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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"
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33
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PIC16C6X

FIGURE 3-2: PIC16C62/62A/R62/64/64A/R64 BLOCK DIAGRAM
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Program I RA2
Memory RAM L RA
8 Level Stack File v 3
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Timer N +—[X| RC3/scK/SCL
Instruction Oscillator T— RC4/SDI/SDA
Decode & [<— > | Start-up Timer ALU +—=X| RC5/SDO
Control Power-on ‘ <« RC6
Reset 8 h RC7
Timing Watchdog
IXK=>1 Generation [ Timer rlf— — = = = = — — 2
0OSC1/CLKIN Brown-gut PORTD
OSC2/CLKOUT Resetd | = RDO/PSPO |
tat—=X| RD1/PSP1
I . RD2/PSP2 |
[ - i RDI/PSPS |
‘L tat—=<| RD4/PSP4
= I H—=X| RDS/PSP5 |
MCLR VDD, Vss F————d - RD6/PSP6
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Timer1 Timer2 cCP1 | —K I
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e e _ —_ —_ = A
g {} (Note 2)

Synchronous
Serial Port

Timer0

Note 1: Higher order bits are from the STATUS register.

PORTD, PORTE and the Parallel Slave Port are not available on the PIC16C62/62A/R62.
Brown-out Reset is not available on the PIC16C62/64.

Pin functions T10SI and T10SO are swapped on the PIC16C62/64.

Rwn
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FIGURE 7-3: TIMERO TIMING: INTERNAL CLOCK/PRESCALE 1:2

PC 1a1]|Q2|a3|Q4, a1|Q2|Q3|a4,a1|Q2|Q3|Q4 ;Q1|Q@2|03|Q4;Q1|Q2|Q3| Q4 ;Q1|Q2|Q3|Q4,Q1|Q@2| Q3| Q4 ;Q1|Q2|Q3| Q4 ,
(Program ' ' ' ' ' ' ' ' '
Counter) ( PC-1 ¥ PC X PC+1 X PC+2 X PC+3 X PC+4 % PC+5 X PC+6 )
Instruction ' ' MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' '
Fetch . I I I . . . . .
TMRO 70 X TorT 1 5 NTO . . SO NToRr O
Instruction : : : * : f : * : * : f : ? :
Execute . Write TMRO | Read TMRO | Read TMRO . Read TMRO . Read TMRO | Read TMRO
executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1

FIGURE 7-4: TMRO INTERRUPT TIMING

ca1|a2| a3|a4; 1| a2| @3| Q4. 1| 2| Q3| Q4 Q1| @2| 3| Q4 at| 2| a3 Qs
osct ‘ : : - -

CLKOUT@®) .  /  \ )
Timer0 : FEh X :

V@

00h X

TOIF bit ‘
(INTCON<2>)

GIE bit
(INTCON<7>) \

INSTRUCTION
FLOW

Instruction

fetched Inst (PC)

Inst (0004h) Inst (0005h)

Inst (PC-1) Dummy cycle Dummy cycle Inst (0004h)

PC { PC X PC +1 X PC +1 X 0004h X 0005h
executed : :

Instruction *

Note 1: Interrupt flag bit TOIF is sampled here (every Q1).
2: Interrupt latency = 4Tcy where Tcy = instruction cycle time.
3: CLKOUT is available only in RC oscillator mode.
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PIC16C6X

7.3 Prescaler The PSA and PS2:PS0 bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.

Applicable Devices
61]62]62A]R62[63]R6364]64A]R64[65]65A]R65]66]67 When assigned to the Timer0 module, all instructions
An 8-bit counter is available as a prescaler for the wriing to the TMRO register (e.g. CLRF TMRO,
Timer0 module or as a postscaler for the Watchdog MOVWF TMRO, BSF TMRO,bitx) will clear the pres-
Timer (WDT), respectively (Figure 7-6). For simplicity, caler count. When assigned to the Watchdog Timer, a
this counter is being referred to as “prescaler” through- CLRWDT instruction will clear the Watchdog Timer and

out this data sheet. Note that the prescaler may be the prescaler count. The prescaler is not readable or

used by either the Timer0 module or the Watchdog writable.

