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24 External Clock Input

The EC and ECIO Oscillator modes require an external
clock source to be connected to the OSC1 pin. There is
no oscillator start-up time required after a Power-on
Reset or after an exit from Sleep mode.

In the EC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 2-4 shows the pin connections for the EC
Oscillator mode.
FIGURE 2-4: EXTERNAL CLOCKINPUT
OPERATION

(EC CONFIGURATION)

Clock from ~>@—> OSC1/CLKI
Ext. System PIC18FXXXX

Fosc/4 -«—— OSC2/CLKO

The ECIO Oscillator mode functions like the EC mode,
except that the OSC2 pin becomes an additional gen-
eral purpose I/O pin. The I/O pin becomes bit 6 of
PORTA (RA6). Figure 2-5 shows the pin connections
for the ECIO Oscillator mode.

FIGURE 2-5: EXTERNAL CLOCKINPUT
OPERATION

(ECIO CONFIGURATION)

Clock from «Do—» OSC1/CLKI
Ext. System PIC18FXXXX

RA6 -e-—»{ /O (OSC2)

2.5 RC Oscillator

For timing insensitive applications, the “RC” and
“RCIO” device options offer additional cost savings.
The RC oscillator frequency is a function of the supply
voltage, the resistor (REXT) and capacitor (CEXT) val-
ues and the operating temperature. In addition to this,
the oscillator frequency will vary from unit to unit due to
normal manufacturing variation. Furthermore, the dif-
ference in lead frame capacitance between package
types will also affect the oscillation frequency, espe-
cially for low CEXT values. The user also needs to take
into account variation due to tolerance of external R
and C components used. Figure 2-6 shows how the
R/C combination is connected.

In the RC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic.

FIGURE 2-6:

REXT
? 0SC1 | Internal
L TS A\ Clock
CEXT TJ
I = PIC18FXXXX

—~%— OSC2/CLKO
Fosc/4

RC OSCILLATOR MODE

Recommended values: 3 kQ < REXT < 100 kQ
CEXT > 20 pF

The RCIO Oscillator mode (Figure 2-7) functions like
the RC mode, except that the OSC2 pin becomes an
additional general purpose /O pin. The /O pin
becomes bit 6 of PORTA (RAB).

FIGURE 2-7: RCIO OSCILLATOR MODE

VDD
REXT

% 0SC1 | Internal

L S A\ Clock
CEXT TJ

1 = PIC18FXXXX
Vss —

RAG <—{ 1/0 (OSC2)

Recommended values: 3 kQ < REXT < 100 kQ
CEXT > 20 pF
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FIGURE 2-8: PIC18F2X20/4X20 CLOCK DIAGRAM
Primary OsCillator PIC18F2X20/4X20  q\r G 11<3:0> = (():(i?\‘t::::nl L OSCCON<1:0>
»‘ 4xpLL | HSPLL I
Sleep
lf\ LP, XT, HS, RC, EC=
=
' Secondary'Oscillator Peripherals
. . T10SG | x
T10SO |E —o——9 '|> = 2 -
. T10SCEN Clock Source Option
! Enable for Other Modules
Oscillator OSCCON<6:4> Internal Oscillator
OSCCON<6:4> 8 MHz CPU
> 111 "o >
Il 4 MHz_| \
Internal 110 |
Oscillator 2 MHz | o1 IDLEN
Block 5 | 1MHz
® >100 X
- @ 00 kHz 2
8 MHz *g S 011 =
INTRC (INTOSC) o | 250kHz 010
Source 125 kHz
> 001
31kHz | o
/ WDT, FSCM
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TABLE 3-2: COMPARISON BETWEEN POWER-MANAGED MODES
WDT . Clock During Wake-up
Power -Managed CPU is Clocked by ... Time-out Peripherals are (while primary becomes
Mode Clocked by ...
Causes a ... ready)
Sleep Not clocked (not running) | Wake-up Not clocked None or INTOSC multiplexer if
Two-Speed Start-up or
Fail-Safe Clock Monitor is
enabled.
Any Idle mode Not clocked (not running) | Wake-up Primary, Secondary or | Unchanged from Idle mode
INTOSC multiplexer | (CPU operates as in
corresponding Run mode).
Any Run mode Secondary or INTOSC | Reset Secondary or Unchanged from Run mode.
multiplexer INTOSC multiplexer

3.2 Sleep Mode

The power-managed Sleep mode in the PIC18F2X20/
4X20 devices is identical to that offered in all other PIC
microcontrollers. It is entered by clearing the IDLEN
and SCS1:SCSO0 bits (this is the Reset state) and
executing the SLEEP instruction. This shuts down the
primary oscillator and the OSTS bit is cleared (see
Figure 3-1).

When a wake event occurs in Sleep mode (by interrupt,
Reset or WDT time-out), the system will not be clocked
until the primary clock source becomes ready (see
Figure 3-2), or it will be clocked from the internal
oscillator block if either the Two-Speed Start-up or the
Fail-Safe Clock Monitor are enabled (see Section 23.0
“Special Features of the CPU”). In either case, the
OSTS bit is set when the primary clock is providing the
system clocks. The IDLEN and SCS bits are not
affected by the wake-up.

