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PIC18C601/801

TABLE 1-2: PINOUT I/0O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18C601 piciscso1 | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTE is a bi-directional I/O port.

REO/AD8 2 11 4 15

REO 1/10 ST Digital I/O.

AD8 /0 TTL External memory address/data 8.
RE1/AD9 1 10 3 14

RE1 /0 ST Digital I/0.

AD9 /0 TTL External memory address/data 9.
RE2/AD10 64 9 78 9

RE2 1/10 ST Digital I/O.

AD10 /0 TTL External memory address/data 10.
RE3/AD11 63 8 77 8

RE3 /0 ST Digital I/0.

AD11 /0 TTL External memory address/data 11.
RE4/AD12 62 7 76 7

RE4 /0 ST Digital I/0.

AD12 /0 TTL External memory address/data 12.
RE5/AD13 61 6 75 6

RE5 1/10 ST Digital I/O.

AD13 /0 TTL External memory address/data 13.
RE6/AD14 60 5 74 5

RE6 /0 ST Digital I/0.

AD14 /0 TTL External memory address/data 14.
RE7/AD15 59 4 73 4

RE7 1/10 ST Digital I/O.

AD15 1/0 ST External memory address/data 15.

Legend: TTL = TTL compatible input
ST = Schmitt Trigger input with CMOS levels

|
P

= Input
= Power

CMOS = CMOS compatible input or output
Analog = Analog input

6}
oD

Qutput
Open Drain (no P diode to VDD)
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PIC18C601/801

TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
m Reset
Register | "TLjea® | PoweronReset | 0 e on e erant
Stack Over/Underflow Reset

POSTINC2 601 801 (Note 5) (Note 5) (Note 5)

POSTDEC2 601 801 (Note 5) (Note 5) (Note 5)

PREINC2 601 801 (Note 5) (Note 5) (Note 5)

PLUSW2 601 801 (Note 5) (Note 5) (Note 5)
FSR2H 601 801 ---- 0000 ---- 0000 ---- uuuu
FSR2L 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
STATUS 601 801 ---X XXXX ---u uuuu ---u uuuu
TMROH 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
TMROL 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
TOCON 601 801 1111 1111 1111 1111 uuuu uuuu
OSCCON 601 801 --00 0-00 --uu u-uo --uu u-uu
LVDCON 601 801 --00 0101 --00 0101 --uu uuuu
WDTCON 601 801 ---- 1111 ---- uuuu ---- uuuu
RCON® 601 801 Or-1 1lgr 0r-1 gqur ur-u gqur
TMR1H 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
TMRI1L 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
T1CON 601 801 0-00 0000 u-uu uuuu u-uu uuuu
TMR2 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
PR2 601 801 1111 1111 1111 1111 1111 1111
T2CON 601 801 -000 0000 -000 0000 -uuu uuuu
SSPBUF 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
SSPADD 601 801 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 601 801 0000 0000 0000 0000 uuuu uuuu
SSPCON1 601 801 0000 0000 0000 0000 uuuu uuuu
SSPCON2 601 801 0000 0000 0000 0000 uuuu uuuu
ADRESH 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
ADRESL 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
ADCONO 601 801 --00 0000 --00 0000 --uu uuuu
ADCON1 601 801 -000 0000 -000 0000 -uuu uuuu
ADCON2 601 801 0--- -000 0--- -000 u--- -uuu
CCPR1H 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1L 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON 601 801 --00 0000 --00 0000 --uu uuuu

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends on condition,

r = reserved, maintain ‘0’

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

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (00008h or 00018h).

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

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

5: This is not a physical register. It is an indirect pointer that addresses another register. The contents
returned is the value contained in the addressed register.

© 2001-2013 Microchip Technology Inc.
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PIC18C601/801

4.2.3 PUSH AND POP INSTRUCTIONS

Since the Top-of-Stack (TOS) is readable and writable,
the ability to push values onto the stack and pop values
off the stack, without disturbing normal program execu-
tion, is a desirable option. To push the current PC value
onto the stack, a PUSH instruction can be executed.
This will increment the stack pointer and load the cur-
rent PC value onto the stack. TOSU, TOSH and TOSL
can then be modified to place a return address on the
stack.

The poP instruction discards the current TOS by decre-
menting the stack pointer. The previous value pushed
onto the stack then becomes the TOS value.

