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PIC16(L)F1503

2.1 Automatic Interrupt Context
Saving

During interrupts, certain registers are automatically
saved in shadow registers and restored when returning
from the interrupt. This saves stack space and user
code. See Section 7.5 “Automatic Context Saving”,
for more information.

2.2 16-Level Stack with Overflow and
Underflow

These devices have a hardware stack memory 15 bits
wide and 16 words deep. A Stack Overflow or Under-
flow will set the appropriate bit (STKOVF or STKUNF)
in the PCON register, and if enabled, will cause a soft-
ware Reset. See Section 3.5 “Stack” for more details.

2.3 File Select Registers

There are two 16-bit File Select Registers (FSR).
FSRs can access all file registers and program mem-
ory, which allows one Data Pointer for all memory.
When an FSR points to program memory, there is one
additional instruction cycle in instructions using INDF
to allow the data to be fetched. General purpose mem-
ory can now also be addressed linearly, providing the
ability to access contiguous data larger than 80 bytes.
There are also new instructions to support the FSRs.
See Section 3.6 “Indirect Addressing” for more
details.

2.4 Instruction Set

There are 49 instructions for the enhanced mid-range
CPU to support the features of the CPU. See Section
27.0 “Instruction Set Summary” for more details.

DS40001607D-page 12
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TABLE 3-3: PIC16(L)F1503 MEMORY MAP (CONTINUED)
BANK 8 BANK 9 BANK 10 BANK 11 BANK 12 BANK 13 BANK 14 BANK 15
400h 480h 500h 580h 600h 680h 700h 780h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
40Bh 48Bh 50Bh 58Bh 60Bh 68Bh 70Bh 78Bh
40Ch — 48Ch — 50Ch — 58Ch — 60Ch — 68Ch — 70Ch — 78Ch —
40Dh — 48Dh — 50Dh — 58Dh — 60Dh — 68Dh — 70Dh — 78Dh —
40Eh — 48Eh — 50Eh — 58Eh — 60Eh — 68Eh — 70Eh — 78Eh —
40Fh — 48Fh — 50Fh — 58Fh — 60Fh — 68Fh — 70Fh — 78Fh —
410h — 490h — 510h — 590h — 610h — 690h — 710h — 790h —
411h — 491h — 511h — 591h — 611h PWM1DCL 691h CWG1DBR 711h — 791h —
412h — 492h — 512h — 592h — 612h PWM1DCH 692h CWG1DBF 712h — 792h —
413h — 493h — 513h — 593h — 613h PWM1CON 693h| CWGI1CONO | 713h — 793h —
414h — 494h — 514h — 594h — 614h PWM2DCL 694h| CWG1CON1 714h — 794h —
415h — 495h — 515h — 595h — 615h PWM2DCH 695h| CWG1CON2 | 715h — 795h —
416h — 496h — 516h — 596h — 616h PWM2CON 696h — 716h — 796h —
417h — 497h — 517h — 597h — 617h PWM3DCL 697h — 717h — 797h —
418h — 498h NCO1ACCL 518h — 598h — 618h PWM3DCH 698h — 718h — 798h —
419h — 499h NCO1ACCH 519h — 599h — 619h PWM3CON 699h — 719h — 79%h —
41Ah — 49Ah| NCO1ACCU | 51Ah — 59Ah — 61Ah PWM4DCL 69Ah — 71Ah — 79Ah —
41Bh — 49Bh NCO1INCL 51Bh — 59Bh — 61Bh PWM4DCH 69Bh — 71Bh — 79Bh —
41Ch — 49Ch NCO1INCH 51Ch — 59Ch — 61Ch PWM4CON 69Ch — 71Ch — 79Ch —
41Dh — 49Dh — 51Dh — 59Dh — 61Dh — 69Dh — 71Dh — 79Dh —
41Eh — 49Eh NCO1CON 51Eh — 59Eh — 61Eh — 69Eh — 71Eh — 79Eh —
41Fh — 49Fh NCO1CLK 51Fh — 59Fh — 61Fh — 69Fh — 71Fh — 79Fh —
420h 4A0h 520h 5A0h 620h 6A0h 720h 7A0h
Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented
Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’
46Fh 4EFh 56Fh 5EFh 66Fh 6EFh 76Fh 7EFh
470h 4F0h 570h 5FOh 670h 6FOh 770h 7FOh
Common RAM Common RAM Common RAM Common RAM Common RAM Common RAM Common RAM Common RAM
(Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses
70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh)
47Fh 4FFh 57Fh 5FFh 67Fh 6FFh 77Fh 7FFh
BANK 16 BANK 17 BANK 18 BANK 19 BANK 20 BANK 21 BANK 22 BANK 23
800h 880h 900h 980h A0Oh A80h BOOh B80h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
80Bh 88Bh 90Bh 98Bh A0Bh A8Bh BOBh B8Bh
80Ch 88Ch 90Ch 98Ch AOCh A8Ch BOCh B8Ch
Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented
Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’
86Fh 8EFh 96Fh 9EFh AB6Fh AEFh B6Fh BEFh
870h Common RAM 8FOh Common RAM 970h Common RAM 9FOh Common RAM A70h Common RAM AFOh Common RAM B70h Common RAM BFOR Common RAM
(Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses
70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh)
87Fh 8FFh 97Fh 9FFh A7Fh AFFh B7Fh BFFh
Legend: = Unimplemented data memory locations, read as ‘0’
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PIC16(L)F1503

