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PIC16C9XX

FIGURE 3-1. PIC16C923 BLOCK DIAGRAM
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PIC16C9XX

TABLE 3-1: PIC16C9XX PINOUT DESCRIPTION

Pin Name DIP PLCC | TQFP | Pin Buffer Descrintion
Pin# | Pin# | Pin# |Type Type P

OSC1/CLKIN 22 24 14 | ST/CMOS | Oscillator crystal input or external clock source input. This
buffer is a Schmitt Trigger input when configured in RC
oscillator mode and a CMOS input otherwise.

OSC2/CLKOUT 23 25 15 (0] — Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.

MCLR/VPpP 1 2 57 P ST Master clear (reset) input or programming voltage input.
This pin is an active low reset to the device.
PORTA is a bi-directional I/O port. The AN and VREF multi-
plexed functions are used by the PIC16C924 only.

RAO/ANO 4 5 60 1/0 TTL RAO can also be Analog inputO.

RA1/AN1 5 6 61 110 TTL RA1 can also be Analog inputl.

RA2/AN2 7 8 63 110 TTL RA2 can also be Analog input2.

RA3/AN3/VREF 8 9 64 1/0 TTL RA3 can also be Analog input3 or A/D Voltage Refer-

ence.
RA4/TOCKI 9 10 1 1/0 ST RA4 can also be the clock input to the TimerO
timer/counter. Output is open drain type.
RA5/AN4/SS 10 11 2 1/0 TTL RAS5 can be the slave select for the synchronous serial

port or Analog input4.

PORTB is a hi-directional I/0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.

RBO/INT 12 13 4 110 TTL/ST RBO can also be the external interrupt pin. This buffer
is a Schmitt Trigger input when configured as an exter-
nal interrupt.

RB1 11 12 3 lfe} TTL

RB2 3 4 59 lfe} TTL

RB3 2 3 58 110 TTL

RB4 64 68 56 110 TTL Interrupt on change pin.

RB5 63 67 55 1/0 TTL Interrupt on change pin.

RB6 61 65 53 110 TTL/ST Interrupt on change pin. Serial programming clock.
This buffer is a Schmitt Trigger input when used in
serial programming mode.

RB7 62 66 54 1/0 TTL/ST Interrupt on change pin. Serial programming data.
This buffer is a Schmitt Trigger input when used in
serial programming mode.

PORTC is a bi-directional I/O port.

RCO/T10SO/T1CKI 24 26 16 1/0 ST RCO can also be the Timerl oscillator output or
Timerl clock input.

RC1/T10sSI 25 27 17 1/0 ST RC1 can also be the Timer1 oscillator input.

RC2/CCP1 26 28 18 110 ST RC2 can also be the Capturel input/Comparel out-
put/PWM1 output.

RC3/SCK/SCL 13 14 5 110 ST RC3 can also be the synchronous serial clock
input/output for both SPI and 12C modes.

RC4/SDI/SDA 14 15 6 110 ST RC4 can also be the SPI Data In (SPI mode) or data
I/0 (I2C mode).

RC5/SDO 15 16 7 I{e] ST RCS5 can also be the SPI Data Out (SPI mode).

C1 16 17 8 P LCD Voltage Generation.

Cc2 17 18 9 P LCD Voltage Generation.

Legend: | =input O = output P = power L = LCD Driver

— = Not used TTL =TTL input ST = Schmitt Trigger input
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4.3 PCL and PCLATH

The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The upper bits (PC<12:8>) are not
readable, but are indirectly writable through the
PCLATH register. On any reset, the upper bits of the PC
will be cleared. Figure 4-9 shows the two situations for
the loading of the PC. The upper example in the figure
shows how the PC is loaded on a write to PCL
(PCLATH<4:0> - PCH). The lower example in the fig-
ure shows how the PC is loaded during a CALL or GOTO
instruction (PCLATH<4:3> . PCH).

FIGURE 4-9: LOADING OF PC IN
DIFFERENT SITUATIONS

PCH PCL
12 8 7 0 Instruction with
PC| ‘ | PCL as
Destination
5 ALU result
CEET T 1]
PCLATH
PCH PCL
12 11 10 8 7 0
pC | [ : | coro_caL
PCLATH<4:3> 11
2 Opcode <10:0>
LT [ T
PCLATH

43.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256 byte block). Refer to the
application note “/mplementing a Table Read” (AN556).

