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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

20MHz

Brown-out Detect/Reset, LCD, POR, PWM, WDT
25

3.5KB (2K x 14)

FLASH

128 x 8

1.8V ~ 3.6V

A/D 11x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

28-SSOP (0.209", 5.30mm Width)
28-SSOP
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PIC16LF1902/3

PIC16LF1902/3 Family Types
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PIC16LF1902 | (1) 2048 128 128 25 11 11 — 4 19 [720] H Y
PIC16LF1903 | (1) 4096 256 128 25 11 1/1 — 4 19 |720| H Y
PIC16LF1904 | (2) 4096 256 128 36 14 | 11 1 4 29 |116 | IH | Y
PIC16LF1906 | (2) 8192 512 128 25 11 1/1 1 4 19 (720 H | Y
PIC16LF1907 | (2) 8192 512 128 36 14 | 11 1 4 29 | 116 | IH | Y

Note 1: |- Debugging, Integrated on Chip; H - Debugging, available using Debug Header.

2:  One pin is input-only.

3: COMBS3 and SEG15 share a pin, so the total segments are limited to 72 for 28-pin devices.
Data Sheet Index: (Unshaded devices are described in this document.)

1: DS40001455 PIC16LF1902/1903 Data Sheet, 28-Pin Flash, 8-bit Microcontrollers.

2: DS40001569 PIC16LF1904/6/7 Data Sheet, 28/40/44-Pin Flash, 8-bit Microcontrollers.

Pin Diagrams

FIGURE 1: 28-PIN PDIP, SOIC, SSOP

28[ | RB7W/SEG13/ICSPDAT
27| ] RB6(W/SEG14/ICSPCLK
SEG7/AN1/RA1 [ 26 ] RB5(M/AN13/COM!1
COM2/AN2/RA2 [ | 25/ ] RB4(JAN11/COMO

VPP/MCLR/RE3 [ |1
2
3
4
SEG15/COM3/VREF+/AN3/RA3 [|5 24 ] RB3(W/ANQ/SEG26/VLCD3
6
7
8
9

SEG12/ANO/RAO |:

@
o @
SEG4/TOCKI/RA4 [ | § 23] RB2(W/ANS/SEG25/VLCD2
SEGS5/AN4/RAS [ | T 22[] RB1M/AN10/SEG24/VLCD1
vss [ g 21[ ] RBOM/AN12/INT/SEGO
SEG2/CLKIN/RA7 [ | e 20[ | Vop
SEG1/CLKOUT/RA6 [ |10 19[] Vss
T1CKI/T10SO/RCO [ |11 18 | RC7/SEG8
T10SI/RC1 [|12 17[ ] RC6/SEGY
SEG3/RC2 []13 16 ] RC5/SEG10
SEG6/RC3 [ |14 15[ ] RC4/IT1G/SEG11

Note 1: These pins have interrupt-on-change functionality.

DS40001455F-page 2 © 2011-2016 Microchip Technology Inc.


http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en549753
http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en549753
http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en553476
http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en549755

PIC16LF1902/3

FIGURE 1-1: PIC16LF1902/3 BLOCK DIAGRAM
Program
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Note 1: See applicable chapters for more information on peripherals.
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PIC16LF1902/3

