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TABLE 4-5: PIC16(L)F15313/23 MEMORY MAP, BANKS 8-15

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 Register Core Register Core Register Core Register Core Register Core Register Core Register Core Register

(Table 4-3) (Table 4-3) (Table 4-3) (Table 4-3) (Table 4-3) (Table 4-3) (Table 4-3) (Table 4-3)
40Bh 48Bh 50Bh 58Bh 60Bh 68Bh 70Bh 78Bh
40Ch — 48Ch — 50Ch — 58Ch NCO1ACCL 60Ch CWG1CLK 68Ch — 70Ch PIRO 78Ch -
40Dh — 48Dh — 50Dh — 58Dh| NCO1ACCH | oDh| CWGIDAT | 68Dh = 70Dh PIR1 78Dh =
40Eh — 48Eh — 50Eh — 58Eh| NCO1ACCU | 60Eh| CWGIDBR | 68Eh = 70Eh PIR2 78Eh =
40Fh — 48Fh — 50Fh = 58Fh NCO1INCL | 60Fh CWG1DBF 68Fh = 70Fh PIR3 78Fh =
410h = 490h = 510h = 590h| NCO1INCH | 610h | CWGI1CONO | 90h = 710h PIR4 790h =
411h = 491h = 511h = 591h | NCO1INCU 611h | CWG1CON1 | 691h = 711h PIR5 791h =
412h = 492h = 512h = 592h NCO1CON 612h CWG1AS0 692h = 712h PIR6 792h =
413h — 493h — 513h — 593h NCO1CLK 613h CWG1AS1 693h — 713h PIR7 793h -
414h — 494h — 514h — 594h — 614h CWG1STR 694h = 714h = 794h =
415h — 495h — 515h = 595h — 615h — 695h — 715h — 795h —
416h — 496h — 516h = 596h = 616h = 696h = 716h PIEO 796h PMDO
417h — 497h — 517h — 597h — 617h — 697h — 717h PIE1 797h PMD1
418h — 498h — 518h — 598h — 618h — 698h — 718h PIE2 798h PMD2
419h — 499h — 519h — 599h — 619h — 699h — 71%h PIE3 799h PMD3
41Ah = 49Ah = 51Ah = 59Ah = 61Ah = 69Ah = 71Ah PIE4 79Ah PMD4
41Bh — 49Bh — 51Bh = 59Bh — 61Bh — 69Bh — 71Bh PIES 79Bh PMD5
41Ch — 49Ch — 51Ch = 59Ch TMRO 61Ch — 69Ch — 71Ch PIE6 79Ch —
41Dh — 49Dh = 51Dh — 59Dh PRO 61Dh — 69Dh — 71Dh PIE7 79Dh —
41Eh = 49Eh = 51Eh = 59Eh TOCONO 61Eh = 69Eh = 71Eh = 79Eh =
41Fh = 49Fh = 51Fh = 59Fh TOCON1 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 | Common RAM | 4Foh| Common RAM | 570h| Common RAM | 5F0h| Common RAM | 670h| Common RAM | 6Foh| Common RAM | 770h| Common RAM | 7Foh| Common RAM

Accesses Accesses Accesses Accesses Accesses Accesses Accesses Accesses
47Fh 70h-7Fh 4FFh 70h-7Fh 57Fh 70h-7Fh 5FFh 70h-7Fh 67Fh 70h-7Fh 6FFh 70h-7Fh 77Fh 70h-7Fh 7FFh 70h-7Fh

Note 1: Unimplemented locations read as ‘0.
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8.4 Low-Power Brown-out Reset
(LPBOR)

The Low-Power Brown-out Reset (LPBOR) is an
important part of the Reset subsystem. Refer to
Figure 8-1 to see how the BOR and LPBOR interact
with other modules.

The LPBOR is used to monitor the external VDD pin.
When too low of a voltage is detected, the device is
held in Reset.

8.4.1 ENABLING LPBOR

The LPBOR is controlled by the LPBOR bit of the
Configuration Word (Register 5-1). When the device is
erased, the LPBOR module defaults to disabled.

