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PIC17C7XX

TABLE 5-4: INITIALIZATION CONDITIONS FOR SPECIAL FUNCTION REGISTERS (CONTINUED)
Register Address Power-on Reset MCLR Reset Wake-up from SLEEP
Brown-out Reset WDT Reset through Interrupt

Bank 4

PIR2 10h 000- 0010 000- 0010 wuu- uuuu®
PIE2 11h 000- 0000 000- 0000 uuu- uuuu
Unimplemented i | T T I I T
RCSTA2 13h 0000 -00x 0000 -00u uuuu -uuu
RCREG2 14h XXXX XXXX uuuu uuuu uuuu uuuu
TXSTA2 15h 0000 --1x 0000 --1u uuuu - -uu
TXREG2 16h XXXX XXXX uuuu uuuu uuuu uuuu
SPBRG2 17h 0000 0000 0000 0000 uuuu uuuu
Bank 5

DDRF 10h 1111 1111 1111 1111 uuuu uuuu
PORTE® 11h 0000 0000 0000 0000 uuuu uuuu
DDRG 12h 1111 1111 1111 1111 uuuu uuuu
PORTG® 13h xxxx 0000 uuuu 0000 uuuu uuuu
ADCONO 14h 0000 -0-0 0000 -0-0 uuuu uuuu
ADCON1 15h 000- 0000 000- 0000 uuuu uuuu
ADRESL 16h XXXX XXXX uuuu uuuu uuuu uuuu
ADRESH 17h XXXX XXXX uuuu uuuu uuuu uuuu
Bank 6

SSPADD 10h 0000 0000 0000 0000 uuuu uuuu
SSPCON1 11h 0000 0000 0000 0000 uuuu uuuu
SSPCON2 12h 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 13h 0000 0000 0000 0000 uuuu uuuu
SSPBUF 14h XXXX XXXX uuuu uuuu uuuu uuuu
Unimplemented 3] s I e e I
Unimplemented ] o I B e R R
Unimplemented 4 T T e E

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

Note 1: One or more bits in INTSTA, PIR1, PIR2 will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GLINTD bit is cleared, the PC is loaded with the interrupt

vector.

3: See Table 5-3 for RESET value of specific condition.
4: This is the value that will be in the port output latch.
5

: When the device is configured for Microprocessor or Extended Microcontroller mode, the operation of this
port does not rely on these registers.

6: On any device RESET, these pins are configured as inputs.
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PIC17C7XX

TABLE 5-4: INITIALIZATION CONDITIONS FOR SPECIAL FUNCTION REGISTERS (CONTINUED)

Register Address Power-on Reset MCLR Reset Wake-up from SLEEP
Brown-out Reset WDT Reset through Interrupt

Bank 7

PW3DCL 10h xx0- ---- uuld- ---- uuu- ----
PW3DCH 11h XXXX XXXX uuuu uuuu uuuu uuuu
CA3L 12h XXXX KXXX uuuu uuuu uuuu uuuu
CA3H 13h XXXX XXXX uuuu uuuu uuuu uuuu
CA4L 14h XXXX XXXX uuuu uuuu uuuu uuuu
CA4H 15h XXXX XXXX uuuu uuuu uuuu uuuu
TCON3 16h -000 0000 -000 0000 -uuu uuuu
Unimplemented L N e e D
Bank 8

DDRH 10h 1111 1111 1111 1111 uuuu uuuu
PORTH® 11h XXXX XXXX uuuu uuuu uuuu uuuu
DDRJ 12h 1111 1111 1111 1111 uuuu uuuu
PORTJ® 13h XXXX XXXX uuuu uuuu uuuu uuuu
Unbanked

PRODL 18h XXXX XXXX uuuu uuuu uuuu uuuu
PRODH 19h XXXX KXXX uuuu uuuu uuuu uuuu

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

Note 1: One or more bits in INTSTA, PIR1, PIR2 will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GLINTD bit is cleared, the PC is loaded with the interrupt
vector.

3: See Table 5-3 for RESET value of specific condition.

4: This is the value that will be in the port output latch.

5: When the device is configured for Microprocessor or Extended Microcontroller mode, the operation of this
port does not rely on these registers.

