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

Applications of "Embedded -
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4.2V ~ 5.5V

A/D 10x10b
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PIC18F2221/2321/4221/4321 FAMILY

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

. Pin Number Pin | Buffer -
Pin Name T T Description
PDIP | QFN |TQFP | 'YPe | Type
PORTA is a bidirectional 1/O port.
RAO/ANO 2 19 19
RAO I/0 TTL Digital I/0.
ANO I |Analog| Analog InputO.
RA1/AN1 3 20 20
RA1 I/0 TTL Digital I/0.
AN1 I |Analog| Analog Input 1.
RA2/AN2/V/REF-/CVREF 4 21 21
RA2 I/0 TTL Digital I/0.
AN2 I |Analog| Analog Input 2.
VREF- I |Analog| A/D reference voltage (low) input.
CVREF O |Analog| Comparator reference voltage output.
RA3/AN3/VREF+ 5 22 22
RA3 I/0 TTL Digital I/0.
AN3 I |Analog| Analog Input 3.
VREF+ I |Analog| A/D reference voltage (high) input.
RA4/TOCKI/C10UT 6 23 23
RA4 I/0 ST Digital I/0.
TOCKI | ST TimerQ external clock input.
C10UT (0] — Comparator 1 output.
RA5/AN4/SS/HLVDIN/ 7 24 24
C20uUT
RA5 I/0 TTL Digital I/0.
AN4 I |Analog| Analog Input4.
SS | TTL SPI slave select input.
HLVDIN | | Analog High/Low-Voltage Detect input.
Cc20uT 0] — Comparator 2 output.
RA6 See the OSC2/CLKO/RAG pin.
RA7 See the OSC1/CLKI/RA7 pin.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input P = Power
I2C = ST with I2C™ or SMB levels (0] = Output

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

© 2009 Microchip Technology Inc. DS39689F-page 19



PIC18F2221/2321/4221/4321 FAMILY

34 RC Oscillator

For timing insensitive applications, the RC and RCIO
Oscillator modes offer additional cost savings. The
actual oscillator frequency is a function of several
factors:

» supply voltage

* values of the external resistor (REXT) and
capacitor (CEXT)

« operating temperature

Given the same device, operating voltage, temperature
and component values, there will also be unit-to-unit
frequency variations. These are due to factors such as:

» normal manufacturing variation

- difference in lead frame capacitance between
package types (especially for low CEXT values)

« variations within the tolerance of limits of REXT
and CEXT

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 3-5 shows how the R/C combination is
connected.

FIGURE 3-5: RC OSCILLATOR MODE
VDD
REXT
? 0SC1 | Internal
L TS A\ Clock
CEXT TJ
1 = PIC18FXXXX
Vss —
-%+— OSC2/CLKO
Fosc/4
Recommended values: 3 kQ < REXT <100 kQ
20 pF < CExT < 300 pF

The RCIO Oscillator mode (Figure 3-6) 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 3-6: RCIO OSCILLATOR MODE
VDD
REXT
0SC1 | Internal
L T Clock
CEXT ,T:I
1 = PIC18FXXXX
Vss —
RA6 -e—{ I/0 (0OSC2)
Recommended values: 3 kQ < REXT < 100 kQ
20 pF < CeEXT < 300 pF

3.5 PLL Frequency Multiplier

A Phase Locked Loop (PLL) circuit is provided as an
option for users who wish to use a lower frequency
oscillator circuit or to clock the device up to its highest
rated frequency from a crystal oscillator. This may be
useful for customers who are concerned with EMI due
to high-frequency crystals or users who require higher
clock speeds from an internal oscillator.

3.5.1 HSPLL OSCILLATOR MODE

The HSPLL mode makes use of the HS mode oscillator
for frequencies up to 10 MHz. A PLL then multiplies the
oscillator output frequency by 4 to produce an internal
clock frequency up to 40 MHz. The PLLEN bit is not
available when this mode is configured as the primary
clock source.

The PLL is only available to the crystal oscillator when
the FOSC<3:0> Configuration bits are programmed for
HSPLL mode (= 0110).

FIGURE 3-7:

HS Oscillator Enable D
PLL Enable

(from Configuration Register 1H)

HSPLLBLOCKDIAGRAM

0SC2
Phase
HS Mode| FIN Comparator
Dosc»] Crystal
Osc

Loop
Filter

3.5.2 PLL AND INTOSC

The PLL is also available to the internal oscillator block
when the internal oscillator block is configured as the
primary clock source. In this configuration, the PLL is
enabled in software and generates a clock output of up
to 32 MHz. The operation of INTOSC with the PLL is
described in Section 3.6.4 “PLL in INTOSC Modes”.

