MICROCHIP

MCP19114/5

Digitally Enhanced Power Analog SynchronousLow-Side PWM Controller

Features:

Input Voltage: 4.5V to 42V

Can be configured with Multiple Topologies
including but not limited to:

- Flyback
- Cuk
-B oost

- SEPIC (Single-Ended Primary-Inductor
Converter)

Capable of Quasi-Resonant or Fixed-Frequency
Operation

Low Quiescent Current: 5 mA Typical

Low Sleep Current: 30 pyA Typical

Low-Side Gate Drivers:

- +5V Gate Drive

- 0.5A Sink/Source Current

-+ 10V Gate Drive

- 1A Sink/Source Current

Peak Current Mode Control

Differential Remote Output Sense

Multiple Output Systems:

- Master or Slave

Configurable Parameters:

-V REF Precision lOUT/VOUT Set Point (DAC)
- Input Undervoltage Lockout (UVLO)

- Input Overvoltage Lockout (OVLO)

- Detection and Protection

- Primary Current Leading Edge Blanking (O,
50 ns, 100 ns and 200 ns)

- Gate Drive Dead Time (16 ns to 256 ns)

- Fixed Switching Frequency Range:
31.25 kHz to 2.0 MHz

- Slope Compensation

- Quasi-Resonant Configuration with Built-in
Comparator and Programmable Offset
Voltage Adjustment

- Primary Current Offset Adjustment

- Configurable GPIO Pin Options

Integrated Low-Side Differential Current Sense
Amplifier

+5% Current Regulation

Thermal Shutdown

Microcontroller Features:

.

Precision 8 MHz Internal Oscillator Block:
- Factory-calibrated to +1%, typical
Interrupt Capable

-F irmware

- Interrupt-on-Change Pins

Only 35 Instructions to Learn
4096 Words On-Chip Program Memory

High Endurance Flash:

- 100,000 write Flash Endurance

- Flash Retention: >40 years

Watchdog Timer (WDT) with Independent
Oscillator for Reliable Operation

Programmable Code Protection

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

Eight 1/0 Pins and One Input-Only Pin

- Two Open Drain Pins

Analog-to-Digital Converter (ADC):

- 10-bit Resolution

- Five External Channels

TimerQ: 8-bit Timer/Counter with 8-bit Prescaler
Enhanced Timer1:

- 16-bit Timer with Prescaler

- Two Selectable Clock Sources

Timer2: 8-Bit Timer with Prescaler

- 8-bit Period Register

« | 2C™ Communication:

- 7-bit Address Masking
- Two Dedicated Address Registers

© 2014 Microchip Technology Inc.
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MCP19114/5

Pin Diagram — 24-Pin QFN (MCP19114)
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MCP19114/5

TABLE 1: 24-PIN SUMMARY
E -—
o | m 5 o S S
o c | 9 Q 2 9 = = Basic Additional
= a | Z < = = 2 T
[ < - c [a
< £
N
GPAO 1 Y | ANO — — 10C Y — Analog/Digital Debug Output(?)
GPA1 2 | Y | AN1 — — I0C Y — Sync Signal In/Out®
GPA2 3 Y AN2 | TOCKI — 10C Y — —
INT
GPA3 4 Y AN3 — — 10C Y — —
GPA5 7 | N — — — |1oc® | Y®) MCLR Test Enable Input
GPAG6 6 N — — — 10C Y ICSPDAT | Dual Capture/Compare Input
GPA7 5 N — — SCL 10C N ICSPCLK —
GPBO 8 N — — SDA 10C N — —
GPB1 |24 | Y | AN4 — — I0C Y — Vrero®)
DESATy 9 N — — — — — — DESAT Negative Input
DESATR/ | 10 N — — — — — — DESATpR Input or Isout
IsouT Output(®
Isp 1 N — — — — Y — Current Sense Amplifier Positive
Input
Isn 12 N = = = = = = Current Sense Amplifier
Negative Input
Ip 13 N — — — — — — Primary Input Current Sense
AGND 14 N — — — — — AgND Small Signal Ground
PenD 15 N — — — — — PenD Large Signal Ground
SDRV 16 N — — — — — — Secondary LS Gate Drive
Output
PDRV 17 N — — — — — — Primary LS Gate Drive
Output
Vpr 18 N — — — — — Vbr Gate Drive Supply Voltage
VDD 19 N — — — — — VDD VDD OUtpUt
VN 20 N — — — — — VN Input Supply Voltage
Vg 21 N — — — — — — Output Voltage Sense
I 22 N = = = = = = Error Amplifier Feedback Input
lcomp 23 N — — — — — — Error Amplifier Output
Note 1: The Analog/Digital Debug Output is selected through the control of the ABECON register.

2. Selected w hen fun ctioning as ma ster or s lave by p roper c onfiguration o f the MSC <1:0> bitsinthe

MODECON register.

3: VRep2 output selected when configured as master by proper configuration of the MSC<1:0> bits in the

MODECON register.

The 10C is disabled when MCLR is enabled.
Weak pull-up always enabled when MCLR is enabled, otherwise the pull-up is under user control.

When RFB of MODECON<5> =0, internal feedback resistor and DESATp input are enabled. When
RFB =1, IgoyT is enabled.

© 2014 Microchip Technology Inc.
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MCP19114/5

Pin Diagram — 28-Pin QFN (MCP19115)
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MCP19114/5

TABLE 2: 28-PIN SUMMARY
| 0o | o | B | =
o) pe “é 9 o @ = z Basic Additional
a | Z = = £ &
& £
GPAO 11 Y | ANO — — lI0C Y — Analog/Digital Debug Output(?)
GPA1 2 | Y | AN — — 10C Y — Sync Signal In/Out(@
GPA2 3 Y AN2 | TOCKI — I0C Y — —
INT
GPA3 AN3 — — I0C Y — —
GPA5 8 | N — — — |1oc® | YO MCLR Test Enable Input
GPAG 7 N — — — I0C Y — Dual Capture/Single
Compare1 Input
GPA7 6 N — — SCL I0C N — —
GPBO 10 | N — — SDA I0C N — —
GPB1 | 26| Y | AN4 — — loC Y — Vrero®)
GPB4 4 Y AN5 — — I0C Y ICSPDAT —
GPB5 27 | Y ANG — — I0C Y ICSPCLK —
GPB6 28| Y AN7 — — I0C Y — —
GPB7 9 Y — — — I0C Y — Single Compare2 Input
DESATR/ | 12 | N — — — — — — DESATp input or IgoyT
lsouT Output(®
DESATy | 11 N — — — — — — DESAT Negative Input
Isp 13 N — — — — Y — Current Sense Amplifier
Non-Inverting Input
Isn 14 | N — — — — — — Current Sense Amplifier
Inverting Input
Ip 15 | N — — — — — — Primary Input Current Sense
AGND 16 | N — — — — — AGND Small Signal Ground
PanD 17 | N — — — — — PsND Large Signal Ground
SDRV 18 N — — — — — — Secondary LS Gate Drive
Output
PDRV 19 N — — — — — — Primary LS Gate Drive Output
VbR 20 | N = = = = = VbR Gate Drive Supply Voltage
Vpop 21 N — — — — — Vpp Vpp Output
VN 22 | N — — — — — VN Input Supply Voltage
Vg 23 N — — — — — — Output Voltage Sense
IFk 24 N — — — — — — Error Amplifier Feedback input
lcomp 25| N — — — — — — Error Amplifier Output
Note 1: The Analog/Digital Debug Output is selected through the control of the ABECON register.
2: Selected w hen functioning as m aster or slave by p roper c onfiguration of the M SC<1:0>bitsinthe
MODECON register.
3: VREF2 output selected when configured as master by proper configuration of the MSC<1:0> bits in the

MODECON register.

The I0C is disabled when MCLR is enabled.
Weak pull-up always enabled when MCLR is enabled, otherwise the pull-up is under user control.

When RFB of MODECON<6> =0 Internal feedback resistor is enabled allow with DESATp input. When
RFB=1, ISOUT is enabled.

© 2014 Microchip Technology Inc.
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MCP19114/5

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. 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., DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheetand 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.

© 2014 Microchip Technology Inc. DS20005281A-page 7
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NOTES:
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MCP19114/5

1.0 DEVICE OVERVIEW

The MCP19114/5 are h ighly inte grated, mixed signal
low-side s ynchronous c ontrollers that o perate from
4.5V t04 2V. T he f amily fe atures an an alog PW M
controller with an integrated microcontroller core used
for LED lighting systems, battery chargers and other
low-side switch PWM applications. The devices feature
an ana log int ernal PWM co ntroller similartoth e
MCP1631, and a standard PIC® microcontroller similar
to the PIC12F617.

Complete ¢ ustomization ofd eviceo perating
parameters, s tart-up or s hutdown profiles, protection
levels and fault handling procedures are accomplished
by setting digital registers using Microchip’s MPLAB® X
Integrated D evelopment Environment s oftware a nd
one of Microchip’s many in-circuit debugger and device
programmers.

The MCP19114/5 mixed signal low-side synchronous
controllers fe ature in tegrated pr ogrammable input
UVLO/OVLO, programmable output overvoltage (OV),
two lo w-side g ate dri ve out puts w ith i ndependent
programmable dead time, programmable leading edge
blanking (fo ur st eps), pro grammable 6-b its lope
compensation and an inte grated int  ernal
programmable oscillatorf orfi  xed-frequency
applications. Anint egrated 8-bit reference vol tage
(VRrer) is used for setting output voltage or current. An
internal co mparators  upports quasi-resonant
applications. Add itional C apturea nd C ompare
modules are integrated for additional control, including
enhanced di mming ca pability. Th e MC P19114/5
devices contain two internal LDOs. A 5V LDO is used
to pow erthei nternal proc essorand provide 5V

externally. T his 5V e xternal ou tputcanb e us ed to
supply the gate drive. An analog filter between the Vpp
outputand theV pgr inputis re commended w hen
implementing a 5V gate drive supplied from Vpp. Two
4.7 uF capacitors are recommended with one placed
ascloseaspossibleto Vppandoneascloseas
possible to Vpg, separated by a 10Q isolation resistor.
DO NOT exceed 10 yF on the Vpp. An external supply
is required to implement higher gate drive voltages. By
utilizing Microchip’s TC1240A voltage doubler supplied
from V pp to pro vide V pr, @ 10 V gate drive can be
achieved. A4V LD Ois usedto powerthe internal
analog circuitry. The two low-side drivers can be used
to operate the power converter in bi directional mode,
enabling the “shaping” of LED dimming current in LED
applications or de veloping bid irectional po wer
converters for battery-powered applications.

The MCP19114 is packaged in a 24dead 4 mm x 4 mm

QFN. T he MCP19115i s packagedi n a2 8-lead
5 mm x5 mm QFN.

The ab ility fo rsy stem designerst oco nfigure
application-specific features allows the MCP19114/5 to
be offered in smaller packages than currently available
in in tegrated de vices tod ay. T he G eneral Purp ose
Input/Output (G PIO) ofth e MC P19114/5¢c anb e
configured to offer a status output, a device enable, to
control a n ex ternal sw itch, as witching fre quency
synchronization output or input or even a device status
or "h eartbeat" indicator. T his f lexibility allows th e
MCP19114/5 packages and complete solutions to be
smaller, thereby saving size and cost ofthe sy stem
printed circuit boards.

With integrated features like output current adjust and
dynamic out put voltage positioning, the MCP19114/5
family has the best in class performance and highest
integration level currently available.

Power trains supported by this architecture include but
are not limited to bo ost, fly back, quasi-resonant
flyback, SEPIC, Cuk, efc. Two low-side gate drivers are
capable of sinking and sourcing 1A at 10V Vpg. With a
5V gate drive, the driver is capable of 0.5A sink and
source. The user has the option to allow the V;y UVLO
to shut down the drivers by setting the UVLOEN bit.
When this bitis not set, the device drivers will rid e
through the UVLO condition and continue to op erate
until V pr reac hes the gate drive UVLO value. This
valueis selectableat2. 7Vor 54V and is al ways
enabled. An internal reset for the microcontroller core
is set to 2.0V. An internal comparator module is used to
sense th e de saturation of th e fly back trans former to
synchronize switching for quasi-resonant applications.
The operating input voltage for normal device operation
ranges from 4.5V to 42V with an absolute maximum of
44V. The maximum transient voltage is 48V for 500 ms.
An 12C serial bus is used for d evice communications
from the PWM controller to the system.

© 2014 Microchip Technology Inc.

DS20005281A-page 9



0l 8bed-v18250002SA

-ou| ABojouyoa | diyosouoiN 102 @
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MCP19114/5

FIGURE 1-2: MCP19114 CUK’ SYNCHRONOUS POSITIVE OUTPUT APPLICATION DIAGRAM
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FIGURE 1-3: MCP19114 BOOST QUASI-RESONANT APPLICATION DIAGRAM
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MCP19114/5

FIGURE 1-4: MICROCONTROLLER CORE BLOCK DIAGRAM
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MCP19114/5

2.0 PIN DESCRIPTION

The 24-lead M CP19114 a nd 28-lead M CP19115
devices fe ature pi nsthat have m ultiple fun ctions
associated with ea ch pi n. Table 2-1 pr ovides a
description o fth e different functions. Re fer to
Section 2.1 “ Detailed Pin Functional Description”
for more detailed information.

TABLE 2-1: MCP19114/5 PINOUT DESCRIPTION

Name Function l_:j;pu; O.F’;Sgt Description
GPAO/ANO/TEST_OUT GPAO TTL | CMOS | General-purpose I/O
ANO AN — A/D Channel 0 input
TEST_OUT — — Internal analog/digital signal multiplexer output(®)
GPA1/AN1/CLKPIN GPA1 TTL | CMOS | General-purpose I/0O
AN1 AN — A/D Channel 1 input
CLKPIN ST | CMOS | Switching frequency clock input or output(z)
GPA2/AN2/TOCKI/IINT GPA2 ST | CMOS |General-purpose I/0
AN2 AN — A/D Channel 2 input
TOCKI ST — TimerOQ clock input
INT ST — External interrupt
GPA3/AN3 GPA3 TTL | CMOS | General-purpose 1/0O
AN3 AN — A/D Channel 3 input
GPA5/MCLR GPA5 TTL — General-purpose input only
MCLR ST — | Master Clear with internal pull-up
GPA6/CCD/ICSPDAT GPA6 ST | CMOS |General-purpose I/0
ICSPDAT ST CMOS | Serial Programming Data I/O
CCD ST | CMOS |Single Compare output. Dual Capture input
GPA7/SCL/ICSPCLK GPA7 ST OD | General-purpose open drain I/O
SCL I’C™ | OD |I°C clock
ICSPCLK ST — Serial Programming Clock
GPB0/SDA GPBO TTL OD | General-purpose I/O
SDA I’C™ | OD |I?C data input/output
GPB1/AN4/VREF2 GPB1 TTL | CMOS | General-purpose 1/0
AN4 AN — A/D Channel 4 input
VREF?2 — AN |VREF2 DAC Output(®)
GPB4/AN5/ICSPDAT GPB4 TTL | CMOS | General-purpose 1/0
(MCP19115 Only) AN5 AN — | A/D Channel 5 input
ICSPDAT ST CMOS | Primary Serial Programming Data I/O
GPB5/AN6/ICSPCLK GPB5 TTL | CMOS | General-purpose 1/0
(MCP19115 Only) ANG AN — | A/D Channel 6 input
ISCPCLK ST — Primary Serial Programming Clock
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 12C = Schmitt Trigger input with 1’c
Note 1: The Analog/Digital Debug Output is selected through the control of the ABECON register.

2:  Selected when functioning as master or slave by proper configuration of the MSC<1:0> bits in the MODECON register.
3:  VREF2 output selected when configured as master by proper configuration of the MSC<1:0> bits in the MODECON

register.

© 2014 Microchip Technology Inc.
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MCP19114/5

TABLE 2-1: MCP19114/5 PINOUT DESCRIPTION (CONTINUED)

Name Function ?ﬁpu; O_;J;S:t Description

GPB6/AN7 GPB6 TTL | CMOS | General-purpose 1/0

(MCP19115 Only) AN7 AN — | A/D Channel 7 input

GPB7/CCD GPB7 TTL | CMOS | General-purpose I/0

(MCP19115 Only) CCD ST | CMOS |Single Compare output. Dual Capture input.

VIN VIN — — Device input supply voltage

Vbp Vbp — — Internal +5V LDO output pin

VpRr Vpr — — Gate drive supply voltage

AgND AgND — — | Small signal quiet ground

PanD PenD — — Large signal power ground

PDRV PDRV — — Primary Low-Side MOSFET gate drive

SDRV SDRV — — Secondary Low-Side MOSFET gate drive

Ip Ip — — Primary input current sense

Isn Isn — — Secondary current sense amplifier negative input

Isp Isp — — Secondary current sense amplifier positive input

Vg Vg — — Sense voltage compared to overvoltage DAC

I e — — Error amplifier feedback input

lcomp lcomp — — | Error amplifier output

DESATp/Isout DESATp/Isout — — DESATp: DESAT detect comparator positive input
IsouT: Secondary current sense amplifier output

DESATy DESATy — — DESATy: DESAT detect comparator negative
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 12C = Schmitt Trigger input with 1°c

Note 1: The Analog/Digital Debug Output is selected through the control of the ABECON register.
2:  Selected when functioning as master or slave by proper configuration of the MSC<1:0> bits in the MODECON register.
3:  VREF2 output selected when configured as master by proper configuration of the MSC<1:0> bits in the MODECON

register.

DS20005281A-page 14
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2.1 Detailed Pin Functional
Description

211 GPAO PIN

GPAOQ is a general-purpose TTL input or CMOS output
pin whose data direction is controlled in TRISGPA. An
internal weak pull-up and interrupt-on-change are also
available.

ANO is an input to the A/D. To configure this pin to be
read by the A/D on channel 0, bits TRISAO and ANSAOQ
must be set.

The ABECON register can be configured to set this pin
to the TEST_OUT function. It is a buffered output of the
internal an alog or digital s ignal m ultiplexers. An alog
signals pre senton this pi nare controlled byth e
ADCONO register. Digital signals pre sent on this pin
are controlled by the ABECON register.

21.2 GPA1 PIN

GPA1 is a general-purpose TTL input or CMOS output
pin whose data direction is controlled in TRISGPA. An
internal weak pull-up and interrupt-on-change are also
available.

AN1 is an input to the A/D. To configure this pin to be
read by the A/D on channel 1, bits TRISA1 and ANSA1
must be set.

When the MCP19114/5 are configured as a MASTER
or SLAVE, this pinis configured to be the switching
frequency synchronization input or output (CLKPIN).

213 GPA2 PIN

GPA2 is a general-purpose ST input or CMOS output
pin whose data direction is controlled in TRISGPA. An
internal weak pull-up and interrupt-on-change are also
available.

AN2 is an input to the A/D. To configure this pin to be
read by the A/D on channel 2, bits TRISA2 and ANSA2
must be set.

When bit TOCS is set in the OPTION_REG register, the
TOCKI fun ctioni s en abled. Referto Section 22.0
“Timer0 Module” for more information.

GPA2 can also be configured as an external interrupt
by se ttingthe INTEbit . Referto Section 14.2
“GPA2/INT Interrupt” for more information.

214 GPA3 PIN

GPA3 is a general-purpose TTL input or CMOS output
pin whose data direction is controlled in TRISGPA. An
internal weak pull-up and interrupt-on-change are also
available.

AN3 is an input to the A/D. To configure this pin to be
read by the A/D on channel 3, bits TRISA3 and ANSA3
must be set.

2.1.5 GPA5 PIN

GPA5 is a g eneral-purpose TT L in putonly pin. An
internal weak pull-up and interrupt-on-change are also
available.

For programming purposes, this pin is to be connected
to the MCLR pin of th e serial programmer. Refer to
Section 30.0 “In-Circuit Serial Programming™
(ICSP™)” for more information.

This pin is MCLR when the MCLRE bitis setinthe
CONFIG register.

2.1.6 GPAG PIN

GPAG is a general-purpose CMOS output ST input pin
whose data direction is controlled in TRISGPA.

ICSPDAT is a serial programming data I/O function.
This can be used in conjunction with ICSPCLK to serial
program the device.

GPAG is part of the CCD Module. For more information,
refer to Section 26.0 “Dual Capture/Compare (CCD)
Module”.

217 GPA7 PIN

GPA7 is a true open drain general-purpose pin whose
data direction is controlled in TR ISGPA. There is no
internal connection between this pin and device Vpp.
This pi nd oes n ot have aw eak pull-up, b ut inter-
rupt-on-change is available.

This pin is the primary ICSPCLK input. For MCP19115,
this pin is AL T1_ICSPCLK. Thi sc anbe wusedin
conjunction with  ICSPDAT to se rial program the
device.

When the M CP19114/5i sco nfigured forl 2C
communication, Section 28.2 “ I2C Mode Overview”,
GPAT7 functions as the 12C clock (SCL). This pin must
be configured as an input to allow proper operation.

© 2014 Microchip Technology Inc.
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2.1.8 GPBO PIN

GPBO is a true open drain general-purpose pin whose
data direction is controlled in TRISGPB. There is no
internal connection between this pin and device Vpp.
This pindo es nothav eaw eak pull-up, but
interrupt-on-change is available. Wh enth e
MCP19114/5 are configured for I2C co mmunication,
Section 28.2 “12C Mode Overview”, GPBO functions
as the 12C clock (SDA). This pin must be configured as
an input to allow proper operation.

2.1.9 GPB1 PIN

GPB1 is a general-purpose TTL input or CMOS output
pin whose data direction is controlled in TRISGPB. An
internal weak pull-up and interrupt-on-change are also
available.

AN4 is an input to the A/D. To configure this pin to be
read by the A/D on channel 4, bits TRISB1 and ANSB1
must be set.

When the MCP19114/5 are configured as a MASTER,
this pin is configured to be the Vg, DAC output.

2110  GPB4 PIN (MCP19115 ONLY)

GPB4 is a general-purpose TTL input or CMOS output
pin whose data direction is controlled in TRISGPB. An
internal weak pull-up and interrupt-on-change are also
available.

ANS is an input to the A/D. To configure this pin to be
read by the A/D on channel 5, bits TRISB4 and ANSB4
must be set.

ICSPDAT is the primary serial programming data I/0
function. This is used in conjunction with ICSPCLK to
serial program the device.

2111  GPB5 PIN (MCP19115 ONLY)

GPBS5 is a general-purpose TTL input or CMOS output
pin whose data direction is controlled in TRISGPB. An
internal weak pull-up and interrupt-on-change are also
available.

ANG is an input to the A/D. To configure this pin to be
read by the A/D on channel 6, bits TRISB5 and ANSB5
must be set.

ICSPCLK is th e pri mary serial pro gramming cl ock
function. This is used in conjunction with ICSPDAT to
serial program the device.

2112 GPB6 PIN (MCP19115 ONLY)

GPB6 is a general-purpose TTL input or CMOS output
pin whose data direction is controlled in TRISGPB. An
internal weak pull-up and interrupt-on-change are also
available.

AN7 is an input to the A/D. To configure this pin to be
read by the A/D on channel 7, bits TRISB6 and ANSB6
must be set.

2113  GPB7 PIN (MCP19115 ONLY)

GPB?7 is a general-purpose TTL input or CMOS output
pin whose data direction is controlled in TRISGPB. An
internal weak pull-up and interrupt-on-change are also
available.

GPBY7 is part of the CCD Module. For more information,
refer to Section 26.0 “Dual Capture/Compare (CCD)
Module”.

2.1.14 DESATy PIN

Internal co mparator inverting inp ut. U sed during
quasi-resonant operation for desaturation detection.

2115  DESATp/lgoyt PIN

When using the internal com parator for d esaturation
detection duri ng qu asi-resonant op eration, this pin
connects to the comparator’s non-inverting input. The
output of the remote sense current sense amplifier gets
configured to utilize the 5 kQ internal feedback resistor.
When not utilizing t he internal c omparator a nd no t
configured to use the 5 kQ internal feedback resistor,
the current sense amplifier gets connected to this pin
and is ISOUT‘

2116  Igp PIN

The n on-inverting inputt oi nternal cu rrent se nse
amplifier, typically used to dif ferentially remote sense
secondary current. This pin can be internally pulled-up
to Vpp by setting the <ISPUEN> bit in the PE1 register.

2117 Isn PIN

The inverting input to internal current sense amplifier,
typically used to differentially remote sense secondary
current.

2.1.18 Ip PIN

Primary input current sense for current mode control
and peak current limit. For voltage mode control, this
pin can be connected to an artificial ramp.

2119 Agnp PIN

Agnp is the small signal ground connection pin. This
pin should be connected to the exposed pad on th e
bottom of the package.

2120  Pgnp PIN

Connect all large signal level ground returns to Pgpp.
These large-signal level ground traces should have a
small loop area and minimal length to prevent coupling
of switching noise to sensitive traces.

DS20005281A-page 16
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2.1.21 SDRV PIN

The ga te of the lo w-side s econdary MOSFET i s
connected to SDRV. The PCB trace connecting SDRV
to the gate must be of minimal length and appropriate
width to handle the h igh peak drive current and fast
voltage transitions.

2.1.22 PDRV PIN

The g ateofth el ow-side pri mary M OSFETi s
connected to PD RV. The PC B tracing connecting
PDRYV to th e g ate mustb e o f mi nimal le ngth an d
appropriate width to han dle th e h igh-peak d rive
currents and fast voltage transitions.

2123  Vpgr PIN

The supply for the low-side drivers is connected to this
pin and has an absolute maximum rating of +13.5V.
This pin can be connected by an RC filter to the Vpp

pin.

2124  VppPIN

The output of the internal +5.0V regulator is connected
tothis pin. It is recommended that a 1.0 yF by pass
capacitor be connected between this pin and the GND
pin of the device. The by pass capacitor sh ould be
physically placed close to the device.

21.25 Vin PIN

Input p ower connection pi n of thede vice.l ti s
recommended that capacitance be placed between this
pin and the GND pin of the device.

2.1.26 Vg PIN

Analog input connected to the non-inverting input of the
overvoltage com parator. T ypically us ed as output
voltage overvoltage protection. The i nverting input of
the ov ervoltage comparator is con trolled by the OV
REF DAC.

21.27 Irg PIN

Error amplifier inverting feedback connection.

2.1.28 lcomp PIN
Error amplifier output signal.

2.1.29 EXPOSED PAD (EP)

Itis rec ommended to co nnect t he e xposed p ad to
AGND-

© 2014 Microchip Technology Inc.
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NOTES:
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3.0 FUNCTIONAL DESCRIPTION

3.1 Linear Regulators

The operating inputv oltage fo rth e MCP19114/5
ranges from 4.5V to 42V. There are tw o internal Low
Dropout (LDO) voltage regulators. A 5V LDO is used to
power the internal processor and provide a 5V output
for external usage. As econd LD O (V pypp) is a 4V
regulator and is used to p ower the remaining analog
internal ci rcuitry. U singa nL DOt opo werth e
MCP19114/5, the i nput voltage is monitored using a
resistor di vider. The MCP19114/5 al so in corporate
brown-out prot ection.R efer to Section 13.3
“Brown-out Reset (BOR)” for de tails. The PIC core
will reset at 2.0V Vpp.

3.2 Output Drive Circuitry

The MCP19114/5 integrate two low-side drivers used
tod rive the e xternal | ow-side N -Channel power
MOSFETs f or s ynchronous ap plications, s ucha s
synchronous flyback and synchronous Cuk converters.
Both con vertertyp es canbeco  nfigured for
non-synchronous control by replacing the synchronous
FET witha diode. Th e fl ybackis also capable of
quasi-resonant operation. The MCP19114/5 can also
be configured as a Boost or SEPIC switch-mode power
supply (SM PS). In Boo st mode, non-synchronous
fixed-frequency or non -synchronous qua si-resonant
control can be utilized. This device can also be used as
a SEPIC SMPS in fi xed-frequency non -synchronous
mode. The low-side drive is capable of switching the
MOSFET a th ighfre quencyi nt ypical SM PS
applications. The gate drive (Vpgr) can be supplied from
5V to 10V. The drive strength is capable of up to 1A
sink/source with 10V gate drive and d own to 0 .5A
sink/source with 5V gate drive. A programmable delay
is used to set the gate turn-on dead time. This prevents
overlap and shoot-through currents that can decrease
the converter efficiency. Each driver shall have its own
EN input controlled by the microcontroller core.

3.3 Current Sense

The out put currentis differentially se nsed by the
MCP19114/5. In low -current applications, t his he Ips
maintain high sy stem efficiency by minimizing power
dissipation i n cu rrent se nse res istors. D ifferential
current s ensing also minimizes external g round s hift
errors. The internal differential amplifier has a precision
gain of 10V/V.

34 Peak Current Mode

The MCP19114/5 is a pe ak current mode co ntrolled
device with the current sensing element in series with
the prim ary si de M OSFET. Prog rammable Lea ding
Edge Blanking can be implemented to blank current
spikes res ulting fromtu rnon . Theb lanktim ei s
controlled from the ICLEBCON register.

Primary Input Current Offset Adjust is also available via
user programmability, thus limiting peak primary input
current. Th is of fset adj ustment i s c ontrolled by th e
ICOACON register.

3.5 Magnetic Desaturation Detection

An internal comparator module is used to detect power
train  magnetic de saturation for q uasi-resonant
applications. The comparator output is used as a signal
to syn chronize the start of the ne xt switching cycle.
This ope rationd iffers from the trad itional
fixed-frequency app lication. The D ESAT co mparator
output ca n be en abled a nd ro uted in to th e PWM

circuitry or d isabled for fix ed-frequency applications.
During Qu asi-Resonant (QR) o peration, th e D ESAT
comparator output is enabled and combined with a pair
of one -shot ti mers a nd a flip-flop to s ustain PWM

operation. Timer2 (TMR2) must be initialized and set to
runa ta frequency lo werth an the mi nimum Q R
operating frequency. When the CDSWDE bit is set in
the DESATCON register, TMR2 serves as a watchdog.

An example of the order of events for a Flyback SMPS
in synchronous QR operation is as follows:

The primary gate drive (PDRV) goes high. The output
of the DESAT comparator is high. The primary current
increases until | p reaches the level of the E rror Amp
and causes PWM comparator output to gol ow. The
PDRYV goes low and the secondary gate drive (SDRV)
goes high (after programmed dead time). This triggers
the first one-shot to send a 200 ns pulse that resets the
flip-flop and TM R2 (WDM _RESET). The 20 Ons
one-shot pulse design is implemented to mask out any
spurious transitions at the D ESAT comparator o utput
caused by switching noise. The SDRV stays high until
the secondary winding completely runs out of e nergy,
at which time the output capacitance begins to source
current bac k th rough the winding an d sec ondary
MOSFET. The DESAT comparator detects this and its
output goes low. This sets the flip-flop and triggers the
second one-shot to send a 33 ns pulse to the control
logic, causing the SDRYV to go low and the PDRYV to go
high (after programmed dead time). The cycle then
repeats. If, for any reason, the reset one-shot does not
fire, the WDM_RESET signal stays low and TMR2 is
allowed to run until the PWM signal kicks off a n ew
cycle.

The desaturation comparator module is controlled by
the DESATCON register.

© 2014 Microchip Technology Inc.
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3.6 Start-up

To ¢ ontrol th e ou tput cur rent d uring s tart-up, th e
MCP19114/5 h avet he c apability t o mo notonically
increase system current, at the user’s discretion. This
is accomplished through the control of the reference
voltage DAC (Vrgr). The entire start-up profile is under
user control via software.

3.7 Driver Control Circuitry

The internal driver control circuitry of the MCP19114/5
is comprised of an e rror amplifier (EA), a high-speed
comparator and a latch similar to the MCP1631.

The error amplifier generates the control voltage used
by th e hi gh-speed PWM com parator. Th ere isa n
internally gen erated reference v oltage, V gegr. Th e
difference or error be tween th is in ternal reference
voltage and the actual feedback voltage is the control
voltage. Som e a pplications w ill im plement p arked
times where the ga te dr ives ar e notac tive. For
example, when ch anging be tween LED s trings an d
after v oltage repo sitioning, the us er can dis able the
gate drives and p ark the erro r am plifier o utput | ow.
During the time when the EA is parked, its output will be
clamped low (1 * BG) such thatitis in a known state
when re activated. Be fore the out put s witches a re
re-enabled, it may be necessary to re-enable the EA
some time prior to en abling the outp ut drivers. This
prior-EA enable time will allow the EA to slew towards
the intended target and prevent the secondary switch
from tu rningon foran e xtensive peri odo f time,
unintentionally discharging the output capacitance and
pulling the ou tputvo Itagedo wn.Ext ernal
compensation is used to stabilize the control system.

Sincethe M CP19114/5a re pea kcu rrent mode
controlled, the comparator compares the primary peak
current waveform (lp) that is based upon the current
flowing in th e prim ary sid e w ith the error amplifier
control out put vo ltage. Thi s error am plifier control
output vo ltage a Iso has us er-programmable s lope
compensation su btracted from it. In fi xed-frequency
applications, th e sl ope c ompensationsi gnali s
generated to be greater than 1/2 the down slope of the
inductor curr ent w aveform and is co ntrolled by the
SLPCRCON reg ister. Of fset ad just a bilityis als o
available to set the pe ak current limit of the primary
switch for o vercurrent pr otection. Th e ran ge of the
slope compensationra mpi s specified. W henth e
current sense signal reaches the level of the control
voltage mi nus slo pe compensation,theonc ycleis
terminated and the ex ternal switch is latched off until
the beginning of the next cycle which begins at the next
clock cycle.

To improve current regulation at low levels, a pedestal
voltage (VZC) set to the BG (1.23V) is implemented.
This virtual ground serves as the reference for the error
amplifier (A1 ), sl ope compensation, ¢ urrent s ense
amplifier (A2) and the Ip offset adjustment.

An S-Rlatch (Set-Rest-Flip-Flop) is used to prevent the
PWM circuitry from turning the external switch on until
the beginning of the next clock cycle.

3.8 Fixed PWM Frequency

The switching frequency of the MCP19114/5 while not
controlled b yt he D ESAT ¢ omparator o utputi s
generated by using a single edge of the 8 MHz internal
clock. T heu serse tst he MCP19114/5 swi tching
frequency by  configuring the PR 2 reg ister. The
maximum allowable PDRV duty cycle is adjustable and
isc ontrolledb yt hePW MRL register. Th e
programmable range of the switching frequency will be
31.25 kHz to 2 MHz. The available switching frequency
below 2 MHz is defined as Fgy = 8 MHz/N, where N is
a whole nu mber be tween 4 <N <256.R efer to

Section 25.0 “Enhanced PWM Module” for details.

3.9 VREF

Thisre ferencei s used toge nerateth ev oltage
connected to th e n on-inverting input of the e rror
amplifier. The entire analog control loop is raised to a
virtual ground pedestal equal to the Band Gap voltage
(1.23V).

3.10 OV REF

This reference is used to set the output overvoltage set
point. It is c ompared to the Vg in put pin, w hich is
typically proportional to the output voltage based on a
resistor divider. OV protection, when enabled, can be
set to a value for the protection of system circuitry or it
can be used to “rip ple” regulate the converter output
voltage for repositioning purposes. For details, refer to
Register 6-4.

3.11 Independent Gate Drive with
Programmable Delay

Two independent low-side gate drives are integrated
for synchronous applications. Programmable delay has
been im plemented to improve efficiency and pre vent
shoot-through ¢ urrents. Eac h gatedri veha sa n
independent e nable in put c ontrolled byth e PE1
register and programmable dead time controlled by the
DEADCON register.
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3.12 Temperature Management

3.12.1 THERMAL SHUTDOWN

To prot ect the MC P19114/5 from ov ertemperature
conditions, a 150 °C jun ction tem perature the rmal
shutdown has been implemented. When the junction
temperature reaches this limit, the device disables the
output dri vers. I n Shu tdown mo de, both PD RV and
SDRV outputs are disabled and the overtemperature
flag (OTIF) iss et inth e Pl R2 re gister. W henth e
junction temperature is reduced by 20°C to 130°C, the
MCP19114/5¢c anre sumen ormalou tputdr ive
switching.

3.12.2 TEMPERATURE REPORTING

The MCP19114/5 have a second on-chip temperature
monitoring circuit that can be read by the ADC through
the analog test MUX. Refer to Section 20.0 “Internal
Temperature In dicator M odule” for d etails on this
internal temperature monitoring circuit.

© 2014 Microchip Technology Inc.
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40 ELECTRICAL CHARACTERISTICS
4.1 ABSOLUTE MAXIMUM RATINGS t

VN =V GND (OPEFALING) .ottt b bbbttt -0.3V to +44V
VN (transient < 500 MS) ... s s s e e +48V
PRV ettt et r e n bt r e e e n (GND - 0.3V) to (Vpr +0 .3V)
SRV ettt ee £ eb ettt b et nr et et en e (GND - 0.3V) to (Vpr + 0.3V)
VD INTEINAIlY GENEIALEA ......coviiiiiiiiee e ettt ettt e bt b et ee e e eb e e e s bt e e b e e bt e sneenee e +6.5V
VpR Externally Generated .............ccoiiiiiiiiiiiiiiiie e s +13.5V
Voltage on MCLR With reSpect 10 GND .........ooiiiiiiis i -0.3V to +13.5V
Maximum voltage: any Other PiN .........coooiiiiiiiiiiiiis e +(Vgnp - 0.3V) to (Vpp + 0.3V)
Maximum output current sunk by any single 1/O PiN ... ..c..oooiiioi e e 25 mA
Maximum output current sourced by any single 1/O PiN ... ..o e 25 mA
Maximum current SUNK DY @ll GPIO ... i ettt e et e e neeesnte e e smte e e eneeeenees 90 mA
Maximum current Sourced By all GPIO .......cooiiiiiiiiit e e 35 mA
SEOrage TEMPEIATUIE ......ceiii ittt e ettt ettt st et e e et e e ee e s b e ebre e nnee e s neee s -65°C to +150°C
Maximum JUNCHON TEMPEIALUIE .........ciiiiiiiiiiii it ettt sttt e e e e et eane e s sare e e anieeenaee +150°C
Operating JUNCION TEMPEIAtUE ..........eiiiiiii e ettt e e e et e e et e e st e e e nnee e e eneeeenneee s -40°C to +125°C
ESD protection on all PiNS (HBM)........coiiiiiiiie it et st e e st e et e et e e st e e e ne e e snee e e eneeeeanneeeennes 2.0 kV
ESD protection on all PINS (M)t ceere et e e e st e e et e e s st e e e snae e e e eteeseeeeaneeeeanteeeeaneeeennneean 200V

T Notice: Stresses above those listed under “Maximum Ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at those or any other conditions above those indicated in the
operational listings of this specification is not implied. Exposure to maximum rating conditions for ex tended periods
may affect device reliability.

4.2 Electrical Characteristics

Electrical Specifications: Unless otherwise noted, V|y = 12V, Fgy =1 50 kHz, T =+ 25°C, Boldface specifications
apply over the T, range of -40°C to +125°C

Parameters Sym. Min. ‘ Typ. | Max. ‘ Units | Conditions
Input
Input Voltage VN 4.5 — 42 V
Input Quiescent lq —5 10 mA | Not Switching, +Vggn =5 V
Current
Shutdown Current —3 0 150 MA |V N =12V
IsHoN Note 1

Linear Regulator Vpp

Internal Circuitry Vpp 4.75 5.0 5.5 \AY N = 6.0V to 42V

Bias Voltage

Maximum External Ipb_out 35 mA | V|y=6.0V to 42V,

Vpp Output Current Note 3

Line Regulation AVDD-OUT/ -0.1 0.002 0.1 %/V (VDD +1 OV) < V|N <20V
(Vbp-out * AViN) Note 3

Load Regulation AVpp_out/ -0.65 0.1 +0.65 %l pp_out = 1 mAto 20 mA

VDD-OUT Note 3
OUtpUt Short Circuit IDD sSC —5 0 — mA V|N =( VDD +1 OV)
Current - Note 3

Note 1: Referto Section 15.0 “Power-Down Mode (Sleep)”.
2: Ensured by design, not production tested.
3:  Vpp is the voltage present at the Vpp pin.
4: Dropout voltage is defined as the input-to-output voltage differential at which the output voltage drops 2%
below its nominal value measured at a 1V differential between Vg and Vpp.
5. The Vpp LDO will limit the total source current to a maximum of 35 mA. Individually each pin can source a
maximum of 15 mA.
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4.2 Electrical Characteristics (Continued)

Electrical Specifications: Unless otherwise noted, V|y = 12V, Fgyy =1 50 kHz, Tp =+ 25°C, Boldface specifications
apply over the T range of -40°C to +125°C

Parameters Sym. Min. Typ. Max. Units Conditions

Dropout Voltage Vin- Vop — 0.3 0.5 \ Ipb_out =20 mA,
Note 3, Note 4

Power Supply PSRR| po — 60 — dB |f<1000 Hz,

Rejection Ratio Ipb_out =25 MA
C|N =0 }JF, CDD =1 HF

Linear Regulator Vaypp

Internal Analog VavDD —4 .0 — \Y

Supply Voltage

Band Gap Voltage BG — 1.23 — V Trimmed at 1.0% tolerance

Band Gap BGroL -2.5 — +2.5 %

Tderance

Input UVLO Voltage

UVLO Range UVLOpN 4.0 — 20 A% N Falling

UVLOgy Trip UVLO+oL -14 — 14 %V N Falling

Tderance UVLO trip set to 9V
VINUVLO = 0x21h

UVLO Hysteresis UVLOyys — 4 — % Hysteresis is based upon
the UVLOg) setting
UVLO trip set to 9V
VINUVLO = 0x21h

Resolution nbits — 6 — Bits | Logarithmic Steps

UVLO Comparator

Input-to-Output TD — 5 — us 100 ns rise time to 1V

Delay overdrive on V|
V)N > UVLO to flag set

Input OVLO Voltage

OVLO Range OVLOpN 8.8 — 44 A% N Rising

OVLOgy Trip OVLOto, -14 — 14 %V N Rising

Tderance OVLO trip set to 18V
VINOVLO = 0x1Fh

OVLO Hysteresis OVLOpys — 5 — % Hysteresis is based upon the
OVLOg) setting
OVLO trip set to 18V
VINOVLO = O0x1Fh

Resolution nbits — 6 — Bits | Logarithmic Steps

OVLO Comparator

Input-to-Output TD — 5 — us 100 ns rise time to 1V

Delay overdrive on V
VN > OVLO to flag set

Note 1. Referto Section 15.0 “Power-Down Mode (Sleep)”.

2: Ensured by design, not production tested.
3:  Vpp is the voltage present at the Vpp pin.

4: Dropout voltage is defined as the input-to-output voltage differential at which the output voltage drops 2%

below its nominal value measured at a 1V differential between V|y and Vpp.

5. The Vpp LDO will limit the total source current to a maximum of 35 mA. Individually each pin can source a
maximum of 15 mA.
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4.2

Electrical Characteristics (Continued)

Electrical Specifications: Unless otherwise noted, V|y = 12V, Fgy =1 50 kHz, Tp =+ 25°C, Boldface specifications
apply over the T, range of -40°C to +125°C

Parameters Sym. ‘ Min. ‘ Typ. | Max. ‘ Units | Conditions
Output OV DAC
Resolution nbits — 8 — Bits | Linear DAC
Full Scale Range FSR 0 — 2*BG \Y,
Tderance OVREFtoL -10 — +10 % Full Scale, Code = OxFF
Output OV Comparator
OV Hysteresis OVhys —5 0 — mV
Input Bias Current Igias —+ 1 — MA
Common-Mode Vemr 0— 3.0 \Y Note 2
Input Voltage Range
Input-to-Output TD — 200 — ns Note 2
Delay 100 ns rise time to 1V
overdrive on Vg
Vg > OV to flag set
Voltage Reference DAC (VRgp)
Resolution nbits — 8 — V/V | Linear DAC
Full Scale Range FSR BG — 2*BG V Pedestal set to BG
Voltage Reference DAC (Vrgro)
Resolution nbits — 8 — Bits |Linear DAC
Full Scale Range FSR 0 — BG \%
Sink Current IS|NK -3 —_— mA VREF2 =0 V,
R =3 00Q2 to BG
Source Current Isource 3 —_— mA | VRrer2 =B G,
R_ =3 0002 to GND
Tderance VREF21oL -10 — +10 % Full Scale, Code = OxFF
Current Sense Amplifier (A2)
Amplifier PSRR PSRR — 65 — dB |Vcu=2 *BG
Closed Loop A2ycL —1 0 — VIV |R_ =5 kQ to 2.048V,
Voltage Gain 100 mV <A2<
VAVDD -100 mV, VCM =B G
Low-Level Output Voo —5 00 — mV |R_ =5 kQto 2.048V
Gain Bandwidth GBWP — 10 — MHz | Vaypp =4 V
Product
Input Impedance Rin —1 0 — kQ
Sink Current ISlNK -3 —_— mA lSP =l SN =G ND
R_ =300Qto2*BG
Source Current Isource 3 —_— mA | Igp =l gy =G ND
R_ =3 00Q2 to GND

Note 1:

Refer to Section 15.0 “Power-Down Mode (Sleep)”.
2:  Ensured by design, not production tested.
3:  Vpp is the voltage present at the Vpp pin.

