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PIC16C745/765

3.1 Clocking Scheme/instruction Cycle

The clock input feeds either an on-chip PLL, or directly
drives (FINT). The clock output from either the PLL or
direct drive (FINT) is internally divided by four to gener-
ate four non-overlapping quadrature clocks namely,
Q1, Q2, Q3 and Q4. Internally, the program counter
(PC) is incremented every Q1, the instruction is fetched
from the program memory and latched into the instruc-
tion register in Q4. The instruction is decoded and exe-
cuted during the following Q1 through Q4. The clocks
and instruction execution flow is shown in Figure 3-2.

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE

3.2 Instruction Flow/Pipelining

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle,
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO),
then two cycles are required to complete the instruction
(Example 3-1).

A fetch cycle begins with the program counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register" (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3 and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).
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I
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Execute INST (PC) Fetch INST (PC+2)
| Execute INST (PC+1)

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW

Tcyo Tev1 Tcy2 Tcy3 Tcy4d Tcy5
1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. CALL SUB_ 1 Fetch 3 Execute 3
4. BSF PORTA, BIT3 (Forced NOP) Fetch 4 Flush
5. Instruction @ address SUB 1 Fetch SUB_1| Execute SUB_1

Note: All instructions are single cycle, except for any program branches. These take two cycles, since the fetch
instruction is “flushed” from the pipeline, while the new instruction is being fetched and then executed.
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TABLE 5-1: PORTA FUNCTIONS
Name Function Input Output Description
Type Type
RAO ST CMOS | Bi-directional 1/0
RAO/ANO
ANO AN — A/D Input
RA1 ST CMOS | Bi-directional I/0
RA1/AN1
ANA1 AN — A/D Input
RA2 ST CMOS | Bi-directional I/O
RA2/AN2
AN2 AN — A/D Input
RA3 ST CMOS | Bi-directional I/O
RA3/AN3/VREF AN3 AN — A/D Input
VREF AN — A/D Positive Reference
RA4 ST OD Bi-directional 1/0
RA4/TOCKI
TOCKI ST — Timer 0 Clock Input
RA5 ST Bi-directional I/O
RA5/AN4
AN4 AN — A/D Input
Legend: OD = open drain, ST = Schmitt Trigger
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Value on: Value on all
Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets
BOR
05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO --0x 0000 | --0u 0000
85h TRISA — — PORTA Data Direction Register --11 1111 | --11 1111
9Fh  |ADCON1| — — — | — ‘ — | PCFG2 |PCFG1 | PCFGO | -~~~ -000 | -~~~ -000
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by PORTA.
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71 Timer1 Operation in Timer Mode

Timer mode is selected by clearing the TMR1CS
(T1CON<1>) bit. In this mode, the input clock to the

timer is FINT. The synchronize control bit TISYNC

(T1CON<2>) has no effect since the internal clock is
always in sync.

FIGURE 7-1: TIMER1 BLOCK DIAGRAM

7.2 Timer1 Operation in Synchronized
Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RC1/T10SI/CCP2, when bit
T10SCEN is set, or on pin RCO/T10SO/T1CKI, when
bit TTOSCEN is cleared.

If TISYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The pres-
caler stage is an asynchronous ripple-counter.

In this configuration, during SLEEP mode, Timer1 will
not increment even if the external clock is present,
since the synchronization circuit is shut off. The pres-
caler however will continue to increment.

Set flag bit
TMR1IF on
Overflow 0= Synchronized
TMRH1 clock input
TMR1H ‘ TMR1L
1| —
TMR10ON
-------- on/off T1SYNC
' T10SC |
RCO/T10SO/T1CKI & + 9 @ 1 ST—
: | Prescaler ynchronize A
T10OSCEN FINT 1,2,4,8 A det
gna.ﬁ'i () Internal— 0 } I
RC1/T10S1/CCP2 scillator
ciTiosiee Clock 2 SLEEP input

T1CKPS<1:0>
TMR1CS

Note 1: When the TIOSCEN bit is cleared, the inverter is turned off. This eliminates power drain.
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10.5.1.9  Endpoint Registers

Each endpoint is controlled by an Endpoint Control
Register. The PIC16C745/765 supports Buffer
Descriptors (BD) for the following endpoints:

- EPO Out
- EPOIn
- EP1 Out
- EP11n
- EP2 Qut
- EP21In

The user will be required to disable unused Endpoints
and directions using the Endpoint Control Registers.