TABLE 1-2: PIC16LF1902/3 PINOUT DESCRIPTION (CONTINUED)
Name Function I_Ir_lyppuet O_Il_;tg:t Description
RB4(D/AN11/COMO RB4 TTL | CMOS | General purpose 1/0O.
AN11 AN — A/D Channel 11 input.
COMO — AN | LCD Analog output.
RB5(1/AN13/COM1 RB5 TTL | CMOS | General purpose 1/0O.
AN13 AN — A/D Channel 13 input.
COM1 — AN | LCD Analog output.
RB6(1/ICSPCLK/SEG14 RB6 TTL | CMOS | General purpose /0.
ICSPCLK ST — Serial Programming Clock.
SEG14 — AN | LCD Analog output.
RB7(W/ICSPDAT/SEG13 RB7 TTL | CMOS | General purpose I/O.
ICSPDAT ST CMOS | ICSP™ Data /0.
SEG13 — AN | LCD Analog output.
RCO/T10SO/T1CKI RCO TTL | CMOS | General purpose /0.
T10SO XTAL | XTAL | Timer1 oscillator connection.
T1CKI ST — Timer1 clock input.
RC1/T10SI RC1 TTL | CMOS | General purpose /0.
T10SI XTAL | XTAL | Timer1 oscillator connection.
RC2/SEG3 RC2 TTL | CMOS | General purpose 1/0O.
SEG3 — AN | LCD Analog output.
RC3/SEG6 RC3 TTL | CMOS | General purpose /0.
SEG6 — AN | LCD Analog output.
RC4/T1G/SEG11 RC4 TTL | CMOS | General purpose /0.
T1G XTAL | XTAL | Timer1 oscillator connection.
SEG11 — AN | LCD Analog output.
RC5/SEG10 RC5 TTL | CMOS | General purpose 1/0O.
SEG10 — AN | LCD Analog output.
RC6/SEG9 RC6 ST CMOS | General purpose I/0.
SEG9 — AN | LCD Analog output.
RC7/SEG8 RC7 ST CMOS | General purpose I/0O.
SEG8 — AN | LCD Analog output.
RE3/MCLR/VPP RE3 TTL | CMOS | General purpose I/O.
MCLR ST — Master Clear with internal pull-up.
VPP HV — Programming voltage.
VDD VDD Power — Positive supply.
Vss Vss Power — Ground reference.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open-Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels I’C = Schmitt Trigger input with 1’c
HV = High Voltage XTAL = Crystal levels

Note 1:

These pins have interrupt-on-change functionality.

© 2011-2016 Microchip Technology Inc.
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PIC16LF1902/3

FIGURE 3-1: PROGRAM MEMORY MAP FIGURE 3-2:
AND STACK FOR
PIC16LF1902

PROGRAM MEMORY MAP
AND STACK FOR

PIC16LF1903
PC<14:0> PC<14:0>
CALL, CALLW 15 CALL, CALLW 15
RETURN, RETLW RETURN, RETLW
Interrupt, RETFI E Interrupt, RETFI E
Stack Level 0 Stack Level 0
Stack Level 1 Stack Level 1
. .
[ [ ]
Stack Level 15 Stack Level 15
Reset Vector 0000h Reset Vector 0000h
[ ] [ ]
: “ : -~
Interrupt Vector 0004h Interrupt Vector 0004h
On-chip 0005h 0005h
Program Page 0 . Page 0
Memory 07FFh S“'Ch'p 07FFh
- rogram
Rollover to Page 0 0800h Memory 0800h
Page 1
OFFFh
Rollover to Page 0 1000h
[ ]
.
]
(]
(]
Rollover to Page 0 7EFFh Rollover to Page 1 S
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PIC16LF1902/3

