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PIC17C7XX

Pin Diagrams cont.’d
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PIC17C7XX

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

TABLE 3-1: PINOUT DESCRIPTIONS
PIC17C75X PIC17C76X
Name DIP | PLCC| TQFP | PLCC| QFP | I/O/P | Buffer Description
No. No. No. No. No. Type | Type

OSC1/CLKIN 47 50 39 62 49 | ST | Oscillator input in Crystal/Resonator or RC Oscillator
mode. External clock input in External Clock mode.

OSC2/CLKOUT 48 51 40 63 50 (0] — | Oscillator output. Connects to crystal or resonator in
Crystal Oscillator mode. In RC Oscillator or External
Clock modes, OSC2 pin outputs CLKOUT which has
one fourth the frequency (Fosc/4) of OSC1 and
denotes the instruction cycle rate.

MCLR/VPP 15 16 7 20 9 1P ST | Master clear (RESET) input or Programming Voltage
(VPP) input. This is the active low RESET input to the
device.

PORTA pins have individual differentiations that are
listed in the following descriptions:

RAO/INT 56 60 48 72 58 | ST RAO can also be selected as an external inter-
rupt input. Interrupt can be configured to be on
positive or negative edge. Input only pin.

RA1/TOCKI 41 44 33 56 43 | ST RA1 can also be selected as an external inter-
rupt input and the interrupt can be configured to
be on positive or negative edge. RA1 can also
be selected to be the clock input to the Timer0
timer/counter. Input only pin.

RA2/SS/SCL 42 45 34 57 44 110@ ST RAZ2 can also be used as the slave select input
for the SPI or the clock input for the 12C bus.
High voltage, high current, open drain port pin.

RA3/SDI/SDA 43 46 35 58 45 110@ ST RA3 can also be used as the data input for the
SPI or the data for the 1°C bus.

High voltage, high current, open drain port pin.

RA4/RX1/DT1 40 43 32 51 38 | 1o®| st RA4 can also be selected as the USART1 (SCl)
Asynchronous Receive or USART1 (SCI)
Synchronous Data.

Output available from USART only.

RA5/TX1/CK1 39 42 31 50 37 | oW| sT RAS can also be selected as the USART1 (SCI)
Asynchronous Transmit or USART1 (SCI)
Synchronous Clock.

Output available from USART only.
PORTB is a bi-directional I/0O Port with software
configurable weak pull-ups.

RBO/CAP1 55 59 47 71 57 I{e] ST RBO can also be the Capturel input pin.

RB1/CAP2 54 58 46 70 56 110 ST RB1 can also be the Capture2 input pin.

RB2/PWM1 50 54 42 66 52 I{e] ST RB2 can also be the PWM1 output pin.

RB3/PWM2 53 57 45 69 55 110 ST RB3 can also be the PWM2 output pin.

RB4/TCLK12 52 56 44 68 54 110 ST RB4 can also be the external clock input to
Timerl and Timer2.

RB5/TCLK3 51 55 43 67 53 110 ST RB5 can also be the external clock input to
Timer3.

RB6/SCK 44 47 36 59 46 1/0 ST RB6 can also be used as the master/slave clock
for the SPI.

RB7/SDO 45 48 37 60 47 110 ST RB7 can also be used as the data output for the
SPI.

Legend: |=Inputonly; O = Output only; I/O = Input/Output;

P = Power; — = Not Used; TTL = TTL input; ST = Schmitt Trigger input
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5.0 RESET

The PIC17CXXX differentiates between various kinds
of RESET:

« Power-on Reset (POR)
¢ Brown-out Reset

« MCLR Reset

* WDT Reset

Some registers are not affected in any RESET condi-
tion, their status is unknown on POR and unchanged in
any other RESET. Most other registers are forced to a
“RESET state”. The TO and PD bits are set or cleared
differently in different RESET situations, as indicated in
Table 5-3. These bits, in conjunction with the POR and
BOR bits, are used in software to determine the nature
of the RESET. See Table 5-4 for a full description of the
RESET states of all registers.

When the device enters the “RESET state”, the Data
Direction registers (DDR) are forced set, which will
make the 1/O hi-impedance inputs. The RESET state of
some peripheral modules may force the I/O to other
operations, such as analog inputs or the system bus.

Note:  While the device is in a RESET state, the
internal phase clock is held in the Q1 state.
Any processor mode that allows external
execution will force the REO/ALE pin as a
low output and the RE1/OE and RE2/WR
pins as high outputs.

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 5-1.