3.5 Stack

All devices have a 16-level x 15-bit wide hardware
stack (refer to Figures 3-4 through 3-7). The stack
space is not part of either program or data space. The
PC is PUSHed onto the stack when CALL or CALLW
instructions are 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 if the STVREN
bit is programmed to ‘0‘ (Configuration Words). This
means that after the stack has been PUSHed sixteen
times, the seventeenth PUSH overwrites the value that
was stored from the first PUSH. The eighteenth PUSH
overwrites the second PUSH (and so on). The
STKOVF and STKUNF flag bits will be set on an Over-
flow/Underflow, regardless of whether the Reset is
enabled.

Note 1: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, CALLW RETURN, RETLWand
RETFI E instructions or the vectoring to
an interrupt address.

FIGURE 3-4:

3.5.1 ACCESSING THE STACK

The stack is available through the TOSH, TOSL and
STKPTR registers. STKPTR is the current value of the
Stack Pointer. TOSH:TOSL register pair points to the
TOP of the stack. Both registers are read/writable. TOS
is splitinto TOSH and TOSL due to the 15-bit size of the
PC. To access the stack, adjust the value of STKPTR,
which will position TOSH:TOSL, then read/write to
TOSH:TOSL. STKPTR is 5 bits to allow detection of
overflow and underflow.

Note:  Care should be taken when modifying the
STKPTR while interrupts are enabled.

During normal program operation, CALL, CALLWand
Interrupts  will increment STKPTR while RETLW
RETURN, and RETFI E will decrement STKPTR. At any
time STKPTR can be inspected to see how much stack
is left. The STKPTR always points at the currently used
place on the stack. Therefore, a CALL or CALLW will
increment the STKPTR and then write the PC, and a
return will unload the PC and then decrement the
STKPTR.

Reference Figure 3-4 through Figure 3-7 for examples
of accessing the stack.

ACCESSING THE STACK EXAMPLE 1

Rev. 10-000043A
7/3012013

TOSH:TOSL <): OXOF

0x0E

Stack Reset Disabled
(STVREN = 0)

0x0D

0x0C

0x0B

Initial Stack Configuration:

O0x0A

0x09

After Reset, the stack is empty. The
empty stack is initialized so the Stack

0x08

Pointer is pointing at Ox1F. If the Stack

0x07

Overflow/Underflow Reset is enabled, the

0x06

TOSH/TOSL register will return ‘0’. If the
Stack Overflow/Underflow Reset is

0x05

disabled, the TOSH/TOSL register will
return the contents of stack address

0x04

OxOF.

0x03

0x02

0x01

0x00

TOSH:TOSL <): 0x1F 0x0000

Stack Reset Enabled
(STVREN = 1)

© 2011-2015 Microchip Technology Inc.
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FIGURE 3-5: ACCESSING THE STACK EXAMPLE 2

0x0F
0x0E
0x0D
0x0C
0x0B
0x0A
0x09
0x08
0x07
0x06
0x05
0x04
0x03
0x02
0x01

TOSH:TOSL <: 0x00

Return Address

Rev. 10-0000438
71302013

This figure shows the stack configuration
after the first CALL or a single interrupt.
If a RETURN instruction is executed, the
return address will be placed in the
Program Counter and the Stack Pointer
decremented to the empty state (Ox1F).