TABLE 3-5: SPECIAL FUNCTION REGISTER SUMMARY
; : . . ) ) . ) value on Value on all
Addr Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR ;;22{5
Bank 0
00Ch [PORTA PORTA Data Latch when written: PORTA pins when read XXXX XXXX [uuuu uuuu
00Dh [PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX [uuuu uuuu
00Eh [PORTC PORTC Data Latch when written: PORTC pins when read XXXX XXXX [uuuu uuuu
00Fh |— Unimplemented — —
010h |PORTE — — — — RE3 — — — seee Xeee|mee- U---
011h |PIR1 TMR1GIF ADIF — — — — TMR1IF |00-- ---0/0000 ---0
012h |PIR2 — — — — — LCDIF — — ---- -0--|---- -0--
013h [— Unimplemented — —
014h [— Unimplemented — —
015h [TMRO Timer0 Module Register XXXX XXXX [uuuu uuuu
016h [TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX [uuuu uuuu
017h [TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX [uuuu uuuu
018h |T1CON TMR1CS1 | TMR1CSO | TICKPS1 | T1CKPSO | T1TOSCEN | T1SYNC — TMR1ON {0000 00- 0 |uuuu uu-u
019h |T1GCON TMR1GE | T1GPOL T1GTM T1GSPM T1GGO/ | T1GVAL | T1GSS1 | T1GSSO |0000 0x00 [uuuu uxuu
DONE
01Ah
to |— Unimplemented — —
01Fh
Bank 1
08Ch [TRISA PORTA Data Direction Register 1111 11111111 1111
08Dh [TRISB PORTB Data Direction Register 1111 11111111 1111
08Eh [TRISC PORTC Data Direction Register 1111 11111111 1111
08Fh [— Unimplemented — —
090h |TRISE — — — — —@ — — — RN TR EETE T
091h |PIE1 TMR1GIE ADIE — — — — — TMR1IE |00-- ---0|0000 ---0
092h |PIE2 — — — — — LCDIE — — ---- -0--|---- -0--
093h [— Unimplemented — —
094h [— Unimplemented — —
095h |OPTION_REG WPUEN | INTEDG | TMROCS | TMROSE PSA PS2 PS1 PSO 1111 1111|1111 1111
096h |PCON STKOVF | STKUNF — RWDT RMCLR RI POR BOR |00-1 11qql|qq-q qquu
097h |WDTCON — — WDTPS4 | WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO | SWDTEN |--01 0110|--01 0110
098h [— Unimplemented — —
099h |OSCCON — IRCF3 IRCF2 IRCF1 IRCFO — SCS1 SCS0 |-011 1-00(-011 1-00
09Ah |OSCSTAT T10SCR — OSTS HFIOFR — — LFIOFR | HFIOFS |0-q0 --00|g-qq --0q
09Bh [ADRESL A/D Result Register Low XXXX XXXX [uuuu uuuu
09Ch |ADRESH A/D Result Register High XXXX XXXX |uuuu uuuu
09Dh |ADCONO — CHS4 CHS3 CHS2 CHSH1 CHSO0 GO/DONE | ADON |-000 0000 |- 000 0000
09Eh |ADCON1 ADFM ADCS2 ADCS1 ADCS0 — — ADPREF1 | ADPREF0|0000 ----|0000 ----
09Fh [— Unimplemented — —
Legend: X =unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.

Note

Shaded locations are unimplemented, read as ‘0.
1:  These registers can be addressed from any bank.

2: Unimplemented, read as ‘1’.

DS40001455F-page 22
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PIC16LF1902/3

5.1 Power-on Reset (POR)

The POR circuit holds the device in Reset until VDD has
reached an acceptable level for minimum operation.
Slow rising VDD, fast operating speeds or analog
performance may require greater than minimum VDD.
The PWRT, BOR or MCLR features can be used to
extend the start-up period until all device operation
conditions have been met.

5.1.1 POWER-UP TIMER (PWRT)

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 acceptable level. The Power-up Timer is
enabled by clearing the PWRTE bit in Configuration
Word 1.

The Power-up Timer starts after the release of the POR
and BOR.

For additional information, refer to Application Note
ANB07, “Power-up Trouble Shooting” (DS00607).

5.2 Brown-Out Reset (BOR)

The BOR circuit holds the device in Reset when VDD
reaches a selectable minimum level. Between the
POR and BOR, complete voltage range coverage for
execution protection can be implemented.

The Brown-out Reset module has four operating
modes controlled by the BOREN<1:0> bits in Configu-
ration Word 1. The four operating modes are:

* BORis always on

* BOR is off when in Sleep

* BORis controlled by software

* BOR is always off

Refer to Table 5-1 for more information.

The Brown-out Reset voltage level is selectable by
configuring the BORV bit in Configuration Word 2.

A VDD noise rejection filter prevents the BOR from
triggering on small events. If VDD falls below VBOR for
a duration greater than parameter TBORDC, the device
will reset. See Figure 5-2 for more information.

TABLE 5-1: BOR OPERATING MODES
Device Operation Device Operation
BOREN<1:0> SBOREN Device Mode BOR Mode P upon wake- up from
upon release of POR
Sleep
11 X X Active Waits for BOR ready(?)
Awake Active
10 X Waits for BOR ready
Sleep Disabled
1 X Active Waits for BOR ready®
01
0 X Disabled Begins immediately
00 X X Disabled Begins immediately

Note 1: Inthese specific cases, “Release of POR” and “Wake-up from Sleep”, there is no delay in start-up. The BOR

ready flag, (BORRDY = 1), will be set before the CPU is ready to execute instructions because the BOR

circuit is forced on by the BOREN<1:0> bits.