FIGURE 5-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
External
Reset
X—2
MCLR
BOR Brown-out
Module Reset
WDT WDT
Module Time_Out
Reset
VDD Rise
Detect Power_On_Reset S
VDD
OST/PWRT
Chip_Reset
OSsT R Qr—
%«l>o—'> 10-bit Ripple Counter @7
osc1 PWRT [ —
On-chi
RC OS(?T‘|> 10-bit Ripple Counter F@
&
=
o
[}
% |3 L————— (Enable the PWRT timer
O |c only during POR or BOR)
o |W
o
g
L (If PWRT is invoked, or a Wake-up from
SLEEP and OSC type is XT or LF)
t This RC oscillator is shared with the WDT when not in a power-up sequence.
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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 TMR1 interrupt
0 = Disable TMR1 interrupt

bit 3 CAZ2IE: Capture2 Interrupt Enable bit
1 = Enable Capture?2 interrupt
0 = Disable Capture?2 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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6.4 Interrupt Operation

Global Interrupt Disable bit, GLINTD (CPUSTA<4>),
enables all unmasked interrupts (if clear), or disables
all interrupts (if set). Individual interrupts can be dis-
abled through their corresponding enable bits in the
INTSTA register. Peripheral interrupts need either the
global peripheral enable PEIE bit disabled, or the spe-
cific peripheral enable bit disabled. Disabling the
peripherals via the global peripheral enable bit, dis-
ables all peripheral interrupts. GLINTD is set on
RESET (interrupts disabled).

The RETFIE instruction clears the GLINTD bit while
forcing the Program Counter (PC) to the value loaded
at the Top-of-Stack.

When an interrupt is responded to, the GLINTD bit is
automatically set to disable any further interrupt, the
return address is pushed onto the stack and the PC is
loaded with the interrupt vector. There are four interrupt
vectors which help reduce interrupt latency.

The peripheral interrupt vector has multiple interrupt
sources. Once in the peripheral Interrupt Service Rou-
tine, the source(s) of the interrupt can be determined by
polling the interrupt flag bits. The peripheral interrupt
flag bit(s) must be cleared in software before re-
enabling interrupts to avoid continuous interrupts.

The PIC17C7XX devices have four interrupt vectors.
These vectors and their hardware priority are shown in
Table 6-1. If two enabled interrupts occur “at the same
time”, the interrupt of the highest priority will be ser-
viced first. This means that the vector address of that
interrupt will be loaded into the program counter (PC).

TABLE 6-1: INTERRUPT VECTORS/
PRIORITIES

Address Vector Priority

0008h External Interrupt on RA0/ 1 (Highest)
INT pin (INTF)

0010h TMRO Overflow Interrupt 2
(TOIF)

0018h External Interrupt on TOCKI 3
(TOCKIF)

0020h Peripherals (PEIF) 4 (Lowest)

Note 1: Individual interrupt flag bits are set, regard-
less of the status of their corresponding
mask bit or the GLINTD bit.

2: Before disabling any of the INTSTA enable
bits, the GLINTD bit should be set
(disabled).

6.5 RAO/INT Interrupt

The external interrupt on the RAO/INT pin is edge trig-
gered. Either the rising edge if the INTEDG bit
(TOSTA<7>) is set, or the falling edge if the INTEDG bit
is clear. When a valid edge appears on the RAO/INT
pin, the INTF bit (INTSTA<4>) is set. This interrupt can
be disabled by clearing the INTE control bit
(INTSTA<0>). The INT interrupt can wake the proces-
sor from SLEEP. See Section 17.4 for details on
SLEEP operation.

6.6 TOCKI Interrupt

The external interrupt on the RA1/TOCKI pin is edge
triggered. Either the rising edge if the TOSE bit
(TOSTA<6>) is set, or the falling edge if the TOSE bit is
clear. When a valid edge appears on the RA1/TOCKI
pin, the TOCKIF bit (INTSTA<6>) is set. This interrupt
can be disabled by clearing the TOCKIE control bit
(INTSTA<2>). The TOCKI interrupt can wake up the
processor from SLEEP. See Section 17.4 for details on
SLEEP operation.

6.7 Peripheral Interrupt

The peripheral interrupt flag indicates that at least one
of the peripheral interrupts occurred (PEIF is set). The
PEIF bit is a read only bit and is a bit wise OR of all the
flag bits in the PIR registers AND’d with the correspond-
ing enable bits in the PIE registers. Some of the periph-
eral interrupts can wake the processor from SLEEP.
See Section 17.4 for details on SLEEP operation.

6.8 Context Saving During Interrupts

During an interrupt, only the returned PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt; e.g. WREG, ALUSTA and the
BSR registers. This requires implementation in software.