10.5.1.10 USB Endpoint Control Register (EPCn)

The Endpoint Control Register contains the endpoint
control bits for each of the 6 endpoints available on
USB for a decoded address. These four bits define the
control necessary for any one endpoint. Endpoint O
(ENDPO) is associated with control pipe 0 which is
required by USB for all functions (IN, OUT, and
SETUP). Therefore, after a USB_RST interrupt has
been received, the microprocessor should set UEPO to
contain 06h.

Note: These registers are initialized in response
to a RESET from the host. The user
must modify function USBReset in
USB_CH9.ASM to configure the endpoints

as needed for the application.

REGISTER 10-9: USB ENDPOINT CONTROL REGISTER (UEPn: 198H-19Ah)

u-0 u-0 R/W-0

R/W-0

R/W-0 R/W-0

| EP_CTL_DIS | EP_OUT_EN | EP_IN_EN |EP_STALL|

R = Readabile bit

bit7

bit 7-4:
bit 3-1:

Unimplemented: Read as '0’

W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset

bit0

EP_CTL_DIS, EP_OUT_EN, EP_IN_EN: These three bits define if an endpoint is enabled and the direc-
tion of the endpoint. The endpoint enable/direction control is defined as follows:

EP_CTL_DIS | EP_OUT_EN | EP_IN_EN

Endpoint Enable/Direction Control

X 0 0

Disable Endpoint

Enable Endpoint for IN tokens only

X [ X

Enable Endpoint for OUT tokens only

—_

Enable Endpoint for IN and OUT tokens

0 1
1 0
1 1
1 1

o

Enable Endpoint for IN, OUT, and SETUP tokens

bit 0:

protocol.

EP_STALL: When this bit is set it indicates that the endpoint is stalled. This bit has priority over all other
control bits in the Endpoint Enable register, but is only valid if EP_IN_EN=1 or EP_OUT_EN=1. Any access
to this endpoint will cause the USB to return a STALL handshake. The EP_STALL bit can be set or cleared
by the SIE. Refer to the USB 1.1 Specification, Sections 4.4.4 and 8.5.2 for more details on the STALL

© 1999-2013 Microchip Technology Inc.
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REGISTER 10-11: BUFFER DESCRIPTOR STATUS. BITS READ BY THE MCU

(BDndST: 1A0h, 1A4h, 1A8h, 1ACh, 1B0h, 1B4h)

RW-0 R/MW-X R/W-X R/W-X R/W-X R/W-X U-X U-X
UOWN |DATA0/1[ PID3 | PID2 | PIDI | PID0 | — | — | [R= Readable bt
bit7 bito | W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
X = Don’t care
bit7:  UOWN: USB Own
This UOWN bit determines who currently owns the buffer. The SIE writes a 0 to this bit when it has com-
pleted a token. This byte of the BD should always be the last byte the MCU updates when it initializes a
BD. Once the BD has been assigned to the USB, the MCU should not change it in any way.
1 = USB has exclusive access to the BD. The MCU should not modify the BD or buffer.
0 = The MCU has exclusive access to the BD. The USB ignores all other fields in the BD.
bit 6: DATAO0/1: This bit defines the type of data toggle packet that was transmitted or received
1 = Data 1 packet
0 = Data 0 packet
bit 5-2: PID<3:0>: Packet Identifier
The received token PID value.
bit 1-0: Reserved: Read as 'X'
Note: Recommend that users not use BSF, BCF due to the dual functionality of this register.