8.4.2 LPBOR MODULE OUTPUT

The output of the LPBOR module is a signal indicating
whether or not a Reset is to be asserted. When this
occurs, a register bit (BOR) is changed to indicate that
a BOR Reset has occurred. The same bit is set for
either the BOR or the LPBOR (refer to Register 8-3).
This signal is OR’d with the output of the BOR module
to provide the generic BOR signal, which goes to the
PCON register and to the power control block. Refer to
Figure 8-1 for the OR gate connections of the BOR and
LPBOR Reset signals, which eventually generates one
common BOR Reset.

8.5 MCLR

The MCLR is an optional external input that can reset
the device. The MCLR function is controlled by the
MCLRE bit of Configuration Words and the LVP bit of
Configuration Words (Table 8-2).

TABLE 8-2: MCLR CONFIGURATION
MCLRE LVP MCLR
0 0 Disabled
1 0 Enabled
X 1 Enabled

8.5.1 MCLR ENABLED

When MCLR is enabled and the pin is held low, the device
is held in Reset. The MCLR pin is connected to VDD
through an internal weak pull-up. Refer to Section 2.3
“Master Clear (MCLR) Pin” for recommended MCLR
connections.

The device has a noise filter in the MCLR Reset path.
The filter will detect and ignore small pulses.

Note: A Reset does not drive the MCLR pin low. I

8.56.2 MCLR DISABLED

When MCLR is disabled, the pin functions as a general
purpose input and the internal weak pull-up is under
software control. See Section 14.1 “1/O Priorities” for
more information.

8.6 Windowed Watchdog Timer
(WWDT) Reset

The Watchdog Timer generates a Reset if the firmware
does not issue a CLRWDT instruction within the time-out
period and the window is open. The TO and PD bits in
the STATUS register and the WDT bit in PCON are
changed to indicate a WDT Reset caused by the timer
overflowing, and WDTWV bit in the PCON register is
changed to indicate a WDT Reset caused by a window
violation. See Section 12.0 “Windowed Watchdog
Timer (WWDT)” for more information.

8.7 RESET Instruction

A RESET instruction will cause a device Reset. The RI
bit in the PCON register will be set to ‘0’. See Table 8-4
for default conditions after a RESET instruction has
occurred.

8.8 Stack Overflow/Underflow Reset

The device can reset when the Stack Overflows or
Underflows. The STKOVF or STKUNF bits of the PCON
register indicate the Reset condition. These Resets are
enabled by setting the STVREN bit in Configuration
Words. See Section 4.5.2 “Overflow/Underflow
Reset” for more information.

8.9 Programming Mode Exit

Upon exit of In-Circuit Serial Programming™ (ICSP™)
mode, the device will behave as if a POR had just
occurred (the device does not reset upon run time
self-programming/erase operations).

8.10 Power-up Timer

The Power-up Timer optionally delays device execution
after a BOR or POR event. This timer is typically used to
allow VDD to stabilize before allowing the device to start
running.

The Power-up Timer is controlled by the PWRTE bit of
the Configuration Words.

The Power-up Timer provides a nominal 64 ms time out
on POR or Brown-out Reset. The device is held in
Reset as long as PWRT is active. The PWRT delay
allows additional time for the VDD to rise to an accept-
able level. The Power-up Timer is enabled by clearing
the PWRTE bit in the Configuration Words. The
Power-up Timer starts after the release of the POR and
BOR. For additional information, refer to Application
Note AN607, “Power-up Trouble Shooting” (DS00607).

© 2017 Microchip Technology Inc.
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REGISTER 10-16: PIR6: PERIPHERAL INTERRUPT REQUEST REGISTER 6

uU-0 U-0 u-0 U-0 U-0 U-0 R/W/HS-0/0 R/W/HS-0/0
— — — — | — ‘ — CCP2IF CCP1IF
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’ = Bitis set ‘0’ = Bitis cleared HS = Hardware set
bit 7-2 Unimplemented: Read as ‘0’
bit 1 CCP2IF: CCP2 Interrupt Flag bit
CCPM Mode
Value
Capture Compare PWM
1 Capture occurred Compare match occurred Output trailing edge occurred
(must be cleared in software) (must be cleared in software) (must be cleared in software)

0 Capture did not occur Compare match did not occur Output trailing edge did not occur

bit 0 CCPL1IF: CCP1 Interrupt Flag bit
CCPM Mode
Value
Capture Compare PWM
1 Capture occurred Compare match occurred Output trailing edge occurred
(must be cleared in software) (must be cleared in software) (must be cleared in software)
0 Capture did not occur Compare match did not occur Output trailing edge did not occur

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.