Example 6-2 shows the saving and restoring of infor-
mation for an Interrupt Service Routine. This is for a
simple interrupt scheme, where only one interrupt may
occur at a time (no interrupt nesting). The SFRs are
stored in the non-banked GPR area.

Example 6-2 shows the saving and restoring of infor-
mation for a more complex Interrupt Service Routine.
This is useful where nesting of interrupts is required. A
maximum of 6 levels can be done by this example. The
BSR is stored in the non-banked GPR area, while the
other registers would be stored in a particular bank.
Therefore, 6 saves may be done with this routine (since
there are 6 non-banked GPR registers). These routines
require a dedicated indirect addressing register, FSRO,
to be selected for this.

The PUSH and POP code segments could either be in
each Interrupt Service Routine, or could be subroutines
that were called. Depending on the application, other
registers may also need to be saved.

© 1998-2013 Microchip Technology Inc.
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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.

© 1998-2013 Microchip Technology Inc.
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7.2.2.2 CPU Status Register (CPUSTA)

The CPUSTA register contains the status and control
bits for the CPU. This register has a bit that is used to
globally enable/disable interrupts. If only a specific
interrupt is desired to be enabled/disabled, please refer
to the Interrupt Status (INTSTA) register and the
Peripheral Interrupt Enable (PIE) registers. The
CPUSTA register also indicates if the stack is available
and contains the Power-down (PD) and Time-out (TO)
bits. The TO, PD, and STKAV bits are not writable.
These bits are set and cleared according to device

logic. Therefore, the result of an instruction with the
CPUSTA register as destination may be different than
intended.

The POR bit allows the differentiation between a
Power-on Reset, external MCLR Reset, or a WDT
Reset. The BOR bit indicates if a Brown-out Reset
occurred.

Note 1: The BOR status bit is a don’t care and is
not necessarily predictable if the Brown-out
circuit is disabled (when the BODEN bit in
the Configuration word is programmed).

REGISTER 7-2: CPUSTA REGISTER (ADDRESS: 06h, UNBANKED)

U-0 U-0 R-1 R/W-1 R-1 R-1 RW-0  R/W-1
= — | skav |GuNtD | TO | PD POR | BOR
bit 7 bit 0
bit 7-6 Unimplemented: Read as '0'
bit 5 STKAV: Stack Available bit

This bit indicates that the 4-bit stack pointer value is Fh, or has rolled over from Fh — Oh

(stack overflow).
1 = Stack is available

0 = Stack is full, or a stack overflow may have occurred (once this bit has been cleared by a
stack overflow, only a device RESET will set this bit)

bit 4 GLINTD: Global Interrupt Disable bit

This bit disables all interrupts. When enabling interrupts, only the sources with their enable bits

set can cause an interrupt.
1 = Disable all interrupts

0 = Enables all unmasked interrupts

bit 3 E: WDT Time-out Status bit

1 = After power-up, by a CLRWDT instruction, or by a SLEEP instruction

0 = A Watchdog Timer time-out occurred

bit 2 PD: Power-down Status bit

1 = After power-up or by the CLRWDT instruction

0 = By execution of the SLEEP instruction

bit 1 POR: Power-on Reset Status bit
1 = No Power-on Reset occurred

0 = A Power-on Reset occurred (must be set by software)

bit 0 BOR: Brown-out Reset Status bit

When BODEN Configuration bit is set (enabled):

1 = No Brown-out Reset occurred

0 = A Brown-out Reset occurred (must be set by software)
When BODEN Configuration bit is clear (disabled):

Don't care

Legend:
R = Readable bit

W = Writable bit
- n = Value at POR Reset "1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown

DS30289C-page 52
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NOTES:
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8.0 TABLE READS AND TABLE
WRITES

The PIC17C7XX has four instructions that allow the
processor to move data from the data memory space to
the program memory space, and vice versa. Since the
program memory space is 16-bits wide and the data
memory space is 8-bits wide, two operations are
required to move 16-bit values to/from the data
memory.

The TLWT t,f and TABLWT t,i,f instructions are
used to write data from the data memory space to the
program memory space. The TLRD t, £ and TABLRD
t, i, £ instructions are used to write data from the pro-
gram memory space to the data memory space.

The program memory can be internal or external. For
the program memory access to be external, the device
needs to be operating in Microprocessor or Extended
Microcontroller mode.

