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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.
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PIC16C6X

1.0 GENERAL DESCRIPTION

The PIC16CXX is a family of low-cost, high-perfor-
mance, CMOS, fully-static, 8-bit microcontrollers.

All PIC16/17 microcontrollers employ an advanced
RISC architecture. The PIC16CXX microcontroller fam-
ily has enhanced core features, eight-level deep stack,
and multiple internal and external interrupt sources.
The separate instruction and data buses of the Harvard
architecture allow a 14-bit wide instruction word with
separate 8-bit wide data. The two stage instruction
pipeline allows all instructions to execute in a single
cycle, except for program branches (which require two
cycles). A total of 35 instructions (reduced instruction
set) are available. Additionally, a large register set gives
some of the architectural innovations used to achieve a
very high performance.

PIC16CXX microcontrollers typically achieve a 2:1
code compression and a 4:1 speed improvement over
other 8-bit microcontrollers in their class.

The PIC16C61 device has 36 bytes of RAM and 13 1/0
pins. In addition a timer/counter is available.

The PIC16C62/62A/R62 devices have 128 bytes of
RAM and 22 I/O pins. In addition, several peripheral
features are available, including: three timer/counters,
one Capture/Compare/PWM module and one serial
port. The Synchronous Serial Port can be configured
as either a 3-wire Serial Peripheral Interface (SPI™) or
the two-wire Inter-Integrated Circuit (I°C) bus.

The PIC16C63/R63 devices have 192 bytes of RAM,
while the PIC16C66 has 368 bytes. All three devices
have 22 1/0O pins. In addition, several peripheral fea-
tures are available, including: three timer/counters, two
Capture/Compare/PWM modules and two serial ports.
The Synchronous Serial Port can be configured as
either a 3-wire Serial Peripheral Interface (SPI) or the
two-wire Inter-Integrated Circuit (I2C) bus. The Univer-
sal Synchronous Asynchronous Receiver Transmitter
(USART) is also know as a Serial Communications
Interface or SCI.

The PIC16C64/64A/R64 devices have 128 bytes of
RAM and 33 I/O pins. In addition, several peripheral
features are available, including: three timer/counters,
one Capture/Compare/PWM module and one serial
port. The Synchronous Serial Port can be configured
as either a 3-wire Serial Peripheral Interface (SPI) or
the two-wire Inter-Integrated Circuit (1°C) bus. An 8-bit
Parallel Slave Port is also provided.

The PIC16C65/65A/R65 devices have 192 bytes of
RAM, while the PIC16C67 has 368 bytes. All four
devices have 33 I/O pins. In addition, several peripheral
features are available, including: three timer/counters,
two Capture/Compare/PWM modules and two serial
ports. The Synchronous Serial Port can be configured
as either a 3-wire Serial Peripheral Interface (SPI) or
the two-wire Inter-Integrated Circuit (1°C) bus. The Uni-
versal Synchronous Asynchronous Receiver Transmit-

ter (USART) is also known as a Serial Communications
Interface or SCI. An 8-bit Parallel Slave Port is also pro-
vided.

The PIC16C6X device family has special features to
reduce external components, thus reducing cost,
enhancing system reliability and reducing power con-
sumption. There are four oscillator options, of which the
single pin RC oscillator provides a low-cost solution,
the LP oscillator minimizes power consumption, XT is a
standard crystal, and the HS is for High Speed crystals.
The SLEEP (power-down) mode offers a power saving
mode. The user can wake the chip from SLEEP
through several external and internal interrupts, and
resets.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software lock-
up.

A UV erasable CERDIP packaged version is ideal for
code development, while the cost-effective
One-Time-Programmable (OTP) version is suitable for
production in any volume.

The PIC16C6X family fits perfectly in applications rang-
ing from high-speed automotive and appliance control
to low-power remote sensors, keyboards and telecom
processors. The EPROM technology makes custom-
ization of application programs (transmitter codes,
motor speeds, receiver frequencies, etc.) extremely
fast and convenient. The small footprint packages
make this microcontroller series perfect for all applica-
tions with space limitations. Low-cost, low-power, high
performance, ease-of-use, and 1/O flexibility make the
PIC16C6X very versatile even in areas where no micro-
controller use has been considered before (e.g. timer
functions, serial communication, capture and compare,
PWM functions, and co-processor applications).

