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PIC18F2221/2321/4221/4321 FAMILY

TABLE 1-3: PIC18F4221/4321 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer -
Pin Name T T Description
PDIP | QFN |TQFP | 'YPe | Type
PORTD is a bidirectional I/0 port or a Parallel Slave
Port (PSP) for interfacing to a microprocessor port.
These pins have TTL input buffers when the PSP
module is enabled.
RDO/PSPO 19 38 38
RDO /0 ST Digital 1/0.
PSPO /0 TTL Parallel Slave Port data.
RD1/PSP1 20 39 39
RD1 /0 ST Digital 1/0.
PSP1 /0 TTL Parallel Slave Port data.
RD2/PSP2 21 40 40
RD2 /0 ST Digital 1/0.
PSP2 /0 TTL Parallel Slave Port data.
RD3/PSP3 22 41 41
RD3 /0 ST Digital 1/0.
PSP3 /0 TTL Parallel Slave Port data.
RD4/PSP4 27 2 2
RD4 /0 ST Digital 1/0.
PSP4 /0 TTL Parallel Slave Port data.
RD5/PSP5/P1B 28 3 3
RD5 /0 ST Digital 1/0.
PSP5 /0 TTL Parallel Slave Port data.
P1B (0] — Enhanced CCP1 output.
RD6/PSP6/P1C 29 4 4
RD6 /0 ST Digital 1/0.
PSP6 /0 TTL Parallel Slave Port data.
P1C 0] — Enhanced CCP1 output.
RD7/PSP7/P1D 30 5 5
RD7 /0 ST Digital 1/0.
PSP7 /0 TTL Parallel Slave Port data.
P1D (0] — Enhanced CCP1 output.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input P = Power
[°C = ST with I’C™ or SMB levels o} = Output

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

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

The System Clock Select bits, SCS<1:0>, select the
clock source. The available clock sources are the
primary clock (defined by the FOSC<3:0> Configura-
tion bits), the secondary clock (Timer1 oscillator) and
the internal oscillator block. The clock source changes
immediately after either of the SCS<1:0> bits are
changed, following a brief clock transition interval. The
SCS bits are reset on all forms of Reset.

The Internal Oscillator Frequency Select bits
(IRCF<2:0>) select the frequency output of the internal
oscillator block to drive the device clock. The choices
are the INTRC source (31 kHz), the INTOSC source
(8 MHz) or one of the frequencies derived from the
INTOSC postscaler (31.25kHz to 4 MHz). If the
internal oscillator block is supplying the device clock,
changing the states of these bits will have an immedi-
ate change on the internal oscillator’s output. On
device Resets, the default output frequency of the
internal oscillator block is set at 1 MHz.

When a nominal output frequency of 31 kHz is selected
(IRCF<2:0> = 000), users may choose which internal
oscillator acts as the source. This is done with the
INTSRC bit in the OSCTUNE register (OSCTUNE<7>).
Setting this bit selects INTOSC as a 31.25 kHz clock
source derived from the INTOSC postscaler. Clearing
INTSRC selects INTRC (nominally 31 kHz) as the
clock source and disables the INTOSC to reduce
current consumption.

This option allows users to select the tunable and more
precise INTOSC as a clock source, while maintaining
power savings with a very low clock speed. Addition-
ally, the INTOSC source will already be stable should a
switch to a higher frequency be needed quickly.
Regardless of the setting of INTSRC, INTRC always
remains the clock source for features such as the
Watchdog Timer and the Fail-Safe Clock Monitor.

The OSTS, IOFS and T1RUN bits indicate which clock
source is currently providing the device clock. The
OSTS bit indicates that the Oscillator Start-up Timer
and PLL Start-up Timer (if enabled) have timed out and

the primary clock is providing the device clock in
primary clock modes. The IOFS bit indicates when the
internal oscillator block has stabilized and is providing
the device clock in RC Clock modes. The T1RUN bit
(T1CON<6>) indicates when the Timer1 oscillator is
providing the device clock in secondary clock modes.
In power-managed modes, only one of these three bits
will be set at any time. If none of these bits are set, the
INTRC is providing the clock or the internal oscillator
block has just started and is not yet stable.

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

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

Note 1: The Timer1 oscillator must be enabled to
select the secondary clock source. The
Timer1 oscillator is enabled by setting the
T10SCEN bit in the Timer1 Control regis-
ter (T1ICON<3>). If the Timer1 oscillator
is not enabled, then any attempt to select
a secondary clock source will be ignored.

2: It is recommended that the Timer1
oscillator be operating and stable before
selecting the secondary clock source or a
very long delay may occur while the
Timer1 oscillator starts.

3.7.2 OSCILLATOR TRANSITIONS

The PIC18F2221/2321/4221/4321 family of devices con-
tains circuitry to prevent clock “glitches” when switching
between clock sources. A short pause in the device clock
occurs during the clock switch. The length of this pause
is the sum of two cycles of the old clock source and three
to four cycles of the new clock source. This formula
assumes that the new clock source is stable.

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

The PIC18F2221/2321/4221/4321 family devices

differentiate between various kinds of Reset:

a) Power-on Reset (POR)

) MCLR Reset during normal operation

¢) MCLR Reset during power-managed modes

) Watchdog Timer (WDT) Reset (during
execution)

e) Programmable Brown-out Reset (BOR)

f) RESET Instruction

g) Stack Full Reset

h) Stack Underflow Reset

This section discusses Resets generated by MCLR,
POR and BOR and covers the operation of the various
start-up timers. Stack Reset events are covered in
Section 6.1.2.4 “Stack Full and Underflow Resets”.
WDT Resets are covered in Section 24.2 “Watchdog
Timer (WDT)”.