STKPTR = 0x00

FIGURE 3-6: ACCESSING THE STACK EXAMPLE 3

O0x0F

0x0E

0x0D

0x0C

0x0B

0x0A

0x09

0x08

0x07

TOSH:TOSL <): 0x06

0x05

Rev. 10-000043C
7/3012013

After seven CALLs or six CALLs and an
interrupt, the stack looks like the figure on
the left. A series of RETURN instructions will
repeatedly place the return addresses into
the Program Counter and pop the stack.

Return Address
Return Address

0x04

Return Address

0x03

Return Address

0x02

Return Address

0x01

Return Address

0x00

Return Address

DS40001607D-page 32
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FIGURE 5-3: INTERNAL OSCILLATOR SWITCH TIMING

HFINTOSC — LFINTOSC (WDT disabled)

HFINTOSC _l_l_l_l_l_l_l_l_l_l_l_l

Osgillator Dejay 2-cycle Sync i< Running
LFINTOSC N\ I
IRCF <3:0> =0 X -0

System Clock

HFINTOSC — LFINTOSC (WDT enabled)

menTose [ LT L LT L[ LI [

- 2-cycle Sync Running

LFINTOSC —| [I— [ [

IRCF <3:0> #0 X =0

System Clock

LFINTOSC — HFINTOSC

LFINTOSC - |

LFINTOSC turns off unless WDT is enabled®

Oscillator Delay®: 2-cycle Sync * Running
SLST1Ny o <o NN N\ O B O A
IRCF <3:0> =0 X #0

System Clock | [ I e O e I e R e B e B

Note 1: See Table 5-2, “Oscillator Switching Delays” for more information.

2: LFINTOSC will continue to run if a peripheral has selected it as the clock source. See
Section 5.2.2.4 “Peripheral Clock Sources”.

© 2011-2015 Microchip Technology Inc. DS40001607D-page 47
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FIGURE 6-3: RESET START-UP SEQUENCE

Rev. 10-0000328
713012013

VDD

Internal POR
Power-up Timer
MCLR

Internal RESET
Int. Oscillator

I
I

L

«———TPWRT———>

Fosc

Begin Execution / /

i code execution " i code execution "

Internal Oscillator, PWRTEN =0 Internal Oscillator, PWRTEN = 1

VDD

Internal POR
Power-up Timer
MCLR

Internal RESET
Ext. Clock (EC) | T e ER—LT
Fosc

I
I
Begin Execution / /

i code execution " i code execution "

L
L

«———TPWRT———>

External Clock (EC modes), PWRTEN = 0 External Clock (EC modes), PWRTEN = 1

Note 1: Code execution begins 10 Fosc cycles after the FOSC clock is released.

© 2011-2015 Microchip Technology Inc. DS40001607D-page 55
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REGISTER 7-7: PIR3: PERIPHERAL INTERRUPT REQUEST REGISTER 3
u-0 uU-0 uU-0 uU-0 uU-0 U-0 R/W-0/0 R/W-0/0
— — — - | = — CLC2IF CLC1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1 CLC2IF: Configurable Logic Block 2 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 0 CLCL1IF: Configurable Logic Block 1 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
Note: Interrupt flag bits are set when an interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear prior
to enabling an interrupt.

DS40001607D-page 70
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FIGURE 10-6: FLASH MEMORY WRITE FLOWCHART

Rev. 10-000049A
71302013

Start

Write Operation

'

y

Determine number of
words to be written into Enable Write/Erase
Program or Configuration Operation (WREN = 1)
Memory. The number of
words cannot exceed the
number of words per row gt
(word_cnt) y
Load the value to write
\_{_\ (PMDATH:PMDATL)
Disable Interrupts
(GIE=0) Y Y
Update the word counter Write Latches to Flash
\ (word_cnt--) (LWLO = 0)
Select
Program or Config. Y
Memory (CFGS)
Unlock Sequence
Last word to (See Note 1)

y

write ?

Select Row Address

(PMADRH:PMADRL) y

CPU stalls while Write
operation completes

y A
Unlock Sequence (2 ms typical)
Select Write Operation (See Note 1)
(FREE = 0)
y
y
Load Write Latches Only No delay when writing to Disable Write/Erase
(LWLO =1) Program Memory Latches Operation (WREN = 0)

y

Re-enable Interrupts
(GIE=1)

Increment Address
(PMADRH:PMADRL++)

End
Write Operation

Note 1: See Figure 10-3.