4: Dropout voltage is defined as the input-to-output voltage differential at which the output voltage drops 2%

below its nominal value measured at a 1V differential between V,y and Vpp.

5. The Vpp LDO will limit the total source current to a maximum of 35 mA. Individually each pin can source a

maximum

of 15 mA.
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4.2

Electrical Characteristics (Continued)

Electrical Specifications: Unless otherwise noted, V|y = 12V, Fgyy =1 50 kHz, Tp =+ 25°C, Boldface specifications
apply over the T range of -40°C to +125°C

Parameters

Sym.

Min.

Typ.

Max.

Units

Conditions

Common Mode
Range

Vemr

GND-0.3

VBG +0.3

\

Note 2

Common Mode
Rejection Ratio

CMRR

70

dB

Internal Feedback
Resistor

Reg INT

kQ

Internal Feedback
Resistor Tol

Rre_INT_TOL

%

Trimmed

Pedestal Voltage

Pedestal Voltage
Level

vzC

BG

Error Amplifier (EA)

Input Offset Voltage

Vos

mV

Common Mode
Rejection Ratio

CMRR

65

dB

Ve = 0V to BG

Open-Loop Voltage
Gain

AvoL

dB

Note 2

Low-level Clamp
value

VoL

BG-0.22

BG-0.1

VR

L =5 kQ to 2.048V

Gain Bandwidth
Product

GBWP

3.5

MHz

Error Amplifier Sink
Current

Isink

mA

Vrer =B G, Irg =l comp
R, =150Qt0 1.5 * BG

Error Amplifier
Source
Current

Isource

mA

VRer =2 * BG, Igg =l comp
R =150Q1t0 1.5*BG

Maximum Error
Amplifier

Output High-Level
Clamp

VEA MAX

EA Output clamped to
2* BG Voltage

Peak Current Sense Input

Maximum Primary
Current Sense
Signal Voltage

Vip_max

1.5

Note 2

PWM Comparator

Input-to-Output

Delay

TD

20

ns

Note 2

Note 1:

2: Ensured by design, not production tested.
3:  Vpp is the voltage present at the Vpp pin.
4: Dropout voltage is defined as the input-to-output voltage differential at which the output voltage drops 2%

below its nominal value measured at a 1V differential between Vg and Vpp.

Refer to Section 15.0 “Power-Down Mode (Sleep)”.

5. The Vpp LDO will limit the total source current to a maximum of 35 mA. Individually each pin can source a
maximum of 15 mA.
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4.2

Electrical Characteristics (Continued)

Electrical Specifications: Unless otherwise noted, V|y = 12V, Fgy =1 50 kHz, Tp =+ 25°C, Boldface specifications
apply over the T, range of -40°C to +125°C

Parameters Sym. ‘ Min. ‘ Typ. | Max. ‘ Units | Conditions
Peak Current Leading Edge Blanking
Resolution LEB — 2 — Bits
Blanking Time LEBraNGE 0 — 256 ns |4-Step Programmable Range
Adjustable Range (0, 50,100, and 200 ns)
Note 2
Offset Adjustment (Ip Sense)
Resolution OSapy —4 — Bits
Offset Adjustment OSADJ_RANGE 0— 750 mV
Range
Offset Adjustment OSapy_sTEP — 50 — mV | Linear Steps
Step Size
Adjustable Slope Compensation
Resolution SCRres — 6 — Bits |Log Steps
Slope m 4.1 — 432.5 mV/us
Slope Step Size SCsTep — 8 — % |Log Steps
Ramp Set Point Mol —t 1 +30 %
Tolerance
Desaturation Detection Comparator
Input Offset Voltage Vos — 1 — mV | Trimmed, 5 bits adjustable
Input Bias Current IgiAs — 1 — MA | Internal Circuit Dependent
Common-Mode VeMmr GND - 0.3V — 2.7 \ Note 2
Input Voltage Range
Input-to-Output TD — 20 — ns
Delay
Vpr UVLO
Vpr UVLO VDR UVLO 2.7 F 2.45 — 29 \Y,
(2.7V VpR Falling)
Vpr UVLO VDR UVLO 2.7 R 2.68 — 3.23 \
(2.7 Vpr Rising)
(2.7V) Hysteresis
(5.4V VpR Falling) B o
Vpr UVLO VDR UVLO 54 R 5.15 — 6.56 \Y,
(5.4V VpR Rising) - o
Vpr UVLO VDR_UVLO 5.4 HYS 380 — 830 mV
(5.4V) Hysteresis

Note 1:

2:  Ensured by design, not production tested.
3:  Vpp is the voltage present at the Vpp pin.
4: Dropout voltage is defined as the input-to-output voltage differential at which the output voltage drops 2%

below its nominal value measured at a 1V differential between V,y and Vpp.

Refer to Section 15.0 “Power-Down Mode (Sleep)”.

5. The Vpp LDO will limit the total source current to a maximum of 35 mA. Individually each pin can source a
maximum of 15 mA.
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4.2

Electrical Characteristics (Continued)

Electrical Specifications: Unless otherwise noted, V|y = 12V, Fgyy =1 50 kHz, Tp =+ 25°C, Boldface specifications
apply over the T range of -40°C to +125°C

Parameters Sym. ‘ Min. ‘ Typ. | Max. ‘ Units | Conditions
Output Driver (PDRV and SDRYV)
PDRV/SDRYV Gate RDR—SRC —_— — 13.5 Q VDR =4.5V
Drive Source Note 2
Resistance
PDRV/SDRYV Gate RDR—S|NK _— 12 Q VDR =4 5V
Drive Sink Note 2
Resistance
PDRV/SDRYV Gate IDR—SRC —0 5 — A VDR =5V
Drive Source 1 0 _ Vpr =1 0V
Current Note 2
PDRV/SDRYV Gate IDR—S|NK —0 5 — A VDR =5V
Drive Sink Current 1 0 _ Vpr =1 0V
Note 2
Dead Time Adjustment
Resolution DTRres —4 — Bits
Dead Time DTRANGE 16 — 256 ns
Adjustable Range
Dead Time Step DTstep — 16 — ns Linear Steps
Size
Dead Time DTtoL —+ 8 — ns
Tderance
Oscillator/PWM
Internal Oscillator Fosc 7.60 8.00 8.40 MHz
Frequency
SWItChIng FSW —F OSC/N —_— MHz
Frequency
Switching N4 — 255 — Fmax =2 MHz
Frequency Range
Select
A/D Converter (ADC) Characteristics
Resolution Nr —_— 10 Bits
Integral Error E||_ _— +1 LSb VREF_ADC =V AVDD
Differential Error EpL — — 1 LSb | No missing code in 10 bits,
VRer_apc =V avbD
Offset Error EOFF — +3.0 +5.0 LSb VREF_ADC =V AVDD
Gain Error EGN —t 2 +5 LSb VREF_ADC =V AVDD
Reference Voltage VREF_ADC —V AVDD —V
Full-Scale Range FSRA/D GND — VAVDD —

Note 1:

Refer to Section 15.0 “Power-Down Mode (Sleep)”.
2: Ensured by design, not production tested.
3:  Vpp is the voltage present at the Vpp pin.

4: Dropout voltage is defined as the input-to-output voltage differential at which the output voltage drops 2%

below its nominal value measured at a 1V differential between Vg and Vpp.

5. The Vpp LDO will limit the total source current to a maximum of 35 mA. Individually each pin can source a
maximum of 15 mA.

© 2014 Microchip Technology Inc.
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4.2 Electrical Characteristics (Continued)

Electrical Specifications: Unless otherwise noted, V|y = 12V, Fgy =1 50 kHz, Tp =+ 25°C, Boldface specifications
apply over the T, range of -40°C to +125°C
Parameters Sym. ‘ Min. ‘ Typ. | Max. ‘ Units | Conditions
GPIO Pins
Maximum GPIO IS|NK GPIO — — 90 mA Note 5
Sink Current B
Maximum GPIO ISOURCE_GPlO _— 35 mA Note 5
Source Current
GPIO Weak PU”-Up IPULL-UP_GP|O 50 250 400 UA
Current
GPIO Input Low Vepio 1L GND — 0.8 \Y, I/0O Port with TTL buffer,
Voltage Vpp =5V
GND — 0.2Vpp \Y 1/0 Port with Schmitt
Trigger buffer, Vpp =5V
GND — 0.2Vpp VM
GPIO Input High Vapio_H 2.0 — Vpp \Y I/0O Port with TTL buffer,
Voltage Vpp=5V
Trigger buffer, Vpp =5V
0.8Vpp — Vpp \Y MCLR
GPIO OUtpUt Low VGP|O_OL — — 012VDD \% lOL =7 mA, \bD =5V
Voltage
GPIO OUtpUt ngh VGP|O_OH VDD-O.7 — — \% IOH =2 .5 mA, VDD =5V
Voltage
GPIO Input GPIO_| | —+ 0.1 1 MA | Negative current is defined
Leakage Current as current sourced by the
pin.
Thermal Shutdown
Thermal Shutdown TsHD —1 50 — °C
Thermal Shutdown TsHD_HYs —2 0 — °C
Hysteresis

Note 1: Referto Section 15.0 “Power-Down Mode (Sleep)”.
2:  Ensured by design, not production tested.
3:  Vpp is the voltage present at the Vpp pin.

4: Dropout voltage is defined as the input-to-output voltage differential at which the output voltage drops 2%

below its nominal value measured at a 1V differential between V,y and Vpp.

5. The Vpp LDO will limit the total source current to a maximum of 35 mA. Individually each pin can source a

maximum of 15 mA.

4.3 Thermal Specifications

Parameters Sym. Min. | Typ. Max. Units
Temperature Ranges
Specified Temperature Range Ta -40 — +125 °C
Operating Junction Temperature Range T, -40 — +125 °C
Maximum Junction Temperature T, —_— +150 °C
Storage Temperature Range Ta -65 — +150 °C
Thermal Package Resistances
Thermal Resistance, 24L-QFN 4x4 CETN —4 2— °C/W
Thermal Resistance, 28L-QFN 5x5 CETN — 35.3 — °C/W
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5.0 DIGITAL ELECTRICAL
CHARACTERISTICS

51 Timing Parameter Symbology

The timing parameter symbols have been created with

one of the following formats:

1. TppS2ppS 3. Teest (I 2C specifications only)
2. TppS 4.Ts (I°C specifications only)
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc 0OSC1
ck CLKOUT rd RD
cs [ w RD or WR
di SDI sC SCK
do SDO ss SS
dt Data in t0 TOCKI
io 1/O port wr WR
mc MCLR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
| Invalid (high-impedance) \Y Valid
L Low V4 High-impedance
1’c only
AA output access High High
BUF Bus free Low Low
Tcc:st (1°C specifications only)
CcC
HD Hold SuU Setup
ST
DAT DATA input hold STO STOP condition
STA START condition

© 2014 Microchip Technology Inc.
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FIGURE 5-1: LOAD CONDITIONS
Load Condition 1 Load Condition 2
Vpp/2
RL

Pin _T_ C Pin T

Vss Vss
R. =4 640
C_ = 50 pF for all GPIO pins
5.2 AC Characteristics: MCP19114 (Industrial, Extended)
FIGURE 5-2: EXTERNAL CLOCK TIMING
Q4 Ql Q@ . Q3 Q4 ar !

0OSC

A
N
y

TABLE 5-1: EXTERNAL CLOCK TIMING REQUIREMENTS

Pal\:Z\m. Sym. Characteristic Min. | Typ." | Max. | Units Conditions
Fosc Oscillator Frequency™ —8 — | MHz
1T 0S¢ Oscillator Period®) — | 250 — ns
2T cy Instruction Cycle Time(® — cy 0 ns Tey = 4* Tosc

* These parameters are characterized but not tested.
1 Datain “Typ.” column is at V|5 =1 2V (Vpp = 5V), 25°C unless otherwise stated. These parameters are for

design guidance only and are not tested.
Instruction cycle period (T¢y) 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.

Note 1:
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FIGURE 5-3: I/O TIMING
Q4 | Q1 Q2 Q3
0SsC

/

. +‘I&-
1/O Pin
(input)
. -—17—-
l(/cfl)Jt;F;iurb old value X new value
f ' '«20,21 '
TABLE 5-2: /0 TIMING REQUIREMENTS
Pal\zzlm. Sym. Characteristic Min. Typ.’r Max. | Units | Conditions
17 TosH2ioV |0OSC17T (Q1 cycle) to — 50 70* ns
Port out valid
18 TosH2iol |OSC17T (Q2 cycle) to Port input 50 — — ns
invalid
(/O in hold time)
19 TioV2o0sH | Port input valid to OSC17T 20 — — ns
(I/O in setup time)
20 TioR Port output rise time — 32 40 ns
21 TioF Port output fall time — 15 30 ns
22* Tinp INT pin high or low time 25 — — ns
23* TRABP GPIO TCY _— ns
interrupt-on-change
new input level time

These parameters are characterized but not tested.
Data in “Typ” column is at V|y =1 2V (Vpp =5 V), 25°C unless otherwise stated.
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FIGURE 5-4:
TIMER TIMING

RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP

Vop /

MCLR /

Internal

I~
I~

“— 30—,

I~
I~

:

POR

PWRT
Time-out

0SsC

32 .

I~
I~

I~
~

Time-out

Internal
Reset

I~
=~

Watchdog
Timer
Reset

Y
I~

31

1/0 Pins

—34 -

FIGURE 5-5:

BROWN-OUT RESET TIMING AND CHARACTERISTICS

Vb

Bvbp

A

35 >

Bvpp + Bvhy

Reset (due to BOR)

(device not in Brown-Out Reset)

(device in Brown-Out Reset)

—>

64 ms time out (if PWRTE)
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TABLE 5-3: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, AND POWER-UP
TIMER REQUIREMENTS
P?\:im' Sym. Characteristic Min. Typ.T Max. | Units Conditions
30 TmeL MCLR Pulse Width (low) — — ps |Vpp =5V, -40°C to +85°C
31 Twpr | Watchdog Timer Time-out 18 33 ms |Vpp =5V, -40°C to +85°C
Period (No Prescaler)
32 TosT Oscillation Start-up Timer — | 1024Tpgc | — Tosc = OSC1 period
Period
33* Tpwrt | Power up Timer Period 28 72 132 ms |Vpp =5V, -40°C to +85°C
(4 x Twpr)
34 Tioz I/0 high-impedance from — — 2.0 ps
MCLR Low or Watchdog Timer
Reset
Bvbbp Brown-out Reset voltage 2.0 — 23 \
Byhy Brown-out Hysteresis — 100 — mV
35 Tger Brown-out Reset pulse width 100* — — ps | Vpp < Bypp (D0O05)
48 | TCKEZ-tyr | Delay from clock edge to timer | 2Tpgc —7 Tosc
increment
* These parameters are characterized but not tested.
T Datain “Typ” column is at V|y = 12V ¥pp = AVpp = 5V), 25°C unless otherwise stated. These parameters
are for design guidance only and are not tested.
FIGURE 5-6: TIMERO AND TIMER1 EXTERNAL CLOCK TIMING
| | |
TOCKI | |
|<—40 " 41 - |
| |
R 42 "
|« 48 ,;
TMRO ' X
|
|
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TABLE 5-4: TIMEROEXTERNAL CLOCK REQUIREMENTS

P?\:Z‘m' Sym. Characteristic Min. Typ.T | Max. |Units | Conditions
40* TtOH TOCKI High Pulse Width No Prescaler | 0.5Tgy +20 — — ns
With 10 — — ns
Prescaler
41* TtOL TOCKI Low Pulse Width No Prescaler | 0.5Tgy +20 — — ns
With 10 — — ns
Prescaler
42* TtOP TOCKI Period Greater of: — — ns N = prescale
20 or value
-LCI_T_A‘? (2,4, ..., 256)
N

* These parameters are characterized but not tested.
T Datain “Typ.” column is at V,y = 12V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.

FIGURE 5-7: PWM TIMINGS
PWM (CLKPIN) . :
53 —. E‘— ——E L -— 54
Note:  Refer to Figure 5-1 for load coﬁditions.
TABLE 5-5: PWM REQUIREMENTS
Pa'\:?m. Sym. Characteristic Min. Typ.T Max Units Conditions
53* | TccR PWM (CLKPIN) output fall time — 10 | 25 ns
54* TccF PWM (CLKPIN) output fall time — 10 | 25 ns

* These parameters are characterized but not tested.
1 Datain “Typ” column is at V| =1 2V (AVpp = 4V), 25°C unless otherwise stated. Parameters are for
design guidance only and are not tested.
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TABLE 5-6: MCP19114/5 A/D CONVERTER (ADC) CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature ~ -40°C < Tp <+125°C
Pal\:gm. Sym. Characteristic Min. Typ.T Max. | Units Conditions
ADO1 Nr | Resolution — — 10 bits bit
ADO02 E,_ |Integral Error — — +1L Sb |AVpp =4 .0V
ADO3 | Ep_ |Differential Error — — +1 LSb | No missing codes to 10 bits
AVpp =4 .0V
ADO04 | Egpf | Offset Error — +1.5 +2.0 LSb |AVpp =4 .0V
ADO7 | Egn |Gain Error — — +1L Sb |AVpp =4 .0V
ADOQ7 VAlN Full-Scale Range AGND —A VDD V
ADO8 | ZpN | Recommended Impedance | —— 10 kQ
of Analog Voltage Source
* These parameters are characterized but not tested.
1T Datain ‘Typ.’ column is at V|5 =1 2V (AVpp = 4V), 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 A/D conversion result never decreases with an increase in the input voltage and has no missing
codes.
3:  When ADC is off, it will not consume any current other than leakage current. The power-down current

specification includes any such leakage from the ADC module.

TABLE 5-7: MCP19114/5 A/D CONVERSION REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < Tp <+125°C
P?\llrgm. Sym. Characteristic Min. Typ.’r Max. | Units Conditions
AD130* | Tap A/D Clock Period 1.6 — 9.0 us | Togc-based
A/D Internal RC 1.6 4.0 6.0 pus  |ADCS<1:0> =11 (ADRC mode)
Oscillator Period
AD131 | Teny | Conversion Time —1 1— Tap | Set GO/DONE bit to new data in A/D
(not including Result registers
Acquisition Time)™®
AD132* | Tacq|  Acquisition Time — 11.5 — us
AD133* | Tamp | Amplifier Settling — 5 us
Time
AD134 TGO Q4 to A/D Clock Start — Tosc/2 — —
* These parameters are characterized but not tested.
1 Datain‘Typ.’ columnisat V|y =12V (Vpp =A Vpp = 5V), 25°C unless otherwise stated. These parameters
are for design guidance only and are not tested.
Note 1: ADRESH and ADRESL registers may be read on the following Ty cycle.
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FIGURE 5-8: A/D CONVERSION TIMING

BSF ADCONO, GOX

—— 12 Toy—

134 —, ~——

Q4jlf— 131 — 1

—-: 130 :<— ! ' '

A/D DATA >'(9>'(8>'(7><‘§%)<3>’(2>‘(1>’(0:>(-
b cC —
ADRES o OLD_DATA ¢ X _NEW_DATA
— %) A
ADIF L (< B
i 22 C
GO ! ))J [DONE
— SAMPLING STOPPED
SAMPLE -— 132 o

Note 1: If the A/D clock source is selected as RC, a time of Ty is added before the A/D clock starts. This
allows the SLEEP instruction to be executed.
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6.0 CONFIGURING THE
MCP19114/5

The MCP19114/5 are analog controllers with a digital
peripheral. Thi s me ans that dev ice co nfiguration is
handled through reg ister set tings in stead of ad ding
external co mponents. Th erea re s everal int ernal
configurable ¢ omparator mo dules us ed to i nterface
analog circuits to digital processing that are very similar
to a standard comparator module found in many PIC
processors to day (i .e. PIC16F1824/1828). Th e
following sections detail how to set the analog control
registers for all the configurable parameters.

6.1 Input Undervoltage and
Overvoltage Lockout
(UVLO and OVLO)

VINCON is the comparator control register for both the
VINUVLO an d VINOVLO r egisters. | t co ntains t he
enable bits, the polarity e dge de tection bits and the
status out put bits for bot h protection ci rcuits. The
interrupt flags <UVLOIF> and <OVLOIF> in the PIR2
register are independent of the enable <UVLOEN> and
<OVLOEN>b its inth e VINCONre gister. Th e
<UVLOOUT> undervoltage lockout status output bit in
the VINCON register indicates if an UVLO event has
occurred. The <OVLOOUT> overvoltage lockout status
output bit in the VINCON register indicates if an OVLO
event has occurred.

The VINUVLO register contains the d igital value that
sets the input undervoltage lockout. UVLO has arange
of 4V to 20V. When the input voltage on the V| pin to
the MCP19114/5 is below this programmed level and
the <UVLOEN?> bit in the VINCON register is set, both
PDRV and SDRYV gate drivers are disabled. This bit is
automatically cle ared whenthe MCP19114/5V |\
voltage rises above this programmed level.

The VINOVLO register contains the digital value that
sets the input overvoltage lockout. OVLO has a range
of 8.8V to 44V. When the input voltage on the V| pin to
the MCP19114/5 is above this programmed level and
the <OVLOEN> bit in the VINCON register is set, both
PDRV and SDRYV gate drivers are disabled. This bit is
automatically cle ared whenthe MCP19114/5V |\
voltage drops below this programmed level. Refer to
Figure 27-1.

Note:  The UVLOIF and O VLOIF interrupt fl ag
bits are s et when an in terrupt c ondition
occurs, re gardless of thes tateo fi ts
corresponding enable bit or th e G lobal
Enable bit (GIE) in the INTCON register.

REGISTER 6-1: VINCON: UVLO AND OVLO COMPARATOR CONTROL REGISTER
R/W-0 R-0 R/W-0 R/W-0 R/W-0 R-0 R/W-0 R/W-0
UVLOEN UVLOOUT | UVLOINTP | UVLOINTN | OVLOEN OVLOOUT | OVLOINTP | OVLOINTN
bit 7 bit 0
Legend:

R = Readable bit
x = Bit is unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n = Value at POR

‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 UVLOEN: UVLO Comparator Module Logic Enable bit
1 = UVLO Comparator Module Logic enabled
0 = UVLO Comparator Module Logic disabled
bit 6 UVLOOUT: Undervoltage Lockout Status Output
1 = UVLO event has occurred
0 = No UVLO event has occurred
bit 5 UVLOINTP: UVLO Comparator Interrupt on Positive Going Edge Enable bit

1 = The UVLOIF interrupt flag will be set upon a positive going edge of the UVLO
0 = No UVLOIF interrupt flag will be set upon a positive going edge of the UVLO
bit 4 UVLOINTN: UVLO Comparator Interrupt on Negative Going Edge Enable bit

1 = The UVLOIF interrupt flag will be set upon a negative going edge of the UVLO
0 = No UVLOIF interrupt flag will be set upon a negative going edge of the UVLO

© 2014 Microchip Technology Inc.
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REGISTER 6-1: VINCON: UVLO AND OVLO COMPARATOR CONTROL REGISTER (CONTINUED)

bit 3 OVLOEN: OVLO Comparator Module Logic enable bit

1 = OVLO Comparator Module Logic enabled
0 = OVLO Comparator Module Logic disabled

bit 2 OVLOOUT: Overvoltage Lockout Status Output bit

1 = OVLO event has occurred
0 = No OVLO event has occurred

bit 1 OVLOINTP: OVLO Comparator Interrupt on Positive Going Edge Enable bit

1 = The OVLOIF interrupt flag will be set upon a positive going edge of the OVLO
0 = No OVLOIF interrupt flag will be set upon a positive going edge of the OVLO

bit 0 OVLOINTN: OVLO Comparator Interrupt on Negative Going Edge Enable bit

1 = The OVLOIF interrupt flag will be set upon a negative going edge of the OVLO
0 = No OVLOIF interrupt flag will be set upon a negative going edge of the OVLO

REGISTER 6-2: VINUVLO: INPUT UNDERVOLTAGE LOCKOUT REGISTER

U-0 uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— — UVLO5 UVLO4 UVLO3 UVLO2 UVLO1 UVLOO
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 UVLO<5:0>: Undervoltage Lockout Configuration bits

UVLO(V) = 3.5472 * (1.0285N) where N = the decimal value written to the VINUVLO Register from 0
to 63

REGISTER 6-3: VINOVLO: INPUT OVERVOLTAGE LOCKOUT REGISTER

uU-0 uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— — OVLO5 OVLO4 OVLO3 OVLO2 OVLO1 OVLOO
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 = Value at POR
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 OVLO<5:0>: Overvoltage Lockout Configuration bits

OVLO(V)=7.4847 * (1 .0286“) where N = the decimal value written to the VINOVLO Register from 0
to 63
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6.2 Output Overvoltage Protection

The MC P19114/5f eatureou tputov ervoltage
protection. This feature al so ut ilizes a co mparator

The OVCON register contains the interrupt flag polarity
and OV enable bits along with the output status bit just
as VIN CON doe s f or the in put v oltage U VLO and
OVLO. When <OVEN> bit in the OVCON register is set

module similar to the standard PIC comparator module.
This is used to prevent the power system from being
damaged w hen thelo ad isdi sconnected. Th e
OVREFCON reg ister c ontains t he d igital v alue th at
sets the analog DAC voltage at the inverting input of the

and a n ov ervoltage oc curs, the co ntrol lo gic w ill
automatically setth e s econdary g ate dr ive o utput
(SDRV) high and se tthe primary ga te dri ve output
(PDRV) low.

comparator. By co mparing th e d ivided do wn po wer Note:
train output voltage c onnected t o t he non-inverting
input (Vg) of the comparator with the OVREF reference
voltage, the user will know when an overvoltage event
has occurred and can automatically take action.

The OVIF interrupt flag bit is set when an
interrupt ¢ ondition o ccurs, rega rdless of
the state of its corresponding enable bit or
the Global Enable bit (GIE) inthe INTCON

register.
REGISTER 6-4: OVCON: OUTPUT OVERVOLTAGE COMPARATOR CONTROL REGISTER
U-0 U-0 U-0 U-0 R/W-0 R-0 R/W-0 R/W-0
— — — — OVEN OVOouT OVINTP OVINTN
bit 7 bit 0
Legend:

R = Readable bit
u = Bit is unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n = Value at POR

‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3 OVEN: OV Comparator output enable bit

1 = OV Comparator output is enabled
0 = OV Comparator output is Not enabled
bit 2 OVOUT: Output Overvoltage Status Output bit

1 = Output Overvoltage has occurred
0 = No Output Overvoltage has occurred

bit 1 OVINTP: OV Comparator Interrupt on Positive Going Edge Enable bit
1 = The OVIF interrupt flag will be set upon a positive going edge of the OV
0 = No OVIF interrupt flag will be set upon a positive going edge of the OV
bit 0 OVINTN: OV Comparator Interrupt on Negative Going Edge Enable bit
1 = The OVIF interrupt flag will be set upon a negative going edge of the OV
0 = No OVIF interrupt flag will be set upon a negative going edge of the OV

REGISTER 6-5: OVREFCON: OUTPUT OVERVOLTAGE DETECT LEVEL REGISTER
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
oov7 Oove O0oVs Ooov4 Oo0ov3 oov2 OO0OV1 Ooovo
bit 7 bit 0
Legend:

R = Readable bit
u = Bit is unchanged
‘1’ = Bit is set

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n = Value at POR
‘0’ = Bit is cleared

bit 7-0 O0V<7:0>: Output Overvoltage Detect Level Configuration bits
Vov Rer(v) =2 * Vg * (OOV(dec)/255)
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The A/D converter Calibration Word 8 can be used to An example of O VREF-calibration firmware is as fol-
improve OVREF accuracy. An ADC measurement tar- lows:

get (target in Example 6-1) is obtained by adding the

analog mux buffer offset (BUOFFSET) to the desired

OVREF voltage (OVREFTARGET) and multiplying the

result by the ADC gain (GADC). OVREF is adjusted

until the ADC reading equals or exceeds the target.

EXAMPLE 6-1: EXAMPLE OVREF CORRECTION ROUTINE
/1 Assunmes that calibration words ADCCAL and BUFF are read from
//program nmenory into variabl es ADCC and BUOFFSET, respectively.
extern volatile unsigned int ADRES @ 0x01C,

#def i ne OVREFTARCET (unsigned int) 0x0800 /'l OVREF Target = 2.0 V
unsi gned long tnp = (unsigned | ong) ADCC* ( OVREFTARGET+BUOFFSET) ; /1 ADC Reference + Buffer O fset
unsigned int target = (unsigned int)(tnp >> 15) - 3; /1 Subtract ADC typical offset error 3
unsi gned int adc;
OVREFCON = 0x00; /1 Clear OVREFCON
ADCONO = 0x09; /1 Enable and set channel to OVREF
do { /1 Adj ust OVREFCON

OVREFCON++;

NOP(); NOP();

adc = 0;

for (unsigned char i =4; i >0; i--) {

ADCONObi t s. GO nDONE = 1;
whi | e( ADCONObi t s. GO_nDONE) ;
adc += ADRES;
}
adc >>= 2;
} while ((adc < target) && (OVREFCON != OxFF));

Note 1: In this example, the LSb weight of OVREFTARGET is set to 1/(210) volt. Users can choose their own
resolution depending on their accuracy requirement. The digital value of 2.0 V is determined as follows:
TRUNC(2.0 x 2"%) = 2048 (0x0800 hex).
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6.3 Desaturation Detection for
Quasi-Resonant Operation

The MCP19114/5 have been designed with a bui It-in
desaturation de tection co mparator mo dule custom
made for quasi-resonant topologies. This is especially
useful for LED -type applications. Through the use of
the MCP19114/5, both synchronous and asynchronous
quasi-resonant top ologies can b e im plemented. The
DESAT comparator module has the same features as
the UVLO/OVLO and OV comparator modules, except

The DESATCON register holds the setup control bits
for this module. Common control bits are the polarity
edge trig ger for t he i nterrupt fla g
<CDSINTP><CDSINTN>, co mparator o utput po larity
control <C DSPOL>, output ena ble <CDSOE> an d
output st atus <CDSO UT> bit. As withth e oth er
comparator modules, the CDSIF is independent of the
CDSOE enable bit. On the front end connected to the
DESAT co mparator non -inverting inp ut, th ereiis a

two-channel MUX that connects either to the DESATp
pin or to the fix ed internally ge nerated band gap

thatit includes some ad ditional pro grammable voltage. Ad ditionally, th e i nput o ffset voltage ofth e

parameters. DESAT comparator is factory-trimmed to within +1 mV
typically. These factory-trimmed values are stored in
the C ALWD2 regi ster at a ddress 20 81h. Fi rmware
must re ad th ese v alues i nto th e DSTCAL register
(196h). If more offset is desired, the user can adjust the
values written to the DSTCAL per their implementation.

REGISTER 6-6: DESATCON: DESATURATION COMPARATOR CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CDSMUX CDSWDE Reserved CDSPOL CDSOE CDSOUT CDSINTP CDSINTN

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

‘1’ = Bit is set

‘0’ = Bit is cleared

-n = Value at POR

bit 7 CDSMUX: DESAT Comparator Module Multiplexer channel selection bit

1 =BG Selected
0 = DESATp Selected (Default)

bit 6 CDSWDE: DESAT Comparator Watch Dog Enable bit

1 = Watch Dog signal enables PWM Reset

0 = Watch Dog signal does Not allow PWM reset

bit 5 RESERVED

bit 4 CDSPOL: DESAT Comparator Polarity Select bit

1 = DESAT Comparator output is inverted
0 = DESAT Comparator output is Not inverted

bit 3 CDSOE: DESAT Comparator output enable bit
1 = DESAT Comparator output PWM is enabled
0 = DESAT Comparator output PWM is Not enabled

bit 2 CDSOUT: DESAT Comparator Output Status bit

If CDSPOL = 1 (inverted polarity)

bit 1

bit 0

1 = CDSVP < CDSVN (DESAT Detected)

0 = CDSVP > CDSVN (DESAT Not Detected)

If CDSPOL = 0 (non-inverted polarity)

1 = CDSVP > CDSVN (DESAT Not Detected)

0 = CDSVP < CDSVN (DESAT Detected)

CDSINTP: CDSIF Comparator Interrupt on Positive Going Edge Enable bit
1 = The CDSIF interrupt flag will be set upon a positive going edge

0 = No CDSIF interrupt flag will be set upon a positive going edge
CDSINTN: CDSIF Comparator Interrupt on Negative Going Edge Enable bit
1 = The CDSIF interrupt flag will be set upon a negative going edge

0 = No CDSIF interrupt flag will be set upon a negative going edge
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6.4 Primary Input Current Offset

Adjust

Primary input current offset adjust provides the ability
to add offset to t he primary input current signal, thus
setting a peak primary current limit. This offset adjust is
controlled using the four bits in the ICOACON register.

REGISTER 6-7: ICOACON: INPUT CURRENT OFFSET ADJUST CONTROL REGISTER

uU-0 U-0 uU-0 u-0 R/W-x R/W-x R/W-x R/W-x

— — — — ICOAC3 ICOAC2 ICOAC1 ICOACO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

‘1’ = Bit is set

u = Bit is unchanged

x = Bit is unknown
‘0’ = Bit is cleared

-n = Value at POR

bit 7-4
bit 3-0

Unimplemented: Read as ‘0’
ICOAC<3:0>: Input current offset adjustment Configuration bits

0000 =0mV
0001 =50 mV
0010 =100 mV
0011 =150 mV
0100 =200 mV
0101 =250 mV
0110 = 300 mV
0111 =350 mV
1000 =400 mV
1001 =450 mV
1010 =500 mV
1011 =550 mV
1100 =600 mV
1101 =650 mV
1110 =700 mV
1111 =750 mV
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6.5 Leading Edge Blanking

The adjustable Leading Edge Blanking (LEB) isused to
blank prim ary current sp ikes res ulting from pri mary
switch tu rn-on. Im plementing ad justable LEB a llows
the sy stem to ign ore turn-on noise to bes t suit the
application w ithout prim ary current sen se distortion
from RC filtering. There are four settings available for
LEB, including zero. These settings are controlled via
two bits in the ICLEBCON register.

REGISTER 6-8: ICLEBCON: INPUT CURRENT LEADING EDGE BLANKING CONTROL

REGISTER
u-0 uU-0 u-0 u-0 uU-0 uU-0 R/W-x R/W-x
— — — — — — ICLEBC1 ICLEBCO
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1-0 ICLEBC<1:0>: Input current Leading Edge Blanking Configuration bits
00=0ns
01=50ns
10 =100 ns
11 =200 ns
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6.6 Slope Compensation

A negative voltage slope is added to the output of the
error am plifier. This is d one to pre vent subharmonic
instability when:

1. the operating duty cycle is greater than 50%
2. wide changes in the duty cycle occur

The am ount of neg ative sl ope added to the error
amplifier ou tput is controlled by slope compensation
slew rate control bits.

The s lope co mpensation is enabled by cl earing the
SLPBY bit in the SLPCRCON register.

REGISTER 6-9: SLPCRCON: SLOPE COMPENSATION RAMP CONTROL REGISTER

u-0 R/W-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— SLPBY SLPS5 SLPS4 SLPS3 SLPS2 SLPS1 SLPSO
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 = Value at POR
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6 SLPBY: Slope Compensation Bypass Control bit

1 = Slope compensation is Bypassed

0 = Slope compensation is not Bypassed

bit 5-0 SLPS<5:0>: Slope Compensation Slew Rate Control bits
SLPS (mV/us) = 4.1505 mV/ps * e0-739"(dec)
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6.7 MOSFET Driver Programmable FIGURE 6-1: MOSFET DRIVER DEAD
Dead Time TIME

The turn-on de ad ti me o fb oth PD RV a nd SDRV
low-side drive signals can be configured independently
to allow different MOSFETs and circuit board layouts to
be us ed to construct an op timized s ystem (refe r to
Figure 6-1). PDT
Clearing the PDRVBY and SDRVBY bits in the PE1
register enables the PDRV and SDRYV low-side dead

timers respectively. The amount of dead time added is SDRV
controlled in the DEADCON register.

PDRV

SDT
—]

REGISTER 6-10: DEADCON: DRIVER DEAD TIME CONTROL REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
PDRVDT3 PDRVDT2 PDRVDT1 | PDRVDTO | SDRVDT3 SDRVDT2 SDRVDT1 SDRVDTO
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 = Value at POR

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-4 PDRVDT<3:0>: PDRV Dead Time Configuration bits (ttp 1)

0000 = 16 ns delay
0001 = 32 ns delay
0010 = 48 ns delay
0011 = 64 ns delay
0100 = 80 ns delay
0101 = 96 ns delay
0110 = 112 ns delay
0111 = 128 ns delay
1000 = 144 ns delay
1001 = 160 ns delay
1010 = 176 ns delay
1011 =192 ns delay
1100 = 208 ns delay
1101 = 224 ns delay
1110 = 240 ns delay
1111 = 256 ns delay

bit 3-0 SDRVDT<3:0>: SDRV Dead Time Configuration bits (trp 2)
0000 = 16 ns delay
0001 = 32 ns delay
0010 = 48 ns delay
0011 = 64 ns delay
0100 = 80 ns delay
0101 = 96 ns delay
0110 = 112 ns delay
0111 = 128 ns delay
1000 = 144 ns delay
1001 = 160 ns delay
1010 = 176 ns delay
1011 =192 ns delay
1100 = 208 ns delay
1101 = 224 ns delay
1110 = 240 ns delay
1111 = 256 ns delay
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6.8 Output Regulation Reference
Voltage Configuration

The VREFCON register controls the error am plifier
reference voltage. This reference is usedto setthe
current o r vo ltage re gulation s et point. VR EFCON
holds t he digital v alue us ed by an 8-bit| inear D AC
setting the analog equivalent that gets summed with
the pedestal voltage (VZC) at the non-inverting node of
the e rror amplifier. VZ Cis equalto theb and gap
voltage (1.2 3V). The outputo fth e c urrents ense
amplifier A2 i s alsoraised o nthe p edestal v oltage
effectively ¢ ancelingi ts eff ect ont hei nput. T he
pedestal is implemented throughout the analog control
loop to improve accuracy at low levels. The VREF DAC
can be adjusted in 255 steps of 4.8 mV/step.

REGISTER 6-11: VREFCON: CURRENT/VOLTAGE REGULATION SET POINT CONTROL

REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
VREF7 VREF6 VREF5 VREF4 VREF3 VREF2 VREF1 VREFO
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

‘1" = Bit is set ‘0’ = Bit is cleared

-n = Value at POR

bit 7-0 VREF<7:0>: Voltage Controlling Current Regulation Set point bits

VREF(V) = Vgg * (VREF(dec)/255)

To ensureth eb estre gulationac curacy while
implementing the C urrent Sens e Amp lifier (A2), the
initial ga in errorm ustbe co nsidered. An 8-b it
factory-stored calibration value A2CAL<7:0> has been
stored in CALWD10 at 208Bh. This value can be used
to compensate for A2 gain error by adjusting the Vrgp
command.

EXAMPLE 6-2:

EXAMPLE A2 GAIN CORRECTION

To get thefinal commanded value, the CALWD10 value
gets multiplied by the original Vggr decimal command
using the V ggr expression resulting in a 1 6-bit word.
Rotating the 16 bit result right produces the final com-
pensated command in the least significant byte. The
most significant byte is unused.

An example of the firmware is as follows:

unsi gned int VREF1_TEMP = VREFCON*A2COWP;
VREF1_TEMP >>= 7,

VREF1_TEMP &= OxOOFF;

VREFCON = VREF1_TEMP;

/1 Assunmes that calibration word A2CAL has been read into vari abl e A2COVP

/1 A2 Gin conpensate for VREFCON
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6.9 Vrer2 Voltage Reference

The VREF2CON register controls a second reference
DAC that can be used externally. For example, it can be
sent off chip and used to set the current regulation set
point fora M CP1631 Pu Ise W idth M odulator. Th e
MCP19114/5 must be configured in Master Mode with
bits M SC<0:1>=01int he MODECON re gister to

connect Vgepo to GPB1. In Stand-alone mode, Vrgro
is not accessible. VREFCON2 holds the digital value
used to setthe VREF2 DAC. Since this reference is
intended t o g o off c hip, there is no p edestal offset
associated with it and it is referenced to GND. It is an
8-bit inear DAC and has a range from 0V to 1.23V (BG)
equating to 255 steps at 4.8 mV/step.

REGISTER 6-12: VREF2CON: Vigg, VOLTAGE SET POINT REGISTER

R = Readable bit
u = Bit is unchanged
‘1’ = Bit is set

W = Writable bit
x = Bit is unknown
‘0’ = Bit is cleared

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
VREF27 VREF26 VREF25 VREF24 VREF23 VREF22 VREF21 VREF20
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’
-n = Value at POR

bit 7-0 VREF2<7:0>: Voltage Controlling Current Regulation Set point bits

VREFZ(V) =V BG * (VREFZ(deC)/ZSS)
The A/D converter Calibration Word 8 can be used to
improve Vrggo accuracy. An ADC measurement target
(target in Example 6-3) is obtained by multiplying the
desired V_{R EF2} v oltage (VR EF2TARGET) by th e
ADC gain (ADCC). VRgpo is adjusted untilthe ADC
reading equals or exceeds the target.

EXAMPLE 6-3:

VREF2 CORRECTION ROUTINE

An example of Vgggo-correction firmware is as follows:

extern volatile unsigned int ADRES @ 0x01C,
#defi ne VREF2TARGET (unsigned int) 0x02CC

unsi gned int adc;

VREF2CON = 0x00;
ADCON = 0x71;

do {

VREF2CON++;

NOP() 5 NOP() ;

adc = O;

for (unsigned char i =4; i >0; i--) {
ADCONObi ts. GO nDONE = 1;
whi | e( ADCONObi ts. GO_nDONE) ;
adc += ADRES;

}

adc >>= 2;

} while ((adc < target) && (VREF2CON != OxFF));

/'l Assunes that the calibration word ADCCAL has been read into variable ADCC

unsigned long tnp = (unsigned | ong) ADCC* VREF2TARCET;
unsigned int target = (unsigned int)(tnp >> 15) - 3;

/1 VREF2 Target = 0.7 v(
/'l ADC Reference
/1 Subtract ADC typical offset error 3

/1 dear VREF2CON
/1 Enable ADC and set channel to GPBl/ VREF2

/1 Adj ust VREF2CON

Note 1: In this example, the LSb weight of VREF2TARGET is set to 1/(210) Volt. Users can choose their own resolution depending on
their accuracy requirement. The digital value of 0.7V is determined as follows: TRUNC(0.7 x 210) =716 (0x02CC hex).
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6.10 Analog Peripheral Control

The M CP19114/5 have v arious a nalog p eripherals.
These peri pheralsca nbeco nfiguredtoal low
customizable ope ration. Referto Register 6-13 for
more information.

6.10.1 MOSFET GATE DRIVER ENABLES

The M CP19114/5 ¢ an enable a nd/or d isable th e
MOSFET ga te d river outputs f or t he p rimary dr ive
(PDRV)and the secondary dri ve (SD RV)
independently. Setting the <PDRVEN> bit in the PE1
register ena blesth e p rimary driv e. Se ttingth e
<SDRVEN>Db it inth e PE1 re gisteren ablesth e
secondary drive. Refer to Register 6-13 for details.

6.10.2 MOSFET DRIVER DEAD TIME

As de scribed in Section 6.7 “M OSFET Dr iver
Programmable Dead Time”, the MOSFET drive dead
time c an be a djusted. The d ead timec an be s et
independently for each driver from 16 ns to 256 ns in
increments of 1 6 ns us ing the D EADCON regi ster.
Deadt ime c an also bed isabled for each d river
independently by setting the bypass bits <PDRVBY>
and <SDRVBY> in the PE1 register.

6.10.3 SECONDARY CURRENT POSITIVE
SENSE PULL-UP

A hi gh-impedance p ull-upo nthel gppincanbe
configured by s etting th e <ISP UEN> biti n the PE1
register. When set, the Igp pin is internally pulled-up to
Vpp. Refer to Register 6-13 for details.

