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PIC17C7XX

TABLE 3-1: PINOUT DESCRIPTIONS (CONTINUED)
PIC17C75X PIC17C76X
Name DIP | PLCC| TQFP| PLCC| QFP | /O/P | Buffer Description
No. No. No. No. No. Type | Type
PORTG is a bi-directional 1/0O Port.
RGO/AN3 32 34 24 42 30 1/0 ST RGO can also be analog input 3.
RG1/AN2 31 33 23 41 29 1/0 ST RG1 can also be analog input 2.
RG2/AN1/VREF- 30 32 22 40 28 1/0 ST RG2 can also be analog input 1, or
the ground reference voltage.
RG3/ANO/VREF+| 29 31 21 39 27 110 ST RG3 can also be analog input 0, or
the positive reference voltage.
RG4/CAP3 35 38 27 46 33 110 ST RG4 can also be the Capture3 input pin.
RG5/PWM3 36 39 28 a7 34 110 ST RG5 can also be the PWM3 output pin.
RG6/RX2/DT2 38 41 30 49 36 1/0 ST RG6 can also be selected as the USART2 (SCI)
Asynchronous Receive or USART2 (SCI)
Synchronous Data.
RG7/TX2/CK2 37 40 29 48 35 1/0 ST RG7 can also be selected as the USART2 (SCI)
Asynchronous Transmit or USART2 (SCI)
Synchronous Clock.
PORTH is a bi-directional I1/0 Port. PORTH is only
RHO _ _ _ 10 79 /1O ST | available on the PIC17C76X devices.
RH1 — — — 11 80 lfe} ST
RH2 — — — 12 1 lfe} ST
RH3 — — — 13 2 lfe} ST
RH4/AN12 — — — 31 19 /0 ST RH4 can also be analog input 12.
RH5/AN13 — — — 32 20 1/0 ST RH5 can also be analog input 13.
RH6/AN14 — — — 33 21 1/0 ST RH6 can also be analog input 14.
RH7/AN15 — — — 34 22 1/0 ST RH7 can also be analog input 15.
PORTJ is a bi-directional 1/0 Port. PORTJ is only
available on the PIC17C76X devices.
RJO — — — 52 39 l{e] ST
RJ1 — — — 53 40 110 ST
RJ2 — — — 54 41 110 ST
RJ3 — — — 55 42 110 ST
RJ4 — — — 73 59 I{e] ST
RJ5 — — — 74 60 110 ST
RJ6 — — — 75 61 110 ST
RJ7 — — — 76 62 1/0 ST
TEST 16 17 8 21 10 | ST | Test mode selection control input. Always tie to Vss
for normal operation.
Vss 17,33,]19,36,| 9, 25, | 23,44, | 11, 31, P Ground reference for logic and 1/O pins.
49,64 | 53,68 | 41,56 | 65,84 | 51,70
VDD 1,18, | 2,20, | 10,26,| 24,45,| 12, 32, P Positive supply for logic and 1/O pins.
34,46 | 37,49,| 38,57 | 61,2 | 48,71
AVss 28 30 20 38 26 P Ground reference for A/D converter.
This pin MUST be at the same potential as Vss.
AVDD 27 29 19 37 25 P Positive supply for A/D converter.
This pin MUST be at the same potential as VDD.
NC — 1,18, — 1,22, — No Connect. Leave these pins unconnected.
35, 52 43, 64
Legend: |=Inputonly; O = Output only; I/O = Input/Output;
P = Power; — = Not Used; TTL = TTL input; ST = Schmitt Trigger input

Note 1: The outputis only available by the peripheral operation.
2: Open drain input/output pin. Pin forced to input upon any device RESET.
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PIC17C7XX

6.2 Peripheral Interrupt Enable
Registerl (PIE1) and Register2
(PIE2)

These registers contains the individual enable bits for
the peripheral interrupts.

