PIC16F13145 Family Full-Featured 8/14/20-Pin .
Microcontrollers c\ MICROCHIP

Introduction

The PIC16F13145 microcontroller family, with its focused set of peripherals, provides an effective method to
implement hardware-based solutions.

This device family introduces the Configurable Logic Block (CLB) peripheral, enabling users to incorporate
hardware-based custom logic into their applications. The CLB is comprised of 32 individual logic elements.

Each logic element's Look Up Table (LUT) based design offers vast customization options, and CPU-independent
operation improves the response time and power consumption.

This product family is available in 8, 14, and 20-pin packages and offers up to 14 KB of Program Flash Memory
with up to 1 KB of RAM. Along with the CLB, the product family offers a 10-bit Analog to Digital Converter

with Computation (ADCC) capable of up to 100 ksps, an 8-bit Digital to Analog Converter, two fast Comparators
(50 ns response time), and a collection of other peripherals for timing control and serial communications with
SMBus compatibility.

The small form factor, combined with the CLB and other core independent peripherals, makes the PIC16F13145
family well-suited for various applications such as real-time control, digital sensor nodes, and market segments
such as industrial and automotive.

PIC16F13145 Family Summary

Table 1. Devices Included in This Data Sheet
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PIC16F13113 3.5k 256 YN Y 6/Y VAl 2/2 5/5 mm 1 1 4 2 2 1 Y 1 6 Y
PIC16F13114 7k 512 Y/IY Y 6/Y 171 2/2 5/5 171 1 1 4 2 2 1 Y 1 6 Y
PIC16F13115 14k 1024 Y/Y Y e/Y 7 2/2 5/5 1771 1 1 4 2 2 1 Y 1 6 Y
PIC16F13123 3.5k 256 Y/Y Y 12/Y 1771 2/2 11/5 1771 1 1 4 2 2 1 Y 1 12 Y
PIC16F13124 7k 512 Y/Y Y 12/Y 1771 2/2 11/5 71 1 1 4 2 2 1 Y 1 12 Y
PIC16F13125 14k 1024 YN Y 12/Y 1771 2/2 11/5 1771 1 1 4 2 2 1 Y 1 12 Y
PIC16F13143 3.5k 256 Y/Y Y 18/Y VAl 2/2 17/5 (VA 1 1 4 2 2 1 Y 1 18 Y
PIC16F13144 7k 512 YN Y 18/Y 171 2/2 17/5 171 1 1 4 2 2 1 Y 1 18 Y
PIC16F13145 14k 1024 Y/Y Y 18/Y m 2/2 17/5 mm 1 1 4 2 2 1 Y 1 18 Y

Notes:
1. Total I/0 count includes one pin (MCLR) that is input-only.

2. Timer0 can be configured as either an 8-bit or 16-bit timer.



Core Features

C Compiler Optimized RISC Architecture
Operating Speed:

- DC-32 MHz clock input

- 125 ns minimum instruction time
16-Level Deep Hardware Stack
Low-Current Power-on Reset (POR)
Configurable Power-up Timer (PWRT)
Brown-out Reset (BOR)
Low-Power Brown-out Reset (LPBOR)
Windowed Watchdog Timer (WWDT)

Memory

Up to 14 KB of Program Flash Memory

Up to 1 KB of Data SRAM Memory

Memory Access Partition (MAP) with Program Flash Memory Partitioned into:
- Application block
- Boot block
- Storage Area Flash (SAF) block

Programmable Code Protection and Write Protection

Device Information Area (DIA) Stores:
- Fixed Voltage Reference (FVR) measurement data
- Temperature Indicator calibration coefficients
- Microchip Unique Identifier (MUI)
Device Characteristics Information (DCl) Stores:
- Program/erase row sizes
- Pin count details
Direct, Indirect, and Relative Addressing Modes

Operating Characteristics

Operating Voltage Range:
- 1.8Vto 5.5V

Temperature Range:
- Industrial: -40°C to 85°C

- Extended: -40°C to 125°C
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Power-Saving Functionality
« Doze: CPU and Peripherals Running at Different Cycle Rates (typically CPU is lower)
+ Idle: CPU Halted While Peripherals Operate
+ Sleep:
- Lowest power consumption
- Reduce system electrical noise while performing ADC conversions
+ Low Power Mode Features:
- Sleep:
* <900 nA typical @ 3V/25°C (WDT enabled)
+ <600 nA typical @ 3V/25°C (WDT disabled)
- Operating Current:
* 48 pAtypical @ 32 kHz, 3V/25°C
+ <1 mAtypical @ 4 MHz, 5V/25°C

Digital Peripherals
+ One Configurable Logic Block (CLB)
- Interconnected fabric containing 32 Basic Logic Elements (BLE)
« Each BLE contains one 16-input Look-Up Table (LUT) and one flip-flop
+ Schematically programmable using MPLAB Code Configurator
- Dedicated 3-bit hardware counter
+ Two Capture/Compare/PWM (CCP) Modules:
- 16-bit resolution for Capture/Compare modes
- 10-bit resolution for PWM mode
*  Two Pulse-Width Modulators (PWM):
- 10-bit resolution
+ Four Configurable Logic Cells (CLC):
- Integrated combinational and sequential logic
+ One Configurable 8/16-Bit Timer (TMRO)
* One 16-Bit Timer (TMR1) with Gate Control
* One 8-Bit Timer (TMR2) with Hardware Limit Timer (HLT)
+ Programmable CRC with Memory Scan:
- Reliable data/program memory monitoring for Fail-Safe operation (e.g., Class B)
- Calculate 32-bit CRC over any portion of Program Flash Memory

+ One Enhanced Universal Synchronous Asynchronous Receiver Transmitter (EUSART):
- RS-232, RS-485, LIN compatible

- Auto-wake-up on Start
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+ One Host Synchronous Serial Port (MSSP):

Serial Peripheral Interface (SPI) mode
+ Chip Select Synchronization

Inter-Integrated Circuit (12C) mode
+ 7/10-bit Addressing modes

* SMBus support

+ Peripheral Pin Select (PPS):

Enables pin mapping of digital 170

* Device I/0O Port Features:

Up to 17 I/0 pins

Individual I/0 direction, open-drain, input threshold, slew rate and weak pull-up control
Interrupt-on-Change (10C) on all pins

One external interrupt pin

Analog Peripherals
+ Single-ended Analog-to-Digital Converter with Computation (ADCC):

Sample rate up to 100 ksps

10-bit resolution

Up to 17 external input channels

Five internal input channels

Internal ADC oscillator (ADCRC)

Operates in Sleep

Selectable auto-conversion trigger sources

+ One 8-Bit Digital-to-Analog Converter (DAC):

Buffered output available on up to two I/0 pins
Internal connections to ADC and Comparators

*  Two Comparators (CMP):

Configurable power modes for faster response time (50ns) or lower power operation
Up to four external inputs