© 2011-2015 Microchip Technology Inc. DS40001607D-page 87
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13.0 FIXED VOLTAGE REFERENCE
(FVR)

The Fixed Voltage Reference (FVR) is a stable voltage
reference, independent of VDD, with a nominal output
level (VFVR) of 1.024V. The output of the FVR can be
configured to supply a reference voltage to the
following:

* ADC input channel

» Comparator positive input

» Comparator negative input

The FVR can be enabled by setting the FVREN bit of
the FVRCON register.

13.1 Independent Gain Amplifier

The output of the FVR supplied to the peripherals, (listed
above), is routed through a programmable gain ampilifier.
Each amplifier can be programmed for a gain of 1x, 2x or
4x, to produce the three possible voltage levels.

FIGURE 13-1:

The ADFVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the ADC module. Refer-
ence Section 15.0“Analog-to-Digital Converter
(ADC) Module” for additional information.

The CDAFVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the comparator modules.
Reference Section 17.0 “Comparator Module” for
additional information.

To minimize current consumption when the FVR is
disabled, the FVR buffers should be turned off by
clearing the Buffer Gain Selection bits.

13.2 FVR Stabilization Period

When the Fixed Voltage Reference module is enabled,
it requires time for the reference and amplifier circuits
to stabilize. Once the circuits stabilize and are ready for
use, the FVRRDY bit of the FVRCON register will be
set. See the FVR Stabilization Period characterization
graph, Figure 29-52.

VOLTAGE REFERENCE BLOCK DIAGRAM

ADFVR<1:0>

CDAFVR<1:0>

FVREN > : i +
Note 1 -

T

FVRRDY

Note 1: Any peripheral requiring the Fixed Reference (see Table 13-1).

Rev. 10-000053A
8/6/2013

FVR_buffert
(To ADC Module)

FVR_buffer2
(To Comparators)

DS40001607D-page 108
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15.1.5 INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon completion of an Analog-to-Digital
conversion. The ADC Interrupt Flag is the ADIF bit in
the PIR1 register. The ADC Interrupt Enable is the
ADIE bit in the PIE1 register. The ADIF bit must be
cleared in software.

Note 1: The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

2: The ADC operates during Sleep only
when the FRC oscillator is selected.

This interrupt can be generated while the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will wake-up the device. Upon waking from
Sleep, the next instruction following the SLEEP instruc-
tion is always executed. If the user is attempting to
wake-up from Sleep and resume in-line code execu-
tion, the GIE and PEIE bits of the INTCON register
must be disabled. If the GIE and PEIE bits of the
INTCON register are enabled, execution will switch to
the Interrupt Service Routine.

FIGURE 15-3:

15.1.6 RESULT FORMATTING

The 10-bit ADC conversion result can be supplied in
two formats, left justified or right justified. The ADFM bit
of the ADCON/1 register controls the output format.

Figure 15-3 shows the two output formats.

10-BIT ADC CONVERSION RESULT FORMAT

Rev. 10-000054A
713012013

ADRESH ADRESL
morm=oymss| | [ | | | L el T
\bit7 bit 7 AL bit(D
h h
10-bit ADC Result Unimplemented: Read as ‘0’
worm=o)| [ [ [ ] wss| | [ [ [ [ [ | | [iss]
\bit7 AL bit 7 bit(D

~

Unimplemented: Read as ‘0’

hd
10-bit ADC Result

DS40001607D-page 116
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15.3 Register Definitions: ADC Control

REGISTER 15-1: ADCONO: ADC CONTROL REGISTER O

u-0

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

CHS<4:0> GO/DONE ADON

bit 7

bit 0

Legend:

1’ = Bit is set

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘0’ = Bit is cleared

bit 7
bit 6-2

bit 1

bit 0

Unimplemented: Read as ‘0’
CHS<4:0>: Analog Channel Select bits
00000 = ANO

00001 = AN1

00010 = AN2

00011 = AN3

00100 = AN4

00101 = AN5

00110 = AN6

00111 = AN7

01000 = Reserved. No channel connected.

11100 = Reserved. No channel connected.