© 2017 Microchip Technology Inc. Preliminary DS40001897A-page 136
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TABLE 12-2: WDT CLEARING CONDITIONS
Conditions WDT

WDTE<1:0> =00
WDTE<1:0>=01 and SWDTEN =0
WDTE<1:0> =10 and enter Sleep

CLRWDT Command Cleared
Oscillator Fail Detected

Exit Sleep + System Clock = EXTOSC, INTOSC

Change INTOSC divider (IRCF bits) Unaffected

FIGURE 12-2: WINDOW PERIOD AND DELAY

CLRWDT Instruction
(or other WDT Reset)

-

Window Period

Y ‘

Window Closed Window Open

-
- -

Window Delay Time-out Event

(window violation can occur)

© 2017 Microchip Technology Inc. Preliminary DS40001897A-page 149
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22.2 FIXED DUTY CYCLE MODE

In Fixed Duty Cycle (FDC) mode, every time the
accumulator overflows (NCO_overflow), the output is
toggled at a frequency rate half of the FOVERFLOW. This
provides a 50% duty cycle, provided that the increment
value remains constant. For more information, see
Figure 22-2.

The FDC mode is selected by clearing the N1TPFM bit
in the NCO1CON register.

22.3 PULSE FREQUENCY MODE

In Pulse Frequency (PF) mode, every time the
Accumulator overflows, the output becomes active for
one or more clock periods. Once the clock period
expires, the output returns to an inactive state. This
provides a pulsed output. The output becomes active
on the rising clock edge immediately following the
overflow event. For more information, see Figure 22-2.

The value of the active and inactive states depends on
the polarity bit, N1POL in the NCO1CON register.

The PF mode is selected by setting the N1PFM bit in
the NCO1CON register.

22.3.1 OUTPUT PULSE WIDTH CONTROL

When operating in PF mode, the active state of the out-
put can vary in width by multiple clock periods. Various
pulse widths are selected with the N1PWS<2:0> bits in
the NCO1CLK register.

When the selected pulse width is greater than the
Accumulator overflow time frame, then NCO1 output
does not toggle.

22.4 OUTPUT POLARITY CONTROL

The last stage in the NCO module is the output polarity.
The N1POL bit in the NCO1CON register selects the
output polarity. Changing the polarity while the
interrupts are enabled will cause an interrupt for the
resulting output transition.

The NCO output signal (NCO1_out) is available to the
following peripherals:

« CLC

« CWG
* Timer1
e Timer2
¢ CLKR

22.5 Interrupts

When the accumulator overflows (NCO_overflow), the
NCO Interrupt Flag bit, NCO1IF, of the PIR7 register is
set. To enable the interrupt event (NCO_interrupt), the
following bits must be set:

* N1EN bit of the NCO1CON register
* NCO1IE bit of the PIE7 register

* PEIE bit of the INTCON register
GIE bit of the INTCON register

The interrupt must be cleared by software by clearing
the NCO1IF bit in the Interrupt Service Routine.

22.6 Effects of a Reset

All of the NCO registers are cleared to zero as the
result of a Reset.

22.7 Operation in Sleep

The NCO module operates independently from the
system clock and will continue to run during Sleep,
provided that the clock source selected remains active.

The HFINTOSC remains active during Sleep when the
NCO module is enabled and the HFINTOSC is
selected as the clock source, regardless of the system
clock source selected.

In other words, if the HFINTOSC is simultaneously
selected as the system clock and the NCO clock
source, when the NCO is enabled, the CPU will go idle
during Sleep, but the NCO will continue to operate and
the HFINTOSC will remain active.

This will have a direct effect on the Sleep mode current.

© 2017 Microchip Technology Inc.
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22.8 NCO Control Registers

REGISTER 22-1:

NCO1CON: NCO CONTROL REGISTER

R/W-0/0 U-0 R-0/0 R/W-0/0 U-0 u-0 U-0 R/W-0/0
N1EN — N10OUT N1POL — — — N1PFM
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged

‘1’ = Bit is set

x = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7

bit 6

bit 5

bit 4

bit 3-1
bit 0

N1EN: NCO1 Enable bit

1 = NCO1 module is enabled

0 = NCO1 module is disabled

Unimplemented: Read as ‘0’

N1OUT: NCO1 Output bit

Displays the current output value of the NCO1 module.

