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7.7

Data EEPROM memory has its own code-protect bits in
Configuration Words. External read and write opera-
tions are disabled if either of these mechanisms are
enabled.

Operation During Code-Protect

The microcontroller itself can both read and write to the
internal Data EEPROM regardless of the state of the
code-protect Configuration bit. Refer to Section 23.0

7.8 Using the Data EEPROM

The data EEPROM is a high-endurance, byte address-
able array that has been optimized for the storage of
frequently changing information (e.g., program vari-
ables or other data that are updated often). Frequently
changing values will typically be updated more often
than specification D124 or D124A. If this is not the
case, an array refresh must be performed. For this
reason, variables that change infrequently (such as

“Special Features of the CPU” for additional " . i
information constants, IDs, calibration, etc.) should be stored in
Flash program memory.
A simple data EEPROM refresh routine is shown in
Example 7-3.

Note: If data EEPROM is only used to store
constants and/or data that changes rarely,
an array refresh is likely not required. See
specification D124 or D124A.

EXAMPLE 7-3: DATA EEPROM REFRESH ROUTINE
CLRF EEADR ; Start at address 0
BCF EECON1, CFGS ; Set for memory
BCF EECON1, EEPGD ; Set for Data EEPROM
BCF INTCON, GIE ; Disable interrupts
BSF EECON1, WREN ; Enable writes
LOOP ; Loop to refresh array
BSF EECON1, RD ; Read current address
MOVLW  55h ;
MOVWE  EECON2 ; Write 55h
MOVLW  AAh ;
MOVWE  EECON2 ; Write AAh
BSF EECON1, WR ; Set WR bit to begin write
BTFSC EECON1, WR ; Wait for write to complete
BRA $-2
INCFSZ EEADR, F ; Increment address
BRA Loop ; Not zero, do it again
BCF EECON1, WREN ; Disable writes
BSF INTCON, GIE ; Enable interrupts
TABLE 7-1: REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY
Value on: Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 : all other
POR, BOR
Resets
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTE RBIE | TMROIF INTF RBIF {0000 000x| 0000 000u
EEADR EEPROM Address Register 0000 0000| 0000 0000
EEDATA |EEPROM Data Register 0000 0000| 0000 0000
EECON2 |EEPROM Control Register 2 (not a physical register) — —
EECON1 EEPGD CFGS — FREE | WRERR | WREN WR RD xx-0 x000| uu-0 u000
IPR2 OSCFIP CMIP — EEIP BCLIP LVDIP | TMR3IP | CCP2IP |11-1 1111 | ---1 1111
PIR2 OSCFIF CMIF — EEIF BCLIF LVDIF | TMR3IF | CCP2IF [00-0 0000 | ---0 0000
PIE2 OSCFIE CMIE — EEIE BCLIE LVDIE | TMRS3IE | CCP2IE | 00-0 0000 | ---0 0000
Legend: x =unknown, u = unchanged, r = reserved, - = unimplemented, read as ‘0’.

Shaded cells are not used during Flash/EEPROM access.
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FIGURE 10-2: BLOCK DIAGRAM OF
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FIGURE 10-4:

BLOCK DIAGRAM OF
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Note 1: /O pins have protection diodes to VDD and Vss.
FIGURE 10-3: BLOCK DIAGRAM OF
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Note 1: /O pins have protection diodes to VDD and Vss.

Note 1: /O pins have protection diodes to VDD and Vss.
FIGURE 10-5: BLOCK DIAGRAM OF
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Note 1: I/O pins have protection diodes to VDD and Vss.
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FIGURE 10-7: BLOCK DIAGRAM OF
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or PORTB CK\L
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Note 1: I/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (INTCON2<7>).

FIGURE 10-9:

FIGURE 10-8: BLOCK DIAGRAM OF
RB4 PIN
VDD
RBPU? Weak
P
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Note 1: 1/O pins have diode protection to VDD and Vss.

2: Toenable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (INTCON2<7>).

BLOCK DIAGRAM OF RB3/CCP2 PIN
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Note 1: /O pins have diode protection to VDD and Vss.
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12.0 TIMER1 MODULE Register 12-1 details the Timer1 Control register. This
register controls the operating mode of the Timer1

The Timer1 module timer/counter has the following module and contains the Timer1 Oscillator Enable bit

features: (T1OSCEN). Timer1 can be enabled or disabled by
+ 16-bit timer/counter (two 8-bit registers: TMR1H setting or clearing control bit, TMR1ON (T1CON<0>).

and TMR1L) The Timer1 oscillator can be used as a secondary clock

» Readable and writable (both registers) source in power-managed modes. When the T1RUN bit
« Internal or external clock select is set, the Timer1 oscillator is providing the system clock.
+ Interrupt-on-overflow from FFFFh to 0000h If the Fail-Safe Clock Monitor is enabled and the Timer1

oscillator fails while providing the system clock, polling
the TTIRUN bit will indicate whether the clock is being
provided by the Timer1 oscillator or another source.

