Microchip Technology - PIC18C442-E/PT Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Obsolete

PIC

8-Bit

40MHz

12C, SPI, UART/USART
Brown-out Detect/Reset, LVD, POR, PWM, WDT
33

16KB (8K x 16)

OTP

512 x 8

4.2V ~ 5.5V

A/D 8x10b

External

-40°C ~ 125°C (TA)
Surface Mount
44-TQFP

44-TQFP (10x10)

https://www.e-xfl.com/product-detail/microchip-technology/pic18c442-e-pt

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic18c442-e-pt-4425838
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

PIC18CXX2

TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS
M Resets
. . . Power-on Reset, WDT Reset Wake-up via WDT
Register Applicable Devices .
Brown-out Reset RESET Instruction or Interrupt
Stack Resets
TOSU 242 | 442 | 252 | 452 ---0 0000 ---0 0000 ---0 uuuu®
TOSH 242 | 442 | 252 | 452 0000 0000 0000 0000 wuuu uuuu®
TOSL 242 | 442 | 252 | 452 0000 0000 0000 0000 wuuu uuuu®
STKPTR | 242 | 442 | 252 | 452 00-0 0000 00-0 0000 uu-u uuuul®
PCLATU 242 | 442 | 252 | 452 ---0 0000 ---0 0000 ---u uuuu
PCLATH 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
PCL 242 | 442 | 252 | 452 0000 0000 0000 0000 PC + 20
TBLPTRU | 242 | 442 | 252 | 452 --00 0000 --00 0000 --uu uuuu
TBLPTRH | 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
TBLPTRL | 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
TABLAT 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
PRODH 242 | 442 | 252 | 452 XXXX XXXX uuuu uuuu uuuu uuuu
PRODL 242 | 442 | 252 | 452 XXXX XXXX uuuu uuuu uuuu uuuu
INTCON | 242 | 442 | 252 | 452 0000 000x 0000 000u wuuu uuuu®
INTCON2 | 242 | 442 | 252 | 452 1111 -1-1 1111 -1-1 wuuu -u-ul®
INTCON3 | 242 | 442 | 252 | 452 11-0 0-00 11-0 0-00 uu-u u-uu®
INDFO 242 | 442 | 252 | 452 N/A N/A N/A
POSTINCO | 242 | 442 | 252 | 452 N/A N/A N/A
POSTDECO | 242 | 442 | 252 | 452 N/A N/A N/A
PREINCO 242 | 442 | 252 | 452 N/A N/A N/A
PLUSWO 242 | 442 | 252 | 452 N/A N/A N/A
FSROH 242 | 442 | 252 | 452 ---- 0000 ---- 0000 ---- uuuu
FSROL 242 | 442 | 252 | 452 XXXX XXXX uuuu uuuu uuuu uuuu
WREG 242 | 442 | 252 | 452 XXXX XXXX uuuu uuuu uuuu uuuu
INDF1 242 | 442 | 252 | 452 N/A N/A N/A
POSTINC1 | 242 | 442 | 252 | 452 N/A N/A N/A
POSTDEC1 | 242 | 442 | 252 | 452 N/A N/A N/A
PREINC1 242 | 442 | 252 | 452 N/A N/A N/A
PLUSW1 242 | 442 | 252 | 452 N/A N/A N/A
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends on condition

Note 1: One or more bits in the INTCONXx or PIRXx registers will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt

vector (0008h or 0018h).

3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the hard-
ware stack.

See Table 3-2 for RESET value for specific condition.

5: Bit 6 of PORTA, LATA, and TRISA are enabled in ECIO and RCIO oscillator modes only. In all other
oscillator modes, they are disabled and read '0'.

The long write enable is only reset on a POR or MCLR Reset.

7: Bit6 of PORTA, LATA and TRISA are not available on all devices. When unimplemented, they are read as '0’.
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PIC18CXX2

TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets
. . . Power-on Reset, WDT Reset Wake-up via WDT
Register Applicable Devices .
Brown-out Reset RESET Instruction or Interrupt
Stack Resets
FSR1H 242 | 442 | 252 | 452 ---- 0000 ---- 0000 ---- uuuu
FSR1L 242 | 442 | 252 | 452 XXXX XXXX uuuu uuuu uuuu uuuu
BSR 242 | 442 | 252 | 452 ---- 0000 ---- 0000 ---- uuuu
INDF2 242 | 442 | 252 | 452 N/A N/A N/A
POSTINC2 | 242 | 442 | 252 | 452 N/A N/A N/A
POSTDEC2 | 242 | 442 | 252 | 452 N/A N/A N/A
PREINC2 | 242 | 442 | 252 | 452 N/A N/A N/A
PLUSW?2 242 | 442 | 252 | 452 N/A N/A N/A
FSR2H 242 | 442 | 252 | 452 ---- 0000 ---- 0000 ---- uuuu