6: On any device RESET, these pins are configured as inputs.
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PIC17C7XX

REGISTER 6-5: PIR2 REGISTER (ADDRESS: 10h, BANK 4)

RW-0 _ RW-0 _ RW-0 U-0 RIW-0 RIW-0 R-1 R-0
SssPIF | BCLUF | ADIF |  — | CA4F CA3IF | TX2IF | RC2IF
bit 7 bit 0
bit 7 SSPIF: Synchronous Serial Port (SSP) Interrupt Flag bit

1 = The SSP interrupt condition has occurred and must be cleared in software before returning
from the Interrupt Service Routine. The conditions that will set this bit are:

SPL
A transmission/reception has taken place.

I2C Slave/Master:
A transmission/reception has taken place.

I°C Master:
The initiated START condition was completed by the SSP module.
The initiated STOP condition was completed by the SSP module.
The initiated Restart condition was completed by the SSP module.
The initiated Acknowledge condition was completed by the SSP module.
A START condition occurred while the SSP module was idle (Multi-master system).
A STOP condition occurred while the SSP module was idle (Multi-master system).
0 = An SSP interrupt condition has NOT occurred
bit 6 BCLIF: Bus Collision Interrupt Flag bit
1 = A bus collision has occurred in the SSP, when configured for 12C Master mode
0 = No bus collision has occurred
bit 5 ADIF: A/D Module Interrupt Flag bit
1 = An A/D conversion is complete
0 = An A/D conversion is not complete
bit 4 Unimplemented: Read as '0'
bit 3 CA4IF: Capture4 Interrupt Flag bit
1 = Capture event occurred on RE3/CAP4 pin
0 = Capture event did not occur on RE3/CAP4 pin
bit 2 CASIF: Capture3 Interrupt Flag bit
1 = Capture event occurred on RG4/CAP3 pin
0 = Capture event did not occur on RG4/CAP3 pin
bit 1 TX2IF:USART2 Transmit Interrupt Flag bit (state controlled by hardware)
1 = USART2 Transmit buffer is empty
0 = USART2 Transmit buffer is full
bit 0 RC2IF: USART2 Receive Interrupt Flag bit (state controlled by hardware)
1 = USART2 Receive buffer is full
0 = USART2 Receive buffer is empty

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n=Value at POR Reset  'l’ = Bitis set '0’ = Bitis cleared X = Bit is unknown
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PIC17C7XX

