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PIC16C/7X

FIGURE 3-3: PIC16C74/74A/77 BLOCK DIAGRAM
Device Program Memory | Data Memory (RAM)
PIC16C74 4K x 14 192x8
PIC16C74A 4K x 14 192x 8
PIC16C77 8K x 14 368 x 8
13 Data Bus 8 PORTA
<t Program Counter <
EPROM @ RA1/AN1
Program RA2/AN2
Memory 8 Level Stack RAM RA3/AN3/VREF
(13-bit) File RA4/TOCKI
Registers RA5/SS/AN4
Program
Bus 14 RAM Addr @ ? 9 PORTB
Instruction reg
i - RBO/INT
f 7 Indirect XI
Direct Addr Adar
ﬁ>|Z| RB7:RB1
STATUS reg ‘ “PORTC
8 ‘ RCO/T10SO/T1CKI
RC1/T10Sl/CCP2
RC2/CCP1
POTWer'UP RC3/SCK/SCL
imer RC4/SDI/SDA
Instruction Oscillator RC5/SDO
Decode & Start-up Timer ALU RC6/TX/CK
Control Power-on RC7/RX/DT
Reset 8 PORTD
Timing Watchdog
®<‘::'\> Generation > Timer
OSC1/CLKIN Brown-out
OSC2/CLKOUT Reset® = “>[<] RD7/PSP7:RDO/PSPO
é é Parallel Slave Port K PORTE
MCLR VDD, Vss __
& REO/RD/ANS
— X RE1/WR/ANG
Timer0 Timerl Timer2 A/ID fZ’ TS/
RE2/CS/AN7

ﬁ it it it
; b & b

Synchronous
Serial Port

CCP1 CCP2 USART

Note 1: Higher order bits are from the STATUS register.
2: Brown-out Reset is not available on the PIC16C74.
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NOTES:
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FIGURE 4-3: PIC16C76/77 PROGRAM

MEMORY MAP AND STACK

PC<12:0>

CALL, RETURN 13

RETFI E, RETLW

Stack Level 1

Stack Level 2

L]
[ ]
[ ]

Stack Level 8

Reset Vector 0000h
: <“:
L]
Interrupt Vector 0004h
0005h
> On-Chip  Page 0
g o 07FFh
25 . 0800h
— 0 On-Chip  Page 1
g OFFFh
1000h
On-Chip  Page 2
17FFh
) 1800h
On-Chip  Page 3
1FFFh

4.2 Data Memory Organization
Applicable Devices

72|73[73A]74]74A]76]77
The data memory is partitioned into multiple banks
which contain the General Purpose Registers and the

Special Function Registers. Bits RP1 and RPO are the
bank select bits.

RP1:RPO (STATUS<6:5>)
=00 - BankO
=01 - Bankl
=10 - Bank2
=11 - Bank3

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain special
function registers. Some “high use” special function
registers from one bank may be mirrored in another
bank for code reduction and quicker access.

421 GENERAL PURPOSE REGISTER FILE

The register file can be accessed either directly, or indi-
rectly through the File Select Register FSR
(Section 4.5).

DS30390E-page 20
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4.3 PCL and PCLATH
Applicable Devices
72|73[73A[74]74A]76]77
The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The upper bits (PC<12:8>) are not
readable, but are indirectly writable through the
PCLATH register. On any reset, the upper bits of the
PC will be cleared. Figure 4-17 shows the two situa-
tions for the loading of the PC. The upper example in
the figure shows how the PC is loaded on a write to
PCL (PCLATH<4:0> - PCH). The lower example in
the figure shows how the PC is loaded during a CALL
or GOTOinstruction (PCLATH<4:3> . PCH).

FIGURE 4-17: LOADING OF PC IN
DIFFERENT SITUATIONS

PCH PCL
12 8 7 0 Instruction with
PC| ‘ | PCL as
Destination
Jpoumesr Lo
5 ALU
LTI T
PCLATH
PCH PCL

12 11 10 8 7 0

PC | | | coro caL

11
Opcode <10:0>

PCLATH<4:3>

PCLATH

43.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an off-
set to the program counter (ADDWF PCL). When doing
a table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256 byte block). Refer to the
application note “Implementing a Table Read"” (AN556).