N1POL: NCO1 Polarity bit

1 = NCO1 output signal is inverted

0 = NCO1 output signal is not inverted
Unimplemented: Read as ‘0’

N1PFM: NCO1 Pulse Frequency Mode bit

1 = NCO1 operates in Pulse Frequency mode
0 = NCO1 operates in Fixed Duty Cycle mode, divide by 2

© 2017 Microchip Technology Inc.
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23.0 COMPARATOR MODULE

Comparators are used to interface analog circuits to a
digital circuit by comparing two analog voltages and
providing a digital indication of their relative magnitudes.
Comparators are very useful mixed signal building
blocks because they provide analog functionality
independent of program execution. The analog
comparator module includes the following features:

* Programmable input selection

» Selectable voltage reference

* Programmable output polarity

* Rising/falling output edge interrupts
CWG1 Auto-shutdown source

23.1 Comparator Overview

A single comparator is shown in Figure 23-1 along with
the relationship between the analog input levels and
the digital output. When the analog voltage at VIN+ is
less than the analog voltage at VIN-, the output of the
comparator is a digital low level. When the analog
voltage at VIN+ is greater than the analog voltage at
VIN-, the output of the comparator is a digital high level.

The comparators available are shown in Table 23-1.

TABLE 23-1: AVAILABLE COMPARATORS

FIGURE 23-1.: SINGLE COMPARATOR
VIN+ +
Output
VIN- ———

---- VIN-
— VIN+

Output l l l l

Note:  The black areas of the output of the
comparator represents the uncertainty
due to input offsets and response time.

Device C1 C2
PIC16(L)F15313 °
PIC16(L)F15323 ° °

© 2017 Microchip Technology Inc.
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23.2 Comparator Control

Each comparator has two control registers: CMxCONO
and CMxCON1.

The CMxCONO register (see Register 23-1) contains
Control and Status bits for the following:
* Enable
* Output
» Output polarity
* Hysteresis enable
« Timer1 output synchronization
The CMxCONT1 register (see Register 23-2) contains
Control bits for the following:
* Interrupt on positive/negative edge enables
* The CMxNSEL and CMxPSEL (Register 23-3 and
Register 23-4) contain control bits for the
following:
- Positive input channel selection
- Negative input channel selection

23.2.1 COMPARATOR ENABLE

Setting the CxON bit of the CMxCONO register enables
the comparator for operation. Clearing the CxON bit
disables the comparator resulting in minimum current
consumption.

23.2.2 COMPARATOR OUTPUT

The output of the comparator can be monitored by
reading either the CxOUT bit of the CMxCONO register
or the MCxOUT bit of the CMOUT register.

The comparator output can also be routed to an
external pin through the RxyPPS register
(Register 15-2). The corresponding TRIS bit must be
clear to enable the pin as an output.

23.2.3 COMPARATOR OUTPUT POLARITY

Inverting the output of the comparator is functionally
equivalent to swapping the comparator inputs. The
polarity of the comparator output can be inverted by
setting the CxPOL bit of the CMxCONO register.
Clearing the CxPOL bit results in a non-inverted output.

Table 23-2 shows the output state versus input
conditions, including polarity control.

TABLE 23-2: COMPARATOR OUTPUT
STATE VS. INPUT

CONDITIONS
Input Condition CxPOL CxOuUT
CxVN > CxVp 0 0
CxVN < CxVpP 0 1
CxVN > CxVpP 1 1
CxVN < CxVp 1 0

Note 1: The internal output of the comparator is
latched with each instruction cycle.
Unless otherwise specified, external out-
puts are not latched.

© 2017 Microchip Technology Inc.
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23.8 Comparator Response Time

The comparator output is indeterminate for a period of
time after the change of an input source or the selection
of a new reference voltage. This period is referred to as
the response time. The response time of the comparator
differs from the settling time of the voltage reference.
Therefore, both of these times must be considered when
determining the total response time to a comparator
input change. See the Comparator and Voltage
Reference Specifications in Table 37-14 for more
details.

23.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 23-3. Since the analog input pins share their
connection with a digital input, they have reverse
biased ESD protection diodes to VDD and Vss. The
analog input, therefore, must be between Vss and VDD.
If the input voltage deviates from this range by more
than 0.6V in either direction, one of the diodes is
forward biased and a latch-up may occur.