REGISTER 10-12: BUFFER DESCRIPTOR BYTE COUNT

(BDndBC: 1A1h, 1A5h, 1A9h, 1ADh, 1B1h, 1B5h)

U-X U-X U-X U-X R/W-X  RW-X RW-X R/W-X
— — | — | — [ Bca | Bc2 | BC1 | BCO | [R= Readable bit
bit7 bito | W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
X = Don’t care
bit 7-4: Reserved: Read as ’'X’
bit 3-0: BC<3:0>: The Byte Count bits represent the number of bytes that will be transmitted for an IN TOKEN or

received during an OUT TOKEN. Valid byte counts are 0 - 8. The SIE will change this field upon the com-
pletion of an OUT or SETUP token with the actual byte count of the data received.
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NOTES:
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REGISTER 11-2: RECEIVE STATUS AND CONTROL REGISTER (RCSTA: 18h)

R/W-0

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

| SPEN

| Rx9 [ SREN | CREN | — [ FERR | OERR | RX9D | |R =Readable bit

bit7

bit 7:

bit 6:

bit 5:

bit 4:

bit 3:
bit 2:

bit 1:

bit 0:

bito W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset

SPEN: Serial Port Enable bit

1 = Serial port enabled (Configures RC7/RX/DT and RC6/TX/CK pins as serial port pins)
0 = Serial port disabled

RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode
Don’t care

Synchronous mode - master

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode - slave
Unused in this mode

CREN: Continuous Receive Enable bit

Asynchronous mode
1 = Enables continuous receive
0 = Disables continuous receive

Synchronous mode

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

Unimplemented: Read as '0'

FERR: Framing Error bit
1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error

OERR: Overrun Error bit
1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error

RX9D: 9th bit of received data. (Can be used for parity.)
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Steps to follow when setting up an Asynchronous 4. If 9-bit transmission is desired, then set transmit
Transmission: bit TX9.
1. Initialize the SPBRG register for the appropriate 5. Enable the transmission by setting bit TXEN,

baud rate. If a high speed baud rate is desired, which will also set bit TXIF.

set bit BRGH. (Section 11.1) 6. If 9-bit transmission is selected, the ninth bit
2. Enable the asynchronous serial port by clearing should be loaded in bit TX9D.

bit SYNC and setting bit SPEN. 7. Load data to the TXREG register (starts trans-
3. If interrupts are desired, then set enable bit mission).

TXIE.

FIGURE 11-2: ASYNCHRONOUS MASTER TRANSMISSION

Write to TXREG I (¢
Word 1

] | | | g | | —
RC6/TX/CK (pin :
(bin) TN\ Start Bit Bto X Bit1_x_ §¢ X Bit7/8

BRG output
(shift clock) — '

,/Stop Bit
TXIF bit ' WORD 1 ' '
(Transmit buffer cc '
reg. empty flag) |_| D) :
TRMT bit WORD 1 ——» 1

(Transmit shift Transmit Shift Reg

reg. empty flag) 4|

)
"

FIGURE 11-3: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)

Write to TXREG i Il c
BRG output Word 1 Word 2 J)
(shift clock) ' ' I I I I i | | | | |
RC6/TX/CK (pin ' . .
/oK e N _Start Bit <_Bit0 Biti X_ (X Bit7/8 /swopmir \StartBit < Bito _
TXIF bit Y | WORD 5
(interrupt reg. flag) o WORD 1 | ORD 2
P S5
TRMT bit WORD 1 ——» WOHD 2
(Transmit shift Transmit Shift Reg. £
reg. empty flag) g Transmit Shift Reg.
C
)

Note: This timing diagram shows two consecutive transmissions.

TABLE 11-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on: Value on

Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets

0Ch PIR1 PSPIFM | ADIF | RCIF TXIF | USBIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN — FERR | OERR RX9D | 0000 -00x [0000 -00x
19h TXREG | USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE TXIE | USBIE| CCP1IE | TMR2IE | TMR1IE | 0000 0000 |[0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010 [0000 -010
9%h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented locations read as '0'. Shaded cells are not used for asynchronous transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16C745; always maintain these bits clear.
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114 USART Synchronous Slave Mode

Synchronous Slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RC6/TX/CK pin (instead of being supplied internally
in Master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA<7>).

11.4.1  USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the Synchronous Master and Slave
modes are identical, except in the case of the SLEEP
mode.

If two words are written to the TXREG and then the

SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the inter-
rupt vector (0004h).

Steps to follow when setting up a Synchronous Slave

Transmission:

1. Enable the synchronous slave serial port by set-
ting bits SYNC and SPEN and clearing bit
CSRC.

2. Clear bits CREN and SREN.

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

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

5. Enable the transmission by setting enable bit
TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Start transmission by loading data to the
TXREG register.

11.4.2 USART SYNCHRONOUS SLAVE
RECEPTION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of the SLEEP
mode. Also, bit SREN is a don't care in Slave mode.