* Reset from CCP module Special Event Trigger
 Status of system clock operation

Figure 12-1 is a simplified block diagram of the Timer1

Timer1 can also be used to provide Real-Time Clock
module.

(RTC) functionality to applications with only a minimal
addition of external components and code overhead.

REGISTER 12-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 T1RUN T1CKPS1 T1CKPS0 | T1OSCEN T1SYNC TMR1CS TMR10ON
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 RD16: 16-Bit Read/Write Mode Enable bit

1 = Enables register read/write of Timer1 in one 16-bit operation

0 = Enables register read/write of Timer1 in two 8-bit operations
bit 6 T1RUN: Timer1 System Clock Status bit

1 = Device clock is derived from Timer1 oscillator

0 = Device clock is derived from another source
bit 5-4 T1CKPS1:T1CKPSO0: Timer1 Input Clock Prescale Select bits

11 = 1:8 Prescale value

10 = 1:4 Prescale value

01 = 1:2 Prescale value

00 = 1:1 Prescale value
bit 3 T10SCEN: Timer1 Oscillator Enable bit

1 = Timer1 oscillator is enabled

0 = Timer1 oscillator is shut off

The oscillator inverter and feedback resistor are turned off to eliminate power drain.
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Select bit

When TMR1CS = 1 (External Clock):
1 = Do not synchronize external clock input
0 = Synchronize external clock input

When TMR1CS = 0 (Internal Clock):
This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timer1 Clock Source Select bit
1 = External clock from RC0/T10SO/T13CKI pin (on the rising edge)
0 = Internal clock (Fosc/4)
bit 0 TMR10ON: Timer1 On bit

1 = Enables Timer1
0 = Stops Timer1

© 2007 Microchip Technology Inc. DS39599G-page 121
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13.0 TIMER2 MODULE

The Timer2 module timer has the following features:

+ 8-bit Timer register (TMR2)

+ 8-bit Period register (PR2)

+ Readable and writable (both registers)

» Software programmable prescaler (1:1, 1:4, 1:16)

» Software programmable postscaler (1:1 to 1:16)

 Interrupt on TMR2 match with PR2

* MSSP module optional use of TMR2 output to
generate clock shift

Timer2 has a control register shown in Register 13-1.
TMR2 can be shut-off by clearing control bit, TMR20N
(T2CON<2>), to minimize power consumption.
Figure 13-1 is a simplified block diagram of the Timer2
module. Register 13-1 shows the Timer2 Control regis-
ter. The prescaler and postscaler selection of Timer2
are controlled by this register.

13.1 Timer2 Operation

Timer2 can be used as the PWM time base for the
PWM mode of the CCP module. The TMR2 register is
readable and writable and is cleared on any device
Reset. The input clock (FOsc/4) has a prescale option
of 1:1, 1:4 or 1:16, selected by control bits,
T2CKPS1:T2CKPSO0 (T2CON<1:0>). The match out-
put of TMR2 goes through a 4-bit postscaler (which
gives a 1:1 to 1:16 scaling inclusive) to generate a
TMR2 interrupt (latched in flag bit, TMR2IF (PIR1<1>)).

The prescaler and postscaler counters are cleared

when any of the following occurs:

* A write to the TMRZ2 register

» A write to the T2CON register

« Any device Reset (Power-on Reset, MCLR Reset,
Watchdog Timer Reset or Brown-out Reset)

TMR2 is not cleared when T2CON is written.

REGISTER 13-1: T2CON: TIMER2 CONTROL REGISTER

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

— TOUTPS3 TOUTPS2 | TOUTPS1 | TOUTPSO TMR20ON T2CKPS1 T2CKPSO
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 = Bitis unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TOUTPS3:TOUTPSO0: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 = 1:16 Postscale
bit 2 TMR2ON: Timer2 On bit

1 =Timer2 is on
0 = Timer2 is off

bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

00 = Prescaler is 1
01 = Prescaleris 4
1x = Prescaler is 16

© 2007 Microchip Technology Inc.
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14.0 TIMER3 MODULE Figure 14-1 is a simplified block diagram of the Timer3

module.

