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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

7KB (4K x 14)

FLASH

256 x 8

1.8V ~ 3.6V

A/D 11x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

28-SOIC (0.295", 7.50mm Width)
28-S0IC
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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.
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FIGURE 2: 28-PIN UQFN
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COM2/AN2/RA2 | 1 @ 21 | RB3W/AN9/SEG26/VLCD3
SEG15/COM3/VREF+/AN3/RA3 || 2 20 | RB2(W/ANS/SEG25/VLCD2
SEG4/TOCKI/RA4 || 3 19 | RB1/AN10/SEG24/VLCD1
SEG5/AN4/RAS | 4  PICIBLF1902/3 g 1 RBOW/AN12/INT/SEGO
Vss || 5 17 | Vobp
SEG2/CLKIN/RAT || 6 16 | Vss
SEG1/CLKOUT/RAG | 7 15 | RC7/SEGS
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Note 1: These pins have interrupt-on-change functionality.
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FIGURE 2-1: CORE BLOCK DIAGRAM
15 Configuration |
15 Data Bus 8
Cri( Program Counter |< ‘
Flash {7
§ Program
=
. Memory 16-Level Stack RAM
(15-bit)
Program
Bus 14 = Program Memory j/F 12 RAM Addr
Read (PMR)
\ Addr MUX
Instruction Reg ;
| [T Direct Addr 7 Indirect
5 12 12
15 BSR Reg
FSRO Reg
FSR1 Reg
15 STATUS Reg
8
SN Mmux
Power-up
\V/ Timer ﬂ J
Instruction Oscillator
Decode and K—>1{ | Start-up Timer ALU
Control Power-on |
C%(m Reset 8
Timing Watchdog
CLKOUT Generation [<— Timer
Brown-out
Reset
Internal
Oscillator
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VDD Vss
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TABLE 3-3: PIC16LF1902/3 MEMORY MAP
BANK 0 BANK 1 BANK 2 BANK 3 BANK 4 BANK 5 BANK 6 BANK 7
000h 080h 100h 180h 200h 280h 300h 380h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
00Bh 08Bh 10Bh 18Bh 20Bh 28Bh 30Bh 38Bh
00Ch PORTA 08Ch TRISA 10Ch LATA 18Ch ANSELA 20Ch — 28Ch — 30Ch — 38Ch —
00Dh PORTB 08Dh TRISB 10Dh LATB 18Dh ANSELB 20Dh WPUB 28Dh — 30Dh — 38Dh —
00Eh PORTC 08Eh TRISC 10Eh LATC 18Eh — 20Eh — 28Eh — 30Eh — 38Eh —
00Fh — 08Fh — 10Fh — 18Fh — 20Fh — 28Fh — 30Fh — 38Fh —
010h PORTE 090h — 110h — 190h — 210h WPUE 290h — 310h — 390h —
011h PIR1 091h PIE1 111h — 191h PMADRL 211h — 291h — 311h — 391h —
012h PIR2 092h PIE2 112h — 192h PMADRH 212h — 292h — 312h — 392h —
013h — 093h — 113h — 193h PMDATL 213h — 293h — 313h — 393h —
014h — 094h — 114h — 194h PMDATH 214h — 294h — 314h — 394h I0CBP
015h TMRO 095h | OPTION_REG | 115h — 195h PMCON1 215h — 295h — 315h — 395h IOCBN
016h TMR1L 096h PCON 116h BORCON 196h PMCON2 216h — 296h — 316h — 396h IOCBF
017h TMR1H 097h WDTCON 117h FVRCON 197h — 217h — 297h — 317h — 397h —
018h T1CON 098h — 118h — 198h — 218h — 298h — 318h — 398h —
019h T1GCON 099h OSCCON 119h — 199h — 219h — 299h — 319h — 399h —
01Ah — 09Ah OSCSTAT 11Ah — 19Ah — 21Ah — 29Ah — 31Ah — 39Ah —
01Bh — 09Bh ADRESL 11Bh — 19Bh — 21Bh — 29Bh — 31Bh — 39Bh —
01Ch — 09Ch ADRESH 11Ch — 19Ch — 21Ch — 29Ch — 31Ch — 39Ch —
01Dh — 09Dh ADCONO 11Dh — 19Dh — 21Dh — 29Dh — 31Dh — 39Dh —
01Eh — 09Eh ADCON1 11Eh — 19Eh — 21Eh — 29Eh — 31Eh — 39Eh —
01Fh — 09Fh — 11Fh — 19Fh — 21Fh — 29Fh — 31Fh — 39Fh —
020h 0AOh | General Purpose 120h 1A0h 220h 2A0h 320h 3A0h
Register General
32 Bytes 13Fh Purpose Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented
General General Purpose 140h 8(I)ReBglste(rn Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’
Purpose Register ytes
06Fh gg%‘;{:; oErn| 48Bytes) | 4gry 1EFh 26Fh 2EFh 36Fh 3EFh
070h OFOh 170h 1FOh 270h 2F0h 370h 3FOh
Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h —7Fh 70h —7Fh 70h —7Fh 70h —7Fh 70h —7Fh 70h —7Fh 70h — 7Fh
07Fh OFFh 17Fh 1FFh 27Fh 2FFh 37Fh 3FFh
Legend: = Unimplemented data memory locations, read as ‘0.
Note 1: PIC16LF1903 only.
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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