TABLE 7-3: SPECIAL FUNCTION REGISTERS
4 . 4 . 4 4 . . Valueon | GER
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, !
BOR WDT
Unbanked
00h INDFO Uses contents of FSRO to address Data Memory (not a physical register) | === —=-- | === ---=-
01h FSRO Indirect Data Memory Address Pointer 0 XXXX XXXX | uuuu uuuu
02h PCL Low order 8-bits of PC 0000 0000 | 0000 0000
03h® | PCLATH Holding Register for upper 8-bits of PC 0000 0000 | uuuu uuuu
04h ALUSTA FS3 FS2 FS1 FSO oV A DC C 1111 xxxx | 1111 uuuu
05h TOSTA INTEDG TOSE TOCS TOPS3 TOPS2 TOPS1 TOPSO — 0000 000- | 0000 000-
06h@ | CPUSTA — — STKAV | GLINTD TO PD POR BOR |--11 11qq|--11 qquu
07h INTSTA PEIF TOCKIF TOIF INTF PEIE TOCKIE TOIE INTE 0000 0000 | 0000 0000
08h INDF1 Uses contents of FSR1 to address Data Memory (not a physical register) | === —=-- | --o- —---
0%h FSR1 Indirect Data Memory Address Pointer 1 XXXX XXXX | uuuu uuuu
0Ah WREG Working Register XXXX XXXX | uuuu uuuu
0Bh TMROL TMRO Register; Low Byte XXXX XXXX | uuuu uuuu
0Ch TMROH TMRO Register; High Byte XXXX XXXX | uuuu uuuu
0Dh TBLPTRL Low Byte of Program Memory Table Pointer 0000 0000 | 0000 0000
OEh TBLPTRH High Byte of Program Memory Table Pointer 0000 0000 | 0000 0000
OFh BSR Bank Select Register 0000 0000 | 0000 0000
Bank O
10h PORTA) RBPU — RACSZXN RAS/TR1X1/ RAsgéiD'/ RASZC/fS/ RAL/TOCKI | RAO/NT | 0-xx 11xx |0-uu 1luu
11h DDRB Data Direction Register for PORTB 1111 1111|1111 1111
RB7/ RB6/ RB5/ RB4/ RB3/ RB2/ RB1/ RBO/
12h PORTB( SDO SCK TCLK3 | TCLK12 | PWM2 | PWM1 CAP2 o7\ I Rl e
13h RCSTAL SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x | 0000 -00u
14h RCREG1 Serial Port Receive Register XXXX XXXX | uuuu uuuu
15h TXSTAL CSRC T™X9 | TXEN | SYNC | — — TRMT TX9D | 0000 --1x[0000 --1u
16h TXREG1 Serial Port Transmit Register (for USARTL1) XXXX XXXX | uuuu uuuu
17h SPBRG1 Baud Rate Generator Register (for USART1) 0000 0000 | 0000 0000
Bank 1
10h DDRC®) Data Direction Register for PORTC 1111 1111|1111 1111
11h PORTC®>) RC7/AD7 | RC6/AD6 | RC5/ADS5 | RC4/AD4 | RC3/AD3 | RC2/AD2 | RCU/AD1 [ RCO/ADO | xxxx xxxx | uuuu uuuu
12h DDRD® Data Direction Register for PORTD 1111 1111 1111 1111
RD7/ RD6/ RD5/ RD4/ RD3/ RD2/
13h PORTD®) ADIS AD14 ADI3 AD12 ADI1 AD10 RD1/AD9 | RDO/ADS8 | xxxx xxxx | uuuu uuuu
14h DDRE®) Data Direction Register for PORTE —--- 1111 ---- 1111
15h PORTE*® — — — — &Esg RE2WR | RELOE | REO/ALE | ---- xxxx | ---- uuuu
16h PIR1 RBIF TMR3IF | TMR2IF TMR1IF CA2IF CA1lIF TX1IF RC1IF x000 0010 [u000 0010
17h PIE1 RBIE TMR3IE | TMR2IE TMR1IE CA2IE CAlIE TX1IE RC1IE 0000 0000 [ 0000 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0', g = value depends on condition.
Shaded cells are unimplemented, read as '0'.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<15:8> whose
contents are updated from, or transferred to, the upper byte of the program counter.
2: The TO and PD status bits in CPUSTA are not affected by a MCLR Reset.
3: Bank 8 and associated registers are only implemented on the PIC17C76X devices.
4: This is the value that will be in the port output latch.
5. When the device is configured for Microprocessor or Extended Microcontroller mode, the operation of this port does not rely on these
registers.
6: On any device RESET, these pins are configured as inputs.
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PIC17C7XX

10.10.2 SUCCESSIVE OPERATIONS ON 1/O

PORTS

The actual write to an 1/0O port happens at the end of an
instruction cycle, whereas for reading, the data must be
valid at the beginning of the instruction cycle
(Figure 10-20). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same /O port. The sequence of instructions should be
such to allow the pin voltage to stabilize (load depen-
dent) before executing the instruction that reads the
values on that I/O port. Otherwise, the previous state of
that pin may be read into the CPU, rather than the
“new” state. When in doubt, it is better to separate
these instructions with a NOP, or another instruction
not accessing this 1/0 port.

Figure 10-21 shows the 1/0O model which causes this
situation. As the effective capacitance (C) becomes
larger, the rise/fall time of the 1/O pin increases. As the
device frequency increases, or the effective capaci-
tance increases, the possibility of this subsequent
PORTXx read-modify-write instruction issue increases.
This effective capacitance includes the effects of the
board traces.

The best way to address this is to add a series resistor
at the 1/0 pin. This resistor allows the 1/O pin to get to
the desired level before the next instruction.

The use of NOP instructions between the subsequent
PORTXx read-modify-write instructions, is a lower cost
solution, but has the issue that the number of NOP
instructions is dependent on the effective capacitance
C and the frequency of the device.