11 Family and Upward Compatibility

Those users familiar with the PIC16C5X family of
microcontrollers will realize that this is an enhanced
version of the PIC16C5X architecture. Please refer to
Appendix A for a detailed list of enhancements. Code
written for PIC16C5X can be easily ported to
PIC16CXX family of devices (Appendix B).

1.2 Development Support

PIC16C6X devices are supported by the complete line
of Microchip Development tools.

Please refer to Section 15.0 for more details about
Microchip’s development tools.

© 1997-2013 Microchip Technology Inc.
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PIC16C6X

2.0 PIC16C6X 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 PIC16C6X Product Identi-
fication System section at the end of this data sheet.
When placing orders, please use that page of the data
sheet to specify the correct part number.

For the PIC16C6X family of devices, there are four
device “types” as indicated in the device number:

1. C, as in PIC16C64. These devices have
EPROM type memory and operate over the
standard voltage range.

2. LC, as in PIC16LC64. These devices have
EPROM type memory and operate over an
extended voltage range.

3. CR, as in PIC16CR64. These devices have
ROM program memory and operate over the
standard voltage range.

4. LCR, as in PIC16LCR64. These devices have
ROM program memory and operate over an
extended voltage range.

2.1 UV Erasable Devices

The UV erasable version, offered in CERDIP package
is optimal for prototype development and pilot
programs. This version can be erased and
reprogrammed to any of the oscillator modes.

Microchip's PICSTART® Plus and PRO MATE®II
programmers both support programming of the
PIC16C6X.

2.2 One-Time-Programmable (OTP)
Devices

The availability of OTP devices is especially useful for
customers who need the flexibility for frequent code
updates and small volume applications.

The OTP devices, packaged in plastic packages, per-
mit the user to program them once. In addition to the
program memory, the configuration bits must also be
programmed.

2.3 Quick-Turnaround-Production (QTP)
Devices

Microchip offers a QTP Programming Service for fac-
tory production orders. This service is made available
for users who choose not to program a medium to high
quantity of units and whose code patterns have stabi-
lized. The devices are identical to the OTP devices but
with all EPROM locations and configuration options
already programmed by the factory. Certain code and
prototype verification procedures apply before produc-
tion shipments are available. Please contact your local
Microchip Technology sales office for more details.

2.4 Serialized Quick-Turnaround
Production (SQTP*M) Devices

Microchip offers a unique programming service where
a few user-defined locations in each device are pro-
grammed with different serial numbers. The serial num-
bers 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.

ROM devices do not allow serialization information in
the program memory space. The user may have this
information programmed in the data memory space.

For information on submitting ROM code, please con-
tact your regional sales office.

2.5 Read Only Memory (ROM) Devices

Microchip offers masked ROM versions of several of
the highest volume parts, thus giving customers a low
cost option for high volume, mature products.

For information on submitting ROM code, please con-
tact your regional sales office.

© 1997-2013 Microchip Technology Inc.
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PIC16C6X

7.3.1 SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software con-
trol, i.e., it can be changed “on the fly” during program
execution.

Note: To avoid an unintended device RESET, the
following instruction sequence (shown in
Example 7-1) must be executed when
changing the prescaler assignment from
Timer0 to the WDT. This precaution must
be followed even if the WDT is disabled.

EXAMPLE 7-1: CHANGING PRESCALER (TIMERO—WDT)

1) BSF STATUS, RPO ;Bank 1
Lines 2 and 3 do NOT have to 2) MOVLW b'xx0x0xxx' ;Select clock source and prescale value of
be included if the final desired  3) movwr oPTION REG ;other than 1:1
presc.alle.value |§ other than 1:1. 4) BCF STATUS, RPO ;Bank 0
If 1:1 is final desired value, then

. 5) CLRF TMRO ;jClear TMRO and prescaler

a temporary prescale value is
setin lines 2 and 3 and the final &) BSF  STATUS, RP1  ;Bank 1
prescale value will be setin lines 7) MOVLW Db'=xxxxlxxx' ;Select WDT, do not change prescale value
10 and 11. 8) MOVWF OPTION_REG ;

9) CLRWDT ;jClears WDT and prescaler

10) MOVLW Db'xxxxlxxx' ;jSelect new prescale value and WDT

11) MOVWF OPTION_REG ;

12) BCF STATUS, RPO ;jBank 0

To change prescaler from the WDT to the Timer0 mod-
ule, use the sequence shown in Example 7-2.

