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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 -
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PIC16(L)F1934/6/7

Pin Diagram — 28-Pin QFN/UQFN (PIC16(L)F1936)

28-pin QFN/UQFN

<—> RAO/ANO/C12IN0-/C20UT@/SRNQW/SSW/vear@/SEG1T2
<—» RB5/AN13/CPS5/P2BW/ccP3®/p3a®m1c/comt

-—» RB4/AN11/CPS4/P1D/COMO

SEG15/COM3/VREF+/C1IN+/AN3/RA3 <
SEG4/CCP5/SRQ/TOCKI/CPS6/C10UT/RA4 <
SEG5M/VeaP@/SSW/SRNQ/CPS7/C20UTW/ANA/RAS <
VSS —»

SEG2/CLKIN/OSC1/RA7 <>
SEG1/VcAP@/CLKOUT/OSC2/RA6 <>
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SEG3/P1A/CCP1/RC2 <— |10
SEG6/SCL/SCK/RC3 <—»| 11
SEG11/T1GW)/SDA/SDI/RC4 <—»| 12
SEG10/SDO/RC5 <13
SEG/P3AW/CCP3W/CK/TX/RCE ~<—»|| 14

P2BW/T1CKIIT10SO/RCO ~—>| 8
Op2a/ICCP2/T10SIIRCT <] 9

Note 1: Pin function is selectable via the APFCON register.
2:  PIC16F1936 devices only.

<= RB3/AN9/C12IN2-/CPS3/CCP2M/P2AMVLCD3
<> RB2/AN8/CPS2/P1B/VLCD2
< RB1/AN10/C12IN3-/CPS1/P1C/VLCD1

> RB0/AN12/CPS0/CCP4/SRI/INT/SEGO

<«— \/DD

-<«—V/ss

<» RC7/RX/DT/P3B/SEGS
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PIC16(L)F1934/6/7

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.

DS41364E-page 14 © 2008-2011 Microchip Technology Inc.
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PIC16(L)F1934/6/7

TABLE 1-2: PIC16(L)F1934/6/7 PINOUT DESCRIPTION (CONTINUED)
Name Function I_Ir_lyppuet O_F’;g:t Description
RD6@/CPS14/P1C/SEG19 RD6 ST CMOS | General purpose I/0O.
CPS14 AN — Capacitive sensing input 14.
P1C — CMOS | PWM output.
SEG19 — AN | LCD analog output.
RD7®/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®)/AN5/P3AM/CcCP3®) 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 I/O.
ANG6 AN — A/D Channel 6 input.
P3B — CMOS | PWM output.
SEG22 — AN | LCD analog output.
RE2)/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

= Schmitt Trigger input with CMOS levels [2C™ = Schmitt Trigger input with 1’c

levels

TTL = TTL compatible input ST
HV = High Voltage XTAL = Crystal
Note 1: Pin function is selectable via the APFCON register.
2:  PIC16F1934/6/7 devices only.
3:  PIC16(L)F1936 devices only.
4: PORTD is available on PIC16(L)F1934/7 devices only.
5: RE<2:0> are available on PIC16(L)F1934/7 devices only.

© 2008-2011 Microchip Technology Inc.
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4.5 Device ID and Revision ID

The memory location 8006h is where the Device ID and
Revision ID are stored. The upper nine bits hold the
Device ID. The lower five bits hold the Revision ID. See
Section 11.5 “User ID, Device ID and Configuration
Word Access” for more information on accessing
these memory locations.

Development tools, such as device programmers and
debuggers, may be used to read the Device ID and
Revision ID.

REGISTER 4-3: DEVICEID: DEVICE ID REGISTER®
R R R R R R R
DEVS8 DEV7 DEV6 DEV5 DEV4 DEV3 DEV2
bit 13 bit 7
R R R R R R R
DEV1 DEVO REV4 REV3 REV2 REV1 REVO
bit 6 bit 0
Legend: U = Unimplemented bit, read as ‘0’
R = Readable bit W = Writable bit ‘0’ = Bit is cleared
-n = Value at POR ‘1’ = Bit is set x = Bit is unknown
bit 13-5 DEV<8:0>: Device ID bits

100011010 = PIC16F1934
100011011 = PIC16F 1936
100011100 = PIC16F1937
100100010 = PIC16LF1934
100100011 = PIC16LF1936
100100100 = PIC16LF1937

bit 4-0 REV<4:0>: Revision ID bits
These bits are used to identify the revision.

