Microchip Technology - PIC16C64AT-041/PQ Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

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

4MHz

12C, SPI

Brown-out Detect/Reset, POR, PWM, WDT
33

3.5KB (2K x 14)
OTP

128 x 8

4V ~ 6V

External

-40°C ~ 85°C (TA)
Surface Mount
44-QFP

44-MQFP (10x10)

https://www.e-xfl.com/product-detail/microchip-technology/pic16c64at-04i-pq

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic16c64at-04i-pq-4414771
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

PIC16C6X

TABLE 3-2: PIC16C62/62A/R62/63/R63/66 PINOUT DESCRIPTION
Pin Name Pin# | Pin Type B.rl;f;:r Description
OSC1/CLKIN | ST/CMOS® | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 10 o — Oscillator crystal output. Connects to crystal or resonator in crys-
tal oscillator mode. In RC mode, the pin outputs CLKOUT which
has 1/4 the frequency of OSC1, and denotes the instruction cycle
rate.
MCLR/VPP 1 1P ST Master clear reset input or programming voltage input. This pin is
an active low reset to the device.
PORTA is a bi-directional I/O port.
RAO 2 1/10 TTL
RA1 3 1/10 TTL
RA2 4 1/10 TTL
RA3 5 1/0 TTL
RA4/TOCKI 6 1/0 ST RA4 can also be the clock input to the Timer0 timer/counter.
Output is open drain type.
RA5/SS 7 /0 TTL RA5 can also be the slave select for the synchronous serial
port.
PORTB is a bi-directional I/0O port. PORTB can be software pro-
grammed for internal weak pull-up on all inputs.
RBO/INT 21 /0 TTL/ST® RBO can also be the external interrupt pin.
RB1 22 [l{e} TTL
RB2 23 l{e} TTL
RB3 24 110 TTL
RB4 25 1/0 TTL Interrupt on change pin.
RB5 26 1/0 TTL Interrupt on change pin.
RB6 27 1/0 TTL/ST® Interrupt on change pin. Serial programming clock.
RB7 28 l{e} TTUSTG) Interrupt on change pin. Serial programming data.
PORTC is a bi-directional 1/0 port.
Rco/T10SOM/T1CKI 11 110 ST RCO can also be the Timer1 oscillator output(™ or Timer1
clock input.
Rc1/T10SIM/cop2® 12 110 ST RC1 can also be the Timer1 oscillator input(™ or Capture2
input/Compare2 output/PWM2 output‘z).
RC2/CCP1 13 l{e} ST RC2 can also be the Capturel input/Comparel out-
put/PWM1 output.
RC3/SCK/SCL 14 110 ST RC3 can also be the synchronous serial clock input/output
for both SPI and I2C modes.
RC4/SDI/SDA 15 110 ST RC4 can also be the SPI Data In (SPI mode) or
data I/O (I°C mode).
RC5/SDO 16 /0 ST RC5 can also be the SPI Data Out (SPI mode).
RC6/TX/CK® 17 10 ST RC6 can also be the USART Asynchronous Transmit® or
Synchronous Clock(®).
RC7/RX/DT® 18 1/10 ST RC7 can also be the USART Asynchronous Receive®® or
Synchronous Data(®.
Vss 8,19 P — Ground reference for logic and I/0 pins.
VbD 20 P — Positive supply for logic and I/O pins.
Legend: |=input O = output 1/0 = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input
Note 1: Pin functions T1IOSO and T10SI are reversed on the PIC16C62.
2: The USART and CCP2 are not available on the PIC16C62/62A/R62.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
4: This buffer is a Schmitt Trigger input when configured as the external interrupt.
5:  This buffer is a Schmitt Trigger input when used in serial programming mode.
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PIC16C6X

TABLE 4-4: SPECIAL FUNCTION REGISTERS FOR THE PIC16C64/64A/R64

Value on: Value on

Address | Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, all other
BOR resets(®
Bank 0

ooh™ INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000|0000 0000
01h TMRO Timer0 module’s register XXXX XXXX |uuuu uuuu
02n™M  |PCL Program Counter's (PC) Least Significant Byte 0000 0000|0000 0000
03h(M STATUS IRP®) | RP1(6) | RPO ‘ TO ‘ PD | z ‘ DC | C 0001 1xxx |000g quuu
04h(M FSR Indirect data memory address pointer XXXX XXXX |uuuu uuuu
05h PORTA — | — | PORTA Data Latch when written: PORTA pins when read --XX XXXX | --uu uuuu
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX |Uuuu uuuu
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXX XXXX |Uuuuu uuuu
08h PORTD PORTD Data Latch when written: PORTD pins when read XXXX XXXX |Uuuuu uuuu
o9h PORTE = = = — | — | mee | mer | Reo |- o] um
0Ah(1:2) |PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 |---0 0000
oBh(" INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
oCh PIR1 PSPIF (6) — — SSPIF CCP1IF | TMR2IF | TMR1IF |00-- 0000 |00-- 0000
0Dh — Unimplemented — —
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX [Uuuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX [uuuu uuuu
10h  |T1cON — [ = [riokest [ Tickpso [T10sceN| TISYNG [ TMR1CS | TMRION [ --00 0000 | --uu wuuu
11h TMR2 Timer2 module’s register 0000 0000 | 0000 0000
12h | T2cON —  [routess | Toutesz | TouTpst | TouTPso [ TMR2ON [ T2ckPst [ T2ckPS0 [ -000 0000 | 000 0000
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | Uuuu uuuu
14 |sspcon | wooL | sspov | sspen | ckp | ssPms | ssPmz | ssPmi | ssPMo [0000 0000|0000 0000
15h CCPR1L |Capture/Compare/PWM1 (LSB) XXXX XXXX | uuuu uuuu
16h CCPR1H |Capture/Compare/PWM1 (MSB) XXXX XXXX |Uuuu uuuu
i7n [ocpicon| — [ — [ copix [ copty [ ccpims | copimz [ copimt | copimo [ --00 0000 | --00 o000
18h-1Fh = Unimplemented _ _
Legend: x =unknown, u =unchanged, q = value depends on condition, - = unimplemented location read as '0'.

