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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

20MHz

UART/USART

Brown-out Detect/Reset, POR, PWM, WDT
16

3.5KB (2K x 14)

FLASH

128 x 8

224 x 8

2V ~ 5.5V

Internal

-40°C ~ 85°C (TA)

Surface Mount

18-S0IC (0.295", 7.50mm Width)
18-SOIC
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. Microchip products meet the specification contained in their particular Microchip Data Sheet.

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

intended manner and under normal conditions.

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

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

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

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

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our

products.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
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1.0 PIC16F62X DEVICE VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and production
requirements, the proper device option can be selected
using the information in the PIC16F62X Product
Identification System section (Page 167) at the end of
this data sheet. When placing orders, please use this
page of the data sheet to specify the correct part
number.

1.1 FLASH Devices

FLASH devices can be erased and reprogrammed
electrically. This allows the same device to be used for
prototype development, pilot programs and production.

A further advantage of the electrically-erasable FLASH
is that it can be erased and reprogrammed in-circuit, or
by device programmers, such as Microchip's
PICSTART® Plus, or PRO MATE® Il programmers.

1.2 Quick-Turnaround Production
(QTP) Devices

Microchip offers a QTP Programming Service for
factory production orders. This service is made
available for users who chose not to program a
medium-to-high quantity of units and whose code
patterns have stabilized. The devices are standard
FLASH devices but with all program locations and con-
figuration options already programmed by the factory.
Certain code and prototype verification procedures
apply before production shipments are available.
Please contact your Microchip Technology sales office
for more details.

1.3 Serialized Quick-Turnaround
Production (SQTP*™) Devices

Microchip offers a unique programming service where
a few user-defined locations in each device are
programmed with different serial numbers. The serial
numbers may be random, pseudo-random or
sequential.

Serial programming allows each device to have a
unique number which can serve as an entry-code,
password or ID number.

© 2003 Microchip Technology Inc.
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FIGURE 5-13: BLOCK DIAGRAM OF RB5 PIN
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71 Timer1 Operation in Timer Mode

Timer mode is selected by clearing the TMR1CS
(T1CON<1>) bit. In this mode, the input clock to the
timer is FOsc/4. The synchronize control bit TISYNC
(T1CON<2>) has no effect since the internal clock is
always in sync.

7.2 Timer1 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 RB7/T10SI when bit TIOSCEN is
set or pin RB6/T10SO/T1CKI when bit TTOSCEN is
cleared.

If TISYNC 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, Timer1 will
not increment even if the external clock is present,
since the synchronization circuit is shut off. The
prescaler however will continue to increment.

7.21 EXTERNAL CLOCK INPUT TIMING
FOR SYNCHRONIZED COUNTER
MODE

When an external clock input is used for Timer1 in
Synchronized Counter mode, it must meet certain
requirements. The external clock requirement is due to
internal phase clock (Tosc) synchronization. Also, there
is a delay in the actual incrementing of TMR1 after
synchronization.

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 ripple-
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 specifications,
parameters 40, 42, 45, 46, and 47.

FIGURE 7-1: TIMER1 BLOCK DIAGRAM
Set flag bit
TMRA1IF on
Overflow 0l Synchronized
TMR1 Clock Input
TMR1H ‘ TMR1L
1|
TMR10ON
T1SYNC
RB6/T10SO/T1CKI E * ,lf> 1 -
[ ' Synchronize
Prescaler L
T10SCEN  Fosc/a 1,2,4,8 _/_det
. Enable Internal 0 |
RB7/T10SI Oscillator(1)  Clock } 2

TMR1CS

Note 1: When the T1IOSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.

SLEEP Input
T1CKPS1:T1CKPS0
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7.4

A crystal oscillator circuit is built in between pins T10SI
(input) and T10SO (amplifier output). It is enabled by
setting control bit TTOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for a 32 kHz crystal. Table 7-1 shows the capacitor
selection for the Timer1 oscillator.

Timer1 Oscillator

The Timer1 oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 7-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq C1 C2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF
Note 1: These values are for design guidance only.
Consult AN826 (DS00826A) for further
information on Crystal/Capacitor Selection.