11101 = Temperature Indicator(!)

11110 = DAC (Digital-to-Analog Converter)®)

11111 =FVR (Fixed Voltage Reference) Buffer 1 Output®

GO/DONE: ADC Conversion Status bit

1 = ADC conversion cycle in progress. Setting this bit starts an ADC conversion cycle.
This bit is automatically cleared by hardware when the ADC conversion has completed.
0 = ADC conversion completed/not in progress

ADON: ADC Enable bit
1 = ADC is enabled
0 = ADC is disabled and consumes no operating current

Note 1. See Section 14.0 “Temperature Indicator Module” for more information.
2. See Section 13.0 “Fixed Voltage Reference (FVR)” for more information.
3: See Section 16.0 “5-Bit Digital-to-Analog Converter (DAC) Module” for more information.

© 2011-2015 Microchip Technology Inc. DS40001607D-page 119



PIC16(L)F1503

16.6 Register Definitions: DAC Control

REGISTER 16-1: DACxCONO: VOLTAGE REFERENCE CONTROL REGISTER 0

R/W-0/0 uU-0 R/W-0/0 R/W-0/0 u-0 R/W-0/0 uU-0 U-0
DACEN — DACOE1 DACOE2 — DACPSS — —

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7 DACEN: DAC Enable bit

1= DACx is enabled

0 = DACx is disabled
bit 6 Unimplemented: Read as ‘0’
bit 5 DACOEL: DAC Voltage Output Enable bit

1 = DACx voltage level is output on the DACxOUT1 pin

0 = DACx voltage level is disconnected from the DACxOUT1 pin
bit 4 DACOE2: DAC Voltage Output Enable bit

1 = DACx voltage level is output on the DACxOUT2 pin
0 = DACx voltage level is disconnected from the DACxOUT2 pin

bit 3 Unimplemented: Read as ‘0’

bit 2 DACPSS: DAC Positive Source Select bit
1= VREF+ pin
0= VDD

bit 1-0 Unimplemented: Read as ‘0’

REGISTER 16-2: DACxCON1: VOLTAGE REFERENCE CONTROL REGISTER 1

uU-0 U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— | — | — | DACR<4:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 DACR<4:0>: DAC Voltage Output Select bits

TABLE 16-1: SUMMARY OF REGISTERS ASSOCIATED WITH THE DAC MODULE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on page
DAC1CONO DACEN — DACOE1 | DACOE2 — DACPSS — — 129
DAC1CON1 — — — DACR<4:0> 129
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used with the DAC module.

© 2011-2015 Microchip Technology Inc. DS40001607D-page 129
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19.0 TIMER1 MODULE WITH GATE

CONTROL

The Timer1 module is a 16-bit timer/counter with the
following features:

» 16-bit timer/counter register pair (TMR1H:TMR1L)
Programmable internal or external clock source

2-bit prescaler

Optionally synchronized comparator out
Multiple Timer1 gate (count enable) sources

* Interrupt on overflow

» Wake-up on overflow (external clock,
Asynchronous mode only)

» ADC Auto-Conversion Trigger(s)
» Selectable Gate Source Polarity
» Gate Toggle mode

» Gate Single-Pulse mode

* Gate Value Status

» Gate Event Interrupt

Figure 19-1 is a block diagram of the Timer1 module.

FIGURE 19-1: TIMER1 BLOCK DIAGRAM
T1GSS<1:0> -
T1GSPM
T16 {2 00
TO_overflow —— 01
C10UT_sync 10 D Single Pulse D Q—— T1GVAL
C20UT_sync 11 Acqg. Control
— Q1+
D a
T1GPOL 4 T1GGO/DONE
TMR1ION——| ol Interrupt set bit
R I
TIGT™M \det | TMRIGIF
——TMR1GE
set flag bit
TMRAIF - TMR1ON
EN
- 0 TMR1®
_overtiow Synchronized Clock Input
TMRTH | TMRIL 4——ja o/ 0 y
1
T1CLK

A

)
>

mj\

TMR1CS<1:0> —

LFINTOSC

T1CKI E

Note 1:

Fosc
Internal Clock

Fosc/4
Internal Clock

ST Buffer is high speed type when using T1CKI.

2: Timer1 register increments on rising edge.
3: Synchronize does not operate while in Sleep.