Shaded locations are unimplemented, read as ‘0’.

Note 1: These registers can be addressed from either bank.

2: The upper byte of the Program Counter (PC) is not directly accessible. PCLATH is a holding register for the PC whose
contents are transferred to the upper byte of the program counter. (PC<12:8>)
Other (non power-up) resets include external reset through MCLR and the Watchdog Timer reset.
The BOR bit is reserved on the PIC16C64, always maintain this bit set.
The IRP and RP1 bits are reserved on the PIC16C64/64A/R64, always maintain these bits clear.
PIE1<6> and PIR1<6> are reserved on the PIC16C64/64A/R64, always maintain these bits clear.

o ahrw
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PIC16C6X

TABLE 4-6:

SPECIAL FUNCTION REGISTERS FOR THE PIC16C66/67

Value on: Value on
Address | Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, all other
BOR resets®
Bank 0
ooh™ INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000|0000 0000
01h TMRO Timer0 module’s register XXXX XXXX |uuuu uuuu
02h(" PCL Program Counter's (PC) Least Significant Byte 0000 0000 [ 0000 0000
03h(  |STATUS IRP | RP1 | RPO ‘ TO ‘ PD | z ‘ DC | (¢} 0001 1xxx |000g quuu
04h(M FSR Indirect data memory address pointer XXXX XXXX |uuuu uuuu
05h PORTA — | — | PORTA Data Latch when written: PORTA pins when read --XX XXXX | --uu uuuu
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX |Uuuu uuuu
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXX XXXX |Uuuuu uuuu
08h() PORTD PORTD Data Latch when written: PORTD pins when read XXXX XXXX | uuuu uuuu
09h®  |PORTE — — — — ’ — | RE2 ‘ RE1 | REO |---- -xxx|---- -uuu
0Ah(12) [PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 |---0 0000
oBh(™ INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
0Ch PIR1 PSPIF®) (4) RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
0oDh PIR2 — = = - = = — CCP2IF | ---- --- 0f---- --- 0
OEh TMRI1L 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 ‘ T1CKPSO ‘T1OSCEN| TISYNC ‘ TMR1CS | TMR1ON | --00 0000 | --uu uuuu
11h TMR2 Timer2 module’s register 0000 0000 | 0000 0000
12h T2CON — | TOUTPS3 | TOUTPS2 ‘ TOUTPS1 ‘ TOUTPSO | TMR20ON ‘ T2CKPS1 | T2CKPSO | -000 0000 | -000 0000
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX |Uuuu uuuu
14h ssPCON | wooL | sspov | ssPEN | ckp | ssPma | sspmz | ssPM1 | ssPMo 0000 0000|0000 0000
15h CCPR1L |Capture/Compare/PWM1 (LSB) XXXX XXXX |Uuuuu uuuu
16h CCPR1H |Capture/Compare/PWM1 (MSB) XXXX XXXX | Uuuu uuuu
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO | --00 0000 | --00 0000
18h RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x [ 0000 -00x
19h TXREG USART Transmit Data Register 0000 0000 | 0000 0000
1Ah RCREG USART Receive Data Register 0000 0000 | 0000 0000
1Bh CCPR2L  |Capture/Compare/PWM2 (LSB) XXXX XXXX | Uuuu uuuu
1Ch CCPR2H |Capture/Compare/PWM2 (MSB) XXXX XXXX | Uuuu uuuu
ih  |ocracon| — | — | copex | copav | copama | copamz | copamt | copamo [ --00 0000 | --00 0000
1Eh-1Fh — Unimplemented — —
Legend: x =unknown, u =unchanged, g = value depends on condition, - = unimplemented location read as '0'.
Shaded locations are unimplemented, read as ‘0’.
Note 1: These registers can be addressed from any bank.
2: The upper byte of the Program Counter (PC) is not directly accessible. PCLATH is a holding register for the PC whose
contents are transferred to the upper byte of the program counter. (PC<12:8>)
3:  Other (non power-up) resets include external reset through MCLR and the Watchdog Timer reset.
4: PIE1<6> and PIR1<6> are reserved on the PIC16C66/67, always maintain these bits clear.
5: PORTD, PORTE, TRISD, and TRISE are not implemented on the PIC16C66, read as '0'.
6: PSPIF (PIR1<7>) and PSPIE (PIE1<7>) are reserved on the PIC16C66, maintain these bits clear.

DS30234E-page 32

© 1997-2013 Microchip Technology Inc.




PIC16C6X

4.223 INTCON REGISTER Note: Interrupt flag bits get set when an interrupt
Applicable Devices condition occurs regardless of the state of
61]62]62A]R62]63]R63[64[64A[RE4]65]65ARE5]66]67 its corresponding enable bit or the global
The INTCON Register is a readable and writable regis- enable bit, GIE (INTCON<7>).

ter which contains the various enable and flag bits for
the TMRO register overflow, RB port change and exter-
nal RBO/INT pin interrupts.