© 2009 Microchip Technology Inc.
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6.1.1 PROGRAM COUNTER

The Program Counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21 bits wide
and is contained in three separate 8-bit registers. The
low byte, known as the PCL register, is both readable
and writable. The high byte, or PCH register, contains
the PC<15:8> bits; it is not directly readable or writable.
Updates to the PCH register are performed through the
PCLATH register. The upper byte is called PCU. This
register contains the PC<20:16> bits; it is also not
directly readable or writable. Updates to the PCU
register are performed through the PCLATU register.

The contents of PCLATH and PCLATU are transferred
to the program counter by any operation that writes
PCL. Similarly, the upper two bytes of the program
counter are transferred to PCLATH and PCLATU by an
operation that reads PCL. This is useful for computed
offsets to the PC (see Section 6.1.4.1 “Computed
GOTO”).

The PC addresses bytes in the program memory. To
prevent the PC from becoming misaligned with word
instructions, the Least Significant bit of PCL is fixed to
a value of ‘0’. The PC increments by 2 to address
sequential instructions in the program memory.

The CALL, RCALL, GOTO and program branch
instructions write to the program counter directly. For
these instructions, the contents of PCLATH and
PCLATU are not transferred to the program counter.

6.1.2 RETURN ADDRESS STACK

The return address stack allows any combination of up
to 31 program calls and interrupts to occur. The PC is
pushed onto the stack when a CALL or RCALL instruc-
tion is executed or an interrupt is Acknowledged. The
PC value is pulled off the stack on a RETURN, RETLW
or a RETFIE instruction. PCLATU and PCLATH are not
affected by any of the RETURN or CALL instructions.

The stack operates as a 31-word by 21-bit RAM and a
5-bit Stack Pointer, STKPTR. The stack space is not
part of either program or data space. The Stack Pointer
is readable and writable and the address on the top of
the stack is readable and writable through the Top-of-
Stack Special Function Registers. Data can also be
pushed to, or popped from the stack, using these
registers.

A CALL type instruction causes a push onto the stack;
the Stack Pointer is first incremented and the location
pointed to by the Stack Pointer is written with the
contents of the PC (already pointing to the instruction
following the CALL). A RETURN type instruction causes
a pop from the stack; the contents of the location
pointed to by the STKPTR are transferred to the PC
and then the Stack Pointer is decremented.

The Stack Pointer is initialized to ‘00000’ after all
Resets. There is no RAM associated with the location
corresponding to a Stack Pointer value of ‘'00000’; this
is only a Reset value. Status bits indicate if the stack is
full or has overflowed or has underflowed.

6.1.2.1 Top-of-Stack Access

Only the top of the return address stack (TOS) is
readable and writable. A set of three registers,
TOSU:TOSH:TOSL, hold the contents of the stack
location pointed to by the STKPTR register (Figure 6-2).
This allows users to implement a software stack if
necessary. After a CALL, RCALL or interrupt, the
software can read the pushed value by reading the
TOSU:TOSH:TOSL registers. These values can be
placed on a user-defined software stack. At return time,
the software can return these values to
TOSU:TOSH:TOSL and do a return.

The user must disable the global interrupt enable bits
while accessing the stack to prevent inadvertent stack
corruption.

FIGURE 6-2: RETURN ADDRESS STACK AND ASSOCIATED REGISTERS
Return Address Stack <20:0>
11111
. 11110 .
Top-of-Stack Registers 11101 Stack Pointer
TOSU TOSH TOSL s . STKPTR<4:0>
[00h | [1Ah | [ 34h | e | e
~ / 00011 4_2
S » Top-of-Stack | _001A34h | 00010

000DS8h | 00001
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7.4 Erasing Flash Program Memory

The minimum erase block is 32 words or 64 bytes. Only
through the use of an external programmer, or through
ICSP control, can larger blocks of program memory be
bulk erased. Word erase in the Flash array is not
supported.

When initiating an erase sequence from the micro-
controller itself, a block of 64 bytes of program memory
is erased. The Most Significant 16 bits of the
TBLPTR<21:6> point to the block being erased.
TBLPTR<5:0> are ignored.

The EECON1 register commands the erase operation.
The EEPGD bit must be set to point to the Flash
program memory. The WREN bit must be set to enable
write operations. The FREE bit is set to select an erase
operation.

For protection, the write initiate sequence for EECON2
must be used.