Note 1: This location cannot be written.

DS41364E-page 66
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REGISTER 5-3: OSCTUNE: OSCILLATOR TUNING REGISTER
uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
_ — TUN<5:0>
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 Unimplemented: Read as ‘0’
bit 5-0 TUN<4:0>: Frequency Tuning bits
011111 = Maximum frequency
011110 =
000001 =
000000 = Oscillator module is running at the factory-calibrated frequency.
111111 =
100000 = Minimum frequency
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Redister
on Page
OSCCON SPLLEN IRCF<3:0> — SCS<1:0> 81
OSCSTAT | T1OSCR | PLLR OSTS | HFIOFR | HFIOFL | MFIOFR | LFIOFR | HFIOFS 82
OSCTUNE — — TUN<5:0> 83
PIE2 OSFIE C2IE C1IE EEIE BCLIE LCDIE — ccpP21eM 100
PIR2 OSFIF C2IF C1IF EEIF BCLIF LCDIF — ccr2iF( 103
T1CON TMR1CS<1:0> T1CKPS<1:0> T10SCEN T1SYNC — TMR10ON 203
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.
Note 1: PIC16F1934 only.
TABLE 5-3: SUMMARY OF CONFIGURATION WORD WITH CLOCK SOURCES
Name |Bits | Bit-/7 Bit -/6 Bit13/5 | Bitl2/4 | Bit11/3 | Bit10/22 | Bit9n Bitgip | Register
on Page
13:8 — FCMEN IESO CLKOUTEN BOREN<1:0> CPD
CONFIG1 — —— 62
7:0 CP MCLRE PWRTE WDTE<1:0> FOSC<2:0>
13:8 — — LVP DEBUG — BORV STVREN PLLEN
CONFIG2 64
7:0 — — VCAPEN<1:0>(1) — — WRT<1:0>
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.

Note 1:

PIC16F1934/6/7 only.

© 2008-2011 Microchip Technology Inc.
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12.0 1/0 PORTS

Depending on the device selected and peripherals
enabled, there are up to five ports available. In general,
when a peripheral is enabled on a port pin, that pin
cannot be used as a general purpose output. However,
the pin can still be read.

Each port has three standard registers for its operation.
These registers are:
* TRISx registers (data direction)

* PORTXx registers (reads the levels on the pins of
the device)

» LATXx registers (output latch)

Some ports may have one or more of the following
additional registers. These registers are:

* ANSELXx (analog select)
* WPUXx (weak pull-up)
* INLVLx (input level control)

TABLE 12-1: PORT AVAILABILITY PER

DEVICE

< m @) o 1]

= [ = = [

; @ o e x
Device o) o) % o) g
o a a o o

PIC16(L)F1934 . ° ° ° °
PIC16(L)F1936 ° ° ° °
PIC16(L)F1937 . ° ° ° °

The Data Latch (LATx registers) is useful for
read-modify-write operations on the value that the 1/0
pins are driving.

A write operation to the LATx register has the same
effect as a write to the corresponding PORTXx register.
A read of the LATx register reads of the values held in
the 1/0 PORT latches, while a read of the PORTx
register reads the actual I/O pin value.

Ports that support analog inputs have an associated
ANSELXx register. When an ANSEL bit is set, the digital
input buffer associated with that bit is disabled.
Disabling the input buffer prevents analog signal levels
on the pin between a logic high and low from causing
excessive current in the logic input circuitry. A
simplified model of a generic I/O port, without the
interfaces to other peripherals, is shown in Figure 12-1.

FIGURE 12-1: GENERIC I/0O PORT

OPERATION

Read LATx TRISX

S D Q

Write LATx

Write PORTX| CK_A

Data Register

Data Bus {
1/0 pin
Read PORTXx

To peripherals ¢—
ANSELx

Vss

EXAMPLE 12-1:  INITIALIZING PORTA

; This code exanple illustrates
initializing the PORTA register. The
other ports are initialized in the sane
menner .

