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MICROCHIP

PIC16(L)F1938/9

28/40/44-Pin Flash-Based, 8-Bit CMOS Microcontrollers with
LCD Driver with nanoWatt XLP Technology

Devices Included In This Data Sheet:

+ PIC16F1938
+ PIC16F1939

* PIC16LF1938
* PIC16LF1939
Other PIC16(L)F193X Devices Available:

« PIC16(L)F1933 (DS41575)
- PIC16(L)F1934/6/7 (DS41364)

Note:  PIC16(L)F193X devices referred to in this

data sheet apply only to PIC16(L)F1938/9.

High-Performance RISC CPU:

* Only 49 Instructions to Learn:
- All single-cycle instructions except branches
» Operating Speed:
- DC - 32 MHz oscillator/clock input
- DC - 125 ns instruction cycle
* Up to 16K x 14 Words of Flash Program Memory
» Up to 1024 Bytes of Data Memory (RAM)
* Interrupt Capability with automatic context saving
» 16-Level Deep Hardware Stack
* Direct, Indirect and Relative Addressing modes
* Processor Read Access to Program Memory
* Pinout Compatible to other 28/40-pin PIC16CXXX
and PIC16FXXX Microcontrollers

Special Microcontroller Features:

* Precision Internal Oscillator:
- Factory calibrated to +1%, typical
- Software selectable frequency range from
32 MHz to 31 kHz
» Power-Saving Sleep mode
* Power-on Reset (POR)
» Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)
* Brown-out Reset (BOR):
- Selectable between two trip points
- Disable in Sleep option
» Multiplexed Master Clear with Pull-up/Input Pin
* Programmable Code Protection
» Wide Operating Voltage Range:
- 1.8V-5.5V (PIC16F193X)
- 1.8V-3.6V (PIC16LF193X)

PIC16LF193X Low-Power Features:

Standby Current:

- 60 nA @ 1.8V, typical

Operating Current:

- 43 pA/MHz @ 1.8V, typical

Timer1 Oscillator Current:

- 600 nA @ 32 kHz, 1.8V, typical
Low-Power Watchdog Timer Current:
- 500 nA @ 1.8V, typical

Peripheral Features:

Up to 35 I/0 Pins and 1 Input-only pin:

- High-current source/sink for direct LED drive

- Individually programmable Interrupt-on-pin
change pins

- Individually programmable weak pull-ups

Integrated LCD Controller:

- Up to 96 segments

- Variable clock input

- Contrast control

- Internal voltage reference selections

Capacitive Sensing module (mTouch™):

- Up to 16 selectable channels

A/D Converter:

- 10-bit resolution and up to 14 channels

- Selectable 1.024/2.048/4.096V voltage
reference

TimerOQ: 8-Bit Timer/Counter with 8-Bit

Programmable Prescaler

Enhanced Timer1:

- Dedicated low-power 32 kHz oscillator driver

- 16-bit timer/counter with prescaler

- External Gate Input mode with toggle and
single shot modes
Interrupt-on-gate completion

Tlmer2 4, 6: 8-Bit Timer/Counter with 8-Bit Period

Register, Prescaler and Postscaler

Two Capture, Compare, PWM Modules (CCP):

- 16-bit Capture, max. resolution 125 ns

- 16-bit Compare, max. resolution 125 ns

- 10-bit PWM, max. frequency 31.25 kHz

Three Enhanced Capture, Compare, PWM

modules (ECCP):

- 3 PWM time-base options

- Auto-shutdown and auto-restart

- PWM steering

- Programmable Dead-band Delay

© 2011-2012 Microchip Technology Inc.

Preliminary

DS41574B-page 3



PIC16(L)F1938/9

Peripheral Features (Continued):

* Master Synchronous Serial Port (MSSP) with SPI
and 12C™ with:
- 7-bit address masking
- SMBus/PMBus™ compatibility
- Auto-wake-up on start
* Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART):
- RS-232, RS-485 and LIN compatible
- Auto-Baud Detect
* SR Latch (555 Timer):
- Multiple Set/Reset input options
- Emulates 555 Timer applications
» 2 Comparators:
- Rail-to-rail inputs/outputs
- Power mode control
- Software enable hysteresis
» Voltage Reference module:
- Fixed Voltage Reference (FVR) with 1.024V,
2.048V and 4.096V output levels
- 5-bit rail-to-rail resistive DAC with positive
and negative reference selection

PIC16(L)F193X/194X Family Types
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PIC16(L)F1933| (1) | 4096 | 256 | 256 | 25 | 11 8 2 | 41 1 1 3 2 |4116/609) | H | Y
PIC16(L)F1934 | (2) | 4096 | 256 | 256 |36 | 14 | 16 | 2 | 4/1 1 1 3 2 4/24/96 | IIH | Y
PIC16(L)F1936| (2) | 8192 | 256 | 512 |25 | 11 | 8 | 2 | 41 | 1 | 1| 3 | 2 [4/16/60@) | I/H | Y
PIC16(L)F1937| (2) | 8192 | 256 | 512 [ 36 | 14 | 16 | 2 | 41 1 1 3 2 4/24/96 | IIH | Y
PIC16(L)F1938| (3) | 16384 | 256 |1024| 25 | 11 8 2 | 41 1 1 3 2 |4116/60@) | H | Y
PIC16(L)F1939| (3) | 16384 | 256 |1024| 36 | 14 | 16 | 2 | 41 1 1 3 2 4/24/96 | IIH | Y
PIC16(L)F1946| (4) | 8192 | 256 | 512 | 54 | 17 | 17 | 3 | 41 2 | 2 3 2 | 4/46/184 | Y
PIC16(L)F1947 | (4) | 16384 | 256 |1024 | 54 | 17 | 17 | 3 | 41 2 | 2 3 2 | 4/46/184 | Y