7.5 Resetting Timer1 Using a CCP

Trigger Output
If the CCP1 module is configured in Compare mode to

generate a “special event trigger” (CCP1M3:CCP1MO0
=1011), this signal will reset Timer1.

Note:

The special event triggers from the CCP1
module will not set interrupt flag bit
TMR1IF (PIR1<0>).

Timer1 must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timer1 is running in Asynchronous Counter mode,
this RESET operation may not work.

In the event that a write to Timer1 coincides with a
special event trigger from CCP1, the write will take
precedence.

In this mode of operation, the CCPRxH:CCPRxL
registers pair effectively becomes the period register
for Timer1.

7.6 Resetting of Timer1 Register Pair

(TMR1H, TMR1L)

TMR1H and TMR1L registers are not reset to 00h on a
POR or any other RESET except by the CCP1 special
event triggers.

T1CON register is reset to 00h on a Power-on Reset or
a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other RESETS, the register
is unaffected.

7.7

The prescaler counter is cleared on writes to the
TMR1H or TMR1L registers.

Timer1 Prescaler

TABLE 7-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER
Value on
. . . . . . . . Value on
Address | Name | Bit7 |Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
RESETS
0Bh/8Bh/ INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
10Bh/18Bh
0Ch PIR1 EEIF CMIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
8Ch PIE1 EEIE CMIE RCIE TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 | 0000 -000
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 — — | T1CKPS1 | TICKPSO | TIOSCEN | T1ISYNC | TMR1CS | TMR1ON | --00 0000 | --uu uuuu
Legend:  x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by the Timer1 module.

© 2003 Microchip Technology Inc.
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8.0 TIMER2 MODULE

Timer2 is an 8-bit timer with a prescaler and a
postscaler. It can be used as the PWM time-base for
PWM mode of the CCP module. The TMR2 register is
readable and writable, and is cleared on any device
RESET.

The input clock (Fosc/4) has a prescale option of 1:1,
1:4 or 1:16, selected by control bits
T2CKPS1:T2CKPS0 (T2CON<1:0>).

The Timer2 module has an 8-bit Period Register PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized to FFh upon RESET.

The match output of TMR2 goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a TMR2 interrupt (latched in flag bit
TMR2IF, (PIR1<1>)).

Timer2 can be shut off by clearing control bit TMR20N
(T2CON<2>) to minimize power consumption.

Register 8-1 shows the Timer2 Control register.

8.1 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared
when any of the following occurs:

+ A write to the TMR2 register

» A write to the T2CON register

* Any device RESET (Power-on Reset, MCLR
Reset, Watchdog Timer Reset, or Brown-out
Reset)

TMR2 is not cleared when T2CON is written.

8.2  Output of TMR2
The output of TMR2 (before the postscaler) is fed to the

Synchronous Serial Port module which optionally uses
it to generate shift clock.

FIGURE 8-1: TIMER2 BLOCK DIAGRAM

Sets flag
bit TMR2IF | buisat (1)

RESET Prescaler

1:1,1:4,1:16

}2

T2CKPS<1:0>

—Fosc/4

\/
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1:1 to 1:16| EQ

}a

TOUTPS<3:0>

Note 1: TMR2 register output can be software selected by the
SSP Module as a baud clock.
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10.0 VOLTAGE REFERENCE
MODULE

The Voltage Reference is a 16-tap resistor ladder
network that provides a selectable voltage reference.
The resistor ladder is segmented to provide two ranges
of VREF values and has a power-down function to
conserve power when the reference is not being used.
The VRCON register controls the operation of the
reference as shown in Figure 10-1. The block diagram
is given in Figure 10-1.

REGISTER 10-1:

10.1

The Voltage Reference can output 16 distinct voltage
levels for each range.

Configuring the Voltage Reference

The equations used to calculate the output of the
Voltage Reference are as follows:

if VRR = 1: VREF = (VR<3:0>/24) x VDD

if VRR = 0: VREF = (VDD x 1/4) + (VR<3:0>/32) x
VDD

The setting time of the Voltage Reference must be
considered when changing the VREF output

(Table 17-2). Example 10-1 shows an example of how
to configure the Voltage Reference for an output
voltage of 1.25V with VDD = 5.0V.