BANKSEL PORTA

CLRF PORTA

BANKSEL LATA

CLRF LATA

BANKSEL ANSELA

CLRF ANSELA ;digital 1/0

BANKSEL TRI SA ;

MOVLW  B' 00111000 ; Set RA<5:3> as inputs

MOVWF TRI SA ;and set RA<2: 0> as
;out put's

;lnit PORTA
;Data Latch

© 2008-2011 Microchip Technology Inc.
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13.0 INTERRUPT-ON-CHANGE

The PORTB pins can be configured to operate as
Interrupt-On-Change (IOC) pins. An interrupt can be
generated by detecting a signal that has either a rising
edge or a falling edge. Any individual PORT IOC pin, or
combination of PORT IOC pins, can be configured to
generate an interrupt. The interrupt-on-change module
has the following features:

* Interrupt-on-Change enable (Master Switch)
* Individual pin configuration

» Rising and falling edge detection

* Individual pin interrupt flags

Figure 13-1 is a block diagram of the IOC module.

13.1 Enabling the Module

To allow individual PORTB pins to generate an interrupt,
the IOCIE bit of the INTCON register must be set. If the
IOCIE bit is disabled, the edge detection on the pin will
still occur, but an interrupt will not be generated.

13.2 Individual Pin Configuration

For each PORTB pin, arising edge detector and a falling
edge detector are present. To enable a pin to detect a
rising edge, the associated IOCBPx bit of the IOCBP
register is set. To enable a pin to detect a falling edge,
the associated IOCBNXx bit of the IOCBN register is set.

A pin can be configured to detect rising and falling
edges simultaneously by setting both the IOCBPx bit
and the IOCBNXx bit of the IOCBP and IOCBN registers,
respectively.

FIGURE 13-1:

13.3 Interrupt Flags

The I0CBFx bits located in the IOCBF register are
status flags that correspond to the interrupt-on-change
pins of PORTB. If an expected edge is detected on an
appropriately enabled pin, then the status flag for that pin
will be set, and an interrupt will be generated if the IOCIE
bit is set. The IOCIF bit of the INTCON register reflects
the status of all IOCBFx bits.

13.4 Clearing Interrupt Flags

The individual status flags, (IOCBFx bits), can be
cleared by resetting them to zero. If another edge is
detected during this clearing operation, the associated
status flag will be set at the end of the sequence,
regardless of the value actually being written.

In order to ensure that no detected edge is lost while
clearing flags, only AND operations masking out known
changed bits should be performed. The following
sequence is an example of what should be performed.

EXAMPLE 13-1:

MOVLW  Oxf f
XORW | OCBF, W
ANDW | OCBF, F

13.5 Operation in Sleep

The interrupt-on-change interrupt sequence will wake
the device from Sleep mode, if the IOCIE bit is set.

If an edge is detected while in Sleep mode, the IOCBF
register will be updated prior to the first instruction
executed out of Sleep.

INTERRUPT-ON-CHANGE BLOCK DIAGRAM

I0OCBNx

I0CIE

I0CBFx

D

I G

I0CBPx D Q

From all other IOCBFx o
individual pin detectors ¢

@ Q2 Clock Cycle

10C Interrupt to
CPU Core

© 2008-2011 Microchip Technology Inc.
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FIGURE 17-1: DIGITAL-TO-ANALOG CONVERTER BLOCK DIAGRAM

I
I
glﬁ DACR<4:0>
5]

I
I
R I
DACEN — [
DACLPS | |
' o 5 |
| Steps< D - DAC
| Loe e Ie) (Te Comparator, CPS and
N ADC Modules)
I R © I
R I
| R DACOUT
I I
DACNSS I I DACOE
I I
VReF- [X—— ] VSOURCE- |
Vss —|—J |
Lo |
FIGURE 17-2: VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE
PIC® MCU
DAC
Module R . N
Voltage 2 DACOUi ">+ Buffered DAC Output
Reference
Output
Impedance
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NOTES:
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FIGURE 21-5: TIMER1 GATE SINGLE-PULSE MODE