Note 1: |- Debugging, Integrated on Chip; H — Debugging, available using Debug Header.
2: One pin is input-only.
3: COM3 and SEG15 share the same physical pin, therefore SEG15 is not available when using 1/4 multiplex
displays.
Data Sheet Index: (Unshaded devices are described in this document.)
1: DS41575 PIC16(L)F1933 Data Sheet, 28-Pin Flash, 8-bit Microcontrollers.
2: DS41364 PIC16(L)F1934/6/7 Data Sheet, 28/40/44-Pin Flash, 8-bit Microcontrollers.
3: DS41574 PIC16(L)F1938/9 Data Sheet, 28/40/44-Pin Flash, 8-bit Microcontrollers.
4 )

DS41414 PIC16(L)F1946/1947 Data Sheet, 64-Pin Flash, 8-bit Microcontrollers.
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PIC16(L)F1938/9

Pin Diagram — 28-Pin SPDIP/SOIC/SSOP (PIC16F1938, PIC16LF1938)

28-pin SPDIP, SOIC, SSOP

VPP/MCLR/RE3 —»[]1 ~ 28[ ] < RB7/ICSPDAT/ICDDAT
RAO <—=[]2 27[ ]+ RB6/ICSPCLK/ICDCLK
RA1 <=3 26[] <= RB5
RA2 =>4 25[]<» RB4
RA3 <»[|5 o  240= RB3
RA4 ==[]6 88 23[]=> RB2
RA5 ==[]7 & &  22[]<> RBI
vss —=[]8 g @  21[]-<= RBO
RA7 =»[]9 & 5  20[]=— VoD
RA6 <>[]10 19[] <— Vss
RCo <=1 18[ ] <> RC7
RC1 <—=[]12 17[] <> RC6
RC2 <>[]13 16[] <> RC5
RC3 «»[]14 15[ ] <> RC4

Pin Diagram — 28-Pin QFN/UQFN (PIC16F1938, PIC16LF1938)

28-pin QFN/UQFN
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PIC16(L)F1938/9

TABLE 1 28-PIN SUMMARY (PIC16F1938, PIC16LF1938)
o
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RAO | 2 |27 Y ANO gZ‘ISILfJ\I_?“/) SRNQM s SEG12 VCAP
RA1 |3 |28] Y AN1 — C12IN1- — — — — — SEG7 | — | — —
RA2 | 4|1 Yy | ANz | — C2IN+/ = = = = = com2 | — | — =
VREF- DACOUT
RA3 |52 v |AN3/ | — C1IN+ — — — — — SEG15/ | — | — —
VREF+ COM3
RA4 |63 Y — | CPS6 | C1OUT | SRQ | TOCKI CCP5 = = SEG4 | — | — =
RA5S [ 7|4 Y AN4 | cps7 | c2ouT™ | srRNQ) — — — sst SEG5 | — | —| Vcar@
RA6 (10| 7| — = = = = = = = = SEG1 | — | —| oscz
CLKOUT
veapr@
RA7 |9 |6 | — — — — — — — — — SEG2 | — |—| osc1
CLKIN
RBO |21|18| Y | AN12 | CPSO = SRI = CCP4 = = SEGO | INT/ | Y =
lIoC
RB1 [22|19| Y | AN10| CcPS1 | C12IN3- — — P1C — — VLCD1 | I0C | Y —
RB2 |23|20| Y AN8 | CPS2 = = = P1B = = VLCD2 | I0C | Y =
RB3 |24|21| Y AN9 | CPS3 | C12IN2- — — ccp2t)y — — VLCD3 | I0C | Y —
p2aM
RB4 |25|22| Y | AN11 | CPS4 = = = P1D = = COMo | I0C | Y =
RB5 |26|23| Y | AN13 | CPS5 — — T16M p2(1) — — coMm1 | 10C | Y —
ccpaly
p3aM)
RB6 27|24 — = = = = = = = = SEG14 | 10C | Y | ICSPCLK/
ICDCLK
RB7 [28|25| — — — — — — — — — SEG13 | I0C | Y | ICSPDAT/
ICDDAT
RCO [11|8 | — — — — — T1080/ | P2BM — — — = = —
T1CKI
RC1 (12| 9| — — — — — T108I | ccr2t)y — — — — | = —
p2aM
RC2 [13|10] — = = = = = cCP1/ = = SEG3 | — | — =
P1A
RC3 [14[11| — — — — — — — — |sckiscL| SEGe | — | — —
RC4 [15[12| — = = = = T16M = — | SDUSDA | SEG11 | — | — =
RC5 |16[13| — — — — — — — — SDO SEG10 | — | — —
RC6 |17 |14 — = = = = = ccr3 | Tx/cK = SEG9 | — | — =
p3A()
RC7 |18|15] — — — — — — P3B RX/DT — SEG8 | — | — —
RE3 | 1|26 — — — — — — — — — — — | Y | MCLR/vPP
Vbp (2017 — = = = = = = = = = = |[[= VDD
Vss |8, |5 — — — — — — — — — — — | — Vss
19|16