3.3 Idle Modes

The IDLEN bit allows the controller's CPU to be
selectively shut down while the peripherals continue to
operate. Clearing IDLEN allows the CPU to be clocked.
Setting IDLEN disables clocks to the CPU, effectively
stopping program execution (see Register 2-3). The
peripherals continue to be clocked regardless of the
setting of the IDLEN bit.

There is one exception to how the IDLEN bit functions.
When all the low-power OSCCON bits are cleared
(IDLEN:SCS1:SCS0 = 000), the device enters Sleep
mode upon the execution of the SLEEP instruction. This
is both the Reset state of the OSCCON register and the
setting that selects Sleep mode. This maintains
compatibility with other PIC devices that do not offer
power-managed modes.

If the Idle Enable bit, IDLEN (OSCCON<7>), is set to a
‘l’ when a SLEEP instruction is executed, the
peripherals will be clocked from the clock source
selected using the SCS1:SCSO0 bits; however, the CPU
will not be clocked. Since the CPU is not executing
instructions, the only exits from any of the Idle modes
are by interrupt, WDT time-out or a Reset.

When a wake-up event occurs, CPU execution is
delayed approximately 10 us while it becomes ready to
execute code. When the CPU begins executing code,
it is clocked by the same clock source as was selected
in the power-managed mode (i.e., when waking from
RC_IDLE mode, the internal oscillator block will clock
the CPU and peripherals until the primary clock source
becomes ready - this is essentially RC_RUN mode).
This continues until the primary clock source becomes
ready. When the primary clock becomes ready, the
OSTS bit is set and the system clock source is
switched to the primary clock (see Figure 3-4). The
IDLEN and SCS bits are not affected by the wake-up.

While in any Idle mode or Sleep mode, a WDT time-out will
result in a WDT wake-up to full-power operation.

© 2007 Microchip Technology Inc.
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4.1 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected. To take advantage of the POR cir-
cuitry, just tie the MCLR pin through a resistor (1k to
10 kQ) to VDD. This will eliminate external RC compo-
nents usually needed to create a Power-on Reset
delay. A minimum rise rate for VDD is specified
(parameter D004). For a slow rise time, see Figure 4-2.

When the device starts normal operation (i.e., exits the
Reset condition), device operating parameters (volt-
age, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in Reset until the operating
conditions are met.

FIGURE 4-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR

SLOW Vbb POWER-UP)
\/sls} VDD
D R

R1
MCLR
C PIC18FXXXX

I

Note 1: External Power-on Reset circuit is
required only if the VDD power-up slope is
too slow. The diode D helps discharge the
capacitor quickly when VDD powers down.

2: R <40kQ is recommended to make sure
that the voltage drop across R does not
violate the device’s electrical specification.

3: R1>1kQ will limit any current flowing into
MCLR from external capacitor C, in the
event of MCLR/VPP pin breakdown, due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS).

4.2 Power-up Timer (PWRT)

The Power-up Timer (PWRT) of the PIC18F2X20/4X20
devices is an 11-bit counter, which uses the INTRC
source as the clock input. This yields a count of
2048 x 32 ps = 65.6 ms. While the PWRT is counting,
the device is held in Reset.

The power-up time delay depends on the INTRC clock
and will vary from chip-to-chip due to temperature and
process variation. See DC parameter #33 for details.

The PWRT is enabled by clearing Configuration bit,
PWRTEN.

4.3 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides a
1024 oscillator cycle (from OSC1 input) delay after the
PWRT delay is over (parameter #33). This ensures that
the crystal oscillator or resonator has started and
stabilized.

The OST time-out is invoked only for XT, LP, HS and
HSPLL modes and only on Power-on Reset, or on exit
from most power-managed modes.

4.4 PLL Lock Time-out

With the PLL enabled in its PLL mode, the time-out
sequence following a Power-on Reset is slightly
different from other oscillator modes. A portion of the
Power-up Timer is used to provide a fixed time-out that
is sufficient for the PLL to lock to the main oscillator fre-
quency. This PLL lock time-out (TPLL) is typically 2 ms
and follows the oscillator start-up time-out.

4.5 Brown-out Reset (BOR)

A Configuration bit, BOREN, can disable (if clear/
programmed) or enable (if set) the Brown-out Reset cir-
cuitry. If VDD falls below VBOR (parameter D005) for
greater than TBOR (parameter #35), the brown-out situ-
ation will reset the chip. A Reset may not occur if VDD
falls below VBOR for less than TBOR. The chip will
remain in Brown-out Reset until VDD rises above VBOR.
If the Power-up Timer is enabled, it will be invoked after
VDD rises above VBOR; it then will keep the chip in
Reset for an additional time delay TPWRT (parameter
#33). If VDD drops below VBOR while the Power-up
Timer is running, the chip will go back into a Brown-out
Reset and the Power-up Timer will be initialized. Once
VDD rises above VBOR, the Power-up Timer will execute
the additional time delay. Enabling BOR Reset does
not automatically enable the PWRT.