Figure 8-1 through Figure 8-4 show the operation of
these four instructions. The steps show the sequence
of operation.
FIGURE 8-1: TLWT INSTRUCTION
OPERATION

TABLE POINTER

TBLPTRH = TBLPTRL

TABLE LATCH (16-bit)

TABLATH TABLATL

TLWT 1.f TLWT O,f

Data
Memory Program Memory

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

FIGURE 8-2: TABLWT INSTRUCTION

OPERATION

TABLE POINTER

‘TBLPTRH . TBLPTRL

TABLE LATCH (16-bit)

TABLATH TABLATL

! P

TABLWT 1,if TABLWT 0,i,f

Data

Memory Program Memory

Prog-Mem | _ _ _ _ . L
(TBLPTR)

®

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

© 1998-2013 Microchip Technology Inc.
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12.1 Timer0 Operation

When the TOCS (TOSTA<5>) bit is set, TMRO incre-
ments on the internal clock. When TOCS is clear, TMRO
increments on the external clock (RA1/TOCKI pin). The
external clock edge can be selected in software. When
the TOSE (TOSTA<6>) bit is set, the timer will increment
on the rising edge of the RAL/TOCKI pin. When TOSE
is clear, the timer will increment on the falling edge of
the RA1/TOCKI pin. The prescaler can be programmed
to introduce a prescale of 1:1 to 1:256. The timer incre-
ments from 0000h to FFFFh and rolls over to 0000h.
On overflow, the TMRO Interrupt Flag bit (TOIF) is set.
The TMRO interrupt can be masked by clearing the cor-
responding TMRO Interrupt Enable bit (TOIE). The
TMRO Interrupt Flag bit (TOIF) is automatically cleared
when vectoring to the TMRO interrupt vector.

12.2 Using TimerO with External Clock

When an external clock input is used for TimerO, it is
synchronized with the internal phase clocks. Figure 12-
2 shows the synchronization of the external clock. This
synchronization is done after the prescaler. The output
of the prescaler (PSOUT) is sampled twice in every
instruction cycle to detect a rising or a falling edge. The
timing requirements for the external clock are detailed
in the electrical specification section.

12.2.1 DELAY FROM EXTERNAL CLOCK
EDGE

Since the prescaler output is synchronized with the
internal clocks, there is a small delay from the time the
external clock edge occurs to the time TMRO is actually
incremented. Figure 12-2 shows that this delay is
between 3Tosc and 7Tosc. Thus, for example, mea-
suring the interval between two edges (e.g. period) will
be accurate within +4Tosc (121 ns @ 33 MHz).

FIGURE 12-1: TIMERO MODULE BLOCK DIAGRAM
Interrupt-on-Overflow
sets TOIF
(INTSTA<5>)
O | e "
RA1/TOCKI Foscla |, (AsyanRipple —— Synchronization| | TMROH<8> | TMROL<8>
- Counter)
TOSE )'( 4 T T
(TOSTA<6>)
(TOSTA<5>) (TOSTA<4:1>)
FIGURE 12-2: TMRO TIMING WITH EXTERNAL CLOCK (INCREMENT ON FALLING EDGE)

o1 Q2 Q3‘Q4ZQ1 Q2 Q3‘Q4ZQ1 Q2 Q3‘Q4ZQ1 Q2|3 |qa:
Prescaler : | : : :
Output : ; : :
(PSOUT) T T ' T T (Note 3) T
Sampled . ' ' (Note 2) !
Prescaler — i . .
Output ( ; . : !
\ Note 1), \ \ \
Increment ! \:\- l—‘ \-’—[ .

TMRO
TMRO . TO | >< . TO+1 >< . TO+2 Z

2: T = PSOUT is sampled here.
3: The PSOUT high time is too sho

Note 1: The delay from the TOCKI edge to the TMRO increment is 3Tosc to 7Tosc.

rt and is missed by the sampling circuit.
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14.2 USART Asynchronous Mode

In this mode, the USART uses standard nonreturn-to-
zero (NRZ) format (one START bit, eight or nine data
bits, and one STOP bit). The most common data format
is 8-bits. An on-chip dedicated 8-bit baud rate genera-
tor can be used to derive standard baud rate frequen-
cies from the oscillator. The USART’s transmitter and
receiver are functionally independent but use the same
data format and baud rate. The baud rate generator
produces a clock x64 of the bit shift rate. Parity is not
supported by the hardware, but can be implemented in
software (and stored as the ninth data bit). Asynchro-
nous mode is stopped during SLEEP.

The Asynchronous mode is selected by clearing the
SYNC hit (TXSTA<4>).

