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NOTES:
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41.4 EXTERNAL CLOCK OSCILLATOR

In the EC oscillator mode, the OSC1 input can be
driven by CMOS drivers. In this mode, the OSC1/
CLKIN pinis hi-impedance and the OSC2/CLKOUT pin
is the CLKOUT output (4 Tosc).

FIGURE 4-4: EXTERNAL CLOCK INPUT
OPERATION (EC OSC
CONFIGURATION)

Clock from % OSC1
ext. system PIC17CXXX

CLKOUT <« 0SC2
(Foscl4)

4.1.5 EXTERNAL CRYSTAL OSCILLATOR
CIRCUIT

Either a prepackaged oscillator can be used, or a sim-
ple oscillator circuit with TTL gates can be built. Pre-
packaged oscillators provide a wide operating range
and better stability. A well designed crystal oscillator
will provide good performance with TTL gates. Two
types of crystal oscillator circuits can be used: one with
series resonance, or one with parallel resonance.

Figure 4-5 shows implementation of a parallel resonant
oscillator circuit. The circuit is designed to use the fun-
damental frequency of the crystal. The 74AS04 inverter
performs the 180-degree phase shift that a parallel
oscillator requires. The 4.7 kQ resistor provides the
negative feedback for stability. The 10 kQ potentiome-
ter biases the 74AS04 in the linear region. This could
be used for external oscillator designs.

FIGURE 4-5: EXTERNAL PARALLEL
RESONANT CRYSTAL
OSCILLATOR CIRCUIT
+5V
To Other
Devices
10 kQ

4.7 kQ 74AS04 PIC17CXXX
T4AS04 9 0oscC1

2’10 kQ
XTAL
{0
H e

20 pF L 20pF

10kQ

Figure 4-6 shows a series resonant oscillator circuit.
This circuit is also designed to use the fundamental fre-
qguency of the crystal. The inverter performs a 180-
degree phase shift in a series resonant oscillator cir-
cuit. The 330 Q resistors provide the negative feedback
to bias the inverters in their linear region.

FIGURE 4-6: EXTERNAL SERIES
RESONANT CRYSTAL
OSCILLATOR CIRCUIT
To Other
3300 330 Q Devices
74AS04 74AS04 74AS04 PIC17CXXX
- {>o . osc1
0.1pF
XTAL
I
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EXAMPLE 6-2:

SAVING STATUS AND WREG IN RAM (NESTED)

; The addresses that are used to store the CPUSTA and WREG values must be in the data memory
; address range of 1Ah - 1Fh. Up to 6 locations can be saved and restored using the MOVFP

; instruction. This instruction neither affects the status bits,
so it controls the FS1 and FSO bits in the ALUSTA register.

; This routine

Nobank_FSR

Bank_FSR

ALU_Temp

WREG_ TEMP

BSR_S1

BSR_S2

BSR_S3

BSR_S4

BSR_S5

BSR_S6

INITIALIZATION
CALL

INIT POINTERS
CLRF
CLRF
BSF
CLRF
MOVLW
MOVWF
MOVWF
MOVLW
MOVWF

PUSH BSF
BCF
MOVFP
CLRF
MOVPF
MOVPF
MOVPF
MOVFP
MOVFP
MOVFP
MOVFP
MOVPF
MOVFP

POP CLRF
MOVFP
DECF
MOVFP
MOVFP
BSF
MOVPF
MOVPF
DECF
MOVFP
MOVFP
MOVFP

RETFIE

uses the FRSO,

EQU 0x40
EQU 0x41
EQU 0x42
EQU 0x43
EQU 0x01A
EQU 0x01B
EQU 0x01C
EQU 0x01D
EQU 0xX01E
EQU 0x01F
CLEAR RAM
BSR, F
ALUSTA, F
ALUSTA, FsS1
WREG, F
BSR_S1
FSRO
Nobank_FSR
0x20
Bank_FSR

ALUSTA, FSO
ALUSTA, FS1

BSR, INDFO

BSR, F

ALUSTA, ALU_ Temp
FSRO, Nobank FSR
WREG, WREG_TEMP
Bank FSR, FSRO
ALU Temp, INDFO
WREG_TEMP, INDFO
PCLATH, INDFO
FSRO, Bank FSR
Nobank_FSR, FSRO

ALUSTA, F

Bank FSR, FSRO
FSRO, F

INDFO, PCLATH
INDFO, WREG
ALUSTA, FS1
INDFO, ALU_Temp
FSRO, Bank FSR
Nobank_FSR, F
Nobank_FSR, FSRO
ALU Temp, ALUSTA
INDFO, BSR

nor corrupts the WREG register.