EXAMPLE 7-2: CHANGING PRESCALER (WDT—TIMERO)

CLRWDT jClear WDT and prescaler

BSF STATUS, RPO ;Bank 1

MOVLW b'xxxx0xxx' ;Select TMRO, new prescale value and clock source
MOVWF OPTION_REG ;

BCF STATUS, RPO ;Bank 0

TABLE 7-1: REGISTERS ASSOCIATED WITH TIMERO

Value on: val nall

Address |Name | Bit7 | Bit6 Bit5 Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR, aueona

other resets

BOR

01h, 101h | TMRO Timer0 module’s register XXXX XXXX | uuuu uuuu

0Bh,8Bh, INTCON | GIE PEIE™M TOIE INTE RBIE TOIF INTF RBIF | 0000 000x| 0000 000u
10Bh,18Bh

81h, 181h | OPTION | RBPU | INTEDG TOCS TOSE PSA PS2 PS1 PSO |1111 1111 1111 1111

85h TRISA — — PORTA Data Direction Register(!) --11 1111} --11 1111

Legend: x =unknown, u =unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by Timer0.
Note 1: TRISA<5> and bit PEIE are not implemented on the PIC16C61, read as '0'.

© 1997-2013 Microchip Technology Inc. DS30234E-page 69



PIC16C6X

8.1 Timer1 Operation in Timer Mode

Applicable Devices
61]62]62A[R62]63[R63]64[64A[R64[65]65A]R65]66]67
Timer mode is selected by clearing bit TMR1CS
(T1CON<1>). In this mode, the input clock to the timer
is Fosc/4. The synchronize control bit T1SYNC
(T1CON<2>) has no effect since the internal clock is
always in sync.

8.2 Timer1 Operation in Synchronized
Counter Mode

Applicable Devices
61]62]62A]R62/63]R63]64]64A]R64]65]65A]RE5]66]67
Counter mode is selected by setting bit TMR1CS. In
this mode the timer increments on every rising edge of
clock input on T10SI when enable bit TIOSCEN is set
or pin with T1CKI when bit TIOSCEN is cleared.

Note: The T10SI function is multiplexed to differ-
ent pins, depending on the device. See the
pinout descriptions to see which pin has
the T10SI function.

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 pres-
caler stage is an asynchronous ripple counter.

In this configuration, during SLEEP mode, Timer1 will
not increment even if an external clock is present, since
the synchronization circuit is shut off. The prescaler,
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 Timer1 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 TICKI 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 appropriate
electrical specification section, parameters 45, 46, and
47.

When a prescaler other than 1:1 is used, the external
clock input is divided by the asynchronous ripple-coun-
ter type prescaler so that the prescaler output is sym-
metrical. 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 applicable electrical specification sec-
tion, parameters 40, 42, 45, 46, and 47.

T1081@ %

TMR10ON

TMR1IF
Qverflow
Interrupt TMR1
flag bit TMR1H ’ TMRIL
T10SC @)
T10S0@ ?

. TIOSCEN  Fosc/a
. Enable ¢y Internal
: Oscillator'" cjock

on/off T1SYNC
Prescaler Synchronize
1.2,4,8 A det
2
TMRICS SLEEP input

Note 1: When enable bit TIOSCEN is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
2:  See pinouts for pins with T1OSO and T10SI functions.
3: Forthe PIC16C62/64/65, the Schmitt Trigger is not implemented in external clock mode.

Synchronized
0|« -
clock input
1|—

T1CKPS1:T1CKPS0
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PIC16C6X

Steps to follow when setting up an Asynchronous 5. Enable the transmission by setting bit TXEN,
Transmission: which will also set bit TXIF.
1. Initialize the SPBRG register for the appropriate 6. If 9-bit transmission is selected, the ninth bit
baud rate. If a high speed baud rate is desired, should be loaded in bit TX9D.
then set bit BRGH. (Section 12.1). 7. Load data to the TXREG register (starts trans-
2. Enable the asynchronous serial port by clearing mission).

bit SYNC and setting bit SPEN.