FIGURE 4-11: INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh 18Bh)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x

[ e [ Peie | Toe | INTE | mBIE | ToF | INTF | RBIF | [R =Readable bit

bit7 bito |W = Writable bit
U = Unimplemented bit,

read as ‘0’

-n = Value at POR reset
X = unknown

bit 7: GIE:(") Global Interrupt Enable bit
1 = Enables all un-masked interrupts
0 = Disables all interrupts

bit 6:  PEIE:® Peripheral Interrupt Enable bit
1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts

bit 5: TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO overflow interrupt
0 = Disables the TMRO overflow interrupt

bit 4: INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt

bit 3: RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt

bit 2: TOIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register overflowed (must be cleared in software)
0 = TMRO register did not overflow

bit 1: INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur

bit 0: RBIF: RB Port Change Interrupt Flag bit
1 = At least one of the RB7:RB4 pins changed state (see Section 5.2 to clear the interrupt)
0 = None of the RB7:RB4 pins have changed state

Note 1: Forthe PIC16C61/62/64/65, if an interrupt occurs while the GIE bit is being cleared, the GIE bit may unintentionally
be re-enabled by the RETFIE instruction in the user’s Interrupt Service Routine. Refer to Section 13.5 for a detailed
description.

2: The PEIE bit (bit6) is unimplemented on the PIC16C61, read as '0'.

Interrupt flag bits get set when an interrupt condition occurs regardless of the state of its corresponding enable bit or the
global enable bit, GIE (INTCON<7>). User software should ensure the appropriate interrupt flag bits are clear prior to
enabling an interrupt.
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PIC16C6X

8.3 Timer1 Operation in Asynchronous
Counter Mode

Applicable Devices
61]62]62A]R62[63|R6364]64A|R64[65]65A]RE5]66]67
If control bit TISYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during SLEEP and gener-
ate an interrupt on overflow which will wake the proces-
sor. However, special precautions in software are
needed to read-from or write-to the Timer1 register
pair, TMR1L and TMR1H (Section 8.3.2).

In asynchronous counter mode, Timer1 cannot be used
as a time-base for capture or compare operations.

8.3.1 EXTERNAL CLOCK INPUT TIMING WITH
UNSYNCHRONIZED CLOCK

If control bit TISYNC is set, the timer will increment
completely asynchronously. The input clock must meet
certain minimum high time and low time requirements,
as specified in timing parameters (45 - 47).

8.3.2  READING AND WRITING TMR1 IN
ASYNCHRONOUS COUNTER MODE

Reading TMR1H or TMR1L, while the timer is running
from an external asynchronous clock, will ensure a
valid read (taken care of in hardware). However, the
user should keep in mind that reading the 16-bit timer
in two 8-bit values itself poses certain problems since
the timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write conten-
tion may occur by writing to the timer registers while the
register is incrementing. This may produce an unpre-
dictable value in the timer register.

Reading the 16-bit value requires some care.
Example 8-1 is an example routine to read the 16-bit
timer value. This is useful if the timer cannot be
stopped.

EXAMPLE 8-1: READING A 16-BIT
FREE-RUNNING TIMER

;  All Interrupts are disabled
MOVF TMR1H, W ;Read high byte
MOVWF TMPH ;
MOVF TMR1L, W ;Read low byte
MOVWF TMPL ;
MOVF TMR1H, W
SUBWF TMPH, w

;Read high byte

;Sub 1st read

;with 2nd read
BTFSC STATUS, Z ;jis result = 0
GOTO CONTINUE ;Good 16-bit read

; TMR1L may have rolled over between the read

; of the high and low bytes. Reading the high

; and low bytes now will read a good value.
MOVF TMR1H, W ;Read high byte
MOVWF TMPH
MOVF TMR1L, W
MOVWF TMPL ;

; Re-enable Interrupt (if required)

CONTINUE ;Continue with
: jyour code

jRead low byte

8.4 Timer1 Oscillator

Applicable Devices

61]62]62a]R62[63|R6364]64A|R64]65]65A]RE5]66]67

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 8-1 shows the capacitor
selection for the Timer1 oscillator.

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

TABLE 8-1: 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

These values are for design guidance only.

Crystals Tested:
32.768 kHz |Epson C-001R32.768K-A |+ 20 PPM

100 kHz Epson C-2 100.00 KC-P + 20 PPM

200 kHz STD XTL 200.000 kHz +20 PPM

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 appropri-
ate values of external components.

© 1997-2013 Microchip Technology Inc.
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Applicable Devices
61]62]62A]R62]63]R63]64]64A]R64]65]65A]RE5]66]67 P I C 1 GCGX

Figure 11-19 and Figure 11-20 show Master-transmit- SCL is high), but occurs after a data transfer acknowl-
ter and Master-receiver data transfer sequences. edge pulse (not the bus-free state). This allows a mas-
ter to send “commands” to the slave and then receive
the requested information or to address a different
slave device. This sequence is shown in Figure 11-21.