The Timer3 module timer/counter has the following Register 14-1 shows the Timer3 Control register. This

features: register controls the operating mode of the Timer3
* 16-bit timer/counter (two 8-bit registers: TMR3H module and sets the CCP clock source.
and TMR3L)

Register 12-1 shows the Timer1 Control register. This

* Readable and writable (both registers) register controls the operating mode of the Timer1

* Internal or external clock select module, as well as contains the Timer1 Oscillator
* Interrupt-on-overflow from FFFFh to 0000h Enable bit (T1OSCEN) which can be a clock source for
+ Reset from CCP module trigger Timer3.

REGISTER 14-1: T3CON: TIMER3 CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 T3CCP2 T3CKPS1 T3CKPSO T3CCP1 T3SYNC TMR3CS TMR3ON
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 RD16: 16-Bit Read/Write Mode Enable bit

1 = Enables register read/write of Timer3 in one 16-bit operation
0 = Enables register read/write of Timer3 in two 8-bit operations
bit 6, 3 T3CCP2:T3CCP1: Timer3 and Timer1 to CCPx Enable bits
1x = Timer3 is the capture/compare clock source for both CCP modules
01 = Timer3 is the capture/compare clock source for CCP2;
Timer1 is the capture/compare clock source for CCP1
00 = Timer1 is the capture/compare clock source for both CCP modules

bit 5-4 T3CKPS1:T3CKPSO0: Timer3 Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 2 T3SYNC: Timer3 External Clock Input Synchronization Control bit
(Not usable if the device clock comes from Timer1/Timer3.)

When TMR3CS = 1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input

When TMR3CS = o0:
This bit is ignored. Timer3 uses the internal clock when TMR3CS = 0.
bit 1 TMR3CS: Timer3 Clock Source Select bit
1 = External clock input from Timer1 oscillator or T13CKI (on the rising edge after the first falling edge)
0 = Internal clock (Fosc/4)
bit 0 TMR3ON: Timer3 On bit

1 = Enables Timer3
0 = Stops Timer3
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16.4.5.1 Auto-Shutdown and Automatic

Restart

The auto-shutdown feature can be configured to allow
automatic restarts of the module following a shutdown
event. This is enabled by setting the PRSEN bit of the
PWM1CON register (PWM1CON<7>).

In Shutdown mode with PRSEN = 1 (Figure 16-10), the
ECCPASE bit will remain set for as long as the cause
of the shutdown continues. When the shutdown condi-
tion clears, the ECCPASE bit is cleared. If PRSEN = 0
(Figure 16-11), once a shutdown condition occurs, the
ECCPASE bit will remain set until it is cleared by firm-
ware. Once ECCPASE is cleared, the enhanced PWM
will resume at the beginning of the next PWM period.

Note:  Writing to the ECCPASE bit is disabled
while a shutdown condition is active.

Independent of the PRSEN bit setting, if the auto-
shutdown source is one of the comparators, the shut-
down condition is a level. The ECCPASE bit cannot be
cleared as long as the cause of the shutdown persists.

The Auto-Shutdown mode can be forced by writing a ‘1’
to the ECCPASE bit.

FIGURE 16-10:

16.4.6 START-UP CONSIDERATIONS

When the ECCP module is used in the PWM mode, the
application hardware must use the proper external pull-
up and/or pull-down resistors on the PWM output pins.
When the microcontroller is released from Reset, all of
the 1/0 pins are in the high-impedance state. The exter-
nal circuits must keep the power switch devices in the
off state until the microcontroller drives the 1/0 pins with
the proper signal levels or activates the PWM output(s).

The CCP1M1:CCP1MO bits (CCP1CON<1:0>) allow
the user to choose whether the PWM output signals are
active-high or active-low for each pair of PWM output
pins (P1A/P1C and P1B/P1D). The PWM output polar-
ities must be selected before the PWM pins are config-
ured as outputs. Changing the polarity configuration
while the PWM pins are configured as outputs is not
recommended since it may result in damage to the
application circuits.

The P1A, P1B, P1C and P1D output latches may not be
in the proper states when the PWM module is initialized.
Enabling the PWM pins for output at the same time as
the ECCP module may cause damage to the application
circuit. The ECCP module must be enabled in the proper
output mode and complete a full PWM cycle before con-
figuring the PWM pins as outputs. The completion of a
full PWM cycle is indicated by the TMR2IF bit being set
as the second PWM period begins.

PWM AUTO-SHUTDOWN (PRSEN = 1, AUTO-RESTART ENABLED)

PWM Activity

:<— PWM Period —>'<— PWM Period —>:<— PWM Period —»-

| -

T ’4— Dead Time ‘ —>‘ ’<—Dea.d Time —>‘ ’4— Dead Time :
<«—Duty Cycle —» | <«——Duty Cycle l<«——Duty Cycle X

Shutdown Event '

=
—

ECCPASE bit .