REGISTER 4-1: CONFIGURATION WORD 1

U-1 U-1 R/P-1 R/P-1 R/P-1 U-1
— — CLKOUTEN BOREN<1:0> —
bit 13 bit 8
R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 U-1 R/P-1 R/P-1
CP MCLRE PWRTE WDTE<1:0> — FOSC<1:0>
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘1’
‘0’ = Bit is cleared ‘1’ = Bit is set -n = Value when blank or after Bulk Erase
bit 13-12 Unimplemented: Read as ‘1’
bit 11 CLKOUTEN: Clock Out Enable bit
1 = CLKOUT function is disabled. I/O function on the CLKOUT pin.
0 = CLKOUT function is enabled on the CLKOUT pin
bit 10-9 BOREN<1:0>: Brown-out Reset Enable bits
11 = BOR enabled
10 = BOR enabled during operation and disabled in Sleep
01 = BOR controlled by SBOREN bit of the BORCON register
00 = BOR disabled
bit 8 Unimplemented: Read as ‘1’
bit 7 CP: Code Protection bit
1 = Program memory code protection is disabled
0 = Program memory code protection is enabled
bit 6 MCLRE: MCLR/VPP Pin Function Select bit
If LVP bit = 1:
This bit is ignored.
If LVP bit = 0
1 = MCLR/VPP pin function is MCLR; Weak pull-up enabled.
0 = MCLR/VPP pin function is digital input; MCLR internally disabled; Weak pull-up under control of
WPUES3 bit.
bit 5 PWRTE: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled
bit 4-3 WDTE<1:0>: Watchdog Timer Enable bit
11 =WDT enabled
10 =WDT enabled while running and disabled in Sleep
01 =WDT controlled by the SWDTEN bit in the WDTCON register
00 =WDT disabled
bit 2 Unimplemented: Read as ‘1’
bit 1-0 FOSC<1:0>: Oscillator Selection bits

00 =INTOSC oscillator: I/0 function on CLKIN pin

01 = ECL: External Clock, Low-Power mode (0-0.5 MHz): device clock supplied to CLKIN pin

10 = ECM: External Clock, Medium-Power mode (0.5-4 MHz): device clock supplied to CLKIN pin
11 = ECH: External Clock, High-Power mode (4-32 MHz): device clock supplied to CLKIN pin

DS40001455F-page 34
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50 RESETS A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 5-1.
There are multiple ways to reset this device:

» Power-on Reset (POR)

» Brown-out Reset (BOR)

» Low-Power Brown-out Reset (LPBOR)

+ MCLR Reset

« WDT Reset

* RESET instruction

+ Stack Overflow

+ Stack Underflow

* Programming mode exit

To allow VDD to stabilize, an optional power-up timer

can be enabled to extend the Reset time after a BOR
or POR event.