FSR2L 242 | 442 | 252 | 452

uuuu uuuu

STATUS 242 | 442 | 252 | 452

---u uuuu

TMROH 242 | 442 | 252 | 452

uuuu uuuu

TMROL 242 | 442 | 252 | 452

uuuu uuuu

TOCON 242 | 442 | 252 | 452 1111 1111 1111 1111 uuuu uuuu
OSCCON | 242 | 442 | 252 | 452 |  -——- --- o | e-- - o | a--- - u
LVDCON 242 | 442 | 252 | 452 --00 0101 --00 0101 --uu uuuu
WDTCON | 242 | 442 | 252 | 452 |  ---- --- o | e-- - o | ---- - u
RCON®6) | 242 | 442 | 252 | 452 00-1 11q0 00-1 gquu uu-u gquu

TMR1H 242 | 442 | 252 | 452

uuuu uuuu uuuu uuuu

TMR1L 242 | 442 | 252 | 452

XXXX XXXX uuuu uuuu uuuu uuuu

T1CON 242 | 442 | 252 | 452 0-00 0000 u-uu uuuu u-uu uuuu
TMR2 242 | 442 | 252 | 452 XXXX XXXX uuuu uuuu uuuu uuuu
PR2 242 | 442 | 252 | 452 1111 1111 1111 1111 1111 1111
T2CON 242 | 442 | 252 | 452 -000 0000 -000 0000 -uuu uuuu
SSPBUF 242 | 442 | 252 | 452 XXXX XXXX uuuu uuuu uuuu uuuu
SSPADD 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
SSPSTAT | 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
SSPCONL1 | 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
SSPCON2 | 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends on condition
Note 1: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (0008h or 0018h).

3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the hard-
ware stack.

4: See Table 3-2 for RESET value for specific condition.

5. Bit 6 of PORTA, LATA, and TRISA are enabled in ECIO and RCIO oscillator modes only. In all other
oscillator modes, they are disabled and read '0'.

6: The long write enable is only reset on a POR or MCLR Reset.

7. Bit 6 of PORTA, LATA and TRISA are not available on all devices. When unimplemented, they are read as '0’.

© 1999-2013 Microchip Technology Inc.
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7.0 INTERRUPTS

The PIC18CXX2 devices have multiple interrupt
sources and an interrupt priority feature that allows
each interrupt source to be assigned a high priority
level, or a low priority level. The high priority interrupt
vector is at 000008h and the low priority interrupt vector
is at 000018h. High priority interrupt events will over-
ride any low priority interrupts that may be in progress.

There are ten registers which are used to control inter-
rupt operation. These registers are:

* RCON

* INTCON

* INTCON2
* INTCON3
* PIR1, PIR2
* PIE1, PIE2
* IPR1, IPR2

It is recommended that the Microchip header files sup-
plied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the assembler/
compiler to automatically take care of the placement of
these bits within the specified register.

Each interrupt source has three bits to control its oper-
ation. The functions of these bits are:

» Flag bit to indicate that an interrupt event
occurred

» Enable bit that allows program execution to
branch to the interrupt vector address when the
flag bit is set

* Priority bit to select high priority or low priority

The interrupt priority feature is enabled by setting the
IPEN bit (RCON<7>). When interrupt priority is
enabled, there are two bits which enable interrupts glo-
bally. Setting the GIEH bit (INTCON<7>) enables all
interrupts that have the priority bit set. Setting the GIEL
bit (INTCON<6>) enables all interrupts that have the
priority bit cleared. When the interrupt flag, enable bit
and appropriate global interrupt enable bit are set, the
interrupt will vector immediately to address 000008h or
000018h, depending on the priority level. Individual
interrupts can be disabled through their corresponding
enable bits.

When the IPEN bit is cleared (default state), the inter-
rupt priority feature is disabled and interrupts are com-
patible with PIC® mid-range devices. In Compatibility
mode, the interrupt priority bits for each source have no
effect. INTCON<6> is the PEIE bit, which enables/dis-
ables all peripheral interrupt sources. INTCON<7> is
the GIE bit, which enables/disables all interrupt
sources. All interrupts branch to address 000008h in
Compatibility mode.