FIGURE 10-20: SUCCESSIVE I/0 OPERATION
. Q1] Q2| Q3] Q4] Q1] Q2| Q3] Q4] Q1; Q2] Q3| Q4] Q1] Q2| Q3| Q4] Not
\ \ \ . ) \ ote:
Instruction X PC :X PC+1 :x . PC+2 :X PC+3 . | This example shows a write to PORTB,
Fetched ! MOVWF PORTB ' MOVF PORTB,W ' ' ' + | followed by a read from PORTB.
! write to ! ! ' NOP ! NOP ! .
: PORTB : : , : : Note that:
' data setup time = (0.25Tcy - TPD)
RB7:RBO , \ X } . ) )
; . f . ; . | where Tcy = instruction cycle
: : : ' Port pin ! : TPD = propagation delay
! ! I . sampled here: | Therefore, at higher clock frequencies, a
L ! ! ! ' | write followed by a read may be problematic.
Instruction ' [ I '
Executed ' ' MOVWF PORTB : MOVF PORTB,W . NOP |
' ' write to ! ! '
! X PORTB ! X X
FIGURE 10-21: /O CONNECTION ISSUES
R BSF PORTX, PINy | BSF PORTX, PINz |
PIC17CXXX
Q | Q@ | @4 | @ | @ | @ | Q4 | Q1 |
110

VIL

B

®)
I ™ poRTX, PINY

capacitive loading on the trace.

Note 1: Thisis nota capz:mitor to ground, but the effective

Read PORTX, PINy as low T

BSF PORTX, PINz clears the value
to be driven on the PORTX, PINy pin.
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PIC17C7XX

13.2.2 FOUR CAPTURE MODE

This mode is selected by setting bit CA1/PR3. A block
diagram is shown in Figure 13-6. In this mode, TMR3
runs without a period register and increments from
0000h to FFFFh and rolls over to 0000h. The TMR3
interrupt Flag (TMR3IF) is set on this rollover. The
TMRS3IF bit must be cleared in software.

Registers PR3H/CA1H and PR3L/CALL make a 16-bit
capture register (Capturel). It captures events on pin
RBO/CAP1. Capture mode is configured by the
CA1ED1 and CA1EDO bits. Capturel Interrupt Flag bit
(CAL1IF) is set upon detection of the capture event. The
corresponding interrupt mask bit is CA1lIE. The
Capturel Overflow Status bit is CAIOVF.

All the captures operate in the same manner. Refer to
Section 13.2.1 for the operation of capture.

FIGURE 13-6: TIMER3 WITH FOUR CAPTURES BLOCK DIAGRAM
Fosc/4 0 Set TMR3IF
(PIR1<6>)
1 ) TMR3H TMR3L —
TMR3ON
RB5/TCLK3 TMR3CS (TCON2<2>)
(TCON1<2>)
Edge Select, . Capturel Enable
Prescaler Select Set CALIF
RBO/CAP1 ¢ (PIR1<2>)
2 PR3H/CA1H PR3L/CA1L
CA1ED1, CA1EDO
(TCON1<5:4>)
Edge Select, . Capture2 Enable
Prescaler Select Set CA2IF
RB1/CAP2 5 ¢ (PIR1<3>)
CA2ED1, CA2EDO CA2H CA2L
(TCON1<7:6>)
Edge Select, . Capture3 Enable
Prescaler Select Set CA3IE
RG4/CAP3 2 ¢ (PIR2<2>)
CA3H CA3L
CA3ED1: CA3EDO
(TCON3<2:1>)
Edge Select, . Capture4 Enable
Prescaler Select Set CA4IE
RE3/CAP4 2 ¢ (PIR2<3>)
CA4H CA4L
CA4ED1: CA4EDO
(TCON3<4:3>)

DS30289C-page 112
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PIC17C7XX

13.2.3 READING THE CAPTURE

REGISTERS

The Capture overflow status flag bits are double buff-
ered. The master bit is set if one captured word is
already residing in the Capture register and another
“event” has occurred on the CAPx pin. The new event
will not transfer the TMR3 value to the capture register,
protecting the previous unread capture value. When
the user reads both the high and the low bytes (in any

EXAMPLE 13-1:

order) of the Capture register, the master overflow bit is
transferred to the slave overflow bit (CAXOVF) and
then the master bit is reset. The user can then read
TCONX to determine the value of CAXOVF.

An example of an instruction sequence to read capture
registers and capture overflow flag bits is shown in
Example 13-1. Depending on the capture source, dif-
ferent registers will need to be read.