FIGURE 16-11:

PWM AUTO-SHUTDOWN (PRSEN = 0, AUTO-RESTART DISABLED)

PWM Activity -

~— PWM Period — wa— PWM Period — »<¢——— PWM Period — s

a‘ ‘<— Dead Time —»‘ ‘<—Dead Time > ‘4— Dead Time ;
<+—Duty Cycle l<——Duty Cycle Duty Cycle X

Shutdown Event !

P
| |

ECCPASE bit *

ECCPASE
Cleared by Firmware
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17.4.7 BAUD RATE

In 12C Master mode, the Baud Rate Generator (BRG)
reload value is placed in the lower 7 bits of the
SSPADD register (Register 17-17). When a write
occurs to SSPBUF, the Baud Rate Generator will auto-
matically begin counting. The BRG counts down to ‘0’
and stops until another reload has taken place. The
BRG count is decremented twice per instruction cycle
(Tcy) on the Q2 and Q4 clocks. In I°C Master mode, the
BRG is reloaded automatically.

Once the given operation is complete (i.e., transmis-
sion of the last data bit is followed by ACK), the internal
clock will automatically stop counting and the SCL pin
will remain in its last state.

Table 17-3 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPADD.

17.4.7.1 Baud Rate Generation in
Power-Managed Modes

When the device is operating in a power-managed
mode, the clock source to the Baud Rate Generator
may change frequency or stop, depending on the
power-managed mode and clock source selected.

In most power modes, the Baud Rate Generator
continues to be clocked but may be clocked from the
primary clock (selected in a Configuration Word), the
secondary clock (Timer1 oscillator at 32.768 kHz) or
the internal oscillator block (one of eight frequencies
between 31 kHz and 8 MHz). If the Sleep mode is
selected, all clocks are stopped and the Baud Rate
Generator will not be clocked.

FIGURE 17-17: BAUD RATE GENERATOR BLOCK DIAGRAM
SSPM3:SSPMO j\} SSPADD<6:0>
SSPM3:SSPMO0 i‘> Reload Reload
—>
scL —p Control
CLKO <—‘ BRG Down Counter }-—FOSCm
TABLE 17-3: I2C CLOCK RATE W/BRG
SSPADD VALUE FscL®
Fosc Fcy Fcy * 2 (See Register 17-4,
Mode 1000) (2 Rollovers of BRG)
40 MHz 10 MHz 20 MHz 18h 400 kHz"
40 MHz 10 MHz 20 MHz 1Fh 312.5 kHz
40 MHz 10 MHz 20 MHz 63h 100 kHz
16 MHz 4 MHz 8 MHz 09h 400 kHz"
16 MHz 4 MHz 8 MHz 0Bh 308 kHz
16 MHz 4 MHz 8 MHz 27h 100 kHz
4 MHz 1 MHz 2 MHz 02h 333 kHz("
4 MHz 1 MHz 2 MHz 09h 100kHz
4 MHz 1 MHz 2 MHz 00h 1 MHz()

Note 1: The I2C interface does not conform to the 400 kHz 12C specification (which applies to rates greater than
100 kHz) in all details, but may be used with care where higher rates are required by the application.
2: Actual clock rate will depend on bus conditions. Bus capacitance can increase rise time and extend the low
time of the clock period, reducing the effective clock frequency (see Section 17.4.7.2 “Clock Arbitration”).