A long write is necessary for erasing the internal Flash.
Instruction execution is halted while in a long write
cycle. The long write will be terminated by the internal
programming timer.

7.41 FLASH PROGRAM MEMORY
ERASE SEQUENCE

The sequence of events for erasing a block of internal
program memory location is:

1. Load Table Pointer register with address of row
being erased.

2. Setthe EECON1 register for the erase operation:

» set EEPGD bit to point to program memory;

* clear the CFGS bit to access program memory;

« set WREN bit to enable writes;

« set FREE bit to enable the erase.

Disable interrupts.

Write 55h to EECONZ2.

Write 0AAh to EECON2.

Set the WR bit. This will begin the row erase
cycle.

7. The CPU will stall for duration of the erase
(about 2 ms using internal timer).

8. Re-enable interrupts.

o0k

EXAMPLE 7-2: ERASING A FLASH PROGRAM MEMORY ROW
MOVLW CODE_ADDR_UPPER ; load TBLPTR with the base
MOVWE TBLPTRU ; address of the memory block
MOVLW CODE_ADDR HIGH
MOVWE TBLPTRH
MOVLW CODE_ADDR_LOW
MOVWEF TBLPTRL
ERASE_ROW

BSF EECON1, EEPGD ; point to Flash program memory
BCF EECON1, CFGS ; access Flash program memory
BSF EECON1, WREN ; enable write to memory
BSF EECON1, FREE ; enable Row Erase operation
BCF INTCON, GIE ; disable interrupts

Required MOVLW 55h

Sequence MOVWE EECON2 ; write 55h
MOVLW 0AAh
MOVWEF EECON2 ; write OAAh
BSF EECON1, WR ; start erase (CPU stall)
BSF INTCON, GIE ; re-enable interrupts

DS39689F-page 84
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EXAMPLE 7-3: WRITING TO FLASH PROGRAM MEMORY (CONTINUED)

PROGRAM MEMORY

BCF INTCON, GIE ; disable interrupts

MOVLW 55h ; required sequence

MOVWE  EECON2 ; write 55h

MOVLW  OAAh

MOVWE  EECON2 ; write AAh

BSF EECON1, WR ; start program (CPU stall)

NOP

BSF INTCON, GIE ; re-enable interrupts

DECFSZ COUNTER_HI ; loop until done

GOTO PROGRAM_LOOP

BCF EECON1, WREN ; disable write to memory
75.2 WRITE VERIFY 754 PROTECTION AGAINST
Depending on the application, good programming SPURIOUS WRITES
practice may dictate that the value written to the To protect against spurious writes to Flash program
memory should be verified against the original value. memory, the write initiate sequence must also be
This should be used in applications where excessive followed. See Section 24.0 “Special Features of the
writes can stress bits near the specification limit. CPU” for more detail.

7.5.3 UNEXPECTED TERMINATION OF 7.6
WRITE OPERATION '

If a write is terminated by an unplanned event, such as

Flash Program Operation During
Code Protection

loss of power or an unexpected Reset, the memory See Se_ction 24.5 “Program Verification and Code
location just programmed should be verified and repro- Protection” for details on code protection of Flash
grammed if needed. If the write operation is interrupted program memory.

by a MCLR Reset or a WDT Time-out Reset during
normal operation, the user can check the WRERR bit
and rewrite the location(s) as needed.

TABLE 7-2: REGISTERS ASSOCIATED WITH PROGRAM FLASH MEMORY

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 |Valueson

page
TBLPTRU — — bit 21 |Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) 55
TBPLTRH |Program Memory Table Pointer High Byte (TBLPTR<15:8>) 55
TBLPTRL |Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 55
TABLAT  |Program Memory Table Latch 55
INTCON | GIE/GIEH |PEIE/GIEL|TMROIE| INTOIE | RBIE | TMROIF | INTOIF | RBIF 55
EECON2 |EEPROM Control Register 2 (not a physical register) 57
EECONT1 EEPGD CFGS — FREE WRERR | WREN WR RD 57
IPR2 OSCFIP CMIP — EEIP BCLIP HLVDIP | TMR3IP | CCP2IP 58
PIR2 OSCFIF CMIF — EEIF BCLIF HLVDIF | TMR3IF | CCP2IF 58
PIE2 OSCFIE CMIE — EEIE BCLIE HLVDIE | TMR3IE | CCP2IE 58

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.
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TABLE 8-1: REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY

Reset

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on page
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 55
EEADR |EEPROM Address Register 57
EEDATA |EEPROM Data Register 57
EECON2 |EEPROM Control Register 2 (not a physical register) 57
EECON1 | EEPGD CFGS — FREE | WRERR | WREN WR RD 57
IPR2 OSCFIP CMIP — EEIP BCLIP | HLVDIP | TMRS3IP CCP2IP 58
PIR2 OSCFIF CMIF — EEIF BCLIF | HLVDIF | TMRS3IF CCP2IF 58
PIE2 OSCFIE CMIE — EEIE BCLIE | HLVDIE | TMRSIE CCP2IE 58

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.
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REGISTER 10-5: PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/IW-0 R/W-0 R/W-0
OSCFIF | CMIF — | EEF | BCLIF | HLVDIF | TMR3IF | CCP2IF
bit 7 bit 0

bit 7 OSCFIF: Oscillator Fail Interrupt Flag bit

1 = Device oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = Device clock operating

bit 6 CMIF: Comparator Interrupt Flag bit
1 = Comparator input has changed (must be cleared in software)
0 = Comparator input has not changed
bit 5 Unimplemented: Read as ‘0’
bit 4 EEIF: Data EEPROM/Flash Write Operation Interrupt Flag bit
1 = The write operation is complete (must be cleared in software)
0 = The write operation is not complete or has not been started
bit 3 BCLIF: Bus Collision Interrupt Flag bit
1 = A bus collision occurred (must be cleared in software)
0 = No bus collision occurred
bit 2 HLVDIF: High/Low-Voltage Detect Interrupt Flag bit
1 = A high/low-voltage condition occurred; direction determined by VDIRMAG bit
(HLVDCON<7>)
0 = A high/low-voltage condition has not occurred
bit 1 TMR3IF: TMR3 Overflow Interrupt Flag bit
1 = TMRS register overflowed (must be cleared in software)
0 = TMRS register did not overflow
bit 0 CCP2IF: CCP2 Interrupt Flag bit

Capture mode:

1 = A TMR1 register capture occurred (must be cleared in software)

0 = No TMRH1 register capture occurred

Compare mode:

1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM mode:

Unused in this mode.

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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11.3 PORTC, TRISC and LATC
Registers

PORTC is an 8-bit wide, bidirectional port. The
corresponding Data Direction register is TRISC. Set-
ting a TRISC bit (= 1) will make the corresponding
PORTC pin an input (i.e., put the corresponding output
driver in a High-Impedance mode). Clearing a TRISC
bit (= 0) will make the corresponding PORTC pin an
output (i.e., put the contents of the output latch on the
selected pin).

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

PORTC is multiplexed with several peripheral functions
(Table 11-5). The pins have Schmitt Trigger input
buffers. RC1 is normally configured by Configuration
bit, CCP2MX, as the default peripheral pin of the CCP2
module (default/erased state, CCP2MX = 1).

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an output,
while other peripherals override the TRIS bit to make a
pin an input. The user should refer to the corresponding
peripheral section for additional information.

Note: On a Power-on Reset, these pins are
configured as digital inputs.

The contents of the TRISC register are affected by
peripheral overrides. Reading TRISC always returns
the current contents, even though a peripheral device
may be overriding one or more of the pins.

EXAMPLE 11-3:  INITIALIZING PORTC

CLRF PORTC

; Initialize PORTC by
; clearing output

; data latches

; Alternate method

; to clear output

; data latches

; Value used to

CLRF LATC

MOVLW 0CFh
; initialize data

; direction

; Set RC<3:0> as inputs
; RC<5:4> as outputs

; RC<7:6> as inputs

MOVWE TRISC

© 2009 Microchip Technology Inc.
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REGISTER 18-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPSTAT: MSSP STATUS REGISTER (I2C™ MODE)

RW-O  RW-O RO R-0 R-0 R-0 R-0 R-0
SMP CKE pA | p | s | rRW | wua BF
bit 7 bit 0

SMP: Slew Rate Control bit

In Master or Slave mode:
1 = Slew rate control disabled for Standard Speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for High-Speed mode (400 kHz)

CKE: SMBus Select bit

In Master or Slave mode:

1 = Enable SMBus specific inputs

0 = Disable SMBus specific inputs

D/A: Data/Address bit

In Master mode:

Reserved.

In Slave mode:

1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
P: Stop bit

1 = Indicates that a Stop bit has been detected last

0 = Stop bit was not detected last

Note: This bit is cleared on Reset and when SSPEN is cleared.

S: Start bit
1 = Indicates that a Start bit has been detected last
0 = Start bit was not detected last

Note: This bit is cleared on Reset and when SSPEN is cleared.

