output PWM.

Resources”.
TABLE 15-1: PIN ASSIGNMENTS FOR VARIOUS ECCP1 MODES

ECCP Mode CCPlCON RC2 RD5 RD6 RD7

Configuration
All 40/44-pin Devices:

Compatible CCP 00xx 11xx CCP1 RD5/PSP5 RD6/PSP6 RD7/PSP7
Dual PWM 10xx 11xx P1A P1B RD6/PSP6 RD7/PSP7
Quad PWM Xx1xx 11xx P1A P1B P1C P1D

Legend: x = Don’t care. Shaded cells indicate pin assignments not used by ECCP1 in a given mode.

DS39682E-page 136
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FIGURE 15-7:

EXAMPLE OF FULL-BRIDGE APPLICATION

PIC18F4XJ10

V+

1

FET QA QC FET
Driver Driver
™S e 3 !
P1A L~ ja <
P1B Load
FET FET
Driver ’ Driver
™S e -,
> jus >
P1C QB QD
P1D -

15.4.5.1 Direction Change in Full-Bridge Mode

In the Full-Bridge Output mode, the P1M1 bit in the
CCP1CON register allows the user to control the
forward/reverse direction. When the application firm-
ware changes this direction control bit, the module will
assume the new direction on the next PWM cycle.

Just before the end of the current PWM period, the
modulated outputs (P1B and P1D) are placed in their
inactive state, while the unmodulated outputs (P1A and
P1C) are switched to drive in the opposite direction.
This occurs in the time interval, 4 Tosc * (Timer2
Prescale Value), before the next PWM period begins.
The Timer2 prescaler will be either 1, 4 or 16, depend-
ing on the value of the T2CKPS<1:0> bits
(T2CON<1:0>). During the interval from the switch of
the unmodulated outputs to the beginning of the next
period, the modulated outputs (P1B and P1D) remain
inactive. This relationship is shown in Figure 15-8.

Note that in the Full-Bridge Output mode, the ECCP1
module does not provide any dead-band delay. In
general, since only one output is modulated at all times,
dead-band delay is not required. However, there is a
situation where a dead-band delay might be required.
This situation occurs when both of the following
conditions are true:

1. The direction of the PWM output changes when
the duty cycle of the output is at or near 100%.

2. The turn-off time of the power switch, including
the power device and driver circuit, is greater
than the turn-on time.

Figure 15-9 shows an example where the PWM
direction changes from forward to reverse at a near
100% duty cycle. At time t1, the outputs P1A and P1D
become inactive while output P1C becomes active. In
this example, since the turn-off time of the power
devices is longer than the turn-on time, a shoot-through
current may flow through power devices, QC and QD
(see Figure 15-7), for the duration of ‘t’. The same
phenomenon will occur to power devices, QA and QB,
for PWM direction change from reverse to forward.

If changing PWM direction at high duty cycle is required

for an application, one of the following requirements

must be met:

1. Reduce PWM for a PWM period before
changing directions.

2. Use switch drivers that can drive the switches off
faster than they can drive them on.

Other options to prevent shoot-through current may
exist.

DS39682E-page 142
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16.4.2 OPERATION

The MSSP module functions are enabled by setting the
MSSP Enable bit, SSPEN (SSPXCON1<5>).

The SSPxCON1 register allows control of the 1°C
operation. Four mode selection bits
(SSPXCON1<3:0>) allow one of the following I%C
modes to be selected:

« 12C Master mode,
clock = (FOSC/4) x (SSPXADD + 1)

+ 12C Slave mode (7-bit address)

« I12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address) with Start and
Stop bit interrupts enabled

« 12C Slave mode (10-bit address) with Start and
Stop bit interrupts enabled

+ 12C Firmware Controlled Master mode,
slave is Idle

Selection of any 12c mode, with the SSPEN bit set,
forces the SCLx and SDAXx pins to be open-drain,
provided these pins are programmed to inputs by
setting the appropriate TRISC or TRISD bits. To ensure
proper operation of the module, pull-up resistors must
be provided externally to the SCLx and SDAX pins.