Note 1:  Pin functions can be moved using the APFCON register.
2:  PIC16F1938 devices only.
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PIC16(L)F1938/9

Pin Diagram — 40-Pin PDIP (PIC16F1939, PIC16LF1939)

40-Pin PDIP
VPPIMCLR/RE3 — [ |1 -/ 40[ [+ RB7/ICSPDAT/ICDDAT
RA0 <[ |2 39[ J<» RB6/ICSPCLK/ICDCLK
RA1 <—[|3 38| |« RB5
RA2 -— 4 37[ ] RB4
RA3 <[ |5 36| | RB3
RA4 <[ |6 35[ J<» RB2
RA5 <[ |7 34| <> RB1
REO <[ |8 33[ ] RBO
RE1 <—»] |9 3 g 32[ J— VoD
RE2 <-—[|10 L ; 31| J— Vss
voo—»[|11 © 5  30[ <> RD7
vss —» [ |12 “a 29[ |- RD6
RA7 <[ |13 28| J«» RD5
RA6 <] |14 27[ J«» RD4
RCO <[ 15 26| > RC7
RC1 =15 25[ > RC6
RC2 <—[]17 24| J«» RC5
RC3 <18 23[ | RC4
RDO <[ |19 22| J> RD3
RD1 <[ |20 21[ J> RD2

Pin Diagram — 40-Pin QFN 5X5 (PIC16F1939, PIC16LF1939)

40-pin QFN
8838858380
re@ry xrery
SERNIRNNY
IBRE8YIBE S
RC7 =—=11 300 =— RCO
RD4 <2 ® 291 =— RA6
RD5 =—=]3 281 <—= RA7
RD6 =4 27| <— Vss
RD7 <= }5 PIC16F1939 261 <—— VDD
Vss — =16 PIC16LF1939 25| <—» RE2
VDD ——}7 24| < RE1
RBO =8 23| <—= REO
RB1 <9 22| =<—» RA5
RB2=110 _qoswonwag?| ™ RM
PrBannI IR
n:n:n:n\:ncn\:nin:n:n:
2 e
1 <|d
HE
[9)] =
88%
= >
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© 2011-2012 Microchip Technology Inc. Preliminary DS41574B-page 7



PIC16(L)F1938/9

Pin Diagram — 44-Pin QFN (PIC16F1939, PIC16LF1939)

44-pin QFN
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Pin Diagram - 44-Pin TQFP (PIC16F1939, PIC16LF1939)

44-pin TQFP

RC7 <»1m]
RD4 <»[T1]
RD5 <11}
RD6 <>
RD7 <»TT]
Vss —»[11]
VDD —»11]
RBO <10
RB1 <10
RB2 <»LTI]

1
2
3
4
5 PIC16F1939 29 =—Vss
6 PIC16LF1939 8 <— VoD
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8 261 <> RE1
9 251 <> REO
10 240> RA5
11 23 <> RA4
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PIC16(L)F1938/9