5.2.1 BOR IS ALWAYS ON

When the BOREN bits of Configuration Word 1 are set
to ‘11’, the BOR is always on. The device start-up will
be delayed until the BOR is ready and VDD is higher
than the BOR threshold.

BOR protection is active during Sleep. The BOR does
not delay wake-up from Sleep.

5.2.2 BOR IS OFF IN SLEEP

When the BOREN bits of Configuration Word 1 are set
to ‘10’, the BOR is on, except in Sleep. The device
start-up will be delayed until the BOR is ready and VDD
is higher than the BOR threshold.

BOR protection is not active during Sleep. The device
wake-up will be delayed until the BOR is ready.

5.2.3 BOR CONTROLLED BY SOFTWARE

When the BOREN bits of Configuration Word 1 are set
to ‘01, the BOR is controlled by the SBOREN bit of the
BORCON register. The device start-up is not delayed
by the BOR ready condition or the VDD level.

BOR protection begins as soon as the BOR circuit is
ready. The status of the BOR circuit is reflected in the
BORRDY bit of the BORCON register.

BOR protection is unchanged by Sleep.

© 2011-2016 Microchip Technology Inc.
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PIC16LF1902/3

FIGURE 7-2: INTERRUPT LATENCY

a1iaz2iasja4/atjaz{asiaslatiaziasia4|ariazasias|a1iaz|a3ia4|a1ia2ia3as|Q1 Q2}a3i4 @1{a2]Q3]Q4
[ [
CLKOUT / / Interrupt Sampled / / I
during Q1
Interrupt /
GIE \
PC { PC-1 PC PC+1 0004h 0005h
Execute | 1 Cycle Instruction at PC | Inst(PC) NOP NOP Inst(0004h)
Interrupt /
GIE \
PC+1/FSR New PC/
PC { PC-1 PC ADDR PC+1 0004h 0005h
Execute| 2 Cycle Instruction at PC |  Inst(PC) NOP NOP Inst(0004h)
Interrupt /
GIE \
PC PC-1 PC > FSR ADDR PC+1 PC+2 0004h 0005h
Execute 3 Cycle Instruction at PC | INST(PC) NOP NOP NOP Inst(0004h) Inst(0005h)
Interrupt /
GIE \
PC PC-1 PC > FSR ADDR PC+1 PQ+2 0004h 0005h
Execute | 3 Cycle Instruction at PC | INST(PC) NOP NOP NOP NOP Inst(0004h)
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PIC16LF1902/3

REGISTER 11-4: ANSELA: PORTA ANALOG SELECT REGISTER

u-0 uU-0 R/W-1/1 u-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — ANSA5 — ANSA3 ANSA2 ANSA1 ANSAO
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
bit 7-6 Unimplemented: Read as ‘0’
bit 5 ANSADG: Analog Select between Analog or Digital Function on pins RA5, respectively

0 = Digital /0. Pin is assigned to port or digital special function.
1= Analog input. Pin is assigned as analog input!). Digital input buffer disabled.

bit 4 Unimplemented: Read as ‘0’

bit 3-0 ANSA<3:0>: Analog Select between Analog or Digital Function on pins RA<3:0>, respectively

0 = Digital I/0O. Pin is assigned to port or digital special function.
1 = Analog input. Pin is assigned as analog input(l). Digital input buffer disabled.

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to
allow external control of the voltage on the pin.

TABLE 11-3: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
ANSELA — — ANSA5 — ANSA3 ANSA2 ANSA1 ANSAO 91
LATA LATA7 LATAG LATAS LATA4 LATA3 LATA2 LATA1 LATAO 90
OPTION_REG | WPUEN INTEDG | TMROCS | TMROSE PSA PS<2:0> 121
PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO 90
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 90
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.
TABLE 11-4: SUMMARY OF CONFIGURATION WORD WITH PORTA
Name |Bits| Bit-/7 Bit -/6 Bit 13/5 Bit 12/4 Bit11/3 | Bit10/2 | Bit9/1 Bitsio | Redister
on Page
13:8 — — — — CLKOUTEN BOREN<1:0> —
CONFIG1 — —— 34
7:0 CP MCLRE PWRTE WDTE<1:0> — FOSC<1:0>
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by PORTA.