VRCON REGISTER (ADDRESS: 9Fh)

R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
VREN VROE ‘ VRR ‘ — | VR3 VR2 VR1 VRO
bit 7 bit 0
bit 7 VREN: VREF Enable
1 = VREF circuit powered on
0 = VREF circuit powered down, no IDD drain
bit 6 VROE: VREF Output Enable
1 = VREF is output on RA2 pin
0 = VREF is disconnected from RA2 pin
bit 5 VRR: VREF Range selection
1 = Low Range
0 = High Range
bit 4 Unimplemented: Read as '0'
bit 3-0 VR<3:0>: VREF value selection 0 < VR [3:0] < 15
When VRR = 1: VREF = (VR<3:0>/ 24) * VbD
When VRR = 0: VREF = 1/4 * VDD + (VR<3:0>/ 32) * VDD
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
FIGURE 10-1: VOLTAGE REFERENCE BLOCK DIAGRAM
VDD 16 Stages
VRe > o—d 8R R R R R
[ X N ]
8R — wvir
Vss Vss
—— Vi3
Vref 16-1 Analog Mux — (From VRCON<3:0>)
—— VI0
Note 1: Risdefined in Table 17-2.

© 2003 Microchip Technology Inc.

Preliminary

DS40300C-page 59



PIC16F62X

The data on the RB1/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin. If bit BRGH
(TXSTA<2>) is clear (i.e., at the low baud rates), the
sampling is done on the seventh, eighth and ninth
falling edges of a x16 clock (Figure 12-3). If bit BRGH
is set (i.e., at the high baud rates), the sampling is done
on the 3 clock edges preceding the second rising edge
after the first falling edge of a x4 clock (Figure 12-4 and

Figure 12-5).
FIGURE 12-1: RX PIN SAMPLING SCHEME. BRGH =0
RX START bit /" Bit0
(RBI/RXIDT pin) <~ Baud CLK for all but START bit ’—
""""""""""""""" au or all bu i
baud CLK

x16 CLK

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2 3

1

Samples
FIGURE 12-2: RX PIN SAMPLING SCHEME, BRGH =1
RX pin
START Bit Bit0 Bit1
baud clk m
First falling edge after RX pin goes low
Second rising edge
x4 clk

1 2 3 4 1 2 3 4 1 2
e o [UUTUTUUUUUUUTUUUUUUUUUY

I Il I

Samples Samples Samples
FIGURE 12-3: RX PIN SAMPLING SCHEME, BRGH =1
RX pi
- \ START Bit / Bit0
Baud CLK ) \  «—— Baud CLK for all but START bit ,7

First falling edge after RX pin goes low

ZSecond rising edge

x4 CLK
1 2 3 4
e asck __ JUUTTUUTUTUUTUTUUTU U U U iy L
Samples
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FIGURE 12-4: RX PIN SAMPLING SCHEME, BRGH =0 ORBRGH =1
RX START bit /W
(REIRXIDT pin) ~—— Baud CLK for all but START bit
au or all bu i
Baud CLK

1 2 3 4 5 6

x16 CLK

7

1

8

Samples

9 10 11 12 13 14 15 16 1 2 3

12.2 USART Asynchronous Mode

In this mode, the USART uses standard non-return to
zero (NRZ) format (one START bit, eight or nine data
bits and one STOP bit). The most common data format
is 8 bits. A dedicated 8-bit baud rate generator is used
to derive baud rate frequencies from the oscillator. The
USART transmits and receives the LSb first. 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 either
x16 or x64 of the bit shift rate, depending on bit BRGH
(TXSTA<2>). Parity is not supported by the hardware,
but can be implemented in software (and stored as the
ninth data bit). Asynchronous mode is stopped during
SLEEP.