TABLE 2: 40/44-PIN SUMMARY (PIC16F1939, PIC16LF1939)
o 4 o = o =
= |k | ] = -
Q| g|lc| & |~ 2 © el [ & o 2 |2 o
o [Z12]E| S |8 2| & 5 5 g 5 | @ 8 | 2|2 3
=S | s/l & |2 < a £ = o = | & S 0
N I A 3] o % = @ € | &
2|23 9 o o -
RAO | 2 [17[19] 19 [ Y | ANO — [ c12IN0+/ = = = == SEG12 | — |—| Vcap
CobuT | SRNQ(M sst
RA1| 3 [18]20] 20 AN1 — C12IN1- — — — — — SEG7 | — |— —
RA2 | 4 [19(21] 21 | Y | AN2/ | — C2IN+/ = = = = = com2 | — |— =
VREF- DACOUT
RA3| 5 |20(22] 22 | Y| AN3/ | — C1IN+ — — — — — SEG15 | — |[— —
VREF+
RA4 [ 6 [21|23| 23 [ Y| — | cpse | c1ouT SRQ TOCKI = = SEG4 | — |— =
RA5 | 7 |22|24| 24 | Y| AN4 | cPS7 | c2ouT) | srnQ — — — ssM | seGs | — |—| Veap
RA6 |14 [29 |31 33 |[—[ — = = = = = = = SEG1 | — |—| osc2
CLKOUT
VcAP
RA7 132830 32 |—| — — — — — — — — SEG2 | — |—| osc/
CLKIN
RBO(33|8 |8 9 |Y|AN12| CPSO = SRI = = = = SEGO | INT/ | Y =
10C
RB1[34| 9|9 10 | Y|AN10| cPS1 | C12IN3- — — — — — vLCD1 | 10C | Y —
RB2 351010 11 | Y | AN8 | CPS2 = = = = = = VLCD2 | IOC | Y =
RB3 |36 |11 |11 12 | Y| AN9 | CPS3 | C12IN2- — —  |cer2| — — VLCD3 | IOC | Y —
p2aAM
RB4 (37 [12 14| 14 | Y | AN11 | CPS4 = = = = = = COMO | IoC | Y =
RB5 |38 |13[15| 15 | Y | AN13 | CPS5 — — T1cM |ccpaltl | — — coMm1 | IoC | Y —
P3A(")
RB6 (39 (14|16 16 |—| — = = = = = = = SEG14 | 10C | Y | ICSPCLK/
ICDCLK
RB7 |40 |15 17| 17 |—| — — — — — — — — SEG13 | I0C | Y | ICSPDAT/
ICDDAT
RCO|15(|32(32| 34 |—| — — — — T1080/ | P2BM — — — — |= —
T1CKI
RC1|16 |35(35| 35 |—| — — — — T10sI |[ccp2ty | — — — — |= —
p2A(")
RC2 |17 |36 (36| 36 |—| — = = = = ccP1l | — = SEG3 | — |— =
P1A
RC3 |18 |37 (37| 37 |—| — — — — — — — |sckiscL| SEG6 | — |— —
RC4 |23 |42 (42| 42 |—| — = = = 1161 = — | SDI/SDA | SEG11 | — |— =
RC5 |24 [43|43| 43 |—| — — — — — — — SDO |SEG10| — |— —
RC6 |25 |44 (44| 44 |—| — = = = = —  |Txick = SEGY | — |[— =
Rc7|26 |11 1 |—| — — — — — — |RrxDT — SEG8 | — |— —
RDO |19 |38 (38| 38 | Y| — | cPss = = = = = = comM3 | — |[— =
RD1[20(39(39| 39 Y| — | cPs9 — — — CCP4 — — — — |= —
RD2 |21 |40(40| 40 | Y| — [cPs10 = = = p2B™ = = = = [= =
RD3 |22 |41|41]| 41 | Y| — |cPsn — — — P2C — — SEG16 | — |— —
RD4 (27| 2| 2 Y| — |[cps12 = = = P2D = = SEG17 | — |— =
RD5(28|3|3| 3 |[Y| — |cPsi3 — — — P1B — — SEG18 | — |[— —
RD6 | 29 Y| — |[cPs14 = = = P1C = = SEG19 | — |— =
RD7|30|5|5| 5 |Y| — |cPsi5 — — — P1D — — SEG20 | — |— —
REO| 8 [25(25| 25 | Y | AN5 = = = = ccp3 | — = SEG21 | — |— =
P3Al)
RE1| 9 |26[26| 26 | Y | AN6 — — — — P3B — — SEG22 | — |— —
RE2 |10 |27 (27| 27 | Y | AN7 = = = = CCP5 = = SEG23 | — |— =
RE3| 1 |18|18| 18 |—| — — — — — — — — — — | Y | MCLR/VeP
voo (11,7, (7|78 |—| — = = = = = = = = — |—| vop
32|28 |28| 28
Vvss [12,|6, |6, (630 |—| — — — — — — — — — — |= Vss
31 (29|29 31

Note 1: Pin functions can be moved using the APFCON register.
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PIC16(L)F1938/9

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.

© 2011-2012 Microchip Technology Inc. Preliminary DS41574B-page 11
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PIC16(L)F1938/9

1.0 DEVICE OVERVIEW

The PIC16(L)F1938/9 are described within this data
sheet. They are available in 28/40/44-pin packages.
Figure 1-1  shows a block diagram of the
PIC16(L)F1938/9 devices. Table 1-2 shows the pinout
descriptions.

Reference Table 1-1 for peripherals available per
device.

TABLE 1-1: DEVICE PERIPHERAL

SUMMARY
(= =y
i e o
Peripheral lg §
= | 2
ADC ° °
Capacitive Sensing Module ° °
Digital-to-Analog Converter (DAC) ) °
EUSART °
Fixed Voltage Reference (FVR) ° °
LCD ° °
SR Latch ° °
Temperature Indicator ° °
Capture/Compare/PWM Modules
ECCP1 ° °
ECCP2 ° °
ECCP3 ° °
CCP4 ° °
CCP5 ° °
Comparators
C1 ° °
Cc2 ° °
Master Synchronous Serial Ports
MSSP1| o | e
Timers
Timer0 ) °
Timer1 ) °
Timer2 ° °
Timer4 ) °
Timer6 ° °

© 2011-2012 Microchip Technology Inc. Preliminary
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FIGURE 1-1: PIC16(L)F1938/9 BLOCK DIAGRAM
Program
Flash Memory
RAM  |[€=r=J EEPROM
PORTA
0OSC2/CLKOUT Timing >
Generation
[
OSC1I/Z?LKIN INTRC CPU =) PORTB
Oscillator D ————
Figure 2-1
° =P | PORTC
MCLR X—
= PORTD
SR ADC , , . , , =P PORTE
Latch 10-Bit Timer0 Timer1 Timer2 Timer4 Timer6 Comparators

v v ¥ ¥ v v v v

LCD ECCP1 ECCP2 ECCP3 CCP4 CCP5 MSSP EUSART

Note 1: See applicable chapters for more information on peripherals.
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PIC16(L)F1938/9

TABLE 1-2: PIC16(L)F1938/9 PINOUT DESCRIPTION

Name Function I-::lyppu: o.;;,t g:t Description
RAO/ANO/C12IN0-/C20UT(1) RAO TTL | CMOS | General purpose I/O.
SRNQM/SSMveap?)SEG12 ANO AN — | A/D Channel 0 input.

