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FIGURE 3-2: PIC17C762/766 BLOCK DIAGRAM
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RF5/AN9 PCLATH<8> | [Table Pointer<16>|<t=s-| Latch OF,
RF6/AN10 g ] PORTE
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PORTG
RGO/AN3 ~r — \ 16
RG1/AN2 Stack
RG2/ANL/VREF- PCH PCL [ 16x16
RG3/ANO/VREF+
RG4/CAP3 16
RG5/PWM3
Data Bus<8>
RG6/RX2/DT2 PORTi_»
RG7/TX2/CK2 [ Xj+—t—— { ’ { * ; Ej‘;
PORTH . . > RI2
RHO - Timer0 Timer2 USART1 PWM1 PWM3 RJ3
RH1 o RJ4
RH2 RIS
RH3 / RJ6
RH4/AN12 DI S iy
RH5/AN13 Timerl Timer3 USART2 PWM2 Capturel
RH6/AN14 i
RH7/AN15 — 1 L ]
\ \ \ '
Interrupt 10-bit
Module SSP AD Capture2 || Capture3 || Capture4
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6.3 Peripheral Interrupt Request
Registerl (PIR1) and Register2 Note:  These bits will be set by the specified condi-
(PIR2)

These registers contains the individual flag bits for the the GLINTD bit is set (all interrupts disabled).
peripheral interrupts.

tion, even if the corresponding interrupt
enable bit is cleared (interrupt disabled), or

Before enabling an interrupt, the user may
wish to clear the interrupt flag to ensure that
the program does not immediately branch to
the peripheral Interrupt Service Routine.

REGISTER 6-4: PIR1 REGISTER (ADDRESS: 16h, BANK 1)

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RIW-x RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 R-1 R-0
RBIF | TMR3IF | TMR2IF | TMRLIF | CA2IF CALIF TX1F | RCLF
bit 7 bit 0

RBIF: PORTB Interrupt-on-Change Flag bit
1 = One of the PORTB inputs changed (software must end the mismatch condition)
0 = None of the PORTB inputs have changed

TMR3IF: TMR3 Interrupt Flag bit

If Capturel is enabled (CA1/PR3 = 1):
1 = TMR3 overflowed
0 = TMR3 did not overflow

If Capturel is disabled (CA1/PR3 = Q):

1 = TMR3 value has rolled over to 0000h from equalling the period register (PR3H:PR3L) value

0 = TMR3 value has not rolled over to 0000h from equalling the period register (PR3H:PR3L)
value

TMR2IF: TMR2 Interrupt Flag bit
1 = TMR2 value has rolled over to 0000h from equalling the period register (PR2) value
0 = TMR2 value has not rolled over to 0000h from equalling the period register (PR2) value

TMR1IF: TMR1 Interrupt Flag bit

If TMR1 is in 8-bit mode (T16 = 0):
1 = TMR1 value has rolled over to 0000h from equalling the period register (PR1) value
0 = TMR1 value has not rolled over to 0000h from equalling the period register (PR1) value

If Timerl is in 16-bit mode (T16 = 1):

1 = TMR2:TMR1 value has rolled over to 0000h from equalling the period register (PR2:PR1)
value

0 = TMR2:TMR1 value has not rolled over to 0000h from equalling the period register (PR2:PR1)
value

CA2IF: Capture2 Interrupt Flag bit

1 = Capture event occurred on RB1/CAP2 pin

0 = Capture event did not occur on RB1/CAP2 pin

CALIF: Capturel Interrupt Flag bit

1 = Capture event occurred on RBO/CAP1 pin

0 = Capture event did not occur on RBO/CAP1 pin

TX1IF: USART1 Transmit Interrupt Flag bit (state controlled by hardware)

1 = USART1 Transmit buffer is empty

0 = USART1 Transmit buffer is full

RC1IF: USART1 Receive Interrupt Flag bit (state controlled by hardware)

1 = USART1 Receive buffer is full

0 = USART1 Receive buffer is empty

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n=Value at POR Reset '1’' = Bitis set '0’ = Bit is cleared X = Bit is unknown
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7.1.2 EXTERNAL MEMORY INTERFACE

When either Microprocessor or Extended Microcontrol-
ler mode is selected, PORTC, PORTD and PORTE are
configured as the system bus. PORTC and PORTD are
the multiplexed address/data bus and PORTE<2:0> is
for the control signals. External components are
needed to demultiplex the address and data. This can
be done as shown in Figure 7-4. The waveforms of
address and data are shown in Figure 7-3. For com-
plete timings, please refer to the electrical specification
section.