FIGURE 5-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

Rev. 10-000006A
8/1412013

ICSP™ Programming Mode Exit

RESET Instruction

Stack Underflow

Stack Overlfow
S o =
MCLRE ——
VPP/MCLR
Sleep
I /
Time-out Device
Reset
E Power-on Z:
Reset
VDD
BOR
Active™ |
| Brgwn-ct)ut R Power-up
ese —b&  Timer L
LFINTOSC —— R J—
LPBOR PWRTE
| Reset

Note 1: See Table 5-1 for BOR active conditions.
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FIGURE 6-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM

|
I Low-Power Mode | |
: Event Switch |
| (SCS<1:0>) :
CLKIN I 2 |
EC | |
CLKIN
| |
| |
| Primary Clock 00 |
| |
Secondary Oscillator | Q |
o
L_(g_ | Q |
TACKI/
T10SO Secondary ISecondaryCIock o w» I
 — Oscillator i = 4|—>
(T10SC) =
T108I | o |
>
| |
<
| c |
______________________ - | mrosc|, X |
I—Internal Oscillator | | |
| IRCF<3:0> | |
| r—"———= _i A 4 : | | _— |
b | [
[ T = I -
| Logi 2 110 3
| oge | /4 HE4MHz | o0 2|
| I 8 HF-2MHz | 4,00 =3
=3
Primary O =z :
| | rimary Osc | g 3 /32 HF-500 kHz (1)(1)1?/ o |
| O HF-250 kHz | 1001/ &3 N
= —
| |_ _______ 117 128 HF-125 ktiz | 1000/ Q) |
0101
I /256 |—HF-62.5KHz | o100 (] I
|
| HF-31.25 kHz | 0011 =
/512 ooto Cf |
I LF-INTOSC LF-31kHz | 0001 X |
| (31 kHz) 0000
| — :
| e _____ ]
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13.3 FVR Control Registers

REGISTER 13-1: FVRCON: FIXED VOLTAGE REFERENCE CONTROL REGISTER

R/W-0/0 R-a/q R/W-0/0 R/W-0/0 uU-0 uU-0 R/W-0/0 R/W-0/0
FVREN FVRRDY) TSEN TSRNG — — ADFVR<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’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 FVREN: Fixed Voltage Reference Enable bit

0 = Fixed Voltage Reference is disabled
1 = Fixed Voltage Reference is enabled
bit 6 FVRRDY: Fixed Voltage Reference Ready Flag bit(1)
0 = Fixed Voltage Reference output is not ready or not enabled
1 = Fixed Voltage Reference output is ready for use
bit 5 TSEN: Temperature Indicator Enable bit
0 = Temperature Indicator is disabled
1 = Temperature Indicator is enabled
bit 4 TSRNG: Temperature Indicator Range Selection bit
0 = VouTt = VDD - 2VT (Low Range)
1 = VouT = VDD - 4VT (High Range)
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 ADFVR<1:0>: ADC Fixed Voltage Reference Selection bit
00 = ADC Fixed Voltage Reference Peripheral output is off.
01 = ADC Fixed Voltage Reference Peripheral output is 1x (1.024V)
10 = ADC Fixed Voltage Reference Peripheral output is 2x (2.048V)@
11 = Reserved

Note 1: FVRRDY will output the true state of the band gap.
2: Fixed Voltage Reference output cannot exceed VDD.

TABLE 13-2: SUMMARY OF REGISTERS ASSOCIATED WITH FIXED VOLTAGE REFERENCE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on page
FVRCON FVREN | FVRRDY | TSEN | TSRNG — — ADFVR1 | ADFVRO 104

Legend: Shaded cells are not used with the Fixed Voltage Reference.

DS40001455F-page 104 © 2011-2016 Microchip Technology Inc.
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TABLE 15-2: SUMMARY OF REGISTERS ASSOCIATED WITH ADC

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Ssgpiztge;
ADCONO — CHS4 CHS3 CHS2 CHS!1 CHSO | GO/DONE | ADON 112
ADCON1 ADFM ADCS2 ADCS1 ADCSO0 — — ADPREF1 | ADPREFO 113
ADRESH A/D Result Register High 114, 115
ADRESL A/D Result Register Low 114, 115
ANSELA — — ANSA5 — ANSA3 ANSA2 ANSA1 ANSAO0 91
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 94
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF I0CIF 60
PIE1 TMR1GIE ADIE — — — — — TMR1IE 61
PIR1 TMR1GIF ADIF — — — — — TMR1IF 63
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 90
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 93
FVRCON FVREN FVRRDY TSEN TSRNG — — ADFVR1 | ADFVRO 104
Legend: x =unknown, u = unchanged, —= unimplemented read as ‘0’, q = value depends on condition. Shaded cells are not

used for ADC module.