Asynchronous mode is selected by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the
following important elements:

+ Baud Rate Generator

» Sampling Circuit

* Asynchronous Transmitter
» Asynchronous Receiver

12.2.1 USART ASYNCHRONOUS

TRANSMITTER

The USART transmitter block diagram is shown in
Figure 12-5. 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. The
TXREG register is loaded with data in software. The
TSR register is not loaded until the STOP bit 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 register (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcy), the TXREG register is empty and
flag bit TXIF (PIR1<4>) is set. This interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
( PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in

software. It will RESET only when new data is loaded
into the TXREG register. While flag bit TXIF indicated
the status of the TXREG register, another bit TRMT
(TXSTA<1>) shows the status of the TSR register.
STATUS bit TRMT is a read only bit which is set when
the TSR register 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 register is empty.

Note 1: The TSR register is not mapped in data
memory so it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN
is set.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data
and the baud rate generator (BRG) has produced a
shift clock (Figure 12-5). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally when transmission
is first started, the TSR register is empty, so a transfer
to the TXREG register will result in an immediate
transfer to TSR resulting in an empty TXREG. A back-
to-back transfer is thus possible (Figure 12-7). Clearing
enable bit TXEN during a transmission will cause the
transmission to be aborted and will RESET the
transmitter. As a result the RB2/TX/CK pin will revert to
hi-impedance.

In order to select 9-bit transmission, transmit bit TX9
(TXSTA<6>) 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 the TXREG
register. This is because a data write to the TXREG
register can result in an immediate transfer of the data
to the TSR register (if the TSR is empty). In such a
case, an incorrect ninth data bit may be loaded in the
TSR register.
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FIGURE 12-14:

SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

Q2|Q3|Q4iQ1|Q2|Q3|Q4iQ1I Q2|Q3|Q4i01| Q2‘Q3|Q41:Q1| Q2|QS|Q4iQ1| Q2‘Q3|Q4iQ1| Q2‘Q3|Q4iQ1| Q2|Q3|Q4iQ1| Q2‘Q3|Q4iQ1| QZ|Q3|Q4iQ1| Q2|Q3|Q4j
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CREN BIT @

' '
' '
' '
' '
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RCIF BIT

(INTERRUPT)
READ

RXREG

T
' '
'
'
' { '
' '
' '
[ '

Note 1: Timing diagram demonstrates Sync Master mode with bit SREN = ‘1’ and bit BRG = ‘0.

12.5 USART Synchronous Slave Mode

Synchronous Slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RB2/TX/CK pin (instead of being supplied internally
in Master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA<7>).

12.5.1 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the Synchronous Master and Slave
modes are identical except in the case of the SLEEP
mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the
interrupt vector (0004h).

Steps to follow when setting up a Synchronous Slave
Transmission:

1. Enable the synchronous slave serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

2. Clear bits CREN and SREN.

3. If interrupts are desired, then set enable bit
TXIE.

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

5. Enable the transmission by setting enable bit
TXEN.

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

7. Starttransmission by loading data to the TXREG
register.
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12.5.2 USART SYNCHRONOUS SLAVE

RECEPTION

The operation of the Synchronous Master and Slave
modes is identical except in the case of the SLEEP
mode. Also, bit SREN is a don't care in Slave mode.

If receive is enabled, by setting bit CREN, prior to the
SLEEP instruction, then a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector
(0004h).

setting bits SYNC and SPEN and clearing bit
CSRC.

If interrupts are desired, then set enable bit
RCIE.

If 9-bit reception is desired, then set bit RX9.
To enable reception, set enable bit CREN.

Flag bit RCIF will be set when reception is
complete and an interrupt will be generated, if
enable bit RCIE was set.

Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

Read the 8-bit received data by reading the

RCREG register.

If any error occurred, clear the error by clearing
bit CREN.

Steps to follow when setting up a Synchronous Slave
Reception: 8.