© 2007 Microchip Technology Inc.
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18.4.2 USART SYNCHRONOUS MASTER 4. If interrupts are desired, set enable bit, RCIE.
RECEPTION 5. If 9-bit reception is desired, set bit, RX9.
Once Synchronous mode is selected, reception is 6. If a single reception is required, set bit, SREN.
enabled by setting either enable bit, SREN For continuous reception, set bit, CREN.
(RCSTA<5>), or enable bit, CREN (RCSTA<4>). Data 7. Interrupt flag bit, RCIF, will be set when
is sampled on the RC7/RX/DT pin on the falling edge of reception is complete and an interrupt will be
the clock. If enable bit, SREN, is set, only a single word generated if the enable bit, RCIE, was set.
is received. If enable bit, CREN, is set, the reception is 8. Read the RCSTA register to get the ninth bit (if
continuous until CREN is cleared. If both bits are set, enab|ed) and determine if any error occurred
then CREN takes precedence. during reception.
To set up a Synchronous Master Reception: 9. Read the 8-bit received data by reading the
1. Initialize the SPBRG register for the appropriate RCREG register.
baud rate (Section 18.2 “USART Baud Rate 10. If any error occurred, clear the error by clearing
Generator (BRG)”). bit, CREN.
2. Enable the Synchronous master serial port by 1. If USing interrupts, ensure that the GIE and PEIE
setting bits, SYNC, SPEN and CSRC. bits in the INTCON register (INTCON<7:6>) are
3. Ensure bits, CREN and SREN, are clear. set.
FIGURE 18-8: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)
Q2|Q3|Q4iQ1|Q2|Q3|Q4iQ1|Q2|Q3|Q4iQ1|Q2|Q3|Q4iQ1|Q2|Q3|Q4iQ1|Q2|Q3|Q4iQ1|Q2|Q3|Q4 io1|o2|Q3|Q4iQ1|Q2|Q3|Q4 iQ1|Q2|Q3|Q4 iQ1|Q2|Q3|Q4i
RC7/RX/DT pin L oXbito bt XX bit2 X bit3 X ibita X bits X it X ibit7
RCBITXICK pin A s I e N s IS e A s SO s IO
Write to
bit SREN |
SREN bit —— (S
CREN bit 9 , , , , . . . . . o
RCIF bit ' ' ' ' ' ' ' ' ' el
(Interrupt) Z Z Z Z Z Z Z Z Z Z [' .
Read I I I I I . . . . . .
RXREG . . . . . .
Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.

TABLE 18-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other

POR, BOR

Resets
INTCON | GIE/ | PEIE/ [TMROIE [ INTOIE | RBIE |TMROIF | INTOIF [ RBIF | 0000 000x |0000 000u
GIEH GIEL

PIR1 PsPIFM | 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 | 1111 1111|1111 1111
RCSTA SPEN RX9 SREN | CREN |[ADDEN | FERR | OERR | RX9D | 0000 000x | 0000 000x
RCREG | USART Receive Register 0000 0000 | 0000 0000
TXSTA | CSRC | Tx9 | 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 PIC18F2X20 devices; always maintain these bits clear.
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FIGURE 22-2: LOW-VOLTAGE DETECT (LVD) BLOCK DIAGRAM

VDD LVDIN

\{ Register

LVD Control

16-to-1 MUX

Internally Generated
Reference Voltage
1.2V

LVDEN ~|
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The LVD module has an additional feature that allows
the user to supply the sense voltage to the module
from an external source. This mode is enabled when
bits LVDL3:LVDLO are set to ‘1111’. In this state, the
comparator input is multiplexed from the external input

pin, LVDIN (Figure 22-3). This gives users flexibility
because it allows them to configure the Low-Voltage
Detect interrupt to occur at any voltage in the valid
operating range.

FIGURE 22-3: LOW-VOLTAGE DETECT (LVD) WITH EXTERNAL INPUT BLOCK DIAGRAM
\/sls} r— - - - - - - - - - - - - - — — — — — — l
| VDD |
g | LVD Control |
% . N { Register |
|
/ LVDIN | o) LVDEN |
Externa!ly Geﬁerated | E \ |
Trip Point | ;? _a: ~__ LVD |
| © |
| VXEN |
: BODEN :
| |
| |
| |
| |
| |
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REGISTER 23-12: DEVID1: DEVICE ID REGISTER 1 FOR PIC18F2220/2320/4220/4320 DEVICES

R R R R R R R R
DEV2 DEV1 DEVO REV4 REV3 REV2 REV1 REVO
bit 7 bit 0
Legend:
R = Read-only bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
bit 7-5 DEV2:DEVO: Device ID bits

000 = PIC18F2320
001 = PIC18F4320
100 = PIC18F2220
101 = PIC18F4220

bit 4-0 REV3:REV0: Revision ID bits
These bits are used to indicate the device revision.

REGISTER 23-13: DEVID2: DEVICE ID REGISTER 2 FOR PIC18F2220/2320/4220/4320 DEVICES

R R R R R R R R
DEV10() DEV9() DEv8(1) DEV7(") DEVe(!) DEV5(1) DEV4(") DEV3()
bit 7 bit 0

Legend:

R = Read-only bit P = Programmable bit U = Unimplemented bit, read as ‘0’

-n = Value when device is unprogrammed u = Unchanged from programmed state

bit 7-0 DEV10:DEV3: Device ID bits
These bits are used with the DEV2:DEVO bits in the Device ID Register 1 to identify the
part number.

0000 0101 = PIC18F2220/2320/4220/4320 devices

Note 1: These values for DEV10:DEV3 may be shared with other devices. The specific device is always identified
by using the entire DEV10:DEVO bit sequence.
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23.2 Watchdog Timer (WDT)

For PIC18F2X20/4X20 devices, the WDT is driven by
the INTRC source. When the WDT is enabled, the
clock source is also enabled. The nominal WDT period
is 4 ms and has the same stability as the INTRC
oscillator.