16.4.3 SLAVE MODE

In Slave mode, the SCLx and SDAXx pins must be
configured as inputs (TRISC<4:3> set). The MSSP
module will override the input state with the output data
when required (slave-transmitter).

The 12C Slave mode hardware will always generate an
interrupt on an exact address match. In addition,
address masking will also allow the hardware to gener-
ate an interrupt for more than one address (up to 31 in
7-bit addressing and up to 63 in 10-bit addressing).
Through the mode select bits, the user can also choose
to interrupt on Start and Stop bits.

When an address is matched, or the data transfer after
an address match is received, the hardware auto-
matically will generate the Acknowledge (ACK) pulse
and load the SSPxBUF register with the received value
currently in the SSPxSR register.

Any combination of the following conditions will cause
the MSSP module not to give this ACK pulse:

» The Buffer Full bit, BF (SSPxSTAT<0>), was set
before the transfer was received.

¢ The MSSP Overflow bit, SSPOV
(SSPxCON1<6>), was set before the transfer was
received.

In this case, the SSPxSR register value is not loaded
into the SSPxBUF, but the SSPxIF bit is set. The BF bit
is cleared by reading the SSPxBUF register, while the
SSPOV bit is cleared through software.

The SCLx clock input must have a minimum high and
low for proper operation. The high and low times of the
12c specification, as well as the requirement of the
MSSP module, are shown in timing parameter 100 and
parameter 101.

16.4.3.1

Once the MSSP module has been enabled, it waits for
a Start condition to occur. Following the Start condition,
the 8 bits are shifted into the SSPxSR register. All
incoming bits are sampled with the rising edge of the
clock (SCLx) line. The value of register SSPxSR<7:1>
is compared to the value of the SSPxADD register. The
address is compared on the falling edge of the eighth
clock (SCLx) pulse. If the addresses match and the BF
and SSPOV bits are clear, the following events occur:

Addressing

1. The SSPxSR register value is loaded into the
SSPxBUF register.

2. The Buffer Full bit, BF, is set.

An ACK pulse is generated.

4. The MSSP Interrupt Flag bit, SSPxIF, is set (and
interrupt is generated, if enabled) on the falling
edge of the ninth SCLx pulse.

w

In 10-Bit Addressing mode, two address bytes need to
be received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. Bit R/W (SSPxSTAT<2>) must specify a write
so the slave device will receive the second address byte.
For a 10-bit address, the first byte would equal ‘11110
A9 A8 0’, where ‘A9’ and ‘A8’ are the two MSbs of the
address. The sequence of events for 10-Bit Addressing
mode is as follows, with steps 7 through 9 for the
slave-transmitter:

1. Receive first (high) byte of address (bits,
SSPxIF, BF and UA (SSPxSTAT<1>), are set).

2. Update the SSPxADD register with second (low)
byte of address (clears bit, UA, and releases the
SCLx line).

3. Read the SSPxBUF register (clears bit, BF) and
clear flag bit, SSPxIF.

4. Receive second (low) byte of address (bits,
SSPxIF, BF and UA, are set).

5. Update the SSPxADD register with the first
(high) byte of address. If match releases SCLx
line, this will clear bit, UA.

6. Read the SSPxBUF register (clears bit, BF) and
clear flag bit, SSPxIF.

7. Receive Repeated Start condition.

8. Receive first (high) byte of address (bits,
SSPxIF and BF, are set).

9. Read the SSPxBUF register (clears bit, BF) and
clear flag bit, SSPxIF.
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I°C™ SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESSING)

FIGURE 16-11:
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16.4.4 CLOCK STRETCHING

Both 7-Bit and 10-Bit Slave modes implement
automatic clock stretching during a transmit sequence.

The SEN bit (SSPxCON2<0>) allows clock stretching
to be enabled during receives. Setting SEN will cause
the SCLx pin to be held low at the end of each data
receive sequence.