If receive is enabled by setting bit CREN prior to the
SLEEP instruction, a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector
(0004h).

Steps to follow when setting up a Synchronous Slave

Reception:

1. Enable the synchronous master serial port by

setting bits SYNC and SPEN and clearing bit

CSRC.

If interrupts are desired, set enable bit RCIE.

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

To enable reception, set enable bit CREN.

Flag bit RCIF will be set when reception is com-

plete and an interrupt will be generated, if

enable bit RCIE was set.

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

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.

ok wbd

© 1999-2013 Microchip Technology Inc.
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13.4 RESETS
13.4.1 POWER-ON RESET (POR)

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

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

For additional information, refer to Application Note
ANB607, “Power-up Trouble Shooting.”

13.42 POWER-UP TIMER (PWRT)

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

The power-up time delay will vary from chip to chip due
to VDD, temperature and process variation. See DC
parameters for details (TPWRT, parameter #33).

13.4.3 OSCILLATOR START-UP TIMER (OST)

The Oscillator Start-up Timer provides a delay of 1024
oscillator cycles (from OSC1 input) after the PWRT
delay. This ensures that the crystal oscillator or resona-
tor has started and stabilized.

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

13.4.4 BROWN-OUT RESET (BOR)

If VDD falls below VBOR (parameter D005) for longer
than TBOR (parameter #35), the brown-out situation
will reset the device. If VDD falls below VBOR for less
than TBOR, a RESET may not occur.

Once the brown-out occurs, the device will remain in
Brown-out Reset until VDD rises above VBOR. The
Power-up Timer then keeps the device in RESET for
TPWRT (parameter #33). If VDD should fall below VBOR
during TPwWRT, the Brown-out Reset process will
restart when VDD rises above VBOR, with the Power-
up Timer Reset. Since the device is intended to oper-
ate at 5V nominal only, the Brown-out Detect is always
enabled and the device will RESET when Vdd falls
below the brown-out threshold. This device is unique
in that the 4eWDT timer will not activate after a brown-
out if PWRTE = 1 (inactive).

13.4.5 TIME-OUT SEQUENCE

On power-up, the time-out sequence is as follows: The
PWRT delay starts (if enabled), when a Power-on
Reset occurs. Then OST starts counting 1024 oscillator
cycles when PWRT ends (HS). When the OST ends,
the device comes out of RESET.

If MCLR is kept low long enough, the time-outs will
expire. Bringing MCLR high will begin execution imme-
diately. This is useful for testing purposes or to synchro-
nize more than one PIC16CXX device operating in
parallel.

Table 13-5 shows the RESET conditions for the STA-
TUS, PCON and PC registers, while Table 13-7 shows
the RESET conditions for all the registers.

13.4.6 POWER CONTROL/STATUS REGISTER
(PCON)

The Brown-out Reset Status bit, BOR, is unknown on a
POR. It must be set by the user and checked on sub-
sequent RESETS to see if bit BOR was cleared, indi-
cating a BOR occurred. The BOR bit is not predictable
if the Brown-out Reset circuitry is disabled.

The Power-on Reset Status bit, POR, is cleared on a
POR and unaffected otherwise. The user must set this
bit following a POR and check it on subsequent
RESETS to see if it has been cleared.

© 1999-2013 Microchip Technology Inc.
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FIGURE 13-5: WAKE-UP FROM SLEEP THROUGH INTERRUPT

v Q1 Qd Q3 @4, @1l Q2| @3l Q4; @1l @d Q3| @4, Q1l Q2| Q3 Q4,

1 ' VAWAWAWAWAWRWAWRWAWAW X

0sC : ' /_\_/—L . . /—\_/—\_,
CLKOUT® I\ . TosT® | / \ / A\ / \ / .
INT pin ( - : : : : i

INTF flag \/' : ' ' ,
(INTCON<1>) X ' Interrupt Latency@: ! .
GIE bit — : : \ ! ! ;
(INTCON<7>) Processor in , X ; . .
~ SLEEP : . . . .