When an interrupt is responded to, the Global Interrupt
Enable bit is cleared to disable further interrupts. If the
IPEN bitis cleared, this is the GIE bit. If interrupt priority
levels are used, this will be either the GIEH, or GIEL bit.
High priority interrupt sources can interrupt a low prior-
ity interrupt.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address
(000008h or 000018h). Once in the Interrupt Service
Routine, the source(s) of the interrupt can be deter-
mined by polling the interrupt flag bits. The interrupt
flag bits must be cleared in software before re-enabling
interrupts to avoid recursive interrupts.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine and sets the GIE bit (GIEH or GIEL
if priority levels are used), which re-enables interrupts.

For external interrupt events, such as the INT pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two-cycle instructions.
Individual interrupt flag bits are set, regardless of the
status of their corresponding enable bit or the GIE bit.

© 1999-2013 Microchip Technology Inc.
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7.1 INTCON Registers

The INTCON Registers are readable and writable reg-
isters, which contains various enable, priority, and flag
bits.

REGISTER 7-1: INTCON REGISTER

R/W-0 RIW-0 RIW-0 RW-0 RMW-0 RMW-O RMW-0 R/MW-x
GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF |
bit 7 bit 0

bit 7 GIE/GIEH: Global Interrupt Enable bit
When IPEN = 0:

1 = Enables all unmasked interrupts
0 = Disables all interrupts
When IPEN = 1:
1 = Enables all high priority interrupts
0 = Disables all high priority interrupts
bit 6 PEIE/GIEL: Peripheral Interrupt Enable bit
When IPEN = 0:

1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
When IPEN = 1:

1 = Enables all low priority peripheral interrupts
0 = Disables all low priority peripheral interrupts

bit 5 TMROIE: TMRO Overflow Interrupt Enable bit

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

bit 4 INTOIE: INTO External Interrupt Enable bit
1 = Enables the INTO external interrupt
0 = Disables the INTO external interrupt

bit 3 RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt

bit 2 TMROIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTOIF: INTO External Interrupt Flag bit
1 = The INTO external interrupt occurred (must be cleared in software)
0 = The INTO external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

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

Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state
of its corresponding enable bit, or the global enable bit. User software should ensure
the appropriate interrupt flag bits are clear prior to enabling an interrupt. This feature
allows for software polling.
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FIGURE 8-5: BLOCK DIAGRAM OF RB2:RBO PINS
Voo
RBPU®) Weak
D_{ P Pull-up
Data Latch
Data Bus D 0 ™
(L
WR Port oK 1/0 pintd)
TRIS Latch
b Q TTL
Input
WR TRIS CK_\_ BL?ffer 7
‘ :II
RD TRIS
RD Port EN
RBO/INT <
Schmitt Trigger Buffer RD Port

Note 1: 1/O pins have diode protection to VbD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION_REG<7>).

FIGURE 8-6: BLOCK DIAGRAM OF RB3
Voo
RBPU® D_‘ 5 Weak
CCP2MX Pull-up
(3)
CCP Output 1 VDD
P
0

Enable 4‘ %
ccp output® Data Latch >
Data Bus D Q o 1/0 pin
WR LATB or ’D_| N
WR PORTB cK _\_

TRIS Latch Vss

D
TTL
WR TRISB CK_\__ Input 7
Q re Buffer
RD TRISB
RD LATB
e 0 D

RD PORTB EN

RD PORTB
ccp2 input® K
Schmitt Trigger \'\J
Buffer CCP2MX =0

Note 1: 1/O pin has diode protection to VbD and Vss.
2: To enable weak pull-ups, set the appropriate DDR bit(s) and clear the RBPU bit (INTCON2<7>).
3: The CCP2 input/output is multiplexed with RB3, if the CCP2MX bit is enabled (='0’) in the configuration register.
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13.3 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMR1 or TMR3 registers when an
event occurs on pin RC2/CCP1. An event is defined as:
« every falling edge

* every rising edge

 every 4th rising edge

 every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO0
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR1<2>) is set. It must
be cleared in software. If another capture occurs before

the value in register CCPR1 is read, the old captured
value will be lost.

13.3.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be config-
ured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCPL1 is configured as an out-
put, a write to the port can cause a capture
condition.

13.3.2 TIMER1/TIMER3 MODE SELECTION

The timers that are to be used with the capture feature
(either Timerl and/or Timer3) must be running in Timer
mode or Synchronized Counter mode. In Asynchro-
nous Counter mode, the capture operation may not
work. The timer to be used with each CCP module is
selected in the T3CON register.

FIGURE 13-1:

13.3.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCPLlIE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit, CCP1IF, following any such
change in operating mode.