1st location to save BSR

Label Not used in program)
Label Not used in program)
Label Not used in program)
Label Not used in program)
Label Not used in program)

2nd location to save BSR
3rd location to save BSR
4th location to save BSR
5th location to save BSR
6th location to save BSR

Must Clear all Data RAM

Must Initialize the pointers for POP and PUSH
Set All banks to 0
FSRO post increment

Clear WREG
Load FSRO with 1st address to save BSR

Your code

At Interrupt Vector Address

FSRO has auto-increment, does not affect status bits

does not affect status bits

No Status bits are affected

Peripheral and Data RAM Bank 0 No Status bits are affected

Save the FSR for BSR values

Restore FSR value for other wvalues
Push ALUSTA value

Push WREG value

Push PCLATH value

Restore FSR value for other values

Interrupt Service Routine (ISR) code
FSRO has auto-decrement, does not affect status bits

Restore FSR value for other values

Pop PCLATH value

Pop WREG value

FSRO does not change

Pop ALUSTA value

Restore FSR value for other values

Save the FSR for BSR values
No Status bits are affected

Return from interrupt (enable interrupts)

DS30289C-page 42
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FIGURE 8-3: TLRD INSTRUCTION
OPERATION

TABLE POINTER

‘ TBLPTRH | TBLPTRL ‘

TABLE LATCH (16-bit)
‘TABLATH . TABLATL ‘

TLRD 1,f TLRD 0,f

Data
Memory Program Memory

FIGURE 8-4: TABLRD INSTRUCTION
OPERATION

Step 1: 8-bit value from TABLAT (16-bit) high or low byte,
loaded into register 'f'.

TABLE POINTER
|TBLPTRH | TBLPTRL |

TABLE LATCH (16-bit)

TABLATH TABLATL

| |

TABLRD 1,i.f TABLRD 0,i,f
Data
Memory Program Memory

Prog-Mem | _ _ _ _ _ _ o]
(TBLPTR)

®

Step 1: 8-bit value from TABLAT (16-bit) high or low byte,
loaded into register 'f'.
2: 16-bit value at Program Memory (TBLPTR), loaded into
TABLAT register.
3: If“i" =1, then TBLPTR = TBLPTR + 1,
If “i” = 0, then TBLPTR is unchanged.

DS30289C-page 60
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8.3 Table Reads EXAMPLE 8-2: TABLE READ

The table read allows the program memory to be read.

This allows constants to be stored in the program mem- MOVLW  HIGH (TBL_ADDR) ; Load the Table
ory space and retrieved into data memory when MOVWF  TBLPTRH ;  address
needed. Example 8-2 reads the 16-bit value at program MOVLW ~ LOW (TBL_ADDR) ;

memory address TBLPTR. After the dummy byte has
been read from the TABLATH, the TABLATH is loaded
with the 16-bit data from program memory address
TBLPTR and then increments the TBLPTR value. The

MOVWF TBLPTRL ;
TABLRD 0, 1, DUMMY ; Dummy read,
;  Updates TABLATH
; Increments TBLPTR

TLRD 1, INDFO ; Read HI byte
first read loads the data into the latch and can be con- . of TABLATH
sidered a dummy read (unknown data loaded into 'f'). TABLRD 0, 1, INDFO ; Read LO byte
INDFO should be configured for either auto-increment ;  of TABLATL and
or auto-decrement. ;  Update TABLATH

; Increment TBLPTR

FIGURE 8-7: TABLRD TIMING

: Ql‘ QZ‘ QS‘ Q4! Ql‘ QZ‘ QS‘ Q4! Ql‘ QZ‘ QS‘ Q4! Ql‘ QZ‘ QS‘ Q4!
om0 (e K@)
Instruction . : X X :
Feiched TABLRD | INST (PC+1) © INST (PC+2) :
Instruction ! INST (PC-1) . TABLRDcyclel . TABLRDcycle2 |  INST (PC+1) |
Executed ' , , '
: : . Data read cycle : :
we : ' ' :
OFE ! | : : |
. ! : : !
WR ; : . .