— 01

-

11
10 Prescaler )
T 1248 Synchronize ]

det
00 2 [ |

Fosc/2
TICKPS<1:0>  |nternal Sleep
Clock Input
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21.2.2 SPIMODE OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPxCON1<5:0> and SSPxSTAT<7:6>).
These control bits allow the following to be specified:

» Master mode (SCKXx is the clock output)
» Slave mode (SCKXx is the clock input)
» Clock Polarity (Idle state of SCKx)

» Data Input Sample Phase (middle or end of data
output time)

» Clock Edge (output data on rising/falling edge of
SCKXx)

» Clock Rate (Master mode only)
» Slave Select mode (Slave mode only)

To enable the serial port, SSP Enable bit, SSPEN of the
SSPxCON1 register, must be set. To reset or reconfig-
ure SPI mode, clear the SSPEN bit, re-initialize the
SSPxCONX registers and then set the SSPEN bit. This
configures the SDI, SDO, SCK and SS pins as serial
port pins. For the pins to behave as the serial port func-
tion, some must have their data direction bits (in the
TRIS register) appropriately programmed as follows:

» SDIx must have corresponding TRIS bit set

» SDOx must have corresponding TRIS bit cleared

* SCKx (Master mode) must have corresponding
TRIS bit cleared

» SCKXx (Slave mode) must have corresponding
TRIS bit set

+ SSx must have corresponding TRIS bit set

Any serial port function that is not desired may be
overridden by programming the corresponding data
direction (TRIS) register to the opposite value.

The MSSP consists of a transmit/receive shift register
(SSPxSR) and a buffer register (SSPxBUF). The
SSPxSR shifts the data in and out of the device, MSb
first. The SSPxBUF holds the data that was written to
the SSPxSR until the received data is ready. Once the
eight bits of data have been received, that byte is
moved to the SSPxBUF register. Then, the Buffer Full
Detect bit, BF of the SSPxSTAT register, and the
interrupt flag bit, SSPxIF, are set. This double-buffering
of the received data (SSPxBUF) allows the next byte to
start reception before reading the data that was just
received. Any write to the SSPxBUF register during
transmission/reception of data will be ignored and the
write collision detect bit, WCOL of the SSPxCON1
register, will be set. User software must clear the
WCOL bit to allow the following write(s) to the
SSPxBUF register to complete successfully.

When the application software is expecting to receive
valid data, the SSPxBUF should be read before the
next byte of data to transfer is written to the SSPxBUF.
The Buffer Full bit, BF of the SSPxSTAT register, indi-
cates when SSPxBUF has been loaded with the
received data (transmission is complete). When the
SSPxBUF is read, the BF bit is cleared. This data may
be irrelevant if the SPI is only a transmitter. Generally,
the MSSP interrupt is used to determine when the
transmission/reception has completed. If the interrupt
method is not going to be used, then software polling
can be done to ensure that a write collision does not
occur.

The SSPxSR is not directly readable or writable and
can only be accessed by addressing the SSPxBUF
register. Additionally, the SSPxSTAT register indicates
the various Status conditions.

© 2011-2015 Microchip Technology Inc.
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24.0 NUMERICALLY CONTROLLED
OSCILLATOR (NCO) MODULE

The Numerically Controlled Oscillator (NCOx) module
is a timer that uses the overflow from the addition of an
increment value to divide the input frequency. The
advantage of the addition method over simple counter
driven timer is that the resolution of division does not
vary with the divider value. The NCOx is most useful for
applications that require frequency accuracy and fine
resolution at a fixed duty cycle.

Features of the NCOx include:

* 16-bit increment function

» Fixed Duty Cycle (FDC) mode
* Pulse Frequency (PF) mode

» Output pulse width control

« Multiple clock input sources

» Output polarity control

* Interrupt capability

Figure 24-1 is a simplified block diagram of the NCOx
module.

24.1 NCOx Operation

The NCOx operates by repeatedly adding a fixed value
to an accumulator. Additions occur at the input clock rate.
The accumulator will overflow with a carry periodically,
which is the raw NCOx output (NCO_overflow). This
effectively reduces the input clock by the ratio of the
addition value to the maximum accumulator value. See
Equation 24-1.

The NCOx output can be further modified by stretching
the pulse or toggling a flip-flop. The modified NCOx
output is then distributed internally to other peripherals
and optionally output to a pin. The accumulator
overflow also generates an interrupt (NCO_interrupt).