16.4.4.1 Clock Stretching for 7-Bit Slave

Receive Mode (SEN = 1)

In 7-Bit Slave Receive mode, on the falling edge of the
ninth clock at the end of the ACK sequence, if the BF
bit is set, the CKP bit in the SSPxCON1 register is
automatically cleared, forcing the SCLx output to be
held low. The CKP being cleared to ‘0’ will assert the
SCLx line low. The CKP bit must be set in the user’s
ISR before reception is allowed to continue. By holding
the SCLx line low, the user has time to service the ISR
and read the contents of the SSPxBUF before the
master device can initiate another receive sequence.
This will prevent buffer overruns from occurring (see
Figure 16-13).

Note 1: If the user reads the contents of the
SSPxBUF before the falling edge of the
ninth clock, thus clearing the BF bit, the
CKP bit will not be cleared and clock
stretching will not occur.

2. The CKP bit can be set in software
regardless of the state of the BF bit. The
user should be careful to clear the BF bit
in the ISR before the next receive
sequence in order to prevent an overflow

condition.

16.4.4.2 Clock Stretching for 10-Bit Slave

Receive Mode (SEN = 1)

In 10-Bit Slave Receive mode during the address
sequence, clock stretching automatically takes place
but CKP is not cleared. During this time, if the UA bit is
set after the ninth clock, clock stretching is initiated.
The UA bit is set after receiving the upper byte of the
10-bit address and following the receive of the second
byte of the 10-bit address with the R/W bit cleared to
‘0’. The release of the clock line occurs upon updating
SSPxADD. Clock stretching will occur on each data
receive sequence as described in 7-bit mode.

Note:  If the user polls the UA bit and clears it by
updating the SSPxADD register before the
falling edge of the ninth clock occurs and if
the user hasn'’t cleared the BF bit by read-
ing the SSPxBUF register before that time,
then the CKP bit will still NOT be asserted
low. Clock stretching on the basis of the
state of the BF bit only occurs during a
data sequence, not an address sequence.

16.4.4.3  Clock Stretching for 7-Bit Slave

Transmit Mode

The 7-Bit Slave Transmit mode implements clock
stretching by clearing the CKP bit after the falling edge
of the ninth clock, if the BF bit is clear. This occurs
regardless of the state of the SEN bit.

The user’s ISR must set the CKP bit before transmis-
sion is allowed to continue. By holding the SCLx line
low, the user has time to service the ISR and load the
contents of the SSPxBUF before the master device
can initiate another transmit sequence (see
Figure 16-9).

Note 1. If the user loads the contents of
SSPxBUF, setting the BF bit before the
falling edge of the ninth clock, the CKP bit
will not be cleared and clock stretching
will not occur.

2. The CKP bit can be set in software
regardless of the state of the BF bit.

16.4.4.4  Clock Stretching for 10-Bit Slave

Transmit Mode

In 10-Bit Slave Transmit mode, clock stretching is con-
trolled during the first two address sequences by the
state of the UA bit, just as it is in 10-bit Slave Receive
mode. The first two addresses are followed by a third
address sequence which contains the high-order bits
of the 10-bit address and the R/W bit set to ‘1’. After
the third address sequence is performed, the UA bit is
not set, the module is now configured in Transmit
mode and clock stretching is controlled by the BF flag
as in 7-Bit Slave Transmit mode (see Figure 16-11).

© 2009 Microchip Technology Inc.
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16.4.6.1 12C Master Mode Operation

The master device generates all of the serial clock
pulses and the Start and Stop conditions. A transferis
ended with a Stop condition or with a Repeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the 12C bus will
not be released.

In Master Transmitter mode, serial data is output
through SDAX, while SCLx outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic ‘0’. Serial data is
transmitted 8 bits at a time. After each byte is transmit-
ted, an Acknowledge bit is received. Start and Stop
conditions are output to indicate the beginning and the
end of a serial transfer.