INSTRUCTION FLOW ! ' \ ' \ '
PC PC+2 X PC+2 X PC+2 X 0004h X 0005h '
%gisgrr]lé%tion { X Inst(PC + 2) ! X Inst(0004h) : Inst(0005h) !
g;(set{:'dfggn + Inst(PC+1) + Dummycycle .  Dummycycle:  |nst(0004h)

Note 1: HS oscillator mode assumed.
2: TosT = 1024Tosc (drawing not to scale). This delay is not present in EC osc mode.
3: GIE ="1"assumed. After wake-up, the processor jumps to the interrupt routine. If GIE ='0', execution will continue in-line.
4: CLKOUT is not available in these osc modes, but shown here for timing reference.

FIGURE 13-6: INTERRUPT LOGIC

PSPIF(
pspPIE™
ADIF :D TOIF
ADIE TOIE
RCIF INTF
INTE '

RCIE

Wake-up (If in SLEEP mode)

Interrupt to CPU

TXIF RBIF
TXIE RBIE
USBIF
USBIE :D
X PEIE
CCP1IF
CCP1IE GIE
TMR2IF:1 )
TMR2IE
TMR1IF
TMR1IE
CCP2IF
CCP2IE

The following table shows the interrupts for each device.

Device TOIF | INTF | RBIF | PSPIF | ADIF | RCIF | TXIF | USBIF | CCP1IF | TMR2IF | TMR1IF | CCP2IF

PIC16C745 Yes | Yes Yes — Yes Yes Yes Yes Yes Yes Yes Yes
PIC16C765 Yes | Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Note 1: PIC16C765 only.
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13.6.1 INT INTERRUPT

The external interrupt on RBO/INT pin is edge trig-
gered: either rising, if bit INTEDG (OPTION_REG<6>)
is set, or falling, if the INTEDG bit is clear. When a valid
edge appears on the RBO/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be disabled by
clearing enable bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software in the Interrupt Service
Routine before re-enabling this interrupt. The INT inter-
rupt can wake-up the processor from SLEEP, if bit INTE
was set prior to going into SLEEP. The status of global
interrupt enable bit GIE, decides whether or not the
processor branches to the interrupt vector following
wake-up. See Section 13.9 for details on SLEEP mode.

13.6.2 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set
flag bit TOIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit TOIE
(INTCON<5>). (Section 6.0)

13.6.3 PORTB INTERRUPT ON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<3>)
(Section 5.2).

Note: If a change on the I/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the RBIF inter-
rupt flag may not get set.

13.7 Context Saving During Interrupts

During an interrupt, only the PC is saved on the stack.
At the very least, W and STATUS should be saved to
preserve the context for the interrupted program. All
registers that may be corrupted by the ISR, such as
PCLATH or FSR, should be saved.

Example 13-1 stores and restores the STATUS, W and
PCLATH registers. The register, W_TEMP, is defined in
Common RAM, the last 16 bytes of each bank that may
be accessed from any bank. The STATUS_TEMP and
PCLATH_TEMP are defined in bank 0.

The example:

a) Storesthe W register.

Stores the STATUS register in bank 0.

)
)
) Stores the PCLATH register in bank 0.
)
)

o O T

Executes the ISR code.

Restores the PCLATH register.

f)  Restores the STATUS register

g) Restores W.

Note that W_TEMP, ~ STATUS_TEMP  and
PCLATH_TEMP are defined in the common RAM area

(70h - 7Fh) to avoid register bank switching during con-
text save and restore.

D

EXAMPLE 13-1: SAVING STATUS, W, AND PCLATH REGISTERS IN RAM

#define W_TEMP 0x70

#define STATUS TEMP 0x71

#define PCLATH TEMP 0x72
org 0x04

MOVWF W_TEMP
MOVF STATUS , W
MOVWF STATUS_TEMP
MOVF PCLATH, W
MOVWF PCLATH TEMP

; save STATUS
; save PCLATH
(Interrupt Service Routine)

MOVF PCLATH_TEMP,W
MOVWF PCLATH

MOVF STATUS TEMP, W
MOVWF STATUS

SWAPF W _TEMP,F
SWAPF W_TEMP,W
RETFIE

; start at Interrupt Vector
; Save W register

; swapf loads W without affecting STATUS flags
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14.0 INSTRUCTION SET SUMMARY

Each PIC16CXX instruction is a 14-bit word divided
into an OPCODE, which specifies the instruction type
and one or more operands, which further specify the
operation of the instruction. The PIC16CXX instruction
set summary in Table 14-2 lists byte-oriented, bit-ori-
ented, and literal and control operations. Table 14-1
shows the opcode field descriptions.