The NCOx period changes in discrete steps to create
an average frequency. This output depends on the
ability of the receiving circuit (i.e., CWG or external
resonant converter circuitry) to average the NCOx
output to reduce uncertainty.

2411 NCOx CLOCK SOURCES
Clock sources available to the NCOx include:

* HFINTOSC

* Fosc

* LC1_out

* CLKIN pin

The NCOXx clock source is selected by configuring the
NxCKS<2:0> bits in the NCOxCLK register.

EQUATION 24-1:

24.1.2 ACCUMULATOR

The accumulator is a 20-bit register. Read and write
access to the accumulator is available through three
registers:

+ NCOxACCL
* NCOxACCH
+ NCOxACCU

2413 ADDER

The NCOx adder is a full adder, which operates
independently from the system clock. The addition of the
previous result and the increment value replaces the
accumulator value on the rising edge of each input clock.

2414 INCREMENT REGISTERS

The increment value is stored in two 8-bit registers
making up a 16-bit increment. In order of LSB to MSB
they are:

* NCOxINCL
* NCOxINCH

When the NCO module is enabled, the NCOxINCH
should be written first, then the NCOXxINCL register.
Writing to the NCOXINCL register initiates the incre-
ment buffer registers to be loaded simultaneously on
the second rising edge of the NCOx_clk signal.

The registers are readable and writable. The increment
registers are double-buffered to allow value changes to
be made without first disabling the NCOx module.

When the NCO module is disabled, the increment
buffers are loaded immediately after a write to the
increment registers.

Note: The increment buffer registers are not
user-accessible.

NCO Clock Frequency x Increment Value

FOVERFLOW=

2n

n = Accumulator width in bits
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FIGURE 25-5: SHUTDOWN FUNCTIONALITY, AUTO-RESTART DISABLED (GXARSEN = 0, GXASDLA =01, GXASDLB =01)
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FIGURE 25-6: SHUTDOWN FUNCTIONALITY, AUTO-RESTART ENABLED (GXARSEN =1, GXASDLA =01, GXASDLB =01)
; ! ! Shutdown Event Ceases ' GxASE auto-cleared by hardware ' !
I I
' L
CWG Input
Source | \—'—

|
CWG1B |

CWG1A |

No Shutdown

4—'— Shutdown
|

|<— Output Resumes
|

c0ST4(1)9TOId



PIC16(L)F1503

TABLE 27-3: ENHANCED MID-RANGE INSTRUCTION SET

Mnemonic, . 14-Bit Opcode Status

Description Cycles Notes
Operands MSb Lsp | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF  f,d Add W and f 1 00 0111 dfff ffff |C,DC,Z |2
ADDWFC f,d Add with Carry W and f 1 11 1101 dfff ffff |[C,DC,Z |2
ANDWF  f,d AND W with f 1 00 0101 dfff ffff |Z 2
ASRF f, d Arithmetic Right Shift 1 11 0111 dfff ffff |C,Z 2
LSLF f,d Logical Left Shift 1 11 0101 dfff ffff |C,Z 2
LSRF f, d Logical Right Shift 1 11 0110 dfff ffff |C,Z 2
CLRF f Clear f 1 00 0001 [fff ffff |Z 2
CLRW - Clear W 1 00 0001 0000 O0Oxx |Z
COMF f, d Complement f 1 00 1001 dfff ffff |Z 2
DECF f, d Decrement f 1 00 0011 dfff ffff |Z 2
INCF f,d Increment f 1 00 1010 dfff ffff |Z 2
IORWF f, d Inclusive OR W with f 1 00 0100 dfff ffff |Z 2
MOVF f, d Move f 1 00 1000 dfff ffff |Z 2
MOVWF  f Move W to f 1 00 0000 1fff ffff 2
RLF f,d Rotate Left f through Carry 1 00 1101 dfff ffff |C 2
RRF f, d Rotate Right f through Carry 1 00 1100 dfff ffff |C 2
SUBWF f,d Subtract W from f 1 00 0010 dfff ffff |C,DC,Z |2
SUBWFB f,d Subtract with Borrow W from f 1 11 1011 dfff ffff |C,DC,Z |2
SWAPF  f,d Swap nibbles in f 1 00 1110 dfff ffff 2
XORWF  f,d Exclusive OR W with f 1 00 0110 dfff ffff |Z 2
BYTE ORIENTED SKIP OPERATIONS
DECFsz |f. d Decrement f, Skip if 0 1(2) 00 1011 |dfff |ffff 1,2
INCFsz |f. d Increment f, Skip if 0 1(2) 00 1111 |dfff |[ffff 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b Bit Clear f 1 01 00bb [bfff [ffff 2
BSF f,b Bit Set f 1 01 01bb [bfff [ffff 2
BIT-ORIENTED SKIP OPERATIONS
BTFSC f,b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 1,2
BTFSS f,b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 1,2
LITERAL OPERATIONS