RIW: Read/Write Information bit (I’C™ mode only)
In Slave mode:
1 = Read
0 = Write
Note:  This bit holds the R/W bit information following the last address match. This bit is
only valid from the address match to the next Start bit, Stop bit or not ACK bit.
In Master mode:
1 = Transmit is in progress
0 = Transmit is not in progress
Note:  ORing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSP is
in Active mode.

UA: Update Address bit (10-bit Slave mode only)

1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated

BF: Buffer Full Status bit

In Transmit mode:

1 = SSPBUF is full

0 = SSPBUF is empty

In Receive mode:

1 = SSPBUF is full (does not include the ACK and Stop bits)
0 = SSPBUF is empty (does not include the ACK and Stop bits)

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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0 AND ADMSK = 01001

I’C™ SLAVE MODE TIMING WITH SEN
(RECEPTION, 10-BIT ADDRESSING)

FIGURE 18-11
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REGISTER 19-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RCSTA: RECEIVE STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
bit 7 bit 0

SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)

0 = Serial port disabled (held in Reset)

RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode:

Don't care.

Synchronous mode — Master:

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode — Slave:

Don't care.

CREN: Continuous Receive Enable bit

Asynchronous mode:

1 = Enables receiver

0 = Disables receiver

Synchronous mode:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)

0 = Disables continuous receive

ADDEN: Address Detect Enable bit

Asynchronous mode 9-bit (RX9 = 1):

1 = Enables address detection, enables interrupt and loads the receive buffer when RSR<8>
is set

0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit

Asynchronous mode 9-bit (RX9 = 0):

Don't care.

FERR: Framing Error bit

1 = Framing error (can be updated by reading RCREG register and receiving next valid byte)

0 = No framing error

OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)

0 = No overrun error

RX9D: 9th bit of Received Data

This can be address/data bit or a parity bit and must be calculated by user firmware.

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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FIGURE 19-12: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT pin X bito X it 1 Xbitzgg >< bite X bit7

RC6/TX/CK pin /_\g M

TXva\EIEi;terég j >/>/ l
TXIF bi : g4

it j > > |
TRMT bit j )( g
(C
TXEN bit ))

TABLE 19-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Reset

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on page
INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 55
PIR1 PSPIF() ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 58
PIE1 PsPIE™ ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 58
IPR1 pspip() ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 58
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 57
TXREG EUSART Transmit Register 57
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 57
BAUDCON | ABDOVF | RCIDL RXDTP | TXCKP | BRG16 — WUE ABDEN 57
SPBRGH EUSART Baud Rate Generator Register High Byte 57
SPBRG EUSART Baud Rate Generator Register Low Byte 57

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
Note 1: These bits are unimplemented on 28-pin devices and read as ‘0’.

© 2009 Microchip Technology Inc. DS39689F-page 229



PIC18F2221/2321/4221/4321 FAMILY

REGISTER 20-3:

bit 7

bit 6
bit 5-3

bit 2-0

ADCON2: A/D CONTROL REGISTER 2

R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM — ACQT2 | ACQT1 ACQTO ADCS2 ADCS1 ADCSO0
bit 7 bit 0

ADFM: A/D Result Format Select bit

1 = Right justified

0 = Left justified

Unimplemented: Read as ‘0’

ACQT<2:0>: A/D Acquisition Time Select bits

111 =20 TAD

110 =16 TAD

101 =12 TAD

100=8TAD

011=6TAD

010=4TAD

001 =2 TAD

000 =0 Tan("

ADCS<2:0>: A/D Conversion Clock Select bits
111 = FRc (clock derived from A/D RC oscillator)(")
110 = Fosc/64

101 = Fosc/16

100 = Fosc/4

011 = FRc (clock derived from A/D RC oscillator)(")
010 = Fosc/32

001 = Fosc/8

000 = Fosc/2

Note 1: If the A/D FRc clock source is selected, a delay of one Tcy (instruction cycle) is
added before the A/D clock starts. This allows the SLEEP instruction to be executed
before starting a conversion.

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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21.1 Comparator Configuration

There are eight modes of operation for the comparators,
shown in Figure 21-1. Bits CM<2:0> of the CMCON
register are used to select these modes. The TRISA reg-
ister controls the data direction of the comparator pins
for each mode. If the Comparator mode is changed, the

comparator output level may not be valid for the
specified mode change delay shown in Section 27.0

“Electrical Characteristics”.

Note: = Comparator interrupts should be disabled
during a Comparator mode change;
otherwise, a false interrupt may occur.