4.6 Time-out Sequence

On power-up, the time-out sequence is as follows:
First, after the POR pulse has cleared, PWRT time-out
is invoked (if enabled). Then, the OST is activated. The
total time-out will vary based on oscillator configuration
and the status of the PWRT. For example, in RC mode
with the PWRT disabled, there will be no time-out at all.
Figure 4-3, Figure 4-4, Figure 4-5, Figure 4-6 and
Figure 4-7 depict time-out sequences on power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, all time-outs will expire. Bring-
ing MCLR high will begin execution immediately
(Figure 4-5). This is useful for testing purposes or to
synchronize more than one PIC18FXXXX device
operating in parallel.

Table 4-2 shows the Reset conditions for some Special
Function Registers, while Table 4-3 shows the Reset
conditions for all the registers.
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8.0 8 X8 HARDWARE MULTIPLIER

8.1

An 8 x 8 hardware multiplier is included in the ALU of
the PIC18F2X20/4X20 devices. By making the multiply
a hardware operation, it completes in a single instruc-
tion cycle. This is an unsigned multiply that gives a
16-bit result. The result is stored into the 16-bit product
register pair (PRODH:PRODL). The multiplier does not
affect any flags in the STATUS register.

Introduction

8.2

Example 8-1 shows the sequence to do an 8 x 8
unsigned multiply. Only one instruction is required
when one argument of the multiply is already loaded in
the WREG register.

Example 8-2 shows the sequence to do an 8 x 8 signed
multiply. To account for the sign bits of the arguments,
each argument’s Most Significant bit (MSb) is tested
and the appropriate subtractions are done.

Operation

Making the 8 x 8 multiplier execute in a single-cycle EXAMPLE 8-1: 8 x 8 UNSIGNED
gives the following advantages: MULTIPLY ROUTINE
« Higher computational throughput MOVF ARGl, W
+ Reduces code size requirements for multiply MULWE ARG2 i ARGL * ARGZ —->
algorithms ;  PRODH:PRODL
The performance increase allows the device to be used
in applications previously reserved for Digital Signal EXAMPLE 8-2: 8 x 8 SIGNED MULTIPLY
Processors. ROUTINE
Table 8-1 shows a performance comparison between MOVF ARGl, W
enhanced devices using the single-cycle hardware MULWE ARG2 ; ARGl * ARG2 ->
multiply and performing the same function without the ; PRODH:PRODL
hardware multiply. BTFSC ARG2, SB ; Test Sign Bit
SUBWF PRODH, F  ; PRODH = PRODH
; - ARGl
MOVF ARG2, W
BTFSC ARGl, SB  ; Test Sign Bit
SUBWF PRODH, F  ; PRODH = PRODH
- ARG2
TABLE 8-1: PERFORMANCE COMPARISON
Program Cvcles Time
Routine Multiply Method Memory I‘\’n
(Words) (Max) | @40 MHz | @ 10 MHz | @ 4 MHz
. Without hardware multiply 13 69 6.9 us 27.6 us 69 us
8 x 8 unsigned -
Hardware multiply 1 1 100 ns 400 ns 1us
) Without hardware multiply 33 91 9.1 us 36.4 us 91 us
8 x 8 signed -
Hardware multiply 6 6 600 ns 2.4 us 6 us
. Without hardware multiply 21 242 24.2 us 96.8 us 242 us
16 x 16 unsigned -
Hardware multiply 28 28 28 s 11.2 us 28 pus
. Without hardware multiply 52 254 25.4 us 102.6 us 254 pus
16 x 16 signed -
Hardware multiply 35 40 4.0 pus 16.0 us 40 ps

© 2007 Microchip Technology Inc.
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REGISTER 9-7: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2
R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
OSCFIE CMIE — EEIE BCLIE LVDIE TMR3IE CCP2IE
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 OSCFIE: Oscillator Fail Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6 CMIE: Comparator Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5 Unimplemented: Read as ‘0’
bit 4 EEIE: Data EEPROM/Flash Write Operation Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 BCLIE: Bus Collision Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 2 LVDIE: Low-Voltage Detect Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 TMR3IE: TMR3 Overflow Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 CCP2IE: CCP2 Interrupt Enable bit
1 = Enabled
0 = Disabled

© 2007 Microchip Technology Inc.
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9.6 INTx Pin Interrupts

External interrupts on the RBO/INTO, RB1/INT1 and
RB2/INT2 pins are edge triggered: either rising if the
corresponding INTEDGx bit is set in the INTCONZ reg-
ister, or falling if the INTEDGx bit is clear. When a valid
edge appears on the RBx/INTx pin, the corresponding
flag bit, INTxIF, is set. This interrupt can be disabled by
clearing the corresponding enable bit, INTXIE. Flag bit,
INTxIF, must be cleared in software in the Interrupt
Service Routine before re-enabling the interrupt. All
external interrupts (INTO, INT1 and INT2) can wake-up
the processor from the power-managed modes if bit
INTXIE was set prior to going into power-managed
modes. If the global interrupt enable bit GIE is set, the
processor will branch to the interrupt vector following
wake-up.