6.10.4 PWM STEERING

The M CP19114/5 h ave additional c ontrol circuitry to
allow ope n-loop rep ositioningo fth e ou tput. Th e
PWMSTR_PEN bit enables a primary-only PWM signal
of fixed fre quency an d duty cy cle to re position th e
output voltage up. The PWMSTR_SEN bit enables a
secondary-only P WM signal of fix ed freq uency and
duty cycle to reposition the output voltage down. When
repositioning out putv oltagedo wn,t heo utput
overvoltage p rotection m ust be a ctive al ong w ith
PWMSTR_SEN forthe PWMto pulseth e SDR V.
Frequency and duty cycle are controlled through TMR2
registers P R2a nd TMR1L. PWMSTPR_PEN an d
PWMSTR_SEN s hould never be active at the same
time, therefore the PWMSTPR_PEN is the dominant
bit. F or q uasi-resonant op eration du ring o pen-loop
repositioning, the DESAT comparator output should be
disabled w ith th e < CDSOE> bit inthe DEADCON
register.

REGISTER 6-13: PE1l: ANALOG PERIPHERAL ENABLE1 CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PDRVEN | SDRVEN | PDRVBY | SDRVBY ISPUEN PWMSTR_PEN | PWMSTR_SEN
bit 7 bit 0

Legend:
R = Readable bit
u = Bit is unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n = Value at POR

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7 PDRVEN: PDRV Gate Drive Enable bit
1 =ENABLED
0 = DISABLED

bit 6 SDRVEN: SDRV Gate Drive Enable bit
1 =ENABLED
0 = DISABLED

bit 5 PDRVBY: PDRV Dead Time Bypass bit

1 = PDRV dead time is bypassed
0 = PDRYV dead time is not bypassed
bit 4 SDRVBY: SDRV Dead Time Bypass bit

1 = SDRV dead time is bypassed
0 = SDRV dead time is not bypassed.

bit 3 Unimplemented: Read as ‘0’
bit 2 ISPUEN: Igp Weak Pull-Up Enable bit

1 = Igp weak pull-up is enabled
0 = Igp weak pull-up is disabled
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REGISTER 6-13: PE1: ANALOG PERIPHERAL ENABLE1 CONTROL REGISTER (CONTINUED)

bit 1 PWMSTR_PEN: PDRV PWM Steering bit

1 = Enables open-loop PWM control to the PDRV
0 = Disables open-loop PWM control to the PDRV

bit 0 PWMSTR_SEN: SDRV PWM Steering bit

1 = Enables open-loop PWM control to the SDRV
0 = Disables open-loop PWM control to the SDRV

bit

6.11 Analog Blocks Enable Control

Various analog ci rcuit blo cks can be en abled or
disabled, a s sh own i nthe ABECON reg ister. Th e
ABECON register also contains bits controlling analog
and di gitalt est signals. T heses ignals ca nbe

configured to GPAO. Setting the <DIGOEN> bit enables
the di gital tes t si gnals to be ¢ onnected to GPAO.
<DSEL2:0> selects the di gital cha nnels. Setting
<ANAOEN> enables the an alog testsignals tob e
connected to GPAO. If <ANAOEN> and <DIGOEN>
both g et s et, th e DIG OEN b it t akes pri ority. Whe n
ANAOEN i s n ot set, th e a nalog tests ignals a re
connected to the inernal ADC. The andog test channel
selections are controlled through the ADCONO register.

6.11.1 MOSFET DRIVER UNDERVOLTAGE
LOCKOUT SELECTION

The MOSFET gate drivers have internal undervoltage
protection that is controlled by the <DRUVSEL> bit in
the ABECON register. Since the gate drive supply is
provided externally through the Vpg pin, the drivers are
capable of driving logic level FETs or higher 10V (13.5V
maximum) FET s. <DRUVSEL > de faultstoc lear,
therefore selecting a gate drive UVLO of 2.7V. Setting
<DRUVSEL> selects the higher 5.4V gate drive UVLO.
Refer to Section 4.2 “Electrical Characteristics” for
additional electrical specifications.

6.11.2 ERROR AMPLIFIER DISABLE

The error amplifier can be disabled such that its output
is parked to a known state. The <EADIS> bit defaults to
zero an d the erro r amp is ena bled duri ng no rmal
operation. In case the user wants to disable the error
amplifier, setting the EADIS bit parks the error amplifier
output to just be low t he | ow c lamp v oltage. U nder
normal ope ration, the error am plifier outputrun s
between 2 * BG (up per cl amp v alue) and 1 *BG —
150 mV (lo wer c lamp v alue). Th e an alog fe edback
circuitry utilizes an offset pedestal (1 * BG) to improve
accuracy at low levels.

REGISTER 6-14: ABECON: ANALOG BLOCK ENABLE CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
DIGOEN DSEL2 DSELA1 DSELO | DRUVSEL — EADIS ANAOEN
bit 7 bit 0

Legend:

R = Readable bit

u = Bit is unchanged
‘1’ = Bit is set

W = Writable bit
x = Bit is unknown

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’
-n = Value at POR

bit 7 DIGOEN: DIG Test MUX to GPAO connection control

1 = DIG Test MUX output is connected to external pin GPAO
0 = DIG Test MUX output is not connected to external pin GPAO
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REGISTER 6-14: ABECON: ANALOG BLOCK ENABLE CONTROL REGISTER (CONTINUED)

bit 6-4 DSEL<2:0>
000 = QRS (Output of DESAT comparator)
001 = PWM_L (PWM output after monostable)
010 = PWM (Oscillator output from the micro-controller)
011 = TMR2EQ (When TMR2 equals PR2)
100 = OV (Overvoltage comparator output)
101 = SWFRAQ (Switching Frequency Output)
110 = SDRV_ON_ONESHOT (200 nS one-shot signal to reset WDM logic)
111 = Unimplemented
bit 3 DRUVSEL: Selects gate drive undervoltage lockout level
1 = Gate Drive UVLO set to 5.4V
0 = Gate Drive UVLO set to 2.7V
bit 2 Unimplemented: Read as ‘0’
bit 1 EADIS: Error Amplifier Disable bit
1 = Disables the error amplifier (Output parked low, clamped to 1 * BG)
0 = Enables the error amplifier (Normal operation)
bit 0 ANAOEN: Analog MUX Output Control bit

1 = Analog MUX output is connected to external pin GPAO
0 = Analog MUX output is not connected to external pin GPAO
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6.12 Mode and RFB MUX Control

The MODECON r egister co ntrols the Ma ster/Slave
configuration and the internal re sistor feedback MU X
for the current sense amplifier while in quasi-resonant
mode.

In Master/Slave mode, it allows the Vggg, signal of the
Master MCP19115de viceto be bu fferedan d
connected to a GPIO pin. This output signal can be
connected to a Slave PWM driver (MCP1631) at the
Vger in put to regulate current vi a the Sla ve PWM
Controller. In Stand-alone mode, the VRrggo unity gain
buffer is not connected to a separate GPIO Pin.

The RFB MUX selects the output of A2 current sense
amplifier to be connected to the internal 5 kQ feedback
resistor (quasi-resonant) or to the Iggyt pin.

REGISTER 6-15: MODECON: MASTER/SLAVE AND RFB MUX CONTROL REGISTER

R/W-0 R/W-0 R/W-0 uU-0 uU-0 uU-0 u-0 uU-0
MSCH1 MSCO RFB — — — — —

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 = Value at POR

‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7-6 MSC<1:0>: Master/Slave Configuration bits

00 = Device set as stand-alone unit
01 = Device set as MASTER

10 = Device set as SLAVE

11 = RESERVED

bit 5 RFB<5>: Current Sense Amplifier (A2) output resistor feedback MUX Configuration bit
0 = Rpg_NT 5 kQ
1 =lsout

bit 4-0 Unimplemented: Read as ‘0’
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7.0 TYPICAL PERFORMANCE CURVES

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.
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Note: Unless otherwise indicated, V|y = 12V, Ry = 150 kHz, Tp = +25°C.
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8.0 SYSTEM BENCH TESTING Control of the signals present at the output of the unity
gain analog buffer is found in the ADCONO register.
To allow for easier system design and bench testing,

the MCP19114/5 feature a multiplexer used to output
various internal analog signals. These signals can be
measured on the GPAO pin through a unity gain buffer.
The configuration control of the GPAO pinis found in
the ABECON register.

REGISTER 8-1: ADCONO: ANALOG-TO-DIGITAL CONTROL REGISTER

u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— CHS4 CHS3 CHS2 CHSH1 CHSO0 GO/DONE ADON
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6-2 CHS<4:0>: Analog Channel Select bits

00000 = V|\/n analog voltage measurement (V/15.5328)

00001 = Vggg + VZC (DAC reference voltage + VZC pedestal setting current regulation level)
00010 = OV_REF (reference for overvoltage comparator)

00011 = VggR (band gap reference)

00100 = Vg (voltage proportional to Voyr)

00101 = EA_SC (error amplifier after slope compensation output)

00110 = A2 (secondary current sense amplifier output at Rgg |\ connection)
00111 = PEDESTAL (Pedestal Voltage) -

01000 =RESERVED

01001 =RESERVED

01010 = IP_ADJ (IP after Pedestal and Offset Adjust (at PWM Comparator))
01011 = IP_OFF_REF (IP Offset Reference)

01100 = Vpg/n (Vpgr/n analog driver voltage measurement = 0.229V/V * VpR)
01101 = TEMP_SNS (analog voltage representing internal temperature)
01110 = DLL_VCON (Delay Locked Loop Voltage Reference - control voltage for dead time)
01111 = SLPCMP_REF (slope compensation reference)

10000 = Unimplemented

10001 = Unimplemented

10010 = Unimplemented

10011 = Unimplemented

10100 = Unimplemented

10101 = Unimplemented

10110 = Unimplemented

10111 = Unimplemented

11000 = GPAO/ANO (i.e. ADDRT1)

11001 = GPA1/AN1 (i.e. ADDRO)

11010 = GPA2/AN2 (i.e. Temperature Sensor Input)

11011 = GPA3/ANS (i.e. BIN)

11100 = GPB1/AN4

11101 = GPB4/AN5 (MCP19115 Only)

11110 = GPB5/AN6 (MCP19115 Only)

11111 = GPB6/AN7 (MCP19115 Only)

bit 1 GO/DONE: A/D Conversion Status bit
1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress

bit 0 ADON: A/D Conversion Status bit
1 = A/D converter module is operating
0 = A/D converter is shut off and consumes no operating current
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9.0 DEVICE CALIBRATION

Read-only m emory | ocations 20 80h th rough 2 08Fh
contain factory calibration data. Refer to Section 17.0
“Flash Program Memory Control” for information on
how to read from these memory locations.

9.1 Calibration Word 1

The DCSRFB<6:0> bits set the offset calibration for the
currents ensed ifferentiala mplifier (A2)w hen
configured us ing the int ernal fe edback re sistor. A
calibration range of £ 30 mV is provided with 20h and
00h be ing midscale (no offset). The MSB is pol arity
only. Firmware must read these values and write them
intot he D CSCALregi stertoi mplement of fset
calibration.

REGISTER 9-1: CALWD1: CALIBRATION WORD 1 REGISTER

U-0 U-0 U-0 U-0 U-0 U-0
bit 13 bit 8
uU-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
— DCSRFB6 DCSRFB5 | DCSRFB4 | DCSRFB3 DCSRFB2 DCSRFB1 DCSRFBO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unused bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 13-7 Unused: Read as ‘0’
bit 6-0 DCSRFB<6:0>: Input Differential Current Sense Calibration bits when configured using internal

feedback resistor
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9.2 Calibration Word 2

Calibration Word 2 is at me mory loc ation 2081h. It
contains the c¢ alibration bi ts fo rth e d esaturation
comparator cu rrentm easurement input offset.
Firmware must read these values and write them into
the D STCAL re gister to im plement th e factory offset
calibration. The factory offset calibration will minimize
offset voltage. The desaturation comparator is one of
the few ex amples w here the userm ay wantto

implement their own offset voltage values. Writing user
defined values to the D STCAL register provides this
flexibility. Thi s re gister a Iso co ntains the trim bit s
needed to trim the in ternal 5k fee dback resistor to
within 2% using the <RFBT5:0> bits. Firmware must
read these values and write them into the RFBTCAL
register to i mplement th e fa ctory-trimmed fe edback
resistor value.

REGISTER 9-2: CALWD2: CALIBRATION WORD 2 REGISTER
u-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
— DST4 DST3 DST2 DST1 DSTO
bit 13 bit 8
uU-0 uU-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
— — RFBT5 RFBT4 RFBT3 RFBT2 RFBT1 RFBTO
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

P = Programmable bit
‘1’ = Bit is set

U = Unused bit, read as ‘0’
‘0’ = Bit is cleared

x = Bit is unknown

bit 13 Unused: Read as ‘0’

bit 12-8 DST<4:0>: Desaturation Comparator Current Measure Offset calibration bits
bit 7-6 Unused: Read as ‘0’

bit 5-0 RFBT<5:0>: Internal Feedback Resistor Trim bits
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9.3 Calibration Word 3

The VRO<5:0> bits at memory location 2082h calibrate
the offset of the buffer amplifier of t he output voltage
regulation reference set point (Vrgg). Firmware must
read thes e val ues and w rite the m to the VROCAL
register for proper calibration.

The BGR<3:0> bits at memory location 2082h calibrate
the band g ap re ference. Fi rmware mu st re ad t hese
values and write the m to the BG RCAL regi ster for
proper calibration.

REGISTER 9-3: CALWD3: CALIBRATION WORD 3 REGISTER

R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
VRO5 VRO4 VRO3 VRO2 VRO1 VROO
bit 13 bit 8
uU-0 U-0 u-0 U-0 R/P-1 R/P-1 R/P-1 R/P-1
— — — — BGR3 BGR2 BGR1 BGRO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unused bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 13-8 VRO<5:0>: Reference voltage (Vrgf) offset calibration bits
bit 7-4 Unused: Read as ‘0’
bit 3-0 BGR<3:0>: Band Gap Reference calibration bits

9.4 Calibration Word 4

The TTA<3:0> bits at memory location 2083h contain
the calibration bits for the factory-set overtemperature
threshold. Firmware must read these values and write
them into the TTACAL register for proper calibration.

REGISTER 9-4: CALWD4: CALIBRATION WORD 4 REGISTER

uU-0 uU-0 U-0 U-0 u-0 uU-0
bit 13 bit 8
uU-0 u-0 uU-0 uU-0 R/P-1 R/P-1 R/P-1 R/P-1
— — — — TTA3 TTA2 TTA1 TTAO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unused bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 13-4 Unused: Read as ‘0’
bit 3-0 TTACAL<3:0>: Overtemperature threshold calibration bits
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9.5 Calibration Word 5

The TANA<9:0> bits at memory location 2084h contain
the ADC reading from the internal temperature sensor
when the  silicon te mperatureis at30°C . The
temperature coefficient of t he i nternal tem perature
sensor is 16 mV/°C.

REGISTER 9-5: CALWDS: CALIBRATION WORD 5 REGISTER

uU-0 u-0 uU-0 u-0 R/P-1 R/P-1
— — — — TANA9 TANAS8
bit 13 bit 8
R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
TANA7 TANA6 TANAS5 TANA4 TANA3 TANA2 TANA1 TANAO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unused bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 13-8 Unused: Read as ‘0’
bit 7-0 TANA<9:0>: ADC reading of internal silicon temperature at 30°C calibration bits

9.6 Calibration Word 6

The FCAL<6:0> bits at memory location 2085h set the
internal os cillator c alibration. F irmware must rea d
these values and write them to the OSCCAL register
for proper calibration.

REGISTER 9-6: CALWDG6: CALIBRATION WORD 6 REGISTER

U-0 U-0 U-0 U-0 U-0 U-0
bit 13 bit 8

U-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

— FCAL6 FCALS5 FCAL4 FCAL3 FCAL2 FCAL1 FCALO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unused bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 13-7 Unused: Read as ‘0’
bit 6-0 FCAL<6:0>: Internal oscillator calibration bits
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9.7 Calibration Word 7

The DCS<6:0> bits at memory location 2086h store the
factory-set offset ca libration fo r the cur rents ense
differential amplifier (A2) when configured using IsoyT:
A configuration range of +/-30 mV is provided with 20h
and 00h being midscale (no offset). The MSB is polarity
only. Firmware must read this value into the DCSCAL
register to im plement o ffset c alibration. If u sing th e
internal feedback resistor, refer to Register 9-1.

REGISTER 9-7: CALWD7: CALIBRATION WORD 7 REGISTER

U-0 U-0 U-0 U-0 U-0 U-0
bit 13 bit 8

U-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

— DCS6 DCS5 DCS4 DCS3 DCS2 DCS1 DCSO0
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 13-7 Unimplemented: Read as ‘0’
bit 6-0 DCS<6:0>: Differential Current Sense Amplifier Calibration bits when used with IsoyT.
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9.8 Calibration Word 8

The ADCCAL<13:0> bits at m emory lo cation 2 089h
contain the ca libration bi ts forth e A/D converter.
Calibration W ord 8 (ADCCAL <1 3:0>) contains the
factory measurement of the full scale ADC Reference.
The va lue repr esents the number o f A/D converter
counts per volt. ADCC<4:0> bits represent the fraction
of an A/D converter count, which can provide additional
precision w hen ov ersampling the AD C for en hanced
resolution. T his ¢ alibration wordc an beu sed to
calibrate sig nalsrea d by the Anal og-to-Digital
Converter.

REGISTER 9-8: CALWDS: CALIBRATION WORD 8 REGISTER

R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
ADCC13 ADCC12 ADCC11 ADCC10 ADCC9 ADCCS8
bit 13 bit 8
u-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
ADCC7 ADCC6 ADCC5 ADCC4 ADCC3 ADCC2 ADCC1 ADCCO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 13-5 ADCC<13:5>; Whole number of A/D converter count
111111111 =51
000000000 =0
bit 4-0 ADCC<4:0>:; Fraction number of A/D converter count

11111 =0.96875

00001 =0.03125
00000 = 0.00000
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9.9 Calibration Word 9

Calibration Word 9 is at memory location 208Ah. The
value stored at this m emory lo cation represents the
offset voltage (in units of mV) of the analog test buffer.
This is an 8-bit, 2's complement word that can be used
to compensate any signal sent through the Analog test
multiplexer. See section 8.0 for test signal details.

REGISTER 9-9: CALWD?9: CALIBRATION WORD 9 REGISTER

u-0 uU-0 u-0 u-0 uU-0 uU-0
bit 13 bit 8
R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
BUFF7 BUFF6 BUFF5 BUFF4 BUFF3 BUFF2 BUFF1 BUFFO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 13-8 Unimplemented: Read as ‘0’
bit 7-0 BUFF<7:0>: Analog Buffer Offset calibration bits

11111111 = Mid scale (-1 mV)

10000000 = Largest negative offset (-128 mV)
01111111 = Largest positive offset (127 mV)

00000000 = Mid scale (0 mV)
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9.10 Calibration Word 10

The A2C AL<7:0> bi ts a t me mory lo cation 208 Bh
contain the calibration bits for Current Sense Amplifier
(A2) Gain Error. For best regulation accuracy using this
amplifier, firmware can read this value and use it to
adjust the V REF co mmand. Section 6.8 “O utput
Regulation Ref erence V oltage Confi guration” for
details.

REGISTER 9-10: CALWD210: CALIBRATION WORD 10 REGISTER

U-0 U-0 U-0 U-0 U-0 U-0
bit 13 bit 8
R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
A2CAL7 A2CAL6 A2CAL5 A2CAL4 A2CAL3 A2CAL2 A2CAL1 A2CALO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 13-8 Unimplemented: Read as ‘0’
bit 7-0 A2CAL<7:0>: Current Sense Amplifier (A2) Gain Error Calibration bits
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PROGRAM MEMORY MAP
AND STACK FOR

10.0 MEMORY ORGANIZATION FIGURE 10-1:

There are two types of memory in the MCP19114/5: MCP19114
* Program Memory
+ Data Memory PC<12:0>
- Special Function Registers (SFRs) CALL, RETURN 13
RETFI E, RETLW

- General-Purpose RAM

Stack Level 1

10.1 Program Memory Organization

The M CP19114/5 ha ve a 13-b it pro gram co unter
capable of addressing an 8000 x 14 program memory
space. Only the fi rst40 00 x 14 (0000h-OFFFh) is
physically implemented. Addressing a location above

Stack Level 8

this boundary will cause a wrap-around within the first Reset Vector 0000h
4000 x 14 space. The Reset vector is at 0000h and the
interrupt vector is at 0004h (refer to Figure 10-1). The . K —
width of the program memory bus (instruction word) is *
14 bits. Since all instructions are a s ingle word, the Interrupt Vector 0004h
MCP19114/5 have space for 4000 instructions. 0005h
On-Chip Program
Memory
OFFFh
1000h
Shadows 000-FFFh
1FFFh
2000h
@)
User IDs 2003h
ICD Instruction®) 2004h

Manufacturing Codes!) | 2005h

Device ID (hardcoded)™) | 2006h

Config Word(®) 2007h
Reserved 2008h
200Ah

200Bh

Reserved for

Manufacturing & Test()
207Fh

2080h

208Fh
2090h

Calibration Words(®)

Unimplemented
20FFh
2100h

Shadows 2000-20FFh

3FFFh

Note 1: Not code protected.
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10.1.1 READING PROGRAM MEMORY
AS DATA

There are tw o methods of a ccessing constantsin
program memory. The first method is to us e tables of
RETLW instructions. T he second methodistoseta
Files Select R egister (FSR) to point to the program
memory.

10.1.1.1 RETLWiInstruction

The RETLWinstruction can be used to provide access
to the tables of constants. The recommended way to
create such tables is shown in Example 10-1.

EXAMPLE 10-1: RETLWINSTRUCTION

constants

BRW ;Add Index in Wto
; program counter to
;select data

RETLW DATAO ;1 ndex0 data

RETLW DATAL ;I ndex1l data

RETLW DATA2

RETLW DATA3

my_function
;...LOTS OF CODE...
MOVLW DATA | NDEX
call constants
;... THE CONSTANT IS IN W

The BRW instruction ma kes t his type of ta ble v ery
simple to implement. If your code must remain portable
with previous generations of microcontrollers, then the
BRWinstruction is not available, so the older table-read
method must be used.

10.2 Data Memory Organization

The data memory (refer to Figure 10-1) is partitioned
into four b anks, w hich c ontain the General Purpose
Registers (GPR) and the Special F unction R egisters
(SFR). The Special Function Registers are located in
the first 32 locations of each bank. Register locations
20h-7Fh in Bank 0, AOh-EFh in Bank 1 and 120h-16Fh
in Bank 2 are Ge neral Purp ose Registers,
implemented a s st atic R AM. Alloth erR AMi s
unimplemented a nd returns ‘' 0’ w hen read. Th e
RP<1:0> bits in the STATUS register a re th e b ank
select bits.

EXAMPLE 10-2: BANK SELECT

RP1 RPO

0 0 ->Bank 0 is selected
0 1 ->Bank 1 is selected
1 0 -> Bank 2 is selected
1 1 -> Bank 3 is selected

To move values from one register to another register,
the va lue mu st pass th rough th e W reg ister. Thi s
means th at f or al | reg ister-to-register m oves, two
instruction cycles are required.

The entire data m emory c an be a ccessed e ither
directly or indirectly. Direct addressing may require the
use of the RP<1:0> bits. Indirect addressing requires
the use of the FSR . Ind irect add ressing us es the
Indirect Register Po inter (IRP) bit inthe STATUS
register forac cesst ot he B ankO/Bank1 o rt he
Bank2/Bank3 areas of data memory.

10.2.1 GENERAL PURPOSE REGISTER
FILE

Thereg isterfi lei sorg anizedas 64 x8inth e
MCP19114/5. Each register is accessed, either directly
or indirectly, through the FSR (referto Section 10.5
“Indirect Addressing, INDF and FSR Registers”).
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10.2.2 CORE REGISTERS

The core regi sters co ntain th e re gisters th at d irectly
affect the basic operation. The core registers can be
addressed from any bank. These registers are listed
below in Table 10-1. For detailed information, refer to
Table 10-2.

TABLE 10-1: CORE REGISTERS

Addresses BANKX
x00h, x80h, x100h, or x180h INDF
x02h, x82h, x102h, or x182h PCL
x03h, x83h, x103h, or x183h STATUS
x04h, x84h, x104h, or x184h FSR
x0Ah, x8Ah, x10Ah, or x18Ah PCLATH
x0Bh, x8Bh, x10Bh, or x18Bh INTCON

10.2.21 STATUS Register
The STATUS register contains:

« the arithmetic status of the ALU
* the Reset status
« the bank select bits for data memory (RAM)

The STATUS register can be the destination for an y
instruction, | ike an y ot her register. | ft he STATUS
register is the destination for an instruction that affects
the Z,DCor C bits, the write to these three bitsis
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
STATUS register as destination may be different than
intended.

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 MOV instructions are used to alter the
STATUS register, because these instructions do not
affect any Status bits.

Note 1: The C and D C bits op erate as Borrow
and Digit Borrow out bits, respectively, in

subtraction.
REGISTER 10-1: STATUS: STATUS REGISTER
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 RPO TO PD Z pc® c®
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR

X = Bit is unknown

‘1’ = Bit is set

‘0’ = Bit is cleared

bit 7
1 = Bank 2 & 3 (100h - 1FFh)
0 = Bank 0 & 1 (00h - FFh)

bit 6-5
00 =Bank 0 (00h - 7Fh)
01 =Bank 1 (80h - FFh)
10 =Bank 2 (100h - 17Fh)
11 =Bank 3 (180h - 1FFh)

bit 4 TO: Time-out bit

IRP: Register Bank Select bit (used for Indirect addressing)

RP<1:0>: Register Bank Select bits (used for Direct addressing)

1 = After power-up, CLRWDT instruction or SLEEP instruction

0 = AWDT time-out occurred

Note 1:

For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s complement of the

second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high-order or

low-order bit in the source register.
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REGISTER 10-1: STATUS: STATUS REGISTER (CONTINUED)

bit 3 ﬁ: Power-down bit

1 = After power-up or by the CLRADT instruction
0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit Carry/Digit Borrow bit(2) (ADDWF, ADDLW SUBLW SUBWF instructions)

1 = A carry-out from the 4" low-order bit of the result occurred
0 = No carry-out from the 41" low-order bit of the result

bit O C: Carry/Borrow bit!) (ADDWF, ADDLW SUBLW SUBWF instructions)()

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1: For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s complement of the
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high-order or
low-order bit in the source register.

10.2.3 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and pe ripheral fun ctions for co ntrolling the
desired operation of the device (refer to Figure 10-2).
These registers are static RAM.

The special registers can be classified into two sets:
core and peripheral. The Special Function R egisters
associated with the microcontroller core are described
in this section. Those related to the operation of the
peripheral fea tures are de scribed in the associated
section for that peripheral feature.
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10.3 DATA MEMORY

FIGURE 10-2: MCP19114/5 DATA MEMORY MAP
File File File File
Address Address Address Address
Indirect addr.) | 00h Indirect addr. @ | 80h Indirect addr.(!) | 100h Indirect addr. ¥ | 180h
TMRO 01h OPTION_REG |81h TMRO 101h OPTION_REG |181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTGPA |05h TRISGPA | 85h WPUGPA | 105h IOCA 185h
PORTGPB | 06h TRISGPB  |86h WPUGPB | 106h lOCB 186h
PIR1 07h PIE1 87h PE1 107h ANSELA 187h
PIR2 08h PIE2 88h MODECON | 108h ANSELB 188h
PCON 09h 89h ABECON 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
TMR1L 0Ch 8Ch 10Ch PORTICD® |18Ch
TMR1H 0Dh 8Dh 10Dh TRISICD® | 18Dh
T1CON OEh 8Eh 10Eh ICKBUG® | 18Eh
TMR2 OFh 8Fh 10Fh BIGBUG® | 18Fh
T2CON 10h VINUVLO  |90h SSPADD 110h PMCON1 190h
PR2 11h VINOVLO |91h SSPBUF 111h PMCON2 191h
12h VINCON 92h SSPCON1 |112h PMADRL 192h
PWMPHL  |13h CC1RL 93h SSPCON2 |113h PMADRH |193h
PWMPHH |14h CC1RH 94h SSPCON3  |114h PMDATL 194h
PWMRL 15h CC2RL 95h SSPMSK1 | 115h PMDATH 195h
PWMRH 16h CC2RH 96h SSPSTAT | 116h DSTCAL 196h
17h CCDCON  |97h SSPADD2 |[117h RFBTCAL |197h
18h DESATCON |98h SSPMSK2 | 118h OSCCAL 198h
VREFCON | 19h OVCON 99h 119h DCSCAL 199h
VREF2CON | 1Ah OVREFCON |9Ah 11Ah TTACAL 19Ah
OSCTUNE |1Bh DEADCON |9Bh 11Bh BGRCAL 19Bh
ADRESL 1Ch SLPCRCON |9Ch 11Ch VROCAL 19Ch
ADRESH 1Dh ICOACON | 9Dh 11Dh 19Dh
ADCONO 1Eh ICLEBCON |9Eh 11Eh 19Eh
ADCON1 1Fh 9Fh 11Fh Reserved 19Fh
20h General AOh General 120h 1A0h
Purpose Purpose
Register Register
General 80 Bytes
Purpose 80 bytes
Register EFh 16F 1EF
96 Bytes Accesses FOh Accesses 170h Accesses 1FOh
Bank O Bank 0 Bank 0
7Fh FFh 17Fh 1FFh
Bank O Bank 1 Bank2 Bank3
|:| Unimplemented data memory locations, read as '0'.
Note 1: Not a physical register.
2:  Only accessible when DBGEN = 0 and ICKBUG<INBUG> = 1.
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TABLE 10-2: MCP19114/5 SPECIAL REGISTERS SUMMARY BANK 0
Adr Name Bit 7 | Bit 6 | Bit 5 ‘ Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value on POR Reset Value on all other resets®
Bank 0

00h | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX  XXXX XXXX  XXXX
01h | TMRO Timer0 Module’s Register XXXX  XXXX uuuu uuuu
02h | PCL Program Counter's (PC) Least Significant byte 0000 0000 0000 0000
03h |STATUS IRP RP1 RPO T | Pp z | DC | c 0001 1xxx 000q quuu
04h | FSR Indirect data memory address pointer XXXX  XXXX uuuu uuuu
05h | PORTGPA GPA7 GPAG6 GPAS — GPA3 GPA2 GPA1 GPAO XXX- XXXX uuu- uuuu
06h | PORTGPB GPB7 GPB6 GPB5 GPB4 — — GPB1 GPBO XXXX - - XX uuuu --uu
07h | PIR1 — ADIF BCLIF SSPIF CC2IF CC1IF TMR2IF TMR1IF - 000 0000 - 000 0000
08h | PIR2 CDSIF — — OTIF OVIF DRUVIF OVLOIF UVLOIF 0--0 0000 0--0 0000
091 | PCON = = = = = = POR BOR ---- --qq ce-- --uu
0OAh | PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 ---0 0000
0Bh | INTCON GIE PEIE TOIE INTE | 10CE | TOIF | INTF | 10CF®@ 0000 000x 0000 000u
0Ch | TMR1L Holding register for the Least Significant byte of the 16-bit TMR1 XXXX XXXX uuuu uuuu
0Dh | TMR1H Holding register for the Most Significant byte of the 16-bit TMR1 XXXX XXXX uuuu uuuu
OEh |T1CON — | — |mickest| Tickeso | — ] — | TMRICS | TMRION --00 --00 --uu --uu
OFh | TMR2 Timer2 Module Register 0000 0000 uuuu uuuu
10n | T2CON — | — | — | — | — | 7tvRreoNn | T2ckpst | T2ckPso ---- -000 ---- -000
11h | PR2 Timer2 Module Period Register 1111 1111 1111 1111
12h | — Unimplemented — —

13h | PWMPHL SLAVE Phase Shift Register XXXX XXXX uuuu uuuu
14h | PWMPHH SLAVE Phase Shift Register XXXX XXXX uuuu uuuu
15h | PWMRL PWM Register Low Byte XXXX XXXX uuuu uuuu
16h | PWMRH PWM Register High Byte XXXX  XXXX uuuu uuuu
17h | — Unimplemented — —

18h | — Unimplemented — —

19h | VREFCON VREF7 VREF6 VREF5 VREF4 VREF3 VREF2 VREF1 VREFO0 0000 0000 0000 0000
1Ah | VREF2CON VREF27 VREF26 VREF25 VREF24 VREF23 VREF22 VREF21 VREF20 0000 0000 0000 0000
1Bh | OSCTUNE — — — TUN4 TUN3 TUN2 TUN1 TUNO ---0 0000 ---0 0000
1Ch | ADRESL Least significant 8 bits of the A/D result XXXX XXXX uuuu uuuu
1Dh | ADRESH Most significant 2 bits of the A/D result 0000 00xx 0000 OOuu
1Eh | ADCONO — CHS4 CHS3 CHS2 CHS1 CHSO0 GO/DONE ADON -000 0000 -000 0000
1Fh | ADCON1 — ADCS2 ADCS1 ADCSO0 — — — — -000 ---- -000 ----

Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition, shaded = unimplemented
Note 1. Other (non power-up) resets include MCLR Reset and Watchdog Timer Reset during normal operation.

2:

MCLR and WDT reset does not affect the previous value data latch. The IOCF bit will be cleared upon reset but will be set again if the mismatch exists.
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TABLE 10-3: MCP19114/5 SPECIAL REGISTERS SUMMARY BANK 1

Addr Name Bit 7 ‘ Bit 6 | Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2 | Bit 1 ‘ Bit 0 Value on POR Reset Values on all other resets®

Bank 1
80h | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX XXXX uuuu uuuu
81h | OPTION_REG RAPU ‘ INTEDG | TOCS ‘ TOSE ‘ PSA ‘ PS2 | PS1 ‘ PSO 1111 1111 1111 1111
82h |PCL Program Counter's (PC) Least Significant byte 0000 0000 0000 0000
83h | STATUS IRP ‘ RP1 | RPO ‘ TO ‘ PD ‘ z | DC ‘ C 0001 1xxx 000g quuu
84h |FSR Indirect data memory address pointer XXXX  XXXX uuuu uuuu
85h | TRISGPA TRISA7 TRISA6 TRISA5 — TRISA3 TRISA2 TRISA1 TRISAO 1110 1111 1110 1111
86h | TRISGPB TRISB7 TRISB6 TRISB5 TRISB4 — — TRISB1 TRISBO 1111 0011 1111 0011
87h | PIE1 — ADIE BCLIE SSPIE CC2IE CC1IE TMR2IE TMR1IE -000 0000 -000 0000
88h | PIE2 CDSIE — — OTIE OVIE DRUVIE OVLOIE UVLOIE 0--0 0000 0--0 0000
89h — Unimplemented — —
8Ah | PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 ---0 0000
8Bh | INTCON GIE PEIE TOIE INTE I0CE TOIF INTF IOCF®@ 0000 000x 0000 000u
8Ch — Unimplemented — —
8Dh — Unimplemented — —
8Eh — Unimplemented — —
8Fh — Unimplemented — —
90h | VINUVLO — — UVLO5 UVLO4 UVLO3 uvLO2 UVLO1 UVLOO - - XX XXXX --uu uuuu
91h | VINOVLO — — OVLO5 OVLO4 OVLO3 OVLO2 OVLO1 OVLOO - - XX XXXX --uu uuuu
92h | VINCON UVLOEN UVLOOUT UVLOINTP UVLOINTN OVLOEN OVLOOUT | OVLOINTP | OVLOINTN 0x00 0x00 0u00 0u00
93h | CC1RL Capture1/Compare1 Register1 x Low Byte (LSB) XXXX XXXX uuuu uuuu
94h | CC1RH Capture1/Compare1 Register2 x High Byte (MSB) XXXX XXXX uuuu uuuu
95h | CC2RL Capture2/Compare2 Register1 x Low Byte (LSB) XXXX XXXX uuuu uuuu
96h | CC2RH Capture2/Compare2 Register2 x High Byte (MSB) XXXX XXXX uuuu uuuu
97h | CCDCON CC2M<3:0> CC1M<3:0> XXXX XXXX uuuu uuuu
98h | DESATCON CDSMUX CDSWDE Reserved CDSPOL CDSOE CDSOUT CDSINTP CDSINTN 0000 0x00 0000 0u00
99h | OVCON — — — — OVEN ovouT OVINTP OVINTN ---- 0x00 ---- 0u00
9Ah | OVREFCON oov7 Ooove O0oVvs Ooov4 [e]e)Vk) oov2 oov1 OoVvo XXXX XXXX uuuu uuuu
9Bh | DEADCON PDRVDT3 PDRVDT2 PDRVDT1 PDRVDTO | SDRVDT3 | SDRVDT2 SDRVDT1 SDRVDTO XXXX XXXX uuuu uuuu
9Ch | SLPCRCON — SLPBY SLPS5 SLPS4 SLPS3 SLPS2 SLPS1 SLPSO - XXX XXXX -uuu uuuu
9Dh | ICOACON — — — — ICOAC3 ICOAC2 ICOAC1 ICOACO - oo XXXX ---- uuuu
9Eh |ICLEBCON — — — — — — ICLEBC1 ICLEBCO S--- --XX ---- --uu
9Fh — Unimplemented — —

Legend: — = Unimplemented locations read as ‘0", u = unchanged, x = unknown, q = value depends on condition, shaded = unimplemented

Note 1: Other (non power-up) resets include MCLR Reset and Watchdog Timer Reset during normal operation.

2:

MCLR and WDT reset does not affect the previous value data latch. The IOCF bit will be cleared upon reset but will be set again if the mismatch exists.
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TABLE 10-4: MCP19114/5 SPECIAL REGISTERS SUMMARY BANK 2

Adr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 ‘ Bit 2 ‘ Bit 1 Bit 0 Value on POR Reset Value on all other resets®
Bank 2

100h [ INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX  XXXX XXXX XXXX
101h [ TMRO Timer0 Module’s Register XXXX  XXXX uuuu uuuu
102h | PCL Program Counter's (PC) Least Significant byte 0000 0000 0000 0000
103h | STATUS IRP RP1 RPO o | P | z | DC | c 0001 1xxx 000q quuu
104h | FSR Indirect data memory address pointer XXXX  XXXX uuuu uuuu
105h | WPUGPA — — WPUA5 — WPUA3 WPUA2 WPUA1 WPUAO --1- 1111 --u- uuuu
106h | WPUGPB WPUB7 WPUB6 WPUBS5 WPUB4 — — WPUB1 — 1111 --1- uuuu - -u-
107h | PE1 PDRVEN SDRVEN PDRVBY SDRVBY — ISPUEN | PWMSTR_PEN PWMSTR_SEN 0000 -100 0000 -100
108h | MODECON MSC1 MSCO0 RFB — — — — — 001- ---- 001- ----
109h | ABECON DIGOEN DSEL2 DSEL1 DSELO DRUVSEL — EADIS ANAOEN 0000 0-00 0000 0-00
10Ah | PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 ---0 0000
10Bh | INTCON GIEP EIE TOIE INTE I0CE TOIF INTF IOCF® 0000 000x 0000 000u
10Ch | — Unimplemented — —
10Dh | — Unimplemented — —
10Eh | — Unimplemented — —
10Fh | — Unimplemented — —
110h | SSPADD ADD<7:0> 0000 0000 0000 0000
111h | SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX  XXXX uuuu uuuu
112h | SSPCON1 wcoL SSPOV SSPEN CKP SSPM<3:0> 0000 0000 0000 0000
113h | SSPCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 0000 0000
114h | SSPCON3 ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN 0000 0000 0000 0000
115h | SSPMSK1 MSK<7:0> 1111 1111 1111 1111
116h | SSPSTAT SMP CKE D/A P S R/W UA BF — —
117h | SSPADD2 ADD2<7:0> 0000 0000 0000 0000
118h | SSPMSK2 MSK2<7:0> 1111 1111 1111 1111
119 | — Unimplemented — —
11Ah [ — Unimplemented — —
11Bh | — Unimplemented — —
11Ch | — Unimplemented — —
11Dh | — Unimplemented — —
11Eh | — Unimplemented — —
11Fh | — Unimplemented — —
Leg end: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition, shaded = unimplemented
Note 1:  Other (non power-up) resets include MCLR Reset and Watchdog Timer Reset during normal operation.

2: MCLR and WDT reset does not affect the previous value data latch. The IOCF bit will be cleared upon reset but will be set again if the mismatch exists.
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TABLE 10-5: MCP19114/5 SPECIAL REGISTERS SUMMARY BANK 3

Addr Name Bit 7 ‘ Bit 6 ‘ Bit 5 ‘ Bit 4 ‘ Bit 3 | Bit 2 | Bit 1 ‘ Bit 0 Value on POR Reset Values on all other resets®

Bank 3

180h | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX XXXX uuuu uuuu
181h | OPTION_REG RAPU ‘ INTEDG ‘ TOCS ‘ TOSE ‘ PSA | PS2 PS1 ‘ PSO 1111 1111 1111 1111
182h | PCL Program Counter's (PC) Least Significant byte 0000 0000 0000 0000
183h | STATUS IRP ‘ RP1 ‘ RPO ‘ TO ‘ PD | 4 | DC ‘ C 0001 1xxx 000g quuu
184h | FSR Indirect data memory address pointer XXXX  XXXX uuuu uuuu
185h | IOCA IOCA7 I0CA6 I0CA5 — I0CA3 I0CA2 I0CA1 IOCAQ 000- 0000 0000 0000
186h | 10CB 10CB7 10CB6 10CB5 10CB4 — — 10CB1 10CBO 0000 -000 0000 -000
187h | ANSELA — — — — ANSA3 ANSA2 ANSA1 ANSAO0 ---- 1111 ---- 1111
188h | ANSELB — — ANSB5 ANSB4 — ANSB2 ANSB1 — --11 -11- --11 -11-
189h | — Unimplemented — —
18Ah | PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 ---0 0000
18Bh | INTCON GIE PEIE TOIE INTE I0CE TOIF INTF IOCF®) 0000 000x 0000 000u
18Ch | PORTICD®) In-Circuit Debug Port Register XXX == XX uuuu --uu
18Dh | TRISICD® In-Circuit Debug TRIS Register 1111 0011 1111 0011
18Eh |ICKBUG®) In-Circuit Debug Register 0000 0000 000u uuuu
18Fh | BIGBUG® In-Circuit Debug Breakpoint Register 0000 0000 uuuu uuuu
190h | PMCON1 — CALSEL — — |  — | wren | wr RD -0-- -000 -0-- -000
191h | PMCON2 Program Memory Control Register 2 (not a physical register) B e
192h | PMADRL PMADRL7 | PMADRL6 | PMADRL5 | PMADRL4 PMADRL3 PMADRL2 PMADRLA1 PMADRLO 0000 0000 0000 0000
193h | PMADRH — — — — PMADRH3 PMADRH2 PMADRH1 PMADRHO ---- -000 ---- -000
194h | PMDATL PMDATL7 | PMDATL6 | PMDATL5 | PMDATL4 PMDATL3 PMDATL2 PMDATLA1 PMDATLO 0000 0000 0000 0000
195h | PMDATH — — PMDATH5 | PMDATH4 PMDATH3 PMDATH2 PMDATH1 PMDATHO --00 0000 --00 0000
196h | DSTCAL — — — DSTCAL4 DSTCAL3 DSTCAL2 DSTCALA1 DSTCALO - - X XXXX ---u uuuu
197h | RFBTCAL — — RFBCAL5 RFBCAL4 RFBCAL3 RFBCAL2 RFBCALA1 RFBCALO - - XX XXXX --uu uuuu
198h | OSCCAL — FCALT6 FCALTS FCALT4 FCALT3 FCALT2 FCALT1 FCALT1 - XXX XXXX -uuu uuuu
199h | DCSCAL — — DCSCAL5 | DCSCAL4 DCSCAL3 DCSCAL2 DCSCAL1 DCSCALO - - XX XXXX --uu uuuu
19Ah | TTACAL — — — — TTA3 TTA2 TTA1 TTAO - oo XXXX ---- uuuu
19Bh | BGRCAL — — — — BGRT3 BGRT2 BGRT1 BGRTO - oo XXXX ---- uuuu
19Ch | VROCAL — — — VROT4 VROT3 VROT2 VROT1 VROTO - - X XXXX ---u uuuu
19Dh | — Unimplemented — —
19Eh | — Unimplemented — —
19Fh | — Reserved — —

Legend: — = Unimplemented locations read as ‘0", u = unchanged, x = unknown, q = value depends on condition, shaded = unimplemented

Note 1: Other (non power-up) resets include MCLR Reset and Watchdog Timer Reset during normal operation.