FIGURE 21-1: COMPARATOR 1/0 OPERATING MODES

Comparators Reset Comparators Off (POR Default Value)

CM<2:0> =000 CM<2:0> =111
RAO/ANO A ViN- | = RAO/ANO D v >
RA3/ANS/_A___ v+ | CI Off (Read as '0') RA3AN3/ D v+ | Cl Off (Read as ‘0")
VREF+ VREF+
RA1/ANT A VIN- | = RA1ANT D [vin- >
RA2ANZ/ A V|, C2 Off (Read as '0’) RA2AN2/ D v+ |, C2 Off (Read as ‘0’)
VREF-/CVREF VREF-/CVREF L

Two Independent Comparators
CM<2:0> =010

RAO/ANO A ViN- | ©
RA3/AN3/_A___ v+ | Cf ciout
VREF+

RA1/ANT A ViN- |~
RA2/AN2/ A Vit | C2 c20UT
VREF-/CVREF

Two Independent Comparators with Outputs
CM<2:0> =011

RAO/ANO A VN |

RA3/AN3/ A VIN+ +C1 C10UT
VREF+

RA4/TOCKI/C10UT*

RA1/ANT A VN |©

RA2/AN2/ A VIN+ " Cc2 c20UT
VREF-/CVREF

RA5/AN4/SS/HLVDIN/C20UT*

Two Common Reference Comparators

CM<2:0> =100
RAO/ANO -A__ ViN- | =
RA3/AN3/ Ao Ve | C1 ciout
VREF+
RA1/ANT A ViN- |
RA2/AN2/ D LVIN+ [ C2 c2ouT
VREF-/CVREF

Two Common Reference Comparators with Outputs
CM<2:0>=101

RAO/ANO —A—— VIN- |-

RA3/AN3/ A VIN+ C1 c10uUT
_l’_

VREF+

RA4/TOCKI/C10UT*

RA1/AN1 A VIN- [

RA2/AN2/  p  |vi+ | C2 C20UT

VREF-/CVREF — +

RA5/AN4/SS/HLVDIN/C20UT*

One Independent Comparator with Output
CM<2:0> =001

RAO/ANO A ViN- | =

RA3IAN/ A v+ | Cf c1ouT
VREF+

RA4/TOCKI/C10UT*

RAT/ANT 2 YIN- |2

Off (Read as ‘0’)

RA2/AN2/ D | Vit | C2
VREF-/CVREF

Four Inputs Multiplexed to Two Comparators
CM<2:0>=110

RAO/ANO A o Gsco v

\F\/)RASI-{QN:S/ Ho OIS VNt | C1 C10UT

RA1/AN1 A o asco | um

RA2/AN2/ _A S *Cis=1 -

VREF-/CVREF VNt | C2 C20UT
| CVREF

A = Analog Input, port reads zeros always

D = Digital Input
* Setting the TRISA<5:4> bits will disable the comparator outputs by configuring the pins as inputs.

CIS (CMCON<3>) is the Comparator Input Switch

DS39689F-page 244
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CPFSGT Compare f with W, Skip if f > W CPFSLT Compare f with W, Skip if f <W
Syntax: CPFSGT f{a} Syntax: CPFSLT f{,a}
Operands: 0<f<255 Operands: 0<f<255

ael0,1] ac0,1]
Operation: (H) = W), Operation: (f) - (W),

skip if () > (W) skip if (f) < (W)

(unsigned comparison) (unsigned comparison)
Status Affected: None Status Affected: None
Encoding: | o110 | o010a | £rer | erer | Encoding: ‘ 0110 | 000a ‘ FEEf | FEEf ‘
Description: Compares the contents of data memory o

Description: Compares the contents of data memory

location ‘f’ to the contents of the W by e
performing an unsigned subtraction. location °f' to the contents of W by

If the contents of ‘' are greater than the performing an un‘5|’gned subtraction.
contents of WREG, then the fetched If the contents of ‘f’ are less than the

instruction is discarded and a NOP is f:ontent; of.W,.then the fetched .
executed instead, making this a instruction is discarded and a NOP is

two-cycle instruction executed instead, making this a
If ‘a’ is ‘0, the Access Bank is selected. two-cycle instruction.