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

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

FIGURE 12-8: ASYNCHRONOUS MASTER TRANSMISSION

Write to TXREG reg I (¢
BRG outout Word 1
outpu '
(shift clock) — I_[ L L T L T 55_1
RC6/TX/CK (pin L ; ‘
(ein) ©N\_Start Bit Bit 0 Bit1 X 5 5 X Bit7/8 /Stop Bit .
TXIF bit L WORD 1 ‘ ‘
(Transmit buffer ' cc !
reg. empty flag) u D) ;
" WORD 1 — '
TRMT bit . - !
(Transmit shift Transmit Shift Reg '
reg. empty flag) ﬁ cc [
JJ

FIGURE 12-9: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)

Write to TXREG reg I I cC
BRG outout Word 1 Word 2 J)
outpu
(shiftclocky —  —1 L1 LT LT 5 J(_l—\_l—l_f—l_l—l_
RC6/TX/CK (pin) : ) i i )
N StartB
TXIF bit N Start Bit Bit0 BT > (§ Bitz/8  Stop Bit \Start Bit B0
(interrupt reg. flag) ‘| WORD 1 |«——WORD 2————
U c
D)
TRMT bit WORD 1 —» WORD 2
(Transmit shift Transmit Shift Reg. Tr; smit Shift Reg.

reg. empty flag)
]

(C
JJ

Note: This timing diagram shows two consecutive transmissions.

TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on Value on
Address | Name Bit7 Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 POR, all other
BOR Resets
0Ch PIR1 PSPIFM | (2 RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN — FERR | OERR RX9D | 0000 -00x | 0000 -00x
19h TXREG | USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE( (2) RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
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 locations read as '0'. Shaded cells are not used for Asynchronous Transmission.

Note 1: PSPIF and PSPIE are reserved on the PIC16C63/R63/66, always maintain these bits clear.
2: PIR1<6> and PIE1<6> are reserved, always maintain these bits clear.

© 1997-2013 Microchip Technology Inc. DS30234E-page 113



PIC16C6X

TABLE 13-12: INITIALIZATION CONDITIONS FOR ALL REGISTERS (Cont.d)

Register Applicable Devices Power-on Reset |MCLR Reset during: |Wake-up via

Brown-out —normal operation |interrupt or
Reset — SLEEP WDT Wake-up

WDT Reset
TRISD 61(62|62A |R62 |63 |R63 |64 |64A|R64|65|65A |R65|66 |67 1111 1111 1111 1111 uuuu uuuu
TRISE 61(62|62A |R62|63|R63 |64 |64A|R64|65|65A |R65|66 |67 0000 -111 0000 -111 uuuu -uuu
PIE1 61(62|62A |R62|63|R63 |64 |64A|R64|65|65A |R65|66 |67 00-- 0000 00-- 0000 uu-- uuuu
61(62|62A |R62|63|R63 |64 |64A|R64|65|65A | R65|66 |67 0000 0000 0000 0000 uuuu uuuu
PIE2 61(62|62A |R62 |63 |R63 (64 |64A|R64|65|65A |R65(66|67| ---- --- o | ---- --- o | === --- u
PCON 61|62|62A |R62 |63 |R63 |64 |64A |R64 |65|65A |R65(66(67| ---- -- ou | ---- -- uu | ---- -- uu
61|62|62A |[R62 |63 |R63 |64 |64A |R64 |65|65A |R65(|66(67| ---- --0- ---- --u- ---- --u-
PR2 61(62|62A |R62|63|R63 |64 |64A|R64|65|65A |R65|66 |67 1111 1111 1111 1111 1111 1111
SSPADD |61|62|62A |R62|63|R63|64|64A|R64|65|65A|R65|66|67 0000 0000 0000 0000 uuuu uuuu
SSPSTAT |61|62|62A |R62|63|R63|64|64A|R64|65|65A|R65|66|67 --00 0000 --00 0000 --uu uuuu
TXSTA 61|62 |62A |[R62 |63 |R63 |64 |64A [R64 [65|65A |R65|66(67| 0000 -010 0000 -010 uuuu -uuu
SPBRG  |61(62|62A|R62|63|R63 |64 |64A|R64|65|65A |R65(66(|67| 0000 0000 0000 0000 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit read as'0', q = value depends on condition.

Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2:  When the wake-up is due to an interrupt and the global enable bit, GIE is set, the PC is loaded with the interrupt vector (0004h)
after execution of PC + 1.
3: See Table 13-10 and Table 13-11 for reset value for specific conditions.
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SLEEP SUBLW Subtract W from Literal
Syntax: [label] SLEEP Syntax: [label] ~ SUBLW k
Operands: None Operands: 0<k<255
Operation: 00h —> WDT, Operation: k- (W) - (W)
0 — WDT prescaler, Status Affected: C, DC, Z
110, Encoding: 11 11 kkkk kkkk
0-PD ncoding: | [ 110x | ‘ |
. T8 PP Description: The W register is subtracted (2's comple-
Status Affected: TO, PD ment method) from the eight bit literal 'k'.
Encoding: ‘ 00 | 0000 ‘ 0110 | 0011 The result is placed in the W register.
Description: The power-down status bit, PD is Words: 1
cleared. Time-out status bit, TO is .
set. Watchdog Timer and its pres- Cycles: 1
caler are cleared. Q Cycle Activity: Q1 Q2 Q3 Q4
The progessor 1 Put into SLEEP Decode Read Process | Write to W
mode with the oscillator stopped. See literal 'k’ data
Section 13.8 for more details.
Words: 1 Example 1: SUBLW  0x02
Cycles: 1 Before Instruction
Q Cycle Activity: Q1 Q2 Q3 Q4 W = 1
Decode No- No- Go to Cc = ?
Operation | Operation | Sleep z = ?
After Instruction
Example: SLEEP W o= 1
cC = 1; result is positive
Z = 0
Example 2: Before Instruction
w = 2
c = 7
z = 7
After Instruction
W = 0
cC = 1; result is zero
zZ = 1
Example 3: Before Instruction
W = 3
c = ?
z ?
After Instruction
w OxFF
C = 0;resultis negative
Z = 0

DS30234E-page 156
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[Applicable Devices[61][62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]
15.0 ELECTRICAL CHARACTERISTICS FOR PIC16C61

Absolute Maximum Ratings t

Ambient temperature UNAer DIas...........cooioiiiiiiic e -55°C to +125°C
STOrage tEMPEIALUIE ........oouiiiieee et et et s -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR, and RA4)............ccccoeeerrvveeeuererennennns -0.3V to (VDD + 0.3V)
Voltage on VDD With reSPECt 10 VSS ....c.uiiiiiiiiiiicicee e -0.3V to +7.5V
Voltage on MCLR With reSpect 10 VSS (NOE 2)........cuevruireiiiiiiieeieesessssesessssessssessssssessssessssssessssessnssnens OV to +14V
Voltage on RA4 pin With reSPECE 10 VSS ......c.iiiiiiiiieccer e e e 0V to +14V
Total power diSSIPAtION (NOTE 1) ....uii ittt ettt et esbeesseeesbeeeseeesseesseesseeeseeenseeeseesneeanseens 800 mW
Maximum CUITENT OUL OF VSS PN ....ce ittt ettt ettt st e e st e e st e e sabe e e sabe e e e anbeeesbneeesnneen 150 mA
Maximum CUITENt iNTO VDD PN ......oviiiiiiie et e et ne s 100 mA
Input clamp current, K (V1 < 0 OF VI > VDD) ...ttt et et ses et et ese et be et bs st senessas +20 mA
Output clamp current, 10K (VO < 0 OF VO 3 VDD) .....oiuiuiiiiiieieieieieeteieisiesis et sesss ettt st s s ses s s s snns +20 mA
Maximum output current SUNK BY @ny 1/O PiN......couioiiiieiecee ettt e st e seesseessseenseenne 25 mA
Maximum output current sourced by any /O PIN ........c.oooiiiiiiiiii e e 20 mA
Maximum current SUNK DY PORTA ..o et e e s e e naeene e 80 mA
Maximum current SOUICEd DY PORTA ... ..ottt st e st e st e st e st e saeesnseenseesneesneesnseesneesnes 50 mA
Maximum current SUNK DY PORTB........coiiiiieeiieiie sttt sttt st e et e et e s sbe e beesbee e sbeesaeesaeesbbeenbeenbeensbeensean 150 mA
Maximum current sourced By PORTB............oouiiiiiiieee e s 100 mA

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - ¥ IOH} + X {(VDD-VOH) x IoH} + > (VoI x IoL)

Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up. Thus,
a series resistor of 50-100Q2 should be used when applying a “low” level to the MCLR pin rather than pulling
this pin directly to Vss.