2: MCLR and WDT reset does not affect the previous value data latch. The IOCF bit will be cleared upon reset but will be set again if the mismatch exists.
3:  Only accessible when DBGEN = 0 and ICKBUG<INBUG> = 1.
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10.3.1 OPTION_REG REGISTER - -
Note:  To achieve a 1:1 prescaler assignment for
The OPTION_REG register is a readable and writable Timer0, assign the prescaler to the WDT
register, w hich ¢ ontains v arious ¢ ontrol b its to bys ettingPSAb itt o ‘1’ inthe
configure: OPTION_REG  register. R efer to
* TimerO/WDT prescaler Section 22.1.3 “ Software Programma-
« External GPA2/INT interrupt ble Prescaler”.
*T imer0
» Weak pull-ups on PORTGPA and PORTGPB
REGISTER 10-2: OPTION_REG: OPTION REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RAPU INTEDG TOCS TOSE PSA PS2 PS1 PSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR x = Bit is unknown ‘0’ = Bit is cleared
‘1’ = Bit is set
bit 7 RAPU: Port GPx Pull-up Enable bit(!)
1 = Port GPx pull-ups are disabled
0 = Port GPx pull-ups are enabled
bit 6 INTEDG: Interrupt Edge Select bit
0 = Interrupt on rising edge of INT pin
1 = Interrupt on falling edge of INT pin
bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock
bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is assigned to WDT
0 = Prescaler is assigned to the Timer0 module
bit 2-0 PS<2:0>: Prescaler Rate Select bits
Bit Value TMRO WDT Rate
Rate
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1: 16
101 1: 64 1: 32
110 1: 128 1: 64
111 1: 256 1: 128
Note 1: Individual WPUx bit must also be enabled.

DS20005281A-page 76

© 2014 Microchip Technology Inc.



MCP19114/5

10.4 PCL and PCLATH

The Program Counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is areadable and
writable register. The high byte (PC<12:8>) is not directly
readable or writable and comes from PCLATH. On any
Reset, the PC is clear ed. Figure 10-3 s hows the two
situafions for loading the PC: the upper example shows
how the PC is loaded on a write to PCL (PCLATH <4:0>
— PCH), while the lower example in Figure 10-3 shows
how the PC is loaded duringa CALL or GOTOinstruction
(PCLATH<4:3> — PCH).

FIGURE 10-3: PROGRAM COUNTER
(PC) LOADING IN
DIFFERENT SITUATIONS
PCH PCL
Instruction with
12 8 7
PC | | Destination
E PCLATH<4:0> 8
5 ALU Result
LITTTTTT]
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | ; | coro caLL
PCLATH<4:3> 1
2 % L:- OPCODE <10:0>
LI T T T T]
PCLATH

10.4.1 MODIFYING PCL REGISTER

Executing any instruction with the PCL register as the
destination s imultaneously ¢ ausesth e Pro gram
Counter PC<12:8> bits (PCH) to be replaced by the
contents of the PCLATH register. This allows the entire
contents o f th e program c ounter to be changed by
writing the desired upper 5 bits to the PCLATH register.
When the lower 8 bits are written to the PCL register, all
13 bits of the program counter will change to the values
contained in the PCLATH r egister a nd those b eing
written to the PCL register.

10.4.2 COMPUTED GoTO

A computed GOTOis accomplished by adding an offset
to the program counter (ADDWF PCL). Care should be
exercised when jum ping intoaloo k-upt able or
program branch table (computed GOTO) by mo difying
the PCL register. Assuming that PCLATH is set to the
table start address, if the table length is greater than
255 instructions or if the lower 8 bits of the memory
address roll over from 0xFFh to 0X00h in the middle of
the table, then PCLATH must be incremented for each
address ro llovertha to ccurs be tweenth et able
beginning and the table location within the table.

For more information, refer to Application Note AN556,
“Implementing a Table Read” (DS00556).

10.4.3 COMPUTED FUNCTION CALLS

A computed function CALL allows programs to maintain
tables of functions and provide another way to execute
state machines or loo k-up tables. When performing a
table read usinga computed fu nction CALL, ca re
should be exercised if the table location crosses a PCL
memory boundary (each 256-byte block).

If using the CALL instruction, the PCH<2:0> and PCL
registers are loaded with th e ope rand of th e CALL
instruction. PCH<6:3> is loaded with PCLATH<6:3>.

10.4.4 STACK

The M CP19114/5ha vean  8-level x 13-bitw ide
hardware stack (refer to Figure 10-1). The stack space
is not part of either program or d ata space and the
Stack P ointer is not readable or writable. The PC is
PUSHed onto the s tack w hen CALL ins tructioni s
executed or an interrupt causes a branch. The stack is
POPed in the event of a RETURN, RETLWor a RETFI E
instruction ex ecution. PC LATH is no t affected by a
PUSH or POP operation.

The stack operates as a drcular buffer. This means that
after the stack has been PUSHed eight times, the 91
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
so on).

Note 1: There are no Status bits to indicate Stack
Overflow or Stack Underflow conditions.

2. There are no in structions/mnemonics
called PUSH or POP. These are actions
that occur f rom the ex ecution of the
CALL, RETURN , RETLW and RETFI E
instructionso rt he vectoringt oa n
interrupt address.

10.5 Indirect Addressing, INDF and
FSR Registers

The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing.

Indirect addressing is po ssible b y us ing th e IN DF
register. Any in struction usingth e IN DF reg ister
actually accesses data p ointed to by the File Select
Register (FS R). R eading INDF i tself i ndirectly wi Il
produce 0 Oh. W riting t o the INDF re gister d irectly
results in a no operation (although Status bits may be
affected). An e ffective 9-bit add ressis obtained by
concatenating th e 8 -bit FSR and the IRP bitin the
STATUS register, as shown in Figure 10-4.

A simple program to clear RAM location 40h-7Fh using
indirect addressing is shown in Example 10-3.

© 2014 Microchip Technology Inc.
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EXAMPLE 10-3:

INDIRECT ADDRESSING

MOVLW  0x40 ;initialize pointer
MOWFF  FSR ;to RAM
NEXT CLRF | NDF ;clear | NDF register
I NCF FSR ;inc pointer
BTFSS FSR 7 ;all done?
Goro NEXT ;no clear next
CONTI NUE ;yes continue
FIGURE 10-4: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1 RPO 6 From Opcode 0 IRP 7  File Select Register 0
N J v J N v v J
Bank Select Location Select Bank Select Location Select
- | > 00 01 10 1 -
00h 180h
Data
Memory
7Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
For memory map detail, refer to Figure 10-2.
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11.0 DEVICE CONFIGURATION

Note:  The DBGEN bit in C onfiguration W ord is
Device Configuration consists of Configuration Word, managed a utomatically by de vice
Code Protection and Device ID. developmentt ools, including de buggers
and pr ogrammers. F or normal de vice
11.1 Configuration Word operation, this bit should be maintained as
a' 1. D ebug is availableon lyon the
There are several Configuration Word bits that allow MCP19115.
different timers to be enabled and memory protection
options. These are im plemented as C onfiguration
Word at 2007h.
REGISTER 11-1: CONFIG: CONFIGURATION WORD
R/P-1 U-1 R/P-1 R/P-1 U-1 R/P-1
DBGEN | — | WRTA1 WRTO ‘ — | BOREN
bit 13 bit 8
uU-1 R/P-1 R/P-1 R/P-1 R/P-1 U-1 U-1 U-1
— CP MCLRE | PWRTE | WDTE — \ — | —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 13 DBGEN: ICD Debug bit
1 = ICD debug mode disabled
0 = ICD debug mode enabled
bit 12 Unimplemented: Read as ‘0’
bit 11-10 WRT<1:0>: Flash Program Memory Self Write Enable bit
11 = Write protection off
10 =000h to 3FFh write protected, 400h to FFFh may be modified by PMCON1 control
01 =000h to 7FFh write protected, 800h to FFFh may be modified by PMCON1 control
00 =000h to FFFh write protected, entire program memory is write protected.
bit 9 Unimplemented: Read as ‘0’
bit 8 BOREN: Brown-out Reset Enable bit
1 = BOR disabled during Sleep and Enabled during operation
0 = BOR disabled
bit 7 Unimplemented: Read as ‘0’
bit 6 CP: Code Protection
1= Program memory is not code protected
0 = Program memory is external read and write protected
bit 5 MCLRE: MCLR Pin Function Select
1= MCLR pinis MCLR function and weak internal pull-up is enabled
0 = MCLR pin is alternate function, MCLR function is internally disabled
bit 4 PWRTE: Power-up Timer Enable bit(®

1= PWRT disabled
0 = PWRT enabled

bit 3 WDTE: Watchdog Timer Enable bit
1= WDT enabled
0= WDT disabled

bit 2-0 Unimplemented: Read as ‘0’

Note 1: Bitis reserved and not controlled by user.
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11.2 Code Protection

Code protection allows the device to be protected from
unauthorized access. Internal access to the program
memory is unaffected by any code protection setting.

11.21 PROGRAM MEMORY PROTECTION
The entire program memory space is protected from

external re ads and w rites by t he CP bitin th e
Configuration Word. When CP = 0, external reads and
writes of program memory are inhibited and a read will
return all* 0’ s. The CPU can continue to read program
memory, regardless of the pro tection bi ts ettings.
Writing the program memory is d ependent upon the
write protection setting. Refer to Section 11.3 “ Write
Protection” for more information.

11.3 Write Protection

Write protection allows the device to be protected from
unintended se If-writes. Ap plications, su ch as bo ot
loader software, can be protected while allowing other
regions of the program memory to be modified.

The WRT<1:0> bits in the Configuration Word define
the size of the program memory block that is protected.

11.4 ID Locations

Fourme moryloc ations (200 0Oh-2003h) are
designated as ID locations where the user can store
checksum or other code identification numbers. These
locations are not accessible during normal ex ecution
but are read able and writable during Program/Verify
mode. O nly the Least Si gnificant 7 bit s of the ID
locations are re ported when using MPLAB Integrated
Development Environment (IDE).
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12.0 OSCILLATOR MODES

The MC P19114/5 h ave one os cillator co nfiguration
which is an 8 MHz internal oscillator.

12.1 Internal Oscillator (INTOSC)

The Int ernal O scillator module prov ides a system
clock source of 8 MHz. The frequency of the internal
oscillator can be trimmed with a calibration value in the
OSCTUNE register.

12.2 Oscillator Calibration

The 8 MHz internal oscillator is factory-calibrated. The
factory ca libration values reside inthe  read-only
CALWDG register. These values must be read from the
CALWDS register and stored in the OSCCAL register.
Referto Section 17.0“ Flash P rogram Memory
Control” for th e pro cedure on reading th e program
memory.

Note:  The FC AL<6:0> bi tsi nth e C ALWD6
register must be written into the OSCCAL
register to calibrate the internal oscillator.

12.3 Frequency Tuning in User Mode

In add itionto the fac tory ca libration,theb ase
frequency can be tuned in the user's application. This
frequency tuning capability allows the user to deviate
from the fac tory-calibrated frequency. Th e user can
tune th e fre quency by w ritingto the O SCTUNE
register (refer to Register 12-1).

REGISTER 12-1:

OSCTUNE: OSCILLATOR TUNING REGISTER

U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — TUN4 TUN3 TUN2 TUN1 TUNO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 TUN<4:0>: Frequency Tuning bits
01111 = Maximum frequency
01110 =
00001 =

00000 = Center frequency. Oscillator Module is running at the calibrated frequency.

11111 =

10000 = Minimum frequency

© 2014 Microchip Technology Inc.
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12.3.1 OSCILLATOR DELAY UPON
POWER-UP, WAKE-UP AND BASE
FREQUENCY CHANGE

In applications where the OSCTUNE register is used to
shift the freq uency of the in  ternal os cillator, the
application should not ex pect the f requency o fth e
internal oscillator to stabilize immediately. In this case,
the frequency m ay s hift gra dually toward th e new
value. The time for this frequency shift is less than eight
cycles of the base frequency.

On po wer-up, the deviceis hel din resetbyth e
power-up time if the power-up timer is enabled.

Following a w ake-up from Slee p mode or PO R, an
internal delay of ~10 ys is invoked to allow the memory
bias to stabilize before program execution can begin.

TABLE 12-1: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Reglster
on Page
OSCTUNE — — — TUN4 TUN3 TUN2 TUN1 TUNO 81
Legend: — =unimplemented locations, read as ‘0’. Shaded cells are not used by clock sources.

TABLE 12-2: SUMMARY OF CONFIGURATION WORD ASSOCIATED WITH CLOCK SOURCES

Name |Bits| Bit-/7 | Bit-/6 | Bit13/5 | Bit12/4 | Bit11/3 | Bit10/2 | Bit9/1 | Bit8/0 Sr‘fgp'z;eer
13:8 — — — — — — — —
CONFIG6 62
7:0 — FCAL6 FCAL5 FCAL4 FCAL3 FCAL2 FCAL1 FCALO
Legend: — =unimplemented locations, read as ‘0’. Shaded cells are not used by clock sources.
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13.0 RESETS

The reset logic is used to place the MCP19114/5 into a
known st ate. Th es ource ofth ere setc anb e
determined by using the device status bits.

There are multiple ways to reset these devices:

» Power-on Reset (POR)

» Overtemperature Reset (OT)

+ MCLR Reset

« WDT Bset

» Brown-out Reset (BOR)

Toallow Vpp to stabilize, an optional power-up timer

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

FIGURE 13-1:

Some registers are not affected in any Reset condition;
their status is unknown on POR and unchanged in any
other Reset. Most other registers are reset to a “Reset
state” on:

* Power-on Reset

‘M CLR Reset

+ MCLR Reset during Sleep
« WDT Reset

* Brown-out Reset

WDT (Watchdog T imer) w ake-up do es n ot ca use
register resets in the same manner as a WDT Reset,
since wake-up is viewed as the resumption of normal
operation. TO and PD bits are set or cleared differently
in different Reset situations, as indicated in Table 13-1.
The s oftware can u se th ese bits to determine th e
nature of the Res et. Referto Table 13-2fora ful |
description of Reset states of all registers.

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 13-1.

The MCLR Reset path has a noise filter to detect and
ignore small pul ses. R efer to Section 5.0 “ Digital
Electrical C  haracteristics” fo  rpul  se-width
specifications.

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

External

>O Reset

Sleep

MCLR/TEST_EN

pin WDT
Module [Time-out
Reset

Vpp Rise| Power-on Reset

Detect
vV Brown-out
DD

Brown-ouf Reset
Reset | |

BOREN

Chip_Reset

PWRT

On-Chi
R(n; oslg |>11-bit Ripple Counter ’j}

Enable PWRT

TABLE 13-1: TIME-OUT IN VARIOUS

SITUATIONS
Power-up Wake-up from
PWRTE = 0 PWRTE = 1 Sleep
TpwrT — —
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TABLE 13-2: STATUS/PCON BITS AND THEIR SIGNIFICANCE
POR BOR TO PD Condition
0 X 1 1 Power-on Reset
u 0 1 1 Brown-out Reset
u u 0 u WDT Reset
u u 0 0 WDT Wake-up
u u u u MCLR Reset during normal operation
u u 1 0 MCLR Reset during Sleep
Legend: u =unchanged, x = unknown
13.1 Power-on Reset (POR) 13.2 MCLR

The on-chip POR circuit holds the ¢ hip in Reset until
Vpp ha s reached a hi gh en ough | evel for proper
operation. T o t ake a dvantage o fthe POR , s imply
connect the MCLR pin through a resistor to Vpp. This
will eliminate external RC components usually needed
to create Power-on Reset.

Note:  The POR circuit does n ot p roduce an
internal R eset w hen V pp de clines. To
re-enable the POR, Vpp must reach Vgg
(Agnp) for a minimum of 100 ps.

When the dev ice s tarts n ormal o peration (e xits th e
Reset condition), device ope rating p arameters (i.e .,
voltage, frequency, temperature, etc.) must be met to
ensure proper operation. If these conditions are not
met, the device must be held in Reset until the operat-
ing conditions are met.

MCP19114/5 have a noise filter in the MCLR Re set
path. The filter will detect and ignore small pulses.

It should be noted thata WDT Reset does not drive
MCLR pin low.

Voltages app lied to the M CLR pint hate xceedi ts
specification ca n result in both MCLR Re sets and
excessive c urrent b eyond the dev ice s pecification
during the ESD e vent. For this reas on, Microchip
recommends th atthe MCLR pinnolonger betied
directly to Vpp. The use of a R esistor-Capacitor (RC)
network, as shown in Figure 13-2, is suggested.

An internal MCLR option is e nabled by clearing the
MCLRE bit in the CONFIG register. When MCLRE = 0,
the Reset signal to the chip is ge nerated in ternally.
When MCLRE = 1, the MCLR pin becomes an external
Reset input. In this mode, the MCLR pin has a weak
pull-up to Vpp.

FIGURE 13-2: RECOMMENDED MCLR

CIRCUIT

Voo

R4 z
1 kQ (or greater) @)
2
Ro =2
MCLR &
| 1000 “
(SoV\gonal) (needed with
p capacitor)
= — Cy
0.1 uF

(optional, not critical)
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13.3 Brown-out Reset (BOR
( ) Note:  The Pow er-up Timeris enabled by the

The BOREN bit <8> in the CONFIG register enables or PWRTE bit in the CONFIG register. If Vpp
disables the BOR mode, as defined in the CONFIG drops be low V gor W hile th e Powe r-up
register. Ab rown-out o ccurs w hen V pp fal Is bel ow Timer is running, the chip will go back into
Vgor for greater than 100 ps minimum. On any Reset a Brow n-out R eset and the Power-up

(Power-on, Brown-out, Watchdog Timer, etc.), the chip
will remain in Reset until Vpp rises above VgoR (refer
to Figure 13-3). If enabled, the Power-up Timer will be
invoked by the Reset and will keep the chip in Reset an
additional 64 ms.

Timer will be re-initialized. Once the Vpp
rises above VgoR, the Power-up Timer will
execute a 64 ms reset.

FIGURE 13-3: BROWN-OUT SITUATIONS
Vop
_________ M__________VBOR
|
Internal I |:ﬁ|
Reset ' 64 ms®
\Y
b - — = W ________ VBOR
e
Internal | ¢ >
Reset <64ms T s@

Vbp
_____ K______F_______‘VBOR

Internal T |

Reset ————— . 64 mstD

Note 1: 64 ms delay only if PWRTE bit is programmed to ‘0’
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13.4 Power-up Timer (PWRT)

The Power-up Timer provides a fixed 64 ms (nominal)
time-out on po wer-up only, from POR Res et. Th e
Power-up T imer operatesf roman internal RC
oscillator. The chip is kept in Reset as long as PWRT is
active. The PWRT delay allows the Vpp torisetoan
acceptable | evel. Abit(P WRTE)i nth e CONFIG
register can disable (if set) or enable (if cleared or
programmed) the Power-up Timer.

The Power-up Timer delay will vary from chip to chip
due to:

* Vpp variation

» Temperature variation

» Process variation

Note:  Voltage s pikes below V gg at th e MCLR
pin, inducing currents greater than 80 mA,
may ca use la tch-up. Th us,as eries
resistor of 50-100Q should be used when
applying a “lo w” level to the MCLR pin,
rather than pulling this pin directly to Vgs.

The Power-up Timer optionally delays deviceexecution
after a POR event. This timer is typically used to allow
Vpp to stabilize before all owing the device t o st art
running.

The Power-up Timer is controlled by the PWRTE bit in
the CONFIG register.

13.5 Watchdog Timer (WDT) Reset

The Watchdog Timer generates a Reset if the firmware
does not issue a CLRVDT instruction within the time-out
period. The TO and PD bits in the STATUS register are
changedto ind icatet he W DT R eset. Refer to
Section 16.0 © Watchdog T imer (WD T)” form ore
information.

13.6 Start-up Sequence

Upon the release of a POR, the following must occur
before the device begins executing:

» Power-up Timer runs to completion (if enabled)
 Oscillator start-up timer runs to completion
M CLR must be released (if enabled)

The total time-out will vary based on PWRTE bit status.
For example, with PWRTE bit erased (PWRT disabled),
there w illbenot ime-outat all. Figures 13-4, 13-5
and 13-6 depict time-out sequences.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then,
bringing MCLR high w ill begin execution immediately
(refer to Figure 13-5). This is useful for testing purposes
or to synchronize more than one MCP19114/5 device
operating in parallel.

13.6.1 POWER CONTROL (PCON)
REGISTER

The Power Control (PCON) register (address 8Eh) has
two Status bits to indicate what type of Reset occurred
last.

FIGURE 13-4: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 1
Vbb —/
MCLR
Internal POR ﬂ

TpwrT

PWRT Time-out

I<—>:

" TioscsT

OST Time-out

Internal Reset
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FIGURE 13-5:

TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 2

MCLR

Vbb —/

Internal POR

TpwrT

PWRT Time-out

| ————————

TIOSCSTI

OST Time-out

Internal Reset

|

FIGURE 13-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR WITH Vpp)
Vbp —/
MCLR
Internal POR
1< TpwrT >,
PWRT Time-out D —
' TIOSCSTf‘
OST Time-out
Internal Reset |
13.7 Determining the Cause of a Reset TABLE 13-3: RESET STATUS BITS AND
Upon an y R eset, m ultiple bits in the ST ATUS an d THEIR SIGNIFICANCE
PCON register are updated to indicate the cause of the POR | BOR | TO | PD Condition
Reset. T ables 13-3an d13-4s howth eR eset
conditions of these registers. 0 X 1 | 1 [Power-on Reset
u 0 1 | 1 |Brown-out Reset
u 0 | u |WDT Reset
uu 0 | 0O |WDT Wake-up from Sleep
uu 1 | 0 |Interrupt Wake-up from
Sleep
uu u | u |MCLR Reset during normal
operation
u 0 |MCLR Reset during Sleep
0 u | 0| x |Notallowed. TO is set on
POR.
0 u | x | 0 |Notallowed. PD is set on
POR.
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TABLE 13-4: RESET CONDITION FOR SPECIAL REGISTERS (Note 2)

Condition Program STATUS PCQN

Counter Register Register
Power-on Reset 0000h 0001 1xxx ---- --0u
Brown-out Reset 0000 0001 1xxx ---- --u0
MCLR Reset during normal operation 0000h 000u uuuu ---- --uU
MCLR Reset during Sleep 0000h 0001 Ouuu se-- --uU
WDT Reset 0000h 0000 uuuu ---- --uu
WDT Wake-up from Sleep PC +1 uuu0 Ouuu ---- --uu
Interrupt Wake-up from Sleep PC + 1) uuul Ouuu ---- --uu
Legend: u =unchanged, x =unknown, - = unimplemented bit, reads as ‘0’.

Note 1: When the wake-up is due to an interrupt and Global Enable bit (GIE) is set, the return address is pushed
on the stack and PC is loaded with the interrupt vector (0004h) after execution of PC + 1.

2: If a Status bit is not implemented, that bit will be read as ‘0’.
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13.8 Power Control (PCON) Register

The Power Control (PCON) register contains flag bits
to differentiate between a:

» Power-on Reset (POR)
» Brown-out Reset (BOR)

The PCON register bits are shown in Register 13-1.
REGISTER 13-1: PCON: POWER CONTROL REGISTER

U-0 U-0 uU-0 u-0 U-0 R/W-0 R/W-0 U-0
— — — — — POR BOR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-2 Unimplemented: Read as '0’
bit 1 POR: Power-on Reset Status bit

1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 Unimplemented: Read as '0'
TABLE 13-5: SUMMARY OF REGISTERS ASSOCIATED WITH RESETS
Register
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 on Page
PCON — — — — — — POR BOR 89
STATUS IPR RP1 RPO TO PD z DC C 69

Legend: — = unimplemented bit, read as ‘0’. Shaded cells are not used by Resets.
Note 1: Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
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NOTES:
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14.0 INTERRUPTS

The MCP19114/5 have multiple sources of interrupt:

» External Interrupt (INT pin)

* Interrupt-On-Change (IOC) Interrupts

» Timer0 Overflow Interrupt

» Timer1 Overflow Interrupt

* Timer2 Match Interrupt

* ADC Interrupt

» System Input Undervoltage Error

» System Input Overvoltage Error

* SSP

« BCL

* Desaturation Detection

» Gate Drive UVLO

» Capture/Compare 1

» Capture/Compare 2

» Overtemperature

The | nterrupt Control (I NTCON) register an dth e
Peripheral In terrupt Re quest (PIRx ) re gisters re cord
individual interrupt requests in flag bits. The INTCON
register also has individual and global interrupt enable
bits.

The Global Interrupt Enable bit, GIE, in the INTCON
register, en ables (if s et) all un masked interrupts, or
disables (if cleared) all interrupts. Individual interrupts
can be dis abled through the ir co rresponding en able
bits in the INTCON register and PIEx registers. GIE is
cleared on Reset.

When an interruptis se rviced, t he following actions
occur automatically:

» The GIE is cleared to disable any further interrupt
* The return address is pushed onto the stack
* The PC is loaded with 0004h

The firmware within the Interrupt Service Routine (ISR)
should determine the source of the interrupt by polling
the interrupt flag bits. The interrupt flag bits mustbe
cleared before e xitingt he ISRt o avoid r epeated
interrupts. Because the GIE bit is cleared, any interrupt
that oc curs while executing the ISR will be recorded
through it s interrupt fla g butw ill notca use the
processor to redirect to the interrupt vector.

Note 1: Individual int erruptfla g bi tsares et,
regardless of thest atuso fth eir
corresponding mask bit or the GIE bit.

2: When an instruction that clears the GIE
bit is executed, any interrupts that were
pending for execution in the next cycle
are ignored. The in terrupts w hich w ere
ignored are still pe nding to be serviced
when the GIE bit is set again.

The RETFI Einstruction exits the ISR by popping the
previous address from the stack, restoring the sa ved
context from the shadow registers and setting the GIE
bit.

For add itional in formation on a s pecific inte rrupt’s
operation, refer to its peripheral chapter.

14.1 Interrupt Latency

For external interrupt events, such as the INT pin or
PORTGPx change interrupt, the interrupt latency will
be three or four instruction cycles. The exact latency
depends upon when the interrupt event occurs (refer to
Figure 14-2). T he | atency i s th e s ame for one- or
two-cycle instructions.

14.2 GPAZ2/INT Interrupt

The e xternali nterrupton the G PA2/INT pini s
edge-triggered, either on the rising edge, if the INTEDG
bitin the OPTION_REG registeris set, or the falling
edge, if the INTEDG bitis clear. When a v alid edge
appears on the GPA2/INT pin, the | NTF bit inthe
INTCON register is set. This interrupt can be disabled
by clearing the INTE control bit in the INTCON register.
The | NTF b it must be cleared by softwarein th e
Interrupt Se rvice R outine before re -enabling thi s
interrupt. The G PA2/INT in terrupt can w ake up th e
processor from Sleep, if the INTE bit was set prior to
going into Sleep. Refer to Section 15.0 “Power-Down
Mode (Sleep)” for details on Sleep and Section 15.1
“Wake-up from Slee p” fortiming of w ake-up from
Sleep through GPA2/INT interrupt.

Note:  The ANSEL register must be initialized to
configure an an alog channel as a digital
input. Pin s c onfigured a s an alog i nputs
willre ad ‘ 0’ and ca nnot gen erate an
interrupt.

© 2014 Microchip Technology Inc.

DS20005281A-page 91



MCP19114/5

FIGURE 14-1: INTERRUPT LOGIC
PIx2

CDSIF
CDSIE

OTIF
OTIE

OVIF
OVIE

DRUVIE
DRUVIE

OVLOIF
OVLOIE

UVL8IF INTCON
UVLOIE (0CF
PIx1 IOCE

INTF
INTE

TOIE
TOIE

PEIF

Wake-up (If in Sleep mode)

ADIF
ADIE

BCLIF
BCLIE

Interrupt to CPU

SSPIF
SSPIE

CC2IF
CC2IE
CC1IE
CC1IE
TMR2F
TMR2E

TMR1IF
TMR1IE

FIGURE 14-2: INT PIN INTERRUPT TIMING

Q1] Q2| Q3| Q4 Q1] Q2| Q3| @4 Q1] Q2| Q3| Q4: Q1] Q2| Q3| Q4 Q1] Q2| Q3| Q4

CLKIN

CLKOUT® 1\ | R \ . . 1
oo @ | | | |

INT pin . 1 | Q ) : :

|(NTFCf|oag ): s /6 . Interrupt Latency@ ' '

INTCON reg.), : s ; : : :

GIE bit : : \ : | '

(INTCON reg.)

INSTRUCTION:FLOW

PC ( PC X PCFT PCF1___¥____0004h X 0005h
Instruction ( . f : : : :
Fetched { : Inst (PC) : Inst (PC + 1) ! — : Inst (0004h) ! Inst (0005h)
Eféﬁ‘uﬁg%“{ ' Inst(PC—1) ' Inst(PC) ' DummyCycle' DummyCycle '  Inst(0004h)

Note 1: INTF flag is sampled here (every Q1).

2:  Asynchronous int errupt lat ency = 3-4 T ¢v. S ynchronous lat ency = 3 T ¢y, w here Ty = instruction ¢ ycle time.
Latency is the same whether Inst (PC) is a single-cycle or a two-cycle instruction.

3: CLKOUT is available only in INTOSC and RC Oscillator modes.
For minimum width of INT pulse, refer to AC specifications in Section 5.0 “Digital Electrical Characteristics”.
5: INTF is enabled to be set any time during the Q4-Q1 cycles.
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14.3 Interrupt Control Registers

Note: Interrupt flag bits are set when an interrupt
14.3.1 INTCON REGISTER F:ondition oceurs, regardles_s of the state of
its corresponding enable bit or the Global
The IN TCON reg isteris area dable a ndw ritable Enable bit, GIE, in the INTCON register.
register, that contains the various enable and flag bits The us er’s sof tware should ens ure the
for t he TMRO r egister overflow, i nterrupt-on-change appropriate in terrupt fl ag bi ts a re cl ear
and external INT pin interrupts. prior to enabling an interrupt.

REGISTER 14-1: INTCON: INTERRUPT CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GIE PEIE TOIE INTE I0CE TOIF INTF IOCF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit 4 INTE: INT External Interrupt Enable bit
1 = Enables the INT external interrupt
0 = Disables the INT external interrupt
bit 3 IOCE: Interrupt-on-Change Enable bit()
1 = Enables the interrupt-on-change
0 = Disables the interrupt-on-change
bit 2 TOIF: TMRO Overflow Interrupt Flag bit®
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: External Interrupt Flag bit
1 = The external interrupt occurred (must be cleared in software)
0 = The external interrupt did not occur
bit 0 IOCF: Interrupt-on-Change Interrupt Flag bit

1 = When at least one of the interrupt-on-change pins changed state
0 = None of the interrupt-on-change pins have changed state

Note 1: 10Cx registers must also be enabled.

2: TOIF bit is set when TMRO rolls over. TMRO is unchanged on Reset and should be initialized before
clearing TOIF bit.
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14.3.1.1

REGISTER 14-2:

PIE1 Register

The PI E1 re gister co ntains th e Pe ripheral In terrupt
Enable bits, as shown in Register 14-2.

Note 1: Bit PEIE in the INTCON register must be
set to enable any peripheral interrupt.

PIE1l: PERIPHERAL INTERRUPT ENABLE REGISTER 1

uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— ADIE BCLIE SSPIE CC2IE CC1IE TMR2IE TMR1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6 ADIE: ADC Interrupt Enable bit
1 = Enables the ADC interrupt
0 = Disables the ADC interrupt
bit 5 BCLIE: MSSP Bus Collision Interrupt Enable bit
1 = Enables the MSSP Bus Collision Interrupt
0 = Disables the MSSP Bus Collision Interrupt
bit 4 SSPIE: Synchronous Serial Port (MSSP) Interrupt Enable bit
1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt
bit 3 CC2IE: Capture2/Compare2 Interrupt Enable bit
1 = Enables the Capture2/Compare?2 interrupt
0 = Disables the Capture2/Compare?2 interrupt
bit 2 CCL1IE: Capture1/Compare1 Interrupt Enable bit
1 = Enables the Capture1/Compare1 interrupt
0 = Disables the Capture1/Compare1 interrupt
bit 1 TMR2IE: Timer2 Interrupt Enable
1 = Enables the Timer2 interrupt
0 = Disables the Timer2 interrupt
bit 0 TMRL1IE: Timer1 Interrupt Enable

1 = Enables the Timer1 interrupt
0 = Disables the Timer1 interrupt
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14.3.1.2

REGISTER 14-3:

PIE2 Register

The PI E2 re gister co ntains th e Pe ripheral In terrupt
Enable bits, as shown in Register 14-3.

Note 1: Bit PEIE in the INTCON register must be
set to enable any peripheral interrupt.

PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

R/W-0 u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CDSIE — — OTIE OVIE DRUVIE OVLOIE UVLOIE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7 CDSIE: Desaturation Detection Interrupt Enable bit
1 = Enables the DESAT Detect interrupt
0 = Disables the DESAT Detect interrupt
bit 6-5 Unimplemented: Read as ‘0’
bit 4 OTIE: Overtemperature Interrupt Enable bit
1 = Enables overtemperature interrupt
0 = Disables overtemperature interrupt
bit 3 OVIE: Vgyt Overvoltage Interrupt Enable bit
1 = Enables the OV interrupt
0 = Disables the OV interrupt
bit 2 DRUVIE: Gate Drive Undervoltage Lockout Interrupt Enable bit
1 = Enables Gate Drive UVLO interrupt
0 = Disables Gate Drive UVLO interrupt
bit 1 OVLOIE: V|y Overvoltage Lockout Interrupt Enable bit
1 = Enables OVLO interrupt
0 = Disables OVLO interrupt
bit 0 UVLOIE: V|y Undervoltage Lockout Interrupt Enable bit

1 = Enables UVLO interrupt
0 = Disables UVLO interrupt
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14.3.1.3

REGISTER 14-4:

PIR1 Register

The PIR 1 register co ntains the Peripheral In terrupt
Flag bits, as shown in Register 14-4.

Note 1: Interruptfl agb itsare se tw henan
interrupt condition occurs, re gardless of
the state of its corresponding enable bit
orthe G lobal En able b it, GIE,in the
INTCON regi ster. The user’s software
should e nsure th e ap propriate i nterrupt
flag b its are cle ar p rior t o en abling an
interrupt.

PIR1: PERIPHERAL INTERRUPT FLAG REGISTER 1

uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— ADIF BCLIF SSPIF CC2IF CC1IF TMR2IF TMR1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6 ADIF: ADC Interrupt Flag bit
1 = ADC conversion complete
0 = ADC conversion has not completed or has not been started
bit 5 BCLIF: MSSP Bus Collision Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 4 SSPIF: Synchronous Serial Port (MSSP) Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 3 CC2IF: Capture2/Compare?2 Interrupt Flag bit
1 = Capture or Compare has occurred
0 = Capture or Compare has not occurred
bit 2 CC1IF: Capture1/Compare1 Interrupt Flag bit
1 = Capture or Compare has occurred
0 = Capture or Compare has not occurred
bit 1 TMR2IF: Timer2 to PR2 Match Interrupt Flag
1 = Timer2 to PR2 match occurred (must be cleared in software)
0 = Timer2 to PR2 match did not occur
bit 0 TMRL1IF: Timer1 Interrupt Flag

1 = Timer1 rolled over (must be cleared in software)
0 = Timer1 has not rolled over
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14.3.1.4 PIR2 Register -
Note 1: Interruptfl agb itsare se tw henan

The PIR 2 register co ntains the Peripheral In terrupt interrupt condition occurs, re gardless of
Flag bits, as shown in Register 14-3. the state of its corresponding enable bit
orthe G lobal En able b it, GIE,in the
INTCON regi ster. The user’s software
should e nsure th e ap propriate in terrupt
flag bits are cle ar prior to en abling an
interrupt.

REGISTER 14-5: PIR2: PERIPHERAL INTERRUPT FLAG REGISTER 2

R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CDSIF — — OTIF OVIF DRUVIF OVLOIF UVLOIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 CDSIF: DESAT Detect Interrupt Flag bit

1 = Normal Operation (CDSPOL = 0, CDSINTP = 0, CDSINTN = 1)
0 = Desaturation Detection has occurred
bit 6-5 Unimplemented: Read as ‘0’
bit 4 OTIF: Overtemperature Interrupt Flag bit
1 = Overtemperature event has occurred
0 = Overtemperature event has not occurred
bit 3 OVIF: Overvoltage Interrupt Flag bit

1 =V gyt has exceeded the level defined by OV_REF
0 =V oyt is below level defined by OV_REF

bit 2 DRUVIF: Gate Drive Undervoltage Lockout Interrupt Flag bit
1 = Gate Drive Undervoltage Lockout has occurred
0 = Gate Drive Undervoltage Lockout has not occurred

bit 1 OVLOIF: Vy Overvoltage Lockout Interrupt Flag bit
1 =V |y has exceeded the level defined by OVLO_DAC
0=V |y is below level defined by OVLO_DAC

bit 0 UVLOIF: V)y Undervoltage Lockout Interrupt Flag bit
1=V |\ is below level defined by UVLO_DAC
0 =V |\ is above level defined by UVLO_DAC
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TABLE 14-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;z;eg
INTCON GIE PE E TOIE INTE IOCE TOIF INTF IOCF 93
OPTION_REG| RAPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO 76
PIE1 — ADIE BCLIE SSPIE CC2IE CC1IE | TMR2IE | TMR1IE 94
PIE2 CDSIE — — OTIE OVIE DRUVIE | OVLOIE | UVLOIE 95
PIR1 — ADIF BCLIF SSPIF — — TMR2IF | TMR1IF 96
PIR2 CDSIF — — OTIF OVIF DRUVIF | OVLOIF | UVLOIF 97
Legend: — = unimplemented locations, read as ‘0’. Shaded cells are not used by Interrupts.

14.4 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key
registers dur ing an int errupt (e.g ., Wand STATUS
registers). This must be implemented in software.

Temporary h oldingreg istersW_TE MPan d
STATUS_TEMP should be placed in the last 16 bytes
of GPR (refer to Figure 10-3). These 16 locations are
common to all banks and do not require banking. This
makes context save and re store operations simpler.
The code shown in Example 14-1 can be used to:

» Store the W register

» Store the STATUS register

» Execute the ISR code

» Restore the Status (and Bank Select Bit) register

* Restore the W register

Note:  The MCP19114/5d o not require s aving
the PCL ATH. Ho wever, if co mputed
QGOTGCs are used in both the ISR and the
main code, the PCLATH must be s aved
and restored in the ISR.

EXAMPLE 14-1: SAVING STATUS AND W REGISTERS IN RAM

MOVWWF W TEMP ; Copy Wto TEMP register
SWAPF  STATUS, W ; Swap status to be saved into W
; Swaps are used because they do not affect the status bits
MOWWF  STATUS_TEMP ; Save status to bank zero STATUS_TEMP register
1 (I'SR) ;Insert user code here
SWAPF  STATUS TEMP, W ; Swap STATUS_TEMP register into W
;(sets bank to original state)
MOWWF  STATUS ; Move Winto STATUS register
SWAPF W TEMP, F ; Swap W TEMP
SWAPF W TEMP, W ; Swap WTEMP into W
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15.0 POWER-DOWN MODE (SLEEP)

The Power-Down m ode i s e ntered by ex ecuting a
SLEEP instruction.

Upon en tering Sle ep m ode, the fo llowing conditions
exist:

1. WDT will be cl eared but keeps run ning, if
enabled for operation during Sleep.

PD bit in the STATUS register is cleared.

TO bit in the STATUS register is set.

CPU clock is disabled.

The ADC is inoperable due to the absence of the

4V LDO power (AVpp).

6. 1/O ports maintain the status they had before
SLEEP w as executed (d riving h igh, | ow or
high-impedance).

7. Resets ot herthan WD T a re n ot aff ected by
Sleep mode.

8. Analog Circuit power (AVpp) is removed during

Sleep mode.

Sl S

Refer to in dividual ch apters for m ore det ailso n
peripheral operation during Sleep.

To m inimize cu rrentc onsumption, t he f ollowing
conditions should be considered:

* /O pins should not be floating.

 External circuitry sinking current from 1/O pins.

* Internal circuitry sourcing current from 1/O pins.

 Current draw from pins with internal weak
pull-ups.

* Modules using Timer1 oscillator.

I/O pins tha t are hig h-impedance in puts s hould b e
pulled to Vpp or GN D externally to avoid s witching
currents caused by floating inputs.

The SLEEP instruction removes power from the analog
circuitry. AVpp is shut down to minimize current draw in
Sleep mode and to m aintain a s hutdown current of
50 pA ty pical. The 5V L DO (Vpp) v oltage dro ps to
2.5V -3V in S leep mo de. The en able state of t he
analog circuitry does not change with the execution of
the SLEEP instruction.

15.1 Wake-up from Sleep

The device can wake up from Sleep through one of the
following events:

1. External Reset input on MCLR pin, if enabled
POR Reset

Watchdog Timer, if enabled

Any external interrupt

Interrupts by pe ripherals capable of run ning
during Sleep (see individual peripheral for more
information)

o kN

The first two events will cause a device reset. The last
three events are considered a continuation of program
execution. To de termine w hether ad evice reset or
wake-up eventoc curred, refe r to Section 13.7
“Determining the Cause of a Reset”.

The following peripheral interrupts can wake the device
from Sleep:

1. Interrupt-on-change
2. External Interrupt from INT pin

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is p refetched. F or the device to
wake up through an interrupt event, the corresponding
interrupt e nable b it m ust be enabled. W ake-up wiill
occur regardless of the state of the GIE bit. If the GIE
bit is disabled, the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
enabled, the device executes the instruction after the
SLEEP i nstruction an d w ill th en ¢ all th e In terrupt
Service Routine. In cases where the execution of the
instruction following SLEEP is not desirable, the user
should have an NOP after the SLEEP instruction.

The WDT is cleared when the device wakes up from
Sleep, regardless of the source of wake-up.
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15.1.1 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction
- SLEEP instruction will execute as an NOP
- WDT and WDT prescaler will not be cleared
- TO bit in the STATUS register will not be set
- PD bit in the STATUS register will not be

« If the interrupt occurs during or after the
execution of a SLEEP instruction

- SLEEP instruction will be completely
executed

- Device will immediately wake up from Sleep

- WDT and WDT prescaler will be cleared

- TO bitin the STATUS register will be set

- PD bit in the STATUS register will be cleared
Even if the flag bits were checked before executing a

SLEEP instruction, it m ay be possible for fl ag bits to
become set before the SLEEP instruction completes. To

cleared
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as an NOP.
FIGURE 15-1: WAKE-UP FROM SLEEP THROUGH INTERRUPT
Q1]Q2| Q3| Q4. Q1]Q2|Q3 | Q4. Q1| : ‘atla2la3l 4 a1l az] a3l 4. a1l @2l a3l a4: Q1] @2/a3 | a4
A A A A A N A A . AV A AVl A A AV AVAT VAV AV AW A WA
' X X ' Tost | ' . . '
Interrupt flag © : : I : nterrupt Latency ™ ] \ \
(ﬁ\ll!%(?gN reg.)' :Processor in : : \
o _ . _ _ . ___=° Seep . _ . _ _ i _ o _ .o _ .
Instruction Flow : ' ' . ! \ .
PC X PC X_PC+1 X PC+2 X PC+2 X PC+2 X 0004h __X___0005h
'F"gggggm { " Inst(PC) = Sleep |  Inst(PC +1) | Inst(PC + 2) Inst(0004h) | Inst(0005h) |
E‘fé%"lﬁg%n Inst(PC - 1) ' Sleep Inst(PC + 1) : Dummy Cycle : Dummy Cycle : Inst(0004h) :
Note 1: GIE =1 assumed. In this case after wake-up, the processor calls the ISR at 0004h. If GIE = 0, execution will continue in-line.
TABLE 15-1: SUMMARY OF REGISTERS ASSOCIATED WITH POWER-DOWN MODE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Registeron
Page
INTCON GIE PEIE TOIE INTE I0CE TOIF INTF IOCF 93
I0CA IOCA7 I0CA6 IOCA5 — IOCA3 IOCA2 IOCA1 IOCAO 120
10CB 10CB7 10CB6 10CB5 I0CB4 — — 10CB1 10CBO 120
PIE1 — ADIE BCLIE SSPIE CC2IE CC1IE | TMR2IE | TMR1IE 94
PIE2 CDSIE — — OTIE OVIE DRUVIE | OVLOIE | UVLOIE 95
PIR1 — ADIF BCLIF SSPIF CC2IF CC1IF | TMR2IF | TMR1IF 96
PIR2 CDSIF — — OTIF OVIF DRUVIF | OVLOIF | UVLOIF 97
STATUS IRP RP1 RPO TO PD z DC C 69
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used in Power-down mode.
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16.0 WATCHDOG TIMER (WDT)

The Watchdog Timer is a free running timer. The WDT
is e nabled by s etting the WD TE bitin the C ONFIG
register (default setting).