Interrupt priority for INT1 and INT2 is determined by
the value contained in the Interrupt Priority bits,
INT1IP (INTCON3<6>) and INT2IP (INTCON3<7>).
There is no priority bit associated with INTO. It is
always a high-priority interrupt source.

9.7 TMRO Interrupt

In 8-bit mode (which is the default), an overflow
(FFh — 00h) in the TMRO register will set flag bit
TMROIF. In 16-bit mode, an overflow (FFFFh — 0000h)
in the TMROH:TMROL registers will set flag bit TMROIF.
The interrupt can be enabled/disabled by setting/clear-
ing enable bit, TMROIE (INTCON<5>). Interrupt priority
for TimerO is determined by the value contained in the
interrupt priority bit, TMROIP (INTCON2<2>). See
Section 11.0 “Timer0 Module” for further details on
the Timer0 module.

9.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>).
Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

9.9 Context Saving During Interrupts

During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, STATUS and BSR
registers are saved on the Fast Return Stack. If a fast
return from interrupt is not used (See Section 5.3
“Fast Register Stack”), the user may need to save the
WREG, STATUS and BSR registers on entry to the
Interrupt Service Routine. Depending on the user’s
application, other registers may also need to be saved.
Example 9-1 saves and restores the WREG, STATUS
and BSR registers during an Interrupt Service Routine.

EXAMPLE 9-1:

MOVWEF W_TEMP
MOVEF STATUS, STATUS_TEMP
MOVEF BSR, BSR_TEMP

SAVING STATUS, WREG AND BSR REGISTERS IN RAM

; W TEMP is in virtual bank
; STATUS TEMP located anywhere
; BSR_TMEP located anywhere

; USER ISR CODE

MOVEFEF BSR_TEMP, BSR ; Restore BSR
MOVEF W_TEMP, W ; Restore WREG
MOVEF STATUS_TEMP, STATUS ; Restore STATUS

© 2007 Microchip Technology Inc. DS39599G-page 99
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10.4 PORTD, TRISD and LATD

Registers

Note:

devices.

PORTD is only available on PIC18F4X20

PORTD is an 8-bit wide, bidirectional port. The corre-

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 10.6 “Parallel Slave
Port” for additional information on the Parallel Slave
Port (PSP).

sponding Data Direction register is TRISD. Setting a Note: When the enhanced PWM mode is used
TRISD bit (= 1) will make the corresponding PORTD with either dual or quad outputs, the PSP
pin an input (i.e., put the corresponding output driver in functions of PORTD are automatically
a high-impedance mode). Clearing a TRISD bit (= 0) disabled.
will make the corresponding PORTD pin an output (i.e.,
put the contents of the output latch on the selected pin). EXAMPLE 10-4: INITIALIZING PORTD
The Data Latch register (LATD) is also memory mapped. CLRF  PORTD ; Initialize PORTD by
Read-modify-write operations on the LATD register read ; clearing output
and write the latched output value for PORTD. ; data latches
CLRF LATD ; Alternate method
All pins on PORTD are implemented with Schmitt Trig- ; to clear output
ger input buffers. Each pin is individually configurable ; data latches
as an input or output. MOVLW  OxCF ; Value used to
Three of the PORTD pins are multiplexed with outputs i ;ni;il;ie data
; 1 1
P1B, R1C and P1D of the. Enhanced CCP modulg. The MOVWE  TRISD Set RD<3:0> as inputs
operatloq of these ad'dlt'lonal P_WM outEut pins is ; RD<5:4> as outputs
covered in greater detail in Section 16.0 “Enhanced ; RD<7:6> as inputs
Capture/Compare/PWM (ECCP) Module”.
Note: On a Power-on Reset, these pins are
configured as digital inputs.
FIGURE 10-11: BLOCK DIAGRAM OF RD7:RD5 PINS
PORTD/CCP1 Select
CCP Data Out
PSPMODE 4D7
RD LATD j
Data Bus D Q 0 VDD
WR LATD
or PORTD cky @ . P
Data Latch
e— D Q EZ'
1/0 pin(")
WR TRISD k@ o) ..D-{ .
TRIS Latch ]
PSP Read 1 Vss
oﬂ 7, TTL Buffer
RD TRISD ; A
i i
RD PORTD . ) EN Schmitt Trigger
Input Buffer
PSP Write 1
Note 1: /O pins have diode protection to VDD and Vss.