Configurable output polarity

External output via Peripheral Pin Select

+ Two Fixed Voltage References (FVR):

Selectable 1.024V, 2.048V and 4.096V output levels
FVR1 internally connected to ADC
FVR2 internally connected to Comparator and DAC
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Clocking Structure
+ High-Precision Internal Oscillator Block (HFINTOSC):
- Selectable frequencies up to 32 MHz

- +2% at calibration
* Internal 31 kHz Oscillator (LFINTOSC)

+ External High-Frequency Clock Input:

- Three Crystal/Resonator modes

- Two External Clock (EC) Power modes

- 4xPLL available for external sources
+ Fail-Safe Clock Monitor:

- Allows for operational recovery if the external clock source stops
+ Oscillator Start-up Timer (OST):

- Ensures the stability of crystal oscillator sources

Programming/Debug Features

+ In-Circuit Serial Programming™ (ICSP™) via Two Pins

+ In-Circuit Debug (ICD) with Three Breakpoints via Two Pins
+ Debug Integrated On-Chip

@ MICROCHIP



Table of Contents

INEFOAUCTION. ¢ttt ettt s b et a et b et b et b et s b et s b e st e b et er e e en e e s enenens 1
PICTOFT3T45 FAMIIY SUMIMIAIY..cuiiiiiirieirieieierteiesteteste ettt ettt sttt st bt s be st st ettt e bt sbe st ebenteb et eb et ebesbebesbenebenesenessesessenes 1
COIE FRATUIES....ctititet ettt ettt ettt s b s bbb b e s b e b e b e s b e b e b e b e b e e et et e bt et s bt e bt s bt s b e snesn s 2
T PACKAEES. .ottt b bttt b et st a e s bbb R b e Rtk e Rt b e st b e Rt b e ae b e st h et ekt ek et ebe b ebe s e b et ebe st ene 8
A D 1= =4 = o 0P P TP TO PP PP 9
3. Pin AllOCAtION TADIES.....iiiiiriiiiciicee ettt ettt a et ettt nen 11
4. Guidelines for Getting Started with PICT6F13145 MiCrOCONTIOIIErS.....c.cerueirieiriierieieieieeeeeeeeeieseeve e 14
5. Register and Bit NaminNg CONVENTIONS.......ccvctviririrerenieriertertestetetet ettt sressessestesbessessessessessessensensensensssessessessenes 17
B.  REGISTEI LEZENG. ettt ettt ettt ettt ettt bbbttt e st e st s b e bt s b e st s b e st e b et ek en e et e s et eatebentebenteb et eb et et e aenen 19
7. ENhanced Mid-RANEE CPU....cc.cviiiririinierieieitetetetet ettt s st st sttt et a et e e esaebesbasbesbesbesbe s b e st e bensensensensensonsons 20
8. DEVICE CONTIGUIATION. . uiirieiitetitetetetre ettt sttt ettt b et sbe st s b et s b et et e s eb e s ebe st esensesensesessenessesessanens 22
9. MEMOTY OFZaANIZAtION...ccuiiiiiiiriitiiteteiee ettt e b e s b bbb a e et et e et e bt e bt e bt s b e s b e sb e s b e b e b ennennens 34
TO. RESEES.c.uiiiiiiiiii bbb b a e b bR bbb e b e b bbb b nr s 70
11. OSC - Oscillator Module (With Fail-Safe ClOCK IMONITOI).....ciiiiiiiicieeiiectecctrt ettt sre s ebe e sveesaneenne 82
T2, INT = INTEITUPES ettt ettt ettt sttt et et s bt et e sae et e e bt e b e e ae e s b e e b e s bt e a b e s et e beeabenseeasesbee s e saeenbeenbenseensensnensens 104
13, POWET-SAVING MOES....c.ccuiiiiiietirieii ettt ettt sttt sttt sttt et sbe e s b et e b et s b et e b et et e s ebe s ebe s esetebeaesesaenas 126
14, WWDT - Windowed WatChaOg TIMEI ....coe ittt ettt sbe st b ese et saeb e s be b besensesenes 134
15. NVM - Nonvolatile Memory CONLIOL ......iiivirireieieieieteteese sttt sttt steseeste st e ste st et et et et e e et ssessessessessessens 144
TB. 170 POIES. ittt ettt ettt et et h e s bt bbbt bbb e b e bbbt e e R Rt e s bRt b e e bt e bt eh e e b e e b e b e b e b e 164
17. 1OC - INLEITUPE-ON-CRANEE......cotririiririsieriestestestert ettt ettt be st s b st st s b e sbesbesbesbesbesbe b essensensessesaesessessessessessensas 179
18. PPS - Peripheral Pin SeIECt MOGUIE.......coueiiierieteeeie ettt sttt sttt st sttt be st e sbens 185
19. CRC - Cyclic Redundancy Check Module with MemOry SCANNEr.......ccocvvivirirerienenenesese et eeeenes 195
20. PMD - Peripheral MOAUIE DiSabIe.......cciiriiriririeiirieeieinietniee sttt sttt sttt sbe st et ss s saesessesansesansesennen 215
27. TMRO = TIMEIO MOTUIE....ceiiieirieeeteeteet ettt ettt ettt ettt s b et bt b et s b et et e e sbe e ebe e sb et ebeneebenees 223
22. TMR1T - Timer1 Module With Gate CONTIOL.......iciiriiriieireeetete ettt 231
23, TMR2 - TIMEI2 MOAUIE....ceiitiiieeteetee ettt ettt ettt ettt st b et b etk et ket eb et et et eb et ebeneebenene 246
24. CCP - Capture/Compare/PWIM MOGUIE.......ccueiiiiiieirentsesesese sttt ettt sbe st sbe b sbe st st st e ssensensensensensens 267
25. Capture, Compare, and PWM TimMers SEIECHION.....ccoiirieirieirieeretre ettt ettt bbb 280
26. PWM - PUISE-Width MOQUIBLION....c.ccuiiiieiiieiietectstetrte ettt et b sttt s b e benea 283

@ MICROCHIP



27. PWIM TIMEIS SEIECHION.c..viccteecriectee ettt ettt ettt et e te e ebe e sae e e be e e b e esbbeeabeessseebaesabeesassenbeessbeessseesseenseeenseessseenseeen 291