During normal operation, a WDT time-out generates a
device reset. If the device is in Sleep mode, a W DT
time-out causes the device to wake up and continue
with normal operation.

The WDT can be permanently disabled by clearing the
WDTE biti n the CO NFIGre gister. Referto
Section 11.1 “C onfiguration Word” f or more
information.

16.1 Watchdog Timer (WDT) Operation

During normal operation, a WDT time-out generates a
device reset. If the device is in Sleep mode, a W DT
time-out causes the device to wake up and continue
with nor mal ope ration; th is iskn ownas aWD T
wake-up. The WD T can be permanently disabled by
clearing the WDTE configuration bit.

The p ostscaler a ssignmenti s fully u nder s oftware
control and can be changed during program execution.

16.2 WDT Period

The WDT has a nominal time-out period of 18 ms (with
no pre scaler). T het ime-out pe riods varyw ith
temperature, Vpp and process variations from part to
part (refer to Table 5-3). If longer time-out periods are
desired, a prescaler with a division ratio of up to 1:128
can be assigned to the WDT under software control by
writing to the OPTION_REG register. Thus, time-out
periods up to 2.3 seconds can be realized.

The CLRWDT and SLEEP in structions clear the WDT
and the prescaler, if assigned to the WDT, and prevent
it from timing out and generating a device reset.

The TO bit in the STATUS register will be cleared upon
a Watchdog Timer time-out.

16.3 WDT Programming
Considerations

Under wors t-case co nditions (i.e., Vpp = Minimum,
Temperature = Maximum, Maximum WDT prescaler), it
may take se veral s econds be fore a WDT time-out
occurs.

FIGURE 16-1: WATCHDOG TIMER WITH SHARED PRESCALE BLOCK DIAGRAM
Data Bus
0 8
° 1 \i
Sync -
1 2 YI' | TMRO
TOCKI 0 cy
pin
ToCS Y PSA Set Flag bit TOIF
TOSE Prgsggler on Overflow
PSA »
PS<2:0> 1
WDT
Watchdog Time-out
Timer 0
PSA
WDTE
Note 1: TOSE, TOCS, PSA, PS<2:0> are bits in the OPTION_REG register.
2: WDTE bit is in the CONFIG register.
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TABLE 16-1: WDT STATUS

Conditions WDT
WDTE =0
CLRWDT Command Cleared
Exit Sleep

TABLE 16-2: SUMMARY OF REGISTERS ASSOCIATED WITH WATCHDOG TIMER

Name Bit78 | iteB| 5B | it4B| it3B| it2B| it1B| ito |redisteron
Page
OPTION_REG | RAPU | INTEDG | TOCS TOSE PSA PS<2:0> 76
Legend: Shaded cells are not used by the Watchdog Timer.
Note 1: Refer to Register 11-1 for operation of all the bits in the CONFIG register.
TABLE 16-3: SUMMARY OF CONFIGURATION WORD WITH WATCHDOG TIMER
Name |Bits| Bit-/7 | Bit-/6 | Bit13/5 | Bit12/4 | Bit11/3 | Bit10/2 | Bit9/1 | Bit8/0 | ~c9'Ster
on Page
13:8 — — DEBUG — WRT1 WRTO — BOREN 79
CONFIG ——
7:0 — CP MCLRE | PWRTE WDTE — — —
Legend: — = unimplemented location, read as ‘1’. Shaded cells are not used by Watchdog Timer.
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17.0 FLASH PROGRAM MEMORY
CONTROL

The Flash program memory is readable and writable
during normal operation (full V,y range). This memory
is no tdi rectly ma ppedi nt her egisterf ile s pace.
Instead, it is indirectly addressed through the Special
Function Regiisters (refer to Registers 17-1 to 17-5).
There are si x SFR sus edto read a nd w rite thi s
memory:

*+ PMCON1
+ PMCON2
* PMDATL
* PMDATH
+ PMADRL
+ PMADRH

When int erfacing th e pr ogram m emory bl ock, th e
PMDATL a nd PMDATH reg isters fo rm a tw o-byte
word, which holds the 14-bit data for read/write, and
the PMADRL and PMADRH registers form a two-byte
word, w hich holds th e 13 -bit a ddress of the F LASH
location be ing ac cessed. The se dev ices hav e 4k
words of program Flash with an ad dress range from
0000h to OFFFh.

The program memory allows single-word read and a
by fo ur-word w rite. A fou r-word w rite a utomatically
erases the row of the location and writes the new data
(erase before write).

The write time is controlled by an on-chip timer. The
write/erase vol tages are gen erated by an on- chip
charge pump rated to operate over the voltage range
of the device for byte or word operations.

When the de vice is ¢ ode-protected, th e C PU may
continue to read and write the Flash program memory.

Depending o n th e s ettings o f th e Fl ash Pro gram
Memory Enable (WRT<1:0>) bits, the device may or
may not be able to write certain blocks of the program
memory; however, reads of the program memory are
allowed.

When the Flash Program M emory C ode Protection
(CP)b iti sen abled,the prog ramme moryi s
code-protected and the de vice p rogrammer (ICSP)
cannot access data or program memory.

17.1 PMADRH and PMADRL Registers

The PMADRH and PMADRL registers can address up
to a maximum of 4k words of program memory.

When s electing a program a ddress v alue, the M ost
Significant Byte (MSB) of the address is written to the
PMADRH re gister a nd th e L east Significant Byte
(LSB) is written to the PMADRL register.

17.2 PMCON1 and PMCONZ2 Registers

The PMCONT1 register is the control register for the
data program memory accesses.

Control bi ts RD and WRin itiate read an d w rite,
respectively. | n software, these bits can only be set,
notclea red. They are cl earedin har dware at
completion of the read or write operation. The inability
to clear the WR bit in software prevents the accidental
premature termination of a write operation.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear.

The CALSEL bit allows the user to re ad locations in
test memory in case there are calibration bits stored in
the ¢ alibration w ord | ocationsth at needt ob e
transferred to SFR trim registers. The CALSEL bit is
only for r eads and, if a w rite o peration i s attempted
with CALSEL = 1, no write will occur.

PMCON?2 is not a physical register. Reading PMCON2
willre ada ll' 0's. T he P MCON2 r egister is us ed
exclusively in the flash memory write sequence.
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17.3 Flash Program Memory Control Registers
REGISTER 17-1: PMDATL: PROGRAM MEMORY DATA LOW BYTE REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PMDATL<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 PMDATL<7:0>: 8 Least Significant Data bits to Write or Read from Program Menory

REGISTER 17-2: PMADRL: PROGRAM MEMORY ADDRESS LOW BYTE REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PMADRL<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 PMADRL<7:0>: 8 Least Significant Address bits for Program Memory Read/Write Operation

REGISTER 17-3: PMDATH: PROGRAM MEMORY DATA HIGH BYTE REGISTER

uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — PMDATH<5:0>

bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 PMDATH<5:0>: 6 Most Significant Data bits from Program Memory
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REGISTER 17-4: PMADRH: PROGRAM MEMORY ADDRESS HIGH BYTE REGISTER

U-0 U-0 U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — PMADRH<3:0>

bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-4 Unimplemented: Read as ‘0’

bit 3-0 PMADRH<3:0>: 4 Most Significant Address bits or High bits for Program Memory Reads

REGISTER 17-5: PMCON1: PROGRAM MEMORY CONTROL REGISTER 1

U-1 R/W-0 uU-0 U-0 uU-0 R/W-0 R/S-0 R/S-0
— CALSEL — — — WREN WR RD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

S = Bit can only be set

bit 7 Unimplemented: Read as '1'
bit 6 CALSEL: Program Memory calibration space select bit
1 = Select test memory area for reads only (for loading calibration trim registers)
0 = Select user area for reads
bit 5-3 Unimplemented: Read as '0'
bit 2 WREN: Program Memory Write Enable bit
1 = Allows write cycles
0 = Inhibits write to the EEPROM
bit 1 WR: Write Control bit
1 = Initiates a write cycle to program memory. (The bit is cleared by hardware when write is complete.
The WR bit can only be set (not cleared) in software.)
0 = Write cycle to the Flash memory is complete

bit 0 RD: Read Control bit
1 = Initiates a program memory read. (The read takes one cycle. The RD is cleared in hardware; the

RD bit can only be set (not cleared) in software.)
0 = Does not initiate a Flash memory read
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READING THE FLASH PROGRAM
MEMORY

To read a p rogram m emory loc ation, the u ser must
write tw o by tes of the address to the PMAD RL and
PMADRH registers, and then set control bit RD (bit O
in the PMCON1register). Once the read control bitis
set, the Program Memory Flash controller will use the
second instruction cycle to read the data. This causes
the second instruction im mediately following the BSF
PMCONL, RD instructionto b ei gnored. T he data is
available, in the v ery next cycle, in the PM DATL and
PMDATH registers; it can be read as two bytes in the
following instructions. PMD ATL and PMDATH
registers will hold this value until another read or until it
is written to by the user (during a write operation).

17.3.1

EXAMPLE 17-1: FLASH PROGRAM READ

MOVLWVS_PROG_PM ADDR;

MOVWWFPMADRH;, MS Byt e of Program Address to read
MOVLWLS_PROG_PM ADDR;

MOVWFPMADRL; LS Byte of Program Address to read
BANKSELPMCONL; Bank to contai ni ng PMCON1L

BSF PMCON1, RD; EE Read

NOP
NOP
BANKSELPMDATL; Bank to contai ni ng PMADRL

MOVFPMDATL, W W= LS Byte of Program PVDATL
MOVFPVDATH, W W= Ms Byte of Program PVDATL

Any instructions here are ignored as program
menory is read in second cycle after BSF PMCON1, RD

BANKSELPM ADR;, Change STATUS bits RP1:0 to select bank with PMADR

First instruction after BSF PMCONL, RD executes normal |y

FIGURE 17-1: FLASH PROGRAM MEMORY READ CYCLE EXECUTION — NORMAL MODE
Q1 |Q2 (@3 [Q@4 |Q1 |Q2 |Q3 |Q4 |Q1 [Q2 |Q3 |Q4 Q1 [Q2 |Q3 |4 Q2 Q3 |@4 |Q1 [Q2 |Q3 |Q4
| | | | | | |
| I I I I I I
Flash ADDR ( PC X PC +1 y<PMADRH,PMADRIj< PC +3 X PC +4 X PC +5 )
| I I | I I I
! | | |
Flash DATA | >< INSTR (PC) >< INSTR (PC + 1) ><PMDATH,PMDATL>< INSTR (PC + 3) >< INSTR (PC +4) >< |
I I I I I I I
I insTR (PC-1) | gsr PMCON1,RD | INSTR (PC + 1) | NOP | INSTR (PC + 3) | INSTR (PC + 4) |
| Executed here | Executed here | Executed here | Executedhere | Executedhere | Executed here |
I I I I I I I
RDbit | | 4 | \ | |
I I I I I I I
PMDATH | ! ! ! ! ' '
PMDATL | I I I>< I I I
Register
I I I I I I I
EERHLT | ! / | \ | |
| | |
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17.3.2 WRITING TO THE FLASH
PROGRAM MEMORY

A word of the FI ash program me mory may only be
written to if the word is in an unprotected segment of
memory, as defined in Section 11.1 “ Configuration
Word” (bits <WRT1:0>).

Note: The write protect bits are used to protect the
user’s prog ram from m odification by the
user's c ode. Th ey have n o ef fect w hen
programming is pe rformed by | CSP. T he
code-protect bit s, w hen programmed for
code prot ection, w ill prevent the pro gram
memory from be ing w ritten vi a th e IC SP
interface.

Flash program m emory must be w ritten in four- word
blocks. Refer to Figures 17-2 and 17-3 for more details.
A bloc k cons ists of fou rw ordsw ith seq uential
addresses, witha lower boundary define d by an
address, where PMADRL<1:0> = 00. All block writes to
program memory are done as 16-w  ord erase by
four-word w rite operations . The w rite operation is
edge-aligned and cannot occur across boundaries.

To write p rogram data, the WREN bit mustfirstbe
loaded into the buffer registers (refer to Figure 17-2).
This is a ccomplished by first w riting th e d estination
address to PMADRL and PMADRH a nd then writing
the data to PMDATL and PMDATH. After the address
and da ta have been set, the following se quence of
events must be executed:

1. Write 5 5h,th en AAh,to PM CON2 (F lash
programming sequence).
2. Set the WR control bit in the PMCON1 register.

All four buffer re gister locations should be written to
with c orrect d ata. If less than four words are b eing
written to in the block of four words, a read from the
program memory location(s) not being written to must
be performed. T his takes the data from the program
location(s) not bei ng w ritten and loads itinto the
PMDATL and PMDATH registers. Then the sequence
of events to transfer data to the buffer registers must be
executed.

To transfer data from the buffer registers to the program
memory, the PMADRL and PMADRH must point to the
last location in the four-w ordblo ck
(PMADRL<1:0> = 11). Then the following sequence of
events must be executed:

1. Write 5 5h,th en AAh,to PM CON2 (F lash
programming sequence).

2. Setcontrol bit WR inthe PMCON1 register to
begin the write operation.

The user must follow the same specific sequence to
initiate the write for ea ch word in th e program block,
writing each p rogram word in s equence ( 000, 001,
010, 011). Whe n the write is performed on the last
word (PMADRL<1:0> = 11), a block of sixteen words is
automatically erased and the content of the four-word
buffer registers are written into the program memory.

After the BSF PMCONL, WR instruction, the processor
requires two cycles to set up the erase/write operation.
The user must place two NOP instructions after the WR
bit is set. Since data is being written to buffer registers,
the writing of the first three words of the block appears
to occur immediately. The processor will halt internal
operations for the typical 4 ms, only during the cycle in
which the erase takes place (i.e., the last word of the
sixteen-word block erase). This is not Sleep mode, as
the clocks and peripherals will continue to ru n. After
the fo ur-word w rite c ycle, th e processor will res ume
operation with the third instruction after the PMCON1
write i nstruction. T he above se quence m ustb e
repeated for the higher 12 words.

Note: An erase is only initiated for the write of four
words, just after a row boundary; or
PMCON1<WR> set with
PMADRL<3:0> = xxxx0011.

Refer to Figure 17-2 for a block diagram of the buffer
registers and the control signals for test mode.

17.3.3 PROTECTION AGAINST SPURIOUS
WRITE

There are conditions when the device should not write
to the program memory. To pro tect a gainst s purious
writes, v arious m echanisms h ave been b uilt in. On
power-up, WREN is cleared. Also, the Power-up Timer
(72 ms duration) prevents program memory writes.

The write ini tiate sequence and the WR EN bit hel p
prevent an accidental write during a power glitch or
software malfunction.

17.3.4 OPERATION DURING CODE
PROTECT

When the device is code-protected, the CPU is able to
read and w rite un scrambled d ata to the pro gram
memory. The test mode access is disabled.

17.3.5 OPERATION DURING WRITE
PROTECT

When the p rogram m emory is write-protected, th e
CPU can read and execute from the program memory.
The po rtions of program memory that are
write-protected cannot be mo dified by the CPU using
the PMC ON regi sters. The w rite prot ection has no
effect in ICSP mode.
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FIGURE 17-2: BLOCK WRITES TO 4K FLASH PROGRAM MEMORY
r_5 07 0 If at new row

PMDATH PMDATL sixteenw ordso f
Flasha re erased,
k \k then four buffers are
\ ) transferred to Flash
First word of block Y automatically after

to be written this word is written

PMADRL<1:0> =00 PMADRL<1:0> =01 PMADRL<1:0> =10 PMADRL<1:0> =11

Buffer Register | ‘ Buffer Register | ‘ Buffer Register ‘ Buffer Register |

} ! } l

Program Memory

FIGURE 17-3: FLASH PROGRAM MEMORY LONG WRITE CYCLE EXECUTION
Q1|Q2(Q3|Q4|Q1|Q2(Q3|Q4(Q1|Q2(Q3|Q4|Q1 Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4
| | | | |
PMADRH,»PMADRL \K PC +2 X PC+3 X PC +4 y

[d

B
PMDATH, PMDATL
(4

P

Flash
DATA

| |
>< INSTR (PC+2)>< INST|R (PC+3) X |
| | |
o/ (INSTR (PC +2)| |
> NOP

NOP INSTR (PC + 3)
Executed here | Executed here | Executed here' |

|
|
INSTR INSTR \gnorey
(PC) (AC+1) read
| |

§SF PMCON1,WFJ INSTR (PC + 1)'4
| Executed here | Executed here |

| | I
Flash | t

Memory
Location [

|
| I
Flash < PC+1 X !
ADDR | |
| |

T

|

|

Processor halted
EE Write Time

| |

PMWHLT! |/
| |
|

=
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18.0 1/0 PORTS

In general, when a peripheral is enabled, that pin may
not be used as a general-purpose I/O pin.

Each port has the registers for its op eration. T hese
registers are:

» TRISGPx registers (data direction register)

* PORTGPXx registers (read the levels on the pins of
the device)

Some ports may have one or more of the foll owing

additional registers. These registers are:

* ANSELXx (analog select)

* WPUGPXx (weak pull-up)

Ports w ith an alog fun ctions al so h ave an AN SELx

register, which can disable the digital input and save

power. A simplified model of a generic I/O port, without

the i nterfaces to oth erp eripherals,i s showni n

Figure 18-1.

FIGURE 18-1: GENERIC I/O PORTGPX

OPERATION

Read LATx TRISGPx
< D Q
Write LATx

Write PORTGP:
rite LI N

Data Register

Data Bus {
Read PORTGPx
To peripherals———
ANSELXx

EXAMPLE 18-1:  INITIALIZING PORTGPA

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

BANKSEL PORTGPA;

CLRF PORTGPA; | nit PORTA

BANKSEL ANSELA,

CLRF ANSELA; digital 1/0

BANKSEL TRI SGPA;

MOVLW B' 00011111'; Set GPA<3: 0> as
;inputs

MOV TRI SGPA; and set GPA<7:5> as
;out puts

18.1 PORTGPA and TRISGPA Registers

PORTGPA is an 8-bit wide, bidirectional port consisting
of fi ve CMOS | /Os, one o pen-drainl/ O andon e
open-drain input-only pin (GPA4 is not available). The
corresponding dat a di rection reg isteri s TR ISGPA.
Setting a TRISGPA bit to 1 will make the corresponding
PORTGPA pin an input (i.e., disable the output driver).
Clearinga T RISGPADbit set to Ow ill maketh e
corresponding PORTGPA pin an output (i.e., enables
output driver). The exception is GPA5, which is i nput
only a nd its T RISGPA bitw ill alwaysre ad as ‘1’
Example 18-1 shows how to initialize an 1/O port.

Reading the PORTGPA register reads the status of the
pins, whereas writing to it will write to the PORT latch.
All write operations are read-modify-write operations.

The TR ISGPA reg ister co ntrols the PO RTGPA pi n
output driv ers, even w henthey are beingusedas
analog inputs. The user must ensure the b itsinth e
TRISGPA register are maintained set when using them
as analog inputs. /0O pins configured as analog input
always read ‘0’. If th e pinis configured for a digital
output (either port or alternate function), the TRISGPA
bit mu st be cleared in order for the pin todrive the
signal and a read will reflect the state of the pin.

18.1.1 INTERRUPT-ON-CHANGE

Each PORTGPA pin is individually configurable as an
interrupt-on-change pin. C ontrol bits IOCB<7:4> and
I0OCB<2:0> enable or disable the interrupt function for
each pin. The interrupt-on-change feature is disabled
onaPow er-onR eset. R eference Section 19.0
“Interrupt-On-Change” for more information.

18.1.2 WEAK PULL-UPS

PORTGPA <3:0> and FORTGPAS5 have anintemal weak
pull-up. PORTGPA<7:6>do not havei ntemal w eak
pull-ups. Individual control bits can enable or disable the
internal weak pull-ups (refer to Register 18-3). The weak
pull-up is automatically turned off when the port pin is
configured as an output, an alternative functionor on a
Power-on R eset settingthe R APU bit int he
OPTION_REG reg ister. The w eak pull-up on GP A5 is
enabled when configured as MCLR pin by setting bit 5 in
the CONFIG register, and disabled when GPAS5 is an 1/O.
There is no software control of the MCLR pull-up.
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18.1.3 ANSELA REGISTER

The AN SELA register is used to co nfigure the Inp ut
mode of an I/O pin to analog. Setting the appropriate
ANSELA bit high will cause all digital reads on the pin
to be read as ‘0’ and allow analog functions on the pin
to operate correctly.

The state of the ANSELA bits has no effect on digital
output f unctions. A pi n with T RISGPA c leared a nd
ANSELx set will still operate as a digital output, but the
Input mode will be analog. This can cause unexpected
behaviorw henex ecutingread -modify-write
instructions on the affected port.

Note:  The AN SELA bi ts de fault to th e Anal og
mode af ter R eset. To u se any pins as
digital gen eral-purpose o r peripheral
inputs, the co rresponding AN SEL bi ts
must be in itialized to ‘0’ by t he user’s
software.

18.1.4 PORTGPA FUNCTIONS AND
OUTPUT PRIORITIES

Each PORTGPA pin is multiplexed with other functions.
The p ins, th eir combined fun ctions an d th eir output
priorites are s howni n Table 18-1. For a dditional
information, refer to the appropriate section in this data
sheet.

Pin GPA7 in the PORTGPA register is a true open-drain
pin with no connection back to Vpp.

When multiple o utputs are en abled, the ac tual pin
control goes to the peripheral with the highest priority.

Analog input functions, such as ADC, are not shown in
the priority lists. These inputs are active when the 1/0
pin is set for Analog mode using the ANSELA register.
Digital output functions may control the pin when it is in
Analog mode with the priority shown in Table 18-1.

TABLE 18-1: PORTGPA OUTPUT PRIORITY
Pin Name Function Priority®
GPAO GPAO
TEST_OUT
GPA1 GPA1
CLKPIN
GPA2 GPA2
TOCKI
INT
GPA3 GPA3
GPA5 GPAS5 (open-drain, input only)
MCLR
TEST_EN
GPA6 GPA6
CCD
ICSPDAT
GPA7 GPA7 (open-drain output, ST

input)

SCL

Note 1: Output function priority listed from lowest

to highest.
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REGISTER 18-1: PORTGPA: PORTGPA REGISTER

R/W-x R/W-x R-x U-0 R/W-x R/W-x R/W-x R/W-x
GPA7 GPA6 GPA5 — GPA3 GPA2 GPA1 GPAO
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 GPA7: General-Purpose Open-Drain I/O pin
1 = Portpinis >V|y
0 = Port pinis <V_
bit 6 GPAG6: General-Purpose 1/0 pin
1 = Port pinis > V|4
0 = Port pinis <V
bit 5 GPA5/MCLRI/TEST_ENS5: General-Purpose Open-Drain input pin
bit 4 Unimplemented: Read as ‘0’
bit 3-0 GPA<3:0>: General-Purpose /O pin
1 = Port pinis > V|4
0 = Portpinis <V|_
REGISTER 18-2: TRISGPA: PORTGPA TRI-STATE REGISTER
R/W-1 R/W-1 R-1 uU-0 R/W-1 R/W-1 R/W-1 R/W-1
TRISA7 TRISA6 TRISA5 — TRISA3 TRISA2 TRISA1 TRISAO
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 = Value at POR

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-6 TRISA<7:6>: PORTGPA Tri-State Control bit
1 = PORTGPA pin configured as an input (tri-stated)
0 = PORTGPA pin configured as an output

bit 5 TRISA5: GPA5 Port Tri-State Control bit
This bit is always ‘1’ as GPA5 is an input only

bit 4 Unimplemented: Read as ‘0’

bit 3-0 TRISA<3:0>: PORTGPA Tri-State Control bit

1 = PORTGPA pin configured as an input (tri-stated)
0 = PORTGPA pin configured as an output
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REGISTER 18-3: WPUGPA: WEAK PULL-UP PORTGPA REGISTER

uU-0 uU-0 R/W-1 uU-0 R/W-1 R/W-1 R/W-1 R/W-1
— — WPUA5 — WPUA3 WPUA2 WPUA1 WPUAO
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5 WPUADS: Weak Pull-up Register bit
1 = Pull-up enabled
0 = Pull-up disabled
bit 4 Unimplemented: Read as ‘0’
bit 3-0 WPUA<3:0>: Weak Pull-up Register bit
1 = Pull-up enabled
0 = Pull-up disabled
Note 1. The weak pull-up device is enabled only when the global RAPU bit is enabled, the pin is in input mode
(TRISGPA = 1) and the individual WPUA bit is enabled (WPUA = 1), and the pin is not configured as an
analog input.
2. GPA5 weak pull-up is also enabled when the pin is configured as MCLR in the CONFIG register.

REGISTER 18-4: ANSELA: ANALOG SELECT GPA REGISTER

U-0 uU-0 uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1
— — — — 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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 ANSA<3:0>: Analog Select GPA Register bit
1 = Analog input. Pin is assigned as analog input.(l)
0 = Digital I/0. Pin is assigned to port or special function.
Note 1: Setting a pin to an analog input automatically disables the digital input circuitry, weak pull-ups and

interrupt-on-change if available. The corresponding TRISA bit must be set to Input mode in order to allow
external control of the voltage on the pin.
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TABLE 18-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTGPA

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 | Bit1 | Bito |Register
on Page
ANSELA — — — — ANSA3 ANSA2 | ANSA1 | ANSAO 112
OPTION_REG | RAPU | INTEDG | TOCS TOSE PSA PS2 PS1 PS0 76
PORTGPA GPA7 GPA6 GPA5 — GPA3 GPA2 GPA1 GPAO 111
TRISGPA TRISA7 | TRISA6 | TRISA5 — TRISA3 | TRISA2 | TRISA1 | TRISAO 11
WPUGPA — — WPUA5 — WPUA3 | WPUA2 | WPUA1 | WPUAO 112
Legend: — =unimplemented locations read as ‘0’. Shaded cells are not used by PORTGPA.
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18.2 PORTGPB and TRISGPB
Registers

Due to s pecial f unction pin r equirements, a | imited
number o fthe PO RTGPB I/ Os are utilized. Onthe
24-pin QF NM CP19114,GPB0 and GPB 1 are
implemented. GPBO is an open-drain general-purpose
I/Oand SD A pin. GPB1is agen eral-purpose I/O,
analog input and VREF2 DAC output. The 28-pin QFN
MCP19114 h asfou rad ditional g eneral-purpose
PORTGPB 1/0O pins. The corresponding data direction
register is TRISGPB. Setting a TRISGPB bitto 1 will
make the corresponding PORTGPB pin an input (i.e.,
disable the output driver). Clearing a TRISGPB bit to 0
will make the corresponding PORTGPB pin an output
(i.e., enable the output driver). Example 18-1 sh ows
how to initialize an 1/O port.

Some pi ns fo r POR TGPB are m ultiplexed wit h a n
alternate function for the peripheral or a clock function.
In ge neral, w hen a peri pheral or ¢ lock functionis
enabled,t hat pin may notbe u seda s a
general-purpose I/O pin.

Reading the PORTGPB register reads the status of the
pins, whereas writing to it will write to the PORT latch.
All write operations are read-modify-write operations.

The TRISGPB register controls the PORTGPB pin out-
put drivers, even when they are being used as analog
inputs. The user should ensure the bits in the TRISGPB
register are maintained set when using them as analog
inputs. I/O pins configured as analog input always read
‘0’. If the pin is configured for a digital output (either port
or alternate function), the TRISGPB bit must be cleared
in order for the pin to drive the signal and a read will
reflect the state of the pin.

18.2.1 INTERRUPT-ON-CHANGE

Each PORTGPB pin is individually configurable as an
interrupt-on-change pin. C ontrol bits IOCB<7:4> and
I0OCB<2:0> enable or disable the interrupt function for
each pin. The interrupt-on-change feature is disabled
onaPow er-on Reset. R eference Section 19.0
“Interrupt-On-Change” for more information.

18.2.2 WEAK PULL-UPS

Each oft he PORTGPB pi ns ha sa ni ndividually
configurable i nternalw eak p ull-up. C ontrol bits
WPUB<7:4> and WPUB<1> en able or disable e ach
pull-up (refer to Register 18-7). Each weak pull-up is
automatically turned off when the port pin is configured
as an output. All pull-ups are disabled on a Power-on
Reset by the RAPU bit in the OPTION_REG register.

18.2.3 ANSELB REGISTER

The AN SELB register is used to co nfigure the Inp ut
mode of an I/O pin to analog. Setting the appropriate
ANSELB bit high will cause all digital reads on the pin
to be read as ‘0’ and allow analog functions on the pin
to operate correctly.

The state of the ANSELB bits has no effect on the digital
output func tions. A pinw ith TR ISGPB clear and
ANSELB set will still operate as a digital output, but the
Input mode will be analog. This can cause unexpected
behavior when executing read-modify-write instructions
on the affected port.

The TRISGPB register controls the PORTGPB pin output
drivers, evenwhen they are being useds analoginputs.
The user should ensure the bits in the TRISGPB register
are maintained set ven using them asanalog inputs. I/O
pins configured as analog input always read 0’

Note:  The AN SELB bi ts de fault to th e Anal og
mode af ter R eset. To use any pinsas
digital general-purpose orp  eripheral
inputs, the co rresponding AN SELB bi ts
must be in itialized to * 0’ by t he u ser’s
software.

DS20005281A-page 114

© 2014 Microchip Technology Inc.



MCP19114/5

18.2.4 PORTGPB FUNCTIONS AND
OUTPUT PRIORITIES

TABLE 18-3: PORTGPB OUTPUT PRIORITY

o , _ _ Pin Name Function Priority®
Each PORTGPB pin is multiplexed with other functions. —
The p ins, th eir combined fun ctions an d th eir output GPBO GPBO (open-drain input/output)
priorites ares howni n Table 18-3. Fora dditional SDA
information, refer to the appropriate section in this data GPB1 GPB1
sheet.
GPBO pin in the PORTGPB regi i drai VREF2
PBC pin in the ) register is a true open-drain GPB4 GPB4 (MCP19114)
pin with no connection back to Vpp.
When multiple o utputs are en abled, the ac tual pin ICSPDAT
control goes to the peripheral with the highest priority. GPB5 GPBS (MCP19114)
Analog input functions, such as ADC, and some digital GpPB6 GPB6 (MCP19114)
input functions are not included in the list below. These GPB7 GPB7 (MCP19114)
inputs are active when the 1/0 pin is set for An alog CCD2
modg us ingth e ANSEL.B r egls.tgr.'D lgital ou tput Note 1: Output function priority listed from lowest
functions may control the pin when it is in Analog mode, to highest
with the priority shown in Table 18-3. 9 ’
REGISTER 18-5: PORTGPB: PORTGPB REGISTER
R/W-x R/W-x R/W-x R/W-x u-0 u-0 R/W-x R/W-x
GPB7(Y GPBe) GPB5(Y) GPB4) — — GPB1 GPBO
bit 7 bit 0
Legend:

R = Readable bit
u = bit is unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n = Value at POR

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-4 GPB<7:4>: General-Purpose /O Pin bit
1 = Port pinis > V|4
0 = Port pinis <V

bit 3-2 Unimplemented: Read as ‘0’

bit 1-0 GPB<2:0>: General-Purpose /O Pin bit

1= Portpinis >V|y
0 = Port pinis <V_

Note 1: MCP19115 only.

© 2014 Microchip Technology Inc.
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REGISTER 18-6: TRISGPB: PORTGPB TRI-STATE REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 u-0 u-0 R/W-1 R/W-1
TRISB7M) | TRISB6™ | TRISB5™M | TRISB4(Y) = = TRISB1 TRISBO
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 = Value at POR

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-4 TRISB<7:4>: General-Purpose 1/O Pin bit

1 = Portpinis >V|y
0 = Port pinis <V,
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 TRISB<2:0>: General-Purpose I/0O Pin bit
1 = Portpinis>V|y
0 = Portpinis <V_
Note 1: MCP19115 only.

REGISTER 18-7: WPUGPB: WEAK PULL-UP PORTGPB REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 uU-0 U-0 R/W-1 U-0
wpPuB7® | wpuBe®@ | wpuBs® | wpuB4®@ — — WPUB1 —
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-4 WPUB<7:4>: Weak Pull-up Register bit

1 = Pull-up enabled
0 = Pull-up disabled
bit 3-2 Unimplemented: Read as ‘0’
bit 1 WPUB<1>: Weak Pull-up Register bit
1 = Pull-up enabled
0 = Pull-up disabled
bit 0 Unimplemented: Read as ‘0’

Note 1: The weak pull-up device is enabled only when the global RAPU bit is enabled, the pin is in input mode
(TRISGPA = 1) and the individual WPUB bit is enabled (WPUB = 1), and the pin is not configured as an
analog input.

2: MCP19115 only.
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REGISTER 18-8: ANSELB: ANALOG SELECT GPB REGISTER

U-0 U-0 R/W-1 R/W-1 u-0 R/W-1 R/W-1 U-0
= — ANSB5(M) | ANsB4() = ANSB2 ANSB1 —
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 ANSB<5:4>: Analog Select GPA Register bit

1 = Analog input. Pin is assigned as analog input(l).

0 = Digital I/0. Pin is assigned to port or special function.
bit 3 Unimplemented: Read as ‘0’
bit 2-1 ANSB<2:1>: Analog Select GPA Register bit

1 = Analog input. Pin is assigned as analog input(%.

0 = Digital I/0. Pin is assigned to port or special function.
bit 0 Unimplemented: Read as ‘0’

Note 1: MCP19115 only.

2: Setting a pin to an analog input automatically disables the digital input circuitry, weak pull-ups and
interrupt-on-change if available. The corresponding TRIS bit must be set to Input mode in order to allow
external control of the voltage on the pin.

TABLE 18-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTGPB

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 | Bit1 Bit 0 Srfg;z;eg
ANSELB = ANSB6™ | ANSB5™) | ANSB4) = = ANSB1 = 117
OPTION_REG| RAPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO 76
PORTGPB ePB7®M | 6Pt | gPB5(M | GPB4ll) — — GPB1 GPBO 15
TRISGPB TRISB7() | TRISB6M | TRISB5W) | TRISB4D) | — — TRISB1 | TRISBO 116
WPUGPB wpruB7® | wpue® | wpuBs™® | wpuB4a®) | — — WPUBH1 — 116
Legend: — =unimplemented locations, read as ‘0’. Shaded cells are not used by the PORTGPB register.

Note 1: MCP19115 only.
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19.0 INTERRUPT-ON-CHANGE

Each PORTGPA and PORTGPB pinis individually
configurable as an interrupt-on-change pin. Control bits
IOCA and IOCB enable or disable the interrupt function
for each pin. Refer to Registers 19-1 and 19-2. The
interrupt-on-change is disabled on a Power-on Reset.

The interrupt-on-change on GP A5 is disabled w hen
configured as MCLR pin in the CONFIG register.

For ena bled interrupt-on-cha nge pins, the valu es are
compared with the old value latched on the last read of
PORTGPA or PORTGPB. The mismatched outputs of
the last read of all the PORTGPA and PORTGPB pins
are OR ’ed together to sett he Interrupt-on-Change
Interrupt Flag (IOCF) bit in the INTCON register.

19.1 Enabling the Module

To allow individual port pins to generate aninterrupt, the
IOCE bit in the IN'CON register must be =t. If the IOCCE
bit is disabled, the edge detection on the pin will still
occur, but an interrupt will not be generated.

19.2 Individual Pin Configuration

To enable a pin to detect an interrupt-on-changg the
associated IOCAx or IO CBx bit in the IO CA or 10CB
registers is set.

19.3 Clearing Interrupt Flags

The user, in the In terrupt Service Routine, clears the
interrupt by:

a) Anyread of PORTGPA or PO RTGPB AND
Clear flag bit IOCF. This will end the mismatch
condition.

OR

b) Any writ e of POR TGPA or POR TGPB AND
Clear fl ag bit] OCF w illend the mi smatch
condition.

A mismatch condition will continue to set flag bit IOCF.
Reading PO RTGPAorPOR TGPBw ill endth e
mismatch co ndition an d a llow flag bitIO CFtob e
cleared. T he latch holding the last read value is not
affected by a MCLR Reset. After this Reset, the IOCF
flag will continue to be set if a mismatch is present.

Note:  If achange on the | /O pin should occur
whenany PORTGPAor PORTGPB
operation is be ing ex ecuted, the | OCF
interrupt flag may not get set.

19.4 Operation in Sleep

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

© 2014 Microchip Technology Inc.
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19.5 Interrupt-On-Change Registers

REGISTER 19-1: IOCA: INTERRUPT-ON-CHANGE PORTGPA REGISTER

R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
IOCA7 IOCA6 IOCA5 = IOCA3 IOCA2 IOCA1 IOCAO
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 IOCA<7:6>: Interrupt-on-Change PORTGPA register bits

1 = Interrupt-on-change enabled on the pin.
0 = Interrupt-on-change disabled on the pin.

bit 5 IOCA<5>: Interrupt-on-Change PORTGPA register bits(?)

1 = Interrupt-on-change enabled on the pin.
0 = Interrupt-on-change disabled on the pin.

bit 4 Unimplemented: Read as ‘0’
bit 3-0 I0OCA<3:0>: Interrupt-on-Change PORTGPA register bits

1 = Interrupt-on-change enabled on the pin.
0 = Interrupt-on-change disabled on the pin.

Note 1: The Interrupt-on-Change on GPAS5 is disabled if GPA5 is configured as MCLR.

REGISTER 19-2: IOCB: INTERRUPT-ON-CHANGE PORTGPB REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0
locB7) locBel) loces® | 1ocB4t) — — IOCB1 IOCBO
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 = Value at POR

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-4 I0CB<7:4>: Interrupt-on-Change PORTGPB register bits

1 = Interrupt-on-change enabled on the pin.
0 = Interrupt-on-change disabled on the pin.

bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 I0CB<1:0>: Interrupt-on-Change PORTGPB register bits

1 = Interrupt-on-change enabled on the pin.
0 = Interrupt-on-change disabled on the pin.

Note 1: MCP19115 only.
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TABLE 19-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPT-ON-CHANGE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁgpizt;
ANSELA — — — — ANSA3 | ANSA2 | ANSA1 | ANSAO 112
ANSELB — ANSB6() | ANSB5() | ANSB4(L) — — ANSB1 — 17
INTCON GIE PEIE TOIE INTE IOCE TOIF INTF IOCF 93
IOCA IOCA7 IOCA6 | IOCAS5 — IOCA3 | IOCA2 | IOCA1 | IOCAO 120
IOCB loce7® | 1ocBe™ | 1ocBs5®Y | 10cB4) — — IOCB1 | 10CBO 120
TRISGPA | TRISA7 | TRISA6 | TRISA5 — TRISA3 | TRISA2 | TRISA1 | TRISAO 111
TRISGPB | TRISB7M) | TRISB6 | TRISB5(M) | TRISB4Y | — — TRISB1 | TRISBO 16
Legend: — = unimplemented locations, read as ‘0’. Shaded cells are not used by interrupt-on-change.
Note 1: MCP19115 only.
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20.0 INTERNAL TEMPERATURE
INDICATOR MODULE

The M CP19114/5 ar e eq uipped w ith a tem perature
circuit designed to measure the operating temperature
of the s ilicon di e. The circuit's ran ge of operating
temperature fa lls betw een -40 °C and +1 25°C. The
output is a vo Itage that is proportional to the device
temperature. The output of the temperature indicator is
internally connected to the device ADC.

20.1 Circuit Operation

This i nternalt emperature m easurement circuiti s
always enabled.

TEMPERATURE CIRCUIT
DIAGRAM

FIGURE 20-1:

Vbp

Vour | ADC

E 200 | e

n
CHS bits

(ADCONOQO register)

EQUATION 20-1: SILICON DIE TEMPERATURE

20.2 Temperature Output

The output of the circuit is measured using the internal
analog-to-digital converter. Channel 13 is reserved for
the temperature circuit output. Refer to Section 21.0
“Analog-to-Digital C onverter ( ADC) Module” fo r
detailed information.

The temperature of the silicon die can be calculated by
the A DC measurement by using Equation 20-1. A
factory-stored 10-bit ADC value for 30°C is located at
address 2084 h. The temper ature coefficient for this
circuit is 16 mV/°C. Other temperature readings can be
calculated from the 30°C mark.

TEMP_DIE(°C) = *

(ADC_READING (counts) — ADC_30°C_READING (counts

3 0C

3.47 (county °C)

© 2014 Microchip Technology Inc.
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21.0 ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

The Ana log-to-Digital C onverter (AD C) allows
conversion of an analog input signal to a 10-bit binary
representation of that signal. This device uses analog
inputs, w hichare m ultiplexed intoa single
sample-and-hold  circuit. Th e outputof th e
sample-and-hold is ¢ onnected to th ei nputo fth e
converter. T he c onverter ge nerates a 1 0-bit bi nary
result via successive a pproximation an d s tores th e
right justified c onversion res ult i nto th e AD C result
registers (ADRESH:ADRESL reg isterp  air).
Figure 21-1 shows the block diagram of the ADC.

The internal band gap supplies the voltage reference to
the ADC.

FIGURE 21-1: ADC BLOCK DIAGRAM
\ Note 1: When AD ON = 0, all mu ltiplexer in puts are
Vinn ~ —— 00000 disconnected.
VREF ——— o000t 2: Refer to ADCONO register for detailed analog
OV REF — 00w channel selection per device.
VBGR*  ——— 00011
VS &— 00100
EA _SC 00101
A2 —— 00110
PEDESTAL ——oo111 \/ \/
RESERVED — 01000 |TRI-STATE
RESERVED  ——o1001
IP_ADJ ———o1010
IP_OFF_REF ————o1o11
Vpr/n —— 01100
TEMP_SNS —— o101 AVos
DLL VCON —jou110 —
SLPCMP_REF  ——o1111
/CCHS4: CHSO0 \
GPAO/ANO & 11000
GPA1/AN1 [X——q 11001
GPA2/AN2 [X] 1010 ADC
GPA3/ANS [XJ——11011| Go/DONE— L 10
GPB1/AN4 [YJ—— 1100
(MCP19115 Only) GPB4/AN5 &— 11101 10
(MCP19115 Only) GPB5/AN6 X— 11110 ADON_| t
(MCP19115 Only) GPB6/AN7 &— 11111 e ADRESH|ADRESL
/CCHS4: CHSO0 =

© 2014 Microchip Technology Inc.
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21.1 ADC Configuration

When c onfiguring and using the ADC, th e following
functions must be considered:

» Port configuration

» Channel selection

» ADC conversion clock source

* Interrupt control

* Result formatting

21.1.1 PORT CONFIGURATION

The AD Cis usedto convertanalogsignalsintoa
corresponding digital representation. When converting
analog signals, the I/O pin should be co nfigured for
analog by setting the associated TRIS and ANSEL bits.
Refer to Section 18.0“ /0O Ports” form  ore
information.

Note:  Analog voltages on any pin that is defined
as adigital in put m ay c ause the input
buffer to conduct excess current.

21.1.2 CHANNEL SELECTION

There are up to 21 channel selections available for the
MCP19114 and 24 channels for the MCP19115:

* AN<4:0> pins

* AN<7:5> pins (MCP19115 Only)

*V |n: 1/15.53 of the input voltage (V)

*V Ref: voltage reference for regulation set point

* OV_REF: reference for OV comparator

*V pggr: band gap reference

*V g: voltage proportional to Voyr

« EA_SC: error amplifier output after slope
compensation

» A2: secondary current sense amplifier output
* PEDESTAL

+ RESERVED

*+ RESERVED

* IP_ADJ: Ip after pedestal and offset adjust

» IP_OFF_REF: Ip offset reference

*V pr: Vpr ¥ 0.229V/V

+ TEMP_SNS: analog voltage representing internal
temperature (refer to Equation 20-1)

» DLL_VCON: delay locked loop voltage reference
* SLPCMP_REF: slope compensation reference
The CHS<4:0> bits in the ADCONO register determine

which ¢ hannel is c onnected to th e sample and hold
circuit.

When changing channels, a de lay is required before
starting th e n ext co nversion. R eferto Section 21.2
“ADC Operation” for more information.

21.1.3  ADC CONVERSION CLOCK

The s ource of the ¢ onversion ¢ lockis s oftware
selectable via the ADCS bits in the ADCON1 register.
There are five possible clock options:

°F 030/8
*F osc/16
*F osc/32
°F 030/64

*F Rc (clock derived from internal oscillator with a
divisor of 16)

The time to complete one-bit conversion is defined as
Tap- One full 10-bit conversion requires 11 Typ periods,
as shown in Figure 21-2.