4.3.2 STACK

The PIC16CXXX family has an 8 level deep x 13-bit
wide hardware stack. The stack space is not part of
either program or data space and the stack pointer is
not readable or writable. The PC is PUSHed onto the
stack when a CALL instruction is executed or an inter-
rupt causes a branch. The stack is POPed in the event
of a RETURN, RETLWor a RETFI E instruction execu-
tion. PCLATH is not affected by a PUSH or POP oper-
ation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
S0 on).

Note 1: There are no status bits to indicate stack
overflow or stack underflow conditions.

Note 2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFI E
instructions, or the vectoring to an inter-
rupt address.

4.4 Program Memory Paging

PIC16C9XX devices are capable of addressing a con-
tinuous 8K word block of program memory. The CALL
and QOTOinstructions provide only 11 bits of address
to allow branching within any 2K program memory
page. When doing a CALL or GOTO instruction the
upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or QOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(or interrupt) is executed, the entire 13-bit PC is pushed
onto the stack. Therefore, manipulation of the
PCLATH<4:3> bits are not required for the return
instructions (which POPs the address from the stack).

Note: The PIC16C9XX ignores paging bit
PCLATH<4>, which is used to access pro-
gram memory pages 2 and 3. The use of
PCLATH<4> as a general purpose
read/write bit is not recommended since
this may affect upward compatibility with

future products.

0 1997 Microchip Technology Inc.
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8.1

Timer mode is selected by clearing the TMR1CS
(TLCON<1>) hit. In this mode, the input clock to the
timer is Fosc/4. The synchronize control bit TLSYNC
(TLCON<2>) has no effect since the internal clock is
always in sync.

Timerl Operation in Timer Mode

8.2 Timerl Operation in Synchronized

Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode the timer increments on every rising edge of
clock input on pin RC1/T10SI when bit TLOSCEN is
set or pin RCO/TLOSO/T1CKI when bit TLOSCEN is
cleared.

If TLSYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The pres-
caler is an asynchronous ripple-counter.

In this configuration, during SLEEP mode, Timerl will
not increment even if the external clock is present,
since the synchronization circuit is shut off. The pres-
caler however will continue to increment.

FIGURE 8-2: TIMER1 BLOCK DIAGRAM

8.2.1 EXTERNAL CLOCK INPUT TIMING FOR

SYNCHRONIZED COUNTER MODE

When an external clock input is used for Timerl in syn-
chronized counter mode, it must meet certain require-
ments. The external clock requirement is due to
internal phase clock (Tosc) synchronization. Also, there
is a delay in the actual incrementing of TMR1 after syn-
chronization.

When the prescaler is 1:1, the external clock input is
the same as the prescaler output. The synchronization
of T1CKI with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for T1CKI to be high for at least 2Tosc (and
a small RC delay of 20 ns) and low for at least 2Tosc
(and a small RC delay of 20 ns). Refer to the appropri-
ate electrical specifications, parameters 45, 46, and 47.

When a prescaler other than 1:1 is used, the external
clock input is divided by the asynchronous rip-
ple-counter type prescaler so that the prescaler output
is symmetrical. In order for the external clock to meet
the sampling requirement, the ripple-counter must be
taken into account. Therefore, it is necessary for T1CKI
to have a period of at least 4Tosc (and a small RC delay
of 40 ns) divided by the prescaler value. The only
requirement on T1CKI high and low time is that they do
not violate the minimum pulse width requirements of
10 ns). Refer to the appropriate electrical specifica-
tions, parameters 40, 42, 45, 46, and 47.

Set flag bit
TMR1IF on
Overflow 0| Synchronized
TMR1 clock input
TMR1H | TMR1L .
1|-—
TMR1ON
------- . on/off T1SYNC
, T10sC !
RCO/T10SO/T1CKI K} * * % 1 -
! Synchronize
) | Prescaler ||
T10SCEN  Fosc/4 1,2,4,8 A det
gna_ll)llet () Internal—j0 } I
RC1/T10SI scillator
Clock 2 SLEEP input
ot T1CKPS1:T1CKPSO
TMR1CS
Note 1: When the TLOSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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FIGURE 11-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

RMW-0 RMW-0 RM-0 RMW-O RMW-0 RMW-0 RMW-O0 RMW-0
| weoL | sspov | ssPEN | ckp | ssPM3 | ssPM2 | ssPM1 | sSPMO | | R = Readable bit

bit7 bito | W = Writable bit _
U = Unimplemented bit,
read as ‘0’

- n =Value at POR reset

bit 7: WCOL: Write Collision Detect bit
1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)
0 = No collision

bit 6: SSPOV: Receive Overflow Indicator bit

In SPI mode

1 =Anew byte is received while the SSPBUF register is still holding the previous data. In case of overflow,
the data in SSPSR is lost. Overflow can only occur in slave mode. The user must read the SSPBUF, even
if only transmitting data, to avoid setting overflow. In master mode the overflow bit is not set since each
new reception (and transmission) is initiated by writing to the SSPBUF register.