FIGURE 8-8: TABLRD TIMING (CONSECUTIVE TABLRD INSTRUCTIONS)

: QJ-{ QZ‘ Q3‘ Q4! QJ{ QZ‘ Q3‘ Q4 QJ{ QZ‘ QS‘ Q4! QJ{ QZ‘ QS‘ Q4! QJ-{ QZ‘ Q3‘ Q4! QJ-{ QZ‘ Q3‘ Q4
rossson (X X)X @)X
Instruction | TABLRD1 . TABLRD2 . . INST (PC+2) . . INST (PC+3) |

Fetched . ! ! ! , ) '
"és)zgucclﬂgg . INST (PC-1) . TABLRD1 cyclel, TABLRD1 cycle2, TABLRD2 cyclel. TABLRD2 cycle2. INST (PC+2)
: : . Data read cycle | . Data read cycle :

aE s : : : —
o l l l 1 1 l

WR \ \ \ \ \ .
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FIGURE 10-3:

RA3 BLOCK DIAGRAM

FIGURE 10-4: RA4 AND RA5 BLOCK

<

}7

Peripheral Data In

DIAGRAM
Serial Port Input Signal

D Qr— —+—= Data Bus
EN &7 Data Bus
RD_PORTA RD_PORTA
- (Q2) (Q2)
Q D - -
Serial Port Output Signals
Q »CK{—s WR_PO(RQTQ) OE = SPEN,SYNC,TXEN, CREN, SREN for RA4
SDA Out OE = SPEN (SYNC+SYNC, CSRC) for RA5
"

Note: I/O pin has protection diodes to Vss.

SSP Mode

Note: 1/O pins have protection diodes to VDD and Vss.

TABLE 10-1: PORTA FUNCTIONS
Name Bit0 |Buffer Type Function

RAO/INT bit0 ST Input or external interrupt input.

RA1/TOCKI bitl ST Input or clock input to the TMRO timer/counter and/or an external interrupt
input.

RA2/SS/SCL bit2 ST Input/output or slave select input for the SPI, or clock input for the 1°C bus.
Output is open drain type.

RA3/SDI/SDA bit3 ST Input/output or data input for the SPI, or data for the I1°C bus.
Output is open drain type.

RA4/RX1/DT1 | bitd ST Input or USART1 Asynchronous Receive input, or
USART1 Synchronous Data input/output.

RA5/TX1/CK1 bit5 ST Input or USART1 Asynchronous Transmit output, or
USART1 Synchronous Clock input/output.

RBPU bit7 — Control bit for PORTB weak pull-ups.

Legend: ST = Schmitt Trigger input

TABLE 10-2: REGISTERS/BITS ASSOCIATED WITH PORTA
Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, MCLR, WDT
BOR

o) . RA5/ RA4/ RA3/ _RA2/
10h, Bank 0 PORTA RBPU TX1/CK1 | Rx1/DTL | sDispa | Ss/sclL RAL/TOCKI | RAO/INT | 0-xx 11xx | 0-uu 1luu
05h, Unbanked | TOSTA INTEDG | TOSE TOCS TOPS3 TOPS2 TOPS1 TOPSO — 0000 000-| 0000 000-
13h, Bank 0 RCSTA1 SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x | 0000 -00u
15h, Bank 0 TXSTAL CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x| 0000 --1u

Legend: x =unknown, u = unchanged, - = unimplemented, reads as '0". Shaded cells are not used by PORTA.

Note 1: On any device RESET, these pins are configured as inputs.

© 1998-2013 Microchip Technology Inc.
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FIGURE 10-12:

BLOCK DIAGRAM OF RE3/CAP4 PORT PIN

Peripheral In

X

VDD

|f

Note: 1/0O pin has protection diodes to VbDp and Vss.

b Q Data Bus
—1>EN
A RD_PORTE
Q
Port WR_PORTE
Datal—] -~ CK
Q
o \/‘/ RD_DDRE
ek WR_DDRE
Q S

TABLE 10-9: PORTE FUNCTIONS
Name Bit Buffer Type Function
REO/ALE bit0 TTL Input/output or system bus Address Latch Enable (E) control pin.
RE1/OE bit1 TTL Input/output or system bus Output Enable (OE) control pin.
RE2/WR bit2 TTL Input/output or system bus Write (WR) control pin.
RE3/CAP4 bit3 ST Input/output or Capture4 input pin.