43.2 STACK

The PIC16CXX family has an 8 level deep x 13-bit wide
hardware stack. The stack space is not part of either
program or data space and the stack pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL instruction is executed or an interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RETLWor a RETFI E instruction execution.
PCLATH is not affected by a PUSH or POP operation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
S0 on).

Note 1: There are no status bits to indicate stack
overflow or stack underflow conditions.

Note 2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFIE
instructions, or the vectoring to an inter-
rupt address.

4.4 Program Memory Paging
Applicable Devices
72|73[73A[74]74A]76]77
PIC16C7X devices are capable of addressing a contin-
uous 8K word block of program memory. The CALL and
GOTO instructions provide only 11 bits of address to
allow branching within any 2K program memory page.
When doing a CALL or GOTOinstruction the upper 2 bits
of the address are provided by PCLATH<4:3>. When
doing a CALL or GOTOinstruction, the user must ensure
that the page select bits are programmed so that the
desired program memory page is addressed. If a return
from a CALL instruction (or interrupt) is executed, the
entire 13-bit PC is pushed onto the stack. Therefore,
manipulation of the PCLATH<4:3> bits are not required
for the return instructions (which POPs the address
from the stack).

Note: PIC16C7X devices with 4K or less of pro-
gram memory ignore paging bit
PCLATH<4>.The use of PCLATH<4> as a
general purpose read/write bit is not rec-
ommended since this may affect upward

compatibility with future products.
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FIGURE 9-2: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

UO  RW-0 RMW-0 RWO RW-0 RWO RWO RMO
— |toutpss|toutps2|TouTpPsi|TouTPso| TMR20N |T2cKkPs1|T2CcKPSO0| [R = Readable bit

bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’

-n =Value at POR reset

bit 7: Unimplemented: Read as '0'

bit 6-3: TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 =1:16 Postscale

bit 2: TMR2ON: Timer2 On bit
1 =Timer2 is on
0 =Timer2 is off

bit 1-0: T2CKPS1:T2CKPSO: Timer2 Clock Prescale Select bits
00 =Prescaleris 1
01 = Prescaler is 4
1x = Prescaler is 16

TABLE 9-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

Value on: Value on

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, all other
BOR resets

0Bh,8Bh, [INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x [ 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF®2 |  ADIF RCIF® | TXIF@ SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 [ 0000 0000
8Ch PIEL PsSPIEL2) |  ADIE RCIE® | TXIE® SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 [ 0000 0000
11h TMR2 | Timer2 module’s register 0000 0000 | 0000 0000
12h T2CON — |TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPS0 | - 000 0000 | - 000 0000
92h PR2 Timer2 Period Register 1111 1111|1111 1111
Legend: X = unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by the Timer2 module.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16C73/73A/76, always maintain these bits clear.
2: The PIC16C72 does not have a Parallel Slave Port or a USART, these bits are unimplemented, read as '0".
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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.
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Applicable Devices

PIC16C/7X

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

11.5.1.3 TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/AW bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit, and pin RC3/SCK/SCL is held
low. The transmit data must be loaded into the SSP-
BUF register, which also loads the SSPSR register.
Then pin RC3/SCK/SCL should be enabled by setting
bit CKP (SSPCON<4>). The master must monitor the
SCL pin prior to asserting another clock pulse. The
slave devices may be holding off the master by stretch-
ing the clock. The eight data bits are shifted out on the
falling edge of the SCL input. This ensures that the SDA
signal is valid during the SCL high time (Figure 11-26).

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF must be cleared in software, and
the SSPSTAT register is used to determine the status
of the byte. Flag bit SSPIF is set on the falling edge of
the ninth clock pulse.

As a slave-transmitter, the ACK pulse from the mas-
ter-receiver is latched on the rising edge of the ninth
SCL input pulse. If the SDA line was high (not ACK),
then the data transfer is complete. When the ACK is
latched by the slave, the slave logic is reset (resets
SSPSTAT register) and the slave then monitors for
another occurrence of the START bit. If the SDA line
was low (ACK), the transmit data must be loaded into
the SSPBUF register, which also loads the SSPSR reg-
ister. Then pin RC3/SCK/SCL should be enabled by
setting bit CKP.