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 5-1.

5.1 RCON Register

Device Reset events are tracked through the RCON
register (Register 5-1). The lower five bits of the regis-
ter indicate that a specific Reset event has occurred. In
most cases, these bits can only be cleared by the event
and must be set by the application after the event. The
state of these flag bits, taken together, can be read to
indicate the type of Reset that just occurred. This is
described in more detail in Section 5.6 “Reset State
of Registers”.

The RCON register also has control bits for setting
interrupt priority (IPEN) and software control of the
BOR (SBOREN). Interrupt priority is discussed in
Section 10.0 “Interrupts”. BOR is covered in
Section 5.4 “Brown-out Reset (BOR)”.

FIGURE 5-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
RESET
Instruction
Stack Stack Full/Underflow Reset
Pointer
External Reset
= )
MCLR MCLRE —
()_IDLE
Sleep
WDT
Time-out
VDD Rise| POR Pulse
Detect
VDD
Brown-out
Reset
BOREN:] ) S
Ir ‘OST/PWRT I
1024 Cycles —
osT — y _ | Chip_Reset
10-bit Ripple Counter @ | R Ql— =
0SC1| I
I o
| 3285 pPWRT 655ms |
|| INTRC™ > 11-Bit Ripple Counter [ — |
I I
L - — - — - — — — - Enable PWRT
Enable OST(?
Note 1: Thisisthe INTRC source from the internal oscillator block and is separate from the RC oscillator of the CLKI pin.
2: See Table 5-2 for time-out situations.

© 2009 Microchip Technology Inc.
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6.2 PIC18 Instruction Cycle
6.2.1 CLOCKING SCHEME

The microcontroller clock input, whether from an
internal or external source, is internally divided by four
to generate four non-overlapping quadrature clocks
(Q1, Q2, Q3 and Q4). Internally, the program counter is
incremented on every Q1; the instruction is fetched
from the program memory and latched into the
Instruction Register (IR) during Q4. The instruction is
decoded and executed during the following Q1 through
Q4. The clocks and instruction execution flow are
shown in Figure 6-3.

FIGURE 6-3:

CLOCKI/INSTRUCTION CYCLE

6.2.2 INSTRUCTION FLOWY/PIPELINING

An “Instruction Cycle” consists of four Q cycles: Q1
through Q4. The instruction fetch and execute are
pipelined in such a manner that a fetch takes one
instruction cycle, while the decode and execute take
another instruction cycle. However, due to the pipe-
lining, each instruction effectively executes in one
cycle. If an instruction causes the program counter to
change (e.g., GOTO), then two cycles are required to
complete the instruction (Example 6-3).

A fetch cycle begins with the Program Counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the Instruction Register (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3 and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

Q1 | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 I Q1 | Q2 | Q3 | Q4 |
osct L/ /7 / v/ L/ v/ /v /L

Execute INST (PC - 2)

Ql —\ I\ |

Q@ | 7 | /N | || Internal

@ /T | N | A Epoacske

Q4 \ /) [} / |

PC { PC X PC+2 X PC+4 |
0OSC2/CLKO

(RCmode) M—m— NM—run-—

Fetch INST (PC)

Execute INST (PC) |

Fetch INST (PC + 2)

Execute INST (PC + 2)

Fetch INST (PC + 4)

EXAMPLE 6-3: INSTRUCTION PIPELINE FLOW
TcyO Tcy1 Tcy2 Tcy3 Tcy4 Tcys

1. MOVLW 55h Fetch 1 Execute 1

2. MOVWF PORTB Fetch 2 Execute 2

3. BRA SUB 1 Fetch 3 Execute 3

4. BSF  PORTA, BIT3 (Forced NOP) Fetch 4 Flush (NOP)

5. Instruction @ address SUB 1 Fetch SUB_1| Execute SUB_1
All instructions are single cycle, except for any program branches. These take two cycles since the fetch instruction
is “flushed” from the pipeline while the new instruction is being fetched and then executed.

© 2009 Microchip Technology Inc.
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6.3.5 STATUS REGISTER

The STATUS register, shown in Register 6-2, contains
the arithmetic status of the ALU. As with any other SFR,
it can be the operand for any instruction.

If the STATUS register is the destination for an instruc-
tion that affects the Z, DC, C, OV or N bits, the results
of the instruction are not written; instead, the STATUS
register is updated according to the instruction
performed. Therefore, the result of an instruction with
the STATUS register as its destination may be different
than intended. As an example, CLRF STATUS will set
the Z bit and leave the remaining Status bits
unchanged (‘000u uluu’).

It is recommended that only BCF, BSF, SWAPF, MOVFF
and MOVWEF instructions are used to alter the STATUS
register, because these instructions do not affect the Z,
C, DC, OV or N bits in the STATUS register.

For other instructions that do not affect Status bits, see
the instruction set summaries in Table 24-2 and
Table 24-3.

Note: The C and DC bits operate as the borrow
and digit borrow bits, respectively, in

subtraction.