4.2.4 STACK FULL/UNDERFLOW RESETS

These RESETS are enabled/disabled by programming
the STVREN configuration bit in CONFIGAL register.

When the STVREN bit is disabled, a full or underflow
condition will set the appropriate STKFUL or STKUNF
bit, but not cause a RESET. When the STVREN bit is
enabled, a full or underflow will set the appropriate
STKFUL or STKUNF bit and then cause a RESET. The
STKFUL or STKUNF bits are only cleared by the user
software or a POR.

4.3 Fast Register Stack

A “fast return” option is available for interrupts and calls.
A fast register stack is provided for the STATUS, WREG
and BSR registers, and is only one layer in depth. The
stack is not readable or writable and is loaded with the
current value of the corresponding register when the
processor vectors for an interrupt. The values in the fast
register stack are then loaded back into the working reg-
isters, if the fast return instruction is used to return
from the interrupt.

A low or high priority interrupt source will push values
into the stack registers. If both low and high priority
interrupts are enabled, the stack registers cannot be
used reliably for low priority interrupts. If a high priority
interrupt occurs while servicing a low priority interrupt,
the stack register values stored by the low priority
interrupt will be overwritten.

If high priority interrupts are not disabled during low pri-
ority interrupts, users must save the key registers in
software during a low priority interrupt.

If no interrupts are used, the fast register stack can be
used to restore the STATUS, WREG and BSR registers
at the end of a subroutine call. To use the fast register
stack for a subroutine call, a fast call instruction
must be executed.

Example 4-1 shows a source code example that uses
the fast register stack.

EXAMPLE 4-1: FAST REGISTER STACK
CODE EXAMPLE

CALL SUB1, FAST ;STATUS, WREG, BSR
;SAVED IN FAST REGISTER
; STACK

SUBL e

RETURN FAST ;RESTORE VALUES SAVED

; IN FAST REGISTER STACK

© 2001-2013 Microchip Technology Inc.
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FIGURE 5-2: 8-BIT MULTIPLEXED MODE TIMING
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522 8-BIT DE-MULTIPLEXED MODE

The 8-bit De-Multiplexed mode applies only to the
PIC18C801. Data and address lines are available sep-
arately. External components are not necessary in this
mode.

For 8-bit De-Multiplexed mode on the PIC18C801, the
instructions are fetched as two 8-bit bytes on a dedi-
cated data bus (PORTJ). The address will be pre-
sented for the entire duration of the fetch cycle on a
separate address bus. The two instruction bytes are
sequentially fetched within one instruction cycle (Tcy).
Therefore, the designer must choose external memory
devices according to timing calculations, based on 1/2
Tcy (2 times instruction rate). For proper memory speed
selection, setup and hold times must be considered.

The Address Latch Enable (ALE) pin is left_uncon-
nected, since glue logic is not necessary. The OE out-
put enable signal will enable one byte of program
memory for a portion of the instruction cycle, then BAO
will change and the second byte will be enabled to form
the 16-bit instruction word. The least significant bit of
the address, BAO, must be connected to the memory
devices in this mode. Figure 5-3 shows an example of
8-bit De-Multiplexed mode on the PIC18C801. The
control signals used in 8-bit De-Multiplexed mode are
outlined in Register 5-2. Register 5-4 describes 8-bit
De-Multiplexed mode timing.

© 2001-2013 Microchip Technology Inc. Advance Information DS39541B-page 65
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8.0 INTERRUPTS

PIC18C601/801 devices have 15 interrupt sources and
an interrupt priority feature that allows each interrupt
source to be assigned a high priority level, or a low pri-
ority level. The high priority interrupt vector is at
000008h and the low priority interrupt vector is at
000018h. High priority interrupt events will override any
low priority interrupts that may be in progress.

There are 10 registers that are used to control interrupt
operation. These registers are:

* RCON

¢« INTCON

¢ INTCON2

¢ INTCON3

¢ PIR1, PIR2

* PIE1, PIE2

¢ |IPR1, IPR2

It is recommended that the Microchip header files sup-
plied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the assembler/

compiler to automatically take care of the placement of
these bits within the specified register.

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

« Flag bit to indicate that an interrupt event
occurred

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

« Priority bit to select high priority or low priority

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

When the IPEN bit is cleared (default state), the inter-
rupt priority feature is disabled and interrupts are
compatible with PIC® mid-range devices. In Compati-
bility mode, the interrupt priority bits for each source
have no effect. The PEIE bit (INTCON register)
enables/disables all peripheral interrupt sources. The
GIE bit (INTCON register) enables/disables all interrupt
sources. All interrupts branch to address 000008h in
Compatibility mode.