TMR1GE
T1GPOL

T1GSPM
T1GGO/ |<— Set by software

DONE

Cleared by hardware on
‘ falling edge of TIGVAL

Counting enabled on
rising edge of T1G

TIGIN [ \Al—‘ 1
CiplnlnlnlnlnHelnEnlnl

T1GVAL :

TIMER1 N ><N+1>< N + 2

Cleared by

TMR1G||:—\<— Cleared by software ‘4— Set by hardware on i‘: software

falling edge of TIGVAL
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23.4.6.1 Steering Synchronization

The STRxSYNC bit of the PSTRxCON register gives
the user two selections of when the steering event will
happen. When the STRxSYNC bit is ‘0’, the steering
event will happen at the end of the instruction that
writes to the PSTRxCON register. In this case, the
output signal at the Px<D:A> pins may be an
incomplete PWM waveform. This operation is useful
when the user firmware needs to immediately remove
a PWM signal from the pin.

When the STRxSYNC bit is ‘1’, the effective steering
update will happen at the beginning of the next PWM
period. In this case, steering on/off the PWM output will
always produce a complete PWM waveform.

Figures 23-19 and 23-20 illustrate the timing diagrams
of the PWM steering depending on the STRxSYNC
setting.

23.4.7 START-UP CONSIDERATIONS

When any PWM mode is used, the application
hardware must use the proper external pull-up and/or
pull-down resistors on the PWM output pins.

The CCPxM<1:0> bits of the CCPxCON register allow
the user to choose whether the PWM output signals are
active-high or active-low for each pair of PWM output
pins (PxA/PxC and PxB/PxD). The PWM output
polarities must be selected before the PWM pin output

FIGURE 23-19:

drivers are enabled. Changing the polarity
configuration while the PWM pin output drivers are
enable is not recommended since it may result in
damage to the application circuits.

The PxA, PxB, PxC and PxD output latches may not be
in the proper states when the PWM module is
initialized. Enabling the PWM pin output drivers at the
same time as the Enhanced PWM modes may cause
damage to the application circuit. The Enhanced PWM
modes must be enabled in the proper Output mode and
complete a full PWM cycle before enabling the PWM
pin output drivers. The completion of a full PWM cycle
is indicated by the TMRXxIF bit of the PIRx register
being set as the second PWM period begins.

Note:  When the microcontroller is released from
Reset, all of the 1/O pins are in the
high-impedance state. The external cir-
cuits must keep the power switch devices
in the Off state until the microcontroller
drives the 1/O pins with the proper signal
levels or activates the PWM output(s).

EXAMPLE OF STEERING EVENT AT END OF INSTRUCTION (STRxSYNC = 0)

< PWM Period —

PWM Q I_‘

L L L

STRx |

P1<D:A> PORT Datay'" \ /

P1n = PWM

\ / \< PORT Data

FIGURE 23-20:
(STRXSYNC = 1)

EXAMPLE OF STEERING EVENT AT BEGINNING OF INSTRUCTION

PWM u

L

I

STRx ;

PORT Data X

P1<D:A> —(

W

PORT Data

P1n = PWM

DS41364E-page 232
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24.2.3 SPI MASTER MODE The clock polarity is selected by appropriately
programming the CKP bit of the SSPCON1 register
and the CKE bit of the SSPSTAT register. This then,
would give waveforms for SPlI communication as
shown in Figure 24-6, Figure 24-8 and Figure 24-9,
where the MSB is transmitted first. In Master mode, the

In Master mOde, the data is transmitted/received as SPI clock rate (b|t rate) is user programmab|e to be one
soon as the SSPBUF register is written to. If the SPI is of the following:

only going to receive, the SDO output could be dis-
abled (programmed as an input). The SSPSR register

The master can initiate the data transfer at any time
because it controls the SCK line. The master
determines when the slave (Processor 2, Figure 24-5)
is to broadcast data by the software protocol.