Legend: TTL =TTL input,

ST = Schmitt Trigger input

TABLE 10-10: REGISTERS/BITS ASSOCIATED WITH PORTE

Value on I
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, MCLR, WDT
BOR

15h, Bank 1 | PORTE — — — — RE3/CAP4| RE2/WR | REL/OE | REO/ALE | ____ uxx | ---- wuuu
14h, Bank 1 | DDRE Data Direction Register for PORTE ---- 1111 | ---- 1111
14h, Bank 7 | CA4L Capture4 Low Byte *xxX Xxxx | uuuu uuuu
15h, Bank 7 | CA4H Capture4 High Byte XXX XXXX | uwuuu uuuu
16h, Bank 7 | TCON3 — ‘ CA4OVF‘ CA30VF ‘ CA4ED1 | CA4EDO ‘ CA3ED1 ‘ CA3EDO ‘ PWM3ON| _500 0000 | -000 0000
Legend:  x =unknown, u=unchanged, - = unimplemented, read as '0". Shaded cells are not used by PORTE.

© 1998-2013 Microchip Technology Inc.
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13.1.3.1 PWM Periods

The period of the PWM1 output is determined by
Timerl and its period register (PR1). The period of the
PWM2 and PWM3 outputs can be individually software
configured to use either Timerl or Timer2 as the time-
base. For PWM2, when TM2PW?2 bit (PW2DCL<5>) is
clear, the time base is determined by TMR1 and PR1
and when TM2PW?2 is set, the time base is determined
by Timer2 and PR2. For PWM3, when TM2PW3 hit
(PW3DCL<5>) is clear, the time base is determined by
TMR1 and PR1, and when TM2PWa3 is set, the time
base is determined by Timer2 and PR2.

Running two different PWM outputs on two different
timers allows different PWM periods. Running all
PWMs from Timer1 allows the best use of resources by
freeing Timer2 to operate as an 8-bit timer. Timerl and
Timer2 cannot be used as a 16-bit timer if any PWM is
being used.

The PWM periods can be calculated as follows:
period of PWM1 = [(PR1) + 1] x 4Tosc

period of PWM2 = [(PR1) + 1] x 4TosC or
[(PR2) + 1] x 4Tosc

period of PWM3 = [(PR1) + 1] x 4TosC or
[(PR2) + 1] x 4Tosc

The duty cycle of PWMXx is determined by the 10-bit
value DCx<9:0>. The upper 8-bits are from register
PWxDCH and the lower 2-bits are from PWxDCL<7:6>
(PWXDCH:PWxDCL<7:6>). Table 13-4 shows the
maximum PWM frequency (FPwM), given the value in
the period register.

The number of bits of resolution that the PWM can
achieve depends on the operation frequency of the
device as well as the PWM frequency (FPwMm).

Maximum PWM resolution (bits) for a given PWM
frequency:

Fosc
log ( FPwM
= bits
log 2
where: FpwM = 1/ period of PWM
The PWMx duty cycle is as follows:
PWMx Duty Cycle = (DCx) x TosC

where DCx represents the 10-bit value from
PWxDCH:PWxDCL.

If DCx = 0, then the duty cycle is zero. If
PRx = PWxDCH, then the PWM output will be low for
one to four Q-clocks (depending on the state of the
PWxDCL<7:6> bits). For a duty cycle to be 100%, the
PWxDCH value must be greater then the PRx value.

The duty cycle registers for both PWM outputs are dou-
ble buffered. When the user writes to these registers,
they are stored in master latches. When TMR1 (or
TMR2) overflows and a new PWM period begins, the
master latch values are transferred to the slave latches
and the PWMx pin is forced high.

Note: For PWIDCH, PWI1DCL, PW2DCH,
PW2DCL, PW3DCH and PW3DCL regis-
ters, a write operation writes to the "master
latches", while a read operation reads the
"slave latches". As a result, the user may
not read back what was just written to the
duty cycle registers (until transferred to

slave latch).

The user should also avoid any "read-modify-write"
operations on the duty cycle registers, such as:
ADDWF PW1DCH. This may cause duty cycle outputs
that are unpredictable.