0 = No overflow

In 12C mode

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV is a "don’t care”
in transmit mode. SSPOV must be cleared in software in either mode.

0 = No overflow

bit 5: SSPEN: Synchronous Serial Port Enable bit

In SPI mode
1 = Enables serial port and configures SCK, SDO, and SDI as serial port pins
0 = Disables serial port and configures these pins as I/O port pins

In 12C mode

1 = Enables the serial port and configures the SDA and SCL pins as serial port pins

0 = Disables serial port and configures these pins as I/O port pins

In both modes, when enabled, these pins must be properly configured as input or output.

bit 4: CKP: Clock Polarity Select bit
In SPI mode
1 = Idle state for clock is a high level
0 = Idle state for clock is a low level
In I2C mode
SCK release control
1 = Enable clock
0 = Holds clock low (clock stretch) (Used to ensure data setup time)

bit 3-0: SSPM3:SSPMO: Synchronous Serial Port Mode Select bits
0000 = SPI master mode, clock = Fosc/4
0001 = SPI master mode, clock = Fosc/16
0010 = SPI master mode, clock = Fosc/64
0011 = SPI master mode, clock = TMR2 output/2
0100 = SPI slave mode, clock = SCK pin. SS pin control enabled.
0101 = SPI slave mode, clock = SCK pin. SS pin control disabled. SS can be used as /O pin
0110 = 12C slave mode, 7-bit address
0111 = I2C slave mode, 10-bit address
1011 = I°C Firmware controlled master mode (slave idle)
1110 = I1°C slave mode, 7-bit address with start and stop bit interrupts enabled
1111 = I2C slave mode, 10-bit address with start and stop bit interrupts enabled
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11.3  SSP I2C Operation

The SSP module in 1°C mode fully implements all slave
functions, except general call support, and provides
interrupts on start and stop bits in hardware to facilitate
firmware implementations of the master functions. The
SSP module implements the standard mode specifica-
tions as well as 7-bit and 10-bit addressing. Two pins
are used for data transfer. These are the RC3/SCK/SCL
pin, which is the clock (SCL), and the RC4/SDI/SDA
pin, which is the data (SDA). The user must configure
these pins as inputs or outputs through the
TRISC<4:3> bits. The SSP module functions are
enabled by setting SSP Enable bit SSPEN (SSP-
CON<5>).

FIGURE 11-18: SSP BLOCK DIAGRAM
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SDA A
| Match detect |—> Addr Match

h

| ssPaDDreg |

Start and Set, Reset

Stop bit detect [ S, P bits
(SSPSTAT reg)

The SSP module has five registers for 1°C operation.
These are the:

« SSP Control Register (SSPCON)

« SSP Status Register (SSPSTAT)

» Serial Receive/Transmit Buffer (SSPBUF)

* SSP Shift Register (SSPSR) - Not directly acces-
sible

* SSP Address Register (SSPADD)

The SSPCON register allows control of the 12C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following 12C modes to be selected:

« I12C Slave mode (7-bit address)
« I12C Slave mode (10-bit address)
« 12C Slave mode (7-bit address), with start and
stop bit interrupts enabled
« 12C Slave mode (10-bit address), with start and
stop bit interrupts enabled
« I12C Firmware controlled Master Mode, slave is
idle
Selection of any 12C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits.

The SSPSTAT register gives the status of the data
transfer. This information includes detection of a START
or STOP hit, specifies if the received byte was data or
address if the next byte is the completion of 10-bit
address, and if this will be a read or write data transfer.
The SSPSTAT register is read only.