REGISTER 6-2: STATUS REGISTER
u-0 u-0 u-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — N ov 4 DC C
bit 7 bit 0

bit 7-5 Unimplemented: Read as ‘0’
bit 4 N: Negative bit

This bit is used for signed arithmetic (2's complement). It indicates whether the result was

negative (ALU MSB = 1).
1 = Result was negative
0 = Result was positive

bit 3 OV: Overflow bit

This bit is used for signed arithmetic (2's complement). It indicates an overflow of the 7-bit
magnitude which causes the sign bit (bit 7 of the result) to change state.

1 = Overflow occurred for signed arithmetic (in this arithmetic operation)

0 = No overflow occurred
bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit Carry/borrow bit

For ADDWF, ADDLW, SUBLW and SUBWF instructions:

1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result

Note:  For borrow, the polarity is reversed. A subtraction is executed by adding the 2’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either bit 4 or bit 3 of the source register.

bit 0 C: Carry/borrow bit

For ADDWF, ADDLW, SUBLW and SUBWF instructions:

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note:  For borrow, the polarity is reversed. A subtraction is executed by adding the 2’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high or low-order bit of the source register.

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

DS39689F-page 72
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12.3

An 8-bit counter is available as a prescaler for the TimerQ
module. The prescaler is not directly readable or writable;
its value is set by the PSA and TOPS<2:0> bits
(TOCON<3:0>) which determine the prescaler
assignment and prescale ratio.

Prescaler

Clearing the PSA bit assigns the prescaler to the
Timer0 module. When it is assigned, prescale values
from 1:2 through 1:256 in power-of-2 increments are
selectable.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g., CLRF TMRO, MOVWF
TMRO, BSF TMRO, etc.) clear the prescaler count.

12.3.1 SWITCHING PRESCALER

ASSIGNMENT

The prescaler assignment is fully under software
control and can be changed “on-the-fly” during program
execution.

12.4 Timer0 Interrupt

The TMRO interrupt is generated when the TMRO
register overflows from FFh to 00h in 8-bit mode, or
from FFFFh to 0000h in 16-bit mode. This overflow sets
the TMROIF flag bit. The interrupt can be masked by
clearing the TMROIE bit (INTCON<5>). Before re-
enabling the interrupt, the TMROIF bit must be cleared
in software by the Interrupt Service Routine.

Note:  Writing to TMRO when the prescaler is ) ] ) ]
assigned to Timer0 will clear the prescaler Since Timer0 is shut down in Sleep mode, the TMRO
count but will not change the prescaler interrupt cannot awaken the processor from Sleep.
assignment.
TABLE 12-1: REGISTERS ASSOCIATED WITH TIMERO
Reset
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
TMROL Timer0O Register Low Byte 56
TMROH Timer0 Register High Byte 56
INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 55
TOCON TMROON | TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO 56
TRISA RA7M | RasM RA5 RA4 RA3 RA2 RA1 RAO 58

Legend: Shaded cells are not used by Timer0.

Note 1:

PORTA<7:6> and their direction bits are individually configured as port pins based on various primary
oscillator modes. When disabled, these bits read as ‘0’.

© 2009 Microchip Technology Inc.
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13.3.3 TIMER1 OSCILLATOR LAYOUT
CONSIDERATIONS

The Timer1 oscillator circuit draws very little power
during operation. Due to the low-power nature of the
oscillator, it may also be sensitive to rapidly changing
signals in close proximity.

The oscillator circuit, shown in Figure 13-3, should be
located as close as possible to the microcontroller.
There should be no circuits passing within the oscillator
circuit boundaries other than Vss or VDD.

If a high-speed circuit must be located near the
oscillator (such as the CCP1 pin in Output Compare or
PWM mode, or the primary oscillator using the OSC2
pin), a grounded guard ring around the oscillator circuit,
as shown in Figure 13-4, may be helpful when used on
a single-sided PCB or in addition to a ground plane.

FIGURE 13-4: OSCILLATOR CIRCUIT
WITH GROUNDED
GUARD RING
(O vop
(. Vss
——(O | osc1
=
1) J§ osc2

e L
——O B rc1

O Re2

Note: Not drawn to scale.

13.4 Timer1 Interrupt

The TMR1 register pair (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The
Timer1 interrupt, if enabled, is generated on overflow
which is latched in interrupt flag bit, TMR1IF
(PIR1<0>). This interrupt can be enabled or disabled
by setting or clearing the Timer1 Interrupt Enable bit,
TMR1IE (PIE1<0>).

13.5 Resetting Timer1 Using the CCP
Special Event Trigger

If either of the CCP modules is configured to use
Timer1 and generate a Special Event Trigger in Com-
pare mode (CCP1M<3:0> or CCP2M<3:0>=1011),
this signal will reset Timer1. The trigger from CCP2 will
also start an A/D conversion if the A/D module is
enabled (see Section 16.3.4 “Special Event Trigger”
for more information).

The module must be configured as either a timer or a
synchronous counter to take advantage of this feature.
When used this way, the CCPRH:CCPRL register pair
effectively becomes a period register for Timer1.

If Timer1 is running in Asynchronous Counter mode,
this Reset operation may not work.

In the event that a write to Timer1 coincides with a
Special Event Trigger, the write operation will take
precedence.

Note: The Special Event Triggers from the
CCP2 module will not set the TMR1IF

interrupt flag bit (PIR1<0>).