When a master does not wish to relinquish the bus (by
generating a STOP condition), a repeated START con-
dition (Sr) must be generated. This condition is identi-
cal to the start condition (SDA goes high-to-low while

FIGURE 11-19: MASTER-TRANSMITTER SEQUENCE

For 7-bit address: For 10-bit address:
‘S‘Slave Address‘RW‘A Data ‘A‘ Data‘A/K p‘ S[Slave Address/R/W [A1/Slave Address|A2
First 7 bits Second byte
'0' (write) I Ldata transferred - ite) J
(n bytes - acknowledge) (write)
A master transmitter addresses a slave receiver with a &
7-bit address. The transfer direction is not changed. Datal|A| Data A/KH
A = acknowledge (SDA low) &
[[] From masterto slave A = not acknowledge (SDA high)
S = Start Gondition A master transmitter addresses a slave receiver
[ ] From slave to master P = Stop Condition with a 10-bit address.
FIGURE 11-20: MASTER-RECEIVER SEQUENCE
For 7-bit address: For 10-bit address:
’5‘S|ave Address‘R/w‘ A |Data ‘A ‘ Data ‘ x p‘ S[Slave Address|R/W |A1]Slave Address|A2
First 7 bits Second byte
'1' (read) _ Ldata transferred ite)
(n bytes - acknowledge) (write)
A master reads a slave immediately after the first byte. L _ g _
SriSlave Address|R/W |A3|Data|A|  [Data|/A|P
A = acknowledge (SDA low) First 7 bits g
[[] From masterto slave A = not acknowledge (SDA high) (read) J
S = Start Condition A master transmitter addresses a slave receiver
|:| From slave to master P = Stop Condition with a 10-bit address.

FIGURE 11-21: COMBINED FORMAT

(read or write)
(n bytes + acknowledge)

’S‘Slave Address‘R/W‘A ‘Data ’A/K ‘ Sr‘SIave Address‘RW‘A’ Data‘A/K ’ P‘
|

(read) Sr = repeated (write) Direction of transfer
Start Condition may change at this point

Transfer direction of data and acknowledgment bits depends on R/W bits.

Combined format: « «
P ~ - P

SriSlave Address|R/W| A | Slave Address|A |Data|A Data| A/A |Sr|Slave Address|R/W |A|Data|A Data|A|P
First 7 bits Second byte First 7 bits

(@ (@
(write) l

’ (read) - ’

Combined format - A master addresses a slave with a 10-bit address, then transmits
data to this slave and reads data from this slave.

A = acknowledge (SDA low)

F | A = not acknowledge (SDA high)
[] From master to slave & = At acknowleds

[ ] From slave to master P = Stop Condition

© 1997-2013 Microchip Technology Inc. DS30234E-page 97
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12.3.2 USART SYNCHRONOUS MASTER
RECEPTION

Once Synchronous Mode is selected, reception is
enabled by setting either enable bit SREN (RCSTA<5>)
bit or enable bit CREN (RCSTA<4>). Data is sampled
on the DT pin on the falling edge of the clock. If enable
bit SREN is set, then only a single word is received. If
enable bit CREN is set, the reception is continuous until
bit CREN is cleared. If both the bits are set then bit
CREN takes precedence. After clocking the last bit, the
received data in the Receive Shift Register (RSR) is
transferred to the RCREG register (if it is empty). When
the transfer is complete, interrupt bit RCIF (PIR1<5>) is
set. The actual interrupt can be enabled/disabled by
setting/clearing enable bit RCIE (PIE1<5>). Flag bit
RCIF is a read only bit which is reset by the hardware.
In this case, it is reset when the RCREG register has
been read and is empty. The RCREG is a double buff-
ered register, i.e., itis a two deep FIFO. Itis possible for
two bytes of data to be received and transferred to the
RCREG FIFO and a third byte to begin shifting into the
RSR register. On the clocking of the last bit of the third
byte, if the RCREG register is still full, then overrun
error bit, OERR (RCSTA<1>) is set. The word in the
RSR register will be lost. The RCREG register can be
read twice to retrieve the two bytes in the FIFO. Over-
run error bit OERR has to be cleared in software (by
clearing bit CREN). If bit OERR is set, transfers from
the RSR to the RCREG are inhibited, so it is essential
to clear bit OERR if it is set. The 9th receive bit is buff-
ered the same way as the receive data. Reading the
RCREG register will load bit RX9D with a new value.
Therefore it is essential for the user to read the RCSTA
register before reading the RCREG register in order not
to lose the old RX9D bit information.

Steps to follow when setting up Synchronous Master

Reception:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 12.1).

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

3. Ensure bits CREN and SREN are clear.

4. If interrupts are desired, then set enable bit
RCIE.

5. If 9-bit reception is desired, then set bit RX9.

6. If a single reception is required, set enable bit
SREN. For continuous reception set enable bit
CREN.

7. Flag bit RCIF will be set when reception is com-
plete and an interrupt will be generated if enable
bit RCIE was set.

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

9. Read the 8-bit received data by reading the

RCREG register.

. If any error occurred, clear the error by clearing

enable bit CREN.

TABLE 12-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION
Value on Value on
Address |Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, all other
BOR Resets

0Ch PIR1 PSPIF(M | @ | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN — FERR OERR RX9D | 0000 -00x | 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIEM | @ | 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 Synchronous Master Reception.
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.

DS30234E-page 118
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PIC16C6X

13.4 Power-on Reset (POR), Power-up
Timer (PWRT), Oscillator Start-up
Timer (OST) and Brown-out Reset
(BOR)

Applicable Devices
61]62]62A]R62[63|R6364]64A|R64[65]65A]RE5]66]67

POWER-ON RESET (POR)

13.4.1

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.5V - 2.1V). To
take advantage of the POR, just tie the MCLR/VPP pin
directly (or through a resistor) to VDD. This will elimi-
nate external RC components usually needed to create
a Power-on Reset. A maximum rise time for VDD is
required. See Electrical Specifications for details.