© 2007 Microchip Technology Inc.
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FIGURE 11-1: TIMERO BLOCK DIAGRAM IN 8-BIT MODE
Data Bus
RA4/TOCKI/C10UT ~ Fosc/4 ———— 0
pin _ 8
0
Sync with
1 Internal — TMRO
Programmable | | 1 Clocks
Prescaler
TOSE (2 Tcy delay)
? 3 PSA
Set Interrupt
TOPS2, TOPS1, TOPSO Flag bit TMROIF
TOCS on Overflow
Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI maximum prescale.
FIGURE 11-2: TIMERO BLOCK DIAGRAM IN 16-BIT MODE
RA4/TOCKI/C1OUT  £q0/a 0
pin
Sync with TMRO Set Interrupt
1 Internal —>| TMROL | High Byte Flag bit TMROIF
Programmable Clocks 8 on Overflow
TOSE Prescaler (2 Tov delay)
3

TOPS2, TOPS1, TOPSO
0cs PSA

’j_x :_LRead TMROL

Write TMROL

™8

TMROH

Data Bus<7:0>

Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI maximum prescale.
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121

Timer1 can operate in one of these modes:

Timer1 Operation

* As atimer
* As a synchronous counter
» As an asynchronous counter

The operating mode is determined by the Clock Select
bit, TMR1CS (T1CON<1>).

When TMR1CS = 0, Timer1 increments every instruc-
tion cycle. When TMR1CS = 1, Timer1 increments on
every rising edge of the external clock input, or the
Timer1 oscillator, if enabled.

When the Timer1 oscillator is enabled (T1OSCEN is
set), the RC1/T10SI/CCP2 and RCO/T10SO/T1CKI
pins become inputs. The TRISC1:TRISCO values are
ignored and the pins read as ‘0’.

Timer1 also has an internal “Reset input”. This Reset
can be generated by the CCP module (see
Section 15.4.4 “Special Event Trigger”).

FIGURE 12-1: TIMER1 BLOCK DIAGRAM
TMRAIE CCP Special Event Trigger
Overflow :
Interrupt TMRA 0l Synchronized
Flag bit CLR Clock Input
TMR1H TMR1L ;
TMR10ON
i On/Off T1SYNC
— =
T10SC N
A 1 -
T1cKIm1080 X 1 TioscEn = ——— Synchronize
b ék Enable 1
T108I | 2 (1) Foscl4 2,4, _ A det
|X|—|— Oscillator Internal 0 |
b= Clock )‘(2
Peripheral Clocks
T1CKPS1:T1CKPS0
TMR1CS
Note 1: When enable bit TIOSCEN is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.

TIMER1 BLOCK DIAGRAM: 16-BIT READ/WRITE MODE

FIGURE 12-2:
Data Bus<7:0>
8
TMR1H
/\ 8

Write TMR1L

Read TMR1L# X _L‘

CCP Special Event Trigger

TMR1IF 8 TMRA1 0l Synchronized
Overflow ~
Interrupt Timer 1 CLR Clock Input
Flag bit High Byte TMR1L ]
TMR10ON N N
on/off T1SYNC
T1CKIT10S0 % '|> 1 SorchroT
| Prescaler ynenronize
T10SCEN Fosc/4 1,2,4,8 A det
Enable ) Internal 0
T10sI Oscillator! Clock 2
TMR1CS Peripheral Clocks

T1CKPS1:T1CKPS0

Note 1: When enable bit TIOSCEN is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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NOTES:
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REGISTER 17-4: SSPCON1: MSSP CONTROL REGISTER 1 (1C™ MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
wcoL SsPOvV | SSPEN( CKP ssPM3® | sspm2® | sspm1®@ | sspmo®
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 WCOL: Write Collision Detect bit

In Master Transmit mode:

1= A write to the SSPBUF register was attempted while the I°C conditions were not valid for a
transmission to be started (must be cleared in software)

0 = No collision

In Slave Transmit mode:

1 = The SSPBUF register is written while it is still transmitting the previous word (must be cleared in
software)

0 = No collision

In Receive mode (Master or Slave modes):

This is a “don’t care” bit.

bit 6 SSPOV: Receive Overflow Indicator bit

In Receive mode:

1 = Abyte is received while the SSPBUF register is still holding the previous byte (must be cleared in
software)

0 = No overflow

In Transmit mode:

This is a “don’t care” bit in Transmit mode.

bit 5 SSPEN: Master Synchronous Serial Port Enable bit(!)

1 = Enables the serial port and configures the SDA and SCL pins as the serial port pins
0 = Disables serial port and configures these pins as 1/O port pins
bit 4 CKP: SCK Release Control bit
In Slave mode:
1 = Release clock
0 = Holds clock low (clock stretch), used to ensure data setup time
In Master mode:
Unused in this mode.

bit 3-0 SSPM3:SSPMO0: Master Synchronous Serial Port Mode Select bits(2)

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

1000 = I2C Master mode, clock = Fosc/(4 * (SSPADD + 1))

0111 = I2C Slave mode, 10-bit address(®

0110 = I2C Slave mode, 7-bit address(?

Note 1: When enabled, the SDA and SCL pins must be properly configured as input or output.
2: Bit combinations not specifically listed here are either reserved or implemented in SPI mode only.
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17.4.2 OPERATION

The MSSP module functions are enabled by setting
MSSP Enable bit, SSPEN (SSPCON1<5>).