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

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

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

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

© 2001-2013 Microchip Technology Inc.
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FIGURE 8-1: INTERRUPT LOGIC
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PIC18C601/801

REGISTER 8-3:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2
bit 1

bit 0

INTCON3 REGISTER

R/W-1 R/W-1 U-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0
INT2IP INT1IP = INT2IE INT1IE = INT2IF INT1IF
bit 7 bit 0

INT2IP: INT2 External Interrupt Priority bit
1 = High priority

0 = Low priority

INT1IP: INT1 External Interrupt Priority bit
1 = High priority

0 = Low priority

Unimplemented: Read as '0’

INT2IE: INT2 External Interrupt Enable bit
1 = Enables the INT2 external interrupt

0 = Disables the INT2 external interrupt
INT1IE: INT1 External Interrupt Enable bit
1 = Enables the INT1 external interrupt

0 = Disables the INT1 external interrupt
Unimplemented: Read as '0’

INT2IF: INT2 External Interrupt Flag bit

1 = The INT2 external interrupt occurred (must be cleared in software)
0 = The INT2 external interrupt did not occur

INT1IF: INT1 External Interrupt Flag bit

1 = The INT1 external interrupt occurred (must be cleared in software)
0 = The INT1 external interrupt did not occur

Legend:
R = Readable bit W = Writable bit
- n =Value at POR 1’ = Bitis set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown

Note: Interrupt flag bits get set when an interrupt condition occurs, regardless of the state
of its corresponding enable bit, or the global enable bit. User software should ensure
the appropriate interrupt flag bits are clear prior to enabling an interrupt. This feature

allows software polling.

© 2001-2013 Microchip Technology Inc.
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REGISTER 8-8:

bit 7-4
bit 3

bit 2

bit 1

bit 0

PIE2 REGISTER

u-0 u-0 u-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — BCLIE LVDIE | TMR3IE | CCP2IE
bit 7 bit 0

Unimplemented: Read as '0'

BCLIE: Bus Collision Interrupt Enable bit
1 = Enabled
0 = Disabled

LVDIE: Low Voltage Detect Interrupt Enable bit
1 = Enabled

0 = Disabled

TMRS3IE: TMR3 Overflow Interrupt Enable bit
1 = Enables the TMR3 overflow interrupt

0 = Disables the TMR3 overflow interrupt
CCP2IE: CCP2 Interrupt Enable bit

1 = Enables the CCP2 interrupt

0 = Disables the CCP2 interrupt

Legend:
R = Readable bit W = Writable bit
- n = Value at POR "1’ = Bit is set

U = Unimplemented bit, read as ‘0’
'0’ = Bit is cleared X = Bit is unknown

DS39541B-page 98
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REGISTER 8-9: IPR1 REGISTER

uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP
bit 7 bit 0
bit 7 Unimplemented: Read as '0’
bit 6 ADIP: A/D Converter Interrupt Priority bit

1 = High priority
0 = Low priority
bit 5 RCIP: USART Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 TXIP: USART Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 SSPIP: Master Synchronous Serial Port Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 CCPL1IP: CCP1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR2IP: TMR2 to PR2 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMR1IP: TMR1 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority

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

© 2001-2013 Microchip Technology Inc. Advance Information DS39541B-page 99
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9.0 1/OPORTS

Depending on the device selected, there are up to 9
ports available. Some pins of the 1/O ports are multi-
plexed with an alternate function from the peripheral
features on the device. In general, when a peripheral is
enabled, that pin may not be used as a general
purpose /O pin.

Each port has three registers for its operation. These
registers are:

* TRIS register (data direction register)

« PORT register (reads the levels on the pins of the
device)

« LAT register (output latch)

The data latch (LAT register) is useful for read-modify-
write operations on the value that the 1/0 pins are driving.

9.1 PORTA, TRISA and LATA
Registers

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
Hi-Impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).
On a Power-on Reset, these pins are configured as
analog inputs and read as '0'.

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch.

Read-modify-write operations on the LATA register,
reads and writes the latched output value for PORTA.

