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PIC16C/7X

TABLE 3-3: PIC16C74/74A/77 PINOUT DESCRIPTION (Cont.d)

Pin Name DIP | PLCC | QFP |[I/O/P Buffer |5 <crintion
Pin# | Pin# | Pin# |Type Type P
PORTC is a bi-directional 1/0 port.
RCO/T10SO/T1CKI 15 16 32 1/0 ST RCO can also be the Timerl oscillator output or a
Timerl clock input.
RC1/T10Sl/CCP2 16 18 35 110 ST RC1 can also be the Timerl oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 36 1/0 ST RC2 can also be the Capturel input/Comparel output/
PWM1 output.
RC3/SCK/SCL 18 20 37 1/0 ST RC3 can also be the synchronous serial clock input/
output for both SPI and 12C modes.
RC4/SDI/SDA 23 25 42 1/0 ST RC4 can also be the SPI Data In (SPI mode) or
data 1/0 (I2C mode).
RC5/SDO 24 26 43 110 ST RCS5 can also be the SPI Data Out
(SPI mode).
RC6/TX/CK 25 27 44 110 ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/DT 26 29 1 1/0 ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.
PORTD is a hi-directional I/0 port or parallel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 | 1o | sTATL®
RD1/PSP1 20 22 39 | o | sTATL®
RD2/PSP2 21 23 40 | o | sTATL®
RD3/PSP3 22 24 41 | o | sTATL®
RD4/PSP4 27 30 2 o | sTATL®
RD5/PSP5 28 31 3 o | sTATL®
RD6/PSP6 29 32 4 o | sTATL®
RD7/PSP7 30 33 5 o | sTATL®
PORTE is a bi-directional I/O port.
REO/RD/AN5 8 9 25 1/O ST/TTL® REO can also be read control for the parallel slave port,
or analog input5.
RE1/WR/AN6 9 10 26 1/O ST/TTL® RE1 can also be write control for the parallel slave port,
or analog input6.
RE2/CS/AN7 10 11 27 1/O ST/TTL® RE2 can also be select control for the parallel slave
port, or analog input?.
Vss 12,31 | 13,34 6,29 P — Ground reference for logic and 1/O pins.
VDD 11,32 | 12,35 7,28 P — Positive supply for logic and 1/O pins.
NC — |1,17,28, | 12,13, — These pins are not internally connected. These pins should
40 33,34 be left unconnected.
Legend: |=input O = output I/O = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose 1/0 and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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PIC16C/7X

5.3 PORTC and TRISC Registers
Applicable Devices

72|73[73A[74]74A]76]77
PORTC is an 8-bit bi-directional port. Each pin is indi-
vidually configurable as an input or output through the
TRISC register. PORTC is multiplexed with several

peripheral functions (Table 5-5). PORTC pins have
Schmitt Trigger input buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISC as
destination should be avoided. The user should refer to
the corresponding peripheral section for the correct
TRIS bit settings.

EXAMPLE 5-3: INITIALIZING PORTC

BCF STATUS, RPO ; Select Bank O
BCF STATUS, RP1 ; PICl16C76/ 77 only
CLRF PORTC ; Initialize PORTC by
; clearing output
; data |l atches
BSF STATUS, RPO ; Select Bank 1

MOVLW  OxCF ; Value used to
; initialize data
; direction

MOWWF  TRI SC ; Set RC<3:0> as inputs
; RC<5:4> as outputs
; RC<7:6> as inputs

TABLE 5-5: PORTC FUNCTIONS

FIGURE 5-6: PORTC BLOCK DIAGRAM

(PERIPHERAL OUTPUT
OVERRIDE)

PORT/PERIPHERAL Select®

Peripheral Data Out VDD

Data bus D 0

WR 1 P
Data Latch %
D 1/0
WR Q pin(l)
TRIS KO N
TRIS Latch
Vss
L
Schmitt
RD TRIS Trigger 7
Peripheral
OE(B) /I Q D
RD
PORT
Peripheral input

Note 1: 1/O pins have diode protection to VDD and Vss.
2: Port/Peripheral select signal selects between port
data and peripheral output.
3: Peripheral OE (output enable) is only activated if
peripheral select is active.