FIGURE 11-26: I2C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

- Receiving Address R/W = 1

SCL

' Datain
+ sampled

SSPIF (PIR1<3>)

BF (SSPSTAT<0>)

) SCL held Iow \\
PU
responds to SSPIF

cleared in software

b

CKP (SSPCON<4>)

}From Ssp interrupt
SSPBUF is written in software | service rputme

Set bit after writing to SSPBUF
(the SSPBUF must be written-to
before the CKP bit can be set)
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TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH =1)

BAUD FoscC = 20 MHz SPBRG 16 MHz SPBRG 10 MHz SPBRG 7.16 MHz SPBRG

RATE % value % value % value % value

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

9.6 9.615 +0.16 129 9.615 +0.16 103 9.615 +0.16 64 9.520 -0.83 46

19.2 | 19.230 +0.16 64 19.230 +0.16 51 18.939 -1.36 32 19.454 +1.32 22

38.4 |37.878 -1.36 32 38.461 +0.16 25 39.062 +1.7 15 37.286 -2.90 11

57.6 | 56.818 -1.36 21 58.823 +2.12 16 56.818 -1.36 10 55.930 -2.90 7

115.2 |113.636 -1.36 10 111.111  -3.55 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 - -
BAUD FOsC = 5.068 MHz SPBRG 4 MHz SPBRG 3.579 MHz SPBRG 1 MHz SPBRG 32.768 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 - - 9.727 +1.32 22 8.928  -6.99 6 NA - -
19.2 18.645 -2.94 16 1.202 4017 207 18.643 -2.90 11 20.833 +8.51 2 NA - -
38.4 39.6 +3.12 7 2403 +0.13 103 37.286 -2.90 5 31.25 -18.61 1 NA - -
57.6 52.8 -8.33 5 9.615 +0.16 25 55.930 -2.90 3 62.5 +8.51 0 NA - -
115.2 105.6 -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: For the PIC16C73/73A/74/74A, 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 PIC16C76/77.
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13.1  A/D Acquisition Requirements
Applicable Devices
72[73[73A[74]74A]76]77
For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 13-4.The source
impedance (Rs) and the internal sampling switch (Rss)
impedance directly affect the time required to charge
the capacitor CHoLD. The sampling switch (Rss) imped-
ance varies over the device voltage (VDD), Figure 13-4.
The source impedance affects the offset voltage at the
analog input (due to pin leakage current). The maxi-
mum recommended impedance for analog sources
is 10 kQ. After the analog input channel is selected
(changed) this acquisition must be done before the con-
version can be started.

To calculate the minimum acquisition time,
Equation 13-1 may be used. This equation calculates
the acquisition time to within 1/2 LSb error is used (512
steps for the A/D). The 1/2 LSb error is the maximum
error allowed for the A/D to meet its specified accuracy.

EQUATION 13-1: A/D MINIMUM CHARGING
TIME

VHOLD = (VREF - (VREF/512)) » (1 - e(-TCAP/CHOLD(RIC +Rss + Rs)))
Given: VHoLD = (VREF/512), for 1/2 LSb resolution

The above equation reduces to:

Tcap = -(51.2 pF)(1 kQ + Rss + Rs) In(1/511)

Example 13-1 shows the calculation of the minimum
required acquisition time TAcQ. This calculation is
based on the following system assumptions.

CHoLD = 51.2 pF
Rs = 10 kQ

VDD =5V - Rss =7 kQ
Temp (application system max.) = 50°C
VHOLD=0@t=0

Note 1: The reference voltage (VRErF) has no
effect on the equation, since it cancels
itself out.

Note 2: The charge holding capacitor (CHOLD) is
not discharged after each conversion.

Note 3: The maximum recommended impedance
for analog sources is 10 kQ. This is
required to meet the pin leakage specifi-
cation.

Note 4: After a conversion has completed, a
2.0TAD delay must complete before acqui-
sition can begin again. During this time
the holding capacitor is not connected to
the selected A/D input channel.