The SSPBUF is the register to which transfer data is
written to or read from. The SSPSR register shifts the
data in or out of the device. In receive operations, the
SSPBUF and SSPSR create a doubled buffered
receiver. This allows reception of the next byte to begin
before reading the last byte of received data. When the
complete byte is received, it is transferred to the
SSPBUF register and flag bit SSPIF is set. If another
complete byte is received before the SSPBUF register
is read, a receiver overflow has occurred and bit
SSPOV (SSPCON<6>) is set and the byte in the
SSPSR is lost.

The SSPADD register holds the slave address. In 10-bit
mode, the user needs to write the high byte of the
address (1111 0 A9 A8 0). Following the high byte
address match, the low byte of the address needs to be
loaded (A7:A0).

0 1997 Microchip Technology Inc.
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11.3.1.3 TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will be
sent on the ninth bit, and pin RC3/SCK/SCL is held low.
The transmit data must be loaded into the SSPBUF
register, which also loads the SSPSR register. Then pin
RC3/SCK/SCL should be enabled by setting bit CKP
(SSPCON<4>). The master must monitor the SCL pin
prior to asserting another clock pulse. The slave
devices may be holding off the master by stretching the
clock. The eight data bits are shifted out on the falling
edge of the SCL input. This ensures that the SDA signal
is valid during the SCL high time (Figure 11-20).

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF must be cleared in software, and
the SSPSTAT register is used to determine the status of
the byte. Flag bit SSPIF is set on the falling edge of the
ninth clock pulse.

As a slave-transmitter, the ACK pulse from the mas-
ter-receiver is latched on the rising edge of the ninth
SCL input pulse. If the SDA line was high (not ACK),
then the data transfer is complete. When the ACK is
latched by the slave, the slave logic is reset and the
slave then monitors for another occurrence of the
START bit. If the SDA line was low (ACK), the transmit
data must be loaded into the SSPBUF register, which
also loads the SSPSR register. Then pin
RC3/SCK/SCL should be enabled by setting bit CKP.

FIGURE 11-20: I2C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

- Receiving Address R/W = 1

soA T\ /ATXAGX A5 A A Y A2 )(AD)

SCL

' Datain
+ sampled

SSPIF (PIR1<3>)

BF (SSPSTAT<0>)

SCL held Iow \\
while CPU
responds to SSPIF

-—— cleared in software

b

CKP (SSPCON<4>)

}_From Ssp interrupt
SSPBUF is written in software [ service rputme

Set bit after writing to SSPBUF
(the SSPBUF must be written-to
before the CKP bit can be set)
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FIGURE 12-3: A/D BLOCK DIAGRAM
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12.5 A/D Operation During Sleep

The A/D module can operate during SLEEP mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCSO = 11). When the RC clock source is
selected, the A/D module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed, which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed the GO/DONE bit will be cleared, and
the result loaded into the ADRES register. If the A/D
interrupt is enabled, the device will wake-up from
SLEERP  If the A/D interrupt is not enabled, the A/D mod-
ule will then be turned off, although the ADON bit will
remain set.

When the A/D clock source is another clock option (not
RC), a SLEEP instruction will cause the present conver-
sion to be aborted and the A/D module to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.

Note: For the A/D module to operate in SLEEP,
the A/D clock source must be set to RC
(ADCS1:ADCSO0 = 11). To perform an A/D
conversion in SLEEP, ensure the SLEEP
instruction immediately follows the instruc-
tion that sets the GO/DONE bit.

12.6  A/D Accuracy/Error

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 VDD
diverges from VREF.

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 quanti-
zation error is to increase the resolution of the A/D
converter.

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 £ 1 pA.

In systems where the device frequency is low, use of
the A/D RC clock is preferred. At moderate to high fre-
quencies, TAD should be derived from the device oscil-
lator. TAD must not violate the minimum and should be
< 8 ps for preferred operation. This is because TAD,
when derived from Tosc, is kept away from on-chip
phase clock transitions. This reduces, to a large extent,
the effects of digital switching noise. This is not possible
with the RC derived clock. The loss of accuracy due to
digital switching noise can be significant if many 1/O
pins are active.

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.

12.7 Effects of a RESET

A device reset forces all registers to their reset state.
This forces the A/D module to be turned off, and any
conversion is aborted.

The value that is in the ADRES register is not modified
for a Power-on Reset. The ADRES register will contain
unknown data after a Power-on Reset.
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FIGURE 13-4: WAVEFORMS IN STATIC DRIVE
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13.1 LCDTiming

The LCD module has 3 possible clock source inputs
and supports static, 1/2, 1/3, and 1/4 multiplexing.