1. Enable the synchronous master serial port by

TABLE 12-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Value on Value on all
Address | Name Bit7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR other

RESETS

0Ch PIR1 EEIF CMIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
18h RCSTA | SPEN RX9 | SREN |CREN| ADEN | FERR | OERR | RX9D |0000 -00x| 0000 -00x
19h TXREG | USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000| 0000 -000
98h TXSTA | CSRC | TX9 | TXEN | SYNC — BRGH | TRMT | TX9D | 0000 -010| 0000 -010
9%h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented read as '0'. Shaded cells are not used for Synchronous Slave Transmission.
TABLE 12-12: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Value on Value on all
Address | Name Bit 7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR other

RESETS

0Ch PIR1 EEIF | CMIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000| 0000 -000
18h RCSTA | SPEN RX9 | SREN |CREN| ADEN | FERR | OERR | RX9D | 0000 -00x| 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000| 0000 -000
98h TXSTA | CSRC | TX9 | TXEN [ SYNC — BRGH | TRMT | TX9D |0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented read as '0'. Shaded cells are not used for Synchronous Slave Reception.

© 2003 Microchip Technology Inc. Preliminary DS40300C-page 85



PIC16F62X

14.0 SPECIAL FEATURES OF THE
CPU

Special circuits to deal with the needs of real-time
applications are what sets a microcontroller apart from
other processors. The PIC16F62X family has a host of
such features intended to maximize system reliability,
minimize cost through elimination of external
components, provide power saving Operating modes
and offer code protection.

These are:

OSC selection

RESET

Power-on Reset (POR)

Power-up Timer (PWRT)

Oscillator Start-Up Timer (OST)

Brown-out Reset (BOD)

Interrupts

Watchdog Timer (WDT)

9. SLEEP

10. Code protection

11. ID Locations

12. In-circuit Serial Programming

The PIC16F62X has a Watchdog Timer which is
controlled by 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 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
supply stabilizes. There is also circuitry to RESET the
device if a Brown-out occurs, which provides at least a
72 ms RESET. With these three functions on-chip,
most applications need no external RESET circuitry.

© N Ok wWN =

The 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 ER 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 '1') to select various
device configurations. These bits are mapped in
program memory location 2007h.

The user will note that address 2007h is beyond
the user program memory space. In fact, it belongs
to the special configuration memory space (2000h —
3FFFh), which can be accessed only during
programming. See Programming Specification.
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FIGURE 14-11: EXTERNAL POWER-ON

RESET CIRCUIT (FOR
SLOW Vbb POWER-UP)

FIGURE 14-13: EXTERNAL BROWN-OUT

PROTECTION CIRCUIT 2

D R
R1 L
L AAM—] MCLR

c PIC16F62X

that voltage drop across R does not violate

* VDD
R1 J
Q1

MCLR

R2
40k | pic16F62X

This Brown-out Circuit is less expensive, albeit
less accurate. Transistor Q1 turns off when VDD is

Note 1: External Power-on Reset circuit is required below a certain level such that:
only if VDD power-up slope is too slow. The R1
. . . VDD X ———— =0.7V
diode D helps discharge the capacitor R1+R2
quickly when VDD powers down. Internal Brown-out Detect Reset should be
2: R <40kQ is recommended to make sure disabled when using this circuit.

Resistors should be adjusted for the

characteristics of the transistor.

the device’s electrical specification.

3: R1=100Q to 1 kQ will limit any current
flowing into MCLR from external capacitor
C in the event of MCLR/VPP pin breakdown
due to Electrostatic Discharge (ESD) or
Electrical Overstress (EOS).

FIGURE 14-12: EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 1

’ VDD
33k J

10k MCLR

VDD

7AN 40k | pic16F62X

Note 1: This circuit will activate RESET when VDD
goes below (Vz + 0.7V) where Vz = Zener
voltage.

2: Internal Brown-out Detect Reset circuitry
should be disabled when using this circuit.
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14.12 In-Circuit Serial Programming

The PIC16F62X microcontrollers can be serially
programmed while in the end application circuit. This is
simply done with two lines for clock and data, and three
other lines for power, ground, and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware, or a custom
firmware to be programmed.

The device is placed into a Program/Verify mode by
holding the RB6 and RB7 pins low while raising the
MCLR (VPP) pin from VIL to VIHH (see programming
specification). RB6 becomes the programming clock
and RB7 becomes the programming data. Both RB6
and RB7 are Schmitt Trigger inputs in this mode.