The RA4 pin is multiplexed with the Timer0 module
clock input to become the RA4/TOCKI pin. The RA4/
TOCKI pin is a Schmitt Trigger input and an open drain
output. All other RA port pins have TTL input levels and
full CMOS output drivers.

The other PORTA pins are multiplexed with analog
inputs and the analog VREF+ and VREF- inputs. The
operation of each pin is selected by clearing/setting the
control bits in the ADCONL1 register (A/D Control
Registerl). On a Power-on Reset, these pins are con-
figured as analog inputs and read as '0'.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

Note: On a Power-on Reset, PORTA pins
RA3:RAO0 and RAS5 default to analog inputs.

EXAMPLE 9-1: INITIALIZING PORTA

CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
CLRF LATA ; Alternate method
; to clear output

; data latches

MOVLW 07h ; Configure A/D
MOVWF ADCON1 ; for digital inputs
MOVLW OCFh ; Value used to

; initialize data

; direction

MOVWF TRISA ; Set RA3:RA0 as inputs

; RA5:RA4 as outputs

FIGURE 9-1: RA3:RAO0 AND RA5 PINS
BLOCK DIAGRAM
RD LATA
Data
Bus
D Qr—
VDD
WR LATA —
or cKk L Q D 5
WR PORTA Data Latch J 4&
— D Q :D_{ N 1/0 pin®)
WR TRISA
CcK L 6 o Vss
Analog
Input
TRIS Latch Mode
TTL
RD TRISA Input
Buffer
Q D
EN
RD PORTA | >
SS Input (RAS only)
To A/D Converter and LVD Modules
Note 1: 1/O pins have diode protection to VDD and Vss.
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FIGURE 9-20: PORTJ BLOCK DIAGRAM IN SYSTEM DATA BUS MODE
Q D
EN
RD PORTJ

7N

RD LATD ’ o
1/0 pin
Data Bus D 0 Port 0 I~
Data] 1 K
XYR LATJ KL
PORTJ Data Latch
TRIS Latch
»— D Q *
WR TRISJ Y / TTL
CK L Input
S R Buffer
External Enable RD TRISJ

System Bus

Control Data Out

Drive System

To Instruction Register

Instruction Read

Note 1: I/O pins have diode protection to VDD and Vss.
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18.1 Control Register

The Low Voltage Detect Control register (Register 18-1)
controls the operation of the Low Voltage Detect

circuitry.

REGISTER 18-1:

bit 7-6
bit 5

bit 4

bit 3-0

LVDCON REGISTER

u-0 u-0 R-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-1
= = IRVST LVDEN LvDL3 LvDL2 LvDL1 LvDLO
bit 7 bit 0

Unimplemented: Read as '0'

IRVST: Internal Reference Voltage Stable Flag bit

1 = Indicates that the Low Voltage Detect logic will generate the interrupt flag at the specified
voltage range

0 = Indicates that the Low Voltage Detect logic will not generate the interrupt flag at the
specified voltage range and the LVD interrupt should not be enabled

LVDEN: Low Voltage Detect Power Enable bit

1 = Enables LVD, powers up LVD circuit
0 = Disables LVD, powers down LVD circuit

LVDL3:LVDLO: Low Voltage Detection Limit bits

1111 = External analog input is used (input comes from the LVDIN pin)
1110 = 4.5V

1101 =4.2V

1100 = 4.0V - Reserved on PIC18C601/801

1011 = 3.8V - Reserved on PIC18C601/801

1010 = 3.6V - Reserved on PIC18C601/801

1001 = 3.5V - Reserved on PIC18C601/801

1000 = 3.3V - Reserved on PIC18C601/801

0111 = 3.0V - Reserved on PIC18C601/801

0110 = 2.8V - Reserved on PIC18C601/801

0101 = 2.7V - Reserved on PIC18C601/801

0100 = 2.5V - Reserved on PIC18C601/801

0011 = 2.4V - Reserved on PIC18C601/801

0010 = 2.2V - Reserved on PIC18C601/801

0001 = 2.0V - Reserved on PIC18C601/801

0000 = Reserved on PIC18C601/801 and PIC18LC801/601
LVDL3:LVDLO modes which result in a trip point below the valid operating voltage of the device
are not tested.