13.6 Using Timer1 as a Real-Time Clock

Adding an external LP oscillator to Timer1 (such as the
one described in Section 13.3 “Timer1 Oscillator”)
gives users the option to include RTC functionality to
their applications. This is accomplished with an
inexpensive watch crystal to provide an accurate time
base and several lines of application code to calculate
the time. When operating in Sleep mode and using a
battery or supercapacitor as a power source, it can
completely eliminate the need for a separate RTC
device and battery backup.

The application code routine, RTCisr, shown in
Example 13-1, demonstrates a simple method to
increment a counter at one-second intervals using an
Interrupt Service Routine. Incrementing the TMR1
register pair to overflow, triggers the interrupt and calls
the routine, which increments the seconds counter by
one. Additional counters for minutes and hours are
incremented as the previous counter overflow.

Since the register pair is 16 bits wide, counting up to
overflow the register directly from a 32.768 kHz clock
would take 2 seconds. To force the overflow at the
required one-second intervals, it is necessary to
preload it. The simplest method is to set the MSb of
TMR1H with a BSF instruction. Note that the TMR1L
register is never preloaded or altered. Doing so may
introduce cumulative errors over many cycles.

For this method to be accurate, Timer1 must operate in
Asynchronous mode and the Timer1 overflow interrupt
must be enabled (PIE1<0> = 1), as shown in the
routine, RTCinit. The Timer1 oscillator must also be
enabled and running at all times.
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NOTES:
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NOTES:
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17.0 ENHANCED CAPTURE/ Enhanced features are discussed in detail in
Section 17.4 “Enhanced PWM Mode”. Capture,

COMPARE/PWM (ECCP) Compare and single-output PWM functions of the
MODULE ECCP module are the same as described for the

Note:  The ECCP module is implemented only in standard CCP module.
40/44-pin devices. The control register for the Enhanced CCP module is
In PIC18F4221/4321 devices, CCP1 is implemented shown in Register 17-1. It differs from the CCPxCON
as a standard CCP module with Enhanced PWM reglster.s |T1IPIC18.F2221/.2321 devices in that the two
capabilities. These include the provision for 2 or Most Significant bits are implemented to control PWM

4 output channels, user-selectable polarity, dead-band functionality.
control and automatic shutdown and restart. The

REGISTER 17-1: CCP1CON REGISTER (ECCP1 MODULE, 40/44-PIN DEVICES)
RW-O RW-O RW-0 RW-0 RW-0 RW-0 RW-0  RMW-0
PIMI | PIMO | DC1B1 | DC1BO | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO
bit 7 bit 0

bit 7-6  P1M<1:0>: Enhanced PWM Output Configuration bits
If CCP1M<3:2> =00, 01, 10:
xx = P1A assigned as Capture/Compare input/output; P1B, P1C, P1D assigned as port pins
If CCP1M<3:2> = 11:
00 = Single output: P1A modulated; P1B, P1C, P1D assigned as port pins
01 = Full-bridge output forward: P1D modulated; P1A active; P1B, P1C inactive
10 = Half-bridge output: P1A, P1B modulated with dead-band control; P1C, P1D assigned
as port pins
11 = Full-bridge output reverse: P1B modulated; P1C active; P1A, P1D inactive
bit 5-4 DC1B<1:0>: PWM Duty Cycle bit 1 and bit 0

Capture mode:
Unused.

Compare mode:

Unused.

PWM mode:

These bits are the two LSbs of the 10-bit PWM duty cycle. The eight MSbs of the duty cycle are
found in CCPR1L.

bit 3-0 CCP1M<3:0>: Enhanced CCP Mode Select bits

0000 = Capture/Compare/PWM off (resets ECCP module)

0001 = Reserved

0010 = Compare mode, toggle output on match

0011 = Capture mode

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, initialize CCP1 pin low, set output on compare match (set CCP1IF)
1001 = Compare mode, initialize CCP1 pin high, clear output on compare match (set CCP1IF)
1010 = Compare mode, generate software interrupt only, CCP1 pin reverts to /O state
1011 = Compare mode, trigger special event (ECCP resets TMR1 or TMR3, sets CC1IF bit)
1100 = PWM mode; P1A, P1C active-high; P1B, P1D active-high

1101 = PWM mode; P1A, P1C active-high; P1B, P1D active-low

1110 = PWM mode; P1A, P1C active-low; P1B, P1D active-high

1111 = PWM mode; P1A, P1C active-low; P1B, P1D active-low

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
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17.4.4 HALF-BRIDGE MODE

In the Half-Bridge Output mode, two pins are used as
outputs to drive push-pull loads. The PWM output signal
is output on the P1A pin, while the complementary PWM
output signal is output on the P1B pin (Figure 17-4). This
mode can be used for half-bridge applications, as shown
in Figure 17-5, or for full-bridge applications where four
power switches are being modulated with two PWM
signals.

In Half-Bridge Output mode, the programmable dead-
band delay can be used to prevent shoot-through
current in half-bridge power devices. The value of bits,
PDC<6:0>, sets the number of instruction cycles before
the output is driven active. If the value is greater than
the duty cycle, the corresponding output remains
inactive during the entire cycle. See Section 17.4.6
“Programmable Dead-Band Delay” for more details
of the dead-band delay operations.

Since the P1A and P1B outputs are multiplexed with
the PORTC<2> and PORTD<5> data latches, the
TRISC<2> and TRISD<5> bits must be cleared to
configure P1A and P1B as outputs.