DS40001455F-page 118 © 2011-2016 Microchip Technology Inc.
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17.7 Timerl Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timer1 rolls
over, the Timer1 interrupt flag bit of the PIR1 register is
set. To enable the interrupt on rollover, you must set
these bits:

*« TMR1ON bit of the T1ICON register

* TMR1IE bit of the PIE1 register

* PEIE bit of the INTCON register

» GIE bit of the INTCON register

The interrupt is cleared by clearing the TMR1IF bit in
the Interrupt Service Routine.

Note:  The TMR1H:TMR1L register pair and the
TMR1IF bit should be cleared before
enabling interrupts.

FIGURE 17-2:

TIMER1 INCREMENTING EDGE

17.8 Timerl Operation During Sleep

Timer1 can only operate during Sleep when setup in

Asynchronous Counter mode. In this mode, an external

crystal or clock source can be used to increment the

counter. To set up the timer to wake the device:

*« TMR1ON bit of the T1ICON register must be set

* TMRI1IE bit of the PIE1 register must be set

» PEIE bit of the INTCON register must be set

* T1SYNC bit of the T1CON register must be set

* TMR1CS bits of the T1CON register must be
configured

» T10OSCEN bit of the T1CON register must be
configured

The device will wake-up on an overflow and execute
the next instructions. If the GIE bit of the INTCON
register is set, the device will call the Interrupt Service
Routine.

Timer1 oscillator will continue to operate in Sleep
regardless of the T1ISYNC bit setting.

T1CKI=1
when TMR1

Enabled *

T1CKI= 0

when TMR1 ————
Enabled *

Note 1: Arrows indicate counter increments.

2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of the clock.

DS40001455F-page 126
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FIGURE 17-3: TIMER1 GATE ENABLE MODE

TMR1GE

T1GPOL

maa L LT LT

T1GVAL : T

Timer1 N ><N+1>< N+ 2 N+3X N+4

FIGURE 17-4: TIMER1 GATE TOGGLE MODE
TMR1GE
T1GPOL
T1GTM

LT s ) e O e A L AN B
T T L LT T T L T L LT

T1GVAL ] I
Timer1 N XN+ Y+ 2N+ (N +4 X+ 5+ o+ 7XN+8
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17.10 Timerl Gate Control Register

The Timer1 Gate Control register (T1GCON), shown in
Register 17-2, is used to control Timer1 gate.

REGISTER 17-2: T1GCON: TIMER1 GATE CONTROL REGISTER

R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W/HC-0/u R-x/x R/W-0/u R/W-0/u
TMR1GE T1GPOL T1GTM T1GSPM T1GGO/ T1GVAL T1GSS<1:0>
DONE
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 HC = Bit is cleared by hardware
bit 7 TMR1GE: Timer1 Gate Enable bit
If TMR1ON = 0
This bit is ignored
If TMR1ON = 1:

1 = Timer1 counting is controlled by the Timer1 gate function
0 = Timer1 counts regardless of Timer1 gate function
bit 6 T1GPOL: Timer1 Gate Polarity bit
1 = Timer1 gate is active-high (Timer1 counts when gate is high)
0 = Timer1 gate is active-low (Timer1 counts when gate is low)
bit 5 T1GTM: Timer1 Gate Toggle Mode bit
1 = Timer1 Gate Toggle mode is enabled
0 = Timer1 Gate Toggle mode is disabled and toggle flip-flop is cleared
Timer1 gate flip-flop toggles on every rising edge.
bit 4 T1GSPM: Timer1 Gate Single-Pulse Mode bit
1 = Timer1 gate Single-Pulse mode is enabled and is controlling Timer1 gate
0 = Timer1 gate Single-Pulse mode is disabled
bit 3 T1GGO/DONE: Timer1 Gate Single-Pulse Acquisition Status bit
1 = Timer1 gate single-pulse acquisition is ready, waiting for an edge
0 = Timer1 gate single-pulse acquisition has completed or has not been started
bit 2 T1GVAL: Timer1 Gate Current State bit
Indicates the current state of the Timer1 gate that could be provided to TMR1H: TMR1L.
Unaffected by Timer1 Gate Enable (TMR1GE).
bit 1-0 T1GSS<1:0>: Timer1 Gate Source Select bits
00 = Timer1 gate pin
01 = Timer0 overflow output

10 = Reserved
11 = Reserved
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18.4.3 AUTOMATIC POWER MODE
SWITCHING

As an LCD segment is electrically only a capacitor, cur-
rent is drawn only during the interval where the voltage
is switching. To minimize total device current, the LCD
internal reference ladder can be operated in a different
power mode for the transition portion of the duration.
This is controlled by the LCDRL Register
(Register 18-7).

