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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

¢ Microchip’s Worldwide Web site; http://www.microchip.com
¢ Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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4.3 Using TimerO with an External

Clock

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI, 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 TOCKI to be high for at least 2 Tosc (and
a small RC delay of 20 ns) and low for at least 2 Tosc
(and a small RC delay of 20 ns). Refer to the electrical
specification of the desired device.

4.4 Prescaler

There is only one prescaler available, which is mutually

Timer0 module means that there is no prescaler for the
Watchdog Timer, and vice-versa. This prescaler is not
readable or writable (see Figure 4-1).

The PSA and PS2:PSO0 bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g., CLRF 1, MOVWF 1,
BSF  1,x...etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the Watchdog Timer. The
prescaler is not readable or writable.

Note:  Writing to TMRO when the prescaler is
assigned to TimerO0, will clear the prescaler

count but will not change the prescaler

exclusively shared between the Timer0 module and the assignment.
Watchdog Timer. A prescaler assignment for the
TABLE 4-1: REGISTERS ASSOCIATED WITH TIMERO

value on Value on
Address Name | Bit7 | Bit6 Bit5 | Bit4 | Bit3 | Bit2 Bit1l | BitO POR. BOR all other

' RESETS

01h,101h |TMRO TimerO Module Register XXXX XXXX|uuuu uuuu
0Bh,8Bh, [INTCON | GIE | PEIE |TMROIE| INTE | RBIE [TMROIF| INTF | RBIF | 0000 000x|0000 000u
10Bh,18Bh
81h,181h [OPTION |RBPU|INTEDG| TOCS | TOSE | PSA PSs2 PS1 | PSO |1111 1111|1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by Timer0.
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5.2

Timer mode is selected by clearing the TMR1CS
(TLCON<1>) bit. 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

5.3

Timerl may operate in Asynchronous or Synchronous
mode, depending on the setting of the TMR1CS bit.

Timerl Counter Operation

When Timerl is being incremented via an external
source, increments occur on a rising edge. After Timerl
is enabled in Counter mode, the module must first have
a falling edge before the counter begins to increment.

FIGURE 5-1: TIMER1 INCREMENTING EDGE

5.4 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 on pin RCO/T10SO/T1CKI when bit TLOSCEN
is cleared.

If TLISYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The
prescaler stage 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
prescaler, however, will continue to increment.

T1CKI
(Default High)

T1CKI

(Default Low)

Note: Arrows indicate counter increments.

FIGURE 5-2: TIMER1 BLOCK DIAGRAM
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Note 1. When the TLOSCEN bit is cleared, the inverter is turned off. This eliminates power drain.
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TABLE 8-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1
. . . . . . . . Value on Value on
Address Name Bit 7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOR all other
’ RESETS
0Bh,8Bh INTCON GIE | PEIE | TMROIE INTE RBIE TMROIF INTF RBIF [0000 000x|0000 000u
10Bh,18Bh
0Ch PIR1 — ADIF — — SSPIF | CCP1IF | TMR2IF | TMR1IF |-0-- 0000|0000 0000
8Ch PIE1 — ADIE — — SSPIE | CCP1IE | TMR2IE | TMRI1IE |-0-- 0000|0000 0000
87h TRISC PORTC Data Direction Register 1111 11111111 1111
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|[uuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX[uuuu uuuu
10h T1CON — | — [r1cKkPs1[TicKkPso |T10SCEN|TISYNC |TMR1CS [TMRION|--00 0000]--uu uuuu
15h CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX|[uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX[uuuu uuuu
17h ccricoN| — | — | cepax | cepiy | ccpims [cepimz|ccpimi|ccPimol--00 0000[--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by Capture and Timer1.
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REGISTER 9-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

R/W-0 R/W-0 R/W-0 R/W-0 RW-0 RMW-0 RMW-0 R/MW-0

WCOL | ssPov | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO

bit 7 bit 0
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 = A new 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 I2C 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/0 port pins

In 1°C 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 1/0O 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 (Microwire® default)
0 = IDLE state for clock is a low level (Microwire alternate)

In I2C mode:

SCK release control

1 = Enable clock

0 = Holds clock low (clock stretch - used to ensure data setup time)

bit 3-0 SSPM<3:0>: 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 I/O pin.
0110 = I2C Slave mode, 7-bit address

0111 = I2C Slave mode, 10-bit address

1011 = I12C firmware controlled Master mode (Slave IDLE)

1110 = I2C Slave mode, 7-bit address with START and STOP bit interrupts enabled
1111 = I2C Slave mode, 10-hit address with START and STOP bit interrupts enabled

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

© 2007 Microchip Technology Inc. DS39597C-page 45
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FIGURE 9-2: SPI MODE TIMING, MASTER MODE
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In 10-bit Address mode, two address bytes need to be
received by the slave device. The five Most Significant
bits (MShbs) 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 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, if match releases SCL line, this
will clear bit UA.