13.3.4 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off, or the CCP module is not in Capture mode,
the prescaler counter is cleared. This means that any
RESET will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 13-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 13-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF CCP1CON, F ; Turn CCP module off
MOVLW NEW_CAPT_ PS ; Load WREG with the
; new prescaler mode
; value and CCP ON
MOVWF CCP1CON ; Load CCP1CON with
; this value

CAPTURE MODE OPERATION BLOCK DIAGRAM

Set Flag bit CCP1IF

Prescaler
Eg '7 +1,4,16

CCP1 pin

|TMR3H | T™R3L |

and

ge Detect
X

¥

CCP1CON<3:0>
S

Q——=

Set Flag bit CCP2IF

T3CCP1
T3CCP2

Prescaler

CCP2 pin

T3CCP2 TMR3
Enable
| CCPR1H | CCPRIL |
LD TMR1
T3CCP2 Enable

|TMR1H | TMRIL |

|TMR3H | TMR3L |

and
Edge Detect

T3CCP2
T3CCP1

CCP2CON<3:0>
Q's

\:D TMR3 Y
Enable
| CCPR2H | CCPR2L |

TMR1
Enable

| TMRIH | TMRIL |

© 1999-2013 Microchip Technology Inc.

DS39026D-page 109



PIC18CXX2

13.4 Compare Mode

In Compare mode, the 16-bit CCPR1 (CCPR?2) register
value is constantly compared against either the TMR1
register pair value or the TMR3 register pair value.
When a match occurs, the RC2/CCP1 (RC1/CCP2) pin
is:

* driven High

 driven Low

* toggle output (High to Low or Low to High)

* remains unchanged

The action on the pin is based on the value of control

bits CCP1M3:CCP1M0 (CCP2M3:CCP2M0). At the
same time, interrupt flag bit, CCP1IF (CCP2IF) is set.

1341 CCP PIN CONFIGURATION

The user must configure the CCPx pin as an output by
clearing the appropriate TRISC bit.

13.4.2 TIMER1/TIMER3 MODE SELECTION

Timerl and/or Timer3 must be running in Timer mode,
or Synchronized Counter mode, if the CCP module is
using the compare feature. In Asynchronous Counter
mode, the compare operation may not work.

13.4.3 SOFTWARE INTERRUPT MODE

When generate software interrupt is chosen, the CCP1
pin is not affected. Only a CCP interrupt is generated (if
enabled).

13.4.4 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated,
which may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMRL1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timerl.

The special trigger output of CCPx resets either the
TMR1 or TMR3 register pair. Additionally, the CCP2
Special Event Trigger will start an A/D conversion if the

The special event trigger from the CCP2
module will not set the Timerl or Timer3
interrupt flag bits.

Note: Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to the
default low level. This is not the data latch.
A/D module is enabled.
Note:
FIGURE 13-2: COMPARE MODE OPERATION BLOCK DIAGRAM

Special Event Trigger will:

and set bit GO/DONE (ADCONO0<2>)
which starts an A/D Conversion (CCP2 only)

Output

Reset Timerlor Timer3, but not set Timerl or Timer3 Interrupt Flag bit,

Set Flag bit CCP1IF

CCPR1H| CCPR1L

Logic Match

Special Event Trigger
RC2/CCP1
pin

TRISC<2>
Output Enable

CCP1CON<3:0>
Mode Select

Special Event Trigger

Set Flag bit CCP2IF

Comparator

| TMR1H| TMR1L| TMR3L |

T3CCP1
T3CCP2

Comparator

Q s Output !
RC1/CCP2 R Logic Match
pin [}
TRISC<1> e

Output Enable CCP2CON<3:0>

Mode Select

4
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13.5 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC 1/O data

latch.

Figure 13-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 13.5.3.
FIGURE 13-3: SIMPLIFIED PWM BLOCK
DIAGRAM

Duty Cycle Registers'/ CCP1CON<5:4>

| CCPRIL ‘

| CCPRIH (Slave) ‘
| Comparator i R Q
T RC2/CCP1
| TMR2 | (Note l)‘
— S
Comparator TRISC<2>

Clear Timer,

CCP1 pin and

latch D.C.

Note:  8-bit timer is concatenated with 2-bit internal Q clock or
2 bits of the prescaler to create 10-bit time-base.

A PWM output (Figure 13-4) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 13-4: PWM OUTPUT

Period

| [

\ |
. !

+ Duty Cycle
: . TMR2=PR2
: TMRZ = Duty Cycle

TMR2 = PR2

1351 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:
PWM period = (PR2)+1] *4 e« TosC*
(TMR2 prescale value)

PWM frequency is defined as 1 / [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
* The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
* The PWM duty cycle is latched from CCPRL1L into
CCPR1H

Note: The Timer2 postscaler (see Section 11.0)
is not used in the determination of the
PWM frequency. The postscaler could be
used to have a servo update rate at a dif-

ferent frequency than the PWM output.