The USART Asynchronous module consists of the fol-
lowing components:

» Baud Rate Generator

» Sampling Circuit

» Asynchronous Transmitter
« Asynchronous Receiver

1421 USART ASYNCHRONOUS

TRANSMITTER

The USART transmitter block diagram is shown in
Figure 14-1. The heart of the transmitter is the transmit
shift register (TSR). The shift register obtains its data
from the read/write transmit buffer (TXREG). TXREG is
loaded with data in software. The TSR is not loaded until
the STOP hit has been transmitted from the previous
load. As soon as the STOP bit is transmitted, the TSR is
loaded with new data from the TXREG (if available).
Once TXREG transfers the data to the TSR (occurs in
one Tcy at the end of the current BRG cycle), the TXREG
is empty and an interrupt bit, TXIF, is set. This interrupt
can be enabled/disabled by setting/clearing the TXIE bit.
TXIF will be set, regardless of TXIE and cannot be reset
in software. It will reset only when new data is loaded into
TXREG. While TXIF indicates the status of the TXREG,
the TRMT (TXSTA<1>) bit shows the status of the TSR.

TRMT is a read only bit which is set when the TSR is
empty. No interrupt logic is tied to this bit, so the user has
to poll this bit in order to determine if the TSR is empty.

Note: The TSR is not mapped in data memory,

S0 it is not available to the user.

Transmission is enabled by setting the
TXEN (TXSTA<5>) bit. The actual transmission will not
occur until TXREG has been loaded with data and the
baud rate generator (BRG) has produced a shift clock
(Figure 14-3). The transmission can also be started by
first loading TXREG and then setting TXEN. Normally,
when transmission is first started, the TSR is empty, so
a transfer to TXREG will result in an immediate transfer
to TSR, resulting in an empty TXREG. A back-to-back
transfer is thus possible (Figure 14-4). Clearing TXEN
during a transmission will cause the transmission to be
aborted. This will reset the transmitter and the TX/CK
pin will revert to hi-impedance.

In order to select 9-bit transmission, the
TX9 (TXSTA<6>) bit should be set and the ninth bit
value should be written to TX9D (TXSTA<0>). The
ninth bit value must be written before writing the 8-bit
data to the TXREG. This is because a data write to
TXREG can result in an immediate transfer of the data
to the TSR (if the TSR is empty).

Steps to follow when setting up an Asynchronous
Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate.

2. Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

3. Ifinterrupts 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. Load data to the TXREG register.

7. Enable the transmission by setting TXEN (starts
transmission).

FIGURE 14-3: ASYNCHRONOUS MASTER TRANSMISSION
Write to TXREG Il 5
BRG Output Worg !
(Shift Clock) — T ' l I e— | . | [
(TXICK Jﬁn‘) N_STARTBit X Bito X Bit1l ><:55 X Bit7/8 ,/STOPBit
Co Word 1 . '
TXIF bit |_| 1qe
WordTl R :
i Transmit Shift Reg :
TRMT bit
{5
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14.3 USART Synchronous Master
Mode

In Master Synchronous mode, the data is transmitted in
a half-duplex manner; i.e., transmission and reception
do not occur at the same time: when transmitting data,
the reception is inhibited and vice versa. The synchro-
nous mode is entered by setting the SYNC
(TXSTA<4>) bit. In addition, the SPEN (RCSTA<7>) bit
is set in order to configure the I/O pins to CK (clock) and
DT (data) lines, respectively. The Master mode indi-
cates that the processor transmits the master clock on
the CK line. The Master mode is entered by setting the
CSRC (TXSTA<7>) hit.

1431 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 14-1. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer TXREG.
TXREG is loaded with data in software. The TSR is not
loaded until the last bit has been transmitted from the
previous load. As soon as the last bit is transmitted, the
TSR is loaded with new data from TXREG (if available).
Once TXREG transfers the data to the TSR (occurs in
one Tcy at the end of the current BRG cycle), TXREG
is empty and the TXIF bit is set. This interrupt can be
enabled/disabled by setting/clearing the TXIE bit. TXIF
will be set regardless of the state of bit TXIE and cannot
be cleared in software. It will reset only when new data
is loaded into TXREG. While TXIF indicates the status
of TXREG, TRMT (TXSTA<1>) shows the status of the
TSR. TRMT is a read only bit which is set when the
TSR is empty. No interrupt logic is tied to this bit, so the
user has to poll this bit in order to determine if the TSR
is empty. The TSR is not mapped in data memory, so it
is not available to the user.

Transmission is enabled by setting the TXEN
(TXSTA<5>) bit. The actual transmission will not occur
until TXREG has been loaded with data. The first data
bit will be shifted out on the next available rising edge
of the clock on the TX/CK pin. Data out is stable around
the falling edge of the synchronous clock (Figure 14-9).
The transmission can also be started by first loading
TXREG and then setting TXEN. This is advantageous
when slow baud rates are selected, since BRG is kept
in RESET when the TXEN, CREN, and SREN bits are
clear. Setting the TXEN bit will start the BRG, creating
a shift clock immediately. Normally when transmission
is first started, the TSR is empty, so a transfer to
TXREG will result in an immediate transfer to the TSR,
resulting in an empty TXREG. Back-to-back transfers
are possible.