In Master Receive mode, the first byte transmitted
contains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic ‘1’. Thus, the first byte transmitted is a 7-bit slave
address followed by a ‘1’ to indicate the receive bit.
Serial data is received via SDAXx, while SCLx outputs
the serial clock. Serial data is received 8 bits at a time.
After each byte is received, an Acknowledge bit is
transmitted. Start and Stop conditions indicate the
beginning and end of transmission.

The Baud Rate Generator used for the SPI mode
operation is used to set the SCLx clock frequency for
either 100 kHz, 400 kHz or 1 MHz 12C operation. See
Section 16.4.7 “Baud Rate” for more detail.

A typical transmit sequence would go as follows:

1. The user generates a Start condition by setting
the Start Enable bit, SEN (SSPxCON2<0>).

2. SSPxIF is set. The MSSP module will wait the
required start time before any other operation
takes place.

3. The user loads the SSPxBUF with the slave
address to transmit.

4. Address is shifted out the SDAX pin until all 8 bits
are transmitted.

5. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
SSPxCONZ2 register (SSPxCON2<6>).

6. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the
SSPXIF bit.

7. The user loads the SSPxBUF with eight bits of
data.

8. Data is shifted out the SDAXx pin until all 8 bits
are transmitted.

9. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
SSPxCONZ2 register (SSPxCON2<6>).

10. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the
SSPxIF bit.

11. The user generates a Stop condition by setting
the Stop Enable bit, PEN (SSPxCON2<2>).

12. Interrupt is generated once the Stop condition is
complete.

© 2009 Microchip Technology Inc.
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I°C MASTER MODE START
CONDITION TIMING

To initiate a Start condition, the user sets the Start
Enable bit, SEN (SSPxCON2<0>). If the SDAx and
SCLx pins are sampled high, the Baud Rate Generator
is reloaded with the contents of SSPxADD<6:0> and
starts its count. If SCLx and SDAx are both sampled
high when the Baud Rate Generator times out (TBRG),
the SDAX pin is driven low. The action of the SDAx
being driven low while SCLx is high is the Start condi-
tion and causes the S bit (SSPxSTAT<3>) to be set.
Following this, the Baud Rate Generator is reloaded
with the contents of SSPxADD<6:0> and resumes its
count. When the Baud Rate Generator times out
(TBRG), the SEN bit (SSPxCON2<0>) will be automati-
cally cleared by hardware. The Baud Rate Generator is
suspended, leaving the SDAX line held low and the
Start condition is complete.

16.4.8

FIGURE 16-19: FIRST START BIT TIMING

Note: If, at the beginning of the Start condition,
the SDAx and SCLx pins are already sam-
pled low, or if during the Start condition, the
SCLx line is sampled low before the SDAx
line is driven low, a bus collision occurs.
The Bus Collision Interrupt Flag, BCLxIF,
is set, the Start condition is aborted and

the 12C module is reset into its Idle state.

16.4.8.1 WCOL Status Flag

If the user writes the SSPxBUF when a Start sequence
is in progress, the WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

Note: Because queueing of events is not
allowed, writing to the lower 5 bits of
SSPxCON2 is disabled until the Start

condition is complete.

Write to SEN bit occurs here

SDAXx

Set S bit (SSPXSTAT<3>)