TABLE 13-4: PWM FREQUENCY vs.
RESOLUTION AT 33 MHz

PWM Frequency (kHz)
Frequency | 327 | 64.5| 90.66 | 128.9 | 515.6

PRx Value | OxFF |Ox7F| Ox5A | Ox3F | OxOF
High 10-bit | 9-bit | 8.5-bit | 8-bit | 6-bit
Resolution
Standard 8-bit | 7-bit | 6.5-bit | 6-bit | 4-bit
Resolution

13.1.3.2 PWM INTERRUPTS

The PWM modules make use of the TMR1 and/or
TMR2 interrupts. A timer interrupt is generated when
TMR1 or TMR2 equals its period register and on the
following increment is cleared to zero. This interrupt
also marks the beginning of a PWM cycle. The user
can write new duty cycle values before the timer
rollover. The TMR1 interrupt is latched into the TMR1IF
bit and the TMR2 interrupt is latched into the TMR2IF
bit. These flags must be cleared in software.

DS30289C-page 108
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14.4 USART Synchronous Slave Mode

The Synchronous Slave mode differs from the Master
mode, in the fact that the shift clock is supplied exter-
nally at the TX/CK pin (instead of being supplied inter-
nally in the Master mode). This allows the device to
transfer or receive data in the SLEEP mode. The Slave
mode is entered by clearing the CSRC (TXSTA<7>) hit.

1441 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the SYNC Master and Slave modes
are identical except in the case of the SLEEP mode.

If two words are written to TXREG and then the SLEEP
instruction executes, the following will occur. The first
word will immediately transfer to the TSR and will trans-
mit as the shift clock is supplied. The second word will
remain in TXREG. TXIF will not be set. When the first
word has been shifted out of TSR, TXREG will transfer
the second word to the TSR and the TXIF flag will now
be set. If TXIE is enabled, the interrupt will wake the
chip from SLEEP and if the global interrupt is enabled,
then the program will branch to the interrupt vector
(0020h).

Steps to follow when setting up a Synchronous Slave
Transmission:

1. Enable the synchronous slave serial port by set-
ting the SYNC and SPEN bits and clearing the
CSRC hit.

2. Clear the CREN bit.

If interrupts are desired, then set the TXIE bit.

4. If 9-bit transmission is desired, then set the TX9
bit.

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

6. Start transmission by loading data to TXREG.

7. Enable the transmission by setting TXEN.

Writing the transmit data to the TXREG, then enabling

the transmit (setting TXEN), allows transmission to

start sooner than doing these two events in the reverse
order.

w

Note: To terminate a transmission, either clear
the SPEN bit, or the TXEN bit. This will
reset the transmit logic, so that it will be in
the proper state when transmit is re-

enabled.

14.4.2 USART SYNCHRONOUS SLAVE
RECEPTION

Operation of the Synchronous Master and Slave
modes are identical except in the case of the SLEEP
mode. Also, SREN is a “don't care” in Slave mode.

If receive is enabled (CREN) prior to the SLEEP instruc-
tion, then a word may be received during SLEEP. On
completely receiving the word, the RSR will transfer the
data to RCREG (setting RCIF) and if the RCIE bit is set,
the interrupt generated will wake the chip from SLEEP.
If the global interrupt is enabled, the program will
branch to the interrupt vector (0020h).

Steps to follow when setting up a Synchronous Slave
Reception:

1. Enable the synchronous master serial port by
setting the SYNC and SPEN bits and clearing
the CSRC hit.

If interrupts are desired, then set the RCIE bit.

If 9-bit reception is desired, then set the RX9 bit.

To enable reception, set the CREN bit.

The RCIF bit will be set when reception is com-

plete and an interrupt will be generated if the

RCIE bit was set.

6. Read RCSTA to get the ninth bit (if enabled) and
determine if any error occurred during reception.

7. Read the 8-bit received data by reading
RCREG.

8. If any error occurred, clear the error by clearing

the CREN bit.

ok wnDn

Note:  To abort reception, either clear the SPEN
bit, or the CREN bit (when in Continuous
Receive mode). This will reset the receive
logic, so that it will be in the proper state
when receive is re-enabled.