T|me!', but not both. Thus, a prescalgr assignment for Note: Writing to TMRO when the prescaler is

the Timer0 modyle means t.hat there is no prescaler for assigned to Timer0 will clear the prescaler

the Watchdog Timer, and vice-versa. count, but will not change the prescaler
assignment.

FIGURE 7-6: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

CLKOUT (=Fosc/4) Data Bus
\/ 8
o M 1 %

RA4/TOCKI . M SYNC

pin D7 ol Y > 2 TMRO reg
X Cycles

TOSE T ?
TOCS
PSA Set flag bit TOIF
on Overflow

0 1 8-bit Prescaler

Watchdog 1
Timer

xc Z

8

T PSA
1

WDT Enable bit 0 |

n—>e

MUX «— PSA

Y

WDT
Time-out

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION<5:0>).
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PIC16C6X

61]62]62A]R62]63]R63]64]64A]R64]65]65A]RE5]66]67

11.2.1 OPERATION OF SSP MODULE IN SPI
MODE

Applicable Devices
61/62]62A|R62]63[R63]64]64A]RE4]65]65A]RE5]66]67

The SPI mode allows 8-bits of data to be synchro-
nously transmitted and received simultaneously. To
accomplish communication, typically three pins are
used:

¢ Serial Data Out (SDO)
* Serial Data In (SDI)
¢ Serial Clock (SCK)

Additionally a fourth pin may be used when in a slave
mode of operation:

* Slave Select (SS)

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits in the SSPCON register (SSPCON<5:0>).
These control bits allow the following to be specified:

¢ Master Mode (SCK is the clock output)

* Slave Mode (SCK is the clock input)

¢ Clock Polarity (Output/Input data on the Rising/
Falling edge of SCK)

¢ Clock Rate (Master mode only)

* Slave Select Mode (Slave mode only)

The SSP consists of a transmit/receive Shift Register
(SSPSR) and a Buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR,
until the received data is ready. Once the 8-bits of data
have been received, that byte is moved to the SSPBUF
register. Then the Buffer Full bit, BF (SSPSTAT<0>)
and flag bit SSPIF are set. This double buffering of the
received data (SSPBUF) allows the next byte to start
reception before reading the data that was just
received. Any write to the SSPBUF register during
transmission/reception of data will be ignored, and the
write collision detect bit, WCOL (SSPCON<7>) will be
set. User software must clear bit WCOL so that it can
be determined if the following write(s) to the SSPBUF
completed successfully. When the application software
is expecting to receive valid data, the SSPBUF register
should be read before the next byte of data to transfer
is written to the SSPBUF register. The Buffer Full bit BF
(SSPSTAT<0>) indicates when the SSPBUF register
has been loaded with the received data (transmission
is complete). When the SSPBUF is read, bit BF is
cleared. This data may be irrelevant if the SPI is only a
transmitter. Generally the SSP Interrupt is used to
determine when the transmission/reception has com-
pleted. The SSPBUF register must be read and/or writ-
ten. If the interrupt method is not going to be used, then
software polling can be done to ensure that a write col-
lision does not occur. Example 11-1 shows the loading
of the SSPBUF (SSPSR) register for data transmission.
The shaded instruction is only required if the received
data is meaningful.

EXAMPLE 11-1: LOADING THE SSPBUF
(SSPSR) REGISTER

BSF STATUS, RPO
LOOP BTFSS SSPSTAT, BF

;Specify Bank 1
;Has data been
;received

; (transmit
;complete) ?