When the device starts normal operation (exits the
reset condition), device operating parameters (voltage,
frequency, temperature, ...) must be met to ensure
operation. If these conditions are not met, the device
must be held in reset until the operating conditions are
met. Brown-out Reset may be used to meet the startup
conditions.

For additional information, refer to Application Note
AN607, “Power-up Trouble Shooting.”

13.4.2 POWER-UP TIMER (PWRT)

The Power-up Timer provides a fixed 72 ms nominal
time-out on power-up only, from POR. The Power-up
Timer operates on an internal RC oscillator. The chip is
kept in reset as long as PWRT is active. The PWRT’s
time delay allows VDD to rise to an acceptable level. A
configuration bit is provided to enable/disable the
PWRT.

FIGURE 13-10: BROWN-OUT SITUATIONS

The power-up time delay will vary from chip to chip due
to VDD, temperature, and process variation. See DC
parameters for details.

13.4.3 OSCILLATOR START-UP TIMER (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over. This ensures the crystal oscillator
or resonator has started and stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
SLEEP.

13.4.4 BROWN-OUT RESET (BOR)

Applicable Devices
61]62]62A]R62]63[R63]64]64A[RE4]65]65A[RE5]66]67
A configuration bit, BODEN, can disable (if clear/pro-
grammed) or enable (if set) the Brown-out Reset cir-
cuitry. If VDD falls below 4.0V (parameter D005 in
Electrical Specification section) for greater than param-
eter #34 (see Electrical Specification section), the
brown-out situation will reset the chip. A reset may not
occur if VDD falls below 4.0V for less than parameter
#34. The chip will remain in Brown-out Reset until VDD
rises above BVDD. The Power-up Timer will now be
invoked and will keep the chip in RESET an additional
72 ms. If VDD drops below BVDD while the Power-up
Timer is running, the chip will go back into a Brown-out
Reset and the Power-up Timer will be initialized. Once
VDD rises above BVDD, the Power-up Timer will exe-
cute a 72 ms time delay. The Power-up Timer should
always be enabled when Brown-out Reset is enabled.
Figure 13-10 shows typical brown-out situations.

VDD
_____________ V_____________———-BVDDMaX.
“““““““ ‘ [ =AY/ o 1 1 \V [ To
|
Internal ‘-—.
Reset 72ms
VDD
,,,,,,,,,,,,,W ,,,,,,,,,,,,, BVDD Max.
************ - T TS 7T7 77 BVDDMin.
I el
Internal <72 ms :<—>l7
Reset 72 ms
VDD
,,,,, \ ,,,,,,,,,,,,,3/,,,,””””7,BVDDMax.
***** |**””””” T T T T T T T T 7777 BVDDMin.
|
Internal e
Reset 72ms
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13.8 Power-down Mode (SLEEP)

Applicable Devices
61]62]62A]R62[63|R6364]64A|R64[65]65A]RE5]66]67
Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, status bit PD (STATUS<3>) is cleared,
status bit TO (STATUS<4>) is set, and the oscillator
driver is turned off. The I/O ports maintain the status
they had before the SLEEP instruction was executed
(driving high, low, or hi-impedance).

For lowest current consumption in this mode, place all
I/0 pins at either VDD, or Vss, ensure no external cir-
cuitry is drawing current from the 1/0 pin, and disable
external clocks. Pull all I/O pins, that are hi-impedance
inputs, high or low externally to avoid switching currents
caused by floating inputs. The TOCKI input should also
be at VDD or Vss for lowest current consumption. The
contribution from on-chip pull-ups on PORTB should be
considered.

The MCLR/VPP pin must be at a logic high level
(VIHMmC).

13.8.1 WAKE-UP FROM SLEEP

The device can wake from SLEEP through one of the
following events:

1. External reset input on MCLR/VPP pin.

2. Watchdog Timer Wake-up (f WDT was
enabled).

3. Interrupt from RBO/INT pin, RB port change, or
some peripheral interrupts.

External MCLR Reset will cause a device reset. All

other events are considered a continuation of program

execution and cause a “wake-up”. The TO and PD bits

in the STATUS register can be used to determine the

cause of device reset. The PD bit, which is set on

power-up is cleared when SLEEP is invoked. The TO bit

is cleared if WDT time-out occurred (and caused wake-

up).

The following peripheral interrupts can wake the device

from SLEEP:

1. TMR1 interrupt. Timer1 must be operating as an
asynchronous counter.

SSP (Start/Stop) bit detect interrupt.

SSP transmit or receive in slave mode (SPI/I12C).
CCP capture mode interrupt.

Parallel Slave Port read or write.

USART TX or RX (synchronous slave mode).

o0 hM 0N

Other peripherals can not generate interrupts since
during SLEEP, no on-chip Q clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

13.8.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will com-
plete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake up from sleep. The SLEEP instruction
will be completely executed before the wake-up.
Therefore, the WDT and WDT postscaler will be
cleared, the TO bit will be set and the PD bit will
be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.

© 1997-2013 Microchip Technology Inc.
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FIGURE 13-22: WAKE-UP FROM SLEEP THROUGH INTERRUPT

catl a2l aslas; a1l a2l a3l 4 a1l

a1l @2l a3l a4; a1l @2l azlas; a1l a2l @sl a4 a1l @2l a3l q4,
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executed

Note 1: XT, HS or LP oscillator mode assumed.