C12INO- AN — Comparator C1 or C2 negative input.
C20UT — CMOS | Comparator C2 output.
SRNQ — CMOS | SR Latch inverting output.
ss ST — Slave Select input.
VCAP Power | Power | Filter capacitor for Voltage Regulator (PIC16F1938/9 only).
SEG12 — AN | LCD Analog output.
RA1/AN1/C12IN1-/SEG7 RA1 TTL | CMOS | General purpose I/O.
AN1 AN — A/D Channel 1 input.
C12IN1- AN — Comparator C1 or C2 negative input.
SEG7 — AN | LCD Analog output.
RA2/AN2/C2IN+/VREF-/ RA2 TTL | CMOS | General purpose /0.
DACOUT/COM2 AN2 AN — | A/D Channel 2 input.
C2IN+ AN — Comparator C2 positive input.
VREF- AN — A/D Negative Voltage Reference input.
DACOUT — AN | Voltage Reference output.
COM2 — AN | LCD Analog output.
RA3/AN3/C1IN+/VREF+/ RA3 TTL | CMOS | General purpose /0.
COM3()SEG15 AN3 AN — | A/D Channel 3 input.
C1IN+ AN — Comparator C1 positive input.
VREF+ AN — A/D Voltage Reference input.
com3® | — AN | LCD Analog output.
SEG15 — AN | LCD Analog output.
RA4/C10UT/CPS6/TOCKI/SRQ/ RA4 TTL | CMOS | General purpose /0.
CCP5/SEG4 C10uUT — | CMOS | Comparator C1 output.
CPS6 AN — Capacitive sensing input 6.
TOCKI ST — TimerO0 clock input.
SRQ — CMOS | SR Latch non-inverting output.
CCP5 ST CMOS | Capture/Compare/PWM5.
SEG4 — AN | LCD Analog output.
RA5/AN4/C20UT(/CPS7/ RA5 TTL | CMOS |General purpose 1/O.
SRNQ(/ssMveap/SEGS AN4 AN — | A/D Channel 4 input.
C20UT — | CMOS | Comparator C2 output.
CPS7 AN — Capacitive sensing input 7.
SRNQ — CMOS | SR Latch inverting output.
SS ST — Slave Select input.
VCcAP Power | Power | Filter capacitor for Voltage Regulator (PIC16F1938/9 only).
SEG5 — AN | LCD Analog output.
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 XTAL = Crystal
HV = High Voltage [2C™ = Schmitt Trigger input with I12C levels
Note Pin function is selectable via the APFCON register.

1

2: PIC16F1938/9 devices only.

3: PIC16(L)F1938 devices only.

4: PORTD is available on PIC16(L)F1939 devices only.

5: RE<2:0> are available on PIC16(L)F1939 devices only.

© 2011-2012 Microchip Technology Inc. Preliminary DS41574B-page 15
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TABLE 1-2: PIC16(L)F1938/9 PINOUT DESCRIPTION (CONTINUED)

Name Function I-Ir_1yppu: O.F;t g:t Description
RA6/0SC2/CLKOUT/VcArP®@)/ RA6 TTL | CMOS | General purpose I/O.
SEG1 0SC2 — | XTAL |Crystal/Resonator (LP, XT, HS modes).
CLKOUT — CMOS | Fosc/4 output.
VCcAP Power | Power | Filter capacitor for Voltage Regulator (PIC16F1938/9 only).
SEG1 — AN | LCD Analog output.
RA7/OSC1/CLKIN/SEG2 RA7 TTL | CMOS | General purpose /0.
OSC1 XTAL — Crystal/Resonator (LP, XT, HS modes).
CLKIN | CMOS — External clock input (EC mode).
SEG2 — AN | LCD Analog output.
RBO/AN12/CPS0/CCP4/SRI/INT/ RBO TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
SEGO Individually enabled pull-up.
AN12 AN — A/D Channel 12 input.
CPSO AN — Capacitive sensing input 0.
CCP4 ST CMOS | Capture/Compare/PWM4.
SRI — ST | SR Latch input.
INT ST — External interrupt.
SEGO0 — AN | LCD analog output.
RB1/AN10/C12IN3-/CPS1/P1C/ RB1 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
VLCD1 Individually enabled pull-up.
AN10 AN — A/D Channel 10 input.
C12IN3- AN — Comparator C1 or C2 negative input.
CPS1 AN — Capacitive sensing input 1.
P1C — CMOS | PWM output.
VLCD1 AN — LCD analog input.
RB2/AN8/CPS2/P1B/VLCD2 RB2 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
ANS8 AN — A/D Channel 8 input.
CPS2 AN — Capacitive sensing input 2.
P1B — CMOS | PWM output.
VLCD2 AN — LCD analog input.
RB3/AN9/C12IN2-/CPS3/ RB3 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
ccr2Mp2aMvLCD3 Individually enabled pull-up.
AN9 AN — A/D Channel 9 input.
C12IN2- AN — Comparator C1 or C2 negative input.
CPS3 AN — Capacitive sensing input 3.
CCP2 ST CMOS | Capture/Compare/PWM2.
P2A — CMOS | PWM output.
VLCD3 AN — LCD analog input.
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 XTAL = Crystal
HV = High Voltage [2C™ = Schmitt Trigger input with I12C levels

Note 1: Pin function is selectable via the APFCON register.