Name Bit# |Buffer Type |Function

RCO/T10SO/T1CKI bit0 ST Input/output port pin or Timerl oscillator output/Timerl clock input

RC1/T10SlI/ccp2D | bitl ST Input/output port pin or Timerl oscillator input or Capture?2 input/
Compare2 output/PWM2 output

RC2/CCP1 bit2 ST Input/output port pin or Capturel input/Comparel output/PWM1
output

RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI and FC
modes.

RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or data I/O (FC mode).

RC5/SDO bit5 ST Input/output port pin or Synchronous Serial Port data output

RC6/TX/CK?) bit6 ST Input/output port pin or USART Asynchronous Transmit, or USART
Synchronous Clock

RC7/RX/DT® bit7 ST Input/output port pin or USART Asynchronous Receive, or USART
Synchronous Data

Legend: ST = Schmitt Trigger input

Note 1: The CCP2 multiplexed function is not enabled on the PIC16C72.
2. The TX/CK and RX/DT multiplexed functions are not enabled on the PIC16C72.
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Applicable Devices

72|73[73Al74]74A]76]77

PIC16C7X

11.5  SSP I2C Operation

The SSP module in 1°C mode fully implements all slave
functions, except general call support, and provides
interrupts on start and stop bits in hardware to facilitate
firmware implementations of the master functions. The
SSP module implements the standard mode specifica-
tions as well as 7-bit and 10-bit addressing. Two pins
are used for data transfer. These are the
RC3/SCK/SCL pin, which is the clock (SCL), and the
RC4/SDI/SDA pin, which is the data (SDA). The user
must configure these pins as inputs or outputs through
the TRISC<4:3> bits. The SSP module functions are
enabled by setting SSP Enable bit SSPEN (SSP-
CON<5>).

FIGURE 11-24: SSP BLOCK DIAGRAM
(1°C MODE)

<: Internal
data bus
Read ‘ZS% Write
RC3/SCK/SCI|_ | SSPBUF reg |
L2 shift

clock
|X; <I‘—| SSPSR reg
RC4/ MSb LSb
SDI/ ,_I>
SDA ~

| Match detect |—>AddrMatch

i

| ssPaDDreg |

Start and Set, Reset

Stop bit detect [ S, P bits
(SSPSTAT reg)

The SSP module has five registers for ’C operation.
These are the:

* SSP Control Register (SSPCON)

« SSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer (SSPBUF)

* SSP Shift Register (SSPSR) - Not directly acces-
sible

e SSP Address Register (SSPADD)

The SSPCON register allows control of the 1’c opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following 12C modes to be selected:

« I12C Slave mode (7-bit address)
« I12C Slave mode (10-bit address)
« 12C Slave mode (7-bit address), with start and
stop bit interrupts enabled
« 12C Slave mode (10-bit address), with start and
stop bit interrupts enabled
« I12C Firmware controlled Master Mode, slave is
idle
Selection of any 12C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits.

The SSPSTAT register gives the status of the data
transfer. This information includes detection of a
START or STOP bit, specifies if the received byte was
data or address if the next byte is the completion of
10-bit address, and if this will be a read or write data
transfer. The SSPSTAT register is read only.

The SSPBUF is the register to which transfer data is
written to or read from. The SSPSR register shifts the
data in or out of the device. In receive operations, the
SSPBUF and SSPSR create a doubled buffered
receiver. This allows reception of the next byte to begin
before reading the last byte of received data. When the
complete byte is received, it is transferred to the
SSPBUF register and flag bit SSPIF is set. If another
complete byte is received before the SSPBUF register
is read, a receiver overflow has occurred and bit
SSPOV (SSPCON<6>) is set and the byte in the
SSPSR s lost.