A maximum source impedance of 10 kQ is recommended
for the analog sources. Also, any external component
connected to an analog input pin, such as a capacitor or
a Zener diode, should have very little leakage current to
minimize inaccuracies introduced.

Note 1: When reading a PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert as an analog input, according to
the input specification.

2: Analog levels on any pin defined as a
digital input, may cause the input buffer to
consume more current than is specified.

FIGURE 23-3: ANALOG INPUT MODEL
VDD
______________ Analog
Input
Rs < 10K pin VT~ 0.6V RIC
NV To Comparator
ILEAKAGE(

Note 1. See I/O Ports in Table 37-4.

ILEAKAGE = Leakage Current at the pin due to various junctions

Legend: CPIN = Input Capacitance
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
VT = Threshold Voltage

— Vss

© 2017 Microchip Technology Inc.
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REGISTER 23-3: CMxNSEL: COMPARATOR Cx NEGATIVE INPUT SELECT REGISTER

uU-0 uU-0 uU-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0
— - — — — NCH<2:0>
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’ = Bitis set ‘0’ = Bit is cleared
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 NCH<2:0>: Comparator Negative Input Channel Select bits

111 = CxVN connects to AVss

110 = CxVN connects to FVR Buffer 2
101 = CxVN unconnected

100 = CxVN unconnected

011 = CxVN connects to CxIN3- pin
010 = CxVN connects to CxIN2- pin
001 = CxVN connects to CxIN1- pin
000 = CxVN connects to CxINO- pin

REGISTER 23-4: CMxPSEL: COMPARATOR Cx POSITIVE INPUT SELECT REGISTER

uU-0 uU-0 uU-0 u-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — — PCH<2:0>
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 7-3 Unimplemented: Read as ‘0’
bit 2-0 PCH<2:0>: Comparator Positive Input Channel Select bits

111 = CxVP connects to AVssS

110 = CxVP connects to FVR Buffer 2
101 = CxVP connects to DAC output
100 = CxVP unconnected

011 = CxVP unconnected

010 = CxVP unconnected

001 = CxVP connects to CxIN1+ pin
000 = CxVP connects to CxINO+ pin
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REGISTER 28-2:

CCPxCAP: CAPTURE INPUT SELECTION REGISTER

uU-0 u-0 uU-0 uU-0 uU-0 R/W-0/x R/W-0/x R/W-0/x
— — — — — CTS<2:0>
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 Reset

‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 CTS<2:0>: Capture Trigger Input Selection bits
CTS CCP1.capture CCP2.capture
111 LC4 out
110 LC3_out
101 LC2_out
100 LC1_out
011 IOC_interrupt
010 Cc20uUT
001 c1ouT
000 CCP1PPS CCP2PPS
REGISTER 28-3: CCPRxL REGISTER: CCPx REGISTER LOW BYTE
R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
CCPRx<7:0>
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 Reset
‘1’ = Bitis set ‘0’ = Bitis cleared
bit 7-0 CCPxMODE = Capture mode

CCPRxL<7:0>: Capture value of TMR1L

CCPxMODE = Compare mode

CCPRxL<7:0>: LS Byte compared to TMR1L
CCPxMODE = PWM modes when CCPxFMT = Q:
CCPRxL<7:0>: Pulse-width Least Significant eight bits
CCPxMODE = PWM modes when CCPxFMT = 1:
CCPRxL<7:6>: Pulse-width Least Significant two bits
CCPRxL<5:0>: Not used.
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REGISTER 31-2: CLCxPOL: SIGNAL POLARITY CONTROL REGISTER

R/W-0/0 uU-0 u-0 uU-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LCxPOL — — — LCxG4POL | LCxG3POL | LCxG2POL | LCxG1POL
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 LCxPOL: CLCxOUT Output Polarity Control bit