EXAMPLE 13-1: CALCULATING THE
MINIMUM REQUIRED
ACQUISITION TIME

TAcQ = Amplifier Settling Time +
Holding Capacitor Charging Time +
Temperature Coefficient
TACQ = 5 s + TcAp + [(Temp - 25°C)(0.05 ps/°C)]
Tcap = -CHoLD (RIC + Rss + Rs) In(1/511)
-51.2 pF (1 kQ + 7 kQ + 10 kQ) In(0.0020)
-51.2 pF (18 kQ) In(0.0020)
-0.921 ps (-6.2364)
5.747 ps
TACQ = 5 us + 5.747 ps + [(50°C - 25°C)(0.05 us/°C)]
10.747 ps + 1.25 ps

1/2 LSb error 11.997 us
FIGURE 13-4: ANALOG INPUT MODEL
VDD
Sampling
VT =0.6V . -SYVlt-crj -
Ric<1lk 1SS Rss:
AA Il Il
YVy hd 7
------- CHoOLD
| leak: -L = DAC capacitance
T VT =0.6V + ggoar?f\ T =51.2pF
Vss
Legend CPIN = input capacitance
VT = threshold voltage g¥
| leakage = leakage current at the pin due to VDD 4V.
various junctions 3V
Ric = interconnect resistance 2V,
SS = sampling switch
CHOLD = sample/hold capacitance (from DAC) 567891011

Sampling Switch
(kQ)
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TABLE 14-6: STATUS BITS AND THEIR SIGNIFICANCE, PIC16C72/73A/74Al76/77
POR OR | TO | PD

0 X 1 1 | Power-on Reset

0 X 0 x |lllegal, TO is set on POR

0 X X 0 |lllegal, PD is set on POR

1 0 X X | Brown-out Reset

1 1 0 1 |WDT Reset

1 1 0 0 |WDT Wake-up

1 1 u u | MCLR Reset during normal operation

1 1 1 0 | MCLR Reset during SLEEP or interrupt wake-up from SLEEP
TABLE 14-7: RESET CONDITION FOR SPECIAL REGISTERS

o Program STATUS PCON PCON
Condition Counter Register Register Register
PIC16C73/74 PIC16CT72/73AITAAIT6IT7

Power-on Reset 000h 0001 1xxx ---- --0- ---- --0x
MCLR Reset during normal operation 000h 000u uuuu ---- --U- ---- --uu
MCLR Reset during SLEEP 000h 0001 OQuuu ... --uU- ---- --uu
WDT Reset 000h 0000 luuu ---- --U- ---- --uu
WDT Wake-up PC+1 uuuO OQuuu ---- --U- ---- --uu
Brown-out Reset 000h 0001 luuu N/A ---- --u0
Interrupt wake-up from SLEEP pPC + 1M uuul Ouuu ---- --U- ---- --uu
Legend: u = unchanged, x = unknown, - = unimplemented bit read as '0'.

Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded
with the interrupt vector (0004h).

TABLE 14-8: INITIALIZATION CONDITIONS FOR ALL REGISTERS

Register Applicable Devices Power-on Reset, MCLR Resets Wake-up viaWDT

Brown-out Reset WDT Reset or
Interrupt

W 72| 73| 73A | 74| 7TAA | 76 | 77 XXXX XXXX uuuu uuuu uuuu uuuu
INDF 72|73 | 73A | 74| 7T4A | 76| 77 N A N A N A
TMRO 72| 73| 73A | 74| 7T4A | 76| 77 XXXX XXXX uuuu uuuu uuuu uuuu
PCL 72|73 | 73A | 74| 7T4A | 76| 77 0000h 0000h pc + 1@
STATUS 72|73 | 73A | 74| 7T4A | 76| 77 0001 1xxx 000q quuu(3) uuug quuu(s)
FSR 72| 73| 73A | 74| 7T4A | 76| 77 XXXX XXXX uuuu uuuu uuuu uuuu
PORTA 72|73 | 73A | 74| 7T4A | 76| 77 --0x 0000 --0u 0000 --uu uuuu
PORTB 72| 73| 73A | 74| 74A | 76| 77 XXXX XXXX uuuu uuuu uuuu uuuu
PORTC 72|73 | 73A | 74| 7T4A | 76| 77 XXXX XXXX uuuu uuuu uuuu uuuu
PORTD 72|73 | 73A | 74| TAA | 76 | 77 XXXX XXXX uuuu uuuu uuuu uuuu
PORTE 72|73 | 73A |74 | TAA | 76 | 77 ---- - XXX ---- -uuu ---- -uuu
PCLATH 72|73 | 73A | 74| 74A | 76| 77 ---0 0000 ---0 0000 ---Uu 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 GIE bit is set, the PC is loaded with the interrupt vector
(0004h).
3: See Table 14-7 for reset value for specific condition.
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14,5 Interrupts