The SSPADD register holds the slave address. In 10-bit
mode, the user first needs to write the high byte of the
address (1111 0 A9 A8 0). Following the high byte
address match, the low byte of the address needs to be
loaded (A7:A0).

0 1997 Microchip Technology Inc.

DS30390E-page 93



Applicable Devices

72|73[73Al74]74A]76]77

PIC16C7X

11.5.2 MASTER MODE

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

In master mode the SCL and SDA lines are manipu-
lated by clearing the corresponding TRISC<4:3> bit(s).
The output level is always low, irrespective of the
value(s) in PORTC<4:3>. So when transmitting data, a
'1' data bit must have the TRISC<4> hit set (input) and
a '0' data bit must have the TRISC<4> bit cleared (out-
put). The same scenario is true for the SCL line with the
TRISC<3> hit.

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

¢ START condition

e STOP condition

« Data transfer byte transmitted/received

Master mode of operation can be done with either the
slave mode idle (SSPM3:SSPMO0 = 1011) or with the
slave active. When both master and slave modes are

enabled, the software needs to differentiate the
source(s) of the interrupt.

1153 MULTI-MASTER MODE

In multi-master mode, the interrupt generation on the
detection of the START and STOP conditions allows
the determination of when the bus is free. The STOP
(P) and START (S) bits are cleared from a reset or
when the SSP module is disabled. The STOP (P) and
START (S) bits will toggle based on the START and
STOP conditions. Control of the I12C bus may be taken
when bit P (SSPSTAT<4>) is set, or the bus is idle and
both the S and P bits clear. When the bus is busy,
enabling the SSP Interrupt will generate the interrupt
when the STOP condition occurs.

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

* Address Transfer
» Data Transfer

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

TABLE 11-5: REGISTERS ASSOCIATED WITH I°C OPERATION

Address Name Bit 7 Bit 6 Bit 5 Bit 4

Value on Value on all
Bit3 | Bit2 | Bitl Bit 0 POR, other resets
BOR

0Bh, 8Bh, [INTCON GIE PEIE TOIE INTE
10Bh,18Bh

RBIE TOIF INTF RBIF

0000 000x |0000 000u

0oCh PIR1 PSPIFY | ADIF RCIF TXIF | SSPIF |CCP1IF| TMR2IF | TMR1IF| 0000 0000 [0000 0000
8Ch PIE1 PSPIE® | ADIE RCIE TXIE | SSPIE |[CCPlIE|TMR2IE|TMR1IE| 0000 0000 |0000 0000
13h SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX fuuuu uuuu
93h SSPADD |Synchronous Serial Port (12C mode) Address Register 0000 0000 | 0000 0000
14h SSPCON| WCOL |SSPOV |[SSPEN| CKP |SSPM3|SSPM2|SSPM1|SSPmo| 0000 0000 | 0000 0000
94h SSPSTAT| smP®@ | cke® | DA P RIW UA BF 0000 0000 | 0000 0000
87h TRISC PORTC Data Direction register 1111 1111 |1111 1111

Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0'.

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

Note 1: PSPIF and PSPIE are reserved on the PIC16C73/73A/76, always maintain these bits clear.
2: The SMP and CKE bits are implemented on the PIC16C76/77 only. All other PIC16C7X devices have these two bits unim-

plemented, read as '0'.

0 1997 Microchip Technology Inc.
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14.3 Reset

Applicable Devices
72[73[73A[74]74A]76]77
The PIC16CXX differentiates between various kinds of
reset:

« Power-on Reset (POR)

« MCLR reset during normal operation
+ MCLR reset during SLEEP

* WDT Reset (normal operation)

* Brown-out Reset (BOR) (PIC16C72/73A/74A/76/
77)

Some registers are not affected in any reset condition;
their status is unknown on POR and unchanged in any
other reset. Most other registers are reset to a “reset
state” on Power-on Reset (POR), on the MCLR and
WDT Reset, on MCLR reset during SLEEP, and Brown-
out Reset (BOR). They are not affected by a WDT
Wake-up, which is viewed as the resumption of normal
operation. The TO and PD bits are set or cleared differ-
ently in different reset situations as indicated in
Table 14-5 and Table 14-6. These bits are used in soft-
ware to determine the nature of the reset. See
Table 14-8 for a full description of reset states of all reg-
isters.