28. CLC - CoNfigUrable LOGIC Cell....c.curuiirieirieieieietenteierteie ettt ettt sttt sttt ettt sttt be et e et seenan 294
29. CLB - CoNfigurable LOGIC BIOCK.....cccuriririreriininiesiesiesestestestestesteste sttt ssessessessessessessesbesbessessessensensensensonsonsoneone 314
30. MSSP - Host Synchronous Serial POrt MOAUIE.........ccoiieiininieicciinccttreneeter ettt 343
31. EUSART - Enhanced Universal Synchronous Asynchronous Receiver TranSmitter.......c.cocovevererenererrenennenenn 407
32. ADC - Analog-to-Digital Converter with Computation MOAUIE.........coceeeririrenienieiceteeeeeeeeese e 437
33. DAC - Digital-to-Analog CoNVErter MOAUIE.......cccoiiriireieeteteeeterte sttt ettt sttt st et b e be e ebens 484
34. CMP - COMPArator MOAUIE.......c.iviriiriiieieietete ettt sttt et st sae st st s be st e st et et e e et e e e e eseesessasbesbesbesbesbessenbensenes 490
35. FVR - FiXed VOItagE RETEIENCE.....coiiuiieiiieierteete ettt sttt sttt et b st sb et st e st e et et ebe st ebens 501
36. Temperature INAICAtOr MOAUIE.........coviirieieie ettt et s ae st b e neenes 506
37, CNAIEE PUMP ittt ettt sttt sttt ettt et e b et e b et et e sa e b e s e st s e ese b ese b e se b esessenesbenesbenesbenesbenessensesensesens 512
38. INSTIUCTION SEE SUMIMIAIY ...iiiiiiiieieieietetetee ettt ettt ettt b e b e s b e s b e b e s b e b e b e s ene e s 516
39. ICSP™ - In-Circuit Serial Programiming™........ccciiiiieeeieeereeesesesesesesesss s ss s s sassssssssssssssssesesssesesasasesas 533
40, REZISTOI SUMIMIAIY.c.tiititiititeietetetet et et ettt st st s b st sbe s b st et et et et et et e st e st e st e st e bt e st eb e e bt s b e sb e s b e b e b e b e s et enbententeneeneenene 536
47, EleCtriCal SPOCITICAtIONS. ..ottt ettt s b st st st et e b e b e b e b e e e st esessesbasbesbesbesbesbesbesbensan 543
42. DC and AC Characteristics Graphs and Tables.........cccccivreeinnniiciccecter et 570
43, PacKaging INTOrMATION...cc.ciieirieirieertee ettt sttt ettt st b et b et b e e b e b e e e b e ebeneenenaenis 571
44, APPENdixX A: REVISION HISTOIY...iiuiriiieieieeeieteteteeeieettste sttt ste st et st et ettt et et se s b s besbesbesbesbesbesb e b enbensensensenaenes 599
MICFOCHIP INTOIMATION ...ttt ettt ettt ettt s b et b etk etk e e bt e be e sb et e b et ebe st ebenbebenbenens 600

@ MICROCHIP



1. Packages

Table 1-1. Packages
PDIP SOIC DFN SoIC TSSOP PDIP SOIC SSoP 3x3x0.9

PIC16F13113 . . .

PIC16F13114 . . .

PIC16F13115 . . .

PIC16F13123 . .

PIC16F13124 . .

PIC16F13125 0 0

PIC16F13143 . . . .
PIC16F13144 . . . o
PIC16F13145 . . . .
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2. Pin Diagrams

Figure 2-1. 8-Pin PDIP, SOIC, DFN

VDDI:

1
RA5[ |2
RA4[ |3
MCLR/VPPIRA3[ |4

:|Vss

| JRAO/ICSPDAT
| JRAL/ICSPCLK
[ JrRA2

g o N

Figure 2-2. 14-Pin SOIC, TSSOP

VDD[:
RA5[|

RA4[ |
MCLR/VPP/RA3[|

RCs[|
Rca[ |
Rc3[ |

~N O O~ WN P

14 vss
13[ |RAO/ICSPDAT
12[ JRA1/ICSPCLK
11[ JRA2
10[ JrCO
[ Jrc1
[ Jrc2

©

[e2]

Figure 2-3. 20-Pin PDIP, SOIC, SSOP

VDDI:
RA5[
RA4L]
MCLR/VPr/RA3L]
Rcs[]
rcal]
rRc3[]
el
rRc7]
rRB7[]

© 00O ~NO OB~ WNBR

[y
o

20 ]Vss
19 JRAO/ICSPDAT
18[ IRAL/ICSPCLK
17JrRA2
16/ 1rRCO
15[ 1rC1
14[Jrc2
13[IrRB4
12[IrRB5
11[1RrB6
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Figure 2-4. 20-Pin VQFN

RAOQO/ICSPDAT

MCLR/VPP/IRA3 | 1 15| RA1/ICSPCLK
RC5) 2 14| RA2
RC4]3 13| RCO
RC3]4 12|RrC1
RC6]5 11lrC2

Note: It is recommended that the exposed bottom pad be connected to Vss; however, it must not
be the only Vss connection to the device.
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3. Pin Allocation Tables

Table 3-1. 8-Pin Allocation Table

10-Bit
..II.. - EUSARTInterrupt

RAO 7 DACIOUT1  C1INO+ cBIN3M can3™® — cki3)joca0  —
ICDDAT
RA1T 6 ANA1  DACIREFO+  C1INO- — — — cBIN2(M cLaN2® scLi1(3) rx1() jocA1 —  ICSPCLK
VREeF+ (ADC) C2INO- sck1(1.3) p71(1.3) ICDCLK
RA2 5 ANA2  DAC10UT2 — TockiM - — — — — spbA1(13)  — joca2  INT(D —
spi1(1.3)
RA3 4 — — — — — — cLBIN0M cLano (M 557N — |0CA3 — MCIR
Vpp
RA4 3 ANA4 — C1N1- Tt — — — — — — loCA4 —  CLKOuT
0sC2
RA5 2 ANA5 = = TickiM ccp1M —  csINt® cLani® - — — loCAs — CLKIN
ADACT(D T2IN( ccp2(D 05C1
Vbp 1 — — — — — — — — — — — — Vbp
Vss 8 — — — — — — — — — — — — Vss
ouT® —  ADGRDA — CMP1 TMRO CCP1 PWMT1 CLBOUTO CLC1OUT  SCLT 1 — — —
ADGRDB CMP2 CCP2Z PWM2 ¢ goyT1 cLc2ouT SCKT - DT
CLBOUT2 cLc3ouT SPAT - CKI
CLBOUT3 cLcaouT SPO1
CLBOUT4
CLBOUT5
CLBOUT6
CLBOUT?

Notes:
1. Thisis a PPS remappable input signal. The input function may be moved from the default location shown to any PORTx pin.

2. All output signals shown in this row are PPS remappable.

3.  Thisis a bidirectional signal. For normal operation, user software must map this signal to the same pin via the PPS input and PPS output
registers.