13.5.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRLL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle = (CCPRIL:CCP1CON<5:4>)
Tosc » (TMR2 presca e value)

CCPRI1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read only register.

The CCPRI1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2 con-
catenated with an internal 2-bit Q clock or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

Iog( Fosc)
. FpwMm/ .
PWM Resolution (max) = ————— pjts

log(2)

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.

DS39026D-page 112
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13.5.3

SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

1. Set the PWM period by writing to the PR2

register.

2. Set the PWM duty cycle by writing to the
CCPRLL register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the
TRISC<2> bit.

4. Setthe TMR2 prescale value and enable Timer2

by writing to T2CON.

5. Configure the CCP1 module for PWM operation.

TABLE 13-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MHz
PWM Frequency 2.44 kHz 9.77 kHz 39.06 kHz | 156.25 kHz | 312.50 kHz | 416.67 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF Ox3F Ox1F 0x17
Maximum Resolution (bits) 14 12 10 8 7 6.58
TABLE 13-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
INTCON GIE/ PEIE/ TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x|[0000 000u
GIEH GIEL
PIR1 PSPIF® ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF |0000 0000|0000 0000
PIE1 PSPIE® ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE [0000 0000|0000 0000
IPR1 pspip@) ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP (0000 0000|{0000 0000
TRISC PORTC Data Direction Register 1111 11111111 1111
TMR2 Timer2 Module Register 0000 0000({0000 0000
PR2 Timer2 Module Period Register 1111 11111111 1111
T2CON — |TouTPs3|TOUTPS2| TOUTPSL | TOUTPSO | TMR20N | T2CKPS1 | T2CKPS0 | -000 0000[-000 0000
CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX|uuuu uuuu
CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX|uuuu uuuu
ccPicoN| — | — | pciBt | DC1Bo | ccPim3 | ccPiM2 | CCPIML | CCPIMO |--00 0000[--00 0000
CCPR2L |Capture/Compare/PWM Register2 (LSB) XXXX XXXX|uuuu uuuu
CCPR2H |Capture/Compare/PWM Register2 (MSB) XXXX XXXX|uuuu uuuu
ccracoN| — | — | pceBi | bc2Bo | ccpam3 | ccpam2 | cCP2ML | CCP2MO [--00 0000[--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by PWM and Timer2.

Note 1: The PSPIF, PSPIE and PSPIP bits are reserved on the PIC18C2X2 devices. Always maintain these bits clear.
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15.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/O modules. (USART is also known as a Serial Com-
munications Interface or SCI.) The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices, such as CRT ter-
minals and personal computers, or it can be configured
as a half-duplex synchronous system that can commu-
nicate with peripheral devices, such as A/D or D/A inte-
grated circuits, serial EEPROMSs, etc.

REGISTER 15-1:

The USART can be configured in the following modes:

» Asynchronous (full duplex)

» Synchronous - Master (half duplex)

» Synchronous - Slave (half duplex)

In order to configure pins RC6/TX/CK and RC7/RX/DT
as the Universal Synchronous Asynchronous Receiver
Transmitter:

 bit SPEN (RCSTA<7>) must be set (= 1), and

* bits TRISC<7:6> must be cleared (= 0).

Register 15-1 shows the Transmit Status and Control

Register (TXSTA) and Register 15-2 shows the
Receive Status and Control Register (RCSTA).

TXSTA: TRANSMIT STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN SYNC S BRGH TRMT TX9D
bit 7 bit 0

bit 7 CSRC: Clock Source Select bit
Asynchronous mode:
Don't care

Synchronous mode:

1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)

bit 6 TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission

bit 5 TXEN: Transmit Enable bit

1 = Transmit enabled
0 = Transmit disabled

Note: SREN/CREN overrides TXEN in SYNC mode.

bit 4 SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3 Unimplemented: Read as '0’

bit 2 BRGH: High Baud Rate Select bit

Asynchronous mode:
1 = High speed

0 = Low speed
Synchronous mode:
Unused in this mode

bit 1 TRMT: Transmit Shift Register Status bit

1 =TSR empty
0 =TSR full

bit 0 TX9D: 9th bit of transmit data. Can be Address/Data bit or a parity bit.

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

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bitis cleared X = Bit is unknown
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15.3.2 USART SYNCHRONOUS MASTER 3. Ensure bits CREN and SREN are clear.
RECEPTION 4. |If interrupts are desired, set enable bit RCIE.
Once Synchronous mode is selected, reception is 5. If9-bit reception is desired, set bit RX9.
enabled by setting either enable bit SREN 6. If a single reception is required, set bit SREN.
(RCSTA<5>), or enable bit CREN (RCSTA<4>). Data is For continuous reception, set bit CREN.
sampled on the RC7/RX/DT pin on the falling edge of 7. Interrupt flag bit RCIF will be set when reception
the clock. If enable bit SREN is set, only a single word is complete and an interrupt will be generated if
is received. If enable bit CREN is set, the reception is the enable bit RCIE was set.
continuous until CREN is cleared. If both bits are set, 8. Read the RCSTA register to get the ninth bit (if
then CREN takes precedence. enabled) and determine if any error occurred
To set up a Synchronous Master Reception: during reception.