A simplified block diagram of the on-chip reset circuit is
shown in Figure 14-8.

The PIC16C72/73A/74A/76/77 have a MCLR noise fil-
ter in the MCLR reset path. The filter will detect and
ignore small pulses.

It should be noted that a WDT Reset does not drive
MCLR pin low.

FIGURE 14-8: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

External

Reset
7

SLEEP
WDT | WDT —

Module [Time out
Reset

VDD rise N

detect
VoD @) Power-on Reset

Brown-out
Reset BODEN

—)

OST/PWRT
OSsT

| Chip_Reset
R Qr——

10-bit Ripple counter I
0SC1

]

1 PWRT

—) >
On-chi
R(r_]: ((:)slpc —|> 10-bit Ripple counter I—@J

Enable PWRT

Enable OST

©)

Note 1: This is a separate oscillator from the RC oscillator of the CLKIN pin.
2: Brown-out Reset is implemented on the PIC16C72/73A/74AI76/77.
3: See Table 14-3 and Table 14-4 for time-out situations.

0 1997 Microchip Technology Inc.
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14.8 Power-down Mode (SLEEP)

Applicable Devices
72|73[73A[74]74A]76]77
Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) bit is set, and the oscillator driver is
turned off. The 1/0 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/O pins at either VDD, or Vss, ensure no external cir-
cuitry is drawing current from the I/O pin, power-down
the A/D, 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 Vbp or Vss for lowest
current consumption. The contribution from on-chip
pull-ups on PORTB should be considered.

The MCLR pin must be at a logic high level (ViHMmC).
14.8.1 WAKE-UP FROM SLEEP

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

1. External reset input on MCLR pin.

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

3. Interrupt from 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 a WDT time-out occurred (and caused
wake-up).

The following peripheral interrupts can wake the device
from SLEEP:

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

SSP (Start/Stop) bit detect interrupt.

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

Parallel Slave Port read or write.

A/D conversion (when A/D clock source is RC).

Special event trigger (Timerl in asynchronous
mode using an external clock).

8. USART TX or RX (synchronous slave mode).

No asMwbd

Other peripherals cannot generate interrupts since dur-
ing 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.

14.8.2 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.

0 1997 Microchip Technology Inc.
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|Applicable Devices |72]|73[73A[74[74A[76 |77 |

17,5 Timing Diagrams and Specifications

FIGURE 17-2: EXTERNAL CLOCK TIMING
Q4

Q1 Q2

OSC1

CLKOUT

TABLE 17-2: EXTERNAL CLOCK TIMING REQUIREMENTS

Parameter Sym | Characteristic Min Typt Max Units | Conditions
No.
Fosc | External CLKIN Frequency DC — 4 MHz | XT and RC osc mode
(Note 1) 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 — DC ns | Tcy =4/Fosc
3 TosL, | External Clock in (OSC1) High or 100 — — ns | XT oscillator
TosH |LowTime 25 — — ps | 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

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: 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 |72]|73[73A[74[74A[76 |77 |