© 2011-2016 Microchip Technology Inc. DS40001455F-page 91




PIC16LF1902/3

REGISTER 11-5:

PORTB: PORTB REGISTER

u = Bit is unchanged

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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 7-0 RB<7:0>: PORTB General Purpose I/0 Pin bits™®)
1 = Port pinis > VIH
0 = Port pin is < VIL
Note 1. Writes to PORTB are actually written to corresponding LATB register. Reads from PORTB register is

REGISTER 11-6:

return of actual I/O pin values.

TRISB: PORTB TRI-STATE REGISTER

u = Bit is unchanged
‘1’ = Bitis set

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
bit 7 bit 0

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

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

‘0’ = Bit is cleared

bit 7-0

REGISTER 11-7:

TRISB<7:0>: PORTB Tri-State Control bits
1 = PORTB pin configured as an input (tri-stated)
0 = PORTB pin configured as an output

LATB: PORTB DATA LATCH REGISTER

u = Bit is unchanged

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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 7-0 LATB<7:0>: PORTB Output Latch Value bits(?)

Note 1: Writes to PORTB are actually written to corresponding LATB register. Reads from PORTB register is
return of actual I/O pin values.

© 2011-2016 Microchip Technology Inc. DS40001455F-page 93




PIC16LF1902/3

REGISTER 11-8:

ANSELB: PORTB ANALOG SELECT REGISTER

uU-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— | — | AnsBs | ANsB4 | ANSB3 | ANsB2 ANSB1 ANSBO
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 7-6 Unimplemented: Read as ‘0’
bit 5-0 ANSB<5:0>: Analog Select between Analog or Digital Function on pins RB<5:0>, respectively
0 = Digital I/O. Pin is assigned to port or digital special function.
1= Analog input. Pin is assigned as analog input(l). Digital input buffer disabled.
Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to allow external

control of the voltage on the pin.

REGISTER 11-9:

WPUB: WEAK PULL-UP PORTB REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
WPUB7 | WPUBG6 WPUBS5 | WPUB4 WPUB3 | WPUB2 WPUB1 WPUBO
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 7-0 WPUB<7:0>: Weak Pull-up Register bits
1 = Pull-up enabled
0 = Pull-up disabled
Note 1: Global WPUEN bit of the OPTION_REG register must be cleared for individual pull-ups to be enabled.

2:  The weak pull-up device is automatically disabled if the pin is in configured as an output.

TABLE 11-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 94
LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO 93
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 93
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 93
WPUB WPUB7 WPUB6 WPUBS5 WPUB4 WPUB3 WPUB2 WPUBH1 WPUBO 94
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTB.

DS40001455F-page 94
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PIC16LF1902/3

REGISTER 11-10: PORTC: PORTC REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO

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’ = Bitis cleared
bit 7-0 RC<7:0>: PORTC General Purpose /O Pin bits®

1 = Port pinis > VIH
0 = Port pin is < VIL

Note 1. Writes to PORTC are actually written to corresponding LATC register. Reads from PORTC register is
return of actual I/O pin values.

REGISTER 11-11: TRISC: PORTC TRI-STATE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
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 7-0 TRISC<7:0>: PORTC Tri-State Control bits%)

1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output

REGISTER 11-12: LATC: PORTC DATA LATCH REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATCO
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 7-0 LATC<7:0>: PORTC Output Latch Value bits®)

Note 1: Writes to PORTC are actually written to corresponding LATC register. Reads from PORTC register is
return of actual I/O pin values.
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REGISTER 15-2: ADCON1: A/D CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 U-0 uU-0 R/W-0/0 R/W-0/0
ADFM ADCS<2:0> — — ADPREF<1:0>
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 ADFM: A/D Result Format Select bit
1 = Right justified. Six Most Significant bits of ADRESH are set to ‘0’ when the conversion result is
loaded.
0 = Left justified. Six Least Significant bits of ADRESL are set to ‘0’ when the conversion result is
loaded.
bit 6-4 ADCS<2:0>: A/D Conversion Clock Select bits
000 = Fosc/2
001 = Fosc/8

010 = Fosc/32

011 = FRc (clock supplied from a dedicated RC oscillator)
100 = Fosc/4

101 = Fosc/16

110 = Fosc/64

111 = FRC (clock supplied from a dedicated RC oscillator)

bit 3-2 Unimplemented: Read as ‘0’

bit 1-0 ADPREF<1:0>: A/D Positive Voltage Reference Configuration bits
00 = VREF+ is connected to VDD
01 = Reserved