2: PIC16F1938/9 devices only.

3: PIC16(L)F1938 devices only.

4: PORTD is available on PIC16(L)F1939 devices only.

5: RE<2:0> are available on PIC16(L)F1939 devices only.
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TABLE 1-2: PIC16(L)F1938/9 PINOUT DESCRIPTION (CONTINUED)

Name Function I-Ir_1yppu: O.F;t g:t Description
RB4/AN11/CPS4/P1D/COMO RB4 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN11 AN — A/D Channel 11 input.
CPS4 AN — Capacitive sensing input 4.
P1D — CMOS | PWM output.
COMO — AN | LCD Analog output.
RB5/AN13/CPS5/P2B/CCP3()/ RB5 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
P3AMT1cM/com1 Individually enabled pull-up.
AN13 AN — A/D Channel 13 input.
CPS5 AN — Capacitive sensing input 5.
P2B — CMOS | PWM output.
CCP3 ST CMOS | Capture/Compare/PWM3.
P3A — CMOS | PWM output.
T1G ST — Timer1 Gate input.
COM1 — AN | LCD Analog output.
RB6/ICSPCLK/ICDCLK/SEG14 RB6 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
ICSPCLK ST — Serial Programming Clock.
ICDCLK ST — In-Circuit Debug Clock.
SEG14 — AN | LCD Analog output.
RB7/ICSPDAT/ICDDAT/SEG13 RB7 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
ICSPDAT ST CMOS | ICSP™ Data /0.
ICDDAT ST CMOS | In-Circuit Data /0.
SEG13 — AN | LCD Analog output.
RCO/T10S0O/T1CKI/P2B(M RCO ST | CMOS | General purpose I/O.
T10SO XTAL | XTAL | Timer1 oscillator connection.
T1CKI ST — Timer1 clock input.
P2B — CMOS | PWM output.
Rc1/T108l/ccP2(p2at RC1 ST | CMOS | General purpose I/O.
T10SI XTAL | XTAL | Timer1 oscillator connection.
CCP2 ST CMOS | Capture/Compare/PWM2.
P2A — CMOS | PWM output.
RC2/CCP1/P1A/SEG3 RC2 ST CMOS | General purpose I/O.
CCP1 ST CMOS | Capture/Compare/PWM1.
P1A — CMOS | PWM output.
SEG3 — AN | LCD Analog output.
RC3/SCK/SCL/SEG6 RC3 ST CMOS | General purpose 1/0.
SCK ST CMOS | SPI clock.
SCL 1’c OD |1?2C™ clock.
SEG6 — AN | LCD Analog output.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open Drain

TTL = TTL compatible input ST

HV = High Voltage
Note

PIC16F1938/9 devices only.

PORTD is available on PIC16(L)F1939 devices only.

1
2:
3:  PIC16(L)F1938 devices only.
4:
5

= Schmitt Trigger input with CMOS levels XTAL = Crystal
[2C™ = Schmitt Trigger input with 1°C levels

Pin function is selectable via the APFCON register.

RE<2:0> are available on PIC16(L)F 1939 devices only.

© 2011-2012 Microchip Technology Inc.
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TABLE 1-2: PIC16(L)F1938/9 PINOUT DESCRIPTION (CONTINUED)
Name Function I-Ir_1yppu: O.F;t g:t Description
RC4/SDI/SDAIT1GM/SEG11 RC4 ST | CMOS | General purpose 1/0.
SDI ST — SPI data input.
SDA 12c OD |I12C™ data input/output.
T1G ST — Timer1 Gate input.
SEG11 — AN | LCD Analog output.
RC5/SDO/SEG10 RC5 ST CMOS | General purpose I/O.
SDO — CMOS | SPI data output.
SEG10 — AN | LCD Analog output.
RC6/TX/CK/CCP3/P3A/SEGY9 RC6 ST | CMOS | General purpose I/O.
TX — CMOS | USART asynchronous transmit.
CK ST CMOS | USART synchronous clock.
CCP3 ST CMOS | Capture/Compare/PWM3.
P3A — CMOS | PWM output.
SEG9 — AN | LCD Analog output.
RC7/RX/DT/P3B/SEG8 RC7 ST | CMOS | General purpose I/O.
RX ST — USART asynchronous input.
DT ST CMOS | USART synchronous data.
P3B — CMOS | PWM output.
SEG8 — AN | LCD Analog output.
RDO™/CPS8/COM3 RDO ST | CMOS | General purpose 1/O.
CPS8 AN — Capacitive sensing input 8.
COM3 — AN | LCD analog output.
RD14)/cPS9/cCP4 RD1 ST | CMOS | General purpose 1/O.
CPS9 AN — Capacitive sensing input 9.
CCP4 ST CMOS | Capture/Compare/PWM4.
RD24)/CcPS10/P2B RD2 ST | CMOS | General purpose 1/O.
CPS10 AN — Capacitive sensing input 10.
P2B — CMOS | PWM output.
RD3(4)/CPS11/P2C/SEG16 RD3 ST CMOS | General purpose I/0.
CPS11 AN — Capacitive sensing input 11.
P2C — CMOS | PWM output.
SEG16 — AN | LCD analog output.
RD4")/CPS12/P2D/SEG17 RD4 ST | CMOS | General purpose I/O.
CPS12 AN — Capacitive sensing input 12.
P2D — CMOS | PWM output.
SEG17 — AN | LCD analog output.
RD5M)/CPS13/P1B/SEG18 RD5 ST | CMOS | General purpose 1/0.
CPS13 AN — Capacitive sensing input 13.
P1D — CMOS | PWM output.
SEG18 — AN | LCD analog output.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open Drain