If ‘@’is ‘1’, the BSR is used to select the :; :a: .is O t;‘e ggc:ss Ba:‘k is seilecter:i.
GPR bank (default). a'is ‘1, the is used to select the

If ‘a’is ‘0’ and the extended instruction GPR bank (default).

set is enabled, this instruction operates Words: 1

in Indexed Literal Offset Addressing Cycles: 12)

mode_,- whenever f <95 (5'_:h)' See Note: 3 cycles if skip and followed
Section 25.2.3 “Byte-Oriented and by a 2-word instruction.
Bit-Oriented Instructions in Indexed

Literal Offset Mode” for details. Q Cycle Activity:
Words: 1 Q1 Q2 Q3 Q4
Cycles: 1(2) Decode Read Process No
Note: 3 cycles if skip and followed register 'f Data operation
by a 2-word instruction. If skip:
Q Cycle Activity: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 No No No No
Decode Read Process No operation operation operation operation
register ‘f’ Data operation If skip and followed by 2-word instruction:
If skip: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 No No No No
No No No No operation operation operation operation
operation operation operation operation No No No No
If skip and followed by 2-word instruction: operation operation operation operation
Q1 Q2 Q3 Q4
No No No. No Example: HERE CPFSLT REG, 1
operation operation operation operation NLESS
No No No No LESS
operation operation operation operation

Before Instruction

Example: HERE CPFSGT REG, 0 \l;’vC z éddress (HERE)
NGREATER After Instruction
REATER
¢ If REG < W
Before Instruction PC =  Address (LESS)
PC = Address (HERE) If REG > W;
w = 7 PC = Address (NLESS)
After Instruction
If REG > W,
PC = Address (GREATER)
If REG < W;
PC = Address (NGREATER)
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LFSR Load FSR MOVF Move f
Syntax: LFSR f, k Syntax: MOVF f{d {,a}}
Operands: 0<f<2 Operands: 0<f<255
0 <k <4095 de[0,1]
Operation: k - FSRf as[o,1]
Status Affected: None Operation: f— dest
Encoding: 1110 | 1110 | 00ff |k, kkk Status Affected: N.Z
1111 0000 kokkk kkkk Encoding: ‘ 0101 | 00da ‘ ffff | ffff ‘
Description: The 12-bit literal 'k’ is loaded into the Description: The contents of register ‘f’ are moved to
File Select Register pointed to by f. a destination dependent upon the
Words: 2 status qf ‘. If'd’ i§ ‘0’, the result i;
placed in W. If ‘d’ is ‘1’, the result is
Cycles: 2 placed back in register ‘' (default).
Q Cycle Activity: Location ‘f’ can be anywhere in the

256-byte bank.

Q1 QZ_ Q3 Q_4 If ‘@’ is ‘0, the Access Bank is selected.
Decode Read literal Process ‘erte If ‘2’ is ‘1’, the BSR is used to select the
‘k’ MSB Data literal 'k’ GPR bank (default)
MSB to If ‘a’ is ‘0’ and the extended instruction
FSRfH set is enabled, this instruction operates
Decode Read literal Process Write literal in Indexed Literal Offset Addressing
'k’ LSB Data 'k’ to FSRfL mode whenever f < 95 (5Fh). See
Section 25.2.3 “Byte-Oriented and
Exambple: LESR 2, 3ABh Bit-Oriented Instructions in Indexed

Literal Offset Mode” for details.
After Instruction

FSR2H = 03h Words: 1
FSR2L = ABh Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write W
register ‘f’ Data
Example: MOVF REG, 0, O
Before Instruction
REG = 22h
w = FFh
After Instruction
REG = 22h
w = 22h
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TSTFSZ Test f, Skip if 0 XORLW Exclusive OR Literal with W
Syntax: TSTFSZ f {,a} Syntax: XORLW k
Operands: 0<f<255 Operands: 0<k<255
as[o,1] Operation: (W) XOR. k - W
Operation: skip if f=10 Status Affected: N, Z
Status Affected: None Encoding: ‘ 0000 | 1010 | Kkkk ‘ Kkkk |
Encoding: ‘ 0110 | Olla | FFef ‘ £fef ‘ Description: The contents of W are XORed with
Description: If ‘f = 0, the next instruction fetched the 8-bit literal ‘k’. The result is placed
during the current instruction execution in W.
is discarded and a NOP is executed, Words: 1
making this a two-cycle instruction. '
If ‘a’ is ‘0’, the Access Bank is selected. Cycles: 1
If‘a’is ‘1’, the BSR is used to select the Q Cycle Activity:
GPR bank (default).
If ‘a’ is ‘0’ and the extended instruction Q1 Q2 Q3 _Q4
set is enabled, this instruction operates Decode 'Read Process | Write to W
in Indexed Literal Offset Addressing literal 'k Data
mode whenever f <95 (5Fh). See
Section 25.2.3 “Byte-Oriented and Example: XORLW 0AFh
Bit-Oriented Instructions in Indexed .
Literal Offset Mode” for details. Before Instruction
Words: 1 w B5h
After Instruction
Cycles: 1(2) " 1Ah

Q Cycle Activity:

If ski

If sk

Note: 3 cycles if skip and followed
by a 2-word instruction.