GOTO LOOP ;No

BCF STATUS, RPO ;Specify Bank 0

MOVF SSPBUF, W ;W reg = contents
jof SSPBUF

MOVWF RXDATA ;Save in user RAM

MOVF TXDATA, W ;W reg = contents
; of TXDATA

MOVWF SSPBUF ;New data to xmit

The block diagram of the SSP module, when in SPI
mode (Figure 11-3), shows that the SSPSR register is
not directly readable or writable, and can only be
accessed from addressing the SSPBUF register. Addi-
tionally, the SSP status register (SSPSTAT) indicates
the various status conditions.

FIGURE 11-3: SSP BLOCK DIAGRAM
(SPI MODE)

< Internal
data bus

Write

}X{ b SSPSR reg
RC4/SDI/SDA bitd shift
clock
RC5/SDO
SS Control
Enable
RA5/SS
Clock Select

SSPM3:SSPMO
TMR2 output
2

Prescaler| Tcy
4,16, 64

-]

RC3/SCK/
SCL

TRISC<3>
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61]62]62A]R62]63]R63]64]64A]R64]65]65A]RE5]66]67

PIC16C6X

To enable the serial port, SSP enable bit SSPEN
(SSPCON<5>) must be set. To reset or reconfigure SPI
mode, clear enable bit SSPEN, re-initialize SSPCON
register, and then set enable bit SSPEN. This config-
ures the SDI, SDO, SCK, and SS pins as serial port
pins. For the pins to behave as the serial port function,
they must have their data direction bits (in the TRIS reg-
ister) appropriately programmed. That is:

¢ SDI must have TRISC<4> set

¢ SDO must have TRISC<5> cleared

¢ SCK (Master mode) must have TRISC<3>
cleared

¢ SCK (Slave mode) must have TRISC<3> set

« SS must have TRISA<5> set (if implemented)

Any serial port function that is not desired may be over-
ridden by programming the corresponding data direc-
tion (TRIS) register to the opposite value. An example
would be in master mode where you are only sending
data (to a display driver), then both SDI and SS could
be used as general purpose outputs by clearing their
corresponding TRIS register bits.

Figure 11-4 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge, and latched on the opposite edge
of the clock. Both processors should be programmed to
the same Clock Polarity (CKP), then both controllers
would send and receive data at the same time.
Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

* Master sends data — Slave sends dummy data
¢ Master sends data — Slave sends data
* Master sends dummy data — Slave sends data

FIGURE 11-4: SPI MASTER/SLAVE CONNECTION

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2) is to broadcast data by
the software protocol.

In master mode the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPl is
only going to receive, the SCK output could be disabled
(programmed as an input). The SSPSR register will
continue to shift in the signal present on the SDI pin at
the programmed clock rate. As each byte is received, it
will be loaded into the SSPBUF register as if a normal
received byte (interrupts and status bits appropriately
set). This could be useful in receiver applications as a
“line activity monitor” mode.

In slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched interrupt flag bit SSPIF (PIR1<3>) is
set.

The clock polarity is selected by appropriately program-
ming bit CKP (SSPCON<4>). This then would give
waveforms for SPI communication as shown in
Figure 11-5 and Figure 11-6 where the MSB is trans-
mitted first. In master mode, the SPI clock rate (bit rate)
is user programmable to be one of the following:

* Fosc/4 (or TCY)

e Fosc/16 (or 4 e TCY)

* Fosc/64 (or 16 e TCY)

e Timer2 output/2

This allows a maximum bit clock frequency (at 20 MHz)
of 5 MHz. When in slave mode the external clock must
meet the minimum high and low times.

In sleep mode, the slave can transmit and receive data
and wake the device from sleep.

| SPI Master SSPM3:SSPMO = 00xxb | | SPI Slave SSPM3:SSPMO = 010xb |
: DO | .| sDI :
1 1 T 1
1 1 1 1
! Serial Input Buffer ! ! Serial Input Buffer !
! (SSPBUF register) ! ! (SSPBUF register) !
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
' soi ! ! spo '
1 Shift Register | - 1 Shift Register 1
1 (SSPSR) 1 1 (SSPSR) 1
I I I I
! MSb LSb [ [ MSb LSb !
1 1 1 1
|  Serial Clock | |
| SCK , SCK |
: PROCESSOR 1 : : PROCESSOR 2 :

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

11.5.1.2 RECEPTION

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register.