The 4 ms period of the WDT is multiplied by a 16-bit
postscaler. Any output of the WDT postscaler is
selected by a multiplexer, controlled by bits in Configu-
ration Register 2H. Available periods range from 4 ms
to 131.072 seconds (2.18 minutes). The WDT and
postscaler are cleared when any of the following events
occur: execute a SLEEP or CLRWDT instruction, the
IRCF bits (OSCCON<6:4>) are changed or a clock
failure has occurred.

Adjustments to the internal oscillator clock period using
the OSCTUNE register also affect the period of the
WDT by the same factor. For example, if the INTRC
period is increased by 3%, then the WDT period is
increased by 3%.

Note 1: The CLRWDT and SLEEP instructions
clear the WDT and postscaler counts
when executed.

2: Changing the setting of the IRCF bits
(OSCCON<6:4> clears the WDT and
postscaler counts.

3: When a CLRWDT instruction is executed,
the postscaler count will be cleared.

23.21 CONTROL REGISTER

Register 23-14 shows the WDTCON register. This is a
readable and writable register which contains a control
bit that allows software to override the WDT enable
Configuration bit, but only if the Configuration bit has
disabled the WDT.

FIGURE 23-1: WDT BLOCK DIAGRAM
SWOTEN Enable WDT INTRC Control

WDT Counter
INTRC Source

Change on IRCF bits

Wake-up
iD—> from Sleep

Y

CLRWDT

Programmable Postscaler | Reset "'D—» WDT
Reset

1:1t0 1:32,768

L]

All Device Resets

WDTPS<3:0> 4

A WDT

Sleep
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23.3 Two-Speed Start-up

The Two-Speed Start-up feature helps to minimize the
latency period from oscillator start-up to code execution
by allowing the microcontroller to use the INTRC oscil-
lator as a clock source until the primary clock source is
available. It is enabled by setting the IESO bit in
Configuration Register 1H (CONFIG1H<7>).

Two-Speed Start-up is available only if the primary oscil-
lator mode is LP, XT, HS or HSPLL (Crystal-Based
modes). Other sources do not require a OST start-up
delay; for these, Two-Speed Start-up is disabled.

When enabled, Resets and wake-ups from Sleep mode
cause the device to configure itself to run from the inter-
nal oscillator block as the clock source, following the
time-out of the Power-up Timer after a POR Reset is
enabled. This allows almost immediate code execution
while the primary oscillator starts and the OST is run-
ning. Once the OST times out, the device automatically
switches to PRI_RUN mode.

Because the OSCCON register is cleared on Reset
events, the INTOSC (or postscaler) clock source is not
initially available after a Reset event; the INTRC clock
is used directly at its base frequency. To use a higher
clock speed on wake-up, the INTOSC or postscaler
clock sources can be selected to provide a higher clock
speed by setting bits IFRC2:IFRCO immediately after

Reset. For wake-ups from Sleep, the INTOSC or
postscaler clock sources can be selected by setting
IFRC2:IFRCO prior to entering Sleep mode.

In all other power-managed modes, Two-Speed Start-up
is not used. The device will be clocked by the currently
selected clock source until the primary clock source
becomes available. The setting of the IESO bit is
ignored.

23.3.1 SPECIAL CONSIDERATIONS FOR
USING TWO-SPEED START-UP

While using the INTRC oscillator in Two-Speed Start-up,
the device still obeys the normal command sequences
for entering power-managed modes, including serial
SLEEP instructions (refer to Section 3.1.3 “Multiple
Sleep Commands”). In practice, this means that user
code can change the SCS1:SCSO0 bit settings and issue
SLEEP commands before the OST times out. This would
allow an application to briefly wake-up, perform routine
“housekeeping” tasks and return to Sleep before the
device starts to operate from the primary oscillator.

User code can also check if the primary clock source is
currently providing the system clocking by checking the
status of the OSTS bit (OSCCON<3>). If the bit is set,
the primary oscillator is providing the system clock.
Otherwise, the internal oscillator block is providing the
clock during wake-up from Reset or Sleep mode.