The SSPCONH1 register allows control of the 12C oper-
ation. Four mode selection bits (SSPCON1<3:0>) allow
one of the following 12C modes to be selected:

+ 12C Master mode, clock = Fosc/(4 * (SSPADD + 1))
« 12C Slave mode (7-bit address)
« 12C 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 I2C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open-drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits. To ensure proper operation
of the module, pull-up resistors must be provided
externally to the SCL and SDA pins.

17.4.3 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured 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 address match. 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 automati-
cally will generate the Acknowledge (ACK) pulse and
load the SSPBUF register with the received value
currently in the SSPSR register.

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

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

* The overflow bit, SSPOV (SSPCON1<6>), was
set before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF but bit SSPIF (PIR1<3>) is set. The
BF bit is cleared by reading the SSPBUF register, while
bit SSPOV is cleared by software.

The SCL 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.

17.4.3.1 Addressing

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 SSPSR register. All incom-
ing bits are sampled with the rising edge of the clock
(SCL) line. The value of register SSPSR<7:1> is com-
pared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match and the BF
and SSPOV bits are clear, the following events occur:

1. The SSPSR register value is loaded into the
SSPBUF register.

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

An ACK pulse is generated.

4. MSSP Interrupt Flag bit, SSPIF (PIR1<3>), is

set (interrupt is generated if enabled) on the
falling edge of the ninth SCL 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 (SSPSTAT<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 ‘29" and ‘A8’ are the two
MSbs of the address. The sequence of events for

10-bit addressing is as follows, with steps 7 through 9

for the slave-transmitter:

1. Receive first (high) byte of address (bits SSPIF,
BF and bit UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with second (low)
byte of Address (clears bit, UA, and releases the
SCL line).

3. Read the SSPBUF register (clears bit, BF) and
clear flag bit, SSPIF.

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

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

6. Read the SSPBUF register (clears bit, BF) and
clear flag bit, SSPIF.

7. Receive Repeated Start condition.

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

9. Read the SSPBUF register (clears bit, BF) and
clear flag bit, SSPIF.
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I’C™ SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 10-BIT ADDRESS)

FIGURE 17-10
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17.4.10  1°C MASTER MODE
TRANSMISSION

Transmission of a data byte, a 7-bit address or the
other half of a 10-bit address is accomplished by simply
writing a value to the SSPBUF register. This action will
set the Buffer Full Flag bit, BF, and allow the Baud Rate
Generator to begin counting and start the next
transmission. Each bit of address/data will be shifted
out onto the SDA pin after the falling edge of SCL is
asserted (see data hold time specification parameter
#106). SCL is held low for one Baud Rate Generator
rollover count (TBRG). Data should be valid before SCL
is released high (see data setup time specification
parameter #107). When the SCL pin is released high, it
is held that way for TBRG. The data on the SDA pin
must remain stable for that duration and some hold
time after the next falling edge of SCL. After the eighth
bit is shifted out (the falling edge of the eighth clock),
the BF flag is cleared and the master releases SDA.
This allows the slave device being addressed to
respond with an ACK bit, during the ninth bit time, if an
address match occurred or if data was received prop-
erly. The status of ACK is written into the ACKDT bit on
the falling edge of the ninth clock. If the master receives
an Acknowledge, the Acknowledge Status bit,
ACKSTAT, is cleared; if not, the bit is set. After the ninth
clock, the SSPIF bit is set and the master clock (Baud
Rate Generator) is suspended until the next data byte
is loaded into the SSPBUF, leaving SCL low and SDA
unchanged (Figure 17-21).

After the write to the SSPBUF, each bit of address will
be shifted out on the falling edge of SCL until all seven
address bits and the R/W bit are completed. On the fall-
ing edge of the eighth clock, the master will deassert
the SDA pin, allowing the slave to respond with an
Acknowledge. On the falling edge of the ninth clock, the
master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT status bit (SSPCON2<6>).
Following the falling edge of the ninth clock transmis-
sion of the address, the SSPIF is set, the BF flag is
cleared and the Baud Rate Generator is turned off until
another write to the SSPBUF takes place, holding SCL
low and allowing SDA to float.

17.4.10.1 BF Status Flag

In Transmit mode, the BF bit (SSPSTAT<0>) is set
when the CPU writes to SSPBUF and is cleared when
all 8 bits are shifted out.

17.4.10.2 WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), the WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

WCOL must be cleared in software.

17.4.10.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit (SSPCON2<6>) is
cleared when the slave has sent an Acknowledge
(ACK = 0) and is set when the slave does not Acknowl-
edge (ACK = 1). A slave sends an Acknowledge when
it has recognized its address (including a general call)
or when the slave has properly received its data.

17.4.11  1°C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
Receive Enable bit, RCEN (SSPCON2<3>).

Note:  The MSSP module must be in an Idle state
before the RCEN bit is set or the RCEN bit
will be disregarded.