After RESET, to place the device into Programming/
Verify mode, the program counter (PC) is at location
00h. A 6-bit command is then supplied to the device.
Depending on the command, 14 bits of program data
are then supplied to or from the device, depending if
the command was a load or a read. For complete
details of serial programming, please refer to the
Programming Specifications.

A typical in-circuit serial programming connection is
shown in Figure 14-18.

FIGURE 14-18: TYPICAL IN-CIRCUIT
SERIAL PROGRAMMING
CONNECTION
X To Normal
E ! Connections
xternal \
Connector J PIC16F62X
Signals ,
+5V * VDD
ov . l Vss
VPP : 3 RA5/MCLR/VPP
CLK : T RB6/PGC
Data I/O : RB7/PGD
T
E VDD
To Normal
Connections

14.13 Low Voltage Programming

The LVP bit of the configuration word, enables the low
voltage programming. This mode allows the microcon-
troller to be programmed via ICSP using only a 5V
source. This mode removes the requirement of VIHH to
be placed on the MCLR pin. The LVP bit is normally
erased to '1', which enables the low voltage program-
ming. In this mode, the RB4/PGM pin is dedicated to
the programming function and ceases to be a general
purpose /O pin. The device will enter Programming
mode when a '1' is placed on the RB4/PGM pin. The
HV Programming mode is still available by placing VIHH
on the MCLR pin.

Note 1: While in this mode, the RB4 pin can no
longer be used as a general purpose 1/O

pin.

2: VDD must be 5.0V +10% during erase/
program operations while in low voltage

Programming mode.

If Low voltage Programming mode is not used, the LVP
bit can be programmed to a '0', and RB4/PGM
becomes a digital 1/0 pin. To program the device, VIHH
must be placed onto MCLR during programming. The
LVP bit may only be programmed when programming
is entered with VIHH on MCLR. The LVP bit cannot be
programmed when programming is entered with RB4/
PGM.

It should be noted, that once the LVP bit is programmed
to 0, High voltage Programming mode can be used to
program the device.
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RRF Rotate Right f through Carry
Syntax: [label] RRF f,d
Operands: 0<f<127
d e [0,1]
Operation: See description below
Status Affected: C
Encoding: | 00 ‘ 1100 ‘ Afff ‘ FEEE ‘
Description: The contents of register 'f' are
rotated one bit to the right
through the Carry Flag. If 'd"is O
the result is placed in the W
register. If 'd" is 1 the result is
placed back in register 'f'.
—~{CI-~[REGISTERF |+
Words: 1
Cycles: 1
Example RRF REG1, 0
Before Instruction
REG1 = 1110 0110
Cc =0
After Instruction
REG1 = 1110 0110
w = 0111 0011
C =0
SLEEP
Syntax: [label] SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT prescaler,
1-T0,
0—->PD
Status Affected: ﬁ, PD
Encoding: ‘ 00 | 0000 ‘ 0110 ‘ 0011 |
Description: The power-down STATUS bit,
PD is cleared. Timeout
STATUS bit, TO is set.
Watchdog Timer and its
prescaler are cleared.
The processor is put into
SLEEP mode with the
oscillator stopped. See
Section 14.9 for more details.
Words: 1
Cycles: 1
Example: SLEEP