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.

9.3.1.2 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
a no Acknowledge (ACK) pulse is given. An overflow
condition is indicated if either bit BF (SSPSTAT<0>) is
set, or bit SSPOV (SSPCON<6>) is set.

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the byte.

9.3.1.3 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 regis-
ter. Then pin RC3/SCK/SCL should be enabled by set-
ting bit CKP (SSPCON<4>). The master device must
monitor the SCL pin prior to asserting another clock
pulse. The slave devices may be holding off the master
device 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 9-7).

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 master-
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 device, the slave logic is reset (resets
SSPSTAT register) and the slave device 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 reg-
ister. Then, pin RC3/SCK/SCL should be enabled by
setting bit CKP.

TABLE 9-2: DATA TRANSFER RECEIVED BYTE ACTIONS

Status Bits as Data

Transfer is Received _ Set bit SSPIF
BF sspoy | SSPSR — SSPBUF | Generate ACK Pulse | (SSP Interrupt occurs if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 No No Yes

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

© 2007 Microchip Technology Inc.
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9.3.2 MASTER MODE OPERATION

Master mode operation is supported in firmware using
interrupt generation on the detection of the START and
STOP conditions. The STOP (P) and START (S) bits
are cleared from a RESET or when the SSP module is
disabled. The STOP (P) and START (S) bits will toggle,
based on the START and STOP conditions. Control of
the 12C bus may be taken when the P bit is set, or the
bus is IDLE and both the S and P bits are clear.

In Master mode operation, the SCL and SDA lines are
manipulated in firmware by clearing the corresponding
TRISC<4:3> bit(s). The output level is always low, irre-
spective of the value(s) in PORTC<4:3>. So, when
transmitting data, a ‘1’ data bhit must have the
TRISC<4> bit set (input) and a ‘0’ data bit must have
the TRISC<4> bhit cleared (output). The same scenario
is true for the SCL line with the TRISC<3> bit.

The following events will cause the SSP Interrupt Flag
bit, SSPIF, to be set (SSP Interrupt if enabled):

e START condition

e STOP condition

» Data transfer byte transmitted/received

Master mode operation can be done with either the
Slave mode IDLE (SSPM3:SSPMO0 =1011), or with the
Slave mode active. When both Master mode operation

and Slave modes are used, the software needs to
differentiate the source(s) of the interrupt.

For more information on Master mode operation, see
ANS554 - Software Implementation of I2C Bus Master.

9.3.3 MULTI-MASTER MODE OPERATION

In Multi-Master mode operation, the interrupt genera-
tion on the detection of the START and STOP condi-
tions allows the determination of when the bus is free.
The STOP (P) and START (S) bits are cleared from a
RESET or when the SSP module is disabled. The
STOP (P) and START (S) bits will toggle, based on the
START and STOP conditions. Control of the 12C bus
may be taken when bit P (SSPSTAT<4>) is set, or the
bus is IDLE and both the S and P bits clear. When the
bus is busy, enabling the SSP interrupt will generate
the interrupt when the STOP condition occurs.

In Multi-Master mode operation, the SDA line must be
monitored to see if the signal level is the expected out-
put level. This check only needs to be done when a
high level is output. If a high level is expected and a low
level is present, the device needs to release the SDA
and SCL lines (set TRISC<4:3>). There are two stages
where this arbitration can be lost:

¢ Address Transfer
« Data Transfer

When the slave logic is enabled, the Slave device con-
tinues to receive. If arbitration was lost during the
address transfer stage, communication to the device
may be in progress. If addressed, an ACK pulse will be
generated. If arbitration was lost during the data trans-
fer stage, the device will need to retransfer the data at
a later time.

For more information on Multi-Master mode operation,
see AN578 - Use of the SSP Module in the 12C
Multi-Master Environment.