Clearing TXEN during a transmission will cause the
transmission to be aborted and will reset the transmit-
ter. The RX/DT and TX/CK pins will revert to hi-imped-
ance. If either CREN or SREN are set during a
transmission, the transmission is aborted and the RX/
DT pin reverts to a hi-impedance state (for a reception).
The TX/CK pin will remain an output if the CSRC bit is
set (internal clock). The transmitter logic is not reset,
although it is disconnected from the pins. In order to
reset the transmitter, the user has to clear the TXEN bit.
If the SREN bit is set (to interrupt an ongoing transmis-
sion and receive a single word), then after the single
word is received, SREN will be cleared and the serial
port will revert back to transmitting, since the TXEN bit
is still set. The DT line will immediately switch from hi-
impedance Receive mode to transmit and start driving.
To avoid this, TXEN should be cleared.

In order to select 9-bit transmission, the
TX9 (TXSTA<6>) bit should be set and the ninth bit
should be written to TX9D (TXSTA<0>). The ninth bit
must be written before writing the 8-bit data to TXREG.
This is because a data write to TXREG can result in an
immediate transfer of the data to the TSR (if the TSR is
empty). If the TSR was empty and TXREG was written
before writing the “new” TX9D, the “present” value of
TX9D is loaded.

Steps to follow when setting up a Synchronous Master

Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (see Baud Rate Generator Section for
details).

2. Enable the synchronous master serial port by
setting the SYNC, SPEN, and CSRC bits.

3. Ensure that the CREN and SREN bits are clear
(these bits override transmission when set).

4. If interrupts are desired, then set the TXIE bit
(the GLINTD bit must be clear and the PEIE bit
must be set).

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

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

7. Starttransmission by loading data to the TXREG
register.

8. 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.

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.
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15.2.12 1°C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
receive enable bit, RCEN (SSPCON2<3>).

Note: The SSP Module must be in an IDLE
STATE before the RCEN bit is set, or the

RCEN bit will be disregarded.

The baud rate generator begins counting and on each
rollover, the state of the SCL pin changes (high to low/
low to high) and data is shifted into the SSPSR. After
the falling edge of the eighth clock, the receive enable
flag is automatically cleared, the contents of the
SSPSR are loaded into the SSPBUF, the BF flag is set,
the SSPIF is set and the baud rate generator is sus-
pended from counting, holding SCL low. The SSP is
now in IDLE state, awaiting the next command. When
the buffer is read by the CPU, the BF flag is automati-
cally cleared. The user can then send an acknowledge
bit at the end of reception, by setting the acknowledge
sequence enable bit, ACKEN (SSPCON2<4>).

15.2.12.1 BF Status Flag

In receive operation, BF is set when an address or data
byte is loaded into SSPBUF from SSPSR. It is cleared
when SSPBUF is read.

15.2.12.2 SSPOV Status Flag

In receive operation, SSPOV is set when 8 bits are
received into the SSPSR, and the BF flag is already set
from a previous reception.

15.2.12.3 WCOL Status Flag

If the user writes the SSPBUF when a receive is
already in progress (i.e., SSPSR is still shifting in a data
byte), then WCOL is set and the contents of the buffer
are unchanged (the write doesn’t occur).
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15.2.15 CLOCK ARBITRATION

Clock arbitration occurs when the master, during any
receive, transmit, or Repeated Start/Stop condition, de-
asserts the SCL pin (SCL allowed to float high). When
the SCL pin is allowed to float high, the baud rate gen-
erator (BRG) is suspended from counting until the SCL
pin is actually sampled high. When the SCL pin is sam-
pled high, the baud rate generator is reloaded with the
contents of SSPADD<6:0> and begins counting. This
ensures that the SCL high time will always be at least
one BRG rollover count, in the event that the clock is
held low by an external device (Figure 15-33).

FIGURE 15-33:

15.2.16 SLEEP OPERATION

While in SLEEP mode, the 12C module can receive
addresses or data and when an address match or com-
plete byte transfer occurs, wake the processor from
SLEEP (if the SSP interrupt is enabled).

15.2.17 EFFECTS OF A RESET

A RESET disables the SSP module and terminates the
current transfer.