Table 3-2. 14/16-Pin Allocation Table

10-Bit
B -l.. . EUSART

1/0
RAO 13 ANAO DACIOUTT  CTINO+ IOCAO. —  ICSPDAT
ICDDAT
RA1T 12 ANA1 DACIREFO+  C1INO- — — — — — — — IOCA1  —  ICSPCLK
VREF+ C2INO- ICDCLK

(ADC)

RA2 11 ANA2 DAC10UT2 — TockiM  — — — — — — locA2 INT(D —
RA3 4 — — — — — — — — — — I0CA3 — MCLR
Vpp
RA4 3 ANA4 — — e — — — — — — 10CA4 —  CLKOUT
0sC2
RA5 2 ANA5 — — TickiM - — — cLBIN3(™M cLainz™M — — 10CA5  — CLKIN
T2IN(M 05C1
RCO 10  ANCO — C2INO+ — — — — — scLi34) . jocco — —

scK1(1.3.4)
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RC2

RC3

RC4
RC5

Vbb
Vss
ouT(2

Notes:

14

ANC1

ANC2
ADACT(M

ANC3

ANC4
ANC5

ADGRDA
ADGRDB

C1IN1-
C2IN1-
C1IN2-
C2IN2-
C1IN3-
C2IN3-

— ccp2(M

— ccp1M

CMP1 TMRO  CCP1
CCP2 PWMZ2 (| gouT1 cLc2ouT  SCKI DT1

CMP2

spi1(1:3.4)
— — — — — locc2  —
— cBINo™M cLcinoM - 557(D — locc3  —
— ceINTM cLanit( — ck13)jocca —
= = = = Rx1M joccs —
p11(1:3)
PWM1 CLBOUTO CLC1OUT  SCL1 TX1 — —

10-Bit
. i l.. . EUSART

cLBIN2(M cLciNn2(M spa1(1.3.4)

CLBOUT2 cLc30uT  SPAT CK1
CLBOUT3 cLcaouT — SPOT
CLBOUT4

CLBOUTS

CLBOUT6

CLBOUT?

1. Thisis a PPS remappable input signal. The input function may be moved from the default location shown to any PORTx pin.

2. All output signals shown in this row are PPS remappable.

Basic

VbD
Vss

3.  Thisis a bidirectional signal. For normal operation, user software must map this signal to the same pin via the PPS input and PPS output

registers.

4. These pins can be configured for 12C or SMBus logic levels via the Rxyl2C registers. The SCL1/SDA1 signals may be assigned to these pins
for expected operation. PPS assignments of these signals to other pins will operate; however, the logic levels will be standard TTL/ST as
selected by the INLVL register.

Table 3-3. 20-Pin Allocation Table

10-Bit
.IIII B EUSART nterrupt

SOIC|VQFN

RAO

RA1

RA2
RA3

RA4

RAS5

RB4

RB5

16

15

14

20

19

10
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ANAO
ANA1

VREF*
(ADQ)

ANA2

ANA4

ANAS5

ANB4

ANB5

DACTOUTT  C1INO+

DACTREFO+  C1INO-

C2INO-

DACT10UT2 -

TocKIW  —

Tcl  —

TIcKIW - —

T2IN(

— cLBIN3(™M cLain3™ —

I0CAOQ

— — — — — I0CA1

— ceINo( cLcino — —  I0CA2
= = = = — 10CA3

— — — — —  I0CA4

= = = = —  l0CAS

— cweIN2(M cLain2M spa1(1.34) — |0CB4

spl1(1.3.4)

rRX1(M 10CB5
pT1(1.3)

INT(

ICSPDAT
ICDDAT

ICSPCLK
ICDCLK

MCLR
Vpp
CLKOUT
0sC2
CLKIN
0OsC1



RB6 11 8 ANB6 — — — scL1(134)  —  |0CB6
sck1(1:3.4)
RB7 10 7  ANB7 = = — — = — = = ck13) jocB7 —
RCO 16 13  ANCO — C2INO+ — — — — — — — locco  —
RC1 15 12 ANCI = C1IN1- = = = = = = —  EEE =
C2IN1-
RC2Z 14 11  ANC2 — C1IN2- — — — — — — — locc2  —
ADACT( C2IN2-
RC3 7 4 ANC3 — C1IN3- — ccp2M  —  cBIN1M cLaNt( — —  l|occ3 —
C2IN3-
RC4 6 3 ANC4 — — — — — — — — — locca  —
RC5 5 2 ANG5 = = — cemM — — = = — loccs  —
RC6 8 5 ANC6 — — — — — — — ss1() —  10Ccc6 —
RC7 9 6  ANC7 = = = = = = = = — ey =
Vbp 1 18 — — — — — — — — — — — —
Vsg 20 17 — — — — — — — — — — — —
outld —  — ADGRDA — CMP1 TMRO CCP1 PWM1 CLBOUTO CLC1OUT  SCL1 ™1 — —
ADGRDB CMP2 CCP2 PWM2 CLBOUTT CLC20UT  gryq DT
CLBOUT2 CLC30UT  gppq KA
CLBOUT3 CLC40UT  ¢poyg
CLBOUT4
CLBOUTS
CLBOUT6
CLBOUT?
Notes:

1.
2.
3.

This is a PPS remappable input signal. The input function may be moved from the default location shown to any PORTx pin.
All output signals shown in this row are PPS remappable.

This is a bidirectional signal. For normal operation, user software must map this signal to the same pin via the PPS input and PPS output
registers.

These pins can be configured for I2C or SMBus logic levels via the Rxyl2C registers. The SCL1/SDA1 signals may be assigned to these pins
for expected operation. PPS assignments of these signals to other pins will operate; however, the logic levels will be standard TTL/ST as
selected by the INLVL register.

@ MICROCHIP

10-Bit
B ] ] e



4.2

4.2.1

Guidelines for Getting Started with PIC16F13145 Microcontrollers

Basic Connection Requirements

Getting started with the PIC16F13145 family of 8-bit microcontrollers requires attention to a minimal
set of device pin connections before proceeding with development.

The following pins must always be connected:

« All Vpp and Vss pins (see Power Supply Pins )
+ MOCLR pin (see Master Clear (MCLR) Pin)

These pins must also be connected if they are being used in the end application:

+  PGC/PGD pins used for In-Circuit Serial Programming” (ICSP") and debugging purposes (see
In-Circuit Serial Programming (ICSP) Pins)

* CLKIN pin when an external clock source is used.
Additionally, the following may be required:
*  Vrert/VRrer- pins are used when external voltage reference for analog modules is implemented

The minimum recommended connections are shown in the figure below.

Figure 4-1. Minimum Recommended Connections

VDD
R

ﬁH
R1 8 4
2 > =
MCLR
"1
= PIC® MCU

J: Vss

Key (all values are recommendations):
C1: 10 nF, 16V ceramic

C2: 0.1 puF, 16V ceramic

R1: 10 kQ

R2:100Q to 470Q

Power Supply Pins

Decoupling Capacitors
The use of decoupling capacitors on every pair of power supply pins (Vpp and Vss) is required.

Consider the following criteria when using decoupling capacitors:

+ Value and type of capacitor: A 0.1 yF (100 nF), 10-25V capacitor is recommended. The capacitor
may be a low-ESR device, with a resonance frequency in the range of 200 MHz and higher.
Ceramic capacitors are recommended.