13.1.1 TIMING CLOCK SOURCE SELECTION

The clock sources for the LCD timing generation are:

¢ Internal RC oscillator
* Timerl oscillator
» System clock divided by 256

The first timing source is an internal RC oscillator which
runs at a nominal frequency of 14 kHz. This oscillator
provides a lower speed clock which may be used to
continue running the LCD while the processor is in
sleep. The RC oscillator will power-down when it is not
selected or when the LCD module is disabled.

FIGURE 13-8: LCD CLOCK GENERATION

The second source is the Timerl external oscillator.
This oscillator provides a lower speed clock which may
be used to continue running the LCD while the proces-
sor is in sleep. It is assumed that the frequency pro-
vided on this oscillator will be 32 kHz. To use the
Timerl oscillator as a LCD module clock source, it is
only necessary to set the TLOSCEN (T1CON<3>) bhit.

The third source is the system clock divided by 256.
This divider ratio is chosen to provide about 32 kHz
output when the external oscillator is 8 MHz. The
divider is not programmable. Instead the LCDPS regis-
ter is used to set the LCD frame clock rate.

All of the clock sources are selected with bits CS1:CS0
(LCDCON<3:2>). Refer to Figure 13-1 for details of the
register programming.

Fosc

TMR1 32 kHz
crystal oscillator

12

Static

Internal RC oscillator 1/3 ar
Nominal Frc = 14 kHz 1/4
T T | LCDPS<3:0> | LMUX1:LMUXO
CS1:CS0 LMUX1:LMUX0 %
internal
data bus

CcoM1
COM2

——— COM3

o
=
O
O

+32 '+1,2,3,4
Ring Counter

4-bit Programmable
Prescaler
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13.5 Voltage Generation

There are two methods for LCD voltage generation,
internal charge pump, or external resistor ladder.

1351 CHARGE PUMP

The LCD charge pump is shown in Figure 13-13. The
1.0V - 2.3V regulator will establish a stable base volt-
age from the varying battery voltage. This regulator is
adjustable through the range by connecting a variable
external resistor from VLCDADJ to ground. The poten-
tiometer provides contrast adjustment for the LCD. This
base voltage is connected to Vicpl on the charge
pump. The charge pump boosts Vicpl into Vicp2 =

2*Viepl and Viep3 = 3 * Vicpl. When the charge pump
is not operating, Vlcd3 will be internally tied to Vob. See
the Electrical Specifications section for charge pump
capacitor and potentiometer values.

13.5.2 EXTERNAL R-LADDER

The LCD module can also use an external resistor lad-
der (R-Ladder) to generate the LCD voltages.
Figure 13-13 shows external connections for static and
1/3 bias. The VGEN (LCDCON<4>) bit must be cleared
to use an external R-Ladder.

FIGURE 13-13:CHARGE PUMP AND RESISTOR LADDER

VbD

10 pA
nominal

Charge Pump

— LCDEN
—— SLPEN

L (| — — — — — —_— = —_— =
Y VLCDADJ J‘VLCD:‘; ‘} Vicp2

1 —— T
Vicpl C1l yC2

L L L
100k* 0.47 pF* 0.47 pF* 0.47 pF* Connections for
130Kk* {9 il} il} 0 . internal charge
ATHFE oump, VGEN = 1
l Connections for
l AVAVA l AVAVA ° external R-ladder,
10k* 10k* 10k* 5k* L Bas
VDD VGEN =0
l l l l Connections for
—AN\N\—s8 o external R-ladder,
T 10k* Static Bias,
VDD 5k* VGEN =0

* These values are provided for design guidance only and should be
optimized to the application by the designer.
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14.0 SPECIAL FEATURES OF THE
CPU

What sets a microcontroller apart from other proces-
sors are special circuits to deal with the needs of
real-time applications. The PIC16CXXX family has a
host of such features intended to maximize system reli-
ability, minimize cost through elimination of external
components, provide power saving operating modes
and offer code protection. These are:
* Oscillator selection
* Reset

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)
¢ Interrupts
e Watchdog Timer (WDT)
e SLEEP
» Code protection
 ID locations
« In-circuit serial programming
The PIC16CXXX has a Watchdog Timer which can be
shut off only through configuration bits. It runs off its

own RC oscillator for added reliability. There are two
timers that offer necessary delays on power-up. One is

FIGURE 14-1: CONFIGURATION WORD

the Oscillator Start-up Timer (OST), intended to keep
the chip in reset until the crystal oscillator is stable. The
other is the Power-up Timer (PWRT), which provides a
fixed delay of 72 ms (nominal) on power-up only,
designed to keep the part in reset while the power sup-
ply stabilizes. With these two timers on-chip, most
applications need no external reset circuitry.