SUBLW Subtract W from Literal
Syntax: [label] SUBLW k
Operands: 0<k<255
Operation: k-(W)—> (W)
Status C,DC,z
Affected:
Encoding: 11 ‘ 110x ‘ Kkkk | kkkk ‘
Description: The W register is subtracted (2’s
complement method) from the eight
bit literal 'k'. The result is placed in
the W register.
Words: 1
Cycles: 1
Example 1: SUBLW 0x02
Before Instruction
W =1
c =7
After Instruction
W =1
C = 1;resultis positive
Example 2: Before Instruction
W= 2
c =27
After Instruction
W= 20
C = 1;resultis zero
Example 3: Before Instruction
W= 3
c =27
After Instruction
W = OxFF
C = 0;resultis negative
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TABLE 17-7: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Pilr:m Sym Characteristic Min Typt | Max |Units Conditions
40* TtOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns
With Prescaler 10 — — ns
41* TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — — ns
With Prescaler 10 — — ns
42* TtOP TOCKI Period Greater of: — — ns |N = prescale value
Tcy +40 (2, 4, ..., 256)
N
45* Tt1H T1CKI High Synchronous, No Prescaler 0.5Tcy + 20 — — ns
Time Synchronous, [16F62X 15 — | — ns
with Prescaler [16LF62X 25 — — ns
Asynchronous |16F62X 30 — — ns
16LF62X 50 — — ns
46* Tt1L T1CKI Low Time|Synchronous, No Prescaler 0.5Tcy + 20 — — ns
Synchronous, [16F62X 15 — — ns
with Prescaler [16LF62X 25 — — ns
Asynchronous |16F62X 30 — — ns
16LF62X 50 — — ns
47* Tt1P T1CKIl input Synchronous  [16F62X Greater of: — — ns |N = prescale value
period Tcy +40 (1,2,4,8)
N
16LF62X Greater of: — — —
Tcy +40
N
Asynchronous |16F62X 60 — — ns
16LF62X 100 — — ns
Ft1 Timer1 oscillator input frequency range DC — | 200 | kHz
(oscillator enabled by setting bit TTOSCEN)
48 TCKEZtmr1 |Delay from external clock edge to timer 2Tosc — |7Tosc| —
increment

These parameters are characterized but not tested.

Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.

FIGURE 17-11:

CAPTURE/COMPARE/PWM TIMINGS

RB3/CCP1

(CAPTURE MODE)

RB3/CCP1

(COMPARE OR PWM MODE)

: 50

51

52

L~ 54
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| Note: The graphs and tables provided in this section are for design guidance and are not tested.

FIGURE 18-4: TYPICAL Ipp vs Fosc OVER VDD (XT MODE)

Typical lob vs Fosc over Voo

Typical: statistical mean @ 25°C
Maximum: mean + 3¢ (-40°C to 125°C)
Minimum: mean — 36 (-40°C to 125°C)

(XT mode)
1.2
1.0 /
0.8
5.5y //
H | sov ="
:g— 0.6 45\//
4oV //
0.4 35V //
3.0V //_/
2.5V et
0.2
2.0V
0.0 /
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Fosc (MHz)
FIGURE 18-5: TYPICAL Ipbp vs Fosc OVER VbbD (LP MODE)

Typical lop vs Fosc over Vob

Typical: statistical mean @ 25°C
Maximum: mean + 3o (-40°C to 125°C)
Minimum: mean - 3o (-40°C to 125°C)

Ipd (uA)

(LP mode)
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° 25V
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© 2003 Microchip Technology Inc.

Preliminary

DS40300C-page 145



PIC16F62X

| Note: The graphs and tables provided in this section are for design guidance and are not tested.

FIGURE 18-26: MAXIMUM Ipb vs Vbb OVER TEMPERATURE
(-40 TO +125°C) INTERNAL 4 MHz OSCILLATOR

Typical: statistical mean @ 25°C
Maximum Ipp vs Vbp over Temperature Maximum: mean + 3o (-40°C to 125°C)
(-40 to +125 C) Internal 4MHz Oscillator Minimum: mean - 3c (-40°C to 125°C)
1.30
1.20 A
1.10
1.00
g 0901
E
a
£ 0.80 125 85 25¢C -40C
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0.60
0.50
0.40
2.5 3.0 35 4.0 45 5.0 5.5
VoD (Volts)

FIGURE 18-27: TYPICAL Ipp vs VDD OVER TEMPERATURE
(-40 TO +125°C) INTERNAL 4 MHz OSCILLATOR

Typical: statistical mean @ 25°C
Typical Ipb vs Vbp over Temperature m.ax.lmum': mean + g(’ (':gog to Eg"g)
(-40 to +125 C) Internal 4MHz Oscillator inimum:  mean — 3¢ (-40°C to )
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