+ Placement on the printed circuit board: The decoupling capacitors may be placed as close to the
pins as possible. It is recommended to place the capacitors on the same side of the board as the
device. If space is constricted, the capacitor can be placed on another layer on the PCB using a
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via; however, ensure that the trace length from the pin to the capacitor is no greater than 0.25
inch (6 mm).

« Handling high-frequency noise: If the board is experiencing high-frequency noise (upward of tens
of MHz), add a second ceramic type capacitor in parallel to the above described decoupling
capacitor. The value of the second capacitor can be in the range of 0.01 pF to 0.001 pF. Place
this second capacitor next to each primary decoupling capacitor. In high-speed circuit designs,
consider implementing a decade pair of capacitances as close to the power and ground pins as
possible (e.g., 0.1 yF in parallel with 0.001 pF).

+ Maximizing performance: On the board layout from the power supply circuit, run the power and
return traces to the decoupling capacitors first and then to the device pins. This ensures that the
decoupling capacitors are first in the power chain. Equally important is to keep the trace length

between the capacitor and the power pins to a minimum, thereby reducing PCB trace inductance.

4.2.2 Tank Capacitors

With on boards with power traces running longer than six inches in length, it is suggested to use

a tank capacitor for integrated circuits, including microcontrollers, to supply a local power source.
The value of the tank capacitor may be determined based on the trace resistance that connects the
power supply source to the device and the maximum current drawn by the device in the application.
In other words, select the tank capacitor that meets the acceptable voltage sag at the device. Typical
values range from 4.7 pF to 47 pF.

4.3 Master Clear (MCLR) Pin

The MCLR pin provides two specific device functions: Device Reset and device programming

and debugging. If programming and debugging are not required in the end application, a direct
connection to Vpp may be all that is required. The addition of other components, to help increase
the application’s resistance to spurious Resets from voltage sags, may be beneficial. A typical
configuration is shown in Figure 4-1. Other circuit designs may be implemented, depending on the
application’s requirements.

During programming and debugging, the resistance and capacitance that can be added to the
pin must be considered. Device programmers and debuggers drive the MCLR pin. Consequently,
specific voltage levels (Vi and V) and fast signal transitions must not be adversely affected.
Therefore, specific values of R1 and C1 will need to be adjusted based on the application and PCB
requirements. For example, it is recommended that the capacitor, C1, be isolated from the MCLR
pin during programming and debugging operations by using a jumper (Figure 4-2). The jumper is
replaced for normal run-time operations.

Any components associated with the MCLR pin may be placed within 0.25 inch (6 mm) of the pin.

Figure 4-2. Example of MCLR Pin Connections

\bb "
R1
R2
MCLR
PIC® MCU
JP
% C1
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4.4

4.5

Notes:

1. R1<10kQ is recommended. A suggested starting value is 10 kQ. Ensure that the MCLR pin V|
and V|_specifications are met.

2. R2<470Q will limit any current flowing into MCLR from the extended capacitor, C1, in the
event of MCLR pin breakdown, due to Electrostatic Discharge (ESD) or Electrical Overstress (EOS).
Ensure that the MCLR pin V|4 and V,_ specifications are met.

In-Circuit Serial Programming” (ICSP™) Pins

The ICSPCLK and ICSPDAT pins are used for ICSP and debugging purposes. It is recommended
to keep the trace length between the ICSP connector and the ICSP pins on the device as short
as possible. If the ICSP connector is expected to experience an ESD event, a series resistor is
recommended, with the value in the range of a few tens of ohms, not to exceed 100Q.

Pull-up resistors, series diodes and capacitors on the ICSPCLK and ICSPDAT pins are not
recommended as they can interfere with the programmer/debugger communications to the device.
If such discrete components are an application requirement, they may be removed from the circuit
during programming and debugging. Alternatively, refer to the AC/DC characteristics and timing
requirements information in the respective device Flash programming specification for information
on capacitive loading limits and pin input voltage high (V,4) and input low (V) ) requirements.

For device emulation, ensure that the Communication Channel Select (i.e., ICSPCLK/ICSPDAT pins),
programmed into the device, matches the physical connections for the ICSP to the Microchip
debugger/emulator tool.

Unused 1/Os

Unused I/0 pins may be configured as outputs and driven to a Logic Low state. Alternatively,
connect a 1 kQ to 10 kQ resistor to Vss on unused pins to drive the output to Logic Low.
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5. Register and Bit Naming Conventions

5.1 Register Names
When there are multiple instances of the same peripheral in a device, the Peripheral Control
registers will be depicted as the concatenation of a peripheral identifier, peripheral instance, and
control identifier. The Control registers section will show just one instance of all the register names
with an ‘X’ in the place of the peripheral instance number. This naming convention may also be
applied to peripherals when there is only one instance of that peripheral in the device to maintain
compatibility with other devices in the family that contain more than one.

5.2 Bit Names

There are two variants for bit names:

+ Short name: Bit function abbreviation
* Long name: Peripheral abbreviation + short name

5.2.1 Short Bit Names

Short bit names are an abbreviation for the bit function. For example, some peripherals are enabled
with the EN bit. The bit names shown in the registers are the short name variant.

Short bit names are useful when accessing bits in C programs. The general format for accessing bits
by the short name is RegisterNamebits.ShortName. For example, the enable bit, ON, in the ADCONO
register can be set in C programs with the instruction ADCONObits.ON = 1.

Short names are not useful in assembly programs because the same name may be used by different
peripherals in different bit positions. When it occurs, during the include file generation, the short

bit name instances are appended with an underscore plus the name of the register where the bit
resides, to avoid naming contentions.

5.2.2 Long Bit Names
Long bit names are constructed by adding a peripheral abbreviation prefix to the short name. The
prefix is unique to the peripheral, thereby making every long bit name unique. The long bit name for
the ADC enable bit is the ADC prefix, AD, appended with the enable bit short name, ON, resulting in
the unique bit name ADON.

Long bit names are useful in both C and assembly programs. For example, in C the ADCONO
enable bit can be set with the ADON = 1 instruction. In assembly, this bit can be set with the BSF
ADCONO, ADON instruction.