SLEEP mode is designed to offer a very low current
power-down mode. The user can wake-up from SLEEP
through external reset, Watchdog Timer Wake-up or
through an interrupt. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

14.1 Configuration Bits

The configuration bits can be programmed (read as '0’)
or left unprogrammed (read as 'l") to select various
device configurations. These bits are mapped in pro-
gram memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space. In fact, it belongs to the
special test/configuration memory space (2000h -
3FFFh), which can be accessed only during program-
ming.

| CP1 | CPO | CP1 | CPO | CP1 | CPO | — | — | CP1 | CPO |PWRTE|WDTE|FOSC1|FOSCO|

Register: CONFIG

bit13

bit 13-8 CP1:CP0 Code protection bits (1)
5-4: 11 = Code protection off
10 = Upper half of program memory code protected
01 = Upper 3/4 of program memory code protected
00 = All memory is code protected
bit 6: Unimplemented: Read as '1'

bit 3: PWRTE: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled

bit 2: WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 =WDT disabled

bit 1-0: FOSCL1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Note 1: All of the CP1:CPO bits have to be given the same value to enable the code protection scheme listed.

bito Address 2007h
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1451 INT INTERRUPT

External interrupt on RBO/INT pin is edge triggered:
either rising if bit INTEDG (OPTION<6>) is set, or fall-
ing, if the INTEDG bit is clear. When a valid edge
appears on the RBO/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be disabled by
clearing enable bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software in the interrupt service rou-
tine before re-enabling this interrupt. The INT interrupt
can wake-up the processor from SLEERP, if bit INTE was
set prior to going into SLEEP. The status of global inter-
rupt enable bit GIE decides whether or not the proces-
sor branches to the interrupt vector following wake-up.
See Section 14.8 for details on SLEEP mode.

1452 TMRO INTERRUPT

An overflow (FFh - 00h) in the TMRO register will set
flag bit TOIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit TOIE
(INTCON<5>). (Section 7.0)

145.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<4>).
(Section 5.2)

14.6 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt i.e., W register and STATUS
register. This will have to be implemented in software.

Example 14-1 stores and restores the STATUS, W, and
PCLATH registers. The register, W_TEMP, must be
defined in each bank and must be defined at the same
offset from the bank base address (i.e., if W_TEMP is
defined at 0x20 in bank 0, it must also be defined at
0xAO0 in bank 1).

The example:

a) Stores the W register.

b) Stores the STATUS register in bank 0.

c) Stores the PCLATH register.

d) Executes the ISR code.

e) Restores the STATUS register (and bank select
bit).

f) Restores the W and PCLATH registers.

EXAMPLE 14-1: SAVING STATUS, W, AND PCLATH REGISTERS IN RAM

MOWNF W TEMP ; Copy Wto TEMP regi ster, could be bank one or zero
SWAPF STATUS, W ; Swap status to be saved into W

CLRF STATUS ;bank 0, regardl ess of current bank, dears |RP, RP1, RPO
MOWNF STATUS TEMP ; Save status to bank zero STATUS TEMP regi ster

MOVF PCLATH, W ;Only required if using pages 1, 2 and/or 3

MOWNF PCLATH TEMP ; Save PCLATH into W

CLRF PCLATH ; Page zero, regardl ess of current page

BCF STATUS, | RP ;Return to Bank O

MOVF FSR W
MOWNF FSR_TEMP

MOV PCLATH TEMP, W ; Restore PCLATH
: Move Winto PCLATH

MOWNF PCLATH

;Copy FSRto W
; Copy FSR fromWto FSR TEMP

SWAPF STATUS TEMP, W ; Snap STATUS TEMP register into W
;(sets bank to original state)

MOAWE  STATUS
SWAPF  WTEMP, F
SWAPF  WTEMP, W

; Swap W TEMP

; Move Winto STATUS register

; Snap WTEMP into W
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14.7 Watchdog Timer (WDT)

The Watchdog Timer is as a free running on-chip RC
oscillator which does not require any external compo-
nents. This RC oscillator is separate from the RC oscil-
lator of the OSC1/CLKIN pin. That means that the WDT
will run, even if the clock on the OSC1/CLKIN and
OSC2/CLKOUT pins of the device has been stopped,
for example, by execution of a SLEEP instruction. Dur-
ing normal operation, a WDT time-out generates a
device RESET (Watchdog Timer Reset). If the device is
in SLEEP mode, a WDT time-out causes the device to
wake-up and continue with normal operation (Watch-
dog Timer Wake-up). The WDT can be permanently
disabled by clearing configuration bit WDTE
(Section 14.1).