» Fosc/4 (or Tcy)

will continue to shift in the signal present on the SDI pin * Fosc/16 (or 4 * Tcy)

at the programmed clock rate. As each byte is + Fosc/64 (or 16 * Tcy)
received, it will be loaded into the SSPBUF register as  Timer2 output/2

if a normal received byte (interrupts and Status bits « Fosc/(4 * (SSPADD + 1))

appropriately set) Figure 24-6 shows the waveforms for Master mode.
When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPBUF is loaded with the received
data is shown.

FIGURE 24-6: SPI MODE WAVEFORM (MASTER MODE)

Write to
SSPBUF i

SCK
(CKP=0
CKE = 0)

SCK
(CKP=1
CKE = 0)

| 4 Clock
Modes

o |

CKE=1)

SCK
(CKP=1
CKE = 1)

i

|

T

|

| | | | | | | | |
spo < it 7 X bit6 X bit5 X bit4 X it 3 X bit2 X bit1,X bit0
R | | | | | | | '
SDO X bit7 it X bits X bit4 X bit3 X bit2 X bit1 X bit0 X
CKE =1 | | ! | i | | | -
( ) |
(SMP =0) | bit7 | | | | | | | bito !
Input | | | | | | | | |
Sample A T T T T T T T |
(SMP = 0) I [ [ [ [ [ [ [
(SMP=1) b7 bit 0

PRI S S S S S S

Sample } '
(SMP =1) | L
SSPIF

SSPSR to *
SSPBUF
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FIGURE 24-7: SPI DAISY-CHAIN CONNECTION
SPI Master ScK | SCK
SDO > SDI SPISlave
SDI |« SDO #1
General I/O | SS
+—» SCK
- SDI SPI Slave
SDO #2
p SS
L SCK
—= SDI SPI Slave
4——SDO #3
L pISS
FIGURE 24-8: SLAVE SELECT SYNCHRONOUS WAVEFORM
s [ \
SCK 55
(CKP =0 . L
CKE = 0) .
chKKP l . . _
=1 ! i i
SKE - 0) l , . . ; ; . . MG
Write to : T : : : : : : : :
SSPBUF ! . . .
Shift register SSPSR !
| and bit count,are reset ,
SSPBUFto 4 il ! .
SSPSR

SDO

DI : , , : . .
R N U N S S S N W S 1S M S
SSPIF : f : : : : —
Interrupt C

Flag 2 )
SSPSR to q¢ T
SSPBUF )’
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TABLE 25-5: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH=1,BRG16=10or SYNC=1,BRG16=1
BAUD Fosc = 32.000 MHz Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE | A ctual % S\,Pa?feG Actual % SVP;L?EG Actual % S:jfeG Actual % S\,Pa?feG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 26666 300.0 0.00 16665 300.0 0.00 15359 300.0 0.00 9215
1200 1200 0.00 6666 1200 -0.01 4166 1200 0.00 3839 1200 0.00 2303
2400 2400 0.01 3332 2400 0.02 2082 2400 0.00 1919 2400 0.00 1151
9600 9604 0.04 832 9597 -0.03 520 9600 0.00 479 9600 0.00 287
10417 | 10417 0.00 767 10417 0.00 479 10425 0.08 441 10433 0.16 264
19.2k 19.18k  -0.08 416 19.23k  0.16 259 19.20k  0.00 239 19.20k  0.00 143
57.6k | 57.55k -0.08 138 5747k  -0.22 86 57.60k  0.00 79 57.60k  0.00 47
115.2k | 115.9k 0.64 68 116.3k  0.94 42 115.2k  0.00 39 115.2k 0.00 23
SYNC =0,BRGH=1,BRG16=10or SYNC=1,BRG16=1
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 1.000 MHz
RATE | A ctual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % Svpa?fee
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 6666 300.0 0.01 3332 300.0 0.00 3071 300.1 0.04 832
1200 1200 -0.02 1666 1200 0.04 832 1200 0.00 767 1202 0.16 207
2400 2401 0.04 832 2398 0.08 416 2400 0.00 383 2404 0.16 103
9600 9615 0.16 207 9615 0.16 103 9600 0.00 95 9615 0.16 25
10417 | 10417 0 191 10417 0.00 95 10473 0.53 87 10417 0.00 23
19.2k 19.23k  0.16 103 19.23k 0.16 51 19.20k  0.00 47 19.23k  0.16 12
57.6k | 57.14k -0.79 34 58.82k  2.12 16 57.60k  0.00 15 — — —
115.2k | 117.6k 212 16 1M1.1k  -3.55 8 1152k 0.00 7 — — —
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27.3 LCD Bias Voltage Generation