FIGURE 7-3: EXTERNAL PROGRAM

MEMORY ACCESS
WAVEFORMS

.01l Q2lo3la 0l loslaos: il
AD
<15:0> address out Datain + Addressout Data out
ALE._ /1 T\ .
CET 7 l
1 X |
WR. \ __/
Read Cycle ! Write Cycle

The system bus requires that there is no bus conflict
(minimal leakage), so the output value (address) will be
capacitively held at the desired value.

As the speed of the processor increases, external
EPROM memory with faster access time must be used.
Table 7-2 lists external memory speed requirements for
a given PIC17C7XX device frequency.

In Extended Microcontroller mode, when the device is
executing out of internal memory, the control signals
will continue to be active. That is, they indicate the
action that is occurring in the internal memory. The
external memory access is ignored.

The following selection is for use with Microchip
EPROMs. For interfacing to other manufacturers mem-
ory, please refer to the electrical specifications of the
desired PIC17C7XX device, as well as the desired
memory device to ensure compatibility.

TABLE 7-2: EPROM MEMORY ACCESS
TIME ORDERING SUFFIX
PIC17C7XX | Instruction
Oscillator | CycleTime
Frequency (Tey) EPROM Suffix
8 MHz 500 ns -25
16 MHz 250 ns -15
20 MHz 200 ns -10
25 MHz 160 ns -70
Note:  The access times for this requires the use
of fast SRAMs.

The electrical specifications now include timing specifi-
cations for the memory interface with PIC17LCXXX
devices. These specifications reflect the capability of
the device by characterization. Please validate your
design with these timings.

FIGURE 7-4: TYPICAL EXTERNAL PROGRAM MEMORY CONNECTION DIAGRAM
AD15-ADO0O
Memory®)
(LSB)
AD7-ADO AXAD
PIC17CXXX 5700 D7-D0
CE CE

OE  WR® OE WR®
AD15-ADS8
ALE

1380

1/
OE
WR

Note 1: Use of I/O pins is only required for paged memory.
2: This signal is unused for ROM and EPROM devices.
3: 16-bit wide devices are now common and could be used instead of 8-bit wide devices.
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TABLE 7-3: SPECIAL FUNCTION REGISTERS (CONTINUED)
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
Bank 2
10h TMR1 Timerl's Register XXXX XXXX | uuuu uuuu
11h TMR2 Timer2's Register XXXX XXXX | uuuu uuuu
12h TMR3L Timer3's Register; Low Byte XXXX XXXX | uuuu uuuu
13h TMR3H Timer3's Register; High Byte XXXX XXXX | uuuu uuuu
14h PR1 Timerl's Period Register XXXX XXXX | uuuu uuuu
15h PR2 Timer2's Period Register XXXX XXXX | uuuu uuuu
16h PR3L/CA1L Timer3's Period Register - Low Byte/Capturel Register; Low Byte XXXX XXXX | uuuu uuuu
17h PR3H/CA1H | Timer3's Period Register - High Byte/Capturel Register; High Byte XXXX XXXX | uuuu uuuu
Bank 3
10h PW1DCL DC1 DCO — — — — — — XX-= ---- uu-- ----
11h PW2DCL DC1 DCO TM2PW2 — — — — — xx0- ---- |uu0- ----
12h PW1DCH DC9 DC8 DC7 DC6 DC5 DC4 DC3 DC2 XXXX XXXX [ uuuu uuuu
13h PW2DCH DC9 DC8 DC7 DC6 DC5 DC4 DC3 DC2 XXXX XXXX | uuuu uuuu
14h CA2L Capture2 Low Byte XXXX XXXX | uuuu uuuu
15h CA2H Capture2 High Byte XXXX XXXX | uuuu uuuu
16h TCON1 CA2ED1 | CA2EDO | CA1ED1 | CA1EDO T16 TMR3CS | TMR2CS | TMR1CS | 0000 0000 | 0000 0000
17h TCON2 CA20VF | CALIOVF | PWM20ON | PWMI1ON | CA1/PR3 | TMR3ON | TMR20ON | TMRION | 0000 0000 | 0000 0000
Bank 4
10h PIR2 SSPIF BCLIF ADIF = CA4IF CA3IF TX2IF RC2IF | 000- 0010 | 000- 0010
11h PIE2 SSPIE BCLIE ADIE — CA4IE CA3IE TX2IE RC2IE | 000- 0000 [ 000- 0000
12h Unimplemented — — — — — — — e et EE T
13h RCSTA2 SPEN RX9 SREN CREN — FERR OERR RX9D [ 0000 -00x [ 0000 -00u
14h RCREG2 Serial Port Receive Register for USART2 XXXX XXXX | uuuu uuuu
15h TXSTA2 CSRC | Tx9 | TXEN SYNC — — TRMT TX9D | 0000 --1x|0000 --1u
16h TXREG2 Serial Port Transmit Register for USART2 XXXX XXXX | uuuu uuuu
17h SPBRG2 Baud Rate Generator for USART2 0000 0000 [ 0000 0000
Bank 5:
10h DDRF Data Direction Register for PORTF 1111 1111|1111 1111
RF7/ RF6/ RF5/ RF4/ RF3/ RF2/ RF1/ RFO/