Foraco rrectco nversion, the app ropriate T ap
specification must be met. Refer to the A/D conversion
requirements i n Section 4.0 “Ele ctrical
Characteristics” for m ore information. Table 21-1
gives examples of appropriate ADC clock selections.

Note:  Unless using the Fg¢, any changes in the
system c lock f requency will change the
ADC c lock fre quency,w hichma vy
adversely affect the ADC result.

TABLE 21-1: ADC CLOCK PERIOD (Tpp) Vs.
DEVICE OPERATING
FREQUENCIES

Device
ADC Clock Period (Tpp) Frequency
(Fosc)
Clocﬁzgurce ADCS<2:0> 8 MHz
Fosc/8 001 1.0 us®@
Fosc/16 101 2.0 s
Fosc/32 010 4.0 ys
Fosc/64 110 8.0 ps®
Fro x11 2.0-6.0 pstt4

Legend: Shaded cells are outside of
recommended range.
Note 1: The Frc source has a typical Tap time of
4 ps br \pp > 3.0V.
2: These values violate the minimum
required Tpp time.
3: For faster conversion times, the selection
of another clock source is recommended.
4: The Fgr¢ clock source is only
recommended if the conversion will be
performed during Sleep.
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FIGURE 21-2:

ANALOG-TO-DIGITAL CONVERSION Tpp CYCLES

Tey-Tap Tap? Tap2 Tap3 Tap4 TapS Tapb Tap? Tap8 Tap9 Tap10 Tapl1

Conversion starts

Set GO/DONE bit

T b9 b8 b7 b6 b5

Holding capacitor is disconnected from analog input (typically 100 ns)

b3 b2 b1 b0

On the following cycle:
ADRESH:ADRESL is loaded, GO bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.

2114 INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon c ompletion o fan an alog-to-digital
conversion. The ADC Interrupt Flag is the ADIF bit in
the PIR1 re gister. The ADC In terrupt Enable is th e
ADIE bitin the PIE1 re gister. The ADIF bi t must be
cleared in software.

Note 1: The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

2: The AD C ope rates du ring Slee p on ly
when the Fr¢ oscillator is selected.

This interrupt can be g enerated w hile the deviceis
operating or while in Sleep. Ifthe device is in Sleep, the
interrupt will wake up the device. Upon waking from
Sleep, t he next instruction fo llowingth e SLEEP
instruction is always executed. If the user is attempting
to wakeu pfromS leep andr esume in-line code
execution, the GIE and PEIE bitsinthe INTCON
register must be disabled. If the GIE and PEIE bits in
the INTCON register are enabled, execution will switch
to the Interrupt Service Routine.

21.1.5 RESULT FORMATTING

The 10-bit A/D conversion result is supplied in right
justified format only.

FIGURE 21-3: 10-BIT A/D RESULT FORMAT

worm=1) [ | | [ | [ wss] | | | [ |

| \ \ LSB

bit 7 bit 0 bit 7

bit 0

Read as ‘0

10-bit A/D Result
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21.2 ADC Operation

21.21 STARTING A CONVERSION

To en able th e AD C mo dule, t he AD ON bit int he
ADCONO register mustbe s etto a“ 1'. Setting the
GO/DONE bit in the ADCONO register to a ‘1’ will start
the analog-to-digital conversion.

Note: The GO/DONE bit should not be set in the
same instruction that turns on the ADC.
Refer to Section 21.25"“ A/D
Conversion Procedure”.

21.2.2 COMPLETION OF A CONVERSION
When the conversion is complete, the ADC module will:
» Clear the GO/DONE bit

+ Set the ADIF Interrupt Flag bit

* Update the ADRESH:ADRESL registers with new
conversion result

21.23 TERMINATING A CONVERSION

If a conversion must be terminated before completion,
the G O/DONE bit can be clearedin s oftware. The
ADRESH:ADRESL registers will not be updated with
the p artially com plete analog-to-digital conversion
sample. Instead, the ADRESH:ADRESL reg ister pair
will ret ain the v alue of the  previous ¢ onversion.
Additionally, two ADC clock cycles are required before
another acquisition c an b e in itiated. Fol lowing th e
delay, an input acquisition is automatically started on
the selected channel.

Note: A device reset forces all registers to their
Reset s tate. Th us, the ADC module is
turned off and any pending conversion is
terminated.

21.2.4 ADC OPERATION DURING SLEEP

The ADC is not operational during Sleep mode. The
Vavpp 4V re ference has b een re moved to minimize
Sleep current.

21.25  A/D CONVERSION PROCEDURE

This is an ex ample proc edure for us ing the ADC to
perform an analog-to-digital conversion:
1. Configure Port:

« Disable pin output driver (refer to the
TRISGPx registers)

» Configure pin as analog (refer to the ANSELx
registers)
2. Configure the ADC module:
» Select ADC conversion clock
» Select ADC input channel
* Turn on ADC module
3. Configure ADC interrupt (optional):
» Clear ADC interrupt flag
» Enable ADC interrupt
« Enable peripheral interrupt
« Enable global interrupt™®
4. Wait the required acquisition time@.
Start conversion by setting the GO/DONE bit.
6. Wait for ADC conversion to complete by one of
the following:
* Polling the GO/DONE bit
» Waiting for the ADC interrupt (interrupts
enabled)
7. Read ADC Result.
8. Clear the ADC interrupt flag (required if interrupt
is enabled).

o

Note 1: The global interrupt can be disabled if the
user is attempting to wake up from Sleep
and resume in-line code execution.

2: Referto Section 21.4 “A/D Acquisition
Requirements”.

EXAMPLE 21-1:  A/D CONVERSION

; This code block configures the ADC
;for polling, Frc clock and ANO input.

; Conversion start & polling for conpletion ;
are included.

BANKSELADCONL;

MOVLWB' 01110000’ ; Frc cl ock
MOVWFADCON1 ;

BANKSELTRI SGPA;

BSF TRI SGPA, 0; Set GPAO to input
BANKSELANSELA;

BSF ANSELA, 0; Set GPAO to anal og
BANKSEL ADCONO;

MOVLWB' 01100001’ ; Sel ect channel ANO
MOVWFADCONO; Turn ADC On

CALLSanpl eTi me; Acqui siton del ay
BSF ADCONO, 1; Start conversion
BTFSCADCONO, 1;1s conversi on done?
GOTO$-1 ; No, test again

BANKSEL ADRESH,;

MOVFADRESH, W Read upper 2 bits
MOVWAFRESULTHI ; store in GPR space
BANKSELADRESL;

MOVFADRESL, W Read | ower 8 bits
MOWAFRESULTLGQ, Store in GPR space
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21.3 ADC Register Definitions

The fol lowing reg isters are usedtocon trol the
operation of the ADC:

REGISTER 21-1: ADCONO: A/D CONTROL REGISTER O

u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— CHS4 CHS3 CHS2 CHSH1 CHSO GO/DONE ADON

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 = Value at POR

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7 Unimplemented: Read as ‘0’

bit 6-2 CHS<4:0>: Analog Channel Select bits

00000 = V|\;, analog voltage measurement (V |y, = Vin/15.5328)
00001 = VREF (DAC reference voltage setting current regulation level)
00010 = OV_REF (reference for overvoltage comparator)

00011 = VBGR (band gap reference)

00100 = Vg (Voltage proportional to Vo)

00101 = EA_SC (Error amp after Slope Compensation output)

00110 = A2 (Secondary Current Sense Amplifier output)

00111 = PEDESTAL (Pedestal Voltage)

01000 = RESERVED

01001 = RESERVED

01010 = IP_ADJ (IP after Pedestal and Offset Adjust (at PWM Comparator))
01011 = IP_OFF_REF (IP Offset Reference)

01100 = Vpg/n (Vpr/n analog driver voltage measurement = 0.229V/V * VpR)
01101 = TEMP_SNS (analog voltage representing internal temperature)
01110 = DLL_VCON (Delay Locked-Loop Voltage Reference — Control voltage for dead time)
01111 = SLPCMP_REF (Slope compensation reference)

10000 = Unimplemented

10001 = Unimplemented

10010 = Unimplemented

10011 = Unimplemented

10100 = Unimplemented

10101 = Unimplemented

10110 = Unimplemented

10111 = Unimplemented

11000 = GPAO/ANO (i.e. ADDR1)

11001 = GPA1/AN1 (i.e. ADDRO)

11010 = GPA2/AN2 (i.e. Temperature Sensor Input)

11011 = GPA3/ANS (i.e. BIN)

11100 = GPB1/AN4

11101 = GPB4/AN5 (MCP19115 only)

11110 = GPB5/AN6 (MCP19115 only)

11111 = GPB6/AN7 (MCP19115 only)

bit 1 GO/DONE: A/D Conversion Status bit
1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress
bit 0 ADON: ADC Enable bit
1= ADC is enabled
0 = ADC is disabled and consumes no operating current
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REGISTER 21-2: ADCON1: A/D CONTROL REGISTER 1

uU-0 R/W-0 R/W-0 R/W-0 uU-0 uU-0 u-0 uU-0
— ADCS2 ADCS1 ADCSO0 — — — —
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6-4 ADCS<2:0>: A/D Conversion Clock Select bits
000 =Reserved
001 =Fpgc/8

010 =Fosc/32

x11 =Fgc (clock derived from internal oscillator with a divisor of 16)
100 =Reserved

101 =Fosc/16

110 =Fosc/64

bit 3-0 Unimplemented: Read as ‘0’

REGISTER 21-3: ADRESH: ADC RESULT REGISTER HIGH

uU-0 u-0 uU-0 u-0 uU-0 u-0 R-x R-x
— — — — — — ADRES9 ADRESS
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1-0 ADRES<9:8>: Most Significant A/D Results

REGISTER 21-4: ADRESL: ADC RESULT REGISTER LOW

R-x R-x R-x R-x R-x R-x R-x R-x
ADRES7 ADRESG6 ADRESS5 ADRES4 ADRES3 ADRES2 ADRES1 ADRESO
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 = Value at POR

‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7-0 ADRES<7:0>: Least Significant A/D results
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21.4 A/D Acquisition Requirements

For the ADC to meet its specified accuracy, the charge
holding ¢ apacitor (Cpo p) mu stbe allowed t o f ully
charge to the input channel voltage level. The Analog
Input mo delis sho wnin Figure 21-4. Th e so urce
impedance (Rg) and the internal sampling switch (Rgg)
impedance directly affect the time required to c harge
the ¢ apacitor C yo p. The s ampling s witch (R gg)
impedance varies over the device voltage (Vpp), refer
to Figure 21-4. Thema Xximumr ecommended
impedance for analog sources is 10 kQ.

EQUATION 21-1: ACQUISITION TIME EXAMPLE

As the source impedance is decreased, the acquisition
time may be decreased. After the analog input channel
is selected (or changed), an A/D acquisition must be
done before the conversion can be started. To calculate
the minimum acquisition time, Equation 21-1 may be
used. This equation assumes that 1/2 LSb error is used
(1,024 steps for the ADC). The 1/2 LSb error is the
maximum error all owed forthe ADCtom eetits
specified resolution.

= Tamp* Tc* Tecorr

Note: Where n = number of bits of the ADC.

= 4.67 s

Assumptions: Temperature = +50°C and external impedance of 10 k€2 5.0V V55

T ACQ = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient
2us+H c [[remperature - 25°C (.05 ps/°C

The value for T can be approximated with the following equations:

1 -_—
VappLI EDG"'}F}' """ — = VeHolp
(2 -1
e
RC _
VappLI ED| 1& = Venoln
e
RC _
VappLI ED| & = VappL| EDG_(_)'Z}{I; """ -

Solving for Te:
Tc = Chop Ric *Rgg  Rg In(1/2047)
= -10pF(LkQ2++# k2 10k In(0.0004885)
=pl.37 s
Therefore:

Taco = 2Hs+4.37s  [IF0°C- 25°C (D.OSpsS/°C

;[1] Venowp charged to within 1/2 1sb

;[2] VeroLp charge response to Vappy |Ep

;combining [1] and [2]

leakage specification.

Note 1: The charge holding capacitor (Cpp\ p) is not discharged after each conversion.

2: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin
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FIGURE 21-4: ANALOG INPUT MODEL
\Y Sampling
ﬁﬂf,hotg P Switch
....... . V1~ 0.6V
Rs: P T Ric <1k | SS Rss
. : Wr——re oW
. - )
5 FSE T V1~ 0.6V Ieakace™ ChoLp = 10 pF
- 7 l Vss/VRer-
Legend: o
Chop = Sample/Hold Capacitance v gv Rss
Cpin = Input Capacitance DD g¥ - = —;
lLeakage = Leakage current at the pin due to various junctions
Ric = Interconnect Resistance i
Rgs = Resistance of Sampling Switch Sampling Switch
SS = Sampling Switch (kW)
V1 = Threshold Voltage

Note 1. Refer to Section 4.0 “Electrical Characteristics”.

FIGURE 21-5: ADC TRANSFER FUNCTION

Full-Scale Range

3FFh
3FEh
3FDh
3FCh
3FBh

=
—

03h
02h
01h '_ '

ADC Output Code

> Analog Input Voltage

00h
~>‘ L, 0.5LSB
J L Zero-Scale

ViEE- >
REF Transition

—

4

Full-Scale
Transition

<— 1.5LSB
A

.
— VRer
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TABLE 21-2: SUMMARY OF REGISTERS ASSOCIATED WITH ADC

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;z;eé
ADCONO — CHS4 CHS3 CHS2 CHS1 CHSO | GO/DONE | ADON 129
ADCON1 — ADCS2 | ADCS1 | ADCSO0 — — — — 130
ADRESH — — — — — — ADRES9 | ADRESS8 130
ADRESL | ADRES7 | ADRES6 | ADRES5 | ADRES4 | ADRES3 | ADRES2 | ADRES1 | ADRESO 130
ANSELA — — — — ANSA3 | ANSA2 ANSA1 ANSAO0 112
ANSELB — — ANSB5 | ANSB4 — ANSB2 ANSB1 — 117
INTCON GIE PEIE TOIE INTE IOCE TOIF INTF IOCF 93
PIE1 — ADIE BCLIE SSPIE CC2IE CC1IE TMR2IE | TMR1IE 94
PIR1 — ADIF BCLIF SSPIF CC2IF CC1IF TMR2IF | TMR1IF 96
TRISGPA | TRISA7 | TRISA6 | TRISA5 — TRISA3 | TRISA2 TRISA1 TRISAO 111
TRISGPB | TRISB7 | TRISB6 | TRISB5 | TRISB4 — — TRISB1 TRISBO 116
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for ADC module.
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22.0 TIMERO MODULE

The Timer0 module is an 8-bit timer/counter with the
following features:

 8-bit timer/counter register (TMRO)

» 8-bit prescaler

* Programmable internal or external clock source

» Programmable external clock edge selection

* Interrupt on overflow

Figure 22-1 is a block diagram of the Timer0 module.

FIGURE 22-1: TIMERO BLOCK DIAGRAM
Data Bus
0
TOCKI 1 v 8
Sync o
1 2Ty [ TMRO
0
TMROSE TMROCS [ &bit Set Flag bit TMROIF
" | Prescaler PSA

—n

PS<2:0>

Overflow to Timer1

22.1 Timer0 Operation

The TimerO module can be used as either an 8-bit timer
or an 8-bit counter.

2211 8-BIT TIMER MODE

The T imer0 mo dule will inc rement every instruction
cycle, if used without a prescaler. 8-Bit Timer mode is
selected by clearing the TOCS bit in the OPTION_REG
register.

When TMRO is written, the increment is inhibited for
two instruction cycles immediately following the write.

Note:  The value written to th e TMRO re gister
can be adjusted, in order to account for
the tw o in struction cy cle del ay when
TMRO is written.

22.1.2 8-BIT COUNTER MODE

In 8-Bit Counter mode, the TimerO modue will incement
on every rising or falling edge of the TO CKI pin. T he
incrementing edge is determined by the TOSE bit in the
OPTION_REG register.

8-Bit Counter mode using the TOCKI pin is selected by
setting the TOCS bit in the OPTDN_REG register to 1°.

2213 SOFTWARE PROGRAMMABLE
PRESCALER

A single software programmable prescaler is available
for use with eith er Timer0 or th e W atchdog T imer
(WDT), bu t not both si multaneously. Th e pre scaler
assignmenti sc ontrolledb yt he PSAb iti nth e
OPTION_REG regi ster. To assign the pre scaler to
Timer0, the PSA bit must be cleared to ‘0’.

There are eight p rescaler opt ions f or th e T imer0
module ranging from 1:2 to 1:256. The prescale values
ares electablev ia thePS<2: 0> bitsi nth e
OPTION_REG register. Inorder to have a 1:1 prescaler
value for the Timer0 module, the prescaler must be
disabled by setting the PSA bit in the OPTION_REG
register.

The prescal eris not  readable or writable. When
assigned to the Timer0 module, all nstructions writing to
the TMRO register will clear the prescaler.
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22.1.4 SWITCHING PRESCALER
BETWEEN TIMERO AND WDT
MODULES

As a result of having the prescaler assigned to either
TimerO or the W DT, iti s p ossiblet o generate an
unintended d evice resetwh en switching pr escaler
values. When changing the prescaler assignment from
TimerO to the WDT module, the instruction sequence
shown in Example 22-1 must be executed.
EXAMPLE 22-1: CHANGING PRESCALER
(TIMERO — WDT)

BANKSELTMRO;
CLRWDT ; d ear WOT
CLRFTMRO; Cl ear TMRO and
; prescal er
BANKSELOPTI ON_REG,
BSF OPTI ON_REG, PSA; Sel ect WDT
CLRWDT ;

MOVLWb' 11111000’ ; Mask prescal er
ANDWFOPTI ON_REG W bi t's

| ORLWH’ 00000101’ ; Set WDT prescal er
MOWAFOPTI ON_REG; t o 1: 32

When ch anging the p rescaler assignment f rom t he
WDT to the TimerO m odule, the following instruction
sequence must be executed (refer to Example 22-2).

EXAMPLE 22-2: CHANGING PRESCALER

(WDT — TIMERO)

CLRWDT ; Cl ear WDT and

; prescal er
BANKSELOPTI ON_REG,
MOVLWh' 11110000’ ; Mask TMRO sel ect and
ANDWFOPTI ON_REG, W prescal er bits
| ORLWb’ 00000011’ ; Set prescale to 1:16
MOVWFOPTI ON_REG,

22.1.5  TIMERO INTERRUPT

TimerO will ge nerate an interrupt w hen the TM RO
register overflows from FFh to 00h. The TOIF interrupt
flag bitin the INTCON register is set every time the
TMRO register overflows, regardless of whether or not
the TimerO interrupt is enabled. The TOIF bit can only
be cleared in software. The Timer0 interrupt enable is
the TOIE bit in the INTCON register.

Note:  The Timer0 i nterrupt ca nnot w ake the
processor from Sleep since the timeris
frozen during Sleep.

22.1.6 USING TIMERO WITH AN
EXTERNAL CLOCK

When Timer0 is in Counter mode, the synchronization
of the T OCKlin put andth e TimerOr egisteris
accomplished by sampling the prescaler output on the
Q2 and Q4 cycles of the int ernal pha se clocks.
Therefore, the high and low periods of th e e xternal
clock s ource mu st me et t he timing r equirements as
shown in Section 4.0 “Electrical Characteristics”.

2217 OPERATION DURING SLEEP

TimerQ cannot operate while the processor is in Sleep
mode. The contents of the TM RO register will remain
unchanged while the processor is in Sleep mode.

TABLE 22-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO

Name Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Esggzgeé
INTCON GIE PEIE TOIE INTE IOCIE TOIF INTF IOCIF 93
OPTION_REG | RAPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO 76
TMRO TimerO Module Register 135*
TRISGPA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO 111
Legend: — = Unimplemented locations, read as ‘0’. Shaded cells are not used by the Timer0 module.

* Page provides register information.
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23.0 TIMER1 MODULE WITH GATE
CONTROL

The Timer1 module is a 16-bit timer with the following
features:

* 16-bit timer register pair (TMR1H:TMR1L)

* Readable and Writable (both registers)

» Selectable internal clock source

« 2-bit prescaler

* Interrupt on overflow

Figure 23-1 is a block diagram of the Timer1 module.

FIGURE 23-1: TIMER1 BLOCK DIAGRAM
TMR10ON
Set flag bit
TMR1IF on
Overflow TMR1D)
|—{ TMR1H | TMRIL
Fosc
1 Prescaler
1,2,4,8
0
1o
T1CKPS<1:0>
TMR1CS
Note 1: TMRH1 register increments on rising edge.

23.1 Timerl Operation As an example, when the Fogc internal clock source is
] o o ] selected, the Timer1 register value will increment by four

The Timer1 module is a 16-bit incrementing timer which counts every instruction dock cycle.

is accessed through the TMR1H:TMRI1L register pair.

Writest o T MR1H or T MR1L d irectly updatet he TABLE 23-1: CLOCK SOURCE

counter. The timer is incremented on every instruction SELECTIONS

cycle. TMR1CS Clock Source

Timer1 is enabled by configuring the TMR1ON bit in the

T1CON register. Table 23-1 displays the Timer1 enable 1 8 MHz system clock (Fpsc)

selections. 0 2 MHz instruction clock (Fogc/4)

23.2 Clock Source Selection

The TMR1CS bit inthe T1CON register is used to select
the clock source for T imer1. Table 23-1 dis plays the
clock source selections.

23.21 INTERNAL CLOCK SOURCE

The TM R1H:TMR1L regi ster p air w ill inc rement on
multiples of F ggc or Fpge/4 as  determined by the
Timer1 prescaler.
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23.3 Timerl Prescaler

Timer1 has four prescaler options allowing 1, 2, 4 or 8
divisions of the clock input. The T1C KPS bitsin the
T1CON register control the  prescale coun ter. The

prescale c ounter is not direc tly readable or w ritable;
however, the prescaler counter is abared upon a wite to
TMR1H or TMR1L.

23.4 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 in the PIR1 register is
set. To enable the interrupt on rollover, you must set
these bits:

* TMR1ON bit in the T1CON register

* TMR1IE bit in the PIE1 register

* PEIE bit in the INTCON register

» GIE bit in the INTCON register

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

Note:  The TMR1H:TMRI1L register pair and the
TMR1IF bit sho uld be cleared be fore
enabling interrupts.

23.5 Timerlin Sleep

Unlike other standard mid-range Timer1 modules, the
MCP19114/5 T imer1 mo dule onl y cl ocks from an
internal system clock, and thus cannot run during Sleep
mode nor can it be used to wake the device from this
mode.

23.6 Timerl Control Register

The T imer1 C ontrol (T1 CON)re gister, sh owni n
Register 23-1, is used to control Timer1 and select the
various features of the Timer1 module.

REGISTER 23-1: T1CON: TIMER1 CONTROL REGISTER

R = Readable bit
u = Bit is unchanged

W = Writable bit
x = Bit is unknown

uU-0 uU-0 R/W-0 R/W-0 u-0 uU-0 R/W-0/ R/W-0

— — T1CKPS1 T1CKPSO — — TMR1CS TMR1ON
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’
-n = Value at POR

‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits

11 =1:8 Prescale value
10 =1:4 Prescale value
01 =1:2 Prescale value
00 =1:1 Prescale value

bit 3-2 Unimplemented: Read as ‘0’

bit 1 TMR1CS: Timer1 Clock Source Control bit

1 = 8 MHz system clock (Fogc)
0 = 2 MHz instruction clock (Fosc/4)

bit 0 TMR1ON: Timer1 On bit
1 = Enables Timer1

0 = Stops Timer1, Clears Timer1 gate flip-flop
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TABLE 23-2: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER1

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 SEQF',Z;:
INTCON GIE PEIE TOIE INTE IOCE TOIF INTF IOCF 93
PIE1 — ADIE BCLIE SSPIE CC2IE CC1IE | TMR2IE | TMR1IE 94
PIR1 — ADIF BCLIF SSPIF CC2IF CC1IF | TMR2IF | TMR1IF 96
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 137*
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 137*
T1CON — — T1CKPS1 | T1CKPSO — — TMR1CS | TMR10ON 138
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer1 module.

*

Page provides register information.
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24.0 TIMER2 MODULE

The Timer2 module is an 8-bit timer with the following
features:

» 8-bit timer register (TMR2)

» 8-bit period register (PR2)

¢ Interrupt on TMR2 match with PR2

» Software programmable prescaler (1:1, 1:4, 1:16)

Refer to Figure 24-1 for a block diagram of Timer2.

24.1 Timer2 Operation

The clock input to the Timer2 module is the system
clock (Fosc)- The clock is fed into the Timer2 prescaler,
which h as prescale options of 1:1, 1:4 0r 1:16. The
output of the prescaler is then used to increment the
TMR2 register.

The values of TMR2 and PR2 are constantly compared
to determine when they match. TMR2 will increment
from 00h until it matches the value in PR2. When a
match o ccurs, TM R2is res ett 0 00 h on the next
increment cycle.

The m atch output of the Timer2/PR2 comparatoris
used to setthe TMR2IF interrupt flag bit in the PIR1
register.

The TMR2 and PR2 registers are both fully readable
and writable. On any Reset, the TMR2 register is set to
00h and the PR2 register is set to FFh.

Timer2 is turned on by setting the TMR20N bit in the
T2CON register to a ‘1. Timer2 is turned off by clearing
the TMR20ON bit to a ‘0’.

The Timer2 prescaler is controlled by the T2CKPS bits

int he T 2CON r egister. Th e pr escaler co unter ar e

cleared when:

* A write to TMR2 occurs.

» A write to T2CON occurs.

* Any device reset occurs (Power-on Reset, MCLR
Reset, Watchdog Timer Reset, or Brown-out
Reset).

Note: TMR2isnotclearedw hen T 2CON is
written.

FIGURE 24-1: TIMER2 BLOCK DIAGRAM
Sets Flag
TMR2 .
Output bit TMR2IF
A
F Prescaler
0SC 111, 1:4, 1:8, 1:16

E

T2CKPS<1:0>
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24.2 Timer2 Control Register

REGISTER 24-1: T2CON: TIMER2 CONTROL REGISTER

U-0 uU-0 uU-0 U-0 uU-0 R/W-0 R/W-0 R/W-0
— — — — — TMR20N T2CKPS1 T2CKPS1
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-3 Unimplemented: Read as ‘0’
bit 2 TMR20ON: Timer2 On bit

1= Timer2is on
0 = Timer2 is off
bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits
00 =Prescaler is 1
01 =Prescaleris 4
10 =Prescaler is 8
11 =Prescaler is 16

TABLE 24-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER2

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁgp'zt;
INTCON GIE PEIE TOIE INTE IOCE TOIF INTF IOCF 93
PIE1 — ADIE BCLIE SSPIE CC2IE CC1IE | TMR2IE | TMR1IE 94
PIR1 — ADIF BCLIF SSPIF CC2IF CC1IF | TMR2IF | TMR1IF 96
PR2 Timer2 Module Period Register 141*
T2CON — — — — — TMR20ON | T2CKPS1 | T2CKPSO0 142
TMR2 Holding Register for the 8-bit TMR2 Time Base 141>
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for Timer2 module.

* Page provides register information.

DS20005281A-page 142 © 2014 Microchip Technology Inc.




MCP19114/5

25.0 ENHANCED PWM MODULE

The PWM module implemented on the MCP19114/5 is
a scaled-down version of the Capture/Compare/PWM
(CCP) modulefo undi ns tandard m id-range
microcontrollers. The module only features the PWM
module, w hich i s s lightly m odified f rom st andard
mid-range m icrocontrollers. In th e MCP19114/5, the
PWM module is used to generate the system clock or
system o scillator. T his sys tem cl ock c an co ntrol t he
MCP19114/5 switching frequency, as well as setthe
maximum allowable dut y cy cle. The PWM mo dule
does not continuously adjust the duty cycle to control
the output voltage. This is accomplished by the analog
control loop and associated circuitry.

25.1 Standard Pulse-Width Modulation
Mode

The CCP will only function in PWM mode. The PWM
signal isus edtos etthe op erating frequency and
maximum al lowable du ty cy cle of the MC P19114/5.
Figure 25-1isa s nippet oft he M CP19114/5 bl ock
diagram sh owing t he PWM si gnal from the C CP
module.

FIGURE 25-1: MCP19114/5 SNIPPET
SHOWING SYSTEM CLOCK
FROM PWM MODULE

PWM Signal From CCP

—— PWM

There are tw o modes of operation that concernthe
systemc lock P WMs ignal. T hese modes are
Stand-Alone (no n-frequency s ynchronization) an d
Frequency Synchronization.

25.1.1 STAND-ALONE (NON-FREQUENCY
SYNCHRONIZATION) MODE

When the M CP19114/5 is ru nning st and-alone, th e
PWM s ignal fun ctions a s the systemcl ock. Iti s
operating at the programmed switching frequency with
a pro grammed m aximum du ty cy cle (D ¢ ock)- Th e
programmed maximum duty cycle is not adjusted on a
cycle-by-cycle ba sist oco ntrolt he M CP19114/5
system output. The required duty cycle (Dpprvon) to
control the o utput is a djusted by th e MC P19114/5
analog control loop and as sociated circuitry. Do ock
does however set the maximum allowable Dppryon-

EQUATION 25-1:

Dgyck <1-D¢rock

25.1.2 SWITCHING FREQUENCY
SYNCHRONIZATION MODE

The MCP19114/5 can be programmed to be switching
frequency MASTER or SLAVE devices. The MASTER
device fu nctions asd escribedi n Section 25.1.1
“Stand-Alone (No n-Frequency Synchronization)
Mode” with t he ex ception of t he s ystem cl ock also
being applied to GPA1.

A S LAVE d evice will r eceive t he MA STER sy stem
clock on GPA1. This MASTER sy stem clock will be
OR’ed with the out put of the TIMER2 module. This
OR’ed s ignal w ill latch PW MRL int o PWM RH an d
PWMPHL into PWMPHH.

Figure 25-1 shows a simplified block diagram of the
CCP module in PWM mode.

The PWMPHL register allows for a phase shifttob e
added to the SLAVE system clock.

It is desired to have the MCP19114/5 SLAVE device’s
system cl ock s tart po int sh ifted b ya programmed
amount from the MASTER system clock. This SLAVE
phase s hiftis s pecified by w riting to the PWM PHL
register. The SLAVE phase shift can be calculated by
using the following equation.

EQUATION 25-2:

SLAVEppase siFT = PWMPHL xTo g0 X(T2ppegral £ VALUE)
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FIGURE 25-1: SIMPLIFIED PWM BLOCK DIAGRAM
PWMPHL PWMRL
8 8
PWMPHH PWMRH LATCH DATA
(SLAVE) (SLAVE)
LATCH DATA
8 8
Comparator Comparator M~ R Qi SCT_%-IEKM
A s @
8 8
‘ RESET TIMER
TMR2
(Note 1) L
WDM_RESET
8
Comparator

PR2

8 EN SS—|
CLKPIN_IN—

Note 1: TIMER 2 should be clocked by Fogc (8 MHz).

A PWM output (Figure 25-2) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 25-2: PWM OUTPUT
Period

] | | | [
' '
' Duty Cycle , !
' ' TMR2=PR2+1

| TMR2 = PWMRH
TMR2 = PR2 + 1

2513 PWM PERIOD

The PW M period i s specified by writing to the PR 2
register. The PWM period can be calculated using the
following equation.

EQUATION 25-3:

PWMpeRiop = HPR2)+ 1 xToge ¥ (F2pregeal E VALUE

When TMR2 is equal to PR2, the following two events
occur on the next increment cycle:
*T MR2 is cleared

* The PWM duty cycle is latched from PWMRL into
PWMRH
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25.1.4 PWM DUTY CYCLE (D¢ ock)

The PWM duty cycle (D¢ ock) is specified by writing
toth e PW MRL register. Upto 8-b it resolutioni s
available. The following equation is used to calculate
the PWM dUty CyCle (DCLOCK)‘

EQUATION 25-4:

The PWMRL bits can be written to at any time, but the
duty cycle value is not latched into PWMRH until after
a match between PR2 and TMR2 occurs.

25.2 Operation During Sleep

When the deviceis placedin Sle ep, the al located
timer will not increment and the state of the module will

not change. If the CLKPIN pin is driving a value, it will
PWMDUTY CYCLE = PWMRL XTOSC X(TZPREmALE VALUE) continue to drive that value. When the device wakes
up, it will continue from this state.
TABLE 25-1: SUMMARY OF REGISTERS ASSOCIATED WITH PWM MODULE
Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bito | Register
on Page
MODECON | MSC1 MSCO RFB — — — — — 51

T2CON — — — — — TMR20ON | T2CKPS1 | T2CKPSO0 142
PR2 Timer2 Module Period Register 141
PWMRL PWM Register Low Byte 143*
PWMPHL Phase Shift Low Byte 143*
Legend: — = Unimplemented locations, read as ‘0’. Shaded cells are not used by PWM mode.

*

Page provides register information.
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26.0 DUAL CAPTURE/COMPARE (CCD)
MODULE

The CCD module is implemented on the MCP19114/5.
This module is a new module based on the standard
CCP module. It has tw o ca pture and compare only
register sets with no PWM function.

26.1 Capture Mode

In C apture mode, t he C CxRH:CCxRL regi ster s et
captures the 16 -bit value of th e TMR 1 register when
an event occurs on the DIMI pin. An event is defined
as one of the following:

» Every falling edge

« Every rising edge

*E very 4" rising edge

«E very 16" rising edge

The typ e of eventisco nfigured by co ntrol bit s
CCxM3:CCxM0 (CCDCON<3:0> forregister set1 or
CCDCONK<7:4> for register set 2). When a capture is
made, the interrupt re quest flag bit, C CxIF (PIR 1<2>
for register set 1 or PIR1<3> for register set 2), is set.
The in terrupt f lag must be cleared in so ftware. If
another capture occurs before the value in the register
set is read, the old captured value is overwritten by the
new value.

26.1.1 CCX PIN CONFIGURATION

In Capture mode, the DIMI pin should be configured
as an input by setting the TRIS bit for that pin.

Note: If the DIMI pin is configured as an output, a
write to thep ortc anca use ac apture
condition.

FIGURE 26-1: CAPTURE MODE OPERATION BLOCK DIAGRAM
Set Flag bit CCxIF
Prescaler (PIR1 register)
+1,4, 16
CCxRH CCxRL
CCD pin
and 1@ Capture
Edge Detect Enable
TMR1H TMR1L

CCDCON<CCxM3:0
System Clock >

(Fosc)

26.1.2 TIMER1 MODE SELECTION

Timer1 must be running off of the instruction clock for
the CCD module to use the capture feature. If Timer1
is running off of the 8 MHz clock, the capture feature
may not function correctly.

26.1.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
enable for the capture interrupt clear in order to avoid
false interrupts and should clear the flag bit, C CxIF,
following any such change in the operating mode.

26.1.4 CCD PRESCALER

There are four prescaler s ettings, s pecified by bits
CCxM3:CCxMO0. Whenever th e CCD re gister se t is
disabled ornotsetto Capture mode, the pre scaler
counter is cleared. Any reset will clear the prescaler
counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. It is recommended to disable the
register set (CCxM3:0 = 00xx) prior to changing the
prescaler value.
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26.2 Compare Mode

In Compare mode, the 16-bit CCDRXx register value is
constantly compared a gainst the TM R1 register p air
value. When a match occurs, the CMPx pin:

* Is driven high

| sdriven low

The action on the pinis based on the valueofthe
control b its, CCxM 3:CCxMO0. At thesa met ime,
interrupt flag bit, CCP1IF, is set.

« Toggles
* Remains unchanged
FIGURE 26-2: COMPARE MODE OPERATION BLOCK DIAGRAM
CCDCON<CCxM3:0>
Mode Select get CCDxIF
Interrupt Flag
(PIR1)
4
CCDRxH CCDRxL
Q S Output Comparator
R Logic Match
CCD pin

TRIS
Qutput Enable

Trigger
Special Event Trigger will:

Special Event

- NOT set interrupt flag bit TMR1IF in the PIR1 register.
- Set the GO/DONE bit to start the ADC conversion.

op

TMR1H TMR1L

26.2.1 CMPX PIN CONFIGURATION

The user must configure the CMPx pin as an output by
clearing the TRIS bit for that pin.

Note: Clearing the C CxM<3:0> bits will s et the
CMPx compare output latch to the default
state. This is not the GPIO pin data latch.
The default state for set on match or toggle
on match is 0 but the default state for clear
on match is 1.

26.2.2 TIMER1 MODE SELECTION

Timer1 must be running off of the instruction clock for
the CCD module to use the compare feature. If Timer1
is running off of the 8 MHz clock, the compare feature
may not function correctly.

26.2.3 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen, the
CCP1pinis not affected. Th e C CP1IF bitis se't,
causing a CCx interrupt (if enabled).

26.2.4 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated,
which may be used to initiate an action. The Special
Event Trigger output of CCD does not reset the TMR1
register pair and starts an A/D conversion (if the A/D
module is enabled).

Note: The S pecial Ev ent T rigger from the C CD
module w ill no t se t th e in terrupt f lag bi t
TMRA1IF (bit 0 in the PIR1 register).
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26.3 Dual Capture/Compare Register

The Dual Capture/Compare Module is a new module
based on the standard CCP. It has no PWM function.

REGISTER 26-1: CCDCON: DUAL CAPTURE/COMPARE CONTROL MODULE

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CC2M3 CcC2Mm2 ccam1 CC2MO0 CC1M3 CC1M2 CC1M1 CC1MO0
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 = Value at POR
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-4 CC2M<3:0>: CC Register Set 2 Mode Select bits

00xx = Capture/Compare off (resets the module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16t rising edge

1000 = Compare mode, set output on match (CC2IF bit is set)

1001 = Compare mode, clear output on match (CC2IF bit is set)

1010 = Compare mode, toggle output on match (CC2IF bit is set)

1011 = Reserved

11xx = Compare m ode, g enerate s oftware interrupt o n m atch (CC2IF bitisset, CMP2pinis
unaffected and configured as an 1/O)

1111 = Compare mode, trigger special event (CC2IF bitis set; CC2 does not reset TMR1® and
starts an A/D conversion, if the A/ID module is enabled. CMP2 pin is unaffected and
configured as an I/O port).

bit 3-0 CC1M<3:0>: CC Register Set 1 Mode Select bits

00xx = Capture/Compare off (resets the module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16t rising edge

1000 = Compare mode, set output on match (CC1IF bit is set)

1001 = Compare mode, clear output on match (CC1IF bit is set)

1010 = Compare mode, toggle output on match (CC1IF bit is set)

1011 = Reserved

11xx = Compare m ode, g enerate s oftware interrupt o n m atch (CC1IF bitisset, CMP1pinis
unaffected and configured as an I/O)

1111 = Compare mode, trigger special event (CC1IF bit is set; CC1 resets TMR1 and starts an A/D
conversion, if the A/D module is enabled. CMP1 pin is unaffected and configured as an I/O
port).

Note 1: When the Compare interrupt is set, a PIC will typically reset TMR1. This module does NOT reset TMR1.

© 2014 Microchip Technology Inc. DS20005281A-page 149



MCP19114/5

NOTES:

DS20005281A-page 150 © 2014 Microchip Technology Inc.



MCP19114/5

27.0 PWM CONTROL LOGIC

The PWM C ontrol Log ic implements st andard
comparator modules to ide ntify events such as input
undervoltage, in put overvoltage and  desaturation
detection. The control logic takes action in hardware to
appropriately en  able/disable the ou tput  drive
(PDRV/SDRV), a swe llas tos etc orresponding
interrupt flags to be read by software. This control logic
also defines normal PWM operation. F or definition of
individual b its w ithin t he control | ogic, referto th e
Special Function Register (SFR) sections.

FIGURE 27-1: PWM CONTROL LOGIC
5 g_uvLoout
EH>UVL0|NTP
OVINTP 5 glOvLoOUT
OF| a1y
OVLOINTP
VLOINTN QULOIF
™~
ovL
OVLOER——LDT—H:ADi

SDRVEN PDRVEN

SDRV
q SDRV_ON | F—‘ P

| [ PDRV

E/AOUT-
Ip

CDSINTP

CDSIF

VDRUVBYs
VDRUVLO
DRUVIF

TMPTBY

CDSMUX
DEFAULT TO
DESATP

33 ns

PWM ot
s
I oL ,'
SHOT OTIF
200 ns R

sorv_on=T_ | ONE JL . WDM_RESET
SHOT CDswgDi—
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28.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

28.1 MSSP Module Overview

The Master Synchronous Serial Port (MSSP) module is
a serial interface useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices m ay be Serial EEPROMSs, s hift registers,
display drivers, A/D converters, etc. The MSSP module
in the MC P19114/5 only op erates in Inter-Integrated
Circuit (12C) mode.

FIGURE 28-1:

The 1°C interface s upports the fol lowing mo des and
features:

M aster mode

» Slave mode

» Byte NACKing (Slave mode)

 Limited Multi-Master support

» 7-bit and 10-bit addressing

« Start and Stop interrupts

* Interrupt masking

» Clock stretching

» Bus collision detection

» General call address matching

» Dual Address masking

» Address Hold and Data Hold modes

» Selectable SDA hold times

Figure 28-1is a blo ck dia gram of th e | 2C i nterface

module in Master mode. Figure 28-2 is a diagram of the
I2C interface module in Slave mode.

MSSP BLOCK DIAGRAM (I2C MASTER MODE)

Internal

<

Data Bus
Read Write ‘

[SSPxM 3:0]

| Baud rate

generator
(SSPADD)
SDA Shift
, A

Start bit, Stop bit,
Acknowledge
Generate (SSPCON2)

Clock Cntl

(Hold off clock source)

<.| MSb
Z|
fm}
= 8]
g L
o) <2
Q
©
U :
SCL )
,\ ‘©
E E 4 8
—J
- <l
SCL in »
!
Bus Collision

Start bit detect,
Stop bit detect
Write collision detect —® Set/Reset: S, P, SSPSTAT, WCOL, SSPxOV
Clock arbitration
State counter for

end of XMIT/RCV
Address Match detect

Y
Clock arbitrate/BCOL detect

Reset SEN, PEN (SSPCON2)
Set SSPIF, BCLIF
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FIGURE 28-2: MSSP BLOCK DIAGRAM

(12C SLAVE MODE)

Internal
Data Bus

SSPADD Reg

Start and Set, Reset

Stop bit Detect [ S, P bits
(SSPSTAT Reg)

28.2 1°C MODE OVERVIEW

The Inter-Integrated Circuit Bus (IZC) is a multi-master
serial data communication bus. Devices communicate
inam aster/slave en vironment, w here th e m aster
devices initiate the communication. A Slave device is
controlled through addressing.

The 1?C bus specifies two signal connections:

» Serial Clock (SCL)
» Serial Data (SDA)

Both the SCL and SDA connections are bidirectional
open-drain lines, each requiring pull-up resistors for the
supply voltage. Pulling the line to ground is considered
a lo gical z ero; | etting the line fl oati s considered a
logical one.

Figure 28-3 shows a ty pical connection between two
devices configured as master and slave.

The 12C bus can op erate w ith one or mo re m aster
devices and one or more slave devices.

There are four potential modes of operation for a given
device:

* Master Transmit mode

(master is transmitting data to a slave)
» Master Receive mode

(master is receiving data from a slave)
*S lave Transmit mode

(slave is transmitting data to a master)
» Slave Receive mode

(slave is receiving data from a master)

To begin communication, a master device starts out in
Master Transmit mode. The master device sends out a
Start bit followed by the address byte of th e slave it
intends to co mmunicate with. This is fo llowed by a

single Read/Write bit, w hich d etermines w hether the
master intends to transmit to or receive data from the
slave device.

If the requested slave exists on the bus, it will respond
with an Acknowledge bit, otherwise known as an ACK.
The master then continues in either Transmit mode or
Receive mo dea ndth es lave ¢ ontinues in the
complement, e itherin Receive mo de o r T ransmit
mode, respectively.

A Start bit is indicated by a high-to-low transition of the
SDA line, while the SCL line is held high. Address and
data bytes are sent out, Most Significant bit (MSb) first.
The Read/Write bit is sent out as a logical one when the
master intends to read data from the slave, and is sent
out as a logical zero when it intends to write data to the
slave.

FIGURE 28-3: I2C MASTER/
SLAVE CONNECTION
Vpp
SCL % SCL
Vbp
Master % S|ave
SDA SDA

The Ack nowledge bit (AC K) is an ac tive-low signal,
which ho Ids t he SDAl inelo wto in dicateto th e
transmitter tha t the s lave dev ice ha s rec eived the
transmitted data and is ready to receive more.