Applicable Devices
72|73[73A[74]74A]76]77
The PIC16C7X family has up to 12 sources of interrupt.
The interrupt control register (INTCON) records individ-
ual interrupt requests in flag bits. It also has individual
and global interrupt enable bits.

Note: Individual interrupt flag bits are set regard-
less of the status of their corresponding
mask bit or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in vari-
ous registers. Individual interrupt bits are set
regardless of the status of the GIE bit. The GIE bit is
cleared on reset.

The “return from interrupt” instruction, RETFI E, exits
the interrupt routine as well as sets the GIE bit, which
re-enables interrupts.

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the spe-
cial function registers PIR1 and PIR2. The correspond-
ing interrupt enable bits are contained in special
function registers PIE1 and PIE2, and the peripheral
interrupt enable bit is contained in special function reg-
ister INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the interrupt service routine the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs (Figure 14-
17). The latency is the same for one or two cycle

instructions. Individual interrupt flag bits are set regard-
less of the status of their corresponding mask bit or the
GIE bit.

Note:  Forthe PIC16C73/74, if an interrupt occurs
while the Global Interrupt Enable (GIE) bit
is being cleared, the GIE bit may uninten-
tionally be re-enabled by the user’s Inter-
rupt Service Routine (the RETFIE
instruction). The events that would cause
this to occur are:

1. An instruction clears the GIE bit while
an interrupt is acknowledged.

2. The program branches to the Interrupt
vector and executes the Interrupt Ser-
vice Routine.

3. The Interrupt Service Routine com-
pletes with the execution of the RET-
FI E instruction. This causes the GIE
bit to be set (enables interrupts), and
the program returns to the instruction
after the one which was meant to dis-
able interrupts.

Perform the following to ensure that inter-
rupts are globally disabled:

LOOP BCF INTCON, G E ; Disable global
; interrupt bit
BTFSC I NTCON, G E ; Gobal interrupt
; di sabl ed?
GOro  LoorP ; NO, try again
: ; Yes, continue
; wi th program
; flow
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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.
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FIGURE 18-11: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RC6/TX/CK m

1121 Lo

pin — =, 12T L
RC7/RX/DT : g
pin : hed D: i:

— =120 -— — ! -

Note: Refer to Figure 18-1 for load conditions

TABLE 18-11: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Parameter Sym Characteristic Min Typt| Max | Units | Conditions
No.
120 TckH2dty | SYNC XMIT (MASTER &
SLAVE) PIC16C73/74 — — 80 ns
Clock high to data out valid PIC16LC73/74 — — 100 ns
121 Tckrf Clock out rise time and fall time | PIC16C73/74 — — 45 ns
(Master Mode) PIC16LC73/74 — — | 50 | ns
122 Tdtrf Data out rise time and fall time PIC16C73/74 — — 45 ns
PIC16LC73/74 — — 50 ns
T:  Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

FIGURE 18-12: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

RC6/TX/CK :
pin ¢ 125 ! X
RC7/RX/DT B = -
pin X ' X

Note: Refer to Figure 18-1 for load conditions

TABLE 18-12: 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 TekL2dtl Data hold after CK | (DT hold time) 15 — — ns
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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FIGURE 18-13: A/D CONVERSION TIMING

BSF ADCONO, GO 1Tcw

— 1) '
134 <— (Toscl2) 131

Q4

— 130 -—

AD CLK <1325, .

woomn X7 X o X XXX XXX |
or 1 T
o BN

SAMPLE SAMPLING STOPPED

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.

TABLE 18-14: A/D CONVERSION REQUIREMENTS

Param | Sym [ Characteristic Min Typt Max Units Conditions

No.