If GIE ="'0', execution will continue in-line.

CLKOUT(4) \ \ [ TOST(2)
INT pin : ' ' ' ' '
INTF flag ' ! . \\ .
(INTCON<1>) / . Interrupt Latency ,
' ! (Note 2)
GIE bit ] ; ;
(INTCON<7>) | Processor in | \
' SLEEP
INSTRUCTION FLOW .
PC X PC X__PC+1 ) PC+2 PC+2 ) PC+2 . 0004h ¥___oo0sh
oo {] Ins(PC) = SLEEP | Inst(PC + 1) InstPC+2) ' ' Inst(0004h) ' Inst(0005h)
Detruenen {: Inst(PC-1)  +  SLEEP Inst(PC+1) + Dummycycle .+  Dummyecycle +  |nst(0004h)

2: TosT = 1024Tosc (drawing not to scale) This delay will not be there for RC osc mode.
3: GIE ="1" assumed. In this case after wake-up, the processor jumps to the interrupt routine.

4: CLKOUT is not available in these osc modes, but shown here for timing reference.

13.9 Program Verification/Code Protection

Applicable Devices
61]62]62A]R62[63]R6364]64A]R64]65]65A]R65]66]67
If the code protection bit(s) have not been pro-
grammed, the on-chip program memory can be read
out for verification purposes.

Note:  Microchip does not recommend code pro-
tecting windowed devices.

13.10 ID Locations

Applicable Devices
61]62]62A]R62]63|R63]64]64A[R64]65]65AR65]66]67
Four memory locations (2000h - 2003h) are designated
as ID locations where the user can store checksum or
other code-identification numbers. These locations are
not accessible during normal execution but are read-
able and writable during program/verify. It is recom-
mended that only the 4 least significant bits of the ID
location are used.

For ROM devices, these values are submitted along
with the ROM code.

13.11 _In-Circuit Serial Programming

Applicable Devices

61]62]62A]R62[63]R63]64]64A]R64]65]65A]R65]66]67
The PIC16CXX microcontrollers can be serially pro-
grammed 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 firm-
ware to be programmed.

The device is placed into a program/verify mode by
holding pins RB6 and RB7 low while raising the MCLR
(VPP) pin from VIL to VIHH (see programming specifica-
tion). 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 in program/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 sup-
plied to or from the device, depending if the command
was a load or a read. For complete details of serial pro-
gramming, please refer to the PIC16C6X/7X Program-
ming Specifications (Literature #DS30228).

FIGURE 13-23: TYPICAL IN-CIRCUIT SERIAL

PROGRAMMING
CONNECTION
. To Normal
External ' Connections
Connector PIC16CXX
Signals
+5V : * VDD
ov : Vss
VPP : MCLR/VpPP
CLK . RB6
Data I/O : » RB7
' VbD
To Normal
Connections
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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65[66]67]

15.1 DC Characteristics: PIC16C61-04 (Commercial, Industrial, Extended)

PIC16C61-20 (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 commercial
Param Characteristic Sym | Min | Typt | Max | Units Conditions
No.
D001 Supply Voltage VDD 4.0 - 6.0 V | XT, RC and LP osc configuration
DO01A 4.5 - 5.5 V | HS osc configuration
D002* RAM Data Retention VDR - 15 - \
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 |SvbD | 0.05 - - | V/ms | See section on Power-on Reset for details
internal Power-on
Reset signal
D010 Supply Current (Note 2) | IDD - 1.8 | 3.3 | mA |Fosc =4 MHz, VDD = 5.5V (Note 4)
D013 - 13.5| 30 | mA |HS osc configuration
Fosc = 20 MHz, VbD = 5.5V
D020 Power-down Current IPD - 7 28 pA | VDD = 4.0V, WDT enabled, -40°C to +85°C
D021 (Note 3) - 1.0 | 14 | pA |VDD =4.0V, WDT disabled, -0°C to +70°C
D021A - 1.0 | 16 pA | VDD = 4.0V, WDT disabled, -40°C to +85°C
D021B - 1.0 | 20 | pA |VDD = 4.0V, WDT disabled, -40°C to +125°C

Note 1:

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.

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

The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/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.

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.

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.
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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65[66]67]
FIGURE 15-3: CLKOUT AND I/O TIMING
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Note: Refer to Figure 15-1 for load conditions.
TABLE 15-3: CLKOUT AND 1I/0 TIMING REQUIREMENTS
Parameter Sym Characteristic Min Typt Max Units | Conditions
No.
10* TosH2ckL | OSC1T to CLKOUTY — 15 30 ns Note 1
1* TosH2ckH | OSC1% to CLKOUT? — 15 30 ns Note 1
12* TckR CLKOUT rise time - 5 15 ns Note 1
13* TckF CLKOUT fall time — 5 15 ns Note 1
14* TckL2ioV CLKOUT { to Port out valid — — [0.5Tcy+20| ns Note 1
15* TioV2ckH | Port in valid before CLKOUT T 0.25Tcy +25| — —_ ns Note 1
16* TckH2iol Port in hold after CLKOUT * 0 — — ns Note 1
17* TosH2ioV | OSC1T (Q1 cycle) to Port out valid — — 80 - 100 ns
18* TosH2iol 0OSC17T (Q2 cycle) to Port input invalid TBD — — ns
(/O in hold time)
19* TioV20sH | Port input valid to OSC17 (1/O in setup TBD — — ns
time)
20* TioR Port output rise time PIC16C61 — 10 25 ns
PIC16LC61 — — 60 ns
21* TioF Port output fall time PIC16C61 — 10 25 ns
PIC16LC61 — — 60 ns
221t Tinp RBO/INT pin high or low time 20 — — ns
231" Trbp RB7:RB4 change int high or low time 20 — — 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.