© 1998-2013 Microchip Technology Inc.
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15.1.7 SLEEP OPERATION shifted into the SPI transmit/receive shift register.
When all 8-bits have been received, the MSSP inter-

In Master mode, all module clocks are halted, and the rupt flag bit will be set and if enabled, will wake the

transmission/reception will remain in that state until the device from SLEEP
device wakes from SLEEP. After the device returns to '
normal mode, the module will continue to transmit/ 15.1.8 EFEECTS OF A RESET

receive data.
A RESET disables the MSSP module and terminates

In Slave mode, the SPI transmit/receive shift register the current transfer.

operates asynchronously to the device. This allows the
device to be placed in SLEEP mode and data to be

TABLE 15-1: REGISTERS ASSOCIATED WITH SPI OPERATION

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | POR,BOR | MCLR, WDT

07h, Unbanked | INTSTA PEIF | TOCKIF| TOIF INTF PEIE | TOCKIE | TOIE INTE | 0000 0000 | 0000 0000

10h, Bank 4 PIR2 SSPIF | BCLIF | ADIF — CA4IF | CA3IF | TX2IF | RC2IF |000- 0010 000- 0010
11h, Bank 4 PIE2 SSPIE | BCLIE | ADIE — CA4IE | CA3IE | TX2IE | RC2IE | 000- 0000| 000- 0000
14h, Bank 6 SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu

11h, Bank 6 SSPCON1 | WCOL | SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 | 0000 0000

13h, Bank 6 SSPSTAT | SMP | CKE D/A P S RIW UA BF | 0000 0000| 0000 0000

Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the SSP in SPI mode.
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15.4 Example Program

Example 15-2 shows MPLAB® C17 'C’ code for using
the 12C module in Master mode to communicate with a
241.C01B serial EEPROM. This example uses the PIC®
MCU ‘C’ libraries included with MPLAB C17.

EXAMPLE 15-2: INTERFACING TO A 24LC01B SERIAL EEPROM (USING MPLAB C17)

// Include necessary header files

#include <pl7c756.h> // Processor header file

#include <delays.h> // Delay routines header file

#include <stdlib.h> // Standard Library header file
#include <i2cl6.h> // I2C routines header file

#define CONTROL 0xa0 // Control byte definition for 24LCO1B

// Function declarations

void main(void) ;

void WritePORTD (static unsigned char data) ;

void ByteWrite(static unsigned char address,static unsigned char data);
unsigned char ByteRead(static unsigned char address);

void ACKPoll (void) ;

// Main program
void main(void)

{

static unsigned char address; // I2C address of 24LCO01B
static unsigned char datao; // Data written to 24LCO1B
static unsigned char datai; // Data read from 24LCO1B
address = 0; // Preset address to 0
OpenI2C (MASTER, SLEW_ON) ; // Configure I2C Module Master mode, Slew rate control on
SSPADD = 39; // Configure clock for 100KHz
while (address<128) // Loop 128 times, 24LCO1B is 128x8

{

datao = PORTB;

do
{
ByteWrite (address,datao) ; // Write data to EEPROM
ACKPoll () ; // Poll the 24LCO01B for state
datai = ByteRead(address); // Read data from EEPROM into SSPBUF
} while (datai != datao) ; // Loop as long as data not correctly
// written to 24LCO1B
address++; // Increment address
1
while (1) // Done writing 128 bytes to 24LC01B, Loop forever
{
Nop () ;

}
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FIGURE 16-3: ANALOG INPUT MODEL
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18.0 INSTRUCTION SET SUMMARY

The PIC17CXXX instruction set consists of 58 instruc-
tions. Each instruction is a 16-bit word divided into an
OPCODE and one or more operands. The opcode
specifies the instruction type, while the operand(s) fur-
ther specify the operation of the instruction. The
PIC17CXXX instruction set can be grouped into three
types:

 byte-oriented

* bit-oriented

« literal and control operations

These formats are shown in Figure 18-1.

Table 18-1 shows the field descriptions for the
opcodes. These descriptions are useful for understand-
ing the opcodes in Table 18-2 and in each specific
instruction descriptions.

For byte-oriented instructions, 'f' represents a file
register designator and 'd' represents a destination
designator. The file register designator specifies which
file register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If 'd' = '0', the result is
placed in the WREG register. If 'd' = '1', the result is
placed in the file register specified by the instruction.

For bit-oriented instructions, 'b' represents a bit field
designator which selects the number of the bit affected
by the operation, while 'f' represents the number of the
file in which the bit is located.