1. Initialize the SPBRG register for the appropriate 9. Read the 8-bit received data by reading the

baud rate (Section 15.1). RCREG register. _
2. Enable the synchronous master serial port by 10. If_any error occurred, clear the error by clearing
setting bits SYNC, SPEN and CSRC. bit CREN.

TABLE 15-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Value on |Valueon all

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
INTCON glllil FC)SI?IIEIIE_/ TMROIE | INTOIE | RBIE |[TMROIF | INTOIF RBIF | 0000 000x [ 0000 000u
PIR1 PsPIF® | ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PsPIE® | ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 [ 0000 0000
IPR1 PsPiPD | ADIP RCIP TXIP | SSPIP | CCP1IP | TMR2IP | TMR1IP | 0000 0000 [ 0000 0000
RCSTA SPEN RX9 SREN | CREN | ADDEN | FERR | OERR RX9D | 0000 -00x | 0000 -00x
RCREG |USART Receive Register 0000 0000 | 0000 0000
TXSTA | csRC | 7x9 | TXEN [sYNC| — | BRGH | TRMT | TX9D [0000 -010 0000 -010
SPBRG |Baud Rate Generator Register 0000 0000|0000 0000

Legend: x = unknown, - = unimplemented, read as '0'.
Shaded cells are not used for Synchronous Master Reception.

Note 1. The PSPIF, PSPIE and PSPIP bits are reserved on the PIC18C2X2 devices. Always maintain these bits
clear.

FIGURE 15-8: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

cefelorfofozafosrledosfosoreosfedlarfelor|orcafesloderedocfos o edosfosrleronfo sl o edosfo|
RC7/RX/DT pin L Xmito Xt X Tbie X is X bita X bits X bite > bit7 Z Z

RC6/TX/CK pin : NI S R I i S S D S R — : i

Write to

bit SREN f
_
0

SREN bit

CREN bit

RCIF bit ' : : : : : : : A pe e

(interrupt) \ \ \ \ \ : : : : . .
Read : : : : : . . . .

RXREG f f f f f . . . . . .

Note:  Timing diagram demonstrates Sync Master mode with bit SREN = '1' and bit BRGH ="'0'".
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REGISTER 18-1: CONFIGURATION REGISTER 1 HIGH (CONFIG1H: BYTE ADDRESS 300001h)

RIP-1 RIP-1 RIP-1 U-0 u-0 RP-1  RP-1  RIP-1
Reserved | Reserved | OSCSEN|  — | — | Fosc2 | Fosci | Fosco |
bit 7 bit 0

bit7-6  Reserved: Read as 'l
bit 5 OSCSEN: Oscillator System Clock Switch Enable bit

1 = Oscillator system clock switch option is disabled (main oscillator is source)

0 = Oscillator system clock switch option is enabled (oscillator switching is enabled)
bit 4-3  Unimplemented: Read as '0’
bit 2-0 FOSC2:FOSCQO: Oscillator Selection bits

111 = RC oscillator w/OSC2 configured as RA6

110 = HS oscillator with PLL enabled/Clock frequency = (4 x Fosc)

101 = EC oscillator w/OSC2 configured as RA6

100 = EC oscillator w/OSC2 configured as divide-by-4 clock output

011 = RC oscillator

010 = HS oscillator

001 = XT oscillator

000 = LP oscillator

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

REGISTER 18-2: CONFIGURATION REGISTER 1 LOW (CONFIG1L: BYTE ADDRESS 300000h)

R/P-1 R/P-1 R/P-1 R/P-1 RP-1  R/P-1  RP-1  RIP-1
cP ce | cp | cp | cP ce | cp | cp |
bit 7 bit 0

bit 7-0  CP: Code Protection bits (apply when in Code Protected Microcontroller mode)

1 = Program memory code protection off
0 = All of program memory code protected

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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TABLE 19-2: PIC18CXXX INSTRUCTION SET (CONTINUED)

Mnemonic, o 16-bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected

CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn nnnn [None
BN n Branch if Negative 1(2) 1110 0110 nnnn nnnn [None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn nnnn [None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn nnnn [None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn nnnn [None
BNz n Branch if Not Zero 2 1110 0001 nnnn nnnn [None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn [None
BRA n Branch Unconditionally 1(2) 1101 Onnn nnnn nnnn [None
BZ n Branch if Zero 1(2) 1110 0000 nnnn nnnn [None
CALL n,s |Call subroutinelst word 2 1110 110s kkkk kkkk [None