When the address byte overflow condition exists, then
no acknowledge (ACK) pulse is given. An overflow con-
dition is defined as either bit BF (SSPSTAT<0>) is set
or bit SSPOV (SSPCON<6>) is set.

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

FIGURE 11-25: 12C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

oA Receiving Address  R/W=0 Receiving Data ACK Receiving Data ACK . -
SDA T1\1_/ATXR6)ASYAAXASXAZXAT) "°!/D7(D6)(D5 DAD3XD2XD1XD0)__/D7XDEXD5XDAD3X DD 4\_1/ !
[ [
1 ! [
scL 's! \ [Tpi
Pl 1 T o)
ol Lo : |
SSPIF (PIR1<3>) ! [—14— Cleared in software | | | Bus Master
t T | terminates
1 | | transfer
BF (SSPSTAT<0>) <— SSPBUF register is read | !
I
I
SSPOV (SSPCON<65) |
Bit SSPOV is set because the SSPBUF register is still full. A
ACK is not sent.

© 1997-2013 Microchip Technology Inc.
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TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)
FOSC = 20 MH 16 MH 10 MH: 7.16 MH

BAUD Z  spera [OMH2 spera |10 M2 spera | /16 MHz SPBRG

RATE % value % value % value % value

(K) |KBAUD ERROR (decimal)|KBAUD ERROR (decimal)|KBAUD ERROR (decimal)|KBAUD ERROR (decimal)

96 | 9615 +0.16 129 | 9615  +0.16 103 | 9615  +0.16 64 9520  -0.83 46

19.2 | 19.230  +0.16 64 [19.230 +0.16 51 18.939  -1.36 32 19454  +1.32 22

38.4 [37.878 -1.36 32 [38.461 +0.16 25 [39.062  +1.7 15 | 37.286 -2.90 1

57.6 |56.818  -1.36 21 |58.823 +2.12 16 | 56.818 -1.36 10 | 55930 -2.90 7

1152 [113.636  -1.36 10 |111.111  -355 8 125 +8.51 4 [111.860 -2.90 3

250 | 250 0 4 250 0 3 NA - - NA - -

625 625 0 1 NA - - 625 0 0 NA - -

1250 | 1250 0 0 NA - - NA - - NA - -

FOSC = 5.068 MHz 4 MH 579 MH 1 MH 2,768 kH.
BAUD SPBRG z speRa |>°70 MHz SPBRG z spBRG | 32768 kHz SPBRG
RATE % value % value % value % value % value
(K) | KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)
9.6 9.6 0 32 NA - - 9727 +1.32 22 8928 -6.99 6 NA - -
19.2 | 18645 -2.94 16 1202  L047 207 |18643 -2.90 11 |20.833 +8.51 2 NA - -
384 | 396  +3.12 7 2403 +0.13 103 |[37.286 -2.90 5 3125 -18.61 1 NA - -
576 | 528  -8.33 5 9.615  +0.16 25 |55.930 -2.90 3 62.5  +8.51 0 NA - -
1152 | 1056  -8.33 2 19.231  +0.16 12 [111.860 -2.90 1 NA - - NA - -
250 NA - - NA - - |223.721 -10.51 0 NA - - NA - -
625 NA - - NA - - NA - NA - - NA - -
1250 NA - - NA - - NA - - NA - - NA - -
Note: Forthe PIC16C63/R63/65/65A/R65 the asynchronous high speed mode (BRGH = 1) may experience a high
rate of receive errors. It is recommended that BRGH = 0. If you desire a higher baud rate than BRGH = 0
can support, refer to the device errata for additional information or use the PIC16C66/67.