TABLE 9-3: REGISTERS ASSOCIATED WITH 1°C OPERATION
. . . . . . . . Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other
' RESETS
0Bh, 8Bh, [INTCON GIE PEIE | TMROIE | INTE RBIE |TMROIF| INTF RBIF 0000 000x [0000 000u
10Bh,18Bh
oCh PIR1 — ADIF — — SSPIF |CCP1IF [ TMR2IF [ TMR1IF| -0-- 0000 (0000 0000
8Ch PIE1 — ADIE — — SSPIE |CCP1IE|TMR2IE|TMR1IE| -0-- 0000 |0000 0000
13h SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX [uuuu uuuu
93h SSPADD |Synchronous Serial Port (I12C mode) Address Register 0000 0000 |0000 0000
14h SSPCON | WCOL |SSPOV | SSPEN CKP [SSPM3|SSPM2 | SSPM1 | SSPMO | 0000 0000 |0000 0000
94h SSPSTAT| smP® | cke® |  D/A P S R/W UA BF | 0000 0000 {0000 0000
87h TRISC PORTC Data Direction Register 1111 1111 |1111 1111
Legend: x =unknown, u = unchanged, - = unimplemented locations read as ‘0.

Shaded cells are not used by SSP module in SPI mode.

Note 1: Maintain these bits clear in 12C mode.

© 2007 Microchip Technology Inc.
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10.1

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 10-2. The
source impedance (Rs) and the internal sampling
switch (Rss) impedance directly affect the time
required to charge the capacitor CHoLD. The sampling
switch (Rss) impedance varies over the device voltage
(VpD). The source impedance affects the offset voltage
at the analog input (due to pin leakage current).

A/D Acquisition Requirements

The maximum recommended impedance for ana-
log sources is 10 kQ. After the analog input channel is
selected (changed), this acquisition must be done
before the conversion can be started.

To calculate the minimum acquisition time, TACQ, see
the PIC™ Mid-Range MCU Reference Manual,
(DS33023). In general, however, given a max of 10 kQ
and at a temperature of 100°C, TAcQ will be no more
than 16 ps.

10.2 Selecting the A/D Conversion

Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 9.0 TAD per 8-bit conversion.
The source of the A/D conversion clock is software
selectable. The four possible options for TAD are:

» 2Tosc

e 8 Tosc

e 32 Tosc

« Internal RC oscillator (2 - 6 us)
For correct A/D conversions, the A/D conversion clock
(TaD) must be selected to ensure a minimum TAD time

as small as possible, but no less than 1.6 us and not
greater than 6.4 ps.

Table 10-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

10.3

The ADCONL1, and TRISA registers control the opera-
tion of the A/D port pins. The port pins that are desired
as analog inputs must have their corresponding TRIS
bits set (input). If the TRIS bit is cleared (output), the
digital output level (VoH or VoL) will be converted.

Configuring Analog Port Pins

The A/D operation is independent of the state of the
CHS<2:0> bits and the TRIS bits.

Note 1: When reading the port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs, will convert an
analog input. Analog levels on a digitally
configured input will not affect the
conversion accuracy.

2: Analog levels on any pin that is defined as
a digital input (including the AN4:ANO
pins), may cause the input buffer to
consume current out of the device
specification.

10.4 A/D Conversions

The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

Note:

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The ADRES register will
NOT be updated with the partially completed A/D con-
version sample. That is, the ADRES register will con-
tinue to contain the value of the last completed
conversion (or the last value written to the ADRES reg-
ister). After the A/D conversion is aborted, a 2 TAD wait
is required before the next acquisition is started. After
this 2 TAD wait, an acquisition is automatically started
on the selected channel. The GO/DONE bit can then
be set to start the conversion.

TABLE 10-1: Tabpvs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))
AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS<1:0> Max.
2 Tosc 00 1.25 MHz
8 Tosc 01 5 MHz
32 Tosc 10 20 MHz
rRc® 2 11 (Note 1)

Note 1: The RC source has a typical TAD time of 4 us, but can vary between 2-6 ps.
2. When the device frequencies are greater than 1 MHz, the RC A/D conversion clock source is only

recommended for SLEEP operation.
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NOTES:
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TABLE 11-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR (FOR
DESIGN GUIDANCE ONLY)

Typical Capacitor Values
Osc Type C'r:)r/:;m Tested:
C1 C2

LP 32 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF

XT 200 kHz 56 pF 56 pF
1 MHz 15 pF 15 pF

4 MHz 15 pF 15 pF

HS 4 MHz 15 pF 15 pF
8 MHz 15 pF 15 pF

20 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
were not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes following this table for additional
information.