SDAx=1, At letion of Start bit

= completion O a IT,

SClx=1 hardware clears SEN bit
l 1 and sets SSPxIF bit

/ tstoit X 2ndbit

}¢ TBRG |

k= TBRG —F-TBRG, l/ Write to SSPxBUF occurs here

SCLx
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TABLE 16-4: REGISTERS ASSOCIATED WITH I2C™ OPERATION
Reset
Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
INTCON GIE/GIEH | PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 47
PIR1 PSPIF® ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF | TMR1IF 49
PIE1 PSPIEW ADIE RCIE TXIE SSP1IE CCP1IE | TMR2IE | TMR1IE 49
IPR1 PSPIP® ADIP RCIP TXIP SSP1IP CCP1IP | TMR2IP | TMR1IP 49
PIR2 OSCFIF CMIF — — BCL1IF — — CCP2IF 49
PIE2 OSCFIE CMIE — — BCL1IE — — CCP2IE 49
IPR2 OSCFIP CMIP — — BCL1IP — — CCP2IP 49
PIR3 SSP2IF | BCL2IF — — — — — — 49
PIE3 SSP2IE | BCL2IE — — — — — — 49
IPR3 SSP2IP | BCL2IP — — — — — — 49
TRISC TRISC7 | TRISC6 | TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 | TRISCO 50
TRISD®W TRISD7 | TRISD6 | TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 | TRISDO 50
SSP1BUF |MSSP1 Receive Buffer/Transmit Register 48
SSP1ADD |MSSP1 Address Register (I2C™ Slave mode). 48
MSSP1 Baud Rate Reload Register (I2C Master mode).

SSP1CON1| WCOL | SSPOV SSPEN CKP SSPM3 SSPM2 SSPMA1 SSPMO 48
SSP1CON2| GCEN | ACKSTAT | ACKDT ACKEN RCEN PEN RSEN SEN 48

GCEN | ACKSTAT |ADMSK5@| ADMSK4(?) | ADMSK3® | ADMSK2() |ADMSK1®|  SEN 48
SSP1STAT | SMP CKE D/A P S RIW UA BF 48
SSP2BUF |MSSP2 Receive Buffer/Transmit Register 50
SSP2ADD |MSSP2 Address Register (12C Slave mode). 50

MSSP2 Baud Rate Reload Register (I2C Master mode).

SSP2CON1| WCOL | SSPOV SSPEN CKP SSPM3 SSPM2 SSPMA1 SSPMO 50
SSP2CON2| GCEN | ACKSTAT | ACKDT ACKEN RCEN PEN RSEN SEN 50

GCEN | ACKSTAT |ADMSK5@| ADMSK4(?) | ADMSK3® | ADMSK2() |ADMSK1®|  SEN 48
SSP2STAT | SMP CKE D/A P S RIW UA BF 50
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the MSSP module in [2C™ mode.
Note 1: These registers and/or bits are not implemented on 28-pin devices and should be read as ‘0’

2:  Alternate names and definitions for these bits when the MSSP module is operating in I°C Slave mode. See
Section 16.4.3.2 “Address Masking” for details.
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BCF Bit Clear f BN Branch if Negative
Syntax: BCF f,b{a} Syntax: BN n
Operands: 0<f<255 Operands: -128 <n <127
0<b=<7 Operation: if Negative bit is ‘1’,
aco 1] (PC)+ 2 +2n - PC
Operation: 0 — f<b> Status Affected: None
Status Affected: None Encoding: ‘ 1110 | 0110 ‘ nnnn | nnnn ‘
Encoding: ‘ 1001 | bbba ‘ frff | frff ‘ Description: If the Negative bit is ‘1’, then the
Description: Bit ‘b’ in register ‘f is cleared. program will branch.
If ‘a’ is ‘0", the Access Bank is selected. The 2's complement number, 2n’, is
If ‘@’ is '1’, the BSR is used to select the added to the PC. Since the PC will have
GPR bank (default). incremented to fetch the next
If ‘a’ is ‘0’ and the extended instruction instruction, the new address will be
set is enabled, this instruction operates PC + 2 + 2n. This instruction is then a
in Indexed Literal Offset Addressing two-cycle instruction.
mode whenever f <95 (5Fh). See Words: 1
Section 22.2.3 “Byte-Oriented and '
Bit-Oriented Instructions in Indexed Cycles: 1(2)
Literal Offset Mode” for details. Q Cycle Activity:
Words: 1 If Jump:
Cycles: 1 Q1 Q2 Q3 Q4
. Decode Read literal Process Write to PC
Q Cycle Activity: . Data
Q1 Q2 Q3 Q4 No No No No
Decode Read Process Write operation operation operation operation
register ‘f’ Data register ‘f If No Jump:
Q1 Q2 Q3 Q4
Example: BCF FLAGREG 7, 0 Decode | Readliteral | Process No
Before Instruction n Data operation
FLAG_REG = C7h
After Instruction Example: HERE BN Ju
FLAG_REG = 47h P