The transition of a d ata bit is always performed while
the SCL line is held low. Transitions that occur while the
SCL line is held high are used to indicate Start and Stop
bits.

If the master intends to write to the slave, it repeatedly
sends out a byte of data, with the slave responding
after each byte with an ACK bit. In this example, the
master d evice is in Master Transmit mode, and the
slave is in Slave Receive mode.

If the ma sterin tends tore ad fromthe s lave, it
repeatedly receives a byte of data from the slave and
responds after each byte with an ACKb it. In this
example, the master device is in Master Receive mode,
and the slave is Slave Transmit mode.
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Onthelastbyte of data communicated, the m aster
device may end the transmission by sending a Stop bit.
If the master device is in Receive mode, it sends the
Stop bit in place of the last ACKbit. AStopbit is
indicated by a low-to-high transition of the SD A line,
while the SCL line is held high.

Ins ome cases, t he m aster m ay wa ntt o ma intain
control of the bus and re-initiate another transmission.
If so, the master device may send another Start bit in
place of the Stop bit or last ACK bit when it i in Receive
mode.

The I2C bus specifies three message protocols:

» Single message where a master writes data to a
slave

» Single message where a master reads data from
a slave

» Combined message where a master initiates a
minimum of two writes, or two reads, or a
combination of writes and reads, to one or more
slaves

When one device is transmitting a logical one, or letting
the line float, and a sec ond device is transmitting a
logical zero, or holding the line low, the first device can
detect that the line is not a logical one. This detection,
when used on the SCL line, is called clock stretching.
Clock stretching gives slave devices a me chanism to
control the flow of data. When this detection is used on
the SDA line, it is called arbitration. Arbitration ensures
that there is only one master device communicating at
any single time.

28.2.1 CLOCK STRETCHING

When a slave device has not completed p rocessing
data, it can delay the transfer of more data through the
process of C lock S tretching. An add ressed s lave
device may hold the SCL clock line low after receiving
or sending a b it, indicating that it is noty et ready to
continue. The master thatis communicating with the
slave will attempt to raise the SCL lineinord erto
transfer the next bit, but will detect that the clock line
hasno t yetbee n released. Bec ausethe SC L
connection is open-drain, the slave has the ability to
hold thatli ne low unti litis read yto continue
communicating.

Clock stretching allows receivers that cannot keep up
with a transmitter to control the flow of incoming data.

28.2.2 ARBITRATION

Each master device must monitor the bus for Start and
Stop bits. If the device detects that the bus is busy, it
cannot begin a new message until the bus returns to an
Idle state.

However, tw o ma ster de vices m ay try t o in itiate a
transmission at or about the same time. Wh en this
occurs, the  process of  arbitration b egins. Eac h
transmitter checks the level of the SDA d ata line and
compares it to the level that it expects to find. The first
transmitter to observe that the two levels don't match,
loses arbitration and must stop transmitting on the SDA
line.

For example, if one transmitter holds the SDA line to a
logical one (lets it float) and a second transmitter holds
it to a logical zero (pulls it low), the resultis that the
SDA line will be low. The first transmitter then observes
that the level of the line is different than expected and
concludes that another transmitter is communicating.

The first transmitter to notice this difference is the one
that los es arbitration and must stop driving the SDA
line. If this transmitter is also a master device, it must
also stop driving the SCL line. It then can monitor the
lines for a Stop condition before trying to reissue its
transmission. In the meantime, the other device that
has not noticed any difference between the expected
and actual levels on the SD A line continues with its
original tran smission. | tca ndos ow ithoutan y
complications, because so farthe transmission
appears exactly as expected, with no other transmitter
disturbing the message.

Slave Transmit mode can also be arbitrated, when a
master addresses m ultiple slaves, bu tthisis | ess
common.

If two master devices are sending a me ssage to two
different slave devices at the address stage, the master
sendingth e lowersl avea ddressal ways wins
arbitration. When two master devices send messages
tothe s ame s lave address, and ad dresses ca n
sometimes re fer to m ultiple s laves, th e arb itration
process must continue into the data stage.

Arbitration us ually oc curs v eryrare ly, b uti tis a
necessary process for proper multi-master support.
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28.3

All M SSP | 2C co mmunication is by te-oriented a nd
shifted ou t M Sb fi rst. Six SFRre gisters a nd two
interrupt fla gs i nterface t he module w ith the PIC
microcontroller and with the user’s software. Two pins,
SDAan d SC L, are exercised by th e mo dule to
communicate with other external 12C devices.

28.3.1

pulse.

The clock signal, SCL, is provided by the master. Data
is valid to change w hile the SC L signalislow, and
sampled on the rising edge of the clock. Changes on
the SDA line while the SCL line is high define special
conditions on th e bus , exp lained in th e foll owing

sections.

TABLE 28-1:

I°C MODE OPERATION

BYTE FORMAT

All communication in 12C is done in 9-bit segments. A
byte is sent from a Masterto a S lave or vice versa,
followed by an Acknowledge bit sent back. After the
gth falling edge of the SCL line, the device outputting
data on the SDA changes that pinto aninputand
reads in an ac knowledge value on the nex tcl ock

28.3.2 DEFINITION OF 1°C TERMINOLOGY

There is language and terminology in the description
of I2C communication that have definitions specific to
I2C. Suchword usage i s defined in Table 28-1 and
may be us edinthere stof thisdoc ument without
explanation. The information in this table was adapted
from the Philips 1’c specification.

28.3.3 SDA AND SCL PINS

Selecting any 12C mode with the SSPEN bit set forces
the SCL and SDA pins to be op en-drain. These pins
should be setby theuserto inputs by settingthe
appropriate TRIS bits.

Note: Datais tiedto output zerow hen an 12C
mode is enabled.

28.3.4 SDA HOLD TIME

The hold time of the SDA pin is selected by the SDAHT
bit in the SSPCON3 register. Hold time is the time SDA
is held valid after the falling edge of SCL. Setting the
SDAHT bit selects a longer 300 ns minimum hold time
and may help on buses with large capacitance.

I°C BUS TERMS

Term

Description

Transmitter

The device which shifts data out onto the bus

Receiver The device which shifts data in from the bus

Master The device that initiates a transfer, generates clock signals and terminates a transfer
Slave The device addressed by the master

Multi-Master A bus with more than one device that can initiate data transfers

Arbitration Procedure to ensure that only one master at a time controls the bus. Winning arbitration

ensures that the message is not corrupted.

Synchronization

Procedure to synchronize the clocks of two or more devices on the bus

Idle

No master is controlling the bus and both SDA and SCL lines are high

Active Any time one or more master devices are controlling the bus
Addressed Slave Slave device that has received a matching address and is actively being clocked by a master
Matching Address Address byte that is clocked into a slave that matches the value stored in SSPADDx

Write Request

Slave receives a matching address with R/W bit clear and is ready to clock in data

Read Request

Master sends an address byte with the R/W bit set, indicating that it wishes to clock data out of
the Slave. This data is the next and all following bytes until a Restart or Stop.

Clock Stretching

When a device on the bus holds SCL low to stall communication

Bus Collision

Any time the SDA line is sampled low by the module while it is outputting and expected high
state
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28.3.5 START CONDITION

The 12C spe cification defines a Start condition as a
transition of SDA from a high to a low state, while SCL
line is high. A Start condition is always generated by
the master and signifies the transition of the bus from
an Idle to an Active state. Figure 28-4 shows the wave
forms for Start and Stop conditions.

A bus collision can occur on a Start condition if th e
module samples the SDA line low before asserting it
low. This does not conform to the I1°C Specification that
states no bus collision can occur on a Start.

28.3.6 STOP CONDITION

A Stop condition is a tran sition of the SDA line from
low-to-high state while the SCL line is high.

Note: Atle astone SCL low tim e m ust appear
before a Stop is valid. Therefore, if the SDA
line goes low then high again while the SCL
line stays high, only the Start condition is

28.3.7 RESTART CONDITION

A Restartis valid anytime thata Stopis valid. A
master can issue a Restart if it wishes to hold the bus
after terminating the current transfer. A Restart has the
same effect on the slave that a Start would, resetting
all slave logic and preparing it to clock in an address.
The master may want to address the same or another
slave.

In 10-bit Addressing Slave mode, a Restart is required
for the ma ster to ¢l ock dat a out of the add ressed
slave. O ncea slaveh as beenf ully addressed,
matching both high and low address bytes, the master
can issue a Restart and the high address byte with the
R/W bit set. The slave logic will then hold the clock
and prepare to clock out data.

After a full match with R/W clear in 10-bit mode, a prior
match fla g isse t and ma intained. Untila$S top
condition, a high address with R/W clear or a high
address match fails.

detected. 28.3.8 START/STOP CONDITION
INTERRUPT MASKING
The SCIE and PCIE bits in the SSPCONS register can
enable the generation of an interrupt in Slave modes
that do not typically support this function. These bits
will have no effect on slave modes where interrupt on
Start and Stop detect are already enabled.
FIGURE 28-4: 12C START AND STOP CONDITIONS
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28.3.9 ACKNOWLEDGE SEQUENCE

The 9" SCL pulse for any transferred byte in 12C is
dedicated as a n Ac knowledge. It a llows receiving
devices to respond back to the transmitter by pulling
the SDA line low. The transmitter must release control
of the line during this time to shift in the response. The
Acknowledge (ACK) is an active-low signal, pulling the
SDA line lo w, in dicating to the transmitter th at th e
device has received the transmitted data and is ready
to receive more.

The result of an ACK is placed in the ACKSTAT bit in
the SSPCONZ2 register.

Slave software, when the AHEN and DHEN bits are
set, allows the user to set the ACK value sent back to
the tra nsmitter. The AC KDT bit int he SSPCON2
register is set/cleared to determine the response.

Slave hardware will generate an ACK response if the
AHEN and DHEN bi ts in the SSPCON3 register are
clear.

There are certain conditions where an ACK will not be
sent by the slave. If the BF bit in the SSPSTAT register
orthe SSPOV bit in the SSPCO N1 register are s et
when a byte is received, the ACK will not be sent.

When the module is ad dressed, after the 8 th £ ling
edge of SCLonthebus,the ACKTIM bitinthe
SSPCONBS register is set. The ACKTIM bit indicates
the acknowledge time of the active bus. The ACKTIM
status bit is only active when the AHEN or DHEN bits
are enabled.

28.4 1°C SLAVE MODE OPERATION

The M SSP Slave mode operatesin one of the four
modes selected in th e SSPM b itsin SSPCON1
register. The m odes ca n be di vided into 7-bitand
10-bit Add ressing m ode. 10-b it Ad dressing mode
operates the sa me as 7-b it, w ith some add itional
overhead for handling the larger addresses.

Modes with Start and Stop bit interrupts operate the
same a s th e o ther m odes, wit h SSPIF ad ditionally
getting set upon detection of a Start, Restart, or Stop
condition.

28.4.1 SLAVE MODE ADDRESSES

The SSP ADD reg ister co ntainsthe Slave mode
address. The first byte received after a Start or Restart
condition is compared against the value stored in this
register. If t he byte matches, the value is loaded into
the SSPBUF register and an interrupt is generated. If
the value does not match, the module goes idle and no
indicationis g iventoth e so ftware that anything
happened.

The SSPM SK1 register affects the address matching
process. R efer to Section 28.4.10“ SSPMSK1
Register” for more information.

28.4.2 SECOND SLAVE MODE ADDRESS

The SSPADD?2 register contains a second 7-bit Slave
mode address. The first byte received after a Start or
Restart condition is compared against the value stored
in this register. If the byte matches, the value is loaded
into the SSPBUF re gister and an int errupti s
generated. If the value d oes not match, the module
goes idle and no indication is given to the software that
anything happened.

The SSPM SK2 register affects the address matching
process. R efer to Section 28.4.10“ SSPMSK1
Register” for more information.

28.4.2.1 12C Slave 7-bit Addressing Mode

In 7-bit Addressing mode, the LSb of the received data
byte is ignored when determining if there is an address
match.

28.4.2.2 12C Slave 10-bit Addressing Mode

In 10-bit Addressing mode, the f irst received byte is
compared to the binary valueofl 1 1 1 0 A9 A8
0’. A9 and A8 are the two MSb of the 10-bit address
and are stored in bits 2 and 1 in the SSPADD register.

After the high byte has been acknowledged, the UA bit
isset and SCLis heldlow until the us erupd ates
SSPADD with the low address. The low address byte is
clocked in and all 8 bits are compared to the low
address value in SSPADD. Even if there is no address
match, SSPIF and UA are set, and SCL is held low until
SSPADD is updated to receive a high byte again. When
SSPADD is up dated, th e U A bitis cleared. Thi s
ensures them oduleis readyto receivethe hig h
address byte on the next communication.

A high and low address match as a write requestis
required att he starto fal 11 0O-bita ddressing
communication. A tran smission ¢ an be i nitiated b y
issuing a R estart once the slave is addressed, and
clocking in the high address with the R/W bit set. The
slave h ardware w ill th en a cknowledge th erea d
request and prepare to clock outdata. Thisis only
valid for a sla ve after it has received a complete high
and low address-byte match.

2843 SLAVE RECEPTION

When the R/W_bit of a matching received address byte
is clear, the R/W bitin the SSPSTAT register is cleared.
The received a ddress i s loaded i nto th e SSPBUF
register and acknowledged.

When an ov erflow condition e xists f or a re ceived
address, then Not Acknowledge is given. An overflow
condition is defined as either bit BF in the SSPSTAT
register is set, or bit SSPOV in the SSPCON1 register
is set. The BOEN bitin the SSPCONS3 register modifies
this op eration. F orm orein formation, re fer to
Register 28-4.
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An MSSP interrupt is generated for each transferred
data byte. Flag bit, SSPIF, must be cleared by software.
When the SEN bit in the SSPCON2 register is set, SCL
will be held low (clock stretch) following each received
byte. The clock must be released by setting the CKP
bitin th e SSPCON1 register, except sometimes in
10-bit mode.

28.4.3.1 7-bit Addressing Reception

This section describes a standard sequence of events
for the MSSP module configured as an |2C Slave in
7-bit Add ressing mode, in cluding all d ecisions made
by hardware or software and their effect on reception.
Figures 28-5 and 28-6 are used as a visual reference
for this description.

This is a s tep-by-step process of what typically must
be done to accomplish I2C communication.
1. Start bit detected.

2. S bitin the SSPSTAT register is set; SSPIF is set
if interrupt on Start detect is enabled.

3. Matching address with R/W bit clear is received.

4. The slave pulls SDA low sending an ACK to the
master, and sets SSPIF bit.

5. Software clears the SSPIF bit.

6. Software reads received address from SSPBUF
clearing the BF flag.

7. IfSEN =1, S lave s oftware se ts C KP bi t to
release the SCL line.

8. The master clocks out a data byte.

9. Slave drives SDA low sending an ACKtothe
master, and sets SSPIF bit.

10. Software clears SSPIF.

11. Software reads the received byte from SSPBUF
clearing BF.

12. Steps 8—12 are repe ated for all received bytes
from the Master.

13. Master sends Stop condition, setting P bit in the
SSPSTAT register, and the bus goes idle.

28.4.3.2 7-bit Reception with AHEN and
DHEN

Slave dev ice rec eption with AH EN and DHEN s et
operates the same as without these options with extra
interrupts an d cl ock s tretching a dded af ter the 8 th
falling edge of SCL. These additional interrupts allow
the slave software to decide whether it wants the ACK
to receive add ress orda ta by te, rather than the
hardware.

This list describes the steps that need to be taken by
slave s oftvareto use the seo ptionsforl 2C
communication. Figure 28-7 displays a mo dule using
both address and data holding. Figure 28-8 i ncludes
the op eration w ith th e SEN bi t int he SSPCON2
register set.

1. S bitin the SSPSTAT register is set; SSPIF is set
if interrupt on Start detect is enabled.

2. Matching address with R/W bit clear is clocked
in. SSPIF is set and CKP cleared after the 8
falling edge of SCL.

3. Slave clears the SSPIF.

4. Slaveca nlo okat t he A CKTIMbi tin t he
SSPCONS register to determine ifthe SSPIF
was after or before the ACK.

5. Slave reads the ad dress value from SSPBUF,
clearing the BF flag.

6. Slave sets ACK value clocked out to the master
by setting ACKDT.

7. Slave releases the clock by setting CKP.
SSPxIF is set after an ACK, not after a NACK.

9. If SEN =1 the slave hardware will stretch the
clock after the ACK.

10. Slave clears SSPIF.

®

Note: SSPIF is still set after the 9™ falling edge of
SCL even if there is no clock stretching and
BF has been cleared. Only if NACK is sent

to Master is SSPIF not set.

11. SSPIF setand CKP cleared after 81" falling edge
of SCL for a received data byte.

12. Slave looks at ACKTIM bitin the SSPCON3
register to determine the source of the interrupt.

13. Slave re ads the received d ata from SSPBUF
clearing BF.

14. Steps 7-14 are the same for each received data
byte.

15. Communication is ended by eit her th e slave
sending an ACK =1 or the m aster sending a
Stop condition. If a Stop is sent and Interrupt on
Stop Detect is disabled, the slave will only know
by polling the P bit in the SSPSTAT register.
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FIGURE 28-6: 12C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN = 0, AHEN = 0, DHEN = 0)
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FIGURE 28-7: 12C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN = 1, AHEN = 0, DHEN = 0)
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FIGURE 28-8: I2C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN=0,AHEN =1, DHEN = 1)
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FIGURE 28-9: 12C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN=1,AHEN =1, DHEN = 1)
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28.4.4 SLAVE TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bitinth e
SSPSTAT re gister is s et. The rec eived a ddress i s
loaded into the SSPBUF register and an ACK pulse is
sent by the slave on the 9" bit.

Following the W, slave hardware clears the CKP bit
and the SCL pin is held low. Refer to Section 28.4.7
“Clock Stretching” for more details. By stretching the
clock, the master will be unable to assert another clock
pulse until the slave is done prep aring the transmit
data.

The transmit data must be loaded into the SSPBUF
register, which also loads the SSPSR register. Then the
SCL pin should be released by setting the CKP bitin
the SSPCONT1 register. The eight data bits are shifted
out on the falling edge of the SCL input. This ensures
that the SDA signal is valid during the SCL high time.

The ACK pulse from the master-receiver is latched on
the rising edge of the 9 " SCL input pulse. This ACK
value is copied to the ACKSTAT bit in the SSPCON2
register. If ACKSTAT is set (not ACK), the data transfer
is complete. In this case, when the not ACK is latched
by the slave, the slave goes idle and waits for another
occurrence of th e Start bit. If the SDA line was low
(ACK), the next transmit dat a must be loaded into the
SSPBUF register. Again, the SCL pin must be released
by setting bit CKP.

An MSSP interrupt is generated for each data transfer
byte. The SSPIF bit must be cleared by software and
the SSPSTAT register is used to determine the status
of the byte. The SSPIF bit is set on the falling edge of
the 9" clock pulse.

28.4.4 1 Slave Mode Bus Collision

A slave receives a Read request and begins shifting
data out on the SDA line. If a bus collision is detected
and the SBCDE bit in the SSPCONS register is set, the
BCLIF bitin the PIR register is set. Once abus collision
is de tected, t he sl ave g oesid lea nd w aits t o be
addressed again. Th e us er’'s software canusethe
BCLIF bit to handle a slave bus collision.

28.4.4.2 7-bit Transmission

A master device can transmit a read request to a slave
and then it clocks data out of the slave. The list below
outlines w hat s oftware for a s lave will need to do to
accomplish a standard transmission. Figure 28-10 can
be used as a reference to this list.

1. Master se nds a S tart c onditionon SDA and
SCL.

2. S bit in the SSPSTAT register is set; SSPIF is set
if interrupt on Start detect is enabled.

3. Matching address with R/W bit set is received by
the Slave setting SSPIF bit.

4. Slave h ardware generates an ACK and s ets
SSPIF.

5. SSPIF bit is cleared by user.

6. Software read st here ceived a ddress from
SSPBUF, clearing BF.

7. R/W is set so CKP was automatically cleared
after the ACK.

8. The slave software loads the transmit data into
SSPBUF.

9. CKPbitissetreleasingS CL, a llowingt he
master to clock the data out of the slave.

10. SSPIF is set after the ACK response from the
master is loaded into the ACKSTAT register.

11. SSPIF bit is cleared.

12. The slave software checks the ACKSTAT bit to
see if the master wants to clock out more data.

Note 1: If the master ACKs, the clock will be
stretched.

2: ACKSTAT is the only bit updated on the
rising edge of SCL (9™ rather than on the

falling edge.

13. Steps 9-13 are repe ated for each transmitted
byte.

14. If the master sends a not ACK, the clock is not
held, but SSPIF is still set.

15. The master sends a Restart condition or a Stop.
16. The slave is no longer addressed.
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FIGURE 28-10: I2C SLAVE, 7-BIT ADDRESS, TRANSMISSION (AHEN = 0)
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28.4.4.3 7-bit Transmission with Address

Setting th e AHEN bi
enables ad ditional cl ock st retchingan d

Hold Enabled

tin the SSPCON 3reg ister
interrupt

generation a fter t he 8 ! fal ling ed ge o fare ceived
matching address. O nce a m atching address has
been clocked in, CKPis c leared an d the SSPIF
interrupt is set.

Figure 28-11 displays a standard waveform of a 7-b it
Address Slave Transmission with AHEN enabled.

1.
2.

1.
12.

Bus starts idle.

Master sends Start condition; the S bitin the
SSPSTAT register is set; SSPIF is set if interrupt
on Start detect is enabled.

Master s ends ma tching add ress w ith R/W bi t
set. After the 81" falling edge of the SCL line, the
CKP bi tis c leared an d SSPIF in terrupti s
generated.

Slave software clears SSPIF.

Slave s oftware reads ACKTIM bit in the
SSPCONS3 register and R/W and D/A bits in the
SSPSTAT re gister to determine the source of
the interrupt.

Slave rea dsth e ad dress valuefro mth e
SSPBUF register clearing the BF bit.

Slave software decides from this information if it
wishes to ACK or not ACK and sets ACKDT bit
in the SSPCONZ2 register accordingly.

Slave sets the CKP bit releasing SCL.

Master clocks in the ACK value from the slave.

. Slave hardware automatically clears the CKP bit

and sets SSPIF after the ACK if the R/W bit is
set.

Slave software clears SSPIF.

Slave loads value to transmit to the master into
SSPBUF setting the BF bit.

Note: SSPBUF cannot be loaded until after the

ACK.

13.
14.

15.

16.

17.

Slave sets CKP bit releasing the clock.

Master clocks out the data from the slave and
sends an ACK value on the 91" SCL pulse.
Slave hardware copies the ACK value into the
ACKSTAT bit in the SSPCONZ2 register.

Steps 1 0-15 are repe ated fore achby te
transmitted to the master from the slave.

If the m asters endsa not ACK, th e s lave
releases the bus allowing the master to send a
Stop and end the communication.

Note: Master must send a not ACK on the last

byte to ensure that the slave releases the
SCL line to receive a Stop.
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FIGURE 28-11: I2C SLAVE, 7-BIT ADDRESS, TRANSMISSION (AHEN = 1)
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28.4.5 SLAVE MODE 10-BIT ADDRESS
RECEPTION
This section describes a standard sequence of events

for the MSSP module configured as an I2C Slave in
10-bit Addressing mode.

Figure 28-12 is us ed as av isual re ference for this
description.

This is a st ep-by-step process of w hat must be done
by slave software to accomplish I2C communication.
1. Bus starts idle.

2. Master sends Start condition; S bit in the SSP-
STAT register is set; SSPIF is set if interrupt on
Start detect is enabled.

3. Master sends matching high address with R/W
bit clear; UA bit in the SSPSTAT register is set.

4. Slave sends ACK and SSPIF is set.

5. Software clears the SSPIF bit.

6. Software reads received address from SSPBUF
clearing the BF flag.

7. Slaveloa dslow ad dress into SSPADD,
releasing SCL.

8. Master sends matching low-address byte to the
Slave; UA bit is set.

Note: Updates to the SSP ADD regi ster are n ot
allowed until after the ACK sequence.

9. Slave sends ACK and SSPIF is set.

Note: If the low ad dress does not match, SSPIF
and U A are still set so thatth e s lave
software can set SSPADD back to the high
address. BF is not set because there is no
match. CKP is unaffected.

10. Slave clears SSPIF.

11. Slave re ads t he received m atching address
from SSPBUF clearing BF.

12. Slave loads high address into SSPADD.

13. Master clocks a databytetotheslaveand
clocks out the slave’s ACK on the 9 SCL pulse;
SSPIF is set.

14. If SEN bit in the SSPCONZ2 register is set, CKP
is cl eared by ha rdware andthe clock is
stretched.

15. Slave clears SSPIF.

16. Slave reads the re ceived b yte from SSPBUF
clearing BF.

17. If SEN is set, the slave sets CKP to release the
SCL.

18. Steps 13-17 are re peated fo r each re ceived
byte.

19. Master sends Stop to end the transmission.

28.4.6 10-BIT ADDRESSING WITH
ADDRESS OR DATA HOLD

Reception us ing 10 -bit ad dressing w ith AH EN or
DHEN set is the same as with 7-bit modes. The only
difference is the need to update the SSPADD register
using the UA bit. All functionality, specifically when the
CKP bitis clearedand SCLline isheldlow, isthe
same. Figure 28-13 can be used as a reference of a
slave in 10-bit addressing with AHEN set.

Figure 28-14 shows a standard waveform for a slave
transmitter in 10-bit Addressing mode.
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FIGURE 28-12: I2C SLAVE, 10-BIT ADDRESS, RECEPTION (SEN = 1, AHEN = 0, DHEN = 0)
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9t falling edge of received byte
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FIGURE 28-13: I2C SLAVE, 10-BIT ADDRESS, RECEPTION (SEN = 0, AHEN = 1, DHEN = 0)

Receive First Address Byte RW =0 Receive Second Address Byte Receive Data Receive Data

T’ ' ’ﬁl o [\ [T\AK & A\ ACK_[o7)os) o8] 04 03) 02 o7 ool AcK o7} oe)os

ﬁffiW? gl Hpn

SSPIF
Set by hardware Cleared by software . &} Cleared by software
on 9 falling edge ! ' , ! o
o L N i
I L SSPBUF can be N ; C
read anytime ' Z Received data
o before the next is read from
ACKDT B : : received cycle SSPBUF
Slave software clears : :
ACKDT to ACK . . . '
the received byte , Lo . : j :
UA : : .
1 I L Update to SSPADD is : ! t Update of SSPADD,
I : not allowed until 9 : Z clears UA and releases
X : falling edge of SCL ' : SCL
CKP If when AHEN =1:

ACKTIM

[—l Set CKP with software
. Wi W

of an address byte, CKP is releases SCL

cleared [_T [—‘ l—|

on the 8" falling edge of SCL

ACKTIM is set by hardware _f
on 8! falling edge of SCL
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FIGURE 28-14: I2C SLAVE, 10-BIT ADDRESS, TRANSMISSION (SEN = 0, AHEN = 0, DHEN = 0)

Master sends

Master sends Master sends -
A Stop condition

Restart event not ACK
_ ' A\
Receiving Address R/W =0 Receiving Second Address Byte- : Receive First Address Byte Transmitting Data ByteACK =1~ -

SDA:’-\_’: /111 1\0/Adp8, ACK A7A6ASA4AIAIATAGACK [/ | /1 1 1 1\0/AdAg \ACK D7(D4D5D4D3D2(DHDY yE

GV VAV VEVCYCVAVE Y WY

SSPIF [ e S : e
Set by hardware__{ ! Clearedby : Set by hardware:—T : :
' . software ; . . '
B L 1 i
SSPBUF loaded f ; : { ' Received address is : { .Data to transmitis
with received address . ' | ' read from SSPBUF : 'loaded into SSPBUF,
A ] T ' ' '
UA indicates SSPADD ____} t__After SSPADD is updated. +—High address is loaded -
must be updated : UA is cleared and SCL is back into SSPADD . :
CKP ! released . | .
' When R/W = 1: : Set by software .
ACKSTAT ! CKP is cleared on 9" falling edge of SCLx — 4 _releases SCL

. Master’s not ACK is copied T

R _ .
: R/W is copied from the __ ] .
DA77 matching address byte

Indicates an address
has been received
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28.4.7 CLOCK STRETCHING

Clock stre tching oc curs w hen a dev ice on the bu's
holdst he SCLIi ne Ilow,ef fectivelyp ausing
communication. The s lave m ay s tretch th e clo ck to
allow more time to handle data or prepare a response
fort he master device. A ma sterd evice isno t
concerned with stretching, as it is stretching anytime it
is a ctive on the bus and not tra nsferring d ata. Any
stretching done by a s lave is invisible to th e master
software and handled by the hardware that generates
SCL.

The CKP bit inthe SSPCO N1 registeris u sed to
control stretching in software. Any time the CKP bit is
cleared, the module will wait for the SCL line to go low
and then hold it. Setting CKP wiill release SCL and
allow more communication.

28.4.71 Normal Clock Stretching

Following an ACK, ifthe R/W bitin the SSP STAT
register is s et, cau sing a read req uest, th e s lave
hardware will clear CKP. This allows the slave time to
update SSPBUF with data to transfer to the master. If
the SEN bit in the SSPCONZ2 register is set, the slave
hardware will always stretch the clock after the ACK
sequence. Oncetheslaveis ready, CKPis setby
software and communication resumes.

Note 1. The BF bit has no effect on whether the
clock will be stretchedorn ot. Thisis
different t han p revious versions o f the
module that would not stretch the clock or
clear CKP, if SSPBUF was read before
the 9" falling edge of SCL.

Previous versions of the module did not
stretch the clock for a tran smission if
SSPBUF was loaded before the 91" falling
edge of SCL. It is now always cleared for
read requests.

FIGURE 28-15:

CLOCK SYNCHRONIZATIO

28.4.7.2 10-bit Addressing Mode

In 10-bit Addressing mode, when the UA bit is set, the
clock is always stretched. This is the only time the SCL
is s tretched w ithout C KP being cl eared. SCLi s
released immediately after a write to SSPADD.

Note: Previous versions of th e module did not
stretch the clock if the second address
byte did not match.

28.4.7.3 Byte NACKing

When AHEN bit in the SSPCONS register is set, CKP
is cleared by hardware after the gth falling edge of SCL
for a received matching address byte. When DHEN bit
in the SSPCONS3 register is set, CKP is cleared after
the 8 falling edge of SCL for received data.

Stretching after the 8" falling edge of SCL allows the
slave to look at th e received ad dress o rd ata and
decide if it wants to ACK the received data.

28.4.8 CLOCK SYNCHRONIZATION AND

THE CKP BIT

Any time the C KP bit is cleared, the module will wait
for the SCL line to go low and then hold it. However,
clearing the CKP bit will not assert the SCL output low
until the SC L out put isalre ady sam pled low.
Therefore, the CKP bit will not assert the SCL line until
an external | 2C master d evice has already a sserted
the SCL line. The SCL output will remain low until the
CKP bitis setand all other devices on the 12C bus
have released SCL. T his e nsures that a w rite to the
CKP bit  will not violate the mi nimum hig htim e
requirement for SCL (refer to Figure 28-16).

N TIMING

‘Q1 ‘QZ‘QS‘Q4‘Q1 ‘QZ‘QS‘Q4‘Q1 ‘QZ‘Q3‘Q4

Q1 ‘QZ Q3‘Q4‘Q1 ‘QZ‘QS‘Q4‘Q1 ‘QZ‘QS‘Q4‘Q1 ‘QZ‘QS‘Q4‘
|
|

| | | | | ¢ | | |
SDA | | DX | I I I >< I bx,-1 |
| | - | > | A |
| | o I I I o |
ScL . . L e I
| f 1 f \\ | /r : /1—1
| | | IMaster devicd ’ G x | |
| | | asserts clock | | I
CKP :\ - |
| | | t ) f o |
| | | | | Master device J | : | |
| | : | | releases clock | | | |
% M ' i
SSPCON1| | i | [ (G | |
| | | |

J) !
| | |
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28.4.9 GENERAL CALL ADDRESS

SUPPORT

The addressing procedure for the I2C bus is such that
thef irstb yte af ter the Start condition u sually
determines which device will be the s lave addressed
by the master device. The exception is the general call
address w hich can ad dress all de vices. W hen thi s
address is used, all devices should, in theory, respond
with an acknowledge.

The general call address is a reserved address in the
12c pro tocol, defined as a ddress 0x0 0. Wh enth e
GCEN bit inthe SSPCONZ2 register is set, the slave
module w ill automatically AC K t he reception of this
address re gardless of the value stored in SSPADD.
After the slave clocks in an ad dress of all zeros with
the R/W bit clear, an interrupt is generated and slave
software ¢ anrea d SSPBUF an dres pond.

In 10-bit Address mode, the UA bit will not be seton
the reception of the general call address. The slave
will prepare to receive the second byte as data, just as
it would in 7-bit mode.

If the AHEN bit in the SSPCONS3 register is set, just as
with any other address reception, the slave hardware
will stretch the clock after the 81" falling edge of SCL.
The slave must then set its ACKDT value and release
the clock with communication progressing as it would
normally.

Figure 28-17 shows a ge neralca llre ception
sequence.
FIGURE 28-16: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE
Address is compared to General Call Address
l after ACK, set interrupt
P R/W =0 Receiving Data
SDA —*\ General Call Address ACK D7 m@m‘m@m
SCL

SSPIF

i_‘

BF (SSPSTAT<0>)

—

GCEN (SSPCON2<7>)

I L Cleared by software
SSPBUF is read

28.4.10 SSPMSK1 REGISTER

An SSP Mask (SSPMSK1) register is available in [2C
Slave modeasam askforthe valueheldinth e
SSPSRreg isterduri ngan address comparison
operation. A zero (‘0’) bit in the SSPMSK1 register has
the ef fect of m aking the c orresponding bit of th e
received address a “don’t care”.

This register isres ettoal |' 1’'sup onan y R eset
condition a nd, therefore, has no ef fect on standard
SSP operation until written with a mask value.

The SSPMSK1 register is active during:

+ 7-bit Address mode: address compare of A<7:1>.

* 10-bit Address mode: address compare of A<7:0>
only. The SSP mask has no effect during the
reception of the first (high) byte of the address.

© 2014 Microchip Technology Inc.
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28.5 1°C MASTER MODE

Master mode is enabled by setting and clearing the
appropriate SSPM bits in the SSPCON1 register and
by setting the SSPEN bit. In Master mode, the SDA and
SCK pins must be configured as inputs. The MSSP
peripheral hardware will override the output driver TRIS
controls when necessary, to drive the pins low.

The Master mode of operation is supported by interrupt
generation on t he de tection of t he Startan d S top
conditions. The Stop (P) and Start (S) bits are cleared
from a Reset or when the MSSP module is disabled.
Control of the 12C bus may be taken when the P bit is
set or the bus is idle.

In Fi rmware-Controlled Ma ster m ode, us er code
conducts all 1 2C bu's ope rations based on Start and
Stop bit condition detection. Start and Stop condition
detection is the only active circuitry in this mode. All
other communication is done by the user’s s oftware
directly manipulating the SDA and SCL lines.

The following events will cause the SSP Interrupt Flag
bit (SSPIF) to be set (SSP interrupt, if enabled):

« Start condition detected

+ Stop condition detected

+ Data transfer byte transmitted/received

» Acknowledge transmitted/received

* Repeated Start generated

Note 1: The M SSP module, when configured in
I2C Master mode, does not allow queuing
of events. For instance, the useris not
allowed to ini tiate a Start condition and
immediately write the SSPBUF register to
initiate transmission bef ore th e S tart
condition is complete. In this case, the
SSPBUF will notbe writtento andthe
WCOL bit will be set, indicating thata
write to the SSPBUF did not occur.

2: WheninM asterm ode, S tart/Stop
detection is masked and an interruptis
generated w hen the SEN /PEN biti s
cleared and the generation is complete.

28.5.1 I°C MASTER MODE OPERATION

The m aster de vice generates all of th e s erial clock
pulses and the Start and Stop conditions. A transfer is
ended with a Stop condition or with a R epeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the 12C bus will
not be released.

In Master Transmit mode, serial data is output through
SDA, while SCL outputs the serial clock. The first byte
transmitted contains the slave address of the receiving
device (7 bits) and the Read/Write (R/W)bit. In this
case, the R/W bitwiill belo gic‘0’. S eriald ata is
transmitted 8 bi ts at a time. Aftere achb ytei s
transmitted, an Acknowledge bit is received. Start and
Stop conditions are output to indicate t he b eginning
and the end of a serial transfer.

In Master Receive mo de, the firs t byte trans mitted
contains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic ‘1’. Thus, the first byte transmitted is a 7-bit slave
address followed by a ‘1’ to ind icate the receive bit.
Serial data is received via SDA, while SCL outputs the
serial clock. Serial data is received 8 bis at a ime. After
each by teis rec eived,an Ack nowledgeb iti s
transmitted. S tart an d S top ¢ onditions in dicate th e
beginning and end of transmission.

A Bau d R ate G enerator is us ed to set the cl ock
frequency o utputon SC L. Refe rto Section 28.6
“Baud Rate Generator” for more details.

28.5.2 CLOCK ARBITRATION

Clock arbitration occurs when the master, during any
receive, tra nsmit or R epeated S tart/Stop co ndition,
releases the SCL pin (SCL allowed to float high). When
the SCL pinis allowed to float high, the Baud Rate
Generator (BRG) is suspended from counting until the
SCL pin is actually sampled high. When the SCL pin is
sampled high, the Baud Rate G enerator is reloaded
with the co ntents of SSP ADD<7:0> and beg ins
counting. T his en sures thatth e SC L high time wiill
always be at least one BRG rollover count in the event
thatthe cl ock is hel d low by anex ternal dev ice
(Figure 28-17).
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FIGURE 28-17:

BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION

SDA

ij<

DX, -1

SCL low (clock arbitration)

SCL \

SCL deasserted but slave holds

f SCL allowed to transition high

/ /

BRG ! l

BéR decrements on
Q2 and Q4 cycles

. I I
vave X 03n X o2n X oth ¥

|
00h (hold off) |>< 03h >< 02h

BRG

u

| SCL is sampled high, reload takes |
| place and BRG starts its count "_‘

Reload

28.5.3 WCOL STATUS FLAG

If the user writes the SSPBUF when a Start, Restart,
Stop, Receive or Transmit sequence is in progress, the
WCOL is s etan d the c ontents of the bu ffera re
unchanged (the write does not occur). Any time the
WCOL bit is set, it indicates that an action on SSPBUF
was attempted while the module was not idle.

Note: Because queuing of events is not allowed,
writing to the lower 5 bits in the SSPCON2
register is disabled until the Start condition
is complete.

28.5.4 I2C MASTER MODE START

CONDITION TIMING

To initiate a S tart c ondition, the us er se ts the Start
Enable bit, SEN, in the SSPCON2 register. If the SDA
and SC L p insare sampled h igh, the BaudR ate
Generator is reloaded w ith the co ntents of

SSPADD<7:0> and starts its count. If SCL and SDA
are both sampled high when the Baud Rate Generator
times out (Tgrg), the SDA pin is driven low. The action

FIGURE 28-18: FIRST START BIT TIMING

of the SDA being driven low while SCL is high is the
Start condition and causes the S bit in the SSPSTAT1
registerto be s et. Following th is, the Ba ud R ate
Generatori s reloadedw itht hec ontentso f
SSPADD<7:0> and resumes its count. When the Baud
Rate Generator times out (T grg), the SEN bit inthe
SSPCON2 register wi Il be au tomatically c leared by
hardware; th e Ba ud R ate G enerator i s s uspended,
leaving the SDA line held low and the Start condition is
complete.

Note 1: If, at the beginning of the Start condition,
the S DA and SC Lp insa re already
sampled low , or if, duri ngth e Start
condition, the SCL lineis sampled | ow
before the SDA line is driven low, a bus
collision oc curs, the Bus C ollision
Interrupt F lag, BCL IF, is se t, t he S tart
condition is aborted and the I2C module is
reset into its idle state.

The Philips 12c Specification states that a
bus collision cannot occur on a Start.

Write to SEN bit occurs here Set S bit (SSPSTAT<3>)

At completion of Start bit,

SDA_= L, hardware clears SEN bit
SCL=1 |and sets SSPIF bit
-Tera-TBRG™ Write to SSPBUF occurs here
SDA AN _ & 1tbit Y 2" bit
. . X kTgra
. kTBRG
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28.5.5 I°C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
in the SSPCONZ2 register is programmed high and the
Master s tate machine is n o longer active. When the
RSEN bit is set, the SCL pin is asserted low. When the
SCL pin is sampled low, the Baud Rate Generator is
loaded and begins counting. The SDA pin is released
(brought high) for one Ba ud R ate Generator ¢ ount
(Tgrg)- When the Baud Rate Generator times out, if
SDA is sampled high, the SCL pin will be deasserted
(brought high). When SCL is sampled high, the Baud
Rate Generator is reloaded and begins counting. SDA
and SCL must be s ampled high for o ne T gre. This
action is the n followed by as sertion of the SD A pin
(SDA =0)foron e T ggg W hile SCLis hi gh. SCL is
asserted | ow. F ollowing this, t he R SEN b it in the
SSPCONZ2 re gister will be automatically cleared and
the Baud Rate Generator will not be reloaded, leaving
the SDA pin held low. As soon as a Start condition is
detected on the SD A and SCL pins, the S bit in the
SSPSTAT register will be set. The SSPIF bit will not be
set until the Baud Rate Generator has timed out.

Note 1:

If RSEN is programmed while any other
event is in progress, it will not take effect.

A bus collision during the Repeated Start
condition occurs if:

*SDA is sampled low when SCL goes
from low to high.

*SCLgoe sl| owbef oreSD Ai s
asserted low. Thi s m ay indicate
that another master is attempting to
transmit a data ‘1’.

FIGURE 28-19: REPEAT START CONDITION WAVEFORM

Write to SSPCON2 S bit set by hardware
occurs here At completion of Start bit,
SDA=1, SDA =1, hardware clears RSEN bit
SCL (no change)‘ SCL = 11 |and sets SSPIF

Mere*Tere* T BRG™

. = '
SDA . , P\ 18thit X
| [
I

! Write to SSPBUF occurs here

! o M BrG
' L Sf 0 Hgret
Repeated Start
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28.5.6 I°C MASTER MODE
TRANSMISSION

Transmission of a data byte, a 7-bitaddress orthe
other half ofa 10-bit address is accomplished by simply
writing a value to the SSPBUF register. This action will
set the Buffer Full (BF) flag bit and allow the Baud Rate
Generator to be gin co untingan ds tart the nex t
transmission. Each bit of address/data will be shifted
out onto the SDA pin after the falling edge of SCL is
asserted. SCL is held low for one Baud Rate Generator
rollover count (Tgrg). Data should be valid before SCL
is released high. When the SCL pin is released high, it
is held that way for Tgra. The data on the SDA pin must
remain stable for that duration and some hold time after
the next falling edge of SCL. After the 8! bit is shifted
out (the falling edge of the 8™ clock), the BF flagis
cleared and the master releases the SDA. This allows
the slave device being addressed to respond with an
ACK bit during the 9 ™ bit ti me if an add ress match
occurred or if data was received properly. The status of
ACK is written into the ACKSTAT bit on the rising edge
of the 9t clock. If the master receives an Acknowledge,
the Acknowledge Status bit (ACKSTAT) is cleared. If
not, the bit is set. After the 9" clock, the SSPIF bit is set
and the masterc lock (Baud R ate G enerator)i s
suspended until the next data byte is loaded into the
SSPBUF, le aving SCL low an d SDA unc hanged
(Figure 28-20).

After the write to the SSPBUF, each bit of the address
will be shifted out on the falling edge of SC L until all
seven address bits and the R/W bit are completed. On
the falling edge of the 8™ clock, the master will release
the SD A pin, allowing the slave to res pond with an
Acknowledge. On the falling edge of the 9" clock, the
master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT status bit in the SSPCON2
register. Foll owing the fall ing edg e of th e 9 ¢l ock
transmission of the address, the SSPIF is set, the BF
flag is cleared and the Baud Rate Generator is turned
off unt il ano ther write to the SSPBUF t akes place,
holding SCL low and allowing SDA to float.

28.5.6.1 BF Status Flag

In Transmit mode, the BF bit in the SSPSTAT register
is set when the CPU writes to SSPBUF and is cleared
when all 8 bits are shifted out.

28.5.6.2  WCOL Status Flag

If the user write s the S SPBUF whenat ransmitis
already in p rogress (i.e., SSPSR i s still shifting out a
data byte), the WCOL is set and the contents of the
buffer are unchanged (the write does not occur).