5.2.3 Bit Fields
Bit fields are two or more adjacent bits in the same register. Bit fields adhere only to the short bit
naming convention. For example, the three Least Significant bits of the ADCON2 register contain the
ADC Operating Mode Selection bit. The short name for this field is MD and the long name is ADMD.
Bit field access is only possible in C programs. The following example demonstrates a C program
instruction for setting the ADC to operate in Accumulate mode:

ADCON2bits.MD = 0b001;

Individual bits in a bit field can also be accessed with long and short bit names. Each bit is

the field name appended with the number of the bit position within the field. For example, the

Most Significant MODE bit has the short bit name MD2 and the long bit name is ADMD2. The
following two examples demonstrate assembly program sequences for setting the ADC to operate in
Accumulate mode:

MOVLW ~ (1<<MD2 | 1<<MD1)
ANDWEF ADCON2, F

@ MICROCHIP



MOVLW  1<<MDO
IORWF ADCON2,F

BCF ADCON2, ADMD2
BCF ADCON2, ADMD1
BSF ADCONZ2, ADMDO

5.3 Register and Bit Naming Exceptions

5.3.1  Status, Interrupt and Mirror Bits

Status, Interrupt enables, Interrupt flags and Mirror bits are contained in registers that span more
than one peripheral. In these cases, the bit name shown is unique so there is no prefix or short

name variant.
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6. Register Legend

Table 6-1. Register Legend

R Readable bit

W Writable bit

HS Hardware settable bit
HC Hardware clearable bit

S Set only bit

C Clear only bit

u Unimplemented bit, read as ‘0’
1’ Bit value is set

‘0 Bit value is cleared

X Bit value is unknown

u Bit value is unchanged

q Bit value depends on condition
m Bit value is predefined
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7. Enhanced Mid-Range CPU

This family of devices contains an enhanced mid-range 8-bit CPU core. The CPU has 50 instructions.
Interrupt capability includes automatic context saving. The hardware stack is 16-level deep and

has overflow and underflow Reset capability. Direct, Indirect, and Relative Addressing modes are
available. Two File Select Registers (FSR) provide the ability to read program and data memory.

Figure 7-1. Core Data Path Diagram
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Program Counter

Data Latch
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Address Latch

/ Data Address \

Data Latch FSRO
FSR1
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Latch inc/dec

logic

Address
Decode
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Address Latch

Program Memory

Instruction Bus

sng eleq

Instruction STATUS
Decode and Register
Control

State Machine
Control Signals

M
e
I W Register

7.1 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.

7.2 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 Underflow will set the appropriate bit (STKOVF or STKUNF) and, if enabled, will cause a software
Reset.

20
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7.3 File Select Registers

There are two 16-bit File Select Registers (FSR). FSRs can access all file registers and program
memory, 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 memory can also be addressed linearly, providing the ability to access contiguous
data larger than 80 bytes.

7.4 Instruction Set

There are 50 instructions for the enhanced mid-range CPU to support the features of the CPU. See
the “Instruction Set Summary” chapter for more details.
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8.1

8.2

8.3

8.4

8.5

8.6

Device Configuration

Device configuration consists of the Configuration Words, User ID, Device ID, Device Information
Area (DIA) and the Device Configuration Information (DCI) regions.

Configuration Words

There are five Configuration Words that allow the user to select the device oscillator, Reset and
memory protection options. These are implemented at addresses 0x8007 - 0x8008B.

Note: The DEBUG bit in the Configuration Words is managed automatically by device development
tools, including debuggers and programmers. For normal device operation, this bit needs to be
maintained as a ‘1".

Code Protection

Program memory code protection is controlled using the CP bit. When code protection is enabled,
all program memory locations read as ‘0. Further programming is disabled for the program memory
until a Bulk Erase operation is performed on the configuration memory region. Program memory
can still be programmed and read during program execution.

The User ID locations and Configuration Bytes can be programmed and read out regardless of the
code protection settings.

The only way to disable code protection is to use the Bulk Erase Program Memory command with bit
4 of the payload set to ‘1". This will disable code protection and erase all memory locations.

Write Protection

Write protection allows the device to be protected from unintended self-writes. Applications, such as
bootloader software, can be protected while allowing other regions of the program memory to be
modified.

The WRTn Configuration bits determine which of the program memory blocks are protected.

User ID

Four words in the memory space (8000h-8003h) are designated as ID locations where the user
can store checksum or other code identification numbers. These locations are readable and
writable during normal execution. See the “NVMREG Access to DIA, DCI, User ID, DEV/REV ID,
and Configuration Words"” section for more information on accessing these memory locations.
For more information on checksum calculation, see the “Memory Programming Specification”
section in the “Electrical Specifications” chapter for more information on accessing these
memory locations. For more information on checksum calculation, see the “Family Programming
Specification” section.

Device ID and Revision ID

The 14-bit Device ID word is located at address 8006h and the 14-bit Revision ID is located at 8005h.
These locations are read-only and cannot be erased or modified.

Development tools, such as device programmers and debuggers, may be used to read the Device ID,
Revision ID and Configuration Words. Refer to the “NVM - Nonvolatile Memory Control” section for
more information on accessing these locations.

Register Definitions: Configuration Settings
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8.6.1 CONFIG1

Name: CONFIG1
Offset: 0x8007

Configuration Word 1

Bit 15 14 13 12 11 10 9 8
| | | FCMEN | VDDAR | CSWEN | | | CLKOUTEN |
Access RIW R/W R/W R/W
Reset 1 1 1 1
Bit 7 6 5 4 3 2 1 0
| RSTOSC[2:0] | | FEXTOSC[2:0] |
Access R/W RIW R/W R/W R/W R/W
Reset 1 1 1 1 1 1

Bit 13 - FCMEN Fail-Safe Clock Monitor Enable

Value Description
1 Fail-Safe Clock Monitor is enabled
0 Fail-Safe Clock Monitor is disabled

Bit 12 - VDDAR Vpp Analog Range Calibration Selection

Value Description
1 Internal analog systems are calibrated for operation between Vpp = 2.3V - 5.5V
0 Internal analog systems are calibrated for operation between Vpp = 1.8V - 3.6V

Bit 11 - CSWEN Clock Switch Enable

Value Description
1 Writing to NOSC and NDIV is allowed
0 The NOSC and NDIV bit fields cannot be changed by user software

Bit 8 - CLKOUTEN Clock Out Enable

Value Description
1 CLKOUT function is disabled; I/0 function on CLKOUT pin
0 CLKOUT function is enabled; Fosc/4 clock appears on CLKOUT pin

Bits 6:4 - RSTOSC[2:0] Power-up Default Value for the NOSC/COSC bits
Selects the oscillator source used by user software.