© 1997-2013 Microchip Technology Inc.
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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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NOP No Operation RETFIE Return from Interrupt
Syntax: [ label] NOP Syntax: [ label] RETFIE
Operands: None Operands: None
Operation: No operation Operation: TOS - PC,
Status Affected:  None 1 GIE
Encoding: | 00 ‘ 0000 | 0xx%0 | 0000 | Status Affected: ~ None
Description: No operation. Encoding: | 00 | o000 | oooo | 1001 |
Words: 1 Description: Return from Interrupt. SFack is PQPed
and Top of Stack (TOS) is loaded in the
Cycles: 1 PC. Interrupts are enabled by setting
Lo Global Interrupt Enable bit, GIE
Q Cycle Activity: Qi Q2 Q3 Q4 (INTCON<7>). This i a two cycle
Decode No- No- No- instruction.
Operation | Operation | Operation
Words: 1
Example NOP Cycles: 2
Q Cycle Activity: Q1 Q2 Q3 Q4
1st Cycle Decode No- Setthe | Pop from
Operation | GIE bit | the Stack
2nd Cycle No- No- No- No-
Operation | Operation | Operation | Operation
Example RETFIE
After Interrupt
PC = TOS
GIE = 1
OPTION Load Option Register
Syntax: [ label] OPTION
Operands: None
Operation: (W) — OPTION
Status Affected: None
Encoding: | 00 loooo louo loom
Description: The contents of the W register are
loaded in the OPTION register. This
instruction is supported for code com-
patibility with PIC16C5X products.
Since OPTION is a readable/writable
register, the user can directly address
it.
Words: 1
Cycles: 1
Example

To maintain upward compatibility
with future PIC16CXX products, do
not use this instruction.

© 1997-2013 Microchip Technology Inc.
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SUBWF Subtract W from f SWAPF Swap Nibbles in f
Syntax: [ label] SUBWF fd Syntax: [ label] SWAPF f,d
Operands: 0o<f<127 Operands: 0<f<127
de[0,1] del0.1]
Operation: (f) - (W) — (destination) Operation: (f<8:0>) — (destination<7:4>),
Status Affected: G, DC, Z (f<7:4>) — (destination<3:0>)
Encoding: ‘ 00 | 0010 | Afff | fEEE | Status Affected:  None
Description: Subtract (2's complement method) W reg- Encoding: | oo | 1110 | dfff ‘ £fff ‘
ister from register 'f'. If 'd" is O the result is Description: The upper and lower nibbles of register
stored in the W register. If 'd" is 1 the 'f are exchanged. If 'd'is O the result is
result is stored back in register 'f'. placed in W register. If 'd' is 1 the result
Words: 1 is placed in register 'f'.
Cycles: 1 Words: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Cycles: 1
Decode Read Process Write to Q CyCIe ACtIVIty: Qi Q2 Qs Q4
register 'f data | destination Decode | Read | Process | Write to
register 'f' data destination
Example 1: SUBWF REG1, 1
Before Instruction Example SWAPE REG, 0
REG1 - 3 Before Instruction
w = 2 REG1 = OxA5
o] = ? .
7 - 9 After Instruction
; REG1 = OxA5
After Instruction W —  Ox5A
REG1 = 1
w = 2
C = 1; result is positive
z = 0
Example 2: Before Instruction TRIS Load TRIS Register
REG1 = 2 Syntax: [labell] TRIS f
\év - f Operands: 5<f<7
z ? Operation: (W) —> TRIS register f;
After Instruction Status Affected: None
REG1 - o0 Encoding: | oo Joooo Joi10 [offf
w = 2 Description: The instruction is supported for code
(¢} = 1;resultis zero compatibility with the PIC16C5X prod-
z 1 ucts. Since TRIS registers are read-
Example 3: Before Instruction able and writable, the user can directly
address them.
REG1 = 1 _
W - 2 Words: 1
c = ? Cycles: 1
z = 7 Example
After Instruction To maintain upward compatibility
REG1 =  OxFF with future PIC16CXX products, do
w = 2 not use this instruction.
C = 0; resultis negative
z = 0