REGISTER 6-2: PIE1 REGISTER (ADDRESS: 17h, BANK 1)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RBIE | TMRS3IE | TMR2IE TMRI1IE ‘ CA2IE CAlIE TX1IE RC1IE
bit 7 bit 0
bit 7 RBIE: PORTB Interrupt-on-Change Enable bit

1 = Enable PORTB interrupt-on-change
0 = Disable PORTB interrupt-on-change

bit 6 TMR3IE: TMRS Interrupt Enable bit
1 = Enable TMR3 interrupt
0 = Disable TMR3 interrupt

bit 5 TMR2IE: TMR2 Interrupt Enable bit
1 = Enable TMR2 interrupt
0 = Disable TMR2 interrupt

bit 4 TMR1IE: TMR1 Interrupt Enable bit
1 = Enable TMRL1 interrupt
0 = Disable TMR1 interrupt

bit 3 CAZ2IE: Capture2 Interrupt Enable bit
1 = Enable Capture?2 interrupt
0 = Disable Capture2 interrupt

bit 2 CALIE: Capturel Interrupt Enable bit
1 = Enable Capturel interrupt
0 = Disable Capturel interrupt

bit 1 TX1IE: USART1 Transmit Interrupt Enable bit
1 = Enable USART1 Transmit buffer empty interrupt
0 = Disable USART1 Transmit buffer empty interrupt

bit 0 RC1IE: USART1 Receive Interrupt Enable bit

1 = Enable USART1 Receive buffer full interrupt
0 = Disable USART1 Receive buffer full interrupt

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

© 1998-2013 Microchip Technology Inc. DS30289C-page 35
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INT PIN/TOCKI PIN INTERRUPT TIMING

FIGURE 6-2:
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FIGURE 8-6:

CONSECUTIVE TABLWTWRITE 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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FIGURE 10-18: RH3:RHO BLOCK DIAGRAM

IE I/ 5 9 Data Bus

N
RD_PORTH
VoD D
WR_PORTH
CK =
P ( Q
o 5 \/‘/ RD_DDRH
N }—G; Q WR_DDRH
TK

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

TABLE 10-15: PORTH FUNCTIONS

Name Bit Buffer Type Function
RHO bit0 ST Input/output.
RH1 bitl ST Input/output.
RH2 bit2 ST Input/output.
RH3 bit3 ST Input/output.
RH4/AN12 bit4 ST Input/output or analog input 12.
RH5/AN13 bit5 ST Input/output or analog input 13.
RH6/AN14 bit6 ST Input/output or analog input 14.
RH7/AN15 bit7 ST Input/output or analog input 15.

Legend: ST = Schmitt Trigger input

TABLE 10-16: REGISTERS/BITS ASSOCIATED WITH PORTH

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
10h, Bank 8 DDRH Data Direction Register for PORTH 1111 1111 1111111
RH7/ RH6/ RH5/ RH4/
11h, Bank 8 PORTH AN15 AN14 AN13 AN12 RH3 RH2 RH1 RHO 0000 xxxx Q000 uuuu
15h, Bank 5 | ADCON1 ADCS1 | ADCSO ADFM — PCFG3 | PCFG2 PCFG1 PCFGO | 000- 0000 Q00- 0000