SEQUENCE TO READ CAPTURE REGISTERS

MOVLB 3 ; Select Bank 3

MOVPF CA2L, LO_BYTE ; Read Capture2 low byte, store in LO_BYTE

MOVPF CA2H, HI_BYTE ; Read Capture2 high byte, store in HI_BYTE

MOVPF TCON2, STAT_ VAL ; Read TCON2 into file STAT VAL
TABLE 13-6: REGISTERS ASSOCIATED WITH CAPTURE

Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, MCLR, WDT
BOR

16h, Bank 3 TCON1 CA2ED1 | CA2EDO | CAlED1 CA1EDO T16 TMR3CS | TMR2CS | TMR1CS | 0000 0000 | 0000 0000
17h, Bank 3 TCON2 CA20VF | CA1OVF | PWM20ON | PWM1ON | CA1/PR3| TMR3ON | TMR20ON | TMR1ON | 0000 0000 | 0000 0000
16h, Bank 7 |TCON3 — CA40OVF| CA3OVF | CA4ED1 | CA4EDO| CA3ED1 | CA3EDO [PWM3ON| -000 0000 | -000 0000
12h, Bank 2 TMR3L Holding Register for the Low Byte of the 16-bit TMR3 Register XXXX XXXX | uuuu uuuu
13h, Bank 2 TMR3H Holding Register for the High Byte of the 16-bit TMR3 Register XXXX XXXX | uuuu uuuu
16h, Bank 1 PIR1 RBIF TMR3IF | TMR2IF TMR1IF CA2IF CALIF TX1IF RC1IF | x000 0010 | u000 0010
17h, Bank 1 PIE1 RBIE TMR3IE | TMR2IE TMRI1IE CA2IE CAlIE TX1IE RC1IE | 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
07h, Unbanked|INTSTA PEIF TOCKIF TOIF INTF PEIE TOCKIE TOIE INTE 0000 0000 | 0000 0000
06h, Unbanked | CPUSTA = = STKAV | GLINTD TO PD POR BOR | --11 11qq| --11 qquu
16h, Bank 2 PR3L/CALL |Timer3 Period Register, Low Byte/Capturel Register, Low Byte XXXX XXXX | uuuu uuuu
17h, Bank 2 PR3H/CA1H | Timer3 Period Register, High Byte/Capturel Register, High Byte XXXX XXXX | uuuu uuuu
14h, Bank 3 CA2L Capture2 Low Byte XXXX XXXX | uuuu uuuu
15h, Bank 3 CA2H Capture2 High Byte XXXX XXXX | uuuu uuuu
12h, Bank 7 CA3L Capture3 Low Byte XXXX XXXX | uuuu uuuu
13h, Bank 7 CA3H Capture3 High Byte XXXX XXXX | uuuu uuuu
14h, Bank 7 CA4L Capture4 Low Byte XXXX XXXX | uuuu uuuu
15h, Bank 7 CA4H Capture4 High Byte XXXX XXXX | uuuu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0', g = value depends on condition.

Shaded cells are not used by Capture.

© 1998-2013 Microchip Technology Inc.
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PIC17C7XX

15.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

The Master Synchronous Serial Port (MSSP) module is
a serial interface useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be serial EEPROMSs, shift registers, dis-
play drivers, A/D converters, etc. The MSSP module
can operate in one of two modes:

« Serial Peripheral Interface (SPI)
* Inter-Integrated Circuit™ (IZC)

Figure 15-1 shows a block diagram for the SPI mode,
while Figure 15-2 and Figure 15-3 show the block
diagrams for the two different 1°C modes of operation.

FIGURE 15-1: SPI MODE BLOCK
DIAGRAM
< Internal
Data Bus
Read Write
SSPBUF reg
‘ SSPSR reg l—'
SDI bit0 Shift
E A Clock

SDO \T\J
S

S Control
Enable

SS Edge
Select

Clock Select

SSPM3:SSPMO

SMP:CKE 4 TMR2 Output
y2 2
<4 s
Select Prescaler | Tosc
SCK 4,16, 64

— Data to TX/RX in SSPSR
— Data Direction bit

FIGURE 15-2: I2C SLAVE MODE BLOCK
DIAGRAM
<; Internal
Data Bus
Read Write
scL ‘ SSPBUF reg ‘
N
X |2 Shift

m )

X <]-—{ SSPSR reg
MSb Lsb

-

SDA
>—I>

‘ Match Detect

Addr Match

it

or General
Call Detected

| sspapDreg |
START and Set, Reset
STOP bit Detect [ S, P bits

(SSPSTAT reg)

FIGURE 15-3: IZC MASTER MODE
BLOCK DIAGRAM
<: Internal
Data Bus
Read Write

SSPA?/D7<6:0>

‘ Baud Rate Generator ‘

SCL

‘ SSPBUF reg
S
X |2 Shift

Clock ﬁ /

X <I<—{ SSPSR reg
MSb Lsb

-

SDA
>—|>

‘ Match detect

Addr Match

i

or General
Call Detected

‘ SSPADD reg

START and STOP bit
Detect/Generate

Set/Clear S bit
L » an
Clear/Set P, bit

(SSPSTAT reg)
and Set SSPIF
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PIC17C7XX

15.1.5 SLAVE MODE

In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched, the interrupt flag bit SSPIF (PIR2<7>)
is set.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times as
specified in the electrical specifications.