FIGURE 17-8: SPI MODE TIMING
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Note: Refer to Figure 17-1 for load conditions
TABLE 17-7: SPI MODE REQUIREMENTS
Parameter Sym Characteristic Min Typt Max Units Conditions
No.
70 TssL2scH, SS.! to SCK! or SCK1 input Tey — — ns
TssL2scL
71 TscH SCK input high time (slave mode) Tcy + 20 — — ns
72 TscL SCK input low time (slave mode) Tcy + 20 — — ns
73 TdiV2scH, Setup time of SDI data input to SCK 50 — — ns
TdiV2scL edge
74 TscH2diL, Hold time of SDI data input to SCK 50 — — ns
TscL2diL edge
75 TdoR SDO data output rise time — 10 25 ns
76 TdoF SDO data output fall time — 10 25 ns
77 TssH2doZ SSt to SDO output hi-impedance 10 — 50 ns
78 TscR SCK output rise time (master mode) — 10 25 ns
79 TscF SCK output fall time (master mode) — 10 25 ns
80 TscH2doV, SDO data output valid after SCK — — 50 ns
TscL2doV edge

T 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 [72]|73[73A|74[74A[76 |77 |

FIGURE 18-9:

I°2C BUS START/STOP BITS TIMING

scL !
SDA —X ! SS \ : j |
Lo (« o
! ! 2% : !
N .
START STOP
Condition Condition
Note: Refer to Figure 18-1 for load conditions
TABLE 18-9:  1°C BUS START/STOP BITS REQUIREMENTS
Parameter Sym Characteristic Min | Typ | Max | Units Conditions
No.
90 TsSu: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:sSTO |STOP condition 100 kHz mode 4000 | — | — ns
Hold time 400 kHz mode 600 | — | —
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|Applicable Devices |72|73|73A|74[74A[76|77 |
20.0 ELECTRICAL CHARACTERISTICS FOR PIC16C76/77

Absolute Maximum Ratings T

Ambient temperature UNAEr DIAS..........ooi it e e et e e e e e e enneeee e e e anneeeean s -55t0 +125°C
STOTAQE LEMPETALUIE ... veveeveeeeecteeeteete et e eteeete et e ete et e eteeeteaseeeteeseesteesteaseestesseesteeseeereenbesssentesssenteanseareanees -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR. and RA4)..........ccccoveveeeeeeeeeeeeene -0.3V to (VDD + 0.3V)
Voltage 0N VDD With FESPECE 10 VSS ....uuiiiiiiiiiiiiiie ettt e e ettt e s et e e e e e st e e e e e s st e e e e e sastbaeeaeseasstaeaaeeasnsees -0.3t0 +7.5V
Voltage on MCLR with respect to Vss (Note 2) 0 to +14V
Voltage 0N RAZ With TESPECT L0 VSS ...uiiiiiiiiiiiiie ettt e e e e e e e e e st e e e e e e ssb b et e e e s ntbaaaeeeennneees 0to +14V
Total power dISSIPAION (INOLE L).... .. .eiiiieieiiieie ettt e ettt e e e e et e e e s e abee e e e e e e aaeeeeaeeaaatbeeeaaeasbeeeeaeaaanneeeaaeeaansbneaaaan 1.0w

Maximum current out of Vss pin

Maximum current into VDD pin

Input clamp current, ik (VI < 0 or VI > VDD)

Output clamp current, lok (Vo < 0 or Vo > VDD)

Maximum output current sunk by any I/O pin

Maximum output current sourced DY any /O PIN .........oooi i e e e e e e e e e e e anaeeeas
Maximum current sunk by PORTA, PORTB, and PORTE (combined) (Note 3)..................
Maximum current sourced by PORTA, PORTB, and PORTE (combined) (Note 3)
Maximum current sunk by PORTC and PORTD (combined) (NOtE 3)........cevieiiiiiiiieeiiiiiiiee e eesiiree e eriveee e
Maximum current sourced by PORTC and PORTD (combined) (NOte 3).......coiiuiiiiiriiiiiiie e

Note 1: Power dissipation is calculated as follows: Pdis = VbD x {IbD - ¥ 10H} + ¥ {(VDD - VOH) x IoH} + Y (VoI x loL)

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 50-100Q should be used when applying a “low” level to the MCLR pin rather than pulling
this pin directly to Vss.

Note 3: PORTD and PORTE are not implemented on the PIC16C76.