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

TABLE 15-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)

oscC PIC16C61-04 PIC16C61-20 PIC16LC61-04 JW Devices
RC VbD: 4.0V to 6.0V VDD: 4.5V to 5.5V VbD: 3.0V to 6.0V VbD: 4.0V to 6.0V
IbD: 3.3 mA max. at 5.5V IbD: 1.8 mA typ. at 5.5V |IpD: 1.4 mA typ. at 3.0V IbD: 3.3 mA max. at 5.5V
IPD: 14 pA max. at 4V IPD: 1.0 pA typ. at 4V IPD: 0.6 pA typ. at 3V IPD: 14 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
XT VDD: 4.0V to 6.0V VDD: 4.5V to 5.5V Vbp: 3.0V to 6.0V VDD: 4.0V to 6.0V
Ibb: 3.3 mA max. at 5.5V Ibb: 1.8 mAtyp. at 5.5V |IDD: 1.4 mA typ. at 3.0V Ibb: 3.3 mA max. at 5.5V
IPD: 14 pA max. at 4V IPD: 1.0 pA typ. at 4V IPD: 0.6 pA typ. at 3V IPD: 14 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
HS VbD: 4.5V to 5.5V VDD: 4.5V to 5.5V VbD: 4.5V to 5.5V
IbD:  13.5 mA typ. at 5.5V IDD: 30 mA max. at 5.5V | Not recommended for use in |IDD: 30 mA max. at 5.5V
IPD: 1.0 pA typ. at 4.5V IPD: 1.0 pA typ. at 4.5V HS mode IPD: 1.0 pA typ. at 4.5V
Freq: 4 MHz max. Freq: 20 MHz max. Freq: 20 MHz max.
LP VDD: 4.0V to 6.0V VbD: 3.0V to 6.0V VbD: 3.0V to 6.0V
IbD: 15 pA typ. at 32 kHz, Not recommended for IbD: 32 pA max. at 32 kHz, |Ibp: 32 pA max. at 32 kHz,
4.0V use in LP mode 3.0V 3.0V
IPD: 0.6 pA typ. at 4.0V IPD: 9 uA max. at 3.0V IPD: 9 uA max. at 3.0V
Freq: 200 kHz max. Freq: 200 kHz max. Freq: 200 kHz max.

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications.
It is recommended that the user select the device type that ensures the specifications required.
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16.0 DC AND AC
CHARACTERISTICS GRAPHS
AND TABLES FOR PIC16C61

The graphs and tables provided in this section are for
design guidance and are not tested or guaranteed.

In some graphs or tables the data presented are
outside specified operating range (i.e., outside
specified Vbp range). This is for information only
and devices are guaranteed to operate properly
only within the specified range.

Note: The data presented in this section is a sta-
tistical summary of data collected on units
from different lots over a period of time and
matrix samples. Typical' represents the
mean of the distribution while 'max' or 'min’
represents (mean +3c) and (mean -3c)
respectively where o is standard deviation.

FIGURE 16-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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TABLE 16-1: RC OSCILLATOR FREQUENCIES
Average

Cext Rext Fosc @ 5V, 25°C

20 pF 4.7k 4.52 MHz +17.35%
10k 2.47 MHz +10.10%
100k 290.86 kHz +11.90%

100 pF 3.3k 1.92 MHz +9.43%
4.7k 1.48 MHz +9.83%
10k 788.77 kHz +10.92%
100k 88.11 kHz +16.03%

300 pF 3.3k 726.89 kHz +10.97%
4.7k 573.95 kHz +10.14%
10k 307.31 kHz +10.43%
100k 33.82 kHz +11.24%

The percentage variation indicated here is part to part variation due to normal process distribution. The variation indi-
cated is +3 standard deviation from average value for VDD = 5V.
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FIGURE 16-12: TYPICAL Ipp vs. FREQUENCY (EXTERNAL CLOCK, 25°C)
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FIGURE 16-13: MAXIMUM Ipp vs. FREQUENCY (EXTERNAL CLOCK, -40° TO +85°C)
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FIGURE 19-10: I2C BUS DATA TIMING
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Note: Refer to Figure 19-1 for load conditions
TABLE 19-10: I1°C BUS DATA REQUIREMENTS
Parameter Sym Characteristic Min Max Units Conditions
No.
100 THIGH  |Clock high time 100 kHz mode 4.0 — us Device must operate at a mini-
mum of 1.5 MHz
400 kHz mode 0.6 — us Devce must operate at a mini-
mum of 10 MHz
SSP Module 1.5Tey —
101 TLow Clock low time 100 kHz mode 4.7 — us Device must operate at a mini-
mum of 1.5 MHz
400 kHz mode 1.3 — us Device must operate at a mini-
mum of 10 MHz
SSP Module 1.5Tcy —
102 TR SDA and SCL rise 100 kHz mode — 1000 ns
time 400 kHz mode 20 +0.1Cb | 300 ns Cb is specified to be from
10-400 pF
103 TF SDA and SCL fall time | 100 kHz mode — 300 ns
400 kHz mode 20+ 0.1Cb | 300 ns Cb is specified to be from
10-400 pF
90 Tsu:sTA |START condition 100 kHz mode 4.7 — us Only relevant for repeated
setup time 400 kHz mode 0.6 — us START condition
91 THD:STA |START condition hold | 100 kHz mode 4.0 — us After this period the first clock
time 400 kHz mode 0.6 — us pulse is generated
106 THD:DAT |Data input hold time 100 kHz mode 0 — ns
400 kHz mode 0 0.9 us
107 TsSu:DAT |Data input setup time | 100 kHz mode 250 — ns Note 2
400 kHz mode 100 — ns
92 Tsu:sTO |STOP condition setup | 100 kHz mode 4.7 — us
time 400 kHz mode 0.6 — us
109 TAA Qutput valid from 100 kHz mode — 3500 ns Note 1
clock 400 kHz mode — — ns
110 TBUF Bus free time 100 kHz mode 4.7 — us Time the bus must be free
400 kHz mode 13 — us before a new transmission can
start
Cb Bus capacitive loading — 400 pF
Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of