For literal and control operations, 'k’ represents an 8-
or 13-bit constant or literal value.

The instruction set is highly orthogonal and is grouped
into:

 byte-oriented operations

* bit-oriented operations

« literal and control operations

All instructions are executed within one single instruc-
tion cycle, unless:

» aconditional test is true

« the program counter is changed as a result of an
instruction

» atable read or a table write instruction is executed
(in this case, the execution takes two instruction
cycles with the second cycle executed as a NOP)

One instruction cycle consists of four oscillator periods.
Thus, for an oscillator frequency of 25 MHz, the normal
instruction execution time is 160 ns. If a conditional test
is true or the program counter is changed as a result of
an instruction, the instruction execution time is 320 ns.

TABLE 18-1: OPCODE FIELD

DESCRIPTIONS

Field Description
£ Register file address (00h to FFh)

P Peripheral register file address (00h to 1Fh)
i Table pointer control i = '0' (do not change)
i ='1' (increment after instruction execution)
t Table byte select t ='0' (perform operation on lower
byte)
t ="'1' (perform operation on upper byte literal field,
constant data)
WREG |Working register (accumulator)
b Bit address within an 8-bit file register
k Literal field, constant data or label
X Don't care location (= '0" or '1')
The assembler will generate code with x ='0". It is
the recommended form of use for compatibility with
all Microchip software tools.
d Destination select
0 = store result in WREG
1 = store result in file register f
Defaultis d = '1'
u Unused, encoded as '0'
s Destination select
0 = store result in file register f and in the WREG
1 = store result in file register f
Defaultis s =1
label |Label name
C,DC, |ALU status bits Carry, Digit Carry, Zero, Overflow
Z,0V
GLINTD|Global Interrupt Disable bit (CPUSTA<4>)
TBLPTR | Table Pointer (16-bit)
TBLAT | Table Latch (16-bit) consists of high byte (TBLATH)
and low byte (TBLATL)
TBLATL | Table Latch low byte
TBLATH | Table Latch high byte
TOS |Top-of-Stack
pC |Program Counter
BSR |Bank Select Register
WDT |Watchdog Timer Counter
TO |Time-out bit
PD |Power-down bit
dest |Destination either the WREG register or the speci-
fied register file location
[ 1 [Options
() |Contents
Assigned to
<> |Register bit field
€ In the set of
italics |User defined term (font is courier)
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TLWT Table Latch Write
Syntax: [label] TLWT tf
Operands: 0<f<255
t € [0,1]
Operation: Ift=0,
f — TBLATL;
Ift=1,
f —» TBLATH
Status Affected: ~ None
Encoding: ‘ 1010 | 0ltx | ffEf ‘ ffEE ‘
Description: Data from file register 'f' is written into
the 16-bit table latch (TBLAT).
If t = 1; high byte is written
If t = 0; low byte is written
This instruction is used in conjunction
with TABLWT to transfer data from data
memory to program memory.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register 'f' Data register
TBLATH or
TBLATL
Example: TLWT t, RAM

Before Instruction

t
RAM
TBLAT

After Instruction

RAM
TBLAT

Before Instruction

t
RAM
TBLAT

After Instruction

RAM
TBLAT

0

0xB7

0x0000 (TBLATH = 0x00)
(TBLATL = 0x00)

0xB7

0x00B7 (TBLATH = 0x00)
(TBLATL = 0xB7)

1

0xB7

0x0000 (TBLATH = 0x00)
(TBLATL = 0x00)

0xB7

0xB700 (TBLATH =0xB7)

(TBLATL = 0x00)

TSTFSZ Test f, skip if O
Syntax: [label] TSTFSZ f
Operands: 0<f<255
Operation: skipiff=0
Status Affected:  None
Encoding: ‘ 0011 | 0011 | fff£ ‘ fffE ‘
Description: If ' = 0, the next instruction, fetched
during the current instruction execution,
is discarded and a NOP is executed,
making this a two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register 'f' Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
Example: HERE TSTFSZ CNT
NZERO
ZERO
Before Instruction
PC = Address (HERE)
After Instruction
If CNT = 0x00,
PC = Address (ZERO)
If CNT Y4 0x00,
PC = Address (NZERO)
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NOTES:
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20.0 PIC17C7XX ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings T