1t These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc.
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[Applicable Devices[61]62][62A[R62[63]R63[64[64A[R64 [65]65A[R65[66]67]

17.3

DC Characteristics:

PIC16C62/64-04 (Commercial, Industrial)

PIC16C62/64-10 (Commercial, Industrial)
PIC16C62/64-20 (Commercial, Industrial)
PIC16LC62/64-04 (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial and
DC CHARACTERISTICS 0°C < TA < +70°C for commercial
Operating voltage VDD range as described in DC spec Section 17.1
and Section 17.2
Param Characteristic Sym Min [Typ| Max |Units Conditions
No. 1.
Input Low Voltage
I/0 ports ViL
D030 with TTL buffer Vss - | 0.15VpD| V |For entire VDD range
DO030A Vss - 0.8V V |4.5V <VDD <5.5V
D031 with Schmitt Trigger buffer Vss - | 0.2VbD Vv
D032 |MCLR, OSC1 (in RC mode) Vss - | 0.2VpbD \
D033 |OSCH1 (in XT, HS and LP) Vss - | 0.3VpbD V  |Notetl
Input High Voltage
I/0 ports VIH
D040 with TTL buffer 2.0 - VDD V |4.5V <VDD <5.5V
D040A 0.25VDD| - VDD V |For entire VDD range
+0.8V
D041 with Schmitt Trigger buffer 0.8VDD | - VDD For entire VDD range
D042 |MCLR 0.8VoD | - VDD \
D042A |OSCH1 (XT, HS and LP) 0.7VoD | - VDD V  |Notetl
D043 |OSCH1 (in RC mode) 0.9VoD | - VDD \
D070 [PORTB weak pull-up current IPURB 50 |200] 400 pA [VDD =5V, VPIN = VSS
Input Leakage Current (Notes 2, 3)
D060 |I/O ports I - - +1 pA |Vss < VPIN < VDD, Pin at hi-
impedance
D061 |MCLR, RA4/TOCKI - - +5 pA |Vss < VPIN < VDD
D063 |OSCH - - 5 pA |Vss <VPIN<VDD, XT, HS and
LP osc configuration
Output Low Voltage
D080 |I/O ports VoL - - 0.6 V [loL=8.5mA, VDD =4.5V,
-40°C to +85°C
D083 |OSC2/CLKOUT (RC osc config) - - 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
Output High Voltage
D090 |I/O ports (Note 3) VoH VDD-0.7 | - - V |loH =-3.0 mA, VDD = 4.5V,
-40°C to +85°C
D092 |OSC2/CLKOUT (RC osc config) VbD-0.7 | - - V |loH=-1.3mA, VDD = 4.5V,
-40°C to +85°C
D150 |Open-Drain High Voltage Vob - - 14 V'  |RA4 pin

*

t
Note 1:
2:

3:

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.

In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16C6X be driven with external clock in RC mode.
The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified lev-
els represent normal operating conditions. Higher leakage current may be measured at different input voltages.
Negative current is defined as current sourced by the pin.
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[Applicable Devices[61]62][62A[R62[63]R63[64[64A[R64 [65]65A[R65[66]67]
NOTES:
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[Applicable Devices[61]62]62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]
18.5 Timing Diagrams and Specifications
FIGURE 18-2: EXTERNAL CLOCK TIMIN
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TABLE 18-2: EXTERNAL CLOCK TIMING REQUIREMENTS

Parameter Sym | Characteristic Min | Typt Max Units | Conditions
No.
Fosc |External CLKIN Frequency
(Note 1) DC — 4 MHz | XT and RC osc mode
DC — 4 MHz | HS osc mode (-04)
DC — 10 MHz | HS osc mode (-10)
DC — 20 MHz | HS osc mode (-20)
DC — 200 kHz |LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode
(Note 1) 0.1 — 4 MHz | XT osc mode
4 — 20 MHz | HS osc mode
5 — 200 kHz |LP osc mode
1 Tosc | External CLKIN Period 250 — — ns | XT and RC osc mode
(Note 1) 250 — — ns |HS osc mode (-04)
100 — — ns |HS osc mode (-10)
50 — — ns | HS osc mode (-20)
5 — — us | LP osc mode
Oscillator Period 250 — — ns | RC osc mode
(Note 1) 250 — 10,000 | ns |XT osc mode
250 — 250 ns |HS osc mode (-04)
100 — 250 ns |HS osc mode (-10)
50 — 250 ns |HS osc mode (-20)
5 — — us | LP osc mode
2 Tcy |Instruction Cycle Time (Note 1) 200 Tey DC ns | Tcy = 4/Fosc
3 TosL, |External Clock in (OSC1) High or 100 — — ns | XT oscillator
TosH | Low Time 25 — — us | LP oscillator
15 — — ns | HS oscillator
4 TosR, |External Clock in (OSC1) Rise or — — 25 ns | XT oscillator
TosF | Fall Time — — 50 ns |LP oscillator
— — 15 ns | HS oscillator
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.