The Baud Rate Generator begins counting and on each
rollover, the state of the SCL pin changes (high-to-low/
low-to-high) and data is shifted into the SSPSR. After
the falling edge of the eighth clock, the receive enable
flag is automatically cleared, the contents of the
SSPSR are loaded into the SSPBUF, the BF flag bit is
set, the SSPIF flag bit is set and the Baud Rate
Generator is suspended from counting, holding SCL
low. The MSSP is now in Idle state, awaiting the next
command. When the buffer is read by the CPU, the BF
flag bit is automatically cleared. The user can then
send an Acknowledge bit at the end of reception by
setting the Acknowledge Sequence Enable bit, ACKEN
(SSPCON2<4>).

17.411.1 BF Status Flag

In receive operation, the BF bit is set when an address
or data byte is loaded into SSPBUF from SSPSR. It is
cleared when the SSPBUF register is read.

17.4.11.2 SSPOQV Status Flag

In receive operation, the SSPOV bit is set when 8 bits
are received into the SSPSR and the BF flag bit is
already set from a previous reception.

17.4.11.3 WCOL Status Flag

If the user writes the SSPBUF when a receive is
already in progress (i.e., SSPSR is still shifting in a data
byte), the WCOL bit is set and the contents of the buffer
are unchanged (the write doesn’t occur).
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12C™ MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 17-21
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FIGURE 17-27: BUS COLLISION DURING START CONDITION (SCL =0)
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FIGURE 17-28: BRG RESET DUE TO SDA ARBITRATION DURING START CONDITION
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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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26.2 DC Characteristics: Power-Down and Supply Current
PIC18F2220/2320/4220/4320 (Industrial)
PIC18LF2220/2320/4220/4320 (Industrial) (Continued)

PIC18LF2220/2320/4220/4320 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
PIC18F2220/2320/4220/4320 Standgrd Operating Conditions Sunless othe:mse .stated).
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
’ -40°C < TA < +125°C for extended
Pz;;‘zm Device Typ | Max | Units Conditions
Supply Current (Ipp){23)
PIC18LF2X20/4X20| 140 275 pA -40°C
140 275 pA +25°C VDD = 2.0V
150 275 pA +85°C
PIC18LF2X20/4X20| 220 375 pA -40°C
220 | 375 | pA +25°C VDD = 3.0V Fosc =4 MHz
S (RC_IDLE mode,
210 375 HA +85°C internal oscillator source)
All devices| 390 800 pA -40°C
400 800 pA +25°C
VDD = 5.0V
380 800 pA +85°C
Extended devices| 410 800 pA +125°C
PIC18LF2X20/4X20| 150 250 pA -40°C
150 250 pA +25°C VDD = 2.0V
160 250 pA +85°C
PIC18LF2X20/4X20| 340 350 pA -40°C
300 | 350 | upA +25°C VDD = 3.0V Fosc = 1 MHz
" (PRI_RUN,
280 | 350 | wA +85°C EC oscillator)
All devices| 0.72 1.0 mA -40°C
0.63 1.0 mA +25°C
VDD = 5.0V
0.57 1.0 mA +85°C
Extended devices| 0.53 1.0 mA +125°C

Legend: Shading of rows is to assist in readability of the table.

Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss and all features that add delta
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).

2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on
the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD;
MCLR = VbD; WDT enabled/disabled as specified.

3: For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated
by the formula Ir = VDD/2REXT (mA) with REXT in kQ.

4: Standard low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature
crystals are available at a much higher cost.

© 2007 Microchip Technology Inc. DS39599G-page 313



PIC18F2220/2320/4220/4320

Cc

C Compilers
MPLAB C18 ....

MPLAB C30 .... ..302
CALL e e 272
Capture (CCP Module) .......ccocviiiiiiiiiiineeeeeee e 135

Associated Registers .. ... 137

CCP Pin Configuration .......... ..135

CCPR1H:CCPR1L Registers ..135

Software Interrupt ... 135

Timer1/Timer3 Mode Selection ...........cccccceeieienen. 135
Capture (ECCP Module) .
Capture/Compare/PWM (CCP) ......ccccooeiriiiiiieiie e 133

Capture Mode. See Capture.

CCP T e 134

CCPR1H Register ........ocoveviiniiiiiiiiic e 134
CCPR1L Register ... .
CCP2 .t
CCPR2H Register ........ccoceeviiniiiiiieic e 134
CCPR2L Register ......ccoooiiiiiiiiiieeiiiceeeenn 134

Compare Mode. See Compare.

Interaction of Two CCP Modules ..........ccccoeeirenee. 134

PWM Mode. See PWM.