FIGURE 23-2: TIMING TRANSITION FOR TWO-SPEED START-UP (INTOSC TO HSPLL)
Ql | Q2| Q3 ; Q4 Ql--c-e---o----- »'Q2,Q3,04,Q1,Q2 Q3 Q4

INTOSC ' ' LT\ S\

Multiplexer : e

osct VNV T AYAYAYAYAY

' : <_Tosl*r(‘)_>:<_-|-,;,|_|_(1)>: L

PLL Clock : ' : \ R S

Output | ! : ! ' : M—ZC:Tock“Trar?sitioiL»B: e A
CPU Clock /_\—/_\—/_\—/_\—/—\—/—\ : /’\_/’\_/‘\_/’\_/‘\_/‘\_/‘\_

Clock X ; : : X | A \ K ' . . .

Pcfgg;at;nr — pc X PC+2 PC+4 x PC+6

Wake from Interrupt Event OSTS bit Set

Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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24.0 INSTRUCTION SET SUMMARY

The PIC18 instruction set adds many enhancements to
the previous PIC MCU instruction sets, while maintain-
ing an easy migration from these PIC MCU instruction
sets.

Most instructions are a single program memory word
(16 bits) but there are three instructions that require two
program memory locations.

Each single-word instruction is a 16-bit word divided
into an opcode, which specifies the instruction type and
one or more operands, which further specify the oper-
ation of the instruction.

The instruction set is highly orthogonal and is grouped
into four basic categories:

» Byte-oriented operations

 Bit-oriented operations

« Literal operations

» Control operations

The PIC18 instruction set summary in Table 24-2 lists

byte-oriented, bit-oriented, literal and control opera-
tions. Table 24-1 shows the opcode field descriptions.

Most byte-oriented instructions have three operands:
1. The file register (specified by ‘")
2. The destination of the result

(specified by ‘d’)
3. The accessed memory

(specified by ‘a’)
The file register designator ‘f specifies which file
register is to be used by the instruction.

The destination designator ‘d’ specifies where the
result of the operation is to be placed. If ‘d’ is zero, the
result is placed in the WREG register. If ‘'d’ is one, the
result is placed in the file register specified in the
instruction.

All bit-oriented instructions have three operands:
1. The file register (specified by ‘")
2. The bit in the file register
(specified by ‘b’)
3. The accessed memory
(specified by ‘a’)

The bit field designator ‘b’ selects the number of the bit
affected by the operation, while the file register desig-
nator ‘f’ represents the number of the file in which the
bit is located.

The literal instructions may use some of the following
operands:

A literal value to be loaded into a file register
(specified by ‘'K’)

* The desired FSR register to load the literal value
into (specified by ")

* No operand required
(specified by ‘—')

The control instructions may use some of the following
operands:

* A program memory address (specified by ‘n’)

* The mode of the CALL or RETURN instructions
(specified by 's’)

* The mode of the table read and table write
instructions (specified by ‘m’)

* No operand required
(specified by ‘—')

All instructions are a single word except for three dou-
ble word instructions. These three instructions were
made double word instructions so that all the required
information is available in these 32 bits. In the second
word, the 4 MSbs are ‘1’s. If this second word is
executed as an instruction (by itself), it will execute as
a NOP.

All single-word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of the instruc-
tion. In these cases, the execution takes two instruction
cycles with the additional instruction cycle(s) executed
as a NOP.

The double word instructions execute in two instruction
cycles.

One instruction cycle consists of four oscillator periods.
Thus, for an oscillator frequency of 4 MHz, the normal
instruction execution time is 1 us. If a conditional test is
true, or the program counter is changed as a result of
an instruction, the instruction execution time is 2 ps.
Two-word branch instructions (if true) would take 3 ps.

Figure 24-1 shows the general formats that the
instructions can have.

All examples use the format ‘nnh’ to represent a hexa-
decimal number, where ‘h’ signifies a hexadecimal
digit.

The Instruction Set Summary, shown in Table 24-2,
lists the instructions recognized by the Microchip
Assembler (MPASM™). Section 24.2 “Instruction
Set” provides a description of each instruction.

24.1 READ-MODIFY-WRITE OPERATIONS

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (R-M-W)
operation. The register is read, the data is modified and
the result is stored according to either the instruction or
the destination designator ‘d’. A read operation is per-
formed on a register even if the instruction writes to that
register.

For example, a “BCF PORTB, 1” instruction will read
PORTB, clear bit 1 of the data, then write the result
back to PORTB. The read operation would have the
unintended result that any condition that sets the RBIF
flag would be cleared. The R-M-W operation may also
copy the level of an input pin to its corresponding output
latch.
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FIGURE 26-3: PIC18LF2220/2320/4220/4320 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
6.0V
5.5V
5.0V
o 45V PIC18LF2X20/4X20
o 4.2V
©
S I
(&)
> |
|
I
|
| |
| |
| |
4 MHz 40 MHz
Frequency

FMAX = (16.36 MHZz/V) (VDDAPPMIN — 2.0V) + 4 MHz
Note: VDDAPPMIN is the minimum voltage of the PIC® device in the application.