Note 1: Higher capacitance increases the stability
of oscillator, but also increases the
start-up time.

2: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appro-
priate values of external components.

3: Rs may be required in HS mode, as well
as XT mode, to avoid overdriving crystals
with low drive level specification.

4: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

11.2.3 RC OSCILLATOR

For timing insensitive applications, the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (RexT) and capacitor (CEXT) values, and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CexT values. The user also needs to take into account
variation due to tolerance of external R and C com-
ponents used. Figure 11-3 shows how the R/C
combination is connected to the PIC16F72.

FIGURE 11-3: RC OSCILLATOR MODE

VDD

REXT
o0sc1 | Internal

j_ * A\ Clock
CEXTI lj PIC16F72
Vss = =

~%+— OSC2/CLKO
Fosc/4
Recommended values: 3 kQ < REXT <100 kQ
CEXT > 20 pF

11.3 RESET

The PIC16F72 differentiates between various kinds of
RESET:

* Power-on Reset (POR)

« MCLR Reset during normal operation
« MCLR Reset during SLEEP

« WDT Reset (during normal operation)
« WDT Wake-up (during SLEEP)

* Brown-out Reset (BOR)

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 reset to a
“RESET state” on Power-on Reset (POR), on the
MCLR and WDT Reset, on MCLR Reset during
SLEEP, and Brown-out Reset (BOR). They are not
affected by a WDT Wake-up, which is viewed as the
resumption of normal operation. The TO and PD bits
are set or cleared differently in different RESET situa-
tions, as indicated in Table 11-4. These bits are used in
software to determine the nature of the RESET. See
Table 11-6 for a full description of RESET states of all
registers.

A simplified block diagram of the on-chip RESET circuit
is shown in Figure 11-4.
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11.13 Watchdog Timer (WDT)

The Watchdog Timer is a free running, on-chip RC
oscillator that does not require any external compo-
nents. This RC oscillator is separate from the RC oscil-
lator of the OSC1/CLKI pin. That means that the WDT
will run, even if the clock on the OSC1/CLKI and OSC2/
CLKO pins of the device has been stopped, for
example, by execution of a SLEEP instruction.

During 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 (Watchdog
Timer Wake-up). The TO bit in the STATUS register will
be cleared upon a Watchdog Timer time-out.

The WDT can be permanently disabled by clearing
configuration bit WDTEN (see Section 11.1).

WDT time-out period values may be found in the Elec-
trical Specifications section under parameter #31. Val-
ues for the WDT prescaler (actually a postscaler, but
shared with the TimerQO prescaler) may be assigned
using the OPTION register.

Note 1: 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 condition.

2: When a CLRWDT 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 11-11: WATCHDOG TIMER BLOCK DIAGRAM
From TMRO Clock Source
(Figure 4-1)
[ o
1| ™ | — Postscaler
; U
WDT Timer X /{V/ 5
% * 8-to-1MUX |-®— PS2:PSO
WDT PSA
Enable Bit
&——» To TMRO (Figure 4-1)
0 * | A

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

MUX -4— PSA

v

WDT
Time-out

TABLE 11-7: SUMMARY OF WATCHDOG TIMER REGISTERS

Address Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
2007h Config. bits (1) |[BOREN®D| — cp |PWRTEN® | WDTEN | 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 Register 11-1 for operation of these bits.
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COMF Complement f

Syntax: [label] COMF fd

Operands: 0<f<127
de [0,1]

Operation: (f) — (destination)

Status Affected: Z

Description: The contents of register ‘f’ are
complemented. If ‘d’ = ‘0, the
result is stored in W. If ‘'d’ = ‘1’, the
result is stored back in register ‘f'.

DECF Decrement f

Syntax: [label] DECF fd

Operands: 0<f<127
d e [0,1]

Operation: (f) - 1 — (destination)

Status Affected: Z

Description: Decrement register ‘f'. If ‘d’ = ‘0,
the result is stored in the W
register. If ‘d’ ='1’, the result is
stored back in register ‘f".