the falling edge of SCL to avoid unintended generation of START or STOP conditions.
2: A fast-mode (400 kHz) I2C-bus device can be used in a standard-mode (100 kHz) I2C-bus system, but the requirement
tsu;DAT > 250 ns must then be met. This will automatically be the case if the device does not stretch the LOW period of the
SCL signal. If such a device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line
TR max.+tsu;DAT = 1000 + 250 = 1250 ns (according to the standard-mode 12C bus specification) before the SCL line is
released.
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20.1 DC Characteristics: PIC16C63/65A-04 (Commercial, Industrial, Extended)
PIC16C63/65A-10 (Commercial, Industrial, Extended)
PIC16C63/65A-20 (Commercial, Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +125°C for extended,

DC CHARACTERISTICS -40°C < TA < +85°C for industrial and

0°C < TA < +70°C for commerecial
Param Characteristic Sym | Min | Typt | Max | Units Conditions
No.

D001 | Supply Voltage VDD 4.0 - 6.0 V | XT, RC and LP osc configuration

DOO1A 45 - 55 V | HS osc configuration

D002* | RAM Data Retention VDR - 15 - \Y
Voltage (Note 1)

D003 | VDD start voltage to VPOR - Vss | - V | See section on Power-on Reset for details
ensure internal Power-on
Reset signal

D004* | VDD rise rate to ensure Svbb | 0.05 - - | V/Ims | See section on Power-on Reset for details
internal Power-on Reset
signal

D005 |Brown-out Reset Voltage |BvDD | 3.7 | 4.0 | 4.3 V | BODEN configuration bit is enabled
37 | 40 | 44 V | Extended Range Only

D010 | Supply Current (Note 2, 5) |IDD - 2.7 5 mA | XT, RC, osc config FOSC = 4 MHz,

VDD = 5.5V (Note 4)

D013 - 10 20 mA | HS osc config FOosc = 20 MHz, VDD = 5.5V
D015* | Brown-out Reset Current | AIBOR - 350 | 425 | pA |BOR enabled, VDD = 5.0V

(Note 6)
D020 | Power-down Current IPD - 105 | 42 pA | VDD = 4.0V, WDT enabled,-40°C to +85°C
D021 | (Note 3, 5) - 1.5 | 16 | pA | VDD = 4.0V, WDT disabled,-0°C to +70°C
D021A - 15 | 19 pA | VDD = 4.0V, WDT disabled,-40°C to +85°C
D021B - 25 | 19 | pA | VDD =4.0V, WDT disabled,-40°C to +125°C
D023* | Brown-out Reset Current | AIBOR - 350 | 425 | pA |BOR enabled, VDD = 5.0V

(Note 6)

*

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: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VDD,
MCLR = VDD; WDT enabled/disabled as specified.

3: The power down current in SLEEP mode does not depend on the oscillator type. Power-down current is mea-
sured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss.

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm.

5: Timer1 oscillator (when enabled) adds approximately 20 nA to the specification. This value is from character-
ization and is for design guidance only. This is not tested.

6: The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.
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FIGURE 20-7: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)
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Note: Refer to Figure 20-1 for load conditions.