© 1997-2013 Microchip Technology Inc.
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[Applicable Devices[61]62][62A[R62[63]R63[64[64A[R64 [65]65A[R65[66]67]
FIGURE 17-7: PARALLEL SLAVE PORT TIMING (PIC16C64)

RE2/CS

REO/RD —\\—/

RE1/WR : : /

— 65—

RD7:RDO J D—
S ' =

-~ 62—

—> 64
— 63<—

Note: Refer to Figure 17-1 for load conditions

TABLE 17-7: PARALLEL SLAVE PORT REQUIREMENTS (PIC16C64)

Parameter Sym Characteristic Min | Typt | Max | Units | Conditions
No.
62 Tdtv2wrH |Data in valid before WRT or TS (setup time) 20 — — ns
63* TwrH2dtl  |WRT or CS™ to data—in invalid |PIC16C64 20 — — ns
(hold time) PIC16LC64 s | — | — | ns
64 TrdL2dtV  |RDY and CS! to data—out valid — — 80 ns
65 TrdH2dtl  |RD™ or CST to data—out invalid 10 — 30 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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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65[66]67]
FIGURE 20-12: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RCSTXCK 2 N\

pin — L 121 e e 121 Co
RC7/RX/DT — < 7
pin : >< X

_.3 120:4_ —D’ :d—

Note: Refer to Figure 20-1 for load conditions

TABLE 20-11: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Parameter | Sym Characteristic Min | Typt| Max | Units| Conditions

No.

120* TckH2dtV | SYNC XMIT (MASTER & SLAVE) | PIC16C63/65A — — 80 ns

Clock high to data out valid PIC16LC63/65A — — 100 ns

121* Tckrf Clock out rise time and fall time PIC16C63/65A — — 45 ns

(Master Mode) PIC16LC63/65A | — | — | 50 ns

122* Tdtrf Data out rise time and fall time PIC16C63/65A — — 45 ns

PIC16LC63/65A — — 50 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.

FIGURE 20-13: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

RoeTXCK N N
pin DL :
RC7/RX/DT . .

pin hd ' X

126>

'

'

Note: Refer to Figure 20-1 for load conditions

TABLE 20-12: USART SYNCHRONOUS RECEIVE REQUIREMENTS

Parameter Sym Characteristic Min Typt Max Units | Conditions
No.
125* TdtV2ckL SYNC RCV (MASTER & SLAVE)
Data setup before CK | (DT setup time) 15 — — ns
126* TckL2dtl Data hold after CK | (DT hold time) 15 — — ns

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.
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[Applicable Devices [61]62]62A]|R62[63|R63[64]64A[R64[65]65A|R65[66]67]
FIGURE 21-7: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

RC1/T10SI/CCP2
and RC2/CCP1
(Capture Mode)

14—50—.3 34—51 —

52

RC1/T10SI/CCP2
and RC2/CCP1
(Compare or - L
PWM Mode) —= 53— —> 154 -—

Note: Refer to Figure 21-1 for load conditions.

TABLE 21-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)

Param | Sym |Characteristic Min Typt| Max | Units|Conditions
No.
50 TccL |CCP1 and CCP2  |No Prescaler 05Tcy+20 | — | — | ns
inputlow time  \i prescaler |PIC16CR63/R65 10 — ] = ns
PIC16LCR63/R65 20 — | — ns
51 TeeH |ccpP1 and ccP2  |No Prescaler 0.5Tcy+20 | — | — ns
inputhigh time | with Prescaler |PIC16CR63/R65 10 — | — | ns
PIC16LCR63/R65 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 PIC16CR63/R65 — 10 25 ns
PIC16LCR63/R65 — 25 | 45 ns
54* TccF |CCP1 and CCP2 output fall time PIC16CR63/R65 — 10 25 ns
PIC16LCR63/R65 — 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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[Applicable Devices[61]62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]