The LCD module can be configured for one of three
bias types:
« Static Bias (2 voltage levels: Vss and VLCD)

» 1/2 Bias (3 voltage levels: Vss, 1/2 VLcD and
VLCD)

» 1/3 Bias (4 voltage levels: Vss, 1/3 VLCD,
2/3 VLcD and VLCD)

TABLE 27-2: LCD BIAS VOLTAGES
Static Bias 1/2 Bias 1/3 Bias
LCD Bias 0 Vss Vss Vss
LCD Bias 1 — 1/2 VpD 1/3 VDD
LCD Bias 2 — 1/2 VbD 2/3 VbD
LCD Bias 3 VLcb3 VLCcD3 VLCcD3

So that the user is not forced to place external compo-
nents and use up to three pins for bias voltage generation,
internal contrast control and an internal reference ladder
are provided internally. Both of these features may be
used in conjunction with the external VLCD<3:1> pins, to
provide maximum flexibility. Refer to Figure 27-3.

FIGURE 27-3: LCD BIAS VOLTAGE GENERATION BLOCK DIAGRAM
VDD LCDIRE
LCDIRS
T _ LCDA
1.024V from
FVR ’ 3.072V
X 3 —o
% l LCDIRE LCDRLP1
¢ CE LCDIRS LCDRLPO
LCDA
LCDCST<2:0>
VLCD3PE LCDA
VLCD3
|E Icdbias3
VLCD2PE ; _
VLCD2
X . lcdbias2
L]
| BIASMD
VLCD1PE L
VLCD1 %
E Icdbias1
% Icdbias0
+
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31.0 DC AND AC CHARACTERISTICS GRAPHS AND CHARTS

FIGURE 31-1: PIC16F1934/6/7 RESET VOLTAGE, BOR =1.9V
2.100 T T T
Max.: High Power + 3o | | |
2.050 | |-Min.: Low Power -3c -4 - - - — — |— — — — — — - — — — A
| | \
200} - — — — — — -4 — — — — |l — — — — - _— — — — 4
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g} | | T
£ 10| - — — — — — —4 - = — - — — |[— — — — — — —— — — — 1
s
| | |
1900 | - — — — — — -4 — — — - — — — — - = — — A
i | Min. |
1880 ( - — — — — — -4 — — — — |l — — — — = — — A
| | \
1.800 : : ‘
-40°C 25°C 85°C 125°C
Temperature (Celsius)
FIGURE 31-2: PIC16F1934/6/7 HYSTERESIS, BOR = 1.9V
0.035 T T

T
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0 L ! |
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FIGURE 31-3: PIC16F1934/6/7 RESET VOLTAGE, BOR = 2.5V
2.650 ‘ r r
Max.: High Power + 3o | |
Min.: Low Power -3¢ ‘ Max
2600 + — — —_— — — — — — — | " — — — — - — 4
| | |
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|
2400 | — — — — — - _— = = — — |— — — — — — ]
|

2.350

-40°C 25°C 85°C 125°C
Temperature (Celsius)

FIGURE 31-4: PIC16F1934/6/7 HYSTERESIS, BOR = 2.5V
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FIGURE 31-17: PIC16LF1937 HF INTOSC MODE, Fosc = 8 MHz
24 T T T T T
Max.: 25°C + 3o | | |
22t |Typical: 25°C - — — T ********************
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FIGURE 31-18: PIC16F1937 MF INTOSC MODE, Fosc = 500 kHz
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FIGURE 31-19: PIC16LF1937 HF INTOSC MODE, Fosc = 16 MHz
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FIGURE 31-20: PIC16F1937 HF INTOSC MODE, Fosc =16 MHz
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FIGURE 31-21: PIC16F1937 HF INTOSC MODE, Fosc =8 MHz
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FIGURE 31-22: PIC16F1937 LF INTOSC MODE, Fosc = 32 kHz
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NOTES:
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