1 PORTF® ANIL | ANIO AN9 ANS AN7 ANG ANS ANg | 0000 000010000 0000
12h DDRG Data Direction Register for PORTG 1111 1111|1111 1111
RG7/ RG6/ RG5/ RG4/ RG3/ RG2/ RG1/ RGO/
13h PORTG TX2/CK2 | RX2/DT2 | PWM3 | CAP3 ANO AN1 AN2 AN3 | 7000 0000 | uuun 0000
14h ADCONO CHS3 CHS2 CHS1 CHSO — GO/DONE — ADON | 0000 -0-0|0000 -0-0
15h ADCON1 ADCS1 | ADCSO ADFM — PCFG3 PCFG2 PCFG1 PCFGO | 000- 0000 |000- 0000
16h ADRESL A/D Result Register Low Byte XXXX XXXX | uuuu uuuu
17h ADRESH A/D Result Register High Byte XXXX XXXX | uuuu uuuu

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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FIGURE 8-6:

CONSECUTIVE TABLWT WRITE TIMING (EXTERNAL MEMORY)

f Q1| Q2| Q3‘ Q4! Q1| QZ‘ Q3‘ Q4! Ql‘ QZ‘ Q3| Q4! Ql‘ Q2| Q3| Q4! Ql‘ Q2| Q3‘ Q4! Q1| Q2| Q3‘ Q4!

AD15:ADO omadaz Yo )

Instruction ' ! ! !
Fetched '  TABLWT1 . TABLWT2 INST (PC+2) INST (PC+3)
IrEstructtiog . INST (PC-1) . TABLWT1 cyclel, TABLWT1 cycle2 . TABLWT2 cyclel TABLWT2 cycle2,  |NST (PC+2) -
xecute ' ' ' ' ' | '

: , Data write cycle , . Data write cycle , :

ALE — /" \ . . ./ \ . . .
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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 \ \ \ \ \ .

DS30289C-page 64 © 1998-2013 Microchip Technology Inc.



PIC17C7XX

NOTES:
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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.
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10.7 PORTG and DDRG Registers

PORTG is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is DDRG. A '1' in
DDRG configures the corresponding port pin as an
input. A '0' in the DDRG register configures the corre-
sponding port pin as an output. Reading PORTG reads
the status of the pins, whereas writing to PORTG wiill
write to the port latch.

The lower four bits of PORTG are multiplexed with four
channels of the 10-bit A/D converter.

The remaining bits of PORTG are multiplexed with
peripheral output and inputs. RG4 is multiplexed with
the CAP3 input, RG5 is multiplexed with the PWM3
output, RG6 and RG7 are multiplexed with the
USART?2 functions.