14.7.1 'WDT PERIOD

The WDT has a nominal time-out period of 18 ms, (with
no prescaler). The time-out periods vary with tempera-
ture, VDD and process variations from part to part (see
DC specs). If longer time-out periods are desired, a
prescaler with a division ratio of up to 1:128 can be

FIGURE 14-16:WATCHDOG TIMER BLOCK DIAGRAM

assigned to the WDT under software control by writing
to the OPTION register. Thus, time-out periods up to
2.3 seconds can be realized.

The CLRWDT and SLEEP instructions clear the WDT
and the postscaler, if assigned to the WDT, and prevent
it from timing out and generating a device RESET con-
dition.

The TO bit in the STATUS register will be cleared upon
a Watchdog Timer time-out.

14.7.2 WDT PROGRAMMING CONSIDERATIONS

It should also be taken into account that under worst
case conditions (VbD = Min., Temperature = Max., and
max. WDT prescaler) it may take several seconds
before a WDT time-out occurs.

Note: When a CLRADT instruction is executed
and the prescaler is assigned to the WDT,
the prescaler count will be cleared, but the
prescaler assignment is not changed.

(Figure 7-6)
[ o

1 M

; U
WDT Timer

X

WtT PSA

Enable Bit

From TMRO Clock Source

Postscaler

){8

8-t0-1MUX |—-®— PS2:PSO

o——m To TMRO (Figure 7-6)

Note: PSA and PS2:PS0 are bits in the OPTION register.

o* yl
MUX  |-=— PSA

!

WDT
Time-out

FIGURE 14-17:SUMMARY OF WATCHDOG TIMER REGISTERS

Address Name Bit 7 Bit 6 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
2007h Config. bits (1) (1) cpo | PWRTE® | WDTE | FOSC1 | FOSCO
81h, 181h | OPTION RBPU INTEDG TOCS | TOSE PSA PS2 PS1 PSO

Legend: Shaded cells are not used by the Watchdog Timer.

Note 1: See Figure 14-1 for operation of these bits.
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15.1 Instruction Descriptions
ADDLW Add Literal and W ADDWF Add W and f
Syntax: [label] ADDLW k Syntax: [labell] ADDWF f,d
Operands: O0<k<255 Operands: 0<f<127
. d [00,1]
Operation: W)+k - (W)
Operation: (W) + (f) —» (destination)
Status Affected: C,DC, Z
Encoding: | 1 | 111x | KKKk | KKKk Status Affected: C,DC, Z
Encoding: | 00 | 0111 | df f f | fEf |
Description: The contents of the W register are
added to the eight bit literal 'k’ and the Description: Add the contents of the W register with
result is placed in the W register. register 'f'. If 'd" is O the result is stored
) in the W register. If 'd' is 1 the result is
Words: 1 stored back in register 'f'.
Cycles: 1 Words: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Cycles: 1
Decode Read Process | Write to ..
literal 'k' data {N Q CyCIe Activity: Q1 Q2 Q3 Q4
Decode Read Process Write to
register data destination
Before Instruction
W = 0x10 Examp'e ADDWF FSR, 0
After Instruction )
W =  0x25 Before Instruction
W = 0x17
FSR=  0xC2
After Instruction
W = 0xD9
FSR=  0xC2
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FIGURE 17-5: RESET,WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP TIMER

TIMING
. ¢
' Y
VDD ’
Z ¢
' 2
MCLR / \ /
Internal :4_ 30 =, ()()
POR | .
:4— 33— X (>(>
_PWRT ! X
Time-out ' 32 :
:4—». «
osc : : ”
Time-out X
1 «
Internal : . 7
RESET \
Watchdog . . ()()
Timer ' ! '
RESET ! . !
\ . ' 31 ] .
— 34 ! 34 -
1/0 Pins > )

Refer to Figure 17-2 for load conditions.