FIGURE 17-4: HALF-BRIDGE PWM
OUTPUT

Period Period

| Duty Cycle
P1A®) !
i |

[ I

[ td 1
P1B@) | i
' : M M-
Q) L

td = Dead-Band Delay

Note 1: At this time, the TMR2 register is equal to the
PR2 register.

2: Output signals are shown as active-high.

FIGURE 17-5: EXAMPLES OF HALF-BRIDGE OUTPUT MODE APPLICATIONS
Standard Half-Bridge Circuit (“Push-Pull”) V+
PIC18F4X21 FET
Driver 1o+
= —
Wl B @l
Load
FET
Driver +
. 1
P1B ’> |t} E
V-
Half-Bridge Output Driving a Full-Bridge Circuit
V+
PIC18F4X21 T
FET ) FET
Driver Dri)alr
= —
PiA > It} Ezl <t
FET LLoad | FET

]._ﬁ

Driver
™S
P1B > }

{ Driver
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FIGURE 18-5: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)

Optional
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FIGURE 18-6: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 1)

Not Optional !
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I’C™ SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 10-BIT ADDRESSING)

FIGURE 18-12

(0 = NIS uaym ,0, 0} }8saJ Jou SA0P JMD) dMO
pajepdn
9q 0} spadu AAVdSS
Jey) Bueoipul jes sl vn
ssaippe Jo ahq SSaIppE JO 91Aq MO| UM pajepdn

ubiy yum pejepdn st gQvdSS
uaym asempiey Aq pases|d |«

pajepdn s| QVASS uaum
aiempiey Aq paies|n !

I—

‘Juss jou st NIV "INy IS
S1 4NQdSS 9snedsq
19s sl AOdSS |«

—

34 0} SpadU AAVASS U}
e Buneoipul 195 1 N

(<1>1V1SdSS) vn

|

Bey) 4g Jesjo 0} !
4N8dss Jo peas Awwng J

. (<9>1NOOdSS) AOdSS
YSdSS 4o sjusjuod
+| UHM uspm si 4NE9dSS

21eMyos Ul paIes|) |+

21eMyos Ul paIes|) |«

(<0>1VL1SdSS) 49

2IBMJJOS Ul pales|)

\

| |
2IBMYOS Ul paJes|) |+

Jeysuel} _ (<g>1dId) 1dSS
sejeuIwIs) _ ! : ]
Js)sew sng |« " _ m m _ ”
m "m he/\2/\o/\s/ W/ \e/ N[\t "@ e\ Vo s e Mg\ o A8/ A\ \9f \sf V] e/ \¢ : "m "w L0\ NS A\p \E \ef w,.m:M._om
/1 \__Aoayra)za)eayraysafea)eafodoa)iaeaNea)raysayea ) a [T oy \ovi(iv)evevioisviovk ] [ oy Yavievio ) v)v v )(v ]\ ivas
-l oy 0= M

a)Ag ejeq an1e09y a)Ag ejeq o009y
aoe|d uaye}
sey gavdss Jo ejepdn
[UN MO| p|ay st %0010

SSBIPPY JO 9)Ag PUODDS BSA[809Y

aoe|d uaye}
Sey aavdss Jo sjepdn
13UN MO| pIay si 329010

- SS2IPPY JO S)Ag 1Sil4 SAI908Y

© 2009 Microchip Technology Inc.

DS39689F-page 188



PIC18F2221/2321/4221/4321 FAMILY

19.2 EUSART Asynchronous Mode

The Asynchronous mode of operation is selected by
clearing the SYNC bit (TXSTA<4>). In this mode, the
EUSART uses standard Non-Return-to-Zero (NRZ)
format (one Start bit, eight or nine data bits and one
Stop bit). The most common data format is 8 bits. An
on-chip dedicated 8-bit/16-bit Baud Rate Generator
can be used to derive standard baud rate frequencies
from the oscillator.

The EUSART transmits and receives the LSb first. The
EUSART’s transmitter and receiver are functionally
independent but use the same data format and baud
rate. The Baud Rate Generator produces a clock, either
x16 or x64 of the bit shift rate depending on the BRGH
and BRG16 bits (TXSTA<2>and BAUDCON<3>). Parity
is not supported by the hardware but can be
implemented in software and stored as the 9th data bit.
The TXCKP  (BAUDCON<4>) and RXDTP
(BAUDCON<5>) bits allow the TX and RX signals to be
inverted (polarity reversed). Devices that buffer signals
between TTL and RS-232 levels also invert the signal.
Setting the TXCKP and RXDTP bits allows for the use of
circuits that provide buffering without inverting the signal.

In Asynchronous mode, clock polarity is selected with
the TXCKP bit (BAUDCON<4>). Setting TXCKP sets
the Idle state on CK as high, while clearing the bit sets
the Idle state as low. Data polarity is selected with the
RXDTP bit (BAUDCON<5>). Setting RXDTP inverts
data on RX, while clearing the bit has no affect on
received data.

When operating in Asynchronous mode, the EUSART
module consists of the following important elements:

» Baud Rate Generator

» Sampling Circuit

* Asynchronous Transmitter

» Asynchronous Receiver

» Auto-Wake-up on Break signal

* 12-bit Break Character Transmit

+ Auto-Baud Rate Detection

 Pin State Polarity

19.2.1 EUSART ASYNCHRONOUS
TRANSMITTER

The EUSART transmitter block diagram is shown in
Figure 19-3. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSR). The Shift register obtains
its data from the Read/Write Transmit Buffer register,
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the Stop
bit has been transmitted from the previous load. As
soon as the Stop bit is transmitted, the TSR is loaded
with new data from the TXREG register (if available).