130 TaD | A/D clock period PIC16C73/74 1.6 — — ps | Tosc based, VREF = 3.0V
PIC16LC73/74 2.0 — — Ms | Tosc based, VREF full range
PIC16C73/74 2.0 4.0 6.0 ps | A/D RC Mode
PIC16LC73/74 3.0 6.0 9.0 pus | A/D RC Mode

131 | Tenv | Conversion time (not including S/H time) — 9.5 — TAD

(Note 1)
132 | TACQ | Acquisition time Note 2 20 — ps
5* — — ps | The minimum time is the amplifier

settling time. This may be used if
the "new" input voltage has not
changed by more than 1 LSb (i.e.,
20 mV @ 5.12V) from the last
sampled voltage (as stated on
CHOLD).

134 | Tco | Q4 to A/D clock start — Tosc/2 § — — | Ifthe A/D clock source is selected
as RC, a time of Tcy is added
before the A/D clock starts. This
allows the SLEEP instruction to be
executed.

135 | Tswc | Switching from convert — sample time 158§ — — TAD

*  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.
§ This specification ensured by design.
Note 1: ADRES register may be read on the following Tcy cycle.
2: See Section 13.1 for min conditions.
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19.4 Timing Parameter Symbology

The timing parameter symbols have been created following one of the following formats:

1. TppS2ppS 3. TccisT (1°C specifications only)
2.TppS 4.Ts (I2C specifications only)
T

F Frequency T Time

Lowercase letters (pp) and their meanings:
pp

cc CCP1 osc OSC1

ck CLKOUT rd RD

cs CS rw RD or WR

di SDI sc SCK

do SDO ss SS

dt Data in (0] TOCKI

io I/O port tl T1CKI

mc MCLR wr WR

Uppercase letters and their meanings:
S

F Fall P Period

H High R Rise

| Invalid (Hi-impedance) \Y Valid

L Low z Hi-impedance
12C only

AA output access High High

BUF Bus free Low Low

Tcc:sT (I2C specifications only)
CcC

HD Hold SuU Setup
ST

DAT DATA input hold STO STOP condition

STA START condition
FIGURE 19-1: LOAD CONDITIONS

Load condition 1 Load condition 2
VDD/2
RL

—_—CL ]—

Pin T Pin T CL
Vss Vss
RL = 464Q
CL = 50pF for all pins except OSC2, but including PORTD and PORTE outputs as

ports
15 pF for OSC2 output
Note: PORTD and PORTE are not implemented on the PIC16C73A.
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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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FIGURE 21-8: TYPICAL IpD vs. VDD BROWN- FIGURE 21-10: TYPICAL IpD vs. TIMER1
OUT DETECT ENABLED (RC ENABLED (32 kHz, RCO/RC1 =
MODE) 33 pF/33 pF, RC MODE)
1400
1200 30
/

1000
- 25
< 800 Device NOT in  —|
s Brown-out Reset 20
£ 600 .

400 |- Device in <315

Brown-out — | g
200 |- Reset - 10
0
2.5 3.0 35 4.0 45 5.0 55 6.0 5
VDD(Volts)
The shaded region represents the built-in hysteresis of the 8'5 3.0 35 \;1[')?)(\/0“:)'5 50 55 6.0
brown-out reset circuitry.
FIGURE 21-9: MAXIMUM IpD vs. VDD

BROWN-OUT DETECT FIGURE 21-11: MAXIMUM IpD vs. TIMER1
ENABLED ENABLED
(85°C TO -40°C, RC MODE) (32 kHz, RCO/RC1 = 33 pF/33
pF, 85°C TO -40°C, RC MODE)
1600
1400
1200 45
1000 Device NOT i ) o
= evice in
3 800 Brown-out Reset | =
g 30
600 [— Device i
oo 2%
400 — Reset T E’ZO
200 15
4.3 10
02.5 3.0 35 4.0 4.5 5.0 5.5 6.0 5
VDD(Volts)
The shaded region represents the built-in hysteresis of the 8,5 3.0 3.5 4.0 45 5.0 5.5 6.0
brown-out reset circuitry. VDD(Volts)
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