TABLE 17-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP TIMER
REQUIREMENTS

Parameter Sym | Characteristic Min Typt Max | Units Conditions

No.

30 TmcL | MCLR Pulse Width (low) 2 — — us

31* Twdt | Watchdog Timer Time-out Period 7 18 33 ms | VDD =5V, -40°C to +85°C
(No Prescaler)

32 Tost | Oscillation Start-up Timer Period — 1024Tosc — — | Tosc = OSC1 period

33* Tpwrt | Power-up Timer Period 28 72 132 ms | VDD =5V, -40°C to +85°C

34 Tioz | O Hi-impedance from MCLR Low | — — 21 s
or Watchdog Timer Reset

These parameters are characterized but not tested.
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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TABLE 17-9: SPI MODE REQUIREMENTS

Param Sym Characteristic Min Typt Max Units | Conditions

No.

70* TssL2scH, SS! to SCK! or SCK1 input Tcy — — ns
TssL2scL

71* TscH SCK input high time (slave Continuous 1.25Tcy + — — ns

mode) 30
71A* Single Byte 40 — — ns
72* TscL SCK input low time (slave Continuous 1.25Tcy + — — ns
mode) 30

T2A* Single Byte 40

73* TdiV2scH, Setup time of SDI data input to SCK edge 50 — — ns
TdiV2scL

74* TscH2diL, Hold time of SDI data input to SCK edge 50 — — ns
TscL2diL

75* TdoR SDO data output rise time — 10 25 ns

76* TdoF SDO data output fall time — 10 25 ns

77* TssH2doZ SSt to SDO output hi-impedance 10 — 50 ns

78* TscR SCK output rise time (master mode) — 10 25 ns

79* TscF SCK output fall time (master mode) — 10 25 ns

80* TscH2doV, SDO data output valid after SCK edge — — 50 ns
TscL2doV

81* TdoV2scH, SDO data output setup to SCK edge Tcy — — ns
TdoV2scL

82* TssL2doV SDO data output valid after SS1 edge — — 50 ns

83* TscH2ssH, SS 1 after SCK edge 1.5Tcy + 40 — — ns
TscL2ssH

84* Th2b Delay between consecutive bytes 1.5Tcy + 40 — — ns

Characterized but not tested.
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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FIGURE 17-14:A/D CONVERSION TIMING

BSF ADCONO, GO 1Tcy:

134—>| |«— (Tosc/2) @ 131 !

-—

Q4

— 130 -—

AD CLK <1325, .

PR GEAD €3 €D €5 € €5 G5 G0 ¢ |
or 1 T
o BN

SAMPLE SAMPLING STOPPED

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.

TABLE 17-13:A/D CONVERSION REQUIREMENTS

Param | Sym [ Characteristic Min Typt Max Units Conditions

No.

130 | TAD |A/D clock period P1C16C924 1.6 — — us | Tosc based, VREF = 3.0V
PIC16LC924 2.0 — — ps | Tosc based, VREF full range
PIC16C924 2.0 4.0 6.0 pus | A/D RC Mode
PIC16LC924 3.0 6.0 9.0 pus | A/D RC Mode

131 | Tenv | Conversion time (not including S/H time) — 9.5 — TAD

(Note 1)
132 | TACQ | Acquisition time Note 2 20 — ps
5* — — ps | The minimum time is the amplifier

settling time. This may be used if
the "new" input voltage has not
changed by more than 1 LSb (i.e.,
20.0 mV @ 5.12V) from the last
sampled voltage (as stated on
CHOLD).

134 | Teo | Q4 to A/D clock start — Tosc/2 § — — | Ifthe A/D clock source is selected
as RC, a time of Tcy is added
before the A/D clock starts. This
allows the SLEEP instruction to be
executed.

135 | Tswc | Switching from convert — sample time 158§ — — TAD

*  These parameters are characterized but not tested.
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
§ This specification ensured by design.
Note 1: ADRES register may be read on the following Tcy cycle.
2: See Section 12.1 for min conditions.
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578.

Please list the following information, and use this outline to provide us with your comments about this Data Sheet.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company
Address
City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -
Application (optional):

Would you like areply? Y N
Device: PIC16C9XX Literature Number: DS30444E

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this data sheet easy to follow? If not, why?

4. What additions to the data sheet do you think would enhance the structure and subject?

5. What deletions from the data sheet could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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