Once the TXREG register transfers the data to the TSR
register (occurs in one Tcy), the TXREG register is empty
and the TXIF flag bit (PIR1<4>) is set. This interrupt can
be enabled or disabled by setting or clearing the interrupt
enable bit, TXIE (PIE1<4>). TXIF will be set regardless of
the state of TXIE; it cannot be cleared in software. TXIF
is also not cleared immediately upon loading TXREG, but
becomes valid in the second instruction cycle following
the load instruction. Polling TXIF immediately following a
load of TXREG will return invalid results.

While TXIF indicates the status of the TXREG register,
another bit, TRMT (TXSTA<1>), shows the status of
the TSR register. TRMT is a read-only bit which is set
when the TSR register is empty. No interrupt logic is
tied to this bit so the user has to poll this bit in order to
determine if the TSR register is empty.

The TXCKP bit (BAUDCON<4>) allows the TX signal to
be inverted (polarity reversed). Devices that buffer
signals from TTL to RS-232 levels also invert the signal
(when TTL = 1, RS-232 = negative). Inverting the
polarity of the TX pin data by setting the TXCKP bit
allows for use of circuits that provide buffering without
inverting the signal.

Note 1: The TSR register is not mapped in data
memory so it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN
is set.

To set up an Asynchronous Transmission:

1. Initialize the SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRGH
and BRG16 bits, as required, to achieve the
desired baud rate.

2. Enable the asynchronous serial port by clearing
bit, SYNC, and setting bit, SPEN.

3. Ifthe signal from the TX pinis to be inverted, set
the TXCKP bit.

4. |If interrupts are desired, set enable bit, TXIE.

5. If 9-bit transmission is desired, set transmit bit,
TX9; can be used as address/data bit.

6. Enable the transmission by setting bit, TXEN,
which will also set bit, TXIF.

7. If 9-bit transmission is selected, the ninth bit
should be loaded in bit, TX9D.

8. Load data to the TXREG register (starts
transmission).

9. Ifusing interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

© 2009 Microchip Technology Inc.
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BRA Unconditional Branch BSF Bit Set f
Syntax: BRA n Syntax: BSF f, b{a}
Operands: -1024 <n <1023 Operands: 0<f<255
Operation: (PC) +2 +2n - PC 0<b<7
ael0,1]
Status Affected: None )
Operation: 1 — f<b>
Encoding: 1101 0
g ‘ | oo ‘ nonn ‘ nomn | Status Affected: None
Description: Add the 2’s complement number ‘2n’ to .
the PC. Since the PC will have Encoding: | 2000 | pbba | ref | fese |
incremented to fetch the next instruction, Description: Bit ‘b’ in register f’ is set.
the new address will be PC + 2 + 2n. This If ‘a’ is ‘0, the Access Bank is selected.
instruction is a two-cycle instruction. If ‘@’ is ‘'1’, the BSR is used to select the
Words: 1 GPR. bank (default). . .
If ‘a’ is ‘0’ and the extended instruction
Cycles: 2 set is enabled, this instruction operates
Q Cycle Activity: in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Q1 Q? Qs 94 Section 25.2.3 “Byte-Oriented and
Decode Reac{! Ijteral Process Write to Bit-Oriented Instructions in Indexed
n Data PC Literal Offset Mode” for details.
No No No No
) . . ) Words: 1
operation operation operation operation
Cycles: 1
£ | Q Cycle Activity:
xample: HERE BRA J
. ue Q1 Q2 Q3 Q4
Before Instruction _ Decode Read Process Write
PC . = address (HERE) register ‘f’ Data register ‘f’
After Instruction
PC = address (Jump)
Example: BSF FLAG REG, 7, 1
Before Instruction
FLAG_REG = 0Ah
After Instruction
FLAG_REG = 8Ah
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27.2 DC Characteristics: Power-Down and Supply Current

PIC18F2221/2321/4221/4321 (Industrial)
PIC18LF2221/2321/4221/4321 (Industrial) (Continued)

PIC18LF2221/2321/4221/4321 Standard Operating Conditions (unless otherwise stated)

(Industrial) Operating temperature -40°C < TA < +85°C for industrial

PIC18F2221/2321/4221/4321 Standgrd Operating Condltlonos (unless othoerW|sg stateFI)

(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
’ -40°C < TA < +125°C for extended
Pi{:m Device Typ | Max | Units Conditions
Supply Current (b))
PIC18LF2X21/4X21| 0.69 | 0.9 mA -40°C
0.70 | 0.9 mA +25°C VDD = 2.0V
0.71 | 0.9 mA +85°C
PIC18LF2X21/4X21| 1.17 | 1.45 | mA -40°C
115 | 1.45 | mA +25°C VDD = 3.0V Fosc =4 MHz
114 | 145 | mA +85°C (RC_RUN mode,
: : m INTOSC source)
All Devices| 2.24 | 2.9 mA -40°C
2.2 2. A +25°
0 9 M >C VDD = 5.0V
216 | 2.8 mA +85°C
Extended Devices Only| 2.18 | 2.8 mA +125°C
PIC18LF2X21/4X21| 3 5 pA -40°C
3 5 pA +25°C VDD = 2.0V
3 5.6 pA +85°C
PIC18LF2X21/4X21| 4 7 pA -40°C
5 7 | wA +25°C VDD = 3.0V Fosc =31 kHz
5 10 A 185°C (RC_IDLE mode,
K INTRC source)
All Devices| 10 12 pA -40°C
10 12 pA +25°C
VDD = 5.0V
10 16 pA +85°C
Extended Devices Only| 17 50 pA +125°C

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

Note 1: The power-down currentin 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/0 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 or VSSs;
MCLR = VDD; WDT enabled/disabled as specified.