T 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.
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DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +125°C for extended,
-40°C < TA £ +85°C for industrial and

0°C < TA < +70°C for commercial
Operating voltage VDD range as described in DC spec Section 20.1 and
Section 20.2.
Param Characteristic Sym Min [Typ Max |Units Conditions
No. t
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
DO090A VbD - 0.7 - - V |loH =-2.5 mA, VDD = 4.5V,
-40°C to +125°C
D092 |OSC2/CLKOUT (RC osc config) VoD - 0.7 - - V |loH =-1.3 mA, VDD = 4.5V,
-40°C to +85°C
D092A VDD - 0.7 - - V |loH =-1.0 mA, VDD = 4.5V,
-40°C to +125°C
D150* [Open-Drain High Voltage VoD - - 14 V |RA4 pin
Capacitive Loading Specs on
Output Pins
D100 |[OSC2 pin Cosc2 - - 15 pF |In XT, HS and LP modes when exter-
nal clock is used to drive OSC1.
D101 |All I/O pins and OSC2 (in RC Cio - - 50 pF
D102 Imode) SCL, SDA in I’C mode Cs - -| 400 | pF
* These parameters are characterized but not tested.
t 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: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16C7X be driven with external clock in RC mode.
2. The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as current sourced by the pin.
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20.5

Timing Diagrams and Specifications
FIGURE 20-2: EXTERNAL CLOCK TIMING

Q4

Q1 Q2

osci _ : : L : |
1 I TET e
- 2 >
CLKOUT
TABLE 20-2: EXTERNAL CLOCK TIMING REQUIREMENTS
Parameter Sym | Characteristic Min Typt Max Units | Conditions
No.
Fosc | External CLKIN Frequency DC — 4 MHz | XT and RC osc mode
(Note 1) 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 — — ps | 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)
HS osc mode (-20)
50 — 250 ns
5 — — us | LP osc mode
2 Tcy |Instruction Cycle Time (Note 1) 200 Tcy DC ns |Tcy =4/Fosc
3 TosL, | External Clock in (OSC1) High or 100 — — ns | XT oscillator
TosH |LowTime 25 — — ps | 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
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: 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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Data based on matrix samples. See first page of this section for details.

PIC16C/7X

|Applicable Devices |72|73|73A|74[74A| 76| 77|
FIGURE 21-16: TYPICAL Ipp vs. FREQUENCY (RC MODE @ 300 pF, 25°C)
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FIGURE 21-17: MAXIMUM IpD vs. FREQUENCY (RC MODE @ 300 pF, -40°C TO 85°C)
1200 6.0V
5.5V
1000 5.0V
4.5v
800 4.0V
3.5v
—_ 3.0v
< 600
= 25V
o /
400
//
200 /?/
=
e
0
0 100 200 300 400 500 600 700
Frequency(kHz)

DS30390E-page 246 0 1997 Microchip Technology Inc.



PIC16C7X

22.9

} pin#1
—_—

44-1 ead Plastic Surface Mount (TQFP 10x10 mm Body 1.0/0.10 mm Lead Form) (T

11°/13°(4x)
e

I

0° Min7] />

0 — - \ P
11°/13°(4X)

HHHHHGHEEEA

CHEERE T

I
3.09 (0.1180) Ref.
Option 2 (TOP sid

Detail B

R1 0.08 Min
R 0.08/0.20

e)

. | * AL * Gage Plarz)ezlso
: é ; A2 ¥ A Base Metal b I:ead Finish T s
\\\_,/' | ? ‘ f * * ¢ | ¢ —| L |- '(\)/lﬁ]o
Detetil B petait A1 - - =L
1.00 Ref. } | } 1.00 Ref
~-—p]—>
Detail A Detail B
Package Group: Plastic TQFP
Millimeters Inches
Symbol Min Max Notes Min Max Notes
A 1.00 1.20 0.039 0.047
Al 0.05 0.15 0.002 0.006
A2 0.95 1.05 0.037 0.041
D 11.75 12.25 0.463 0.482
D1 9.90 10.10 0.390 0.398
E 11.75 12.25 0.463 0.482
El 9.90 10.10 0.390 0.398
L 0.45 0.75 0.018 0.030
e 0.80 BSC 0.031 BSC
b 0.30 0.45 0.012 0.018
bl 0.30 0.40 0.012 0.016
c 0.09 0.20 0.004 0.008
cl 0.09 0.16 0.004 0.006
N 44 44 44 44
€] 0° 7° 0° 7°
Note 1: Dimensions D1 and E1 do not include mold protrusion. Allowable mold protrusion is 0.25m/m (0.010”) per