While in SLEEP mode, the slave can transmit/receive
data. When a byte is received, the device will wake-up
from SLEEP.

15.1.6 SLAVE SELECT
SYNCHRONIZATION

The SS pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with SS pin control
enabled (SSPCON1<3:0> = 04h). The pin must not
be driven low for the SS pin to function as an input.
The RA2 Data Latch must be high. When the SS pin
is low, transmission and reception are enabled and

FIGURE 15-7:

the SDO pin is driven. When the SS pin goes high,
the SDO pin is no longer driven, even if in the mid-
dle of a transmitted byte and becomes a floating
output. External pull-up/pull-down resistors may be
desirable, depending on the application.

Note 1: When the SPI is in Slave mode with SS
pin control enabled (SSPCON<3:.0> =
0100), the SPI module will reset if the SS
pin is set to VDD.

2. If the SPI is used in Slave mode with
CKE ="'1', then the SS pin control must be

enabled.

When the SPI module resets, the bit counter is forced
to 0. This can be done by either forcing the SS pin to a
high level, or clearing the SSPEN bit.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver, the SDO pin can be configured
as an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function),
since it cannot create a bus conflict.

SLAVE SYNCHRONIZATION WAVEFORM

SCK ;
(CKP =0 .

CKE = 0) .

SCK
(CKP=1
CKE = 0)

Write to

SSPBUF ' l l i i

SDO

(SMP = 0)

ISnz;)rlrjltple ' ' T ' T '
(SMP = 0) ' ! l l

SSPIF
Interrupt

Flag

SSPSR to
SSPBUF

5 T
Next Q4 cycle 4

after Q24

(C
DJ
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16.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The analog-to-digital (A/D) converter module has
twelve analog inputs for the PIC17C75X devices and
sixteen for the PIC17C76X devices.

The analog input charges a sample and hold capacitor.
The output of the sample and hold capacitor is the input
into the converter. The converter then generates a dig-
ital result of this analog level via successive approxima-
tion. This A/D conversion of the analog input signal,
results in a corresponding 10-bit digital number.

The analog reference voltages (positive and negative
supply) are software selectable to either the device’s
supply voltages (AVDD, AVss), or the voltage level on
the RG3/ANO/VREF+ and RG2/AN1/VREF- pins.

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in SLEEP, the A/D clock must be derived from the
A/D’s internal RC oscillator.

The A/D module has four registers. These registers
are:

» A/D Result High Register (ADRESH)

* A/D Result Low Register (ADRESL)

» A/D Control Register0 (ADCONO)

» A/D Control Registerl (ADCON1)

The ADCONO register, shown in Register 16-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 16-2, configures the func-
tions of the port pins. The port pins can be configured

as analog inputs (RG3 and RG2 can also be the volt-
age references), or as digital 1/0.

REGISTER 16-1: ADCONO REGISTER (ADDRESS: 14h, BANK 5)

RW-0  RW-0  RW-0  RMW-0 U-0 R/W-0 U0  RMW-0
CHS3 | cCHs2 | cHs1 | cHso | — | GODONE | — | ADON
bit 7 bit 0
bit 7-4 CHS3:CHSO0: Analog Channel Select bits

0000 = channel 0, (ANO)
0001 = channel 1, (AN1)
0010 =channel 2, (AN2)
0011 = channel 3, (AN3)
0100 = channel 4, (AN4)
0101 = channel 5, (AN5)
0110 = channel 6, (AN6)
0111 = channel 7, (AN7)
1000 = channel 8, (AN8)
1001 = channel 9, (AN9)
1010 = channel 10, (AN10)
1011 = channel 11, (AN11)