10 = VREF+ is connected to external VREF+ pin(l)
11 = Reserved

Note 1: When selecting the FVR or the VREF+ pin as the source of the positive reference, be aware that a
minimum voltage specification exists. See Section 21.0 “Electrical Specifications” for details.
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17.0 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

» Dedicated 32 kHz oscillator circuit

» Multiple Timer1 gate (count enable) sources

* Interrupt on overflow

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

» Selectable Gate Source Polarity
» Gate Toggle mode

» Gate Single-pulse mode

» Gate Value Status

» Gate Event Interrupt

FIGURE 17-1: TIMER1 BLOCK DIAGRAM

Figure 17-1 is a block diagram of the Timer1 module.

T1GSS<1:0>

From TimerO
Overflow T1GVAL 5 3 Data Bus
Single Pulse RD
T Acq. Control Q1— EN T1GCON
T1GGO/DONE J Interrupt | set
T N_det TMR1GIF
T1GPOL
TMR1GE
Set flag bit
TMR1IF on
Overflow @
L bl EN ﬁ Synchronized
TMR1H TMRIL ||, T1CLK clock input
Lt
TMR1CS<1:0> IOV
T10SO g '_ OUT —
Reserved —{ 11 —
T1ose 1 Prescaler Synchronize
1,2,4,8 _/_
L det
71081 [X}— EN 1 j(
0 2
Fosc T1CKPS<1:0>
Internal — 01
Clock Fosc/2 _
R Internal Sleep input
Fosc/4 Clock
@ Internal — 00 0C
Clock
T1cki X ,l>

Note 1:

ST Buffer is high speed type when using T1CKI.
2: Timer1 register increments on rising edge.
3: Synchronize does not operate while in Sleep.

To LCD and Clock Switching Modules

DS40001455F-page 122

© 2011-2016 Microchip Technology Inc.



PIC16LF1902/3

BCF Bit Clear f BTFSC Bit Test f, Skip if Clear
Syntax: [label ] BCF fb Syntax: [ label ] BTFSC fb
Operands: 0<f<127 Operands: 0<f<127
0<b<7 0<b<7
Operation: 0 - (f<b>) Operation: skip if (f<b>) =0
Status Affected: None Status Affected: None
Description: Bit ‘b’ in register 'f’ is cleared. Description: If bit ‘b’ in register ‘' is ‘1’, the next
instruction is executed.
If bit ‘b’, in register f', is ‘0’, the next
instruction is discarded, and a NOP is
executed instead, making this a
2-cycle instruction.
BRA Relative Branch BTFSS Bit Test f, Skip if Set
Syntax: [label ] BRA label Syntax: [label ] BTFSS f,b
[label]BRA $+k Operands: 0<f<127
Operands: -256 < label - PC + 1 <255 0<b<7
-256 <k <255 Operation: skip if (f<b>) =1
Operation: (PC)+1+k—>PC Status Affected: None
Status Affected: None Description: If bit ‘b’ in register ‘' is ‘0’, the next
Description: Add the signed 9-bit literal 'k’ to the instruction is executed.
PC. Since the PC will have incre- If bit ‘b” is ‘1’, then the next
mented to fetch the next instruction, instruction is discarded and a NOP is
the new address will be PC + 1 + k. executed instead, making this a
This instruction is a 2-cycle instruc- 2-cycle instruction.
tion. This branch has a limited range.
BRW Relative Branch with W
Syntax: [ label ] BRW
Operands: None
Operation: (PC) + (W) —» PC
Status Affected: None
Description: Add the contents of W (unsigned) to
the PC. Since the PC will have incre-
mented to fetch the next instruction,
the new address willbe PC + 1 + (W).
This instruction is a 2-cycle instruc-
tion.
BSF Bit Set f
Syntax: [label ] BSF f,b
Operands: 0<f<127
0<b<7
Operation: 1 — (f<b>)
Status Affected: None
Description: Bit ‘b’ in register f’ is set.
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DECFSZ Decrement f, Skip if O

Syntax: [label] DECFSz fd

Operands: 0<f<127
de[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: QOTOis 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: VA

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 fd

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 resultis ‘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: V4

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'.