ADDLW Kk Add literal and W 1 11 1110 kkkk kkkk |C,DC,Z
ANDLW Kk AND literal with W 1 11 1001 kkkk kkkk [Z
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk [Z
MOVLB k Move literal to BSR 1 00 0000 001k kkkk
MOVLP k Move literal to PCLATH 1 11 0001 1kkk kkkk
MOVLW  k Move literal to W 1 11 0000 kkkk kkkk
SUBLW k Subtract W from literal 1 11 1100 kkkk kkkk [C,DC,ZzZ
XORLW  k Exclusive OR literal with W 1 11 1010 kkkk kkkk [Z
Note 1: If the Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle

2:

is executed as a NOP.
If this instruction addresses an INDF register and the MSb of the corresponding FSR is set, this instruction will require one
additional instruction cycle.

© 2011-2015 Microchip Technology Inc.
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DECFSZz Decrement f, Skip if O

Syntax: [label] DECFSz f,d

Operands: 0<f<127
d € [0,1]

Operation: (f) - 1 — (destination);
skip if result =0

Status Affected: None

Description: The contents of register ‘f’ are decre-
mented. If ‘d’ is ‘0’, the result is placed
in the W register. If ‘d’ is ‘1, the result
is placed back in register f'.
If the result is ‘1’, the next instruction is
executed. If the result is ‘0’, then a
NOP is executed instead, making it a
2-cycle instruction.

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0 <k <2047

Operation: k - PC<10:0>
PCLATH<6:3> — PC<14:11>

Status Affected: None

Description: @GOTOis an unconditional branch. The
11-bit immediate value is loaded into
PC bits <10:0>. The upper bits of PC
are loaded from PCLATH<4:3>. GOTO
is a 2-cycle instruction.

INCF Increment f

Syntax: [label] INCF fd

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

Operation: (f) + 1 > (destination)

Status Affected: z

Description: The contents of register ‘f’ are incre-

mented. If ‘'d’ is ‘0’, the result is placed
in the W register. If ‘d’ is ‘1’, the result
is placed back in register f’.

INCFSZ Increment f, Skip if O

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 incre-
mented. If ‘d’ is ‘0’, the result is placed
in the W register. If ‘d’ is ‘1’, the result
is placed back in register ‘f'.
If the resultis ‘1’, the next instruction is
executed. If the result is ‘0’, a NOP is
executed instead, making ita 2-cycle
instruction.

IORLW Inclusive OR literal with W

Syntax: [label] IORLW k

Operands: 0<k<255

Operation: (W) .OR. k —> (W)

Status Affected: 4

Description: The contents of the W register are
OR’ed with the 8-bit literal ‘k’. The
result is placed in the W register.

IORWF Inclusive OR W with f

Syntax: [label] IORWF fd

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

Operation: (W) .OR. (f) - (destination)

Status Affected: z

Description: Inclusive OR the W register with regis-

ter 'f. If ‘d’ is ‘0’, the result is placed in
the W register. If ‘d’ is ‘1’, the result is
placed back in register ‘f'.
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FIGURE 29-37: VOH vs. loH OVER TEMPERATURE, VDD = 3.0V
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FIGURE 29-38: VoL vs. loL OVER TEMPERATURE, VDD = 3.0V
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14-Lead Plastic Thin Shrink Small Outline (ST) - 4.4 mm Body [TSSOP]

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

Units MILLIMETERS
Dimension Limits|  MIN | NOM [ MAX
Contact Pitch E 0.65 BSC
Contact Pad Spacing C1 5.90
Contact Pad Width (X14) X1 0.45
Contact Pad Length (X14) Y1 1.45
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2087A
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