1 = The output of the logic cell is inverted
0 = The output of the logic cell is not inverted

bit 6-4 Unimplemented: Read as ‘0’

bit 3 LCxG4POL: Gate 3 Output Polarity Control bit
1 = The output of gate 3 is inverted when applied to the logic cell
0 = The output of gate 3 is not inverted

bit 2 LCxG3POL: Gate 2 Output Polarity Control bit
1 = The output of gate 2 is inverted when applied to the logic cell
0 = The output of gate 2 is not inverted

bit 1 LCxG2POL: Gate 1 Output Polarity Control bit
1 = The output of gate 1 is inverted when applied to the logic cell
0 = The output of gate 1 is not inverted

bit 0 LCxG1POL: Gate 0 Output Polarity Control bit
1 = The output of gate 0 is inverted when applied to the logic cell
0 = The output of gate 0 is not inverted
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FIGURE 32-4: SPI MASTER AND MULTIPLE SLAVE CONNECTION
SCK K
SPI Master > SC
SDO | SDI SPI Slave
SDI |- SDO #1
General I/0 | SS
General I/0O
General I/O +—{SCK
- SDI SPI Slave
~t SDO #2
B SS
—» SCK
—= SDI SPI Slave
4——SDO #3
B SS

32.2.1 SPI MODE REGISTERS

The MSSP module has five registers for SPI mode
operation. These are:

* MSSP STATUS register (SSP1STAT)
* MSSP Control register 1 (SSP1CON1)
* MSSP Control register 3 (SSP1CON3)
* MSSP Data Buffer register (SSP1BUF)
* MSSP Address register (SSP1ADD)
» MSSP Shift register (SSP1SR)

(Not directly accessible)
SSP1CON1 and SSP1STAT are the control and status
registers in SPI mode operation. The SSP1CON1
register is readable and writable. The lower six bits of
the SSP1STAT are read-only. The upper two bits of the
SSP1STAT are read/write.

In one SPI master mode, SSP1ADD can be loaded
with a value used in the Baud Rate Generator. More
information on the Baud Rate Generator is available in
Section 32.7 “Baud Rate Generator”.

SSP1SR is the shift register used for shifting data in
and out. SSP1BUF provides indirect access to the
SSP1SR register. SSP1BUF is the buffer register to
which data bytes are written, and from which data
bytes are read.

In receive operations, SSP1SR and SSP1BUF
together create a buffered receiver. When SSP1SR
receives a complete byte, it is transferred to SSP1BUF
and the SSP1IF interrupt is set.

During transmission, the SSP1BUF is not buffered. A
write to SSP1BUF will write to both SSP1BUF and
SSP1SR.
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32.2.2 SPIMODE OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSP1CON1<3:0> and SSP1STAT<7:6>).
These control bits allow the following to be specified:
* Master mode (SCKis the clock output)
» Slave mode (SCKis the clock input)
* Clock Polarity (Idle state of SCK)
» Data Input Sample Phase (middle or end of data
output time)
» Clock Edge (output data on rising/falling edge of
SCK)
» Clock Rate (Master mode only)
» Slave Select mode (Slave mode only)
To enable the serial port, SSP Enable bit, SSPEN of the
SSP1CONT1 register, must be set. To reset or reconfig-
ure SPI mode, clear the SSPEN bit, re-initialize the
SSP1CONX 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 function,
some must have their data direction bits (in the TRISx
register) appropriately programmed as follows:
» SDI must have corresponding TRIS bit set
» SDO must have corresponding TRIS bit cleared
* SCK (Master mode) must have corresponding
TRIS bit cleared
» SCK (Slave mode) must have corresponding
TRIS bit set
+ SS 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
(SSP1SR) and a buffer register (SSP1BUF). The
SSP1SR shifts the data in and out of the device, MSDb first.
The SSP1BUF holds the data that was written to the
SSP1SR until the received data is ready. Once the eight
bits of data have been received, that byte is moved to the
SSP1BUF register. Then, the Buffer Full Detect bit, BF of
the SSP1STAT register, and the interrupt flag bit, SSP1IF,
are set. Any write to the SSP1BUF register during
transmission/reception of data will be ignored and the
write collision detect bit WCOL of the SSP1CON1
register, will be set. User software must clear the WCOL
bit to allow the following write(s) to the SSP1BUF register
to complete successfully.

When the application software is expecting to receive
valid data, the SSP1BUF should be read before the next
byte of data to transfer is written to the SSP1BUF. The
Buffer Full bit, BF of the SSP1STAT register, indicates
when SSP1BUF has been loaded with the received data
(transmission is complete). When the SSP1BUF 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 SSP1SR is not directly readable or writable and
can only be accessed by addressing the SSP1BUF
register.