side. D1 and E1 dimensions including mold mismatch.
Dimension “b” does not include Dambar protrusion, allowable Dambar protrusion shall be 0.08m/m

(0.003")max.

This outline conforms to JEDEC MS-026.
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22.10

28-Lead SSOP

XXX XXX XXXXXX
XXXXXXXXXXXX

O Q' AABBCAE

28-Lead PDIP (Skinny DIP)

Package Marking Information

Example

PIC16C72
201/SS025

O Q 9517SBP

Example

MMMMMMMMMMMM
XAXXXXXXXXXKXXXXX
AABBCDE
@ MicrocHIP

D O

O D O

PIC16C73-10/SP

AABBCDE
@] c\ MicRocHIP

O

28-Lead Side Brazed Skinny Windowed

Example

N

XXXXXXXXXKX
(:) XXXXXXXXXXX

D | ()

PIC16C73/JW

MicRocHIP AABBCDE MicrRocHIP O517CAT
28-Lead SOIC Example
MMMMMMMMMMMMMMMM PIC16C73-10/SO
) 9.9.9.9.0.9.9.9.9.9.9.9.9.9.9.9.9.9.0.¢
R\ AABBCDE R\ 945/CAA
O O
Legend: MM...M  Microchip part number information
XX...X Customer specific information*
AA Year code (last 2 digits of calender year)
BB Week code (week of January 1 is week '01")
C Facility code of the plant at which wafer is manufactured.
C = Chandler, Arizona, U.S.A.
S =Tempe, Arizona, U.S.A.
D1 Mask revision number for microcontroller
E 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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INDEX
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Converter Characteristics ................ 181, 199, 217, 238
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Effects of a RESet .......oocviiiiiiiiiiiii e 124
EQUALIONS ..o 120
Faster Conversion - Lower Resolution Tradeoff ...... 123
Flowchart of A/D Operation
GO/DONE bit ..o
Internal Sampling Switch (Rss) Impedance ............. 120
Operation DUring SIeep .......ccccevveenieiiiiniineceee 124
Sampling Requirements .........cccocceeviieeiniieeniieeens 120
Sampling TIME ....cooiiiiiiiie e 120
Source IMpPedance ..........ccoceerviriieneeiiene e 120
TiME DEIAYS ...oeoiiiiiiiiie et 120
Transfer FUNCLioN .........ccocovviiiiieie e 125
Using the CCP TrQQer ....cocccvvevieieeeieee e 125
Absolute Maximum Ratings ... ...167, 183, 201, 219
ACK ot 90, 94, 95
ADIE DIt oot 33
ADIF DIt oot 35
ADRES RegiSter .........coccevvvvreniiirenieennn 23, 25, 27, 117, 119
ALU e 9
Application Notes
ANb546 (Using the Analog-to-Digital Converter) ....... 117
AN552 (Implementing Wake-up on Key Strokes Using
PICLBCXXX) ittt 45
ANS556 (Table Reading Using PIC16CXX ........cccc.... 40
AN578 (Use of the SSP Module in the 12C Multi-Master
ENVIFONMENE) ...ooiiiiiiiiiie e 77
AN594 (Using the CCP Modules) .........cccocveeriverennnns 71
ANG607, Power-up Trouble Shooting ............cccceeeee. 134
Architecture
HArVard .......ooccovoiee e 9
OVEIVIEW .ttt 9
VON NEUMANN .ottt 9
Assembler
MPASM Assembler .........cccooiiiiiiiincc e 164
B
Baud Rate ErrOr ........ccccovvviiiiiiieiiciiec e 101
Baud Rate FOrmula ..........ccocoeeiiiiieiiiiieieeeec e 101
Baud Rates
Asynchronous Mode
Synchronous Mode .
B
Block Diagrams
AUD e 119
Analog Input Model .........ccooeiiiiiiniiiieceeee e 120
CAPLUME ..o 72