FIGURE 21-11: I12C BUS DATA TIMING

103 =1 1 54_100_.5 ‘ P 102
sCL L ‘X 3 ; S /.
e 106w 107" :
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gll:.l)tA 2;2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:2:27 >:< ,,,,,
Note: Refer to Figure 21-1 for load conditions '
TABLE 21-10: 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 Device must operate at a mini-
mum of 10 MHz
SSP Module 1.5Tey —
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 1.5Tey —
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 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 1.3 — us |before a new transmission can
start
Cb Bus capacitive loading — 400 pF

* These parameters are characterized but not tested.

Note 1:

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 I2C bus specification) before the SCL line
is released.

As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of

© 1997-2013 Microchip Technology Inc.
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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65 (6667

FIGURE 22-3: CLKOUT AND I/0 TIMING

o S

Note: Refer to Figure 22-1 for load conditions.

TABLE 22-3: CLKOUT AND I/O TIMING REQUIREMENTS

Parameter | Sym Characteristic Min Typt Max Units | Conditions
No.
10* TosH2ckL | OSC17T to CLKOUTY — 75 200 ns Note 1
11* TosH2ckH | OSC17T to CLKOUTT — 75 200 ns Note 1
12 TckR CLKOUT rise time — 35 100 ns Note 1
13* TckF CLKOUT fall time — 35 100 ns Note 1
14* TckL2ioV | CLKOUT { to Port out valid — — |0.5Tcy +20| ns Note 1
15* TioV2ckH | Port in valid before CLKOUT T Tosc +200| — — ns Note 1
16* TckH2iol | Port in hold after CLKOUT T 0 — — ns Note 1
17* TosH2ioV |OSC17T (Q1 cycle) to Port out valid — 50 150 ns
18* TosH2iol |OSC17T (Q2 cycle) to Port input | PIC16C66/67 100 — — ns
invalid (1/O in hold time) PIC16LC66/67 200 — — ns
19* TioV2osH | Port input valid to OSC17T (/O in setup time) 0 — — ns
20* TioR Port output rise time PIC16C66/67 — 10 40 ns
PIC16LC66/67 — — 80 ns
21* TioF Port output fall time PIC16C66/67 — 10 40 ns
PIC16LC66/67 — — 80 ns
221t Tinp INT pin high or low time Tecy — — ns
2311 Trbp RB7:RB4 change INT high or low time Tcy — — 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.
11 These parameters are asynchronous events not related to any internal clock edge.
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x TosC.
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Data based on matrix samples. See first page of this section for details.

PIC16C6X

[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65 (6667

FIGURE 23-29: TYPICAL IpD vs. FREQUENCY

(HS MODE, 25°C)

FIGURE 23-30: MAXIMUM IpD vs.
FREQUENCY
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24.7 28-Lead Ceramic CERDIP Dual In-line with Window (300 mil)) (JW)

at http://www.microchip.com/packaging

Note:  For the most current package drawings, please see the Microchip Packaging Specification located

N

-

\f

D Lo El E
Pin No. 1 = ) \\
Indicator i e e e e e e e e e et
Area
- D
D1— =~
e [ Ry
ane
Seating —»
Plane L

Package Group: Ceramic CERDIP Dual In-Line (CDP)
Millimeters Inches
Symbol Min Max Notes Min Max Notes
o 0° 10° 0° 10°
A 3.30 5.84 130 0.230
A1 0.38 — 0.015 —
A2 2.92 4.95 0.115 0.195
B 0.35 0.58 0.014 0.023
B1 1.14 1.78 Typical 0.045 0.070 Typical
C 0.20 0.38 Typical 0.008 0.015 Typical
D 34.54 37.72 1.360 1.485
D2 32.97 33.07 Reference 1.298 1.302 Reference
E 7.62 8.25 0.300 0.325
E1 6.10 7.87 0.240 0.310
e 2.54 2.54 Typical 0.100 0.100 Typical
eA 7.62 7.62 Reference 0.300 0.300 Reference
eB — 11.43 — 0.450
L 2.92 5.08 0.115 0.200
N 28 28 28 28
D1 0.13 — 0.005 —

© 1997-2013 Microchip Technology Inc.