TABLE 20-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)

Parameter | Sym |Characteristic Min Typt| Max | Units|Conditions
No.
50" TccL |CCP1.and CCP2  |No Prescaler 05Tcy+20 | — | — | ns
inputlow time  |\vith Prescaler |PIC16C63/65A 10 — =T ns
PIC16LC63/65A 20 — — ns
51~ TceH |ccP1 and ccp2 | No Prescaler 0.5Tcy +20 | — — ns
input high time With Prescaler |PIC16C63/65A 10 — | — | ns
PIC16LC63/65A 20 — — ns
52 TeeP |cCP1 and CCP2 input period 3Tcy + 40 — - ns [N =prescale value
N (1,4, or 16)
53* TccR |CCP1 and CCP2 output rise time PIC16C63/65A — 10 25 ns
PIC16LC63/65A — 25 45 ns
54* TccF |CCP1 and CCP2 output fall time PIC16C63/65A — 10 25 ns
PIC16LC63/65A — 25 | 45 ns

*

These parameters are characterized but not tested.
1 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 23-12: TYPICAL Ipp vs. FREQUENCY (RC MODE @ 22 pF, 25°C)
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FIGURE 23-13: MAXIMUM Ipp vs. FREQUENCY (RC MODE @ 22 pF, -40°C TO 85°C)
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FIGURE 23-22: TYPICAL XTAL STARTUP

TIME vs. VpD (LP MODE, 25°C)

FIGURE 23-24: TYPICAL XTAL STARTUP
TIME vs. VDD (XT MODE, 25°C)
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FIGURE 23-23: TYPICAL XTAL STARTUP TABLE 23-2: CAPACITOR SELECTION FOR
TIME vs. Vop (HS MODE, CRYSTAL OSCILLATORS
25°C)

Crystal Cap. Range | Cap. Range
7 Ose Type Freq C1 Cc2
. P 32 kHz 33 pF 33 pF
. 200 kHz 15 pF 15 pF
[}
E 5 20 MHz, 33 pF/33 pF XT 200 kHz 47-68 pF 47-68 pF
£ —— 1 MHz 15 pF 15 pF
F 4
4 MH 15 pF 15 pF
s 8 MHz, 33 pF/33 pF T z P p
E ;3 HS 4 MHz 15 pF 15 pF
@ 20 MHz, 15 pF/15 pF 8 MHz 15-33 pF 15-33 pF
2 8 MHz, 15 pF/15 pF
— | 20 MHz 15-33 pF 15-33 pF
| ———
1
4.0 45 5.0 55 6.0 Crystals
VDD(Volts) Used
32 kHz Epson C-001R32.768K-A +20 PPM
200 kHz STD XTL 200.000KHz + 20 PPM
1 MHz ECS ECS-10-13-1 + 50 PPM
4 MHz ECS ECS-40-20-1 + 50 PPM
8 MHz EPSON CA-301 8.000M-C + 30 PPM
20 MHz EPSON CA-301 20.000M-C | + 30 PPM
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Note the following details of the code protection feature on Microchip devices:

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

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

intended manner and under normal conditions.

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

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

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

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

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

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

The Microchip name and logo, the Microchip logo, dsPIC,
FlashFlex, KEELOQ, KEELOQ logo, MPLAB, PIC, PICmicro,
PICSTART, PIC*2 logo, rfPIC, SST, SST Logo, SuperFlash
and UNI/O are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

FilterLab, Hampshire, HI-TECH C, Linear Active Thermistor,
MTP, SEEVAL and The Embedded Control Solutions
Company are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Silicon Storage Technology is a registered trademark of
Microchip Technology Inc. in other countries.

Analog-for-the-Digital Age, Application Maestro, BodyCom,
chipKIT, chipKIT logo, CodeGuard, dsPICDEM,
dsPICDEM.net, dsPICworks, dsSPEAK, ECAN,
ECONOMONITOR, FanSense, HI-TIDE, In-Circuit Serial
Programming, ICSP, Mindi, MiwWi, MPASM, MPF, MPLAB
Certified logo, MPLIB, MPLINK, mTouch, Omniscient Code
Generation, PICC, PICC-18, PICDEM, PICDEM.net, PICKkit,
PICtail, REAL ICE, rfLAB, Select Mode, SQI, Serial Quad I/0,
Total Endurance, TSHARC, UniWinDriver, WiperLock, ZENA
and Z-Scale are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

GestIC and ULPP are registered trademarks of Microchip
Technology Germany Il GmbH & Co. & KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.
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Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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