2nd word 1111 kkkk kkkk kkkk|
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 |TO,PD
DAW — Decimal Adjust WREG 1 0000 0000 0000 0111 |C
GOTO n Go to address1st word 2 1110 1111 kkkk kkkk [None

2nd word 1111 kkkk kkkk kkkk
NOP — No Operation 1 0000 0000 0000 0000 [None
NOP — No Operation (Note 4) 1 1111 xxxx xxxxX xxxx [None
POP — Pop top of return stack (TOS) |1 0000 0000 0000 0110 [None
PUSH — Push top of return stack (TOS) |1 0000 0000 0000 0101 [None
RCALL n Relative Call 2 1101 1nnn nnnn nnnn |None
RESET Software device RESET 1 0000 0000 1111 1111 [All
RETFIE s Return from interrupt enable 2 0000 0000 0001 000s |GIE/GIEH,

PEIE/GIEL

RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk [None
RETURN s Return from Subroutine 2 0000 0000 0001 001s|None
SLEEP — Go into standby mode 1 0000 0000 0000 0011 |TO,PD
Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be that

value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is
driven low by an external device, the data will be written back with a '0".

If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if
assigned.

If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.

Some instructions are 2 word instructions. The second word of these instructions will be executed as a NOP,
unless the first word of the instruction retrieves the information embedded in these 16-bits. This ensures that all
program memory locations have a valid instruction.

If the table write starts the write cycle to internal memory, the write will continue until terminated.
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XORWF Exclusive OR WREG with f
Syntax: [label] XORWF f[,d[,a]
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: (WREG) .XOR. (f) —» dest
Status Affected: N,Z
Encoding: ‘ 0001 | 10da ‘ fEff | fEff ‘
Description: Exclusive OR the contents of
WREG with register 'f'. If 'd' is 0, the
result is stored in WREG. If 'd"is 1,
the result is stored back in the reg-
ister 'f' (default). If ‘a’is 0, the
Access Bank will be selected, over-
riding the BSR value. If'a’ is 1, then
the bank will be selected as per the
BSR value (default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' Data destination
Example: XORWF  REG, 1, 0
Before Instruction
REG = 0xAF
WREG = 0xB5
After Instruction
REG = 0x1A
WREG = 0xB5

DS39026D-page 228
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NOTES:

DS39026D-page 234 © 1999-2013 Microchip Technology Inc.



PIC18CXX2

FIGURE 21-3: LOW VOLTAGE DETECT CHARACTERISTICS

VDD

----------------------- /~ (LVDIF can be

VLVD cleared in software)

(LVDIF set by hardware)

LVDIF _

TABLE 21-1: LOW VOLTAGE DETECT CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TAa < +85°C for industrial
-40°C < TA < +125°C for extended

Pilr;m Symbol Characteristic Min Max Units Conditions

D420 VLVD LVD Voltage LVV<3:0>=0100 2.5 2.66 \Y
LVV<3:0> = 0101 2.7 2.86 \Y
LVV<3:0>= 0110 2.8 2.98 \%
LVV<3:0>=0111 3.0 3.2 \%
LVV<3:0>=1000 3.3 3.52 \%
LVV<3:0>=1001 3.5 3.72 \Y
LVV<3:0>=1010 3.6 3.84 V
LVV<3:0>=1011 3.8 4.04 \Y
LVV<3:0>=1100 4.0 4.26 \%
LVV<3:.0>=1101 4.2 4.46 \%
LVV<3:0>=1110 4.5 4.78 \%
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FIGURE 21-19:

MASTER SSP 1°C BUS DATA TIMING

103+ 1=

In

SDA
Out

Note: Refer to Figure 21-4 for load conditions.