CLOCK ARBITRATION TIMING IN MASTER TRANSMIT MODE

BRG Overflow,

Release SCL,

If SCL =1 Load BRG with

SSPADD<6:0>, and Start Count  BRG overflow occurs,

to measure high time interval.

|

SCL

Release SCL, Slave device holds SCL low.

SCL = 1 BRG starts counting
clock high interval.

1

SCL line sampled once every machine cycle (ToscC e 4).
Hold off BRG until SCL is sampled high.

o X X

‘<—TBRG —»‘4— TBRG—P‘ ‘<—TBRG—>‘
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Move Literal to high nibble in

MOVLR BSR MOVLW Move Literal to WREG
Syntax: [label] MOVLR k Syntax: [label] MOVLW k
Operands: 0<k<15 Operands: 0<k<255
Operation: k — (BSR<7:4>) Operation: k - (WREG)
Status Affected:  None Status Affected:  None
Encoding: ‘ 1011 ‘ 101x ‘ kkkk | uuuu | Encoding: ‘ 1011 | 0000 ‘ kkkk | kkkk ‘
Description: The 4-bit literal 'k is loaded into the Description: The eight-bit literal 'k’ is loaded into
most significant 4-bits of the Bank WREG.
Select Register (BSR). Only the high .
4-bits of the Bank Select Register Words: L
are affected. The lower half of the Cycles: 1
B.SR is unchanged.'The assembler Q Cycle Activity:
will encode the “u” fields as 0. o1 Q2 03 o4
Words: 1 \
Decode Read Process Write to
Cycles: 1 literal 'k’ Data WREG
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode | Read literal | Process Write Example: MOVLW 0x5A
K Data literal 'k’ to After Instruction
BSR<7:4> WREG = Ox5A
Example: MOVLR 5
Before Instruction
BSR register =  0x22
After Instruction
BSR register =  0x52
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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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TABLWT Table Write TLRD Table Latch Read
Examplel: TABLWT 1, 1, REG Syntax: [label] TLRD tf
Before Instruction Operands: 0<f<255
REG = 0x53 t e [0,1]
TBLATH = OxAA . _
TBLATL - 0x55 Operation: Ift=0, '
TBLPTR = OxA356 TBLATL — f;
MEMORY(TBLPTR) =  OxFFFF ift=1,
. . . TBLATH — f
After Instruction (table write completion)
REG =  0x53 Status Affected:  None
TBLATH = 0x33 Encoding: ‘ 1010 | 00tx | ffff ‘ ffEf ‘
TBLATL =  0x55
TBLPTR = O0xA357 Description: Read data from 16-bit table latch
MEMORY(TBLPTR - 1) 0x5355 (TBLAT) into file register 'f'. Table Latch
£ e 2- TABLWT 0 0 REG is unaffected.
Example <. Y If t = 1; high byte is read
Before Instruction If t = 0; low byte is read
REG = 033 This instruction is used in conjunction
TBLATH = OxAA with TABLRD to transfer data from pro-
TBLATL = 0x3% gram memory to data memory.
TBLPTR = 0xA356
MEMORY(TBLPTR) =  OxFFFF Words: 1
After Instruction (table write completion) Cycles: 1
REG = Ox33 Q Cycle Activity:
TBLATH = OxAA
TBLATL = 0x53 Q1 Q2 Qs Q4
TBLPTR =  0xA356 Decode Read Process Write
MEMORY(TBLPTR) =  OxAA53 register Data register 'f'
TBLATH or
TBLATL
Program Dat
Memory 15 0 Mer?]gry
Example: TLRD t, RAM
““““““ TBLPTR )
. . Before Instruction
15 8:7 0 [T t = 0
RAM = ?
) ] TBLAT = O0x00AF (TBLATH = 0x00)
16 bits TBLAT 8 bits (TBLATL = OXAF)
After Instruction
RAM = OxAF
TBLAT = O0xX00AF (TBLATH = 0x00)

(TBLATL = OXAF)

Before Instruction

t = 1
RAM = ?
TBLAT = Ox00AF (TBLATH = 0x00)
(TBLATL = OXAF)
After Instruction
RAM = 0x00
TBLAT = Ox00AF (TBLATH = 0x00)
(TBLATL = OxAF)
Program Dat
Memory 15 0 Merigry
““““““ TBLPTR
15 8.7 of faTTiTlC
16 bits TBLAT 8 bits
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19.8 MPLAB ICD In-Circuit Debugger

Microchip's In-Circuit Debugger, MPLAB ICD, is a pow-
erful, low cost, run-time development tool. This tool is
based on the FLASH PIC16F87X and can be used to
develop for this and other PIC microcontrollers from the
PIC16CXXX family. The MPLAB ICD utilizes the in-cir-
cuit debugging capability built into the PIC16F87X. This
feature, along with Microchip's In-Circuit Serial
Programming™ protocol, offers cost-effective in-circuit
FLASH debugging from the graphical user interface of
the MPLAB Integrated Development Environment. This
enables a designer to develop and debug source code
by watching variables, single-stepping and setting
break points. Running at full speed enables testing
hardware in real-time.