© 2007 Microchip Technology Inc. DS39599G-page 307



PIC18F2220/2320/4220/4320

TABLE 26-10: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROWN-OUT RESET REQUIREMENTS

Pa;\;'zm. Symbol Characteristic Min Typ Max Units Conditions
30 TmcL MCLR Pulse Width (low) 2 — — us
31 TwDT Watchdog Timer Time-out Period (no postscaler) 3.48 4.00 4.71 ms
32 TosT Oscillation Start-up Timer Period 1024 Tosc | — |1024 Tosc| — |Tosc = OSC1 period
33 TPWRT |Power-up Timer Period 57.0 65.5 77.2 ms
34 TIOZ 1/0 High-Impedance from MCLR Low or — 2 — us
Watchdog Timer Reset
35 TBOR Brown-out Reset Pulse Width 200 — — us | VDD < BvDD (see
DO05A)
36 TIvRST | Time for Internal Reference Voltage to become — 20 50 us
stable
37 TLVD Low-Voltage Detect Pulse Width 200 — — pus |VDD < VLVD

FIGURE 26-10: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

SR L N

|
TMRO or
TMR1 X |

Note: Refer to Figure 26-5 for load conditions.
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TABLE 26-15: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 1)

Par‘;'zm. Symbol Characteristic Min Max | Units | Conditions
71 TscH SCK Input High Time Continuous 125Tcy +30 | — ns
71A (Slave mode) Single Byte 40 — | ns [|(Note1)
72 TscL SCK Input Low Time Continuous 1.25Tcy+30 | — ns
72A (Slave mode) Single Byte 40 — | ns |(Note1)
73 TDIV2scH, |Setup Time of SDI Data Input to SCK Edge 100 — ns
TpIV2scL
73A TB2B Last Clock Edge of Byte 1 to the 1st Clock Edge | 1.5 Tcy + 40 — ns |(Note 2)
of Byte 2
74 TscH2pIL, |Hold Time of SDI Data Input to SCK Edge 100 — ns
TscL2bIL
75 TpoR SDO Data Output Rise Time |PIC18FXX20 — 25 ns
PIC18LFXX20 45 ns
76 TDoOF SDO Data Output Fall Time — 25 ns
78 TsCcR SCK Output Rise Time PIC18FXX20 — 25 ns
(Master mode) PIC18LFXX20 45 | ns
79 TscF SCK Output Fall Time (Master mode) — 25 ns
80 TscH2bpoV, |SDO Data Output Valid after |PIC18FXX20 — 50 ns
TscL2poV |SCK Edge PIC18LFXX20 100 | ns
81 TpboV2scH, |SDO Data Output Setup to SCK Edge Tey — ns
TpboV2scL
Note 1: Requires the use of Parameter # 73A.

2: Only if Parameter # 71A and # 72A are used.

FIGURE 26-15:

EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)

(
))

Note:

Refer to Figure 26-5 for load conditions.

1)

.77
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TABLE 26-21: MASTER SSP I2C™ BUS DATA REQUIREMENTS

Par‘;'ca)m. 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 |[CBis specified to be from
Rise Time 400 kHz mode | 20+0.1Cs | 300 | ns |10t0400pF
1 MHz mode(") — 300 | ns
103 TF SDA and SCL 100 kHz mode — 300 ns |CBis specified to be from
Fall Time 400 kHz mode | 20+0.1Cs | 300 | ns |10t0400pF
1 MHz mode(") — 100 | ns
90 Tsu:STA |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 condition
1 MHz mode!") |2(Tosc)BRG+1)| — | ms
91 THD:STA |Start Condition 100 kHz mode |2(TosC)(BRG+1) | — ms | After this period, the first
Hold Time 400 kHz mode |2(Tosc)(BRG+1)| — ms |clock pulse is generated
1 MHz mode!") |2(Tosc)BRG+1)| — | ms
106 THD:DAT |Data Input 100 kHz mode 0 — ns
Hold Time 400 kHz mode 0 09 | 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 free
400 kHz mode 13 _ ms |before a new transmission
1 MHz mode(™ TBD — [ ms |CansStat
D102 |CB Bus Capacitive Loading — 400 pF
Note 1: Maximum pin capacitance = 10 pF for all 12c pins.
2: A fast mode I2C bus device can be used in a standard mode I°C 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 27-23: TOTAL IpD, -40°C TO +125°C SLEEP MODE, ALL PERIPHERALS DISABLED
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