Upon RESET, RG3:RGO is automatically configured as
analog inputs and must be configured in software to be
a digital I/0.

Example 10-7 shows the instruction sequence to initial-
ize PORTG. The Bank Select Register (BSR) must be
selected to Bank 5 for the port to be initialized. The fol-
lowing example uses the MOVLB instruction to load the
BSR register for bank selection.

EXAMPLE 10-7:  INITIALIZING PORTG

MOVLB 5 ; Select Bank 5
MOVLW OxO0E ; Configure PORTG as
MOVPF WREG, ADCON1 ; digital
CLRF PORTG, F ; Initialize PORTG data
; latches before
; the data direction
; register
MOVLW 0x03 ; Value used to init
i data direction
MOVWF DDRG ; Set RG<1:0> as inputs

; RG<7:2> as outputs

FIGURE 10-14: BLOCK DIAGRAM OF RG3:RGO
Data Bus D 0
VDD
WR PORTG KNQ V\ | =
Data Latch i
1/0 pin
D Q \ I N
WR DDRG
K0 Vss
DDRG Latch
ST
\ Input
RD DDRG Buffer
e Q D
EN
RD PORTG {>Q
PCFG3:PCFGO —
——— To other pads o
VAIN
h L
I
CHS3:CHSO0 —
——— To other pads
Note: I/O pins have protection diodes to VDD and Vss.
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10.8 PORTH and DDRH Registers EXAMPLE 10-8:  INITIALIZING PORTH
(P|C17C76X Only) MOVLB 8 ; Select Bank 8
PORTH is an 8-bit wide, bi-directional port. The corre- MOVLW  0x0E i Configure PORTH as
sponding data direction register is DDRH. A '1' in MOVPE  ADCON1 i digital
CLRF PORTH, F ; Initialize PORTH data

DDRH configures the corresponding port pin as an

input. A '0' in the DDRH register configures the corre-

sponding port pin as an output. Reading PORTH reads :  register

the status of the pins, whereas writing to PORTH wiill MOVLW  0x03 ; Value used to init

write to the respective port latch. ;  data direction

MOVWF DDRH ; Set RH<1:0> as inputs
;  RH<7:2> as outputs

; latches before
H the data direction

The upper four bits of PORTH are multiplexed with
4 channels of the 10-bit A/D converter.

The remaining bits of PORTH are general purpose /0.

Upon RESET, RH7:RH4 are automatically configured
as analog inputs and must be configured in software to

be a digital I/O.
FIGURE 10-17: BLOCK DIAGRAM OF RH7:RH4
Data Bus D 0
VDD
WRPORTH | Moo T\ Iz
Data Latch L
1/0 pin
D Q \ I N
WR DDRH
— K-Q Vss
DDRH Latch
ST
D<} \ Input
RD DDRH Buffer
/‘ Q D

EN

RD PORT {>o

PCFG3:PCFGO

—

——

To other pads

VAIN

Il

CHS3:CHSO0

To other pads

Note: I/O pins have protection diodes to VDD and Vss.
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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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I2C MASTER MODE START
CONDITION TIMING

To initiate a START condition, the user sets the START
condition enable bit, SEN (SSPCON2<0>). If the SDA
and SCL pins are sampled high, the baud rate genera-
tor is reloaded with the contents of SSPADD<6:0> and
starts its count. If SCL and SDA are both sampled high
when the baud rate generator times out (TBRG), the
SDA pin is driven low. The action of the SDA being
driven low while SCL is high is the START condition
and causes the S bit (SSPSTAT<3>) to be set. Follow-
ing this, the baud rate generator is reloaded with the
contents of SSPADD<6:0> and resumes its count.
When the baud rate generator times out (TBRG), the
SEN bit (SSPCON2<0>) will be automatically cleared
by hardware, the baud rate generator is suspended,
leaving the SDA line held low and the START condition
is complete.

15.2.9

Note: If at the beginning of START condition, the
SDA and SCL pins are already sampled
low, or if during the START condition, the
SCL line is sampled low before the SDA
line is driven low, a bus collision occurs.
The Bus Collision Interrupt Flag (BCLIF) is

set, the START condition is aborted and

the 1C module is reset into its IDLE state.