For byte-oriented instructions, 'f' represents a file reg-
ister designator and 'd' represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If 'd' is zero, the result is
placed in the W register. If 'd' is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, 'b' represents a bit field
designator which selects the number of the bit affected
by the operation, while 'f' represents the number of the
file in which the bit is located.

For literal and control operations, 'k' represents an
eight or eleven bit constant or literal value.

TABLE 14-1: OPCODE FIELD
DESCRIPTIONS

The instruction set is highly orthogonal and is grouped
into three basic categories:

¢ Byte-oriented operations
¢ Bit-oriented operations
¢ Literal and control operations

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles
with the second cycle executed as a NOP. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an oscillator frequency of 4 MHz, the normal instruction
execution time is 1 ps. If a conditional test is true or the
program counter is changed as a result of an instruc-
tion, the instruction execution time is 2 ps.

Table 14-2 lists the instructions recognized by the
MPASM assembler.

Figure 14-1 shows the general formats that the instruc-
tions can have.

Note: To maintain upward compatibility with
future PIC16CXX products, do not use the

OPTION and TRIS instructions.

Field Description
£ |Register file address (0x00 to 0x7F)
W |Working register (accumulator)
b |Bit address within an 8-bit file register
k |Literal field, constant data or label

Don't care location (= 0 or 1)

The assembler will generate code with x = 0. It is the
recommended form of use for compatibility with all
Microchip software tools.

Destination select; d = 0: store result in W,
d = 1: store result in file register f. Default is d = 1

label |Label name

TOS |Top of Stack

pC |Program Counter

pcLATH | Program Counter High Latch

Global Interrupt Enable bit

Time-out bit

GIE
wDT |Watchdog Timer/Counter
TO
PD

Power-down bit

Destination either the W register or the specified
register file location

[ 1 |Options

() [Contents

Assigned to

<> |Register bit field

S In the set of

italics |User defined term (font is courier)

All examples use the following format to represent a
hexadecimal number:

Oxhh
where h signifies a hexadecimal digit.

FIGURE 14-1: GENERAL FORMAT FOR

INSTRUCTIONS

Byte-oriented file register operations
13 8 7 6 0
OPCODE [ d | f (FILE #) |

d = 0 for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0

OPCODE |b(BIT#)| f (FILE #)

3-bit bit address

b
f = 7-bit file register address

Literal and control operations

General

13 8 7 0
OPCODE | k (literal) |

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value
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COMF Complement f
Syntax: [ label] COMF fd
Operands: 0<f<127

d e [0,1]
Operation: (f) - (destination)
Status Affected: Z

Description: The contents of register 'f' are
complemented. If 'd' is 0, the
result is stored in W. If 'd" is 1, the
result is stored back in register 'f'.

DECF Decrement f

Syntax: [label] DECF f,d

Operands: 0<f<127
d e [0,1]

Operation: (f) - 1 —> (destination)

Status Affected: Z

Description: Decrement register 'f'. If 'd' is O,
the result is stored in the W regis-
ter. If 'd" is 1, the result is stored
back in register 'f'.

DECFSzZ Decrement f, Skip if 0

Syntax: [ label] DECFSz fd

Operands: 0<f<127
d e [0,1]

Operation: (f) - 1 — (destination);

Status Affected:

Description:

skip if result =0
None

The contents of register 'f' are
decremented. If 'd' is 0, the result
is placed in the W register. If 'd" is
1, the result is placed back in reg-
ister 'f'.

If the result is 1, the next instruc-
tion is executed. If the result is 0,
then a NOP is executed instead
making it a 2Tcy instruction.

GOTO Unconditional Branch
Syntax: [label] GOTO k
Operands: 0<k<2047
Operation: k - PC<10:0>

Status Affected:

PCLATH<4:3> — PC<12:11>
None

Description: GOTO is an unconditional branch.
The eleven bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH<4:3>. GOTO is a two
cycle instruction.