Before Instruction

PC =  address ( HERE)
After Instruction
If Negative = 1
PC = address (Junp)
If Negative = 0
PC = address (HERE + 2)
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RETURN Return from Subroutine
Syntax: RETURN {s}
Operands: s € [0, 1]
Operation: (TOS) —» PC;
ifs=1,
(WS) »> W,
(STATUSS) — STATUS,
(BSRS) — BSR,
PCLATU, PCLATH are unchanged
Status Affected: None
Encoding: | 0000 | 0000 | ooo1 | oois |
Description: Return from subroutine. The stack is
popped and the top of the stack (TOS)
is loaded into the program counter. If
‘s’= 1, the contents of the shadow
registers, WS, STATUSS and BSRS,
are loaded into their corresponding
registers, W, STATUS and BSR. If
‘s’ = 0, no update of these registers
occurs (default).
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No Process POP PC
operation Data from stack
No No No No
operation operation operation operation
Example: RETURN

After Instruction:

PC =TOS

RLCF Rotate Left f through Carry
Syntax: RLCF f{,d{a}
Operands: 0<f<255
d e [0, 1]
ae[0,1]
Operation: (f<n>) — dest<n + 1>,
(f<7>) > C,
(C) — dest<0>
Status Affected: C,N,Z
Encoding: | o011 | oida | ffff [ ffff |
Description: The contents of register ‘" are rotated
one bit to the left through the Carry
flag. If ‘d’ is ‘0’, the result is placed in
W. If ‘d’ is ‘1’, the result is stored back
in register ‘f' (default).
If ‘a’ is ‘0’, the Access Bank is
selected. If ‘a’is ‘1’, the BSR is used to
select the GPR bank (default).
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction
operates in Indexed Literal Offset
Addressing mode whenever
f <95 (5Fh). See Section 22.2.3
“Byte-Oriented and Bit-Oriented
Instructions in Indexed Literal Offset
Mode” for details.
et |
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
Example: RLCF REG 0, O
Before Instruction
REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
w = 1100 1100
C = 1

© 2009 Microchip Technology Inc.
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TABLE 24-2: COMPARATOR SPECIFICATIONS

Operating Conditions: 3.0V < VDD < 3.6V, -40°C < TA < +85°C (unless otherwise stated)
P;a\:gm Sym Characteristics Min Typ Max Units Comments

D300 VIOFF Input Offset Voltage — 5.0 125 mV

D301 VicM Input Common Mode Voltage* 0 — Vbb-1.5 \

D302 CMRR |Common Mode Rejection Ratio* 55 — — dB

D303 TRESP  |Response Time™®" — 150 400 ns

D304 Tmc2ov |Comparator Mode Change to — — 10 us

Output Valid*
D305 VIRV Internal Reference Voltage — 1.2 — \Y,

* These parameters are characterized but not tested.
Note 1: Response time measured with one comparator input at (VDD — 1.5)/2, while the other input transitions
from Vss to VDD.

TABLE 24-3: VOLTAGE REFERENCE SPECIFICATIONS

Operating Conditions: 3.0V < VDD < 3.6V, -40°C < TA < +85°C (unless otherwise stated)
Pilrgm Sym Characteristics Min Typ Max Units Comments
D310 VRES Resolution \VDD/24 — Vbp/32 | LSb
D311 VRAA Absolute Accuracy — — 1/2 LSb
D312 VRUR Unit Resistor Value (R) — 2k — Q
310 TSET Settling Time® — — 10 us

Note 1. Settling time measured while CVRR = 1 and CVR<3:0> transitions from ‘0000’ to ‘1111".