FIGURE 32-5: SPI MASTER/SLAVE CONNECTION

| SPI Master SSPM<3:0> = 00xx | | SPI Slave SSPM<3:0> = 010x |
: =1010 gpo! L :
| ] T |
| | | |
: Serial Input Buffer : : Serial Input Buffer :
| (SSP1BUF) | , (SSP1BUF) ,

| |
| | | |
| | | |
| Shift Register Sbl | - ; Sbo Shift Register |
\ (SSP1SR) . | (SSP1SR) |

| |
| MSb LSb . . MSb LSb |
: SCK : Serial Clock =: SCK :
| | | |
: : Slave Select : — :
| General IO - — — — | |
| Processor 1 ,  (optional) Processor 2 |
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FIGURE 32-21:

I2C SLAVE, 10-BIT ADDRESS, RECEPTION (SEN = 0, AHEN = 1, DHEN = 0)

SDA \ /1 1 1 1) 0 /A9)As) ACK A7 A1 Y A0 Ack [ p7) Ds) D5) b4} D3} D2 D1 D0 \ACK/ D7 D6 D5

SCL

Receive First Address Byte RW=0 Receive Second Address Byte Receive Data Receive Data

4 Cleared by software

SSP1IF :
" Do
Set by harldware * —— . - Cleared by software
on 9th falling edge ' o ! ' .
BF [ ! ' Z
; IR . . : } C A
1 ' 1 1 .
, Co L.i SSP1 BU_F can be—‘| | ' ' Received data
, o . read anytime before . I ! co is read from
' Lo : the next received byte . : ! - SSP1BUF
ACKDT R | ; l : %
Slave software clears ' 1 : : ' : ' : : :
ACKDT to ACK . L . : - - - U
the received byte : v : ' . : o —
UA : \ : L O
; ' Update to SSP1ADD is ' . T—Update of SSP1ADD e
. ! not allowed until 9th X ! | UA and rel j t m
' . falling edge of SCL - ; Sop o andreleases - )
: : : : o —’
CKP If when AHEN = 1; o I I
on the 8th falling edge i ! ) Set CKP with software o H
of SCL of an address , ! : ' releases SCL ' ( n
byte, CKP is cleared
ACKTIM H 00
N