Note 1: Instruction cycle period (TcY) equals four times the input oscillator time-base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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[Applicable Devices[61]62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]

20.2 DC Characteristics: PIC16LC63/65A-04 (Commercial, Industrial)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for industrial and
0°C < TA < +70°C for commercial
Param Characteristic Sym | Min | Typt | Max | Units Conditions
No.
D001 Supply Voltage VDD 2.5 - 6.0 V | LP, XT, RC osc configuration (DC - 4 MHz)
D002* | RAM Data Retention VDR - 15 - \
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 Svbp | 0.05 - - | V/ms | See section on Power-on Reset for details
internal Power-on Reset
signal
D005 Brown-out Reset Voltage |[BvbD | 3.7 | 4.0 | 4.3 V | BODEN configuration bit is enabled
D010 Supply Current (Note 2, 5) | IDD - 2.0 | 3.8 | mA |XT, RC osc configuration
Fosc = 4 MHz, VDD = 3.0V (Note 4)
DO10A - 225 | 48 pA | LP osc configuration
Fosc = 32 kHz, VbD = 3.0V, WDT disabled
DO15* Brown-out Reset Current | AIBOR - 350 | 425 | pA |BOR enabled, VDD = 5.0V
(Note 6)
D020 Power-down Current IPD - 75 | 30 pA | VDD = 3.0V, WDT enabled, -40°C to +85°C
D021 (Note 3, 5) - 0.9 5 pA | VDD = 3.0V, WDT disabled, 0°C to +70°C
D021A - 0.9 5 pA | VDD = 3.0V, WDT disabled, -40°C to +85°C
D023* Brown-out Reset Current | AIBOR - 350 | 425 | pA |BOR enabled, VDD = 5.0V
(Note 6)

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

Note 1:
2:

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

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.

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.

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.

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

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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[Applicable Devices[61]62]62A[R62[63]R63[64]64A[R64[65]65A[R65[66[67]
FIGURE 20-6: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS
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Note: Refer to Figure 20-1 for load conditions.

TABLE 20-5: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

Param Sym Characteristic Min Typt | Max | Units [Conditions
No.
40* TtoOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — — ns |parameter 42
41* TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — - ns [Must also meet
With Prescaler 10 — — ns |parameter 42
42 TtOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler |Greater of: — — ns [N = prescale value
20 or Tey + 40 (2, 4, ..., 256)
N
45* THH T1CKI High Time |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, [PIC16C6X 15 — — ns |parameter 47
Prescaler = PIC16LC6X 25 — | = ns
2,4,8
Asynchronous |PIC16C6X 30 - - ns
PIC16LC6X 50 — — ns
46* THL T1CKI Low Time  |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, [PIC16C6X 15 — — ns |parameter 47
Prescaler = PIC16LC6X 25 — — ns
2,4,8
Asynchronous |PIC16C6X 30 - - ns
PIC16LC6X 50 — — ns
47 Tt1P  [T1CKIl input period [Synchronous |PIC16C6X Greater of: - - ns [N = prescale value
30 oR_TCY + 40 (1,2,4,8)
N
PIC16LC6X r r of: N = prescale value
50 ORTCY + 40 (1,2,4,8)
N
Asynchronous |PIC16C6X 60 — — ns
PIC16LC6X 100 — — ns
Ft1 Timer1 oscillator input frequency range DC — | 200 | kHz
(oscillator enabled by setting bit TIOSCEN)
48 TCKEZtmr1|Delay from external clock edge to timer increment 2Tosc — |7Tosc| —

* 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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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65[66]67]
FIGURE 20-10: I2C BUS START/STOP BITS TIMING

SCL

START STOP
Condition Condition

Note: Refer to Figure 20-1 for load conditions

TABLE 20-9: I2C BUS START/STOP BITS REQUIREMENTS

Parameter Sym Characteristic Min | Typ | Max | Units Conditions

No.

90* Tsu:sTA | START condition 100 kHz mode 4700 | — | — ns Only relevant for repeated START
Setup time 400 kHz mode 600 | — | — 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.
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[Applicable Devices[61]62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]

FIGURE 22-14: I2C BUS DATA TIMING

103 =1 e— . 100 o . el e 102

SDA &

Out SRy ><

Note: Refer to Figure 22-1 fbr load conditions

TABLE 22-10: 12C 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 Device must operate at a mini-
mum of 10 MHz
SSP Module 1.5Tcy —
101* Trow  [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* Tsu: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 Output 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 1.3 — us before a new transmission can
start
Cb Bus capacitive loading — 400 pF

*

Note 1:

2:

These parameters are characterized but not tested.

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.

A fast-mode (400 kHz) I2C-bus device can be used in a standard-mode (100 kHz) [2C-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 I°C bus specification) before the SCL line
is released.
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24.4

18-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) (SO)

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

B
P h x 45°
MO0 00 =
Index
Area ™ 1
| .
H ) L C
Chamfer L<_T
hx45° —*

TEFD T

o |

Seating —»-:

f \ 3
B O Em S

Base
Plane

Plane
Al
Package Group: Plastic SOIC (SO)
Millimeters Inches
Symbol Min Max Notes Min Max Notes

o 0° 8° 0° 8°

A 2.362 2.642 0.093 0.104

A1 0.101 0.300 0.004 0.012

B 0.355 0.483 0.014 0.019

C 0.241 0.318 0.009 0.013

D 11.353 11.735 0.447 0.462

E 7.416 7.595 0.292 0.299

e 1.270 1.270 Reference 0.050 0.050 Reference
H 10.007 10.643 0.394 0.419

h 0.381 0.762 0.015 0.030

L 0.406 1.143 0.016 0.045

N 18 18 18 18

CP - 0.102 - 0.004
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