3: Low-power, Timer1 oscillator is selected unless otherwise indicated, where LPT10SC (CONFIG3H<2>) = 1.

4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less
than the sum of both specifications.

5:  When operation below -10°C is expected, use T10SC High-Power mode, where LPT10SC (CONFIG3H<2>) = 0.
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28.0 PACKAGING INFORMATION

28.1 Package Marking Information

28-Lead SPDIP

Example

XXXXXXXXXXXXXXXXX
D Q XXXXXXX XXX XXX XXXX

AR\ YYWWNNN

D O R\ 0910017

PIC18F2321-1/SP(€3)

O

28-Lead SOIC Example
)OO0 000900900.90.90.99.9.9.94¢ PIC18F2321-E/SO@E3
P00 00000900.90.90.90.9.0.9¢ ﬁ\ 0910017
) 9,.0.9.0.9.9.9.0.9.0.9.0.9.0.9.0.9.0.9 ¢
\YYWWNNN
@) @ O
28-Lead QFN Example
XXXXXXXX 18F2321
XXXXXXXX /ML
YYWWNNN 0910017
O O
28-Lead SSOP Example
XXXXXXXXXXXX PIC18F2321
XXXXXXXXXXXX -1/SSEe3)
' YYWWNNN \ 0910017
o® 0%
Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01’)

NNN  Alphanumeric traceability code

e3 Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator ()
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

© 2009 Microchip Technology Inc.
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APPENDIX B: DEVICE

DIFFERENCES

The differences between the devices listed in this data

sheet are shown in Table B-1.

TABLE B-1: DEVICE DIFFERENCES
Features PIC18F2221 PIC18F2321 PIC18F4221 PIC18F4321

Program Memory (Bytes) 4096 8192 4096 8192

Program Memory (Instructions) 2048 4096 2048 4096

Interrupt Sources 19 19 20 20

1/0 Ports Ports A, B, C, (E) | Ports A, B, C, (E) | Ports A,B,C,D,E | Ports A,B,C,D, E

Capture/Compare/PWM Modules 2 2 1 1

Enhanced Capture/Compare/ 0 0 1 1

PWM Modules

Parallel Communications (PSP) No No Yes Yes

10-Bit Analog-to-Digital Module 10 input channels | 10 input channels | 13 input channels | 13 input channels

Packages 28-pin SPDIP 28-pin SPDIP 40-pin PDIP 40-pin PDIP
28-pin SOIC 28-pin SOIC 44-pin TQFP 44-pin TQFP
28-pin SSOP 28-pin SSOP 44-pin QFN 44-pin QFN
28-pin QFN 28-pin QFN

DS39689F-page 386
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Cc

C Compilers
MPLAB C18 ....
MPLAB C30 ....

CALL o e 294
CALLW .o 323
Capture (CCP Module) ..... ..147
Associated Registers .. ... 149
CCP Pin Configuration .......... .. 147
CCPRxH:CCPRXL Registers ........cccccoevvvirniennennn. 147
Prescaler ... 147
Software Interrupt .
Timer1/Timer3 Mode Selection ...........ccccceeiiiieennns 147
Capture (ECCP Module) .......coccoeeiiiiiiiiiieeiiecieeeeieenn 154
Capture/Compare/PWM (CCP) ......ccccovimniiiiiiiciiceeee 145
Capture Mode. See Capture.
CCPRXH RegiSter ........ccovvuiiiiiiiiiiiiieeeceeceeen 146
CCPRXL Register ........cccoviiviiiiiiiiieccnieeeee e 146
Compare Mode. See Compare.
Interaction of Two CCP Modules ..........cccccevvvvennne. 146
Module Configuration ..
Pin Assignment ........

TiMer RESOUICES ......uvvviieieeeiiiiieee e

ClOCK SOUIMCES ......viiiiiiiieiiiieeee et
Selecting the 31 kHz Source ..............
Selection Using OSCCON Register ...
CLRF e .
CLRWDT ettt
Code Examples
16 x 16 Signed Multiply Routine .........ccccccovvirniennnn. 96
16 x 16 Unsigned Multiply Routine ...........c.cccceeeeeee. 96
8 x 8 Signed Multiply Routine .........cccceeiniieiiiiinenns 95
8 x 8 Unsigned Multiply Routine ..........ccccoeoiniiinins 95
Address Masking .........cccooveiciiniiiiiene e 182
Changing Between Capture Prescalers ... .
Computed GOTO Using an Offset Value ................... 62
Data EEPROM Read .......cccccooiiiiiiiiniiniecieeeeee 91
Data EEPROM Refresh Routine .............ccccooeiiieis 92
Data EEPROM WIite .....ccoociiiiiiiii i 91
Erasing a Flash Program Memory Row ....84
Fast Register Stack .........cccocviiiiiiiiiiiiiee e 62
How to Clear RAM (Bank 1) Using Indirect
AdAresSiNg ......ooceeeiiiriiiie e 73
Implementing a Real-Time Clock Using a
Timer1 Interrupt Service .........coceevevciinieenenen. 137
Initializing PORTA ..o 111
Initializing PORTB ........coiiiiiiiineieece e 114
Initializing PORTC ... .
Initializing PORTD ......coooiiiiiiiiiiie e
Initializing PORTE ......c.cooiiiiiiiinicee e
Loading the SSPBUF (SSPSR) Register ................. 170
Reading a Flash Program Memory Word .................. 83
Saving STATUS, WREG and BSR
Registers in RAM .......cociiiiiiiiiiieciecieeeees 109
Writing to Flash Program Memory ..........c.cccc.... 86-87
Code Protection ..........cccoooviiiiiiiiien. .259, 274
Associated Registers ..........c..cc....... ...275
Configuration Register Protection ... ..277
Data EEPROM .......ccooiiiiiiiiiiiece e 277
Program Memory .........ccocoviiiiiiiieeiiieee e 275
COMF ..o ..296
COoMPArator .......oeveveiiiiieiiee e ...243
Analog Input Connection Considerations .. .. 247
Associated Registers .........ccooceiviiiiiiiiniinneeieee 247