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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DAW Decimal Adjust WREG Register
Syntax: [label] DAW
Operands: None
Operation: If WREG<3:0>>9] or [DC = 1] then
(WREG<3:0>) + 6 — W<3:0>;
else
(WREG<3:0>) —» W<3:0>;
If WREG<7:4> >9] or [C = 1] then
(WREG<7:4>) + 6 - WREG<7:4>;
else
(WREG<7:4>) - WREG<7:4>;
Status Affected: C
Encoding: ‘ 0000 | 0000 | 0000 | 0111 ‘
Description: DAW adjusts the eight-bit value in
WREG resulting from the earlier
addition of two variables (each in
packed BCD format) and produces a
correct packed BCD result.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register WREG Data WREG
Examplel: DAW
Before Instruction
WREG = 0AS5h
Cc = 0
DC = 0
After Instruction
WREG = 05h
c = 1
DC = 0
Example 2:
Before Instruction
WREG = OCEh
c = 0
DC = 0
After Instruction
WREG = 34h
c = 1
DC = 0

DECF Decrement f
Syntax: [label ] DECF f[,d[,all
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: (f)—1 — dest
Status Affected: C,DC,N,0V,Z
Encoding: ’ 0000 ‘ 0lda | EEEE | EEEE
Description: Decrement register 'f'. If 'd" is O, the
result is stored in WREG. If 'd"is 1,
the resultis stored back in register 'f'
(default). If 'a’ is 0, the Access Bank
will be selected, overriding the BSR
value. If'a’is 1, the Bank will be
selected as per the BSR value.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' Data destination
Example: DECF CNT
Before Instruction
CNT = 01h
z = 0
After Instruction
CNT = 00h
z = 1
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RETFIE Return from Interrupt RETLW Return Literal to WREG
Syntax: [label] RETFIE [s] Syntax: [label] RETLW k
Operands: s € [0,1] Operands: 0<k<255
Operation: (TOS) —» PC, Operation: k—> W,
1 — GIE/GIEH or PEIE/GIEL, (TOS) - PC,
ifs=1 PCLATU, PCLATH are unchanged
(WS) - WREG, Status Affected:  None
(STATUSS) — STATUS, .
(BSRS) —> BSR, Encoding: ‘ 0000 ‘ 1100 | kkkk | kkkk ‘
PCLATU, PCLATH are unchanged. Description: W is loaded with the eight-bit literal
Status Affected:  None 'k'. The program counter is loaded
- from the top of the stack (the return
Encoding: ‘ 0000 | 0000 | 0001 | 000s ‘ address). The high address latch
Description: Return from Interrupt. Stack is (PCLATH) remains unchanged.
popped and Top-of-Stack (TOS) is Words: 1
loaded into the PC. Interrupts are ’
enabled by setting the either the Cycles: 2
high or low priority global interrupt Q Cycle Activity:
enable bit. If’s’ = 1, the contents Q1 Q2 Q3 Q4
of the shadow registers WS, Decode Read Process |Pop PC from
STATUSS and BSRS are loaded literal 'k’ Data [stack, write to
into their corresponding registers, WREG
WREG, STATUS and BSR. If No No No No
's’ =0, no update of these operation | operation | operation | operation
registers occurs (default).
Words: 1 Example:
Cycles: 2
. CALL TABLE ; WREG contains table
Q Cycle Activity: offset value
Q1 Q2 Q3 Q4 ;  WREG now has
Decode No No Pop PC i table value
operation operation from stack :
Set GIEH or TABLE
GIEL ADDWF PCL  ; WREG = offset
RETLW kO ; Begin table
No No No No RETLW k1 .
operation operation operation operation . !
Example: RETFIE 1 RETLW kn ; End of table
After Interrupt
PC =  TOS Before Instruction
WREG = WS WREG = 07h
BSR = BSRS After Instruction
STATUS = STATUSS WREG = value of kn
GIE/GIEH, PEIE/GIEL = 1
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21.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:
¢ Integrated Development Environment
- MPLAB® IDE Software
« Assemblers/Compilers/Linkers
- MPASM™ Assembler
- MPLAB C17 and MPLAB C18 C Compilers

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

¢ Simulators
- MPLAB SIM Software Simulator
¢ Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- ICEPIC™ In-Circuit Emulator
In-Circuit Debugger
- MPLAB ICD for PIC16F87X
« Device Programmers
- PRO MATEZ® Il Universal Device Programmer