Legend:  x =unknown, u = unchanged

DS30289C-page 90 © 1998-2013 Microchip Technology Inc.
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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 NOPinstructions 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 ! pPC :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 ' | Note that:
, PORTB , , ! , , '
' data setup time = (0.25Tcy - TPD)
RB7:RBO , } X } . ) )
; " f X ; . | where Tcy = instruction cycle
! : ! ' Port pin : : TPD = propagation delay
! ! I . sampled here: | Therefore, at higher clock frequencies, a
Instructi X X ! ! X write followed by a read may be problematic.
e aetod ! . 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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TABLE 14-4: BAUD RATES FOR SYNCHRONOUS MODE
FOSC =33 MHz FOscC = 25 MHz FoscC =20 MHz FOsC = 16 MHz
BAUD SPBRG SPBRG SPBRG SPBRG
RATE VALUE VALUE VALUE VALUE
(K) KBAUD %ERROR (DECIMAL)| KBAUD %ERROR (DECIMAL)| KBAUD %ERROR (DECIMAL)| KBAUD %ERROR (DECIMAL)
0.3 NA — — NA — — NA — — NA — —
1.2 NA — — NA — — NA — — NA — —
2.4 NA — — NA — — NA — — NA — —
9.6 NA — — NA — — NA — — NA — —
19.2 NA — — NA — — 19.53 +1.73 255 19.23 +0.16 207
76.8 77.10 +0.39 106 77.16 +0.47 80 76.92 +0.16 64 76.92 +0.16 51
96 95.93 -0.07 85 96.15 +0.16 64 96.15 +0.16 51 95.24 -0.79 41
300 294.64 -1.79 27 297.62 -0.79 20 294.1 -1.96 16 307.69 +2.56 12
500 485.29 -2.94 16 480.77 -3.85 12 500 0 9 500 0 7
HIGH 8250 — 0 6250 — 0 5000 — 0 4000 — 0
LOW 32.22 — 255 24.41 — 255 19.53 — 255 15.625 — 255
FOsC =10 MHz Fosc = 7.159 MHz FOSsC =5.068 MHz
BAUD SPBRG SPBRG SPBRG
RATE VALUE VALUE VALUE
(K) KBAUD %ERROR  (DECIMAL) KBAUD %ERROR  (DECIMAL) KBAUD %ERROR  (DECIMAL)
0.3 NA — — NA — — NA — —
1.2 NA — — NA — — NA — —
2.4 NA — — NA — — NA — —
9.6 9.766 +1.73 255 9.622 +0.23 185 9.6 0 131
19.2 19.23 +0.16 129 19.24 +0.23 92 19.2 0 65
76.8 75.76 -1.36 32 77.82 +1.32 22 79.2 +3.13 15
96 96.15 +0.16 25 94.20 -1.88 18 97.48 +1.54 12
300 3125 +4.17 7 298.3 -0.57 5 316.8 +5.60 3
500 500 0 4 NA — — NA — —
HIGH 2500 — 0 1789.8 — 0 1267 — 0
LOW 9.766 — 255 6.991 — 255 4.950 — 255
Fosc = 3.579 MHz FOsC =1 MHz FOSC = 32.768 kHz
BAUD SPBRG SPBRG SPBRG
RATE VALUE VALUE VALUE
(K) KBAUD %ERROR  (DECIMAL) KBAUD %ERROR  (DECIMAL) KBAUD %ERROR  (DECIMAL)
0.3 NA — — NA — — 0.303 +1.14 26
1.2 NA — — 1.202 +0.16 207 1.170 -2.48 6
2.4 NA — — 2.404 +0.16 103 NA — —
9.6 9.622 +0.23 92 9.615 +0.16 25 NA — —
19.2 19.04 -0.83 46 19.24 +0.16 12 NA — —
76.8 74.57 -2.90 11 83.34 +8.51 2 NA — —
96 99.43 _3.57 8 NA — — NA — —
300 298.3 -0.57 2 NA — — NA — —
500 NA — — NA — — NA — —
HIGH 894.9 — 0 250 — 0 8.192 — 0
LOW 3.496 — 255 0.976 — 255 0.032 — 255

© 1998-2013 Microchip Technology Inc.
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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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15.2.1.1 Addressing

Once the MSSP module has been enabled, it waits for
a START condition to occur. Following the START con-
dition, the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match and the BF
and SSPOV bits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register on the falling edge of the 8th
SCL pulse.

b) The buffer full bit, BF, is set on the falling edge
of the 8th SCL pulse.

c) AnACK pulse is generated.

d) SSP interrupt flag bit, SSPIF (PIR2<7>), is set
(interrupt is generated if enabled) - on the falling
edge of the 9th SCL pulse.

In 10-bit address mode, two address bytes need to be
received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. Bit R/W (SSPSTAT<2>) must specify a write so
the slave device will receive the second address byte.
For a 10-bit address, the first byte would equal ‘1111 0
A9 A8 0 ’, where A9 and A8 are the two MSbs of the
address. The sequence of events for a 10-bit address is
as follows, with steps 7- 9 for slave-transmitter:

1. Receive first (high) byte of Address (bits SSPIF,
BF and bit UA (SSPSTAT<1>) are set).
2. Update the SSPADD register with second (low)

byte of Address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of Address (bits
SSPIF, BF and UA are set).

5. Update the SSPADD register with the first (high)
byte of Address. This will clear bit UA and
release the SCL line.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive Repeated Start condition.

8. Receive first (high) byte of Address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

Note: Following the Repeated Start condition
(step 7) in 10-bit mode, the user only
needs to match the first 7-bit address. The
user does not update the SSPADD for the
second half of the address.

15.2.1.2 Slave Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register.

When the address byte overflow condition exists, then
no acknowledge (ACK) pulse is given. An overflow con-
dition is defined as either bit BF (SSPSTAT<0>) is set,
or bit SSPOV (SSPCON1<6>) is set.