TABLE 24-4: INTERNAL VOLTAGE REGULATOR SPECIFICATIONS

Operating Conditions: -40°C < TA < +85°C (unless otherwise stated)
P;a\:;m Sym Characteristics Min Typ Max | Units Comments
VRGOUT | Regulator Output Voltage — 2.5 — \%
CeFC External Filter Capacitor 4.7 10 — uF | Series resistance < 3 Ohm
Value recommended;
< 5 Ohm required.

* These parameters are characterized but not tested. Parameter numbers not yet assigned for these
specifications.
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TABLE 24-7: PLL CLOCK TIMING SPECIFICATIONS (VDD = 2.5V TO 3.6V)

Pzrgm Sym Characteristic Min Typt Max Units | Conditions
F10 Fosc |Oscillator Frequency Range 4 — 10 MHz

F11 Fsys |On-Chip VCO System Frequency 20 — 40 MHz

F12 TRC |PLL Start-up Time (lock time) — — 2ms

F13 AcCLK |CLKO Stability (Jitter) -2 — +2 %

1 Data in “Typ” column is at 5V, 25°C, unless otherwise stated. These parameters are for design guidance
only and are not tested.

TABLE 24-8: AC CHARACTERISTICS: INTERNAL RC ACCURACY
PIC18F24J10/25310/44310/45J10 (INDUSTRIAL)

Pilrs\m Characteristic Min Typ Max Units Conditions

INTRC Accuracy @ Freq = 31 kHzD| 21.7 — 403 | kHz
Note 1: Change of INTRC frequency as VDD core changes.
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FIGURE 24-9: CAPTURE/COMPARE/PWM TIMINGS (INCLUDING ECCP MODULE)

CCPx

(Capture Mode)—m

50 v 51 —.

CCPx % : Z 3’;

(Compare or PWM Mode)

Note: Refer to Figure 24-3 for load conditions.

TABLE 24-12: CAPTURE/COMPARE/PWM REQUIREMENTS (INCLUDING ECCP MODULE)

Pzrglm Symbol Characteristic Min Max Units Conditions
50 TccL CCPx InputLow | No prescaler 0.5 Tecy + 20 — ns

Time With prescaler 10 — ns
51 TccH CCPXx Input No prescaler 0.5 Tey + 20 — ns

High Time With prescaler 10 — ns
52 TccP CCPx Input Period 3Tcy +40 — ns |N =prescale

N value (1, 4 or 16)

53 TccR CCPx Output Fall Time — 25 ns
54 TccF CCPx Output Fall Time — 25 ns

TABLE 24-13: PARALLEL SLAVE PORT REQUIREMENTS

PaNerm. Symbol Characteristic Min | Max | Units Conditions
62 TdtvV2wrH  |Data In Valid before WR 1 or CS T (setup time) | 20 — ns
63 TwrH2dtl  |[WR T or CS 1 to Data—In Invalid (hold time) 20 — ns
64 TrdL2dtV  |RD { and CS | to Data-Out Valid — | 80 | ns
65 TrdH2dtl  |RD T or CS { to Data-Out Invalid 10 | 30 | ns
66 TibfINH Inhibit of the IBF Flag bit being Cleared from — |3 Tey
WRTorCcsS?®
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25.2 Package Details

The following sections give the technical details of the packages.

28-Lead Skinny Plastic Dual In-Line (SP) — 300 mil Body [SPDIP]

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

N
B e e e N e B i B e e B e B ke Y ke e B

NOTE&%

[ e |
2 3

D

* / \
Ay [
? J B c
Al — b1 ‘ J
b € |- —=— eB

Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e .100 BSC
Top to Seating Plane A - - .200
Molded Package Thickness A2 120 .135 .150
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .335
Molded Package Width E1 .240 .285 .295
Overall Length D 1.345 1.365 1.400
Tip to Seating Plane L 110 130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .040 .050 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-070B
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