19.9 PRO MATE Il Universal Device
Programmer

The PRO MATE Il universal device programmer is a
full-featured programmer, capable of operating in
stand-alone mode, as well as PC-hosted mode. The
PRO MATE Il device programmer is CE compliant.

The PRO MATE Il device programmer has program-
mable VDD and VPP supplies, which allow it to verify
programmed memory at VDD min and VDD max for max-
imum reliability. It has an LCD display for instructions
and error messages, keys to enter commands and a
modular detachable socket assembly to support various
package types. In stand-alone mode, the PRO MATE II
device programmer can read, verify, or program PIC
MCU devices. It can also set code protection in this
mode.

19.10 PICSTART Plus Entry Level
Development Programmer

The PICSTART Plus development programmer is an
easy-to-use, low cost, prototype programmer. It con-
nects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient.

The PICSTART Plus development programmer sup-
ports all PIC devices with up to 40 pins. Larger pin
count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus development programmer is CE
compliant.

19.11 PICDEM 1 Low Cost PIC MCU
Demonstration Board

The PICDEM 1 demonstration board is a simple board
which demonstrates the capabilities of several of
Microchip’s microcontrollers. The microcontrollers sup-
ported are: PIC16C5X (PIC16C54 to PIC16C58A),
PIC16C61, PIC16C62X, PIC16C71, PIC16C8X,
PIC17C42, PIC17C43 and PIC17C44. All necessary
hardware and software is included to run basic demo
programs. The user can program the sample microcon-
trollers provided with the PICDEM 1 demonstration
board on a PRO MATE Il device programmer, or a
PICSTART Plus development programmer, and easily
test firmware. The user can also connect the
PICDEM 1 demonstration board to the MPLAB ICE in-
circuit emulator and download the firmware to the emu-
lator for testing. A prototype area is available for the
user to build some additional hardware and connect it
to the microcontroller socket(s). Some of the features
include an RS-232 interface, a potentiometer for simu-
lated analog input, push button switches and eight
LEDs connected to PORTB.

19.12 PICDEM 2 Low Cost PIC16CXX
Demonstration Board

The PICDEM 2 demonstration board is a simple dem-
onstration board that supports the PIC16C62,
PIC16C64, PIC16C65, PIC16C73 and PIC16C74
microcontrollers. All the necessary hardware and soft-
ware is included to run the basic demonstration pro-
grams. The wuser can program the sample
microcontrollers provided with the PICDEM 2 demon-
stration board on a PRO MATE Il device programmer,
or a PICSTART Plus development programmer, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding additional 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
serial EEPROM to demonstrate usage of the 12C™ bus
and separate headers for connection to an LCD
module and a keypad.
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20.2 DC Characteristics: PIC17C7XX-16 (Commercial, Industrial, Extended)
PIC17C7XX-33 (Commercial, Industrial, Extended)
PIC17LC7XX-08 (Commercial, Industrial)

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

DC CHARACTERISTICS

Pa:\:sm. Sym Characteristic Min Typt Max Units Conditions
Input Low Voltage
VIL 1/0 ports
D030 with TTL buffer (Note 6) Vss - 0.8 \% 4.5V < VDD £ 5.5V
Vss - 0.2VDD V 3.0V <VDD <45V
D031 with Schmitt Trigger buffer
RA2, RA3 Vss - 0.3VDD \Y 12C compliant
All others Vss - 0.2VDD \%
D032 MCLR, OSC1 (in EC and RC Vss - 0.2VDD V | (Note 1)
mode)
D033 OSCL1 (in XT, and LF mode) - 0.5VDD - \Y
Input High Voltage
VIH 1/0 ports
D040 with TTL buffer (Note 6) 2.0 - VDD V | 45V <VDD<5.5V
1+0.2VDD - VDD V | 3.0V <VDD<4.5V
D041 with Schmitt Trigger buffer
RA2, RA3 0.7VDD - VDD \Y 12C compliant
All others 0.8VDD - VDD V
D042 MCLR 0.8VDD - VDD V | (Note 1)
D043 OSC1 (XT, and LF mode) - 0.5VDD - \%
D050 | VHys | Hysteresis of 0.15VDD - - \%
Schmitt Trigger Inputs
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.
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