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR2<7>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the received byte.

Note: The SSPBUF will be loaded if the SSPOV
bit is set and the BF flag is cleared. If a
read of the SSPBUF was performed, but
the user did not clear the state of the
SSPOV bit before the next receive
occurred, the ACK is not sent and the SSP-

BUF is updated.

TABLE 15-2: DATA TRANSFER RECEIVED BYTE ACTIONS

Status Bits as Data —_— Set bit SSPIF
Transfer is Received SSPSR — SSPBUF Gen(;rl?lt:eACK (SSP Interrupt occurs
BF SSPOV if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 Yes No Yes

Note 1: Shaded cells show the conditions where the user software did not properly clear the overflow condition.

© 1998-2013 Microchip Technology Inc.
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15.2.10 1°C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
(SSPCON2<1>) is programmed high and the 1°C mod-
ule is in the idle state. When the RSEN bit is set, the
SCL pin is asserted low. When the SCL pin is sampled
low, the baud rate generator is loaded with the contents
of SSPADD<6:0> and begins counting. The SDA pin is
released (brought high) for one baud rate generator
count (TBRG). When the baud rate generator times out,
if SDA is sampled high, the SCL pin will be de-asserted
(brought high). When SCL is sampled high the baud
rate generator is reloaded with the contents of
SSPADD<6:0> and begins counting. SDA and SCL
must be sampled high for one TBRG. This action is then
followed by assertion of the SDA pin (SDA is low) for
one TBRG while SCL is high. Following this, the RSEN
bit in the SSPCON2 register will be automatically
cleared and the baud rate generator is not reloaded,
leaving the SDA pin held low. As soon as a START con-
dition is detected on the SDA and SCL pins, the S bit
(SSPSTAT<3>) will be set. The SSPIF bit will not be set
until the baud rate generator has timed out.

Immediately following the SSPIF bit getting set, the
user may write the SSPBUF with the 7-bit address in 7-
bit mode, or the default first address in 10-bit mode.
After the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode), or eight bits of data (7-bit
mode).

15.2.10.1 WCOL status flag

If the user writes the SSPBUF when a Repeated 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 of the lower 5 bits of
SSPCON2 is disabled until the Repeated

Start condition is complete.

Note 1: If the RSEN is programmed while any
other event is in progress, it will not take
effect.

2: A bus collision during the Repeated Start
condition occurs if:

e SDA is sampled low when SCL goes
from low to high.

e SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to
transmit a data “1”.

FIGURE 15-22:

REPEAT START CONDITION WAVEFORM

Write to SSPCON2

occurs here. :gff 11 At completion of START bit,

SDA =1, iy hardware clear RSEN bit

SCL (no change) l and set SSPIF

-
I<—TBRG->|<—TBRG—|>I<—TB|RG -
| 1st Bit x
SDA | N
Falling edge of ninth clock | | Write to SSPBUF occurs here
End of Xmit

SCL —

Set S (SSPSTAT<3>)

| l«TBRG
L 4
Sr = Repeated Start
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15.2.18 MULTI-MASTER COMMUNICATION,
BUS COLLISION AND BUS

ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a '1' on SDA, by letting SDA float high and
another master asserts a '0'. When the SCL pin floats
high, data should be stable. If the expected data on
SDA is a '1' and the data sampled on the SDA pin ="'0',
then a bus collision has taken place. The master will
set the Bus Collision Interrupt Flag, BCLIF and reset
the I°C port to its IDLE state (Figure 15-34).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are de-asserted and
the SSPBUF can be written to. When the user ser-
vices the bus collision Interrupt Service Routine and if
the 12C bus is free, the user can resume communica-
tion by asserting a START condition.

If a START, Repeated Start, STOP, or Acknowledge
condition was in progress when the bus collision
occurred, the condition is aborted, the SDA and SCL
lines are de-asserted and the respective control bits in
the SSPCON2 register are cleared. When the user
services the bus collision Interrupt Service Routine,
and if the 12C bus is free, the user can resume commu-
nication by asserting a START condition.

The master will continue to monitor the SDA and SCL
pins and if a STOP condition occurs, the SSPIF bit will
be set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the trans-
mitter left off when bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of START and STOP conditions allows the
determination of when the bus is free. Control of the
I2C bus can be taken when the P bit is set in the SSP-
STAT register, or the bus is idle and the S and P bits
are cleared.