Ambient tempPerature UNAEr DIBS.........cooiiiiiiieieriieee et -55°C to +125°C
(] =T oI (=T 00 o 1T = LU PP PP PP ORI -65°C to +150°C
Voltage 0N VDD WIth FTESPECE 10 VSS ....eiiiiiiiiiiieiiie ettt et re e e s nn e e s arn e nnnes OVto+7.5V
Voltage on MCLR With reSPECt t0 VSS (NOLE 2) ........vveieeeeeeeeeeeeeeeeeeeeeee s sees s s s -0.3Vto+14V
Voltage on RA2 and RA3 With reSPECE 10 VSS......uuiiiiiiieiiiie ettt aren e -0.3Vto+85V
Voltage on all other pins With rESPECT t0 VSS ....coiiiiiiiiiiiiiee e -0.3VtoVbpD +0.3V
Total power diSSIPALION (NOTE L) ....eeiiriieiiiiieiiiee st e et e et e st e e e e s e e st e e s e e e e sn e e e ane e e nnneeeennnes 1.0W
Maximum current out of VSS pin(s) - total (@ 70°%C) .....eueiiiiieiiiie ettt ettt e e sreeeesnaeeeas 500 mA
Maximum current into VDD PiN(S) - tOtal (@ 70°%C) ....ovueeeiiriie it 500 mA
Input clamp current, K (V1 <10 OF VI > VDD) ..uuuiiiiiiieiiiee s itee ettt e et e ettt e st e st e s sbe e s snbe e e abeeesabeeeesbeeeensbeeenns 120 mA
Output clamp current, IOK (VO < 0 OF VO 3 VDD) ....uuiieeiiiiiiieeeeeiieiia e e e sattteee e e s ettt ee e s e anteeaeeasasneseeaeaaanseeeeesannseeeeaaann +20 mA
Maximum output current sunk by any 1/O pin (except RA2 and RA3)......ccuuiiiiiiiiiiiiiiie ettt 35 mA
Maximum output current SUNK By RA2 OF RAS PINS .....vviiiiiieiiie ettt n e e nnn e 60 mA
Maximum output current Sourced DY any [/O PN ........ueeeiiiieiiiee ettt naaeas 20 mA
Maximum current sunk by PORTA and PORTB (COmMDINEd)..........ccoeiiiiiiiiiiiie e 150 mA
Maximum current sourced by PORTA and PORTB (COMbBINE) ........ccooiiiiiiiiiiiiiiice e 100 mA
Maximum current sunk by PORTC, PORTD and PORTE (COMDINEA).........ccovuiiiiiiiiiiiic e 150 mA
Maximum current sourced by PORTC, PORTD and PORTE (COMDINE) .......c.cvviiiiiiiiiieeiiiee e 100 mA
Maximum current sunk by PORTF and PORTG (COMDINE) ......cocvveiiiiiiiiiiiiiieciee et 150 mA
Maximum current sourced by PORTF and PORTG (COMDINE) .........cueiiiiiiiiiiiiiiiieeiie e 100 mA
Maximum current sunk by PORTH and PORTJ (COMDINEA).......coocuviiiiiiiiiiiiiiiee et 150 mA
Maximum current sourced by PORTH and PORTJ (COMDINE) .....coooiuiiiiiiiiiiiiieiiiie ettt 100 mA

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - ¥ I0H} + ¥ {(VDD-VOH) x loH} + > (VoL x loL)

2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50-100 Q should be used when applying a "low" level to the MCLR pin, rather than
pulling this pin directly to Vss.

T NOTICE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent dam-
age to the device. This is a stress rating only and functional operation of the device at those or any other
conditions above those indicated in the operation listings of this specification is not implied. Exposure to
maximum rating conditions for extended periods may affect device reliability.
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FIGURE 21-4: TYPICAL RC OSCILLATOR FREQUENCY vs. VDD
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TABLE 21-2: RC OSCILLATOR FREQUENCIES
Average
Cext REXT FosC @ 5V, +25°C
22 pF 10k 3.33 MHz +12%
100k 353 kHz +13%
100 pF 3.3k 3.54 MHz +10%
5.1k 2.43 MHz +14%
10k 1.30 MHz +17%
100k 129 kHz +10%
300 pF 3.3k 1.54 MHz +14%
5.1k 980 kHz +12%
10k 564 kHz +16%
160k 35 kHz + 18%
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NOTES:
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