Value Description

111 EXTOSC operating per the FEXTOSC bits

110 HFINTOSC = 1 MHz (FRQ = 4 MHz, CDIV = 4:1)

101 LFINTOSC

100 Reserved

011 Reserved

010 EXTOSC with 4x PLL, EXTOSC operating per FEXTOSC bits
001 HFINTOSC = 16 MHz (FRQ = 16 MHz, CDIV = 1:1)

000 HFINTOSC = 32 MHz (FRQ = 32 MHz, CDIV = 1:1)

Bits 2:0 - FEXTOSC[2:0] External Oscillator Mode Selection

Value Description

111 ECH (16 MHz and higher)
110 Reserved

101 ECL (below 16 MHz)

100 Oscillator not enabled
011 Reserved
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Value Description

010 HS (crystal oscillator) above 4 MHz
001 XT (crystal oscillator) between 100 kHz and 4 MHz
000 LP (crystal oscillator) 32 kHz
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8.6.2 CONFIG2

Name: CONFIG2
Offset: 0x8008

Configuration Word 2

Bit 15 14 13 12 11 10 9 8
| | | DEBUG | STVREN | PPSTWAY | | BORV  |DACAUTOEN]
Access RIW R/W R/W R/W R/W
Reset 1 1 1 1 1
Bit 7 6 5 4 3 2 1 0
BOREN[1:0] | TPBOREN | | | PWRTS[1:0] | MCLRE |
Access R/W R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1

Bit 13 - DEBUG Debugger Enable(™

1 Background debugger disabled
0 Background debugger enabled

Bit 12 - STVREN Stack Overflow/Underflow Reset Enable
Value Description

Stack Overflow or Underflow will cause a Reset

Stack Overflow or Underflow will not cause a Reset

o

Bit 11 - PPSTWAY PPSLOCKED One-Way Set Enable

Value Description

1 The PPSLOCKED bit can only be set once after an unlocking sequence is executed; once PPSLOCKED is set, all
future changes to PPS registers are prevented

0 The PPSLOCKED bit can be set and cleared as needed (unlocking sequence is required)

Bit 9 - BORV Brown-out Reset (BOR) Voltage Selection(2)

Value Description
1 Brown-out Reset voltage (Vgog) set to 1.9V
0 Brown-out Reset voltage (Vgog) set to 2.65V

Bit 8 - DACAUTOEN DAC Buffer Automatic Range Select Enable

Value Description
1 DAC Buffer reference range is determined by the REFRNG bit of DACXCON
0 DAC Buffer reference range is automatically determined by module hardware

Bits 7:6 - BOREN[1:0] Brown-out Reset (BOR) Enable(3)

11 Brown-out Reset enabled, the SBOREN bit is ignored

10 Brown-out Reset enabled while running, disabled in Sleep; the SBOREN bit is ignored
01 Brown-out Reset enabled according to SBOREN

00 Brown-out Reset disabled

Bit 5 - LPBOREN Low-Power BOR Enable

Value Description
1 Low-Power BOR disabled
0 Low-Power BOR enabled

Bits 2:1 - PWRTS[1:0] Power-Up Timer (PWRT) Selection
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Value Description

11

PWRT disabled
PWRT is set at 64 ms
PWRT is set at 16 ms
PWRT is set at 1 ms

Bit 0 - MCLRE Master Clear (MCLR) Enable

Value Condition Description

x IfLVP =1 MCLR pin is MCLR

1 If LVP =0 MCLR pin is MCLR

0 IfLVP =0 MCLR pin function is port-defined function
Notes:

1.

won

The DEBUG bit is managed automatically by device development tools including debuggers and
programmers. For normal device operation, this bit needs to be maintained as a ‘1.

The higher voltage selection is recommended for operation at or above 16 MHz.
When enabled, Brown-out Reset voltage (Vgogr) is set by the BORV bit.
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8.6.3 CONFIG3
Name: CONFIG3
Offset: 0x8009
Configuration Word 3

Note: This register is reserved.

Bit 15 14 13 12 11 10 9 8
| | | WDTCCS[2:0] | WDTCWS[2:0] |
Access RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 0
| WDTE[1:0] WDTCPS[4:0] |
Access R/W RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1

Bits 13:11 - WDTCCS[2:0] WDT Input Clock Selector

Value Condition Description

x WDTE = 00 These bits have no effect

111 WDTE # 00 Software control

110 to WDTE # 00 Reserved

010

001 WDTE # 00 WDT reference clock is the 31.25 kHz MFINTOSC
000 WDTE # 00 WODT reference clock is the 31.0 kHz LFINTOSC

Bits 10:8 - WDTCWS[2:0] WDT Window Select

WDTCON1[WINDOW] at POR

Software Control of .
WDTCWS Window Delay Percent of Window Opening WINDOW Keyed Access Required?
Value . "
Time Percent of Time
111 n/a

111 100 Yes No
110 110 n/a 100
101 101 25 75
100 100 37.5 62.5
011 011 50 50 No Yes
010 010 62.5 37.5
001 001 75 25
000 000 87.5 12.5

Bits 6:5 - WDTE[1:0] WDT Operating Mode

VEIS Description

11 WDT enabled regardless of Sleep; the SEN bit in WDTCONO is ignored

10 WDT enabled while Sleep = 0, suspended when Sleep = 1; the SEN bit in WDTCONO is ignored
01 WDT enabled/disabled by the SEN bit in WDTCONO

00 WDT disabled, the SEN bit in WDTCONO is ignored

Bits 4:0 - WDTCPS[4:0] WDT Period Select

WDTCONO[WDTPS] at POR

WDTCPS . .| Typical Time-Out | Software Control of WDTPS?
Value Divider Ratio =
(FlN 31 kHZ)

11111 01011 1:65536 216 2s Yes
11110 to 10011 11110 to 10011 1:32 25 1ms No
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........... continued

WDTCONO[WDTPS] at POR

WDTCPS . | Typical Time-Out | Software Control of WDTPS?
Value Divider Ratio =
(FlN 31 kHZ)

10010 10010 1:8388608 223 2565
10001 10001 1:4194304 222 128s
10000 10000 1:2097152 221 64s
01111 01111 1:1048576 220 32s
01110 01110 1:524288 219 16s
01101 01101 1:262144 218 8s
01100 01100 1:131072 217 4s
01011 01011 1:65536 216 2s
01010 01010 1:32768 215 1s
01001 01001 1:16384 214 512 ms
01000 01000 1:8192 213 256 ms
00111 00111 1:4096 212 128 ms
00110 00110 1:2048 2" 64 ms
00101 00101 1:1024 210 32ms
00100 00100 1:512 2° 16 ms
00011 00011 1:256 28 8 ms
00010 00010 1:128 27 4ms
00001 00001 1:64 26 2ms
00000 00000 1:32 2° 1ms
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8.6.4 CONFIG4

Name: CONFIG4
Offset: 0x800A

Configuration Word 4

Bit 15 14 13 12 11 10 9 8
| | | L | | WRTSAF | | WRTC | WRTB |
Access RIW R/W R/W R/W
Reset 1 1 1 1
Bit 7 6 5 4 3 2 1 0
WRTAPP | | | SAFEN | BBEN | BBSIZE[2:0] |
Access R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1

Bit 13 - LVP Low-Voltage Programming Enable(®

Value Description
1 Low-Voltage Programming is enabled. MCLR/Vpp pin function is MCLR. The MCLRE bit is ignored.
0 High voltage (HV) on MCLR/Vpp must be used for programming

Bit 11 - WRTSAF Storage Area Flash (SAF) Write Protection(23)
Value Description

SAF is not write-protected

SAF is write-protected

o

Bit 9 - WRTC Configuration Registers Write Protection(?
Value Description
1 Configuration registers are not write-protected
0 Configuration registers are write-protected

Bit 8 - WRTB Boot Block Write Protection(24)

Value Description
1 Boot Block is not write-protected
0 Boot Block is write-protected

Bit 7 - WRTAPP Application Block Write Protection(2)
Value Description
1 Application Block is not write-protected

0 Application Block is write-protected

Bit 4 - SAFEN Storage Area Flash (SAF) Enable(®

Value Description
1 SAF is disabled
0 SAF is enabled

Bit 3 - BBEN Boot Block Enable(®

Value Description
1 Boot Block is disabled
0 Boot Block is enabled
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Bits 2:0 - BBSIZE[2:0] Boot Block Size Selection(5.6)

Table 8-1. Boot Block Size

Boot Block Size (words
Boot Block PIC16F131x3 PIC16F131x4 PIC16F131x5
XXX -

1 -

0 111 01FFh 512

0 110 03FFh 1024

0 101 07FFh -(6) 2048

0 100 OFFFh -6 4096
0 011 1FFFh -6

0 010 1FFFh -6

0 001 1FFFh -6

0 000 1FFFh -6

Notes:

1.