TTL = TTL compatible input ST

HV = High Voltage

Note

aproebN=

12C

= Schmitt Trigger input with CMOS levels XTAL = Crystal
= Schmitt Trigger input with 1°C levels

Pin function is selectable via the APFCON register.
PIC16F1938/9 devices only.
PIC16(L)F1938 devices only.
PORTD is available on PIC16(L)F1939 devices only.
RE<2:0> are available on PIC16(L)F 1939 devices only.

DS41574B-page 18
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PIC16(L)F1938/9

TABLE 1-2: PIC16(L)F1938/9 PINOUT DESCRIPTION (CONTINUED)

Name Function I-Ir_1yppu: O.F;t g:t Description
RD6M)/CPS14/P1C/SEG19 RD6 ST | CMOS | General purpose I/O.
CPS14 AN — Capacitive sensing input 14.
P1C — CMOS | PWM output.
SEG19 — AN | LCD analog output.
RD7(4)/CPS15/P1D/SEG20 RD7 ST | CMOS | General purpose 1/O.
CPS15 AN — Capacitive sensing input 15.
P1D — CMOS | PWM output.
SEG20 — AN | LCD analog output.
RE0(G)AN5/P3AM/cCP3(t) REO ST | CMOS | General purpose 1/O.
SEG21 AN5 AN — | A/D Channel 5 input.
P3A — CMOS | PWM output.
CCP3 ST CMOS | Capture/Compare/PWM3.
SEG21 — AN | LCD analog output.
RE1()/AN6/P3B/SEG22 RE1 ST | CMOS | General purpose 1/O.
ANG6 AN — A/D Channel 6 input.
P3B — CMOS | PWM output.
SEG22 — AN | LCD analog output.
RE2(5)/AN7/CCP5/SEG23 RE2 ST | CMOS | General purpose 1/O.
AN7 AN — A/D Channel 7 input.
CCP5 ST CMOS | Capture/Compare/PWM5.
SEG23 — AN | LCD analog output.
RE3/MCLR/VPP RE3 TTL — General purpose input.
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 XTAL = Crystal
HV = High Voltage [2C™ = Schmitt Trigger input with I12C levels
Note 1: Pin function is selectable via the APFCON register.
2: PIC16F1938/9 devices only.
3: PIC16(L)F1938 devices only.
4: PORTD is available on PIC16(L)F1939 devices only.
5: RE<2:0> are available on PIC16(L)F1939 devices only.
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NOTES:
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2.0 ENHANCED MID-RANGE CPU

This family of devices contain an enhanced mid-range
8-bit CPU core. The CPU has 49 instructions. Interrupt
capability includes automatic context saving. The
hardware stack is 16 levels deep and has Overflow and
Underflow Reset capability. Direct, Indirect, and
Relative addressing modes are available. Two File
Select Registers (FSRs) provide the ability to read
program and data memory.

» Automatic Interrupt Context Saving

» 16-level Stack with Overflow and Underflow
» File Select Registers

* Instruction Set

2.1 Automatic Interrupt Context
Saving

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

2.2 16-level Stack with Overflow and
Underflow

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

2.3 File Select Registers

There are two 16-bit File Select Registers (FSR). FSRs
can access all file registers and program 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 now
also be addressed linearly, providing the ability to
access contiguous data larger than 80 bytes. There are
also new instructions to support the FSRs. See
Section 3.6 “Indirect Addressing” for more details.

2.4 Instruction Set

There are 49 instructions for the enhanced mid-range
CPU to support the features of the CPU. See
Section 29.0 “Instruction Set Summary” for more
details.

© 2011-2012 Microchip Technology Inc. Preliminary
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FIGURE 2-1: CORE BLOCK DIAGRAM
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3.0 MEMORY ORGANIZATION

These devices contain the following types of memory:

* Program Memory
- Configuration Words
- Device ID
- UserID
- Flash Program Memory
« Data Memory
- Core Registers
- Special Function Registers
- General Purpose RAM
- Common RAM
+ Data EEPROM memory(!)