DECFSZ Decrement f, Skip if O

Syntax: [label] DECFSz f.d

Operands: 0<f<127
de [0,1]

Operation: (f) - 1 — (destination);
skip if result =0

Status Affected: None

Description: The contents of register ‘f’ are

decremented. If ‘d’ = ‘0’, the result
is placed in the W register. If

‘d’ =1, the result is placed back
in register ‘f'.

If the result is ‘1", the next instruc-
tion is executed. If the result is ‘0’,
then a NOP is executed instead,
making it a 2 Tcy instruction.

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0<k<2047

Operation: k - PC<10:0>
PCLATH<4:3> —» PC<12:11>

Status Affected: None

Description: GOTO is an unconditional branch.
The eleven-bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH<4:3>. GOTO is a
two-cycle instruction.

INCF Increment f

Syntax: [label] INCF fd

Operands: 0<f<127
de [0,1]

Operation: (f) + 1 — (destination)

Status Affected: Z

Description: The contents of register ‘f’ are
incremented. If ‘d’ = ‘0’, the result
is placed in the W register. If
‘d’ =1’, the result is placed back
in register ‘f'.

INCFSZ Increment f, Skip if 0

Syntax: [label] INCFSz fd

Operands: 0<f<127
d e [0,1]

Operation: () + 1 — (destination),
skip if result =0

Status Affected: None

Description: The contents of register ‘f’ are

incremented. If ‘d’ = ‘0’, the result
is placed in the W register. If

‘d’ =1’, the result is placed back

in register ‘f’.

If the result is ‘1’, the next instruc-
tion is executed. If the result is ‘0’,
aNOP is executed instead, making
it a 2 Tcy instruction.

© 2007 Microchip Technology Inc.
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FIGURE 14-1: PIC16F72 (INDUSTRIAL, EXTENDED) VOLTAGE-FREQUENCY GRAPH
6.0V
5.5V
5.0V

o 45V

g 4ov | .

9 35Vt : :
3.0V—+ | |
2.5V | |
2.0V | |

| |
| |
: |
16 MHz 20 MHz
Frequency
FIGURE 14-2: PIC16LF72 (INDUSTRIAL) VOLTAGE-FREQUENCY GRAPH
6.0V
5.5V
5.0V
o 45V-
g 4.0V
o i
S 35v
3.0V
2.5V - :
2.0V - |
| |
| |
| |
| |

4 MHz 10 MHz

Frequency

FMAX = (12 MHz/V) (VDDAPPMIN - 2.5V) + 4 MHz
Note 1: VDDAPPMIN is the minimum voltage of the PIC® device in the application.
2: FMAX has a maximum frequency of 10 MHz.
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14.2 DC Characteristics: PIC16F72 (Industrial, Extended)
PIC16LF72 (Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < Ta £ +85°C for industrial
DC CHARACTERISTICS -40°C < TA < +125°C for extended
Operating voltage VDD range as described in DC Specification,
Section 14.1.
P;a\lrc?-m Sym Characteristic Min Typt| Max |Units Conditions
VIL Input Low Voltage
I/O ports
D030 with TTL buffer Vss — 10.15VDD| V |For entire VDD range
DO030A Vss — 0.8V V |45V <VDD<5.5V
D031 with Schmitt Trigger buffer Vss — | 02VDD | V
D032 MCLR, OSC1 (in RC mode) Vss — | 02VDD | V
D033 OSCL1 (in XT and LP mode) Vss — 0.3V V |(Note 1)
OSCl1 (in HS mode) Vss — [ 03VvbD| V [(Notel)
VIH Input High Voltage
I/O ports
D040 with TTL buffer 2.0 — VDD V |45V <VDD<5.5V
DO40A 0.25VvDD +0.8V| — VDD V  |For entire VDD range
D041 with Schmitt Trigger buffer 0.8 VbD — VDD V  |For entire VDD range
D042 MCLR 0.8 VDD — VDD \Y,
DO42A OSCl1 (in XT and LP mode) 1.6V — VDD V  |(Note 1)
OSCl1 (in HS mode) 0.7 VbD — VDD V  |(Note 1)
D043 OSC1 (in RC mode) 0.9 VbD — VDD \Y,
D070 |IpurB |PORTB Weak Pull-up Current 50 250 400 UA |VDD =5V, VPIN = Vss
I Input Leakage Current (Notes 2, 3)
D060 I/O ports — — +1 LA |Vss < VPIN £ VDD, Pin at
hi-impedance
D061 MCLR, RA4/TOCKI — — +5 LA [Vss < VPIN < VDD
D063 OSC1 — — +5 LA |Vss < VPIN < VDD, XT, HS
and LP osc configuration

These parameters are characterized but not tested.

t Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.

Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the

PIC16F72 be driven with external clock in RC mode.

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

3: Negative current is defined as current sourced by the pin.
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TABLE 14-7:  12C BUS START/STOP BITS REQUIREMENTS
Pilrgm Symbol Characteristic Min | Typ | Max | Units Conditions
90* Tsu:STA  |START condition [100 kHz mode [4700| — | — ns |Only relevant for Repeated
Setup time 400 kHz mode | 600 | — | — START condition
91* THD:STA  |START condition |100 kHz mode (4000 — | — ns |After this period, the first clock
Hold time 400 kHz mode | 600 | — | — pulse is generated
92* Tsu:sto |STOP condition |100 kHz mode (4700 — | — ns
Setup time 400 kHz mode | 600 | — | —
93 THD:STO |STOP condition |100 kHz mode |[4000| — | — ns
Hold time 400 kHz mode 600 | — | —
*  These parameters are characterized but not tested.
FIGURE 14-15: I2C BUS DATA TIMING
1031 - e 100y . — - 102

SDA
Out

Note: Refer to Figure 14-3 for load conditions.
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FIGURE 15-13: TYPICAL, MINIMUM AND MAXIMUM WDT PERIOD vs. VDD (-40°C TO +125°C)
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FIGURE 15-14: AVERAGE WDT PERIOD vs. VDD OVER TEMPERATURE (-40°C TO +125°C)

50
45 o .
Typical: statistical mean @ 25°C
Maximum: mean + 30 (-40°C to +125°C)
Minimum: mean — 36 (-40°C to +125°C)
40 ~
125°C
. \\
85°C \
o 30 1 \
g \
B 25°C \
E 25 —
= \
-40°C
\
15 ] \\
10
5
0 " " T
2.0 25 3.0 35 4.0 4.5 5.0 5.5

VoD (V)

© 2007 Microchip Technology Inc. DS39597C-page 113



PIC16F72

28-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D

\nnnnonoonnang

A L/ | A ClJ |
T

¢
L1 f—— L
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff Al 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1l 5.00 5.30 5.60
Overall Length D 9.90 10.20 10.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle [0} 0° 4° 8°
Lead Width b 0.22 - 0.38

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-073B
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D EXPOSED
\ PAD
—
| }
N +/7 T | Jb

A E2 -
0 -

S5 § '
/////v VR 1 K
70K ¢
\ N

NOTE 1 | |
TOP VIEW BOTTOM VIEW

A3 A1
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff Al 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 6.00 BSC
Exposed Pad Width E2 3.65 3.70 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Contact Width b 0.23 0.30 0.35
Contact Length L 0.50 0.55 0.70
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-105B
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APPENDIX A: REVISION HISTORY

Revision A (April 2002)

This is a new data sheet. However, this device is sim-
ilar to the PIC16C72 device found in the PIC16C7X
Data Sheet (DS30390), the PIC16C72A Data Sheet
(DS35008) or the PIC16F872 device (DS30221).

Revision B (May 2002)

Final data sheet. Includes device characterization

data. Minor typographic revisions throughout.

APPENDIX B:

Revision C (January 2007)
This revision includes updates to the packaging

diagrams.

CONVERSION CONSIDERATIONS

Considerations for converting from previous versions of devices to the ones listed in this data sheet are listed in Table B-1.

TABLE B-1: CONVERSION CONSIDERATIONS
Characteristic PIC16C72/72A PIC16F872 PIC16F72
Pins 28 28 28
Timers 3 3 3
Interrupts 8 10 8
Communication Basic SSP/SSP MSSP SSP

(SPI, I2C Slave)

(SPI, I2C Master/Slave)

(SPI, I12C Slave)

Frequency 20 MHz 20 MHz 20 MHz
A/ID 8-bit, 5 Channels 10-bit, 5 Channels 8-bit, 5 Channels
CCP 1 1 1
Program Memory 2K EPROM 2K FLASH 2K FLASH

(1,000 E/W cycles) (1000 E/W cycles)
RAM 128 bytes 128 bytes 128 bytes
EEPROM Data None 64 bytes None

Other

In-Circuit Debugger,
Low Voltage Programming
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