ACKTIM is set by hardware
on 8th falling edge of SCL
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TABLE 33-4: BAUD RATE FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH=1,BRG16=0
BAUD Fosc = 32.000 MHz Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE | A ctual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — — — —
1200 — — — — — — — — — — — —
2400 — — — — — — — — — — — —
9600 9615 0.16 207 9615 0.16 129 9600 0.00 119 9600 0.00 71
10417 | 10417 0.00 191 10417 0.00 119 10378  -0.37 110 10473 0.53 65
19.2k 19.23k  0.16 103 19.23k 0.16 64 19.20k  0.00 59 19.20k  0.00 35
57.6k | 57.14k -0.79 34 56.82k  -1.36 21 57.60k  0.00 19 57.60k  0.00 11
115.2k | 117.64k 2.12 16 113.64k -1.36 10 115.2k  0.00 9 115.2k 0.00 5
SYNC =0,BRGH =1,BRG16 =0
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 1.000 MHz
RATE Actual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — 300 0.16 207
1200 — — — 1202 0.16 207 1200 0.00 191 1202 0.16 51
2400 2404 0.16 207 2404 0.16 103 2400 0.00 95 2404 0.16 25
9600 9615 0.16 51 9615 0.16 25 9600 0.00 23 — — —
10417 | 10417 0.00 47 10417 0.00 23 10473 0.53 21 10417 0.00 5
19.2k 19231 0.16 25 19.23k 0.16 12 19.2k 0.00 11 — — —
57.6k 55556  -3.55 8 — — — 57.60k  0.00 3 — — —
115.2k — — — — — — 115.2k  0.00 1 — — —
SYNC =0,BRGH=0,BRG16 =1
BAUD Fosc = 32.000 MHz Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE Actual % SVPaI?uReG Actual % Svpa?feG Actual % S\I/Dal?feG Actual % SVPaBIUReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 6666 300.0 -0.01 4166 300.0 0.00 3839 300.0 0.00 2303
1200 1200 -0.02 3332 1200 -0.03 1041 1200 0.00 959 1200 0.00 575
2400 2401 -0.04 832 2399 -0.03 520 2400 0.00 479 2400 0.00 287
9600 9615 0.16 207 9615 0.16 129 9600 0.00 119 9600 0.00 71
10417 | 10417 0.00 191 10417 0.00 119 10378  -0.37 110 10473 0.53 65
19.2k 19.23k  0.16 103 19.23k 0.16 64 19.20k  0.00 59 19.20k  0.00 35
57.6k | 57.14k -0.79 34 56.818 -1.36 21 57.60k  0.00 19 57.60k  0.00 11
115.2k | 117.6k  2.12 16 113.636 -1.36 10 115.2k  0.00 9 115.2k 0.00 5
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CALL Call Subroutine CLRWDT Clear Watchdog Timer
Syntax: [label] CALL k Syntax: [label] CLRWDT
Operands: 0 <k<2047 Operands: None
Operation: (PC)* 1 TOS, Operation: 00h — WDT
k - PC<10:0>, 0 — WDT prescaler,
(PCLATH<6:3>) - PC<14:11> 1570
Status Affected: None 1->PD
Description: Call Subroutine. First, return address Status Affected: TO, PD
(PC + 1).is.pusheld onto the St‘f‘Ck' Description: CLRWDT instruction resets the Watch-
The 11-bit immediate address is dog Timer. It also resets the prescaler
loaded into PC bits <10:0>. The upper of the WDT. Status bits TO and PD
bits of the PC are loaded from are set.
PCLATH. CALL is a 2-cycle
instruction.
CALLW Subroutine Call With W COMF Complement f
Syntax: [ label ] CALLW Syntax: [label] COMF fd
Operands: None Operands: 0<f<127
. de[01]
Operation: (PC) +1 > TOS, _
(W) > PC<7:0>, Operation: (f) —> (destination)
(PCLATH<6:0>) — PC<14:8> Status Affected: z
Description: The contents of register ‘f’ are
Status Affected: None complemented. If ‘d’ is ‘0’, the result is
Description: Subroutine call with W. First, the stored in W. _|f d’ i§ ‘L, the result is
return address (PC + 1) is pushed stored back in register f'.
onto the return stack. Then, the
contents of W is loaded into PC<7:0>,
and the contents of PCLATH into
PC<14:8>. CALLWis a 2-cycle
instruction.
CLRF Clear f DECF Decrement f
Syntax: [label] CLRF f Syntax: [label] DECF f,d
Operands: 0<f<127 Operands: 0<f<127
Operation: 00h — (f) d<[0.1]
152 Operation: (f) - 1 — (destination)
Status Affected: z Status Affected: 4
Description: The contents of register ‘f’ are cleared Description: Decrement register f'. If ‘d’ is ‘0’, the
and the Z bit is set. result is stored in the W register. If ‘d’
is ‘1’, the result is stored back in
register f.
CLRW Clear W
Syntax: [label] CLRW
Operands: None
Operation: 00h — (W)
157
Status Affected: 4
Description: W register is cleared. Zero bit (Z) is

set.
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FIGURE 37-3: POR AND POR REARM WITH SLOW RISING VDD

VDD -,

POR REARM
- e

Tveow®)

Note 1: When NPOR is low, the device is held in
2:  TPOR 1 ps typical.

3:  TvLow 2.7 us typical. /\

&
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40.1 Package Marking Information

14-Lead PDIP (300 mil) Example
(M rirr (M0 01T
XOOOOOKKKXKX PIC16F15323
D XAXKXXXKXXKXXX ) /SOes
o R YYWWNNN o R 1525017
T R LT N
14-Lead TSSOP (4.4 mm) Example
LT LT
XXXXXXXX 16F15323
S Yyww R\ 1525
() NNN () 017

IR NN

14-Lead SOIC (3.90 mm) Example
ININInIninin] INININInINin]
XXX XXX XXXXX PIC16F15323
XXXXXXXXXXX /SO @3

O & YYWWNNN O R 1525017

IRINININIRINI IRIRININIRINI

Legend: XX..X Customer-specific information

Y Year code (last digit of calendar year)

YY Year code (last 2 digits of calendar year)

Ww Week code (week of January 1 is week ‘01°)

NNN  Alphanumeric traceability code
Pb-free JEDEC® designator for Matte Tin (Sn)
This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

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