AREE S

The LVP bit cannot be written (to zero) while operating from the LVP programming interface. The
purpose of this rule is to prevent the user from dropping out of LVP mode while programming
from LVP mode, or accidentally eliminating LVP mode from the Configuration state.

Once protection is enabled through ICSP or a self-write, it can only be reset through a Bulk Erase.
Applicable only if SAFEN = 0.
Applicable only if BBEN = 0.

BBSIZE[2:0] bits can only be changed when BBEN = 1. Once BBEN = 0, BBSIZE[2:0] can only be
changed through a Bulk Erase.

The maximum Boot Block size is half of the user program memory size. Any selection that will
exceed the half of a device's program memory will default to a maximum Boot Block size of half
PFM.
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8.6.5 CONFIG5

Name: CONFIG5
Offset: 0x800B

Configuration Word 5()

Bit 15 14 13 12 11 10 9 8
| | | | | |
Access
Reset
Bit 7 6 5 4 3 2 1 0
| | | | |
Access R/W
Reset 1

Bit 0 - CP User Program Flash Memory (PFM) Code Protection(2

Value Description

1 User PFM code protection is disabled
0 User PFM code protection is enabled
Notes:

1. Since device code protection takes effect immediately, this Configuration Word may be written

last.

2. Once code protection is enabled, it can only be removed through a Bulk Erase.

8.7 Register Definitions: Device ID and Revision ID
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8.7.1 Device ID

Name: DEVICEID
Offset: 0x8006

Device ID Register

Bit 15 14 13 12 11 10 9

| | | Reserved | Reserved | DEV[11:8]
Access R R R R R
Reset 1 1 q q q
Bit 7 6 5 4 3 2 1

| DEV[7:0]

Access R R R R R R R
Reset q q q q q q q

Bit 13 - Reserved Reserved - Read as ‘1’

Bit 12 - Reserved Reserved - Read as ‘1’

Bits 11:0 - DEV[11:0] Device ID
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PIC16F13113
PIC16F13114
PIC16F13115
PIC16F13123
PIC16F13124
PIC16F13125
PIC16F13143
PIC16F13144
PIC16F13145

3121h
3124h
3127h
3122h
3125h
3128h
3123h
3126h
3129h
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8.7.2 Revision ID
Name: REVISIONID
Offset: 0x8005

Revision ID Register

Bit 15 14 13 12 11 10 9

| | | Reserved | Reserved | MJRREV[5:2]
Access R R R R R
Reset 1 0 q q q
Bit 7 6 5 4 3 2 1

| MJRREV[1:0] | MNRREV[5:0]

Access R R R R R R R
Reset q q q q q q q

Bit 13 - Reserved Reserved - Read as ‘1’

Bit 12 - Reserved Reserved - Read as ‘0’

Bits 11:6 - MJRREV[5:0] Major Revision ID
These bits are used to identify a major revision (A0, BO, CO, etc.).

Bits 5:0 - MNRREV[5:0] Minor Revision ID
These bits are used to identify a minor revision.
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0. Memory Organization

There are two types of memory in PIC16F13145 microcontroller devices:
* Program Memory

- Program Flash Memory

- Configuration Words

- Device ID

- Revision ID

- User ID

- Device Information Area (DIA)

- Device Configuration Information (DCl)
+ Data Memory

- Core Registers

- Special Function Registers (FSR)

- General Purpose RAM (GPR)

- Common RAM

In Harvard architecture devices, the data and program memories use separate buses that allow for
concurrent access of the two memory spaces.

Additional detailed information on the operation of the Program Flash Memory is provided in the
“NVM - Nonvolatile Memory Control” chapter.

9.1 Program Memory Organization

The enhanced mid-range core has a 15-bit Program Counter capable of addressing 32K x 14
program memory space. The table below shows the memory sizes implemented. Accessing a
location above these boundaries will cause a wrap-around within the implemented memory space.

The Reset vector is at 0000h and the interrupt vector is at 0004h. Refer to the “INT - Interrupts”
chapter for more details.

Table 9-1. Device Sizes and Addresses

Program Memory Size (Words) Last Program Memory Address

PIC16F13113 2,048 07FFh
PIC16F13123 2,048 07FFh
PIC16F13143 2,048 07FFh
PIC16F13114 4,096 OFFFh
PIC16F13124 4,096 OFFFh
PIC16F13144 4,096 OFFFh
PIC16F13115 8,192 1FFFh
PIC16F13125 8,192 1FFFh
PIC16F13145 8,192 1FFFh
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Figure 9-1. Program Memory and Stack (PIC16F131x3)
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Figure 9-2. Program Memory and Stack (PIC16F131x4)
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Figure 9-3. Program Memory and Stack (PIC16F131x5)
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9.1.1 Reading Program Memory as Data

There are three methods of accessing constants in program memory. The first method is to use
tables of RETLW instructions, the second is to set an FSR to point to the program memory, and the
third is to use the NVMREG interface to access the program memory.

9.1.1.1 RETLW Instruction

The RETLW instruction can be used to provide access to tables of constants. The recommended way
to create such a table is shown in the following example.

Example 9-1. Accessing Table of Constants Using the RETLW Instruction

constants
BRW ;Add Index in W to
;program counter to
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;select data
RETLW DATAO ;Index0 data
RETLW DATAl ; Indexl data
RETLW DATAZ2
RETLW DATA3
my function
;LOTS OF CODE....
MOVLW DATA INDEX
call constants
; THE CONSTANT IS IN W

The BRW instruction eases the implementation of this type of table.

9.1.1.2 Indirect Read with FSR

The program memory can be accessed as data by setting bit 7 of an FSRxH register and reading the
matching INDFx register. The MOvVIW instruction will place the lower eight bits of the addressed word
in the W register. Writes to the program memory cannot be performed via the INDFx registers.
Instructions that read the program memory via the FSR require one extra instruction cycle to
complete. The following 