- PICSTART® Plus Entry-Level Development
Programmer

¢ Low Cost Demonstration Boards
- PICDEM™ 1 Demonstration Board
- PICDEM 2 Demonstration Board
- PICDEM 3 Demonstration Board
- PICDEM 17 Demonstration Board
- KeeLoQ® Demonstration Board

21.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. The MPLAB IDE is a Windows®-based
application that contains:

« An interface to debugging tools

- simulator

- programmer (sold separately)

- emulator (sold separately)

- in-circuit debugger (sold separately)

A full-featured editor

« A project manager

« Customizable toolbar and key mapping

* A status bar

* On-line help

The MPLAB IDE allows you to:

Edit your source files (either assembly or ‘C’)

One touch assemble (or compile) and download

to PIC MCU emulator and simulator tools (auto-
matically updates all project information)

Debug using:

- source files

- absolute listing file

- machine code

The ability to use MPLAB IDE with multiple debugging
tools allows users to easily switch from the cost-

effective simulator to a full-featured emulator with
minimal retraining.

21.2 MPASM Assembler

The MPASM assembler is a full-featured universal
macro assembler for all PIC MCUs.

The MPASM assembler has a command line interface
and a Windows shell. It can be used as a stand-alone
application on a Windows 3.x or greater system, or it
can be used through MPLAB IDE. The MPASM assem-
bler generates relocatable object files for the MPLINK
object linker, Intel® standard HEX files, MAP files to
detail memory usage and symbol reference, an abso-
lute LST file that contains source lines and generated
machine code, and a COD file for debugging.

The MPASM assembler features include:

Integration into MPLAB IDE projects.
User-defined macros to streamline assembly
code.

Conditional assembly for multi-purpose source
files.

Directives that allow complete control over the
assembly process.

21.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI ‘C’ compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers, respectively. These compilers provide
powerful integration capabilities and ease of use not
found with other compilers.

For easier source level debugging, the compilers pro-
vide symbol information that is compatible with the
MPLAB IDE memory display.
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FIGURE 22-16:  EXAMPLE SPI SLAVE MODE TIMING (CKE = 1)
_ 82
SS :
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(CKP = 0)
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(CKP = 1)

SDI

‘ (C
! )
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-— - )
Co74

Note: Refer to Figure 22-4 for load conditions.

LSb In

TABLE 22-15: EXAMPLE SPI SLAVE MODE REQUIREMENTS (CKE = 1)

PaNrgm Symbol Characteristic Min Max | Units | Conditions
70 TssL2scH, | SSY to SCKY or SCKT input Tey — | ns
TssL2scL
71 TscH SCK input high time Continuous 1.25Tcy +30 | — ns
71A (Slave mode) Single Byte 40 — | ns |[(Note1l)
72 TscL SCK input low time Continuous 1.25Tcy +30 | — ns
72A (Slave mode) Single Byte 140 — | ns [(Note1)
73A TB2B Last clock edge of Bytel to the 1st clock edge of Byte2 <Q\'I*p( +40 | — ns |(Note 2)
74 TscH2diL, |Hold time of SDI data input to SCK edge ics P00 — ns
TscL2diL NN
75 TdoR SDO data output rise time PIC{/S@Ql\(i{G’P — 25 ns
RICIBNCE01/801 — 45 | ns
76 TdoF SDO data output fall ime NN — 25 | ns
77 [TssH2doz |SST to SDO output hi-impedange\>~ 10 50 | ns
78 TscR SCK output rise tim PIC18C601/801 — 25 ns
(Master mode)(()\@ PIC18LC601/801 — 45 | ns
79 TscF SCK outpetall Yigge{Master mode) — 25 | ns
80 TscH2doV, | SDO data\\@put valid after SCK | PIC18C601/801 — 50 ns
TscL2doV |edge PIC18LC601/801 — 100 | ns
82 TssL2doV |SDO data output valid after SSI | PIC18C601/801 — 50 ns
edge PIC18LC601/901 — 100 | ns
83 TscH2ssH, | SS 7 after SCK edge 1.5Tcy + 40 — ns
TscL2ssH

Note 1: Requires the use of parameter # 73A.
2: Only if parameter #s 71A and 72A are used.
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FIGURE 22-21: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RCSTXICK 0 N

pin e 121 e e 121 -
RC7/RX/DT \ . S
pin L X

—— 120 | -— —, -

Note: Refer to Figure 22-4 for load conditions.