FIGURE 15-34: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE
SDA line pulled low Sample SDA. While SCL is high
Data changes by another source. data doesn’t match what is driven
while SCL = 0. by the master.
l SDA released — J Bus collision has occurred.
by master. Y v v
SDA

BCLIF

St —\—/—\—/

Set bus collision

l interrupt.
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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)

/I Include necessary header files

#include <p17c756.h> // Processor header file
#include <delays.h>  // Delay routines header file
#include <stdlib.h>  // Standard Library header file
#include <i2c16.h> /['12C routines header file

#define CONTROL Oxa0 // Control byte definition for 24LC01B

/I 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);

/I Main program

void main(void)

{

static unsigned char address; // 12C address of 24LC01B
static unsigned char datao;  // Data written to 24LC01B
static unsigned char datai;  // Data read from 24LC01B

address = 0; /I Preset address to 0
Openl2C(MASTER,SLEW_ON); /I Configure 12C Module Master mode, Slew rate control on
SSPADD = 39; /I Configure clock for 100KHz
while(address<128) /l Loop 128 times, 24LCO1B is 128x8
{
datao = PORTB;
do
{
ByteWrite(address,datao); // Write data to EEPROM
ACKPoll(); /I Poll the 24L.CO01B for state
datai = ByteRead(address); // Read data from EEPROM into SSPBUF
} while(datai != datao); /I Loop as long as data not correctly
/I written to 24LC01B
address++; /I Increment address
}
while(1) /I Done writing 128 bytes to 24LC01B, Loop forever
{
Nop();
}

}
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FIGURE 16-5: FLOW CHART OF A/D OPERATION
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16.10 References

A good reference for understanding A/D converter is the
"Analog-Digital Conversion Handbook" third edition,
published by Prentice Hall (ISBN 0-13-03-2848-0).

TABLE 16-3: REGISTERS/BITS ASSOCIATED WITH A/D

POR,

Address Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit1 | BitO BOR MCLR, WDT
06h, unbanked | CPUSTA — — STAKAV | GLINTD TO PD POR | BOR | --111100 |--11qqll
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
10h, Bank 5 DDRF Data Direction Register for PORTF 1111 1111 1111 1111
1h,Bank5 |PORTE | RETI | RES/ 1 REST| RE4 RRY RRZL | REY 1 RFOT | 0000 0000 | 0000 0000
12h, Bank 5 DDRG Data Direction register for PORTG 11111111 11111111
1308anks | PORTG | 1cky | ryaiTa | PWG | CAPS | ANONRER+ | ANVRES- | AN | ANG | #0000 [uuuu 0000
14h, Bank 5 ADCONO | CHS3 CHS2 CHS1 CHSO0 — GO/DONE — ADON | 0000-0-0  |0000 -0-0
15h, Bank 5 ADCONL1 | ADCS1 | ADCSO | ADFM — PCFG3 PCFG2 |PCFG1 | PCFGO | 000- 0000 |000- 0000
16h, Bank 5 ADRESL | A/D Result Low Register XXXX XXXX uuuu uuuu
17h, Bank 5 ADRESH | A/D Result High Register XXXX XXXX uuuu uuuu
Legend:  x =unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used for A/D conversion.

Note: Other (non power-up) RESETS include: external RESET through MCLR and Watchdog Timer Reset.
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ADDLW ADD Literal to WREG
Syntax: [label] ADDLW  k
Operands: 0<k<255
Operation: (WREG) + k —» (WREG)
Status Affected: OV, C,DC, Z
Encoding: | 1011 [ o001 | ki [kkkk
Description: The contents of WREG are added to
the 8-bit literal 'k' and the result is
placed in WREG.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
literal 'k’ Data WREG
Example: ADDLW  0x15
Before Instruction
WREG = 0x10
After Instruction
WREG = 0x25

ADDWF ADD WREG to f
Syntax: [ label ] ADDWF f,d
Operands: 0<f<255
d e [0,1]
Operation: (WREG) + (f) — (dest)
Status Affected: OV, C,DC, Z
Encoding: ‘ 0000 | 111d ‘ ffff ffrf
Description: Add WREG to register 'f'. If 'd" is 0 the

result is stored in WREG. If 'd' is 1 the
result is stored back in register 'f'.

Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' Data destination
Example: ADDWF REG, 0
Before Instruction
WREG = ox17
REG = 0xC2
After Instruction
WREG = 0xD9
REG = 0xC2
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CLRWDT Clear Watchdog Timer COMF Complement f
Syntax: [label] CLRWDT Syntax: [ label] COMF fd
Operands: None Operands: 0<f<255
Operation: 00h - WDT d_e [0,1]
0 — WDT postscaler, Operation: (f) — (dest)
1-10 Status Affected:  Z
1->PD ]
I Encoding: ‘ 0001 | 001d ‘ ffff ffrf ‘
Status Affected:  TO, PD o
. Description: The contents of register 'f* are comple-
Encoding: ‘ 0000 | 0000 ‘ 0000 | 0100 ‘ mented. If 'd' is O the result is stored in
Description: CLRWDTnstruction resets the Watch- WREG. If 'd"is 1 the result is stored
dog Timer. It also resets the postscaler back in register 'f.
of the WDT. Status bits TO and PD are Words: 1
set.
Cycles: 1
Words: 1 .
vl 1 Q Cycle Activity:
cles:
e At Q1 Q2 Q3 Q4
Q Cycle Activity: Decode Read Process Write to
Q1 Q2 Q3 Q4 register 'f' Data destination
Decode No Process No
operation Data operation
Example: COMF REG1,0
Before Instruction
Example: CLRWDT REG1 = 0x13
Before Instruction After Instruction
WDT counter = 2 REG1 =  0ox13
After Instruction WREG = OxEC
WDT counter = 0x00
WDT Postscaler = 0
70 = 1
PD = 1

DS30289C-page 208 © 1998-2013 Microchip Technology Inc.



PIC17C7XX

NOTES:
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19.13 PICDEM 3 Low Cost PIC16CXXX
Demonstration Board

The PICDEM 3 demonstration board is a simple dem-
onstration board that supports the PIC16C923 and
PIC16C924 in the PLCC package. It will also support
future 44-pin PLCC microcontrollers with an LCD Mod-
ule. All the necessary hardware and software is
included to run the basic demonstration programs. The
user can program the sample microcontrollers pro-
vided with the PICDEM 3 demonstration board on a
PRO MATE Il device programmer, or a PICSTART Plus
development programmer with an adapter socket, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 3 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding hardware and connecting it
to the microcontroller socket(s). Some of the features
include a RS-232 interface, push button switches, a
potentiometer for simulated analog input, a thermistor
and separate headers for connection to an external
LCD module and a keypad. Also provided on the
PICDEM 3 demonstration board is a LCD panel, with 4
commons and 12 segments, that is capable of display-
ing time, temperature and day of the week. The
PICDEM 3 demonstration board provides an additional
RS-232 interface and Windows software for showing
the demultiplexed LCD signals on a PC. A simple serial
interface allows the user to construct a hardware
demultiplexer for the LCD signals.

19.14 PICDEM 17 Demonstration Board

The PICDEM 17 demonstration board is an evaluation
board that demonstrates the capabilities of several
Microchip microcontrollers, including PIC17C752,
PIC17C756A, PIC17C762 and PIC17C766. All neces-
sary hardware is included to run basic demo programs,
which are supplied on a 3.5-inch disk. A programmed
sample is included and the user may erase it and
program it with the other sample programs using the
PRO MATE Il device programmer, or the PICSTART
Plus development programmer, and easily debug and
test the sample code. In addition, the PICDEM 17 dem-
onstration board supports downloading of programs to
and executing out of external FLASH memory on board.
The PICDEM 17 demonstration board is also usable
with the MPLAB ICE in-circuit emulator, or the
PICMASTER emulator and all of the sample programs
can be run and modified using either emulator. Addition-
ally, a generous prototype area is available for user
hardware.

19.15 KEeeLoQ Evaluation and
Programming Tools

KEeELOQ evaluation and programming tools support
Microchip’s HCS Secure Data Products. The HCS eval-
uation kit includes a LCD display to show changing
codes, a decoder to decode transmissions and a pro-
gramming interface to program test transmitters.
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FIGURE 21-23: MAXIMUM AND MINIMUM VIN vs. VDD (I2C Input, -40°C to +125°C)
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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