FIGURE 15-20: FIRST START BIT TIMING

15.29.1  WCOL Status Flag

If the user writes the SSPBUF when a START
sequence is in progress, then WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

Note: Because queueing of events is not
allowed, writing to the lower 5 bits of
SSPCON2 is disabled until the START

condition is complete.

Write to SEN bit occurs here.

Set S bit (SSPSTAT<3>)

At completion of START bit,
Hardware clears SEN bit
l and sets SSPIF bit.

Write to SSPBUF occurs here.
I /  1stBit X 2ndBit

SDA =1,

SCL=1

|

k—TBRG—k-TBRG™
SDA é é
SCL E E

" TBRGA

«TBRG+|
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EXAMPLE 15-2:

INTERFACING TO A 24LC01B SERIAL EEPROM (USING MPLAB C17)

{

void ACKPoll (void)

StartI2C(); // Send
IdleI2C() ; // Wait
WriteI2C (CONTROL) ; // Send
IdleI2c() ; // Wait

start bit

for idle condition
control byte

for idle condition

// Poll the ACK bit coming from the 24LCO1B

// Loop as long as the 24LCO1B NACKs
while (SSPCON2bits.ACKSTAT)

{

RestartI2C(); // Send
IdleI2C(); // Wait
WriteI2C (CONTROL) ; // Send
IdleI2C(); // Wait
1
IdleI2C() ; // Wait
StopI2C(); // Send
IdleI2C() ; // Wait

return;

a restart bit
for idle condition
control byte
for idle condition

for idle condition
stop bit
for idle condition
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16.7 A/D Accuracy/Error

In systems where the device frequency is low, use of
the A/D RC clock is preferred. At moderate to high fre-
guencies, TAD should be derived from the device oscil-
lator.

The absolute accuracy specified for the A/D converter
includes the sum of all contributions for quantization
error, integral error, differential error, full scale error, off-
set error, and monotonicity. It is defined as the maxi-
mum deviation from an actual transition versus an ideal
transition for any code. The absolute error of the A/D
converter is specified at < +1 LSb for VDD = VREF (over
the device’s specified operating range). However, the
accuracy of the A/D converter will degrade as VREF
diverges from VDD.

For a given range of analog inputs, the output digital
code will be the same. This is due to the quantization of
the analog input to a digital code. Quantization error is
typically + 1/2 LSb and is inherent in the analog to dig-
ital conversion process. The only way to reduce quan-
tization error is to increase the resolution of the A/D
converter or oversample.

Offset error measures the first actual transition of a
code versus the first ideal transition of a code. Offset
error shifts the entire transfer function. Offset error can
be calibrated out of a system or introduced into a sys-
tem through the interaction of the total leakage current
and source impedance at the analog input.

Gain error measures the maximum deviation of the last
actual transition and the last ideal transition adjusted
for offset error. This error appears as a change in slope
of the transfer function. The difference in gain error to
full scale error is that full scale does not take offset error
into account. Gain error can be calibrated out in soft-
ware.

Linearity error refers to the uniformity of the code
changes. Linearity errors cannot be calibrated out of
the system. Integral non-linearity error measures the
actual code transition versus the ideal code transition,
adjusted by the gain error for each code.

Differential non-linearity measures the maximum actual
code width versus the ideal code width. This measure
is unadjusted.

The maximum pin leakage current is specified in the
Device Data Sheet electrical specification (Table 20-2,
parameter #D060).

In systems where the device frequency is low, use of
the A/D RC clock is preferred. At moderate to high fre-
guencies, TAD should be derived from the device oscil-
lator. TAD must not violate the minimum and should be
minimized to reduce inaccuracies due to noise and
sampling capacitor bleed off.

In systems where the device will enter SLEEP mode
after the start of the A/D conversion, the RC clock
source selection is required. In this mode, the digital
noise from the modules in SLEEP are stopped. This
method gives high accuracy.

16.8 Connection Considerations

If the input voltage exceeds the rail values (Vss or VDD)
by greater than 0.3V, then the accuracy of the conver-
sion is out of specification.