TABLE 21-18: MASTER SSP I°C BUS DATA REQUIREMENTS

Pa’\:gm. Symbol Characteristic Min Max | Units Conditions
100 THIGH Clock high time {100 kHz mode 2(Tosc)(BRG + 1) — ms
400 kHz mode 2(Tosc)(BRG + 1) — ms
1 MHz mode® | 2(Tosc)(BRG +1) | — ms
101 TLow Clock low time  [100 kHz mode 2(Tosc)(BRG + 1) — ms
400 kHz mode 2(Tosc)(BRG + 1) — ms
1 MHz mode® | 2(Tosc)(BRG +1) | — ms
102 TR SDA and SCL {100 kHz mode — 1000 ns |Csis specified to be
rise time 400 kHz mode 20 +0.1Cs 300 ns |from 10 to 400 pF
1 MHz mode(® — 300 | ns
103 TF SDA and SCL {100 kHz mode — 300 ns |Csis specified to be
fall time 400 kHz mode 20 +0.1Cs 300 ns |from 10 to 400 pF
1 MHz mode(® — 100 | ns
90 Tsu:SsTA |START condition |100 kHz mode 2(Tosc)(BRG + 1) — ms |Only relevant for
setup time 400 kHz mode 2(Tosc)(BRG + 1) — ms |Repeated START
1 MHz mode® | 2(Tosc)(BRG +1) | — ms |condition
91 THD:STA |START condition {100 kHz mode 2(Tosc)(BRG + 1) — ms | After this period the
hold time 400 kHz mode 2(Tosc)(BRG + 1) — ms |first clock pulse is
1 MHz mode® | 2(Tosc)(BRG +1) | — ms |generated
106 THD:DAT |Data input 100 kHz mode 0 — ns
hold time 400 kHz mode 0 0.9 ms
1 MHz mode(® TBD — ns
107 Tsu:DAT |Data input 100 kHz mode 250 — ns |(Note 2)
setup time 400 kHz mode 100 — ns
1 MHz mode(® TBD — ns
92 Tsu:sTo |STOP condition |100 kHz mode 2(Tosc)(BRG + 1) — ms
setup time 400 kHz mode 2(Tosc)(BRG + 1) — ms
1 MHz mode® | 2(Tosc)(BRG +1) | — ms
109 TAA Output valid from {100 kHz mode — 3500 ns
clock 400 kHz mode — 1000 ns
1 MHz mode(® — — ns
110 TBUF Bus free time 100 kHz mode 4.7 — ms | Time the bus must be
400 kHz mode 1.3 — ms |free before a new
1 MHz mode® TBD — ms |transmission can start
D102 |Cs Bus capacitive loading — 400 pF
Note 1: Maximum pin capacitance = 10 pF for all I°C pins.
2: A fast mode 12C bus device can be used in a standard mode 12C bus system, but parameter #107 > 250 ns

must then be met. This will automatically be the case if the device does not stretch the LOW period of the

SCL signal. If such a device does stretch the LOW period of the SCL signal, it must output the next data bit to
the SDA line, parameter #102 + parameter #107 = 1000 + 250 = 1250 ns (for 100 kHz mode) before the SCL
line is released.
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FIGURE 22-19: AlLvp vs. VDb OVER TEMPERATURE (LVD ENABLED, VLVD = 4.5V - 4.78V)
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FIGURE 22-20: TYPICAL, MINIMUM AND MAXIMUM VoOH vs. IoH (VDD = 5V, -40°C TO +125°C)

5.0

4.5
Max
(-40C)

4.0 T

3.5

3.0 {

2.5

VOH (V)

2.0 {

Typical: statistical mean @ 25°C
1.5 1 Maximum: mean + 3o (-40°C to 125°C)
Minimum: mean — 3o (-40°C to 125°C)

1.0

\ \

0.0

I0H (-mA)

DS39026D-page 272 © 1999-2013 Microchip Technology Inc.



PIC18CXX2

40-Lead Ceramic Dual In-line with Window (JW) — 600 mil (CERDIP)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located

at http://www.microchip.com/packaging
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 40 40

Pitch p .100 2.54

Top to Seating Plane A .185 .205 .225 4.70 5.21 5.72
Ceramic Package Height A2 .155 .160 .165 3.94 4.06 4.19
Standoff Al .030 .045 .060 0.76 1.14 1.52
Shoulder to Shoulder Width E 595 .600 .625 15.11 15.24 15.88
Ceramic Pkg. Width E1l 514 .520 .526 13.06 13.21 13.36
Overall Length D 2.040 2.050 2.060 51.82 52.07 52.32
Tip to Seating Plane L .135 .140 .145 3.43 3.56 3.68
Lead Thickness c .008 .011 .014 0.20 0.28 0.36
Upper Lead Width Bl .050 .053 .055 1.27 1.33 1.40
Lower Lead Width B .016 .020 .023 0.41 0.51 0.58
Overall Row Spacing eB .610 .660 .710 15.49 16.76 18.03
Window Diameter W .340 .350 .360 8.64 8.89 9.14

* Controlling Parameter

§ Significant Characteristic
JEDEC Equivalent: MO-103
Drawing No. C04-014
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip
product. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our
documentation can better serve you, please FAX your comments to the Technical Publications Manager at
(480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

TO: Technical Publications Manager
RE: Reader Response

Total Pages Sent

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: Literature Number: DS39026D

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4, What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?
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