TABLE 22-20: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Pilr:.m Symbol Characteristic (O\{k Min Max |Units| Conditions
120 [TckH2dtV [SYNC XMIT (Master & Slave) D

Clock high to data-out valid R 01/801 — 40 ns
\picisLce01/801 — [ 100 | ns
121 |Tekif Clock out rise time and fau® ™lPIC18C601/801 — 20 | ns
(Master mode) PIC18LC601/801 — 50 ns
122 [Tdtrf Data-out rise ti S@tba\fﬁime PIC18C601/801 — 20 | ns
@ PIC18LC601/801 — 50 | ns

FIGURE 22-22: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

RC6/TX/CK ;
pin : 125 ' .
RC7/RX/DT : : ;
pin >< }<

l— 16—

Note: Refer to Figure 22-4 for load conditions.

TABLE 22-21: USART SYNCHRONOUS RECEIVE RE%REMENTS
)

&
Param Symbol Characteristic K% Min Max Units Conditions
No. <\
125 TdtvV2ckl |SYNC RCV (Master &
Data-hold before CK QWP hold time) 10 — ns
126 |TckL2dil | Data-hold afterZR\ADT hold time) 15 — ns

e
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FIGURE 22-23: A/D CONVERSION TIMING

BSF ADCONO, GO

—| =— (Note2) 131
Q4 ! :

> 130 -

AID CLK <—132». [:

NDDATAW s X 7 X X2 X X o ><

ADRES L OLD_DATA X NEW_DATA

—

ADIF . ‘ Tey

DONE

SAMPLE 4‘ SAMPLING STOPPED li

Note 1: Ifthe A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts.This allows the
SLEEP instruction to be executed.
2: Thisis a minimal RC delay (typically 100 ns), which also disconnects the holding capacitor from the analog input.

GO

TABLE 22-23: A/D CONVERSION REQUIREMENTS

Pi{sm Symbol Characteristic Min Max | Units Conditions

130 | Tap |A/D clock period PIC18C601/801 1.6 | 200 | ps |Tosc based, VREF > 3.0V
PIC18LC601/801 | 3.0 20(% ps |Tosc based, VREF full range
PIC18C601/801 2.0 ,{eﬁi\ ps  |A/D RC mode
PIC18LC601/801 | 3.0\}/~80 us |A/D RC mode

131 | Tcnv |Conversion time I3 12 TAD

(not including acquisition time)™®) N
132 | TacQ |Acquisition time® 15 — ps  |-40°C < Temp < 125°C
10 — us 0°C < Temp <125°C

135 | Tswc [Switching time from esiVert Ssample — [(Note 4)

136 Tamp  |Amplifier settli ﬁ@ 1 — us |This may be used if the “new”
input voltage has not
changed by more than 1 LSb
(i.e., 5mV @ 5.12V) from the
last sampled voltage (as
stated on CHOLD).

Note 1: ADRES register may be read on the following Tcy cycle.

2: See Section 17.0 for minimum conditions, when input voltage has changed more than 1 LSb.

3: The time for the holding capacitor to acquire the “New” input voltage, when the voltage changes full scale
after the conversion (AVDD to AVss, or AVss to AVDD). The source impedance (Rs) on the input channels is
50Q.

4: On the next Q4 cycle of the device clock.

5: The time of the A/D clock period is dependent on the device frequency and the TAD clock divider.
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80-Lead Plastic Thin Quad Flatpack (PT) 12x12x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

Note:

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

at http://www.microchip.com/packaging

E

El

#leads=n1

-~ —f
M0000000000 00000000

O

IR A

2
1

A

HHHHHHHHHHHHHHHHHUHU%,
CH x 45°

FA

R

T 1—
—]  |—— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 80 80
Pitch P .020 0.50
Pins per Side nl 20 20
Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .004 .006 0.05 0.10 0.15
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle ¢ 0 35 7 0 3.5 7
Overall Width E .541 551 .561 13.75 14.00 14.25
Overall Length D 541 551 .561 13.75 14.00 14.25
Molded Package Width E1l .463 AT72 .482 11.75 12.00 12.25
Molded Package Length D1 463 472 482 11.75 12.00 12.25
Lead Thickness c .004 .006 .008 0.09 0.15 0.20
Lead Width B .007 .009 .011 0.17 0.22 0.27
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010" (0.254mm) per side.

JEDEC Equivalent: MS
Drawing No. C04-092

-026
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NOTES:
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