Configuration .........ccoveiiiiiii 244

Effects of a Reset ..o 246
Interrupts
Operation .
Operation During Sleep ........ccccceeeiiiiniincienieeniee. 246
OULPULS .o 245
Reference ................ .. 245
External Signal .........ccocceeviiiiiiii e 245
Internal Signal ... .. 245
ResSponse TiMe ......oooeiiiiiiiiiieee e 245
Comparator Specifications ..........ccccoveiniiiiiiniinieciee 350
Comparator Voltage Reference . .. 249
Accuracy and Error ............ .. 250
Associated Registers ... .. 251
ConfiQUIING ...eveeiieeieeee e 249
Connection Considerations ............ccccoevvvinniiieenninenn. 250
Effects of a Reset .
Operation During Sleep ........cccoceeeciiniiniiienieenieene, 250
Compare (CCP Module) .......ccceviiiiiiiniieiiiiieeceeeeseee 148

CCPRXx Register
Pin Configuration
Software Interrupt
Special Event Trigger .......cccccoecvnvinneene. 143, 148, 242
Timer1/Timer3 Mode Selection ...........ccccceeveenenneen. 148
Compare (ECCP Module)
Special Event Trigger
Computed GOTO .................
Configuration BitS ........ccoccueiiiiiiiiiieee e
Context Saving During Interrupts ..........ccccoeecveiciiniiencnens
Conversion Considerations ........
CPFSEQ ...oooveieviieeiieec
CPFSGT ... .
[0 ] R S
Crystal Oscillator/Ceramic Resonator ............ccccceeeeiineennes
Customer Change Notification Service ... .
Customer Notification Service .........ccccocvieiiiininniininens
CUStOMEr SUPPOTT ....vvviiieee e

D

Data Addressing Modes ..........ccocveieiiieiniiien e 73

Comparing Options with the Extended
Instruction Set Enabled ... 76
Direct
Indexed Literal Offset .........ccccceeviiiiiiiiiniiiiinee, 75
Instructions Affected ...l 75

INdirect ..., 73
Inherent and Literal ............cccooiiiiiiie e 73

Data EEPROM Memory
Associated Registers .........ccccovieiiiiiiiiieeicen 93
EEADR RegiSter .....coiiiiiiiiiiiiieieeie e
EECON1 Register .
EECONZ2 Register .....
EEDATA Register .........cccccoeeeenee.
Operation During Code-Protect ..........ccccoevvveeiiiicenne 92
Protection Against Spurious Write ...........ccccovcieeennn. 92
Reading ......coccooviiiiniiiccee
Using ....
Write Verify
WIIHING e

Data MemOTY ......oooiiiiiiie e
Access Bank
and the Extended Instruction Set ..........c.ccccevvinicene 75
Bank Select Register (BSR) ......cccccovvviiiiiiiiiinns 65
General Purpose Registers .........ccccviiiiiiieiiiiicens 67
Map for PIC18F2221/2321/4221/4321 Family ........... 66
Special Function Registers ..........cccccooiivieiiiiiicncene 68
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PIC18F2221/2321/4221/4321 PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X IXX XXX
'|' —|_ Examples:
Device Temperature Package Pattern a) PIC18F4321-I/P 301 = Industrial temp., PDIP
Range ggglgage, Extended VDD limits, QTP pattern

b)  PIC18LF2321-I/SO = Industrial temp., SOIC
package, Extended VDD limits.

Device P|C18F2221/2321“)2, PIC18F4221/4321(1),2 )  PIC18LF4321-I/P = Industrial temp., PDIP

P|(\:/1D%F2221/a322\1/Tt( )5,2{/018F4221/4321T( ); package, normal VDD limits.
range 4. 0 O.
PIC18LF2221/2321(") PIC18LF4221/4321(),
PIC18LF2221/2321T), PIC18LF4221/4321T);
VDD range 2.0V to 5.5V

Temperature Range | -40°C to +85°C (Industrial)

-40°C to +125°C (Extended)

Package PT = TQFP (Thin Quad Flatpack)
SO = SOIC Note 1: F = Standard Voltage Range
SS = SSOP LF = Wide Voltage Range
SP = Skinny Plastic DIP 2: T = intape and reel
P = PDIP
ML = QFN
Pattern QTP, SQTP, Code or Special Requirements

(blank otherwise)
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