Timer RESOUICES ......coiiiieiiieeieee e 134
Clock SOUICES .....vvveeiiiiieiie e ...25

Selection Using OSCCON Register ... .25
Clocking Scheme/Instruction Cycle ......... ...57
CLRF e 273
CLRWDT .ottt 273
Code Examples

16 x 16 Signed Multiply Routine ............cccccevnieninennn. 86

16 x 16 Unsigned Multiply Routine ............cccoceeeeneen. 86

8 x 8 Signed Multiply Routine ...........cccccveiiiniiennenns 85

8 x 8 Unsigned Multiply Routine ............ccccocinieinnnnns

Changing Between Capture Prescalers ...
Computed GOTO Using an Offset Value

Data EEPROM Read .......cccoooiiiiiiiiiieiie e
Data EEPROM Refresh Routine ..
Data EEPROM Write .......ccccoeevciinnieennen.
Erasing a Flash Program Memory Row
Fast Register Stack ..........ccoceiiiiiiiiiiiieeec
How to Clear RAM (Bank 1) Using

Indirect AAdressing .......ccccoecueerieeiceniinieesneene 66
Implementing a Real-Time Clock Using a

Timer1 Interrupt Service .........ccceeveviiiniennenen. 125
Initializing PORTA .....oooiiiiie s 101
Initializing PORTB .....c.cooiiieieiinecieece e 104
Initializing PORTC ... .
Initializing PORTD ......ccciiiiiiiiiie e
Initializing PORTE .....c.cooiiiiiininceece e 111
Loading the SSPBUF (SSPSR) Register ................. 158
Reading a Flash Program Memory Word ................... 75
Saving STATUS, WREG and BSR

Registers in RAM ........ccoiiiiiiiiiieecececne 99
Writing to Flash Program Memory ..........c.cccc..... 78-79

Code Protection .........cccevvvvvvvvviiiriiirinenns ... 237,252

COMF ............ 274
ComMPArator .........cceeveeeveeeniienee e ...221
Analog Input Connection Considerations ................. 225
Associated Registers ..........ccccoviiiiiiiiiiiiinieeees 226
Configuration ............
Effects of a Reset
Interrupts ............... .
OPEration ........oecuieiiieieineee e e
Operation in Power-Managed Modes ...................... 225

OULPULS .o
REfEreNCe ...oooieeiiieeee e
Response Time .
Comparator Specifications ..........ccccceeveeniiiiiiniinieiies 322
Comparator Voltage Reference ...........ccoceeoveiciinieencenns 227
Accuracy and Error ............
Associated Registers ...
Configuring .......ccccecveeveenns .
Connection Considerations .............cccccccciiiiennnnnn. 228
Effects of a Reset ..o 228
Operation in Power-Managed Modes . .. 228
Compare (CCP Module) .......ccoceevvivviennnen. .. 136
Associated Registers ...... .. 137
CCP Pin Configuration ...........cccceecieniincinnieeeee. 136
CCPR1 RegIStEr ...coviiiiiiiiiiiiie e
Software Interrupt
Special Event Trigger .......ccccoociviiiiiiiieeneene 136, 220
Timer1/Timer3 Mode Selection .............ccccooeeveenen. 136
Compare (ECCP Mode) ......ccccovviiiniiiiiieniccieeiceeeeeee 142
Computed GOTO
Configuration Bits .
Configuration Register Protection ...........ccccocevniiinenncne 255
Context Saving During Interrupts ..........cccoooveiiirieencennnn. 99

Control Registers

EECON1 and EECON2 ..
Conversion Considerations ..... .
CPFSEQ ..ttt e
CPESGT it
CPFESLT oot .
Crystal Oscillator/Ceramic Resonator ..... ... 19
Customer Change Notification Service ... .
Customer Notification Service ..........cccoocceeiiiiiiiiiiencenn. 389
CuStomMeEr SUPPOIT ....evviieeeieiiiiiie e 389

D

Data EEPROM Code Protection ............cccocoeiiiiiiiiens
Data EEPROM Memory .............
Associated Registers ...
EEADR Register .......ccoccceveviiiieennnnn.
EECON1 and EECON2 Registers ........ccccceenivrnenen.
Operation During Code-Protect ..........ccccoeeviveeiiinenes
Protection Against Spurious Write ..
Reading ....occeeiiiiiiie e
USING ottt
Write VErify .o
WIIHING <ottt
Data Memory
General Purpose Registers .........ccccviiiiiiieiiniicens
Map for PIC18F2X20/4X20 .......c.cccovemieiiieieeieeieeens
Special Function Registers ....
DAW e
DC and AC Characteristics
Graphs and Tables .......ccccocviiiieiiiiiiieee e 347
DC CharacteristiCs ..........ccccociiiiiiiiiiiiiicse s 319
Power-Down and Supply Current ... ..310
Supply Voltage ........cccoeeevireieeenenne
DCFSNZ .....ccccvnvenes .
DECF e
DECFSZ ... e
Development Support ... .
Device Differences ..........ccceiioeeeiiiiieeiee e
Device OVEIVIEW .........oiiiiiiiiiiee e
Features (table) ........ccooiiiiiiiiii
New Core Features ........ccooooereiiiieiiee e 7
Other Special Features ...
Direct Addressing .......cooocuiieeriiiiiiiieieeieee e

DS39599G-page 380

© 2007 Microchip Technology Inc.