DS40001455F-page 176

© 2011-2016 Microchip Technology Inc.



PIC16LF1902/3

TABLE 21-3:

POWER-DOWN CURRENTS (IrD)

PIC16LE1902 Standard Operating Conditions (unless otherwise stated)
Pa'\;'gm. Device Characteristics Min Typt +'\ggfc +2A;5X°'C Units Conditions
: VDD Note
Power-down Base Current (IPD)(Z)
D023 — 0.15 1.0 3.0 pA 1.8 WDT, BOR, FVR and T10SC
_ 0.16 20 4.0 uA 30 disabled, all Peripherals Inactive
— 0.65 3.0 5.0 pA 3.6
D024 — 0.27 2.0 4.0 pA 1.8 WDT Current (Note 1)
— 0.56 3.0 5.0 pA 3.0
— 0.75 4.0 6.0 pA 3.6
D025 — 17.5 31 35 pA 1.8 FVR current
— 17.7 33 38 pA 3.0
— 17.8 35 41 pA 3.6
D026 — 0.15 2.3 3.56 pA 3.0 LPBOR current
— 0.21 34 4.70 pA 3.6
D027 — 7.0 10 12 pA 3.0 BOR Current
— 7.5 12 14 pA 3.6
D028 — 0.50 2.0 4.0 pA 1.8 T10SC Current
— 0.60 3.0 5.0 pA 3.0
— 0.70 4.0 6.0 pA 3.6
D029 — 0.40 2.0 4.0 pA 1.8 | ADC Current (Note 1, Note 3),
_ 0.70 3.0 50 uA 3.0 no conversion in progress
— 0.90 4.0 6.0 pA 3.6
D030 — — 250 — pA 1.8 ADC Current (Note 1, Note 3),
_ _ 250 _ LA 3.0 conversion in progress
— — 250 — pA 3.6
D031 LCD Bias Ladder
Low power| — 1 2 6 HA 1.8
Medium Power | — 10 13 21 tA 3.0
High Power| — 100 1M 120 pA 3.6
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Legend: TBD = To Be Determined
Note 1: The peripheral current is the sum of the base IDD or IPD and the additional current consumed when this peripheral is
enabled. The peripheral A current can be determined by subtracting the base IDD or IPD current from this limit. Max
values should be used when calculating total current consumption.
2:  The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD.
3:  A/D oscillator source is FRC.
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TABLE 21-7: CLOCK OSCILLATOR TIMING REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)

Pa’\:gm. Sym. Characteristic Min. Typt Max. Units Conditions
0S01 |Fosc |External CLKIN Frequency® DC — 0.5 MHz |External Clock (ECL)
DC — 4 MHZz | External Clock (ECM)
DC - 20 MHZz | External Clock (ECH)
0S02 |Tosc |External CLKIN Period® 50 — o ns |External Clock (EC)
0S03 |Tev Instruction Cycle Time™ 200 Tey DC ns |Tcy = 4/Fosc

*

+

Note 1:

These parameters are characterized but not tested.

Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

Instruction cycle period (TcY) equals four times the input oscillator time base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at “min” values with an external clock applied to CLKIN pin. When an external
clock input is used, the “max” cycle time limit is “DC” (no clock) for all devices.

TABLE 21-8: OSCILLATOR PARAMETERS

Standard Operating Conditions (unless otherwise stated)

Param. Sym. Characteristic Freg. Min. | Typt | Max. | Units Conditions
No. Tolerance
0S08 HFosc | Internal Calibrated HFINTOSC +8% — 16 — MHz |0°C < TA<+85°C
Frequency® +6.5% — 16 — | MHz |VvDD=3.0Vat+25°C
OS10A* | Tiosc sT | HFINTOSC 16 MHz — — 5 15 us | VDD = 2.0V, -40°C to +85°C
Oscillator Wake-up from Sleep _ _ 5 15 us | VoD = 3.0V, -40°C to +85°C
Start-up Time

Note 1:

These parameters are characterized but not tested.

Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.

Instruction cycle period (TcY) equals four times the input oscillator time base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing
code. Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current
consumption. All devices are tested to operate at “min” values with an external clock applied to the OSC1 pin. When an
external clock input is used, the “max” cycle time limit is “DC” (no clock) for all devices.