Example:

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
ip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
ip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
HERE TSTFSZ CNT, 1
NZERO
ZERO
Before Instruction
PC = Address (HERE)
After Instruction
If CNT = 00h,
PC = Address (ZERO)
If CNT #  00h,
PC = Address (NZERO)
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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 Conditionos (unless othoerwisg statefi)

(Industrial, Extended) Operating temperature -40°C <TA < +85 E)for industrial
-40°C < TA < +125°C for extended
P:lr:m Device Typ | Max | Units Conditions
Supply Current (Ipp)®
PIC18LF2X21/4X21| 0.22 | 0.35 | mA -40°C
0.22 | 0.35 | mA +25°C VDD = 2.0V
021 | 0.3 mA +85°C
PIC18LF2X21/4X21| 0.51 | 0.55 | mA -40°C
0.45 | 0.50 | mA +25°C VDD = 3.0V Fosc = 1 MHz
0 (PRI_RUN mode,
039 | 0.45 | mA +85°C EC oscillator)
All Devices| 1.14 | 1.15 | mA -40°C
099 | 11 mA +25°C VDD = 5.0V
083 | 11 | mA +85°C pp =
Extended Devices Only| 0.80 1.1 mA +125°C
PIC18LF2X21/4X21| 610 | 870 pA -40°C
610 | 870 pA +25°C VDD = 2.0V
610 | 870 pA +85°C
PIC18LF2X21/4X21| 1.16 | 1.83 | mA -40°C
110 | 1.83 | mA +25°C VDD = 3.0V Fosc = 4 MHz
107 | 183 | mA +85°C (PRI_RUN mode,
: . EC oscillator)
All Devices| 2.35 | 2.85 | mA -40°C
224 | 285 | mA +25°C VDD = 5.0V
214 | 2.85 | mA +85°C pp =
Extended Devices Only| 2.14 | 2.85 | mA +125°C
Extended Devices Only| 9 15 mA +125°C VDD = 4.2V Fosc = 25 MHz
° PRI_RUN mode,
1220 m 120 VoD = 5.0V ( EC oscillator)
All Devices| 16 19 mA -40°C
14 19 mA +25°C VDD = 4.2V
14 19 mA +85°C Fosc = 40 MHz
All Devices| 17 | 22.7 | mA 40°C (PRI_RUN mode,
. EC oscillator)
17 22.7 | mA +25°C VDD = 5.0V
17 22.7 | mA +85°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 /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 = VbD; 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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FIGURE 27-13:

EXAMPLE SPI MASTER MODE TIMING (CKE = 0)

SS

SCK

SCK

SDI

(CKP = 0)

(CKP =1)

7

TABLE 27-14: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 0)

P:r;m Symbol Characteristic Min Max | Units | Conditions
73 TdiV2scH, |Setup Time of SDI Data Input to SCK Edge 20 — ns
TdiV2scL
73A Tb2b Last Clock Edge of Byte 1 to the 1st Clock Edge | 1.5Tcy +40 | — ns
of Byte 2
74 TscH2diL, |Hold Time of SDI Data Input to SCK Edge 40 — ns
TscL2diL
75 TdoR SDO Data Output Rise Time |PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD =2.0V
76 TdoF SDO Data Output Fall Time — 25 ns
78 TscR SCK Output Rise Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD =2.0V
79 TscF SCK Output Fall Time — 25 ns
80 TscH2doV, |SDO Data Output Valid after |PIC18FXXXX — 50 ns
TscL2doV | SCK Edge PIC18LFXXXX — 100 | ns |[Vbp=2.0V

© 2009 Microchip Technology Inc.

DS39689F-page 361



PIC18F2221/2321/4221/4321 FAMILY

28-Lead Plastic Small Outline (SO) — Wide, 7.50 mm Body [SOIC]

http://www.

microchip.com/packaging

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

D

NOTE 1—"

HHHHHHH;HHHHHHH

A1 L1 —e] |~—
Units MILLIMETERS

Dimension Limits MIN [ NOM | MAX
Number of Pins N 28
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 17.90 BSC
Chamfer (optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Foot Angle Top ¢ 0° - 8°
Lead Thickness c 0.18 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom § 5° - 15°

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

. § Significant Characte

2
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4

ristic.

. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-052B
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