DS30234E-page 293



PIC16C6X

24.12 44-Lead Plastic Surface Mount (MQFP 10x10 mm Body 1.6/0.15 mm Lead Form) (PQ)

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

AD [@‘0.20@‘0%-8@@@
- D1AA @0.20@‘H|A-B@‘D®

_| [0.05 mm/mm‘ A-B‘

-—— D3 —»

WA HHRRRRARAAN

PARTING
LINE

E

l @\ 0-20@|C|A-B©‘D©|A 60 Ref.

HHHHHEHEHEY

P 0.20@‘H‘A-B@|D©‘AA

e
- | |o0s mm/mm‘ D
el
Egsnee ................... Seating
Plane
At
Package Group: Plastic MQFP
Millimeters Inches
Symbol Min Max Notes Min Max Notes

o 0° 7° 0° 7°
A 2.000 2.350 0.078 0.093
A1 0.050 0.250 0.002 0.010
A2 1.950 2.100 0.768 0.083
b 0.300 0.450 Typical 0.011 0.018 Typical
(¢} 0.150 0.180 0.006 0.007
D 12.950 13.450 0.510 0.530
D1 9.900 10.100 0.390 0.398
D3 8.000 8.000 Reference 0.315 0.315 Reference
E 12.950 13.450 0.510 0.530
E1 9.900 10.100 0.390 0.398
E3 8.000 8.000 Reference 0.315 0.315 Reference
e 0.800 0.800 0.031 0.032
L 0.730 1.030 0.028 0.041
N 44 44 44 44
CP 0.102 - 0.004 -
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Package Marking Information (Cont'd)

28-Lead SOIC

Example

MMMMMMMMMMMMMMMMMMXX
XXXXXXXXXXXXXXXXXXXX

O S AABBCAE

PIC16C62-20/S0111

O O 95158BA

28-Lead CERDIP Skinny Windowed

XXXXXXXXXXXXXX

D R Q XXXXXXXXXXXXXX

Microciar AABBCDE

28-Lead Side Brazed Skinny Windowed

XXXXXXXXXXX
XXXXXXXXXXX

| ()

Example

@)

PIC16C62/JW

9517SBT

Example

N

PIC16C66/JW

O

AABBCDE

MicRocHIP 95

17CAT

28-Lead SSOP

XXXXXXXXXXXX
XXXXXXXXXXXX

O Q AABBCAE

40-Lead PDIP

Example

PIC16C62
201/SS025

o Q 9517sBP

Example

MMMMMMMMMMMMMM
XXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXX
\ AABBCDE
O MICROCHIP

PIC16C65-04/P

O D

< 9510CAA
®) MiCROCHIP

MM...M
XX...X
AA

BB

Legend:

D1

Microchip part number information
Customer specific information*

Year code (last 2 digits of calender year)
Week code (week of January 1 is week '01’)

Facility code of the plant at which wafer is manufactured.

C = Chandler, Arizona, U.S.A.

S = Tempe, Arizona, U.S.A.

Mask revision number for microcontroller

Assembly code of the plant or country of origin in which
part was assembled.

Note:

In the event the full Microchip part number cannot be marked on one
line, it will be carried over to the next line thus limiting the number of
available characters for customer specific information.

* Standard OTP marking consists of Microchip part number, year code, week code,
facility code, mask revision number, and assembly code. For OTP marking beyond
this, certain price adders apply. Please check with your Microchip Sales Office.
For QTP devices, any special marking adders are included in QTP price.
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