1100 = channel 12, (AN12) (PIC17C76X only)
1101 = channel 13, (AN13) (PIC17C76X only)
1110 = channel 14, (AN14) (PIC17C76X only)
1111 = channel 15, (AN15) (PIC17C76X only)
11xx = RESERVED, do not select (PIC17C75X only)

bit 3 Unimplemented: Read as '0'
bit 2 GO/DONE: A/D Conversion Status bit
If ADON = 1:

1 = A/D conversion in progress (setting this bit starts the A/D conversion, which is automatically
cleared by hardware when the A/D conversion is complete)

0 = A/D conversion not in progress

bit 1 Unimplemented: Read as '0'
bit 0 ADON: A/D On bit

1 = A/D converter module is operating

0 = A/D converter module is shut-off and consumes no operating current

Legend:
R = Readable bit

W = Writable bit
-n=Value at POR Reset 1’ = Bitis set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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INCF Increment f INCFSZ Increment f, skip if O

Syntax: [label] INCF fd Syntax: [label] INCFSz fd

Operands: 0<f<255 Operands: 0<f<255
d e [0,1] de[0,1]

Operation: (f) + 1 — (dest) Operation: (f) + 1 — (dest)

Status Affected: OV, C, DC, Z skip if result = 0

Encoding: ‘ 0001 | 010d ‘ FEEE | FEEE ‘ Status Affected:  None

Description: The contents of register 'f' are incre- Encoding: ‘ 0001 | 1114 ‘ FEEE | fE£f ‘
mented. If 'd" is O, the result is placed in Description: The contents of register 'f' are incre-
WREG. If 'd" is 1, the result is placed mented. If 'd'is 0, the result is placed in
back in register 'f. WREG. If 'd' is 1, the result is placed

Words: 1 back in register 'f'.

. If the result is 0, the next instruction,
Cycles: 1 which is already fetched is discarded
Q Cycle Activity: and a NOP is executed instead, making

Q1 Q2 Q3 Q4 it a two-cycle instruction.
Decode Read Process Write to Words: 1
register 'f' Data destination Cycles: 1(2)
Q Cycle Activity:
Example: INCF CNT, 1 Q1 Q2 Q3 Q4
Before Instruction Decode Read - Process Wr.ite tp
CNT = OxFE register 'f Data destination
z = 0 If skip:
C = ?
1 2 3 4
After Instruction Q Q Q Q
CNT =  0x00 No No No. No.
7 = 1 operation operation operation operation
C = 1
Example: HERE INCFSZ  CNT, 1
NZERO
ZERO

Before Instruction

PC

=  Address (HERE)

After Instruction

CNT
If CNT

PC

If CNT

PC

W nn

CNT +1

0;

Address (ZERO)
0;

Address (NZERO)
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MULLW Multiply Literal with WREG MULWF Multiply WREG with f
Syntax: [label] MULLW k Syntax: [label] MULWF f
Operands: 0<k<255 Operands: 0<f<255
Operation: (k x WREG) - PRODH:PRODL Operation: (WREG x f) > PRODH:PRODL
Status Affected:  None Status Affected:  None
Encoding: ‘ 1011 ‘ 1100 ‘ kkkk | kkkk | Encoding: ‘ 0011 ‘ 0100 ‘ Efff | fEEE ‘
Description: An unsigned multiplication is carried Description: An unsigned multiplication is carried
out between the contents of WREG out between the contents of WREG
and the 8-bit literal 'k'. The 16-bit and the register file location 'f'. The
result is placed in PRODH:PRODL 16-bit result is stored in the
register pair. PRODH contains the PRODH:PRODL register pair.
high byte. PRODH contains the high byte.
WREG is unchanged. Both WREG and 'f' are unchanged.
None of the status flags are affected. None of the status flags are affected.
Note that neither overflow, nor carry Note that neither overflow, nor carry
is possible in this operation. A zero is possible in this operation. A zero
result is possible, but not detected. result is possible, but not detected.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q Cycle Activity:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read Process Write Decode Read Process Write
literal 'k’ Data registers register 'f' Data registers
PRODH: PRODH:
PRODL PRODL
Example: MULLW  0xC4 Example: MULWF  REG
Before Instruction Before Instruction
WREG = OxE2 WREG = O0xC4
PRODH = ? REG = 0xB5
PRODL = ? PRODH = ?
After Instruction PRODL =7
WREG = 0xC4 After Instruction
PRODH = OxAD WREG = 0xC4
PRODL = 0x08 REG = 0xB5
PRODH = Ox8A
PRODL = 0x94
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NEGW Negate W
Syntax: [label] NEGW f,s
Operands: 0<f<255
s € [0,1]
Operation: WREG + 1 — (f);
WREG+1—>s
Status Affected: OV, C,DC, Z
Encoding: ‘ 0010 | 110s ‘ ffEf | ffff ‘
Description: WREG is negated using two’s comple-
ment. If's" is O, the result is placed in
WREG and data memory location 'f'. If
's'is 1, the result is placed only in data
memory location 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register 'f' Data register 'f'
and other
specified
register
Example: NEGW REG, 0
Before Instruction
WREG = 0011 1010 [0x3A],
REG = 1010 1011 [OXAB]
After Instruction
WREG = 1100 0110 [OxC6]
REG = 1100 0110 [0xC6]