FIGURE 18-4:
TYPE A

The LCDRL register allows switching between two
power modes, designated ‘A" and ‘B’. ‘A’ Power mode
is active for a programmable time, beginning at the
time when the LCD segments transition. ‘B’ Power
mode is the remaining time before the segments or
commons change again. The LRLAT<2:0> bits select
how long, if any, that the ‘A" Power mode is active.
Refer to Figure 18-4.

To implement this, the 5-bit prescaler used to divide
the 32 kHz clock down to the LCD controller’s 1 kHz
base rate is used to select the power mode.
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REGISTER 18-7: LCDRL: LCD REFERENCE LADDER CONTROL REGISTERS

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0 R/W-0/0 R/W-0/0
LRLAP<1:0> LRLBP<1:0> — LRLAT<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 7-6 LRLAP<1:0>: LCD Reference Ladder A Time Power Control bits
During Time interval A (Refer toFigure 18-4):
00 = Internal LCD Reference Ladder is powered down and unconnected
01 = Internal LCD Reference Ladder is powered in Low-Power mode
10 = Internal LCD Reference Ladder is powered in Medium-Power mode
11 = Internal LCD Reference Ladder is powered in High-Power mode
bit 5-4 LRLBP<1:0>: LCD Reference Ladder B Time Power Control bits
During Time interval B (Refer to Figure 18-4):
00 = Internal LCD Reference Ladder is powered down and unconnected
01 = Internal LCD Reference Ladder is powered in Low-Power mode
10 = Internal LCD Reference Ladder is powered in Medium-Power mode
11 = Internal LCD Reference Ladder is powered in High-Power mode
bit 3 Unimplemented: Read as ‘0’
bit 2-0 LRLAT<2:0>: LCD Reference Ladder A Time Interval Control bits

Sets the number of 32 kHz clocks that the A Time Interval Power mode is active
For type A waveforms (WFT = 0):

000 = Internal LCD Reference Ladder is always in ‘B’ Power mode

001 = Internal LCD Reference Ladder is in ‘A’ Power mode for 1 clock and ‘B’ Power mode for 15 clocks
010 = Internal LCD Reference Ladder is in ‘A’ Power mode for 2 clocks and ‘B’ Power mode for 14 clocks
011 = Internal LCD Reference Ladder is in ‘A’ Power mode for 3 clocks and ‘B’ Power mode for 13 clocks
100 = Internal LCD Reference Ladder is in ‘A’ Power mode for 4 clocks and ‘B’ Power mode for 12 clocks
101 = Internal LCD Reference Ladder is in ‘A’ Power mode for 5 clocks and ‘B’ Power mode for 11 clocks
110 = Internal LCD Reference Ladder is in ‘A’ Power mode for 6 clocks and ‘B’ Power mode for 10 clocks
111 = Internal LCD Reference Ladder is in ‘A’ Power mode for 7 clocks and ‘B’ Power mode for 9 clocks

For type B waveforms (WFT = 1):

000 = Internal LCD Reference Ladder is always in ‘B’ Power mode.

001 = Internal LCD Reference Ladder is in ‘A’ Power mode for 1 clock and ‘B’ Power mode for 31 clocks
010 = Internal LCD Reference Ladder is in ‘A’ Power mode for 2 clocks and ‘B’ Power mode for 30 clocks
011 = Internal LCD Reference Ladder is in ‘A’ Power mode for 3 clocks and ‘B’ Power mode for 29 clocks
100 = Internal LCD Reference Ladder is in ‘A’ Power mode for 4 clocks and ‘B’ Power mode for 28 clocks
101 = Internal LCD Reference Ladder is in ‘A’ Power mode for 5 clocks and ‘B’ Power mode for 27 clocks
110 = Internal LCD Reference Ladder is in ‘A’ Power mode for 6 clocks and ‘B’ Power mode for 26 clocks
111 = Internal LCD Reference Ladder is in ‘A’ Power mode for 7 clocks and ‘B’ Power mode for 25 clocks
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FIGURE 18-20: SLEEP ENTRY/EXIT WHEN SLPEN =1
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20.0 INSTRUCTION SET SUMMARY

Each PIC16 instruction is a 14-bit word containing the
operation code (opcode) and all required operands.
The opcodes are broken into three broad categories.