To ensure these oscillator frequency tolerances, VDD and VSs must be capacitively decoupled as close to the device as
possible. 0.1 uF and 0.01 pF values in parallel are recommended.
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TABLE 21-12: PIC16LF1902/3 CONVERTER (ADC) CHARACTERISTICS(1:23)

Operating Conditions (unless otherwise stated)
VDD = 3.0V, TA = 25°C
Pa;\:ztm. Sym. Characteristic Min. | Typt | Max. [Units Conditions
ADO1 |NR Resolution — — 10 bit
ADO2 |EIL Integral Error — +1 1.7 | LSb |VREF = 3.0V
ADO3 |EpL |Differential Error — +1 +1 LSb |No missing codes
VREF = 3.0V
ADO04 |EoFF |Offset Error — +1 2.5 | LSb |VREF = 3.0V
AD05 |EGN |Gain Error — +1 +2.0 | LSb |VREF = 3.0V
ADO6 |VREF |Reference Voltage 1.8 — VDD V  |VREF = (VRPOS - VRNEG)
ADO7 |VAIN |Full-Scale Range Vss — VREF Vv
ADO8 |ZAIN |Recommended Impedance of — — 10 kQ |[Can go higher if external 0.01uF capacitor is
Analog Voltage Source present on input pin.

*

These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1:Total Absolute Error includes integral, differential, offset and gain errors.
2: The ADC conversion result never decreases with an increase in the input voltage and has no missing codes.
3: See Section 22.0 “DC and AC Characteristics Graphs and Charts” for operating characterization.

TABLE 21-13: PIC16LF1902/3 A/D CONVERSION REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)

Pﬁt\:gm' Sym. Characteristic Min. Typt Max. | Units Conditions
AD130* | TAD |ADC Clock Period (TADC) 1.0 — 6.0 | ps |Fosc-based

ADC Internal FRC Oscillator Period (TFRC) 1.0 2.0 6.0 ps |ADCS<2:0> =x11 (ADC FRC mode)
AD131 |TcNv | Conversion Time — 1 — | TAD |Set GO/DONE bit to conversion

(not including Acquisition Time)(l) complete
AD132* | TAca |Acquisition Time — 5.0 — us
AD133* | THcD |Holding Capacitor Disconnect Time — 1/2 TAD — Fosc-based

— |12TaD+1TCY| — ADCS<2:0> = x11 (ADC FRC mode)

*

These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: The ADRES register may be read on the following Tcy cycle.
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28-Lead Plastic Shrink Small Outline (SS) - 5.30 mm Body [SSOP]

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

Jﬁﬂiﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

SILK SCREEN
C
o |l -
G —»| |=— 4>l |<— X1 t
E
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits| MIN_ [ NOM | MAX
Contact Pitch E 0.65 BSC
Contact Pad Spacing C 7.20
Contact Pad Width (X28) X1 0.45
Contact Pad Length (X28) Y1 1.75
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. C04-2073A
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APPENDIX A: DATA SHEET
REVISION HISTORY

Revision A (01/2011)

Original release.

Revision B (04/2011)

Revised Sections: Flexible Oscillator Structure;
Low-Power Features; Electrical Specifications;
Changed ULPBOR to LPBOR.

Revision C (07/2014)

Updated Example 3-2, Register 4-2 and Table 5-1;
Updated section 6, Oscillator Module, and section 9,
Watchdog Timer; Updated table 10-3 and Figure 18-7;
Removed Figure 19-1; Updated section 21, Electrical
Specifications; Other minor corrections.

Revision D (04/2015)

Updated Equation 15-1; Figures 5-1, 18-7, 21-2, and
21-8; Register 4-2; Sections 4.1, 18.4.5, and 21.0; and
Table 5-1, 9-2, 10-4, 21-1, and 21-10.

Revision E (01/2016)

Added ‘Memory’ section; Updated ‘PIC16LF1902/3
Family Types’ table; Other minor corrections.

Revision F (05/2016)

Updated Figure 21-2. Removed parameter 34A in
Table 21-10. Removed Table 18-7, LCD Worksheet.
Other minor corrections.

© 2011-2016 Microchip Technology Inc. DS40001455F-page 215