INCF Increment f

Syntax: [label]l INCF fd

Operands: 0<f<127
d e [0,1]

Operation: (f) + 1 — (destination)

Status Affected: Z

Description: The contents of register 'f' are
incremented. If 'd" is 0, the result
is placed in the W register. If 'd' is
1, the result is placed back in reg-
ister 'f'.

INCFSZ Increment f, Skip if 0

Syntax: [ label] INCFSZ f,d

Operands: 0<f<127
d e [0,1]

Operation: (f) + 1 > (destination),
skip if result=0

Status Affected: None

Description: The contents of register 'f' are

incremented. If'd' is O, the result is
placed in the W register. If 'd'is 1,
the result is placed back in regis-
ter 'f'.

If the result is 1, the next instruc-
tion is executed. If the resultis 0, a
NOP is executed instead making it
a 2Tcy instruction.
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DEVELOPMENT TOOLS FROM MICROCHIP

TABLE 15-1
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16.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings (1)

Ambient temperature UNAEr DIBS.........coiiiiiiiiiiiie e s -55°C to +125°C
(0] = To ol (100 oY = LU (YU -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR and RA4)..........ccccvuvveeeeeeeveeiereeeenennns -0.3V to (VDD + 0.3V)
Voltage on VDD With reSPECE 10 VSS .....iiiiiiiiiiii ettt e e e e eeeas -0.3V to +7.5V
Voltage on MCLR With reSPECE 10 VSS ......cucvivivieeecectceceeteseteteseeeeseeeseseeesesseesesssesesesessessesesessseseseeesesneans -0.3V to +13.25V
Voltage on RA4 With reSPECE 10 VSS ....cciiiiiiiiii ittt e -0.3V to +10.5V
Total power disSIPatioN (NOTE 1) ... e et e et ee e et e e s enre e s nnneeeaneeeaas 1.0W
Maximum CUrrent OUL OF VSS PN ....eeeiiiiii ittt st e e e e e e e sne e e s nneeeas 300 mA
Maximum CUITENT INTO VDD PIN .ceiiiiiiiiiiiee et e e e e e e e e e e s e s e s e e et teeeeeaeeeeeeaaaaaeeeeaaaasassnnnnsnsnsnnnnnnnes 250 mA
Input clamp current, IK (VI < 0 OF VI > VDD).....c.ooiiiiieieeeetieeeeete ettt ettt ettt ettt teeve s ete et st s eeseaeseseesessesenas +20 mA
Output clamp current, IOK (VO < 0 OF VO > VDD) ....c.oviuiiiiiieeiceiietieeee ettt ettt ettt etssae s ve st ers st e s eveseresaens +20 mA
Maximum output current SUNK BY @any 1/O PiN......coouioiiiiiee et 25 mA
Maximum output current sourced by any /O PN .....cc.eooiiiiiiiii et 25 mA
Maximum current sunk by PORTA, PORTB, and PORTE (Note 2) (combined) ........c.coeoerriiinieniinieeiieeneee e 200 mA
Maximum current sourced by PORTA, PORTB, and PORTE (Note 2) (combined) .........cccoevcviiiiieiiiniiieeieenn, 200 mA
Maximum current sunk by PORTC and PORTD (Note 2) (combined).........c.cooiiiiiiiieeiiieeeee e 200 mA
Maximum current sourced by PORTC and PORTD (Note 2) (combined)..........ccceiiiiriiiiiiniiie e 200 mA

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - ¥ I0H} + X {(VDD-VOH) x IoH} + > (VoI x loL)
2: PORTD and PORTE not available on the PIC16C745.

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

FIGURE 16-3: EXTERNAL CLOCK TIMING
X Q4 . Q1 ' Q2 ' Q3 X Q4

. . : . : : |
osci 7 y / : 1'

A
)
y

CLKOUT

FIGURE 16-4: CLOCK MULTIPLIER (PLL) PHASE RELATIONSHIP

0SC1/
CLKIN

FINT m

Note 1: FINT represents the internal clock signal. FINT equals Fosc or CLKIN if the PLL is disabled. FINT

equals 4x Fosc or 4x CLKIN if the PLL is enabled. Tcy is always 4/FINT. FINT is OSC1 pin in EC
mode, PLL disabled.

2: FINT = OSC1 in EC mode with PLL disabled.
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FIGURE 17-3: DC LOAD LINES FOR USB REGULATOR OUTPUT (VusB)
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