Note 1: The Data EEPROM Memory and the
method to access Flash memory through
the EECON registers is described in
Section 11.0 “Data EEPROM and Flash
Program Memory Control”.

The following features are associated with access and
control of program memory and data memory:

* PCL and PCLATH
« Stack
* Indirect Addressing

31 Program Memory Organization

The enhanced mid-range core has a 15-bit program
counter capable of addressing a 32K x 14 program
memory space. Table 3-1 shows the memory sizes
implemented for the PIC16(L)F1938/9 family. 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 (see Figure 3-1).

TABLE 3-1:

DEVICE SIZES AND ADDRESSES

Device

Program Memory Space (Words)

Last Program Memory Address

PIC16F1938/PIC16LF1938

16,384

3FFFh

PIC16F1939/PIC16LF 1939

16,384

3FFFh

© 2011-2012 Microchip Technology Inc.
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FIGURE 3-1: PROGRAM MEMORY MAP 3.1.1 READING PROGRAM MEMORY AS
AND STACK FOR DATA
16 KW PARTS

There are two methods of accessing constants in pro-

gram memory. The first method is to use tables of

PC<14.0> RETLW instructions. The second method is to set an
. FSR to point to the program memory.

CALL, CALLW f 15

RETURN, RETLW 3.1.1.1 RETLW Instruction
Interrupt, RETFIE

Stack Level 0
Stack Level 1
*

The RETLW instruction can be used to provide access
to tables of constants. The recommended way to create
such a table is shown in Example 3-1.

Stack I:evel 15 EXAMPLE 3-1: RETLW INSTRUCTION
constants
Reset Vector 0000h BRW ;Add Index in W to
° ;program counter to
. e ;select data
RETLW DATAO ; Index0 data
Interrupt Vector 0004h RETLW DATAL ;Indexl data
0005h RETLW DATA2
Page 0 RETLW DATA3
07FFh
0800h
Page 1 my function
;.. LOTS OF CODE..
OFFFh MOVLW DATA_INDEX
. 1000h call constants
On-chip Page 2 . THE CONSTANT IS IN W
Program 17FFh
Memory 1800h The BRW instruction makes this type of table very sim-
Page 3 ple to implement. If your code must remain portable
1FFFh with previous generations of microcontrollers, then the
Page 4 2000h BRW instruction is not available so the older table read
method must be used.
.
Page 7 3FFFh
Rollover to Page 0 4000h
[ ]
°
*
Rollover to Page 7 7FFFh
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3.1.1.2 Indirect Read with FSR

The program memory can be accessed as data by set-
ting bit 7 of the FSRxH register and reading the match-
ing INDFx register. The MOVIW instruction will place the
lower 8 bits of the addressed word in the W register.
Writes to the program memory cannot be performed via
the INDF registers. Instructions that access the pro-
gram memory via the FSR require one extra instruction
cycle to complete. Example 3-2 demonstrates access-
ing the program memory via an FSR.

The HIGH directive will set bit<7> if a label points to a
location in program memory.

EXAMPLE 3-2: ACCESSING PROGRAM

MEMORY VIA FSR

constants
RETLW DATAO
RETLW DATAl
RETLW DATAZ2
RETLW DATA3

my_ function
;.. LOTS OF CODE...
MOVLW LOW constants
MOVWE FSR1L
MOVLW HIGH constants
MOVWE FSR1H
MOVIW 0[FSR1]

; THE PROGRAM MEMORY IS IN W

; Index0 data
;Indexl data

3.2 Data Memory Organization

The data memory is partitioned in 32 memory banks
with 128 bytes in a bank. Each bank consists of
(Figure 3-2):

* 12 core registers

» 20 Special Function Registers (SFR)

» Up to 80 bytes of General Purpose RAM (GPR)

* 16 bytes of common RAM

The active bank is selected by writing the bank number
into the Bank Select Register (BSR). Unimplemented
memory will read as ‘0’. All data memory can be
accessed either directly (via instructions that use the
file registers) or indirectly via the two File Select
Registers (FSR). See Section 3.6 “Indirect
Addressing” for more information.

Data Memory uses a 12-bit address. The upper 7-bit of
the address define the Bank address and the lower
5-bits select the registers/RAM in that bank.

3.2.1 CORE REGISTERS

The core registers contain the registers that directly
affect the basic operation of the PIC16(L)F1938/9.
These registers are listed below:

« INDFO

« INDF1

« PCL

« STATUS

* FSRO Low

* FSRO High

* FSR1 Low

* FSR1 High

« BSR

« WREG

« PCLATH

* INTCON

Note: The core registers are the first 12
addresses of every data memory bank.
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3.2.11 STATUS Register
The STATUS register, shown in Register 3-1, contains:

« the arithmetic status of the ALU
* the Reset status

The STATUS register can be the destination for any
instruction, like any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as ‘000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect any Status bits. For other instructions not
affecting any Status bits (Refer to Section 29.0
“Instruction Set Summary”).

Note 1: The C and DC bits operate as Borrow
and Digit Borrow out bits, respectively, in

STATUS register as destination may be different than subiraction,
intended.
3.3 Register Definitions: Status
REGISTER 3-1: STATUS: STATUS REGISTER
u-0 uU-0 uU-0 R-1/q R-1/q R/W-0/u R