NOP No Operation
Syntax: [label] NOP
Operands: None
Operation: No operation
Status Affected: ~ None
Encoding: ‘ 0000 | 0000 ‘ 0000 | 0000 ‘
Description: No operation.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation operation operation
Example:
None.
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FIGURE 20-1: PIC17C7XX-33 VOLTAGE-FREQUENCY GRAPH
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FIGURE 20-2: PIC17C7XX-16 VOLTAGE-FREQUENCY GRAPH
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FIGURE 20-3: PIC17LC7XX-08 VOLTAGE-FREQUENCY GRAPH
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FIGURE 20-4: PIC17C7XX/CL VOLTAGE-FREQUENCY GRAPH
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20.3 Timing Parameter Symbology

The timing parameter symbols have been created

following one of the following formats:

1. TppS2ppS 3. TccisT (1°C specifications only)
2. TppS 4.Ts (1°C specifications only)
T

F Frequency T Time

Lowercase symbols (pp) and their meanings:
pp

ad Address/Data ost Oscillator Start-Up Timer

al ALE pwrt Power-Up Timer

cc Capturel and Capture2 rb PORTB

ck CLKOUT or clock rd RD

dt Data in w RD or WR

in INT pin t0 TOCKI

io I/O port t123 TCLK12 and TCLK3

mc MCLR wdt Watchdog Timer

oe OE wr WR

0s 0OSsC1

Uppercase symbols and their meanings:
S

D Driven L Low

E Edge P Period

F Fall R Rise

H High \Y Valid

| Invalid (Hi-impedance) z Hi-impedance

© 1998-2013 Microchip Technology Inc.

DS30289C-page 247



PIC17C7XX

FIGURE 20-11: CAPTURE TIMINGS

CAP pin
(Capture mode)

' 52 '
TABLE 20-6: CAPTURE REQUIREMENTS
Param Sym Characteristic Min yp Max Unit Conditions
No. t s
50 TccL| Capture pin input low time 10 — — ns
51 TccH| Capture pin input high time 10 — — ns
52 TccP| Capture pin input period 2Tcy — — ns | N = prescale value
N (4 or 16)
T Data in “Typ” column is at 5V, 25°C unless otherwise stated.
FIGURE 20-12: PWM TIMINGS
PWM pin o Y
(PWM mode) : b
53 — ., : -— - ,=— 54
TABLE 20-7: PWM REQUIREMENTS
Pa;\;gm Sym Characteristic Min T);p Max | Units Conditions
53 TccR| PWM pin output rise time — 10 35 ns
54 TccF| PWM pin output fall time — 10 35 ns
t Data in “Typ” column is at 5V, 25°C unless otherwise stated.

© 1998-2013 Microchip Technology Inc. DS30289C-page 253




PIC17C7XX

FIGURE 21-7: TYPICAL IpD vs. Fosc OVER VDD (LF MODE)
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FIGURE 21-8: MAXIMUM Ipbb vs. Fosc OVER VoD (LF MODE)
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APPENDIX C: WHAT'S NEW

This is a new Data Sheet for the Following Devices:
e PIC17C752

e PIC17C756A

* PIC17C762

* PIC17C766

This Data Sheet is based on the PIC17C75X Data
Sheet (DS30246A).

APPENDIX D: WHAT'S CHANGED

Clarified the TAD vs. device maximum operating fre-
guency tables in Section 16.2.

Added device characteristic graphs and charts in
Section 21.

Removed the “Preliminary” status from the entire
document.

Revision C (January 2013)

Added a note to each package outline drawing.
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NOTES:
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