An external RC filter is sometimes added for anti-
aliasing of the input signal. The R component should be
selected to ensure that the total source impedance is
kept under the 10 kQ recommended specification. Any
external components connected (via hi-impedance) to
an analog input pin (capacitor, zener diode, etc.) should
have very little leakage current at the pin.

16.9 Transfer Function

The transfer function of the A/D converter is as follows:
the first transition occurs when the analog input voltage
(VAIN) equals Analog VREF / 1024 (Figure 16-7).

FIGURE 16-7: A/D TRANSFER
FUNCTION
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18.2 Q Cycle Activity

Each instruction cycle (Tcy) is comprised of four Q
cycles (Q1-Q4). The Q cycle is the same as the device
oscillator cycle (Tosc). The Q cycles provide the timing/
designation for the Decode, Read, Process Data,
Write, etc., of each instruction cycle. The following dia-
gram shows the relationship of the Q cycles to the
instruction cycle.

FIGURE 18-2: Q CYCLE ACTIVITY

The four Q cycles that make up an instruction cycle
(Tcy) can be generalized as:

Q1: Instruction Decode Cycle or forced No
operation

Q2: Instruction Read Cycle or No operation
Q3: Process the Data
Q4: Instruction Write Cycle or No operation

Each instruction will show the detailed Q cycle opera-
tion for the instruction.

+Q1,0Q2 Q3 ,Q4,Q1,0Q2,Q3,Q4,Q1,Q2,Q3,0Q4,

Tosc
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DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature
-40°C < Ta < +125°C for extended
-40°C < TA < +85°C for industrial
0°C < TA £ +70°C for commercial
Operating voltage VDD range as described in Section 20.1

Pa:\;(e)lm. Sym Characteristic Min Typt Max Units Conditions
D150 | Vob Open Drain High Voltage - - 8.5 \% RA2 and RAS3 pins only
pulled up to externally
applied voltage
Capacitive Loading Specs on
Output Pins
D100 | Cosc2| OSC2/CLKOUT pin - - 25 pF | In EC or RC osc modes,
when OSC2 pin is outputting
CLKOUT. External clock is
used to drive OSC1.
D101 | Cio All /O pins and OSC2 - - 50 pF
(in RC mode)
D102 | CAD System Interface Bus - - 50 pF | In Microprocessor or
(PORTC, PORTD and PORTE) Extended Microcontroller
mode
Internal Program Memory
Programming Specs (Note 4)
D110 | VPP Voltage on MCLR/VPP pin 12.75 - 13.25 V | (Note 5)
D111 | Vpbpp | Supply voltage during 4.75 5.0 5.25 \%
programming
D112 | Ipp Current into MCLR/VPP pin - 25 50 mA
D113 | Ibbp Supply current during - - 30 mA
programming
D114 | TPrROG| Programming pulse width 100 - 1000 ms | Terminated via internal/
external interrupt or a
RESET
T Data in “Typ” column is at 5V, 25°C unless otherwise stated.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC17CXXX devices be driven with external clock in RC mode.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. Higher leakage
current may be measured at different input voltages.

3: Negative current is defined as current sourced by the pin.

4: These specifications are for the programming of the on-chip program memory EPROM through the use of the
table write instructions. The complete programming specifications can be found in: PIC17C7XX Programming
Specifications (Literature number DS TBD).

5: The MCLR/VPP pin may be kept in this range at times other than programming, but is not recommended.

6: For TTL buffers, the better of the two specifications may be used.

Note 1: When using the Table Write for internal programming, the device temperature must be less than 40°C.
2: For In-Circuit Serial Programming (ICSP™), refer to the device programming specification.
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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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NOTES:
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Package Marking Information (Cont.)

84-Lead PLCC Example
O O
MICROCHIP MicRoCHIP
XXXXXX XXX XXX XXXXX PIC17C766-08/L
XXXXXX XXX XXX XKXKXX
XXXXXX XXX X XXX XKXX
XXXXXX XXX XXX XKXXXX
XXXXXXXXXXXXXXKXX
YYWWNNN 0048CAE
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