» Byte Oriented
« Bit Oriented
« Literal and Control

The literal and control category contains the most var-
ied instruction word format.

Table 20-3 lists the instructions recognized by the
MPASM™ assembler.

All instructions are executed within a single instruction
cycle, with the following exceptions, which may take
two or three cycles:

» Subroutine takes two cycles (CALL, CALLW

» Returns from interrupts or subroutines take two
cycles (RETURN, RETLW RETFI E)

* Program branching takes two cycles (GOTO, BRA,
BRW BTFSS, BTFSC, DECFSZ, | NCSFZ)

» One additional instruction cycle will be used when
any instruction references an indirect file register
and the file select register is pointing to program
memory.

One instruction cycle consists of four oscillator cycles;
for an oscillator frequency of 4 MHz, this gives a
nominal instruction execution rate of 1 MHz.

All instruction examples use the format ‘Oxhh’ to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

20.1 Read-Modify-Write Operations

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (R-M-W)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion, or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

TABLE 20-1: OPCODE FIELD
DESCRIPTIONS

Field Description

f | Register file address (0x00 to 0x7F)

Working register (accumulator)

Bit address within an 8-bit file register

x~|o| s

Literal field, constant data or label

x | Don’t care location (= 0 or 1).

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

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

n | FSR or INDF number. (0-1)

mm | Pre-post increment-decrement mode
selection

TABLE 20-2: ABBREVIATION
DESCRIPTIONS

Field Description

PC |Program Counter
TO | Time-out bit

C | Carry bit
DC | Digit carry bit
Zero bit

PD | Power-down bit
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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 21-5: MEMORY PROGRAMMING REQUIREMENTS
DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated)
Pe;\:gm. Sym. Characteristic Min. Typt Max. Units Conditions
Program Memory High Voltage
Programming Specifications
D110 VIHH Voltage on MCLR/VPP/RES3 pin 8.0 — 9.0 \% (Note 2)
D111 IDDVPP | Programming/Erase Current on VPP, — — 10 mA
High Voltage Programming
D112 VDD for Bulk Erase 27 — VDD \%
max.
D113 VPEW VDD for Write or Row Erase VDD — VDD \%
min. max.
D114 IPPPGM | Programming/Erase Current on VPP, — — 1.0 mA
Low Voltage Programming
D115 IDDPGM | Programming/Erase Current on VDD, — 5.0 mA
High or Low Voltage Programming
Program Flash Memory
D121 Ep Cell Endurance 1K 10K — E/W |-40°C to +85°C (Note 1)
D122 VPR VDD for Read VDD — VDD \%
min. max.
D123 Tiw Self-timed Write Cycle Time — 2 25 ms
D124 TRETD Characteristic Retention 40 — — Year | Provided no other
specifications are violated
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: Self-write and Block Erase.
2:  Required only if single-supply programming is disabled.
TABLE 21-6. THERMAL CONSIDERATIONS
Standard Operating Conditions (unless otherwise stated)
Pﬁt\:gm' Sym. Characteristic Typ. Units Conditions
THO1 0JA Thermal Resistance Junction to Ambient 60 °C/W  |28-pin SPDIP package
80 °C/W  |28-pin SOIC package
90 °C/W  |28-pin SSOP package
27.5 °C/W 28-pin UQFN 4x4mm package
THO2 0Jc Thermal Resistance Junction to Case 31.4 °C/W  |28-pin SPDIP package
24 °C/W  |28-pin SOIC package
24 °C/W  [28-pin SSOP package
24 °C/W  [28-pin UQFN 4x4mm package
THO3 TJMAX | Maximum Junction Temperature 150 °C
THO4 PD Power Dissipation — w PD = PINTERNAL + PI/0
THO5 | PINTERNAL |Internal Power Dissipation — w PINTERNAL = IDD x VDD
THO6 Pi/o 1/0O Power Dissipation — w Pi/o =% (loL * VoL) + X (IoH * (VDD - VOH))
THO7 PDER  |Derated Power — w PDER = PDMAX (TJ - TA)/0JA@)
Note 1: IDD is current to run the chip alone without driving any load on the output pins.
2: TA = Ambient Temperature
3: Ty = Junction Temperature
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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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