COMPATE ...oeeiiiiiiiiiiie e 73
PC MOOE ..oovveeviceevceece e 93
On-Chip Reset CirCUIL ......c.ceeveeiieiiiiiiesieeieeseee 133
PICLBCT2 oottt 10
PICLBCT3 .ottt 11
PICLIBCT3A ..ot e 11
PICLBCTA oot eeteeeeeeeees 12
PICLIBCTAA ..ottt 12
PICLBCTE ..o 11
PICLBCTT oottt s 12
PORTC ..ot 48
PORTD (In 1/O Port Mode) ........cccocveemeeieieniienieenieenns 50
PORTD and PORTE as a Parallel Slave Port ............ 54

PORTE (In I/O Port Mode) .......ccovveeeriiieeiiiee e 51
PWM oot 74
RA3:RA0 and RAS5 POrt Pins .........ccccveeeieeiiiiiinieeeeen, 43
RA4/TOCKI PiN .o 43
RB3:RBO POIt PiNS ....evvveiiiiieciiee e 45
RB7:RB4 POt PiNS ....cooceiiiiiiiiieee e 46
SPI Master/Slave Connection ...........cccccvvveveeeeeiinnnenn. 81
SSP N 12C MOAE ..o, 93
SSP in SPI Mode .... ..80, 85
TIMEIO oot e e 59
TimerO/WDT Prescaler ........cccccevvveeiieeeeiieeeseiee e 62
TIMEIL oo e e e 66
TIMEI2 et e e e e e e 69
USART RECEIVE ...vvviiiiieeiiiie et see e ee e stvee s 108
USART TransSmit ........cceeeviiiiiiieeeeeiiiiiiee e 106
Watchdog TIMer ......c.cooiiiiiiiieeiiee e 144

BOR DIt v 39, 135
BRGH Dt ..o 101
Buffer Full Status bit, BF ............cccooiiiiiiice 78, 83
C
C DIt e
C Compiler
Capture/Compare/PWM
Capture
BlOCK Diagram ........cccoceeveiiiieniiiiiesiee e 72
CCPLCON REQIStEr ...oeeviiiiieiiiiieeieee e 72
CCPLIF oo 72
CCPRL ..ot 72
CCPRIH:CCPRIL ..ocviiiiiiiiieeesee e 72
ModE ..o 72
Prescaler ... 73
CCP Timer RESOUICES .........cccveviiieiiiiiieiie e 71
Compare
BlOCK Diagram ........cccoceeveiiiieniiiiiesiee e 73
MOdE ..o 73
Software Interrupt Mode ..........ccccoevveieiiieiiiieenn. 73

Special Event Trigger ......cccccevveveniierenieeeeneeennn 73
Special Trigger Output of CCP1 ........cccveeiineenn. 73
Special Trigger Output of CCP2 .........cccoeevneenn. 73
Interaction of Two CCP Modules ...........ccccceeneinnnenne. 71
SECHOMN L.t 71
Special Event Trigger and A/D Conversions .............. 73

Capture/Compare/PWM (CCP)
PWM Block Diagram ...

PWM Mode ......ccooeviiiiiiiiiini,

PWM, Example Frequencies/Resolutions .................. 75
CAITY DIt o 9
CCPLCON ..ot 29
CCPLIE DIt .t 33
CCPLIF DIt oot 35, 36
CCP2CON ..ot 29
CCP2IE DIt vt 37
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