WCOL mustbe cleared by software be fore the next
transmission.

28.5.6.3  ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit in the SSPCON2
register is clearedw henth es laveh asse nta n
Acknowledge (AC K=0)an disset when the slave
does not Acknowledge (ACK = 1). A sl ave sends an
Acknowledge w hen it ha s re cognized i ts a ddress
(includinga generalc all) or w henth es lave ha s
properly received its data.

28.5.6.4 Typical transmit sequence:

1. The user generates a Start condition by setting
the SEN bit in the SSPCON2 register.

2. SSPIF is set by hardware on completion of the
Start.

3. SSPIF is cleared by software.

4. The MSSP module will wait the req uired s tart
time before any other operation takes place.

5. Theu serloadsthe SSPBUF with the s lave
address to transmit.

6. Address is shifted out the SDA pin until all 8 bits
are tran smitted. T ransmission begins as soon
as SSPBUF is written to.

7. The MSSP module shifts in the ACK bit from the
slave d evice and w ritesit sv aluein toth e
ACKSTAT bit in the SSPCONZ2 register.

8. The MSSP module generates an interrupt at the
end of the 9" clock cycle by setting the SSPIF
bit.

9. The userloads the SSPBUF with eight bits of
data.

10. Data is shifted out the SDA pin until all 8 bits are
transmitted.

11. The MSSP module shifts in the ACK bit from the
slave d evice and w rites it sv alue in toth e
ACKSTAT bit in the SSPCONZ2 register.

12. Steps 8-11 are repeated for all transmitted data
bytes.

13. The user generates a Stop or Restart condition
by s ettingth e PEN orR SENDbi ts int he
SSPCONZ2 register. Interrupt is generated once
the Stop/Restart condition is complete.

© 2014 Microchip Technology Inc.

DS20005281A-page 177



8.1 8bed-y18250002SA

-ou| ABojouyoa | diyosouoiN 102 @

FIGURE 28-20:

12C MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

SDA

SCL

SSPIF

Write SSPCON2<0> SEN = 1
Start condition begins From slave, clear ACKSTAT bit

SEN=0 SSPCON2<6> N
_ Transmitting Data or Second Half
Transmit Address to Slave RW =0 of 10-bit Address ACK

SSPBUF written with 7-bit address and RAW
start transmit

SCL held low
while CPU \

| ]

ACKSTAT in
SSPCON2 =1

[ ]

SEN

BF (SSPSTAT<0>) |

responds to SSPIF :

} _Cleared by software service routine T
from SSP interrupt !

L

Cleared by software

1

Cleared by :softwa re

— SSPBUF written

PEN

SSPBUF is written by software

T'— After Start condition, SEN cleared by hardware

a

RIW |
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28.5.7 I°C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
Receive Enable (RCEN) bit in the SSPCONZ2 register.

Note: The M SSP module must beinanidle
state before the RCEN bit is set or the
RCEN bit will be disregarded.

The Baud Rate Generator begins counting and, upon
each rollover, the state of the SCL pin changes (high to
low/low to high) and data is shifted into the SSPSR.
After the falling edge of the 8" clock, the receive enable
flag is au tomatically c leared, th e c ontents o fth e
SSPSR are loaded into the SSPBUF, the BF flag bit is
set, th e SSPIF fl agbitis setandthe Baud Rate
Generator is suspended from counting, holding SCL
low. The MSSP is now in id le state awaiting the next
command. When the buffer is read by the CPU, the BF
flag bitis automatically cleared. T he user canthen
send an Ac knowledge bit at th e end of re ception by
setting the Acknowledge Se quence Enable (ACKEN)
bit in the SSPCON2 register.

28.5.7.1 BF Status Flag

In receive operation, the BF bit is set when an address
or data byte is loaded into SSPBUF from SSPSR. ltis
cleared when the SSPBUF register is read.

28.5.7.2  SSPOV Status Flag

In receive operation, the SSPOV bit is set when 8 bits
are rec eived into the SSPSR and the BF f lag bitis
already set from a previous reception.

28.5.7.3 WCOL Status Flag

If the us er writes t he SSPBUF wh en are ceiveis
already in progress (i.e., SSPSR is still shifting in a data
byte), the WCOL bit is set and the contents of the buffer
are unchanged (the write does not occur).

28.5.7.4

1. The user generates a Start condition by setting
the SEN bit in the SSPCON2 register.

2. SSPIF is set by hardware on completion of the

Start.

SSPIF is cleared by software.

4. User writes SSPBUF with the slave address to
transmit and the R/W bit set.

5. Address is shifted out the SDA pin until all 8 bits
are tran smitted. T ransmission begins as soon
as SSPBUF is written to.

6. The MSSP module shifts in the ACK bit from the
slave d evice and w ritesit sv aluein toth e
ACKSTAT bit in the SSPCONZ2 register.

7. The MSSP module generates an interrupt at the
end of the 9" clock cycle by setting the SSPIF
bit.

8. User sets the RCEN bit in the SSPGON2 register
and the Master clocks in a byte from the shve.

9. After the 8" falling edge of SCL, SSPIF and BF
are set.

10. Master clears SSPIF and reads the received
byte from SSPUF, clears BF.

11. Master sets ACK value sent to slave in ACKDT
bit in the SSPCON2 register and initiates the
ACK by setting the ACKEN bit.

12. Masters ACK is clocked out to t he Slave and
SSPIF is set.

13. The user clears SSPIF.

14. Steps 8—13 are repeated for each received byte
from the slave.

15. Masters endsano t ACKor S top to end
communication.

Typical Receive Sequence:

w
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FIGURE 28-21: 12C MASTER MODE WAVEFORM (RECEPTION, 7-BIT ADDRESS)

Write to SSPCON2<4> to start Acknowledge
sequence SDA = ACKDT (SSPCON2<5>)=0  Set ACKEN, start Acknowledge sequence

Write to SSPCON2<0> (SEN =1), SDA=ACKDT =1
begin Start condition Master configured as a receiver ACK from Master
SEN=0 by programming SSPCON2<3> (RCEN = 1) SDA = ACKDT =0
Write to SSPBUF RCEN cleared RCEN = 1, start RCEN cleared _ _
yoccurs here, start XMIT ~ ACK from flave automatically lnext receive automatically | PEN bit = 1 written here
Lo ¥ VReceiving Data from Slave | l Receiving Data from Slave l -
SDA 1 \1_¥ /A7 XA6)n5)(a4XA3XA2 XAT)YRWN\ACK /D7) D6)Y D5 D4YXD3XD2XD1X D0 \ ACK VAR
: : : : I - I 1| Bus master
[ I ACK is not se:nt I terminates
Lot : ' transfer
scl g1 W/ 4\ /5 /6 9I 1\ 2\ 3\ /4\ /5 /6 9 1\ 2\ [3\ /4 6\ /7\ /8 9 ' pi _
L4 | ?t + . Set SSPIF v 2 Set SSPIF interrupt
! I Set SSPIF interrupt | Data shifted in on falling edge of CLK—>€ at end of
: ! at end of receive ' Set SSPIF interrupt [at end OfreLiveACknOW'edge
I ¥ Y  atend of Acknowledge sequence
SSPIF | |_| I—u—]sequence | |
. XY . - Set P bit
stlr?iﬁe _C%USCLX —TLI LCIeared by software LCIeared by softv(v:ellégred by software AT ! L Cleared by software L'Cleared in f (SSPSTAT<4>)
responds to SSPxIR ! I$oftware and SSPIF
BF | | Last Bit is shifted into SSPSR and ;
(SSPSTAT<0>) contents are unloaded into SSPBUF !

TSSPov:is set because

SSPOV. l |
! SSPBUE is still full

ACKEN ’—[ |_]

RCEN

Master configured as a receiver RCEN cleared ACK from Master RCEN cleared
by programming SSPCON2<3> (RCEN = 1) automatically =~ SDA = ACKDT =0 automatically

G/VTT6TdOIN
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28.5.8 ACKNOWLEDGE SEQUENCE

TIMING

An Ackn owledge seque nce is e nabled by setting the
Acknowledge Sequenc e E nable (A CKEN) bit in the
SSPCONZ2 register. When this bit is set, the SCL pin is
pulled low and the contents of the Acknowledge data bit
are presented on the SDA pin. If the user wishes to
generate an Acknowledge, then the ACKDT bit should
be cleared. If not, th e user s hould set the AC KDT bit
before starting an Ac knowledge sequence. The Baud
Rate G enerator then count s for on e rollov er period
(Tgrg) and the S CL pin is de asserted (pulled high).
When the SCL pin is sam pled high (clock arbitration),
the Baud Rate Generator counts for Tgrg. The SCL pin
is then pulled low. Follow ing this, the A CKEN bit is
automatically clea red, the Baud Rate G enerator is
turned off and the M SSP module then goes into Idle
mode (Figure 28-22).

28.5.8.1 WCOL Status Flag

If the user writes the SSPBUF when an Acknowledge
sequence is in progress, WCOL is set and the contents
of the buffer are unchanged (the write does not occur).

28.5.9 STOP CONDITION TIMING

A Stop bit is asserted on the SDA pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN, inthe SSPCON2 register. At the end of a
receive/transmit, t he SCL line isheldlow afterthe
falling edge of the 9" clock. When the PEN bit is set,
the master will assert the SDA line low. When the SDA
lineis s ampled low, th e Ba ud Rate G eneratori s
reloaded and counts down to ‘0’. When the Baud Rate
Generator times out, the SCL pin will be brought high
and then, one T grg (Baud Rate Generator rollover
count) later, the SDA pin will be deasserted. When the
SDA pin is sampled high while SCL is high, the P bitin
the SSPSTAT register, is set. A Tgrg later, the PEN bit
is cleared and the SSPIF bit is set (Figure 28-23).

28.5.9.1 WCOL Status Flag

If the user writes the SSPBUF when a Stop sequence
is in progress, the WCOL bit is set and the contents of
the buffer are unchanged (the write does not occur).

FIGURE 28-22: ACKNOWLEDGE SEQUENCE WAVEFORM
Acknowledge sequence starts here, .
write to SSPCON21 l— ACKEN automatically cleared
ACKEN =1, ACKDT =0
k=Tere " TerRG
SDA >< DO ACK |
! |
|
SCL g ! /9 |
| ! |
I |
SSPIF :
SSPIF set at the end C"fatarec’ in
f i — Cl di software
otreceive so?tz\a/vrsrem SSPIF set at the end
Note:  Tgrg = one Baud Rate Generator period. of Acknowledge sequence
FIGURE 28-23: STOP CONDITION RECEIVE OR TRANSMIT MODE
Write to SSPCON2, SCL =1 for Tgrg, followed by SDA = 1 for Tgrg

set PEN™]
Falling edge of 9 clock

J

after SDA sampled high. P bit (SSPSTAT<4>) is set.

PEN bit (SSPCON2<2>) is cleared by
hardware and the SSPIF bit is set

Note:

Tgrg = one Baud Rate Generator period.

- 1
T
scL \ T
| |
SDA_ACK 1/
L Py v
“Tere 1 Tera " TR

SCL brought high after Tgrg
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28.510 SLEEP OPERATION

While in Sleep mode, the [2C slave module can receive
addresses or data and, w hen an add ress m atch or
complete by te t ransfer o ccurs, wa ke t he p rocessor
from Sleep (if the MSSP interrupt is enabled).

28.5.11 EFFECTS OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

28.5.12 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of th e Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bit s are cleared from a Reset or w hen the
MSSPx module is disabled. Control of the 12C bus may
be taken when the P bit in the SSPSTAT register is set
or the bus is idle, with both the S and P bits clear. When
the bu si s b usy, en ablingthe SSPin terrupt wil |
generate the interrupt when the Stop condition occurs.

In mu lti-master operation, th e SD Alin e m ust be
monitored for arbitration to see if the signal level is the
expected o utput le vel. This checkis performed by
hardware with the result placed in the BCLIF bit.

The states where arbitration can be lost are:
» Address Transfer

» Data Transfer

+ A Start Condition

* A Repeated Start Condition

* An Acknowledge Condition

FIGURE 28-24:

28.5.13 MULTI-MASTER COMMUNICATION,
BUS COLLISION AND BUS

ARBITRATION

Multi-Master m ode support is ac hieved by bu s
arbitration. When the master outputs address/data bits
onto the SDA pin, a rbitration takes place whenthe
master outputs a ‘1’ on SDA, by letting SDA float high,
and another master asserts a ‘0’. When the SCL pin
floats high, data should be stable. If the expected data
on SDAis a ‘1’ and the data sampled on the SDA pin is
‘0’, a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag (BCLIF) and reset the
I2C port to its Idle state (Figure 28-24).

If a transmit was in progress when the bus collision
occurred, th e transmission i s halted, the BF flagis
cleared, the SDA and SCL lines are deasserted and the
SSPBUF can be written to. When the user services the
bus collision Interrupt Service Routine and if the e
bus is free, the user can res ume communication by
asserting a Start condition.

Ifa Start, R epeated Start, S top or Ack nowledge
condition w as in p rogress w hen the bus collis ion
occurred, the condition is aborted, the S DA and SCL
lines are deasserted and the respective control bits in
the SSPCONZ2 regi ster are ¢ leared. W hen the user
services the bus collision Interrupt Service Routine and
ifthe| 2Cbus isfr ee, t he usercan res ume
communication by asserting a Sart condition.

The master will continue to monitor the SDA and SCL
pins. If a Stop condition occurs, the SSPIF bit will be set.

A write to the SSPBUF wiill start the transmission of
data atthefirstdatabit, regardless o fw hereth e
transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection o f S tart an d S top ¢ onditions al lows th e
determination of when the bus is free. Control of the 2C
bus can be taken when the P bit is set in the SSPSTAT
register, or t he bus is idle and the Sand P bits are
cleared.

BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE

Data changes
while SCL=0

SDA \

l SDA released
by master

SDA line pulled low Sample SDA. While SCL is high,
by another source  data does not match what is driven
by the master.

Fus collision has occurred.

Sl

N

BCLIF

SCL \ / \

Set Bus Collision
J  Interrupt (BCLIF)
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28.5.13.1 Bus Collision During a Start

Condition
During a Start condition, a bus collision occurs if:

a) SDA or SCL are sampled low at the beginning of
the Start condition (Figure 28-25)

b) SCL is sampled low before SDA is asserted low
(Figure 28-26)

During a Start co ndition, both the SDA and the SCL
pins are monitored.

If the SDA pin is already low or the SCL pin is already
low, all of the following occur:

« the Start condition is aborted
» the BCLIF flag is set and

* the MSSP module is reset to its Idle state
(Figure 28-25)

The Start condition begins with the SDA and SCL pins
deasserted. When the SDA pin is sampled high, the
Baud Rate Generator is loaded and counts down. If the
SCL pinissampledlow while SD A is high, abu s
collision o ccurs b ecause it is as sumed that an other
master is attempting to drive a data ‘1’ during the Start
condition.

FIGURE 28-25:

If the SDA pi nis sampled low during this count, the
BRGis resetandthe SD Al ineis as serted e arly
(Figure 28-27). If, however, a 1’ is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The Baud Rate Generator is then reloaded and
counts down to zero; if the SCL pin is sampled as ‘0’
during this time, a bus collision does not occur. At the
end of the BRG count, the SCL pin is asserted low.

Note:  The reason w hy bus col lisionisno t a
factor during a Start conditionis thatno
twobus m astersca na sserta S tart
conditiona tthee xacts ametim e.
Therefore, one master will always assert
SDA before the other. This condition does
not cause a bus collision because the two
masters must be allowed to arbitrate the
first address following the Start condition.
If the addressisth e s ame, a rbitration
must be allowed to continue into the data
portion, R epeated S tarto rS top
conditions.

BUS COLLISION DURING A START CONDITION (SDA ONLY)

Set BCLIF,
S bit and SSPIF set because
SDA=0,SCL=1.

SDA \

SDA goes low before the SEN bit is set.

e e - — — A

SEN cleared automatically because of bus
Y collision.

SSP module reset into Idle state.

| 4+ SSPIF and BCLIF
I are cleared by software

SCL .
Set SEN, enable Start condition - !
ifSDA=1,SCL=1 ) :

SEN I

SDA sampled low before Start condition. :
Set BCLIF. S bit and SSPIF set because
SDA=0,SCL=1.

BCLIF

S

SSPIF

T— SSPIF and BCLIF

are cleared by software
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FIGURE 28-26: BUS COLLISION DURING START CONDITION (SCL =0)
SDA=0,SCL=1
k—Tgrg —*—TBrRG —*
SDA N
scL Set SEN, enable Start 7 .
sequence if SDA=1,SCL=1 S
l t SCL = 0 before SDA =0,
SEN bus collision occurs. Set BCLIF.
SCL = 0 before BRG time out, 1
bus collision occurs. Set BCLIF.
BCLIF
t Interrupt cleared
by software
S ‘0’ ‘0’
SSPIF [0 ‘0’
FIGURE 28-27: BRG RESET DUE TO SDA ARBITRATION DURING START CONDITION
SDA=0,SCL=1
l Set S l Set SSPIF
Less than Tbrg—j ’_ﬂ—_l - _TBR |
SDA SDA pulled low by other master. | | !
Reset BRG and assert SDAX. L :
| ! |
I [
SCL : LS. \|\
, : t  SCLx pulled low after BRG
SEN : time out
Set SEN, enable Start
sequence if SDA=1,SCL=1
BCLIF . . ‘0’
| |
|
| |
s | |
|
SSPIF \ ——
SDAx=0,SCL =1, Interrupts cleared
set SSPIF by software
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28.5.13.2 Bus Collision During a Repeated
Start Condition

During a R epeated S tart c ondition, a bus c ollision
occurs if:

a) Alow level is sampled on SDA when SCL goes
from low level to high level

b) SCLgoesl|ow before SDAis asserted| ow,
indicating that another master is attempting to
transmit a data ‘1’

When the user releases SDA and the pin is allowed to
float high, the BRG is loaded with SSPADD and counts
down to ze ro. The SCL pinis then de asserted and,
when sampled high, the SDA pin is sampled.

If SDA is low, a bus collision has occurred (i.e., another
master is attemptirg to transmit a dat 0’, Figure 28-28).
If SDA is sampled high, the BRG is reloaded and begns
counting. If SDA goes from high to low before the BRG
times out, no bus ¢ ollision occurs bec ause notw o
masters can assert SDA at exactly the same time.

If SCL goes from high to low before the BRG times out
and SDA has not already been asserted, a buscollision
occurs. In this case, another master is attempting to
transmit a data ‘1’ during the Repeated Start condition
(refer to Figure 28-29).

If, at the end of the BRG time out, both SCL and SDA
are still high, the SDA pin is driven low and the BRG is
reloaded and begins counting. At the end of the count,
regardless of the status of the SCL pin, the SCL pin is
driven low and the R epeated S tart co ndition is
complete.

FIGURE 28-28: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)
SDA
SCL
Sample SDA when SCL goes high.
If SDA = 0, set BCLIF and release SDA and SCL.
RSEN |
BCLIF
Cleared by software
S o
SSPIF ‘0’
FIGURE 28-29: BUS COLLISION DURING A REPEATED START CONDITION (CASE 2)
i TerG | Tere i
SDA /7 il
SCL /
SCL goes low before SDA,
BCLIF set BCLIF. Release SDA and SCL. |
Interrupt cleared
by software
RSEN |
S o
SSPIF o’
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28.5.13.3 Bus Collision During a Stop The S top co ndition beg ins w ith SDA as serted low.
Condition When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),

Bus collision occurs during a Stop condition if the Baud Rate Generator is loaded with SSPADD and

a) Afterthe SDApin has b eendeasserted and counts down to 0. After the BRG times out, SDA is
allowed to float high, SDA is sampled low after sampled. If SDA is sampled low, a bus collision has
the BRG has timed out. occurred. This is due to an other master attempting to

b) After the SCL pin is deasserted, SCL is sampled drive adata ‘0’ (Figure 28-30). If the SCL pin is sampled
low before SDA goes high. low before SDA is allowed to float high, a bus collision

occurs. Thi si s a notherc ase o fan other m aster
attempting to drive a data ‘0’ (Figure 28-31).

FIGURE 28-30: BUS COLLISION DURING A STOP CONDITION (CASE 1)

SDA sampled
Tere Tare Tere | low after Tgrg

R set BCLIF
SDA \ a

SDA asserted low

SCL

PEN 4 L
BCLIF
0
0’

P

SSPIF

FIGURE 28-31: BUS COLLISION DURING A STOP CONDITION (CASE 2)

| TeRrG TerG ‘ TerG |
SDA
SCL goes low before SDA goes high,
T Assert SDA set BCLIF
SCL \/

PEN L
BCLIF
o
o

P

SSPIF
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TABLE 28-2:  SUMMARY OF REGISTERS ASSOCIATED WITH 1°C OPERATION

Reset

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Vaé%es

Page:
INTCON GIE PEIE TOIE INTE IOCE TOIF INTF IOCF 93
PIE1 — ADIE BCLIE SSPIE CC2IE CC1IE TMR2IE | TMR1IE 94
PIR1 — ADIF BCLIF SSPIF CC2IF CC1IF TMR2IF | TMR1IF 96
TRISGPA | TRISA7 | TRISA6 | TRISA5 — TRISA3 | TRISA2 | TRISA1 | TRISAO 11
TRISGPB | TRISB7 | TRISB6 | TRISB5 | TRISB4 — — TRISB1 | TRISBO 116
SSPADD ADD7 ADD6 ADD5 ADD4 ADD3 ADD2 ADD1 ADDO 193
SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register 153*
SSPCON1 | WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 | SSPMO 190
SSPCON2| GCEN | ACKSTAT| ACKDT | ACKEN RCEN PEN RSEN SEN 191
SSPCON3 | ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN 192
SSPMSK1 | MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO 193
SSPSTAT | SMP CKE D/A P S R/W UA BF 189
SSPMSK2 | MSK27 MSK26 MSK25 MSK24 MSK23 MSK22 MSK21 MSK20 194
SSPADD2 | ADD27 ADD26 ADD25 ADD24 ADD23 ADD22 ADD21 ADD20 194
Legend: —= unimplemented, read as ‘0’. Shaded cells are not used by the MSSP module in 12C mode.

*

Page provides register information.
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28.6 Baud Rate Generator

The MSSP mo dule ha saB aud Rate Ge nerator
available for clock generation in the 1°C Master mode.
The Baud Rate Generator (BRG) reload value is placed
int he S SPADD r egister. W henaw rite o ccurs to
SSPBUF, the Baud Rate Generator will automatically
begin counting down.

Once the given operation is complete, the internal clock
will automatically stop counting and the clock pin will
remain in its last state.

FIGURE 28-32:

An internal signal “Reload” in Figure 28-32 triggers the
value from SSPADD to be loaded into the BRG counter.
This oc curs twice for each oscillation of the module
clock line. The logic dictating when the reload signal is
asserted dep ends on the mode the M SSP is b eing
operated in.

Table 28-3 de monstrates cl ock rate sba sed on
instruction ¢ ycles an d t he BR G v alue | oaded in to
SSPADD.

EQUATION 28-1:

FeLock = (SSPADD + D)(4)

BAUD RATE GENERATOR BLOCK DIAGRAM

SSPM<3:0> = Reload
SCL —p Control

SSPM<3:0> j‘} SSPADD<7:0>

Reload
—>

SSPCLK-—] BRG Down Counter [~—Fgc/2

Note: Values of 0x00, 0x01 and 0x02 are not
valid for SSPADD when used as a Baud
Rate Gen eratorf orl 2C. T hisi sa n
implementation limitation.

TABLE 28-3: MSSP CLOCK RATE W/BRG

FcLock
Fosc Fey BRG Value (2 Rollovers of BRG)
8M Hz 2M Hz 04h 400 kHz)
8M Hz 2M Hz 0Bh 166 kHz
8M Hz 2M Hz 13h 100 kHz

Note 1: The I2C interface does not conform to the 400 kHz 12C specification (which applies to rates greater than
100 kHz) in all details, but may be used with care where higher rates are required by the application.
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REGISTER 28-1: SSPSTAT: SSP STATUS REGISTER

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
CKE D/A P S R/W UA BF
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 SMP: Data Input Sample bit
1 = Slew rate control disabled for standard speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for high speed mode (400 kHz)
bit 6 CKE: Clock Edge Select bit
1 = Enable input logic so that thresholds are compliant with SM bus specification
0 = Disable SM bus specific inputs
bit 5 D/A: Data/Address bit
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
bit 4 P: Stop bit
(This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a Stop bit has been detected last (this bit is ‘0’ on Reset)
0 = Stop bit was not detected last
bit 3 S: Start bit
(This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a Start bit has been detected last (this bit is ‘0’ on Reset)
0 = Start bit was not detected last
bit 2 R/W: Read/Write bit information
This bit holds the R/W bit information following the last address match. This bit is only valid from the
address match to the next Start bit, Stop bit, or not ACK bit.
In I°C Slave mode:
1 = Rad
0 = Write
In 12C Master mode:
1 = Transmit is in progress
0 = Transmit is not in progress
OR-ing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSP is in Idle mode.
bit 1 UA: Update Address bit (10-bit I°C mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated
bit 0 BF: Buffer Full status bit

Receive:

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

Transmit:

1 = Data transmit in progress (does not include the ACK and Stop bits), SSPBUF is full
0 = Data transmit complete (does not include the ACK and Stop bits), SSPBUF is empty
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REGISTER 28-2: SSPCON1: SSP CONTROL REGISTER 1

R/C/HS-0 R/C/HS-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WCOL SSPOV SSPEN CKP SSPM<3:0>
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 = Value at POR
‘1’ = Bitis set ‘0’ = Bit is cleared HS = Bit is set by hardware C = User cleared
bit 7 WCOL: Write Collision Detect bit

Master mode:

1= A write to the SSPBUF register was attempted while the I°C conditions were not valid for a
transmission to be started

0 = No collision

Slave mode:

1 = The SSPBUF register is written while it is still transmitting the previous word (must be cleared in
software)

0 = No collision

bit 6 SSPOV: Receive Overflow Indicator bit!)
1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV is a “don’t

care” in Transmit mode (must be cleared in software).
0 = No overflow

bit 5 SSPEN: Synchronous Serial Port Enable bit

In both modes, when enabled, these pins must be properly configured as input or output
1 = Enables the serial port and configures the SDA and SCL pins as the source of the serial port pins®
0 = Disables serial port and configures these pins as 1/0 port pins

bit 4 CKP: Clock Polarity Select bit

In 12C Slave mode:
SCL release control
1 = Enable clock
0 = Holds clock low (clock stretch). (Used to ensure data setup time.)
In I°C Master mode:
Unused in this mode
bit 3-0 SSPM<3:0>: Synchronous Serial Port Mode Select bits
0000 = Reserved
0001 = Reserved
0010 = Reserved
0011 = Reserved
0100 = Reserved
0101 = Reserved
0110 = I2C Slave mode, 7-bit address
0111 = I°C Slave mode, 10-bit address
1000 = I°C Master mode, clock = Fogc/(4 * (SSPADD+1))®)
1001 = Reserved
1010 = Reserved
1011 = I°C Firmware-Controlled Master mode (Slave idle)
1100 = Reserved
1101 = Reserved
1110 = IC Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1111 = IC Slave mode, 10-bit address with Start and Stop bit interrupts enabled

Note 1: In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by
writing to the SSPBUF register.
2:  When enabled, the SDA and SCL pins must be configured as inputs.
3:  SSPADD values of 0, 1 or 2 are not supported for 12C mode.
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REGISTER 28-3: SSPCON2: SSP CONTROL REGISTER 2

R/W-0/0 R-0/0 R/W-0/0 R/S/HS-0/0 R/S/HS-0/0 R/S/HS-0/0 R/S/HS-0/0 R/W/HS-0/0
GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN
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 H = Bit is set by hardware S = User set
bit 7 GCEN: General Call Enable bit (in I°C Slave mode only)

1 = Enable interrupt when a general call address (0x00 or 00h) is received in the SSPSR register
0 = General call address disabled
bit 6 ACKSTAT: Acknowledge Status bit (in 12C mode only)
1 = Acknowledge was not received
0 = Acknowledge was received
bit 5 ACKDT: Acknowledge Data bit (in 1°C mode only)
In Receive mode:
Value transmitted when the user initiates an Acknowledge sequence at the end of a receive
1 = Not Acknowledge
0 = Acknowledge
bit 4 ACKEN: Acknowledge Sequence Enable bit (in I°C Master mode only)
In Master Receive mode:
1 = Initiate Acknowledge sequence on SDA and SCL pins and transmit ACKDT data bit. Automatically
cleared by hardware.
0 = Acknowledge sequence idle
bit 3 RCEN: Receive Enable bit (in I°C Master mode only)
1 = Enables Receive mode for I°C
0 = Receive idle
bit 2 PEN: Stop Condition Enable bit (in I°C Master mode only)
SCK Release Control:
1 = Initiate Stop condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Stop condition idle
bit 1 RSEN: Repeated Start Condition Enabled bit (in 1°C Master mode only)
1 = Initiate Repeated Start condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Repeated Start condition idle
bit 0 SEN: Start Condition Enabled bit (in I1°C Master mode only)

In Master mode:

1 = Initiate Start condition on SDA and SCL pins. Automatically cleared by hardware.

0 = Start condition idle

In Slave mode:

1 = Clock stretching is enabled for both Slave Transmit and Slave Receive (stretch enabled)
0 = Clock stretching is disabled

Note 1: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the 12C module is not in the Idle mode, this bit may not be
set (no spooling) and the SSPBUF may not be written (or writes to the SSPBUF are disabled).
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REGISTER 28-4: SSPCON3: SSP CONTROL REGISTER 3

R-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN

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 ACKTIM: Acknowledge Time status bit (I2C mode only)®

1 = Indicates the I1°C bus is in an Acknowledge sequence, set on gth falling edge of SCL clock
0 = Not an Acknowledge sequence, cleared on oth rising edge of SCL clock

bit 6 PCIE: Stop Condition Interrupt Enable bit (I2C mode only)

1 = Enable interrupt on detection of Stop condition
0 = Stop detection interrupts are disabled®

bit 5 SCIE: Start Condition Interrupt Enable bit (12C mode only)

1 = Enable interrupt on detection of Start or Restart conditions
0 = Start detection interrupts are disabled®
bit 4 BOEN: Buffer Overwrite Enable bit
In 12C Master mode:
This bit is ignored.
In 12C Slave mode:
= SSPBUF is updated and ACK is generated for a received address/data byte, ignoring the state of
the SSPOV bit only if the BF bit = 0.
0 = SSPBUF is only updated when SSPOV is clear.
bit 3 SDAHT: SDA Hold Time Selection bit
1 = Minimum of 300 ns hold time on SDA after the falling edge of SCL
0 = Minimum of 100 ns hold time on SDA after the falling edge of SCL
bit 2 SBCDE: Slave Mode Bus Collision Detect Enable bit (I°C Slave mode only)
If, on the rising edge of SCL, SDA is sampled low when the module outputs a high state, the BCLIF bit
in the PIR1 register is set and bus goes idle.
1 = Enable slave bus collision interrupts
0 = Slave bus collision interrupts are disabled
bit 1 AHEN: Address Hold Enable bit (I°C Slave mode only)
1 = Following the 8™ falling edge of SCL for a matching received ad dress byte; CKP bitin the
SSPCONT1 register will be cleared and the SCL will be held low.
0 = Address holding is disabled
bit 0 DHEN: Data Hold Enable bit (I°C Slave mode only)
1 = Following the 8" falling edge of SCL for a received data byte; slave hardware clears the CKP bit
in the SSPCON1 register and SCL is held low.
0 = Data holding is disabled

Note 1: This bit has no effect in Slave modes where Start and Stop condition detection is explicitly listed as
enabled.

2:  The ACKTIM status bit is only active when the AHEN bit or DHEN bit is set.
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REGISTER 28-5: SSPMSK1: SSP MASK REGISTER 1

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
MSK<7:0>
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-1 MSK<7:1>: Mask bits

1 = The received address bit n is compared to SSPADD<n> to detect I2C address match
0 = The received address bit n is not used to detect 12C address match
bit 0 MSK<0>: Mask bit for I2C Slave mode, 10-bit Address

I2C Slave mode, 10-bit address (SSPM<3:0> = 0111 or 1111):

1 = The received address bit 0 is compared to SSPADD<0> to detect I2C address match

0 = The received address bit 0 isnot used to detect PC address match I2C Slave mode, 7-bit address,
the bit is ignored

REGISTER 28-6: SSPADD: MSSP ADDRESS AND BAUD RATE REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADD<7:0>
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared

Master mode:
bit 7-0 ADD<7:0>: Baud Rate Clock Divider bits

SCL pin clock period = ((ADD<7:0> + 1) * 4)/Fgsc
10-Bit Slave mode — Most Significant Address byte:

bit 7-3 Not used: Unused for Most Significant Address byte. Bit state of this register is a “don’t care”. Bit
pattern sent by master is fixed by 12c specification and must be equal to '11110’. However, those bits
are compared by hardware and are not affected by the value in this register.

bit 2-1 ADD<2:1>: Two Most Significant bits of 10-bit address.
bit 0 Not used: Unused in this mode. Bit state is a “don’t care”.
10-Bit Slave mode — Least Significant Address byte:

bit 7-0 ADD<7:0>: Eight Least Significant bits of 10-bit address
7-Bit Slave mode:

bit 7-1 ADD<7:1>: 7-bit address

bit 0 Not used: Unused in this mode. Bit state is a “don’t care”.
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REGISTER 28-7: SSPMSK2: SSP MASK REGISTER 2

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
MSK2<7:0>
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-1 MSK2<7:1>: Mask bits

1 = The received address bit n is compared to SSPADD2<n> to detect 12C address match
0 = The received address bit n is not used to detect I°C address match
bit 0 MSK2<0>: Mask bit for [2C Slave mode, 10-bit Address
I2C Slave mode, 10-bit address (SSPM<3:0> = 0111 or 1111):
1 = The received address bit 0 is compared to SSPADD2<0> to detect 12C address match
0 = The received address bit 0 isnot used to detect P°C address match 12C Slave mode, 7-bit address,
the bit is ignored

REGISTER 28-8: SSPADD2: MSSP ADDRESS 2

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADD2<7:0>
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 = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared

Master mode:

bit 7-0 ADD2<7:0>: Baud Rate Clock Divider bits
SCL pin clock period = ((ADD<7:0> + 1) * 4)/[Fogc

10-Bit Slave mode — Most Significant Address byte:

bit 7-3 Not used: Unused for Most Significant Address byte. Bit state of this register is a “don’t care”. Bit
pattern sent by master is fixed by 1’c specification and must be equal to 11110’. However, those bits
are compared by hardware and are not affected by the value in this register.

bit 2-1 ADD2<2:1>: Two Most Significant bits of 10-bit address
bit 0 Not used: Unused in this mode. Bit state is a “don’t care”.

10-Bit Slave mode — L east Significant Address byte:

bit 7-0 ADD2<7:0>: Eight Least Significant bits of 10-bit address

7-Bit Slave mode:

bit 7-1 ADD2<7:1>: 7-bit address
bit 0 Not used: Unused in this mode. Bit state is a “don’t care”.
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29.0 INSTRUCTION SET SUMMARY

The MC P19114/5 instruction set is highly orthogonal
and is comprised of three basic categories:

» Byte-oriented operations
» Bit-oriented operations
 Literal and control operations

Each instructionis a 14 -bitw ord di vided into an
opcode, which specifies the instruction type, and one
or more operands, which further specify the operation
of th ei nstruction. The formatsf ore acho fth e
categories is presented i n Figure 29-1, whi le th e
various opcode fields are summarized in Table 29-1.

Table 29-2 | ists the instructions re cognized by the
MPASM™ assembler.

For byte-oriented instructions, ‘¥’ repr esents a file
register de signator a nd ‘d’ re presents a d estination
designator. The file register designator specifies which
file register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If ‘d’ is zero, the result is
placed in the W register. If ‘d’ is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator, w hich s elects th e bi t af fected by th e
operation, while ‘f’ represents the address of the file in
which the bit is located.

For literal and control operations, ‘k’ represents an
8-bit or 11-bit constant, or literal value.

One instruction cycle consists of four oscillator periods;
for an oscillator frequency of 4 MHz, this gives a normal
instruction execution time of 1 ps. All instructions are
executed w ithin a si ngle ins truction cy cle, unl ess a
conditional tes t is tru e, or the pro gram cou nter is
changed as a reault of an irstruction. When this occurs,
the ex ecution t akes t wo in struction c ycles, with the
second cycle executed as an NOP.

All'i nstruction e xamples us e t he f ormat ‘Oxhh’ t o
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

29.1 Read-Modify-Write Operations

Any instruction that specifies a file register as part of
the instruction performs a R ead-Modify-Write (RMW)
operation. The register is read, the data is modified,
andt here sulti ss tored a ccording to e itherth e
instruction or th e de stination des ignator ‘d’. Area d
operation is pe rformed on ar egister evenif t he
instruction writes to that register.

For ex ample, a CLRF PORTA in struction will r ead
PORTGPA, clear all the data bits, then write the result
back to P ORTGPA. Th is ex ample would ha ve t he
unintended consequence of clearing the condition that
sets the IOCIF flag.

TABLE 29-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to Ox7F)

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

X |x|o|S|=—

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.
Defaultis d = 1.

PC | Program Counter
TO | Time-out bit

C |Carry bit
DC |Digit carry bit
Z | Zero bit

PD |Power-down bit

FIGURE 29-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
OPCODE | d ‘ f (FILE #)

d = 0 for destination W
d =1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0

OPCODE |b(BIT#)| f (FILE #)

= 3-bit bit address
= 7-bit file register address

b

f
Literal and control operations
General

13 8 7 0
OPCODE | k (literal)

k = 8-bit immediate value

CALL and GOTOinstructions only
13 1 10 0
OPCODE k (literal)

k = 11-bit immediate value
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TABLE 29-2: MCP19114/5 INSTRUCTION SET

Mnemonic, - 14-Bit Opcode Status
Description Cycles Notes
Operands MSb Lsp | Affected

BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f,d |AddWandf 1 00 0111 dfff ffff |C,DC,z| 12

ANDWF f,d |AND W with f 1 00 0101 dfff ffff Z 12

CLRF f Clear f 1 00 0001 Ifff ffff Z 2

CLRW - Clear W 1 00 0001 OxXX XXXX Z

COMF f,d Complement f 1 00 1001 dfff ffff Z ' 2

DECF f, d Decrement f 1 00 0011 dfff ffff Z ' 2

DECFSZ f.d |Decrement f, Skip if 0 12) | 00 1011 dfff ffff 123

INCF f,d |Incrementf 1 00 1010 dfff ffff Z 12

INCFSZ f.d |Incrementf, Skip if 0 12) | 00 1111 dfff ffff 123

IORWF f.d |Inclusive OR W with f 1 00 0100 dfff ffff z 12

MOVF f.d |Movef 1 00 1000 dfff ffff z 12

MOVWF f Move W to f 1 00 0000 |fff ffff

NOP - No Operation 1 00 0000 Oxx0 0000

RLF f,d Rotate Left f through Carry 1 00 1101 dfff ffff Cc 1.2

RRF f,d Rotate Right f through Carry 1 00 1100 dfff ffff C 1.2

SUBWF f.d |Subtract W from f 1 00 0010 dfff ffff |C,DC,z| 12

SWAPF f,d | Swap nibbles in f 1 00 1110 dfff ffff 12

XORWF f.d |Exclusive OR W with f 1 00 0110 dfff ffff z 12
BIT-ORIENTED FILE REGISTER OPERATIONS

BCF f.b |BitClearf 1 01 O00bb bfff ffff

BSF f.b |BitSetf 1 01 Olbb bfff ffff 12

BTFSC f,b |Bit Testf, Skip if Clear 1(2) | 01 10bb bfff ffff 3

BTFSS f.b |Bit Testf, Skip if Set 1(2) | 01 11bb bfff ffff 3

LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x kkkk kkkk|C,DC,Z

ANDLW k AND literal with W 1 11 1001 kkkk kkkk z

CALL k Call Subroutine 2 10 Okkk kkkk kkkk|

CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100| TO,PD

GOTO k Go to address 2 10 1kkk kkkk kkkk

IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk z

MOVLW k Move literal to W 1 11  00xx kkkk kkkk

RETFIE - Return from interrupt 2 00 0000 0000 1001

RETLW k Return with literal in W 2 11  01xx kkkk kkkk

RETURN - Return from Subroutine 2 00 0000 0000 1000|

SLEEP - Go into Standby mode 1 00 0000 0110 0011 | TO,PD

SUBLW k Subtract W from literal 1 11 110x kkkk kkkk|C,DC,Z

XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk z

Note 1: When an I/O register is modified as a function of itself (e.g., MOVF PORTA, 1), the value used will be that
value present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and
is driven low by an external device, the data will be written back with a ‘0’.
2: Ifthis instruction is executed on the TMRO register (and where applicable, d = 1), the prescaler will be
cleared if assigned to the Timer0 module.
3: If the Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles.
The second cycle is executed as an NOP.
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29.2 Instruction Descriptions

ADDLW Add literal and W

Syntax: [label ] ADDLW k

Operands: 0<k<255

Operation: W)+ k—> (W)

Status Affected: C,DC, Z

Description: The contents of the W register
are added to the eght-bit literal 'k’
and the result is placed in the W
register.

ADDWF Add W and f

Syntax: [label ] ADDWF fd

Operands: 0<f<127
d e [0,1]

Operation: (W) + (f) - (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register
with register f'. If ‘d’ is ‘0’, the
result is stored in the W register. If
‘d’ is ‘1’, the result is stored back
in register f’.

ANDLW AND literal with W

Syntax: [ label ] ANDLW  k

Operands: 0<k<255

Operation: (W) .AND. (k) — (W)

Status Affected: Z

Description: The contents of W register are
AND’ed with the eight-bit literal
‘k’. The result is placed in the W
register.

ANDWF AND W with f

Syntax: [ label ] ANDWF fd

Operands: 0<f<127
d e[0,1]

Operation: (W) .AND. (f) — (destination)

Status Affected: Z

Description: AND the W register with register

‘f. If ‘d’is '0’, the result is stored in
the W register. If ‘d’ is ‘1’, the
result is stored back in register f".

BCF Bit Clear f
Syntax: [label ] BCF f,b
Operands: 0<f<127

0<b<7
Operation: 0 — (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘f is cleared.
BSF Bit Set f
Syntax: [label ] BSF fb
Operands: 0<f<127

0<b<7
Operation: 1 — (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘f’ is set.
BTFSC Bit Test f, Skip if Clear
Syntax: [label ]BTFSC f,b
Operands: 0<f<127

0<b<7
Operation: skip if (f<b>) =0
Status Affected: None
Description: If bit ‘b’ in register ‘f is ‘1’, the next

instruction is executed.

If bit ‘b’ in register ‘f is ‘0’, the next
instruction is discarded, and an
NOP is executed instead, making
this a two-cycle instruction.
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BTFSS Bit Test f, Skip if Set

Syntax: [label ]| BTFSS fb

Operands: 0<f<127
0<b< 7

Operation: skip if (f<b>) =1

Status Affected: None

Description: If bit ‘b’ in register ‘f is ‘0’, the next
instruction is executed.
If bit ‘b’ is ‘1’, the next instruction
is discarded and an NOP is
executed instead, making this a
two-cycle instruction.

CALL Call Subroutine

Syntax: [label] CALL k

Operands: 0 <k <2047

Operation: (PC)+ 1> TOS,
k - PC<10:0>,
(PCLATH<4:3>) - PC<12:11>

Status Affected: None

Description: Call Subroutine. First, return
address (PC + 1) is pushed onto
the stack. The eleven-bit
immediate address is loaded into
PC bits <10:0>. The upper bits of
the PC are loaded from PCLATH.
CALL is a two-cycle instruction.

CLRF Clear f

Syntax: [label ] CLRF f

Operands: 0<f<127

Operation: 00h — (f)
A

Status Affected: Z

Description: The contents of register ‘f’ are
cleared and the Z bit is set.

CLRW Clear W

Syntax: [label] CLRW

Operands: None

Operation: 00h — (W)
157

Status Affected: Z

Description: W register is cleared. Zero (Z) bit

is set.

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

Operands: None

Operation: 00h -» WDT
0 — WDT prescaler,
1-T0
1—-PD

Status Affected: TO, PD

Description: CLRWDT instruction resets the
Watchdog Timer. It also resets the
prescaler of the WDT.
Bits TO and PD in the STATUS
register are set.

COMF Complement f

Syntax: [label] COMF f.d

Operands: 0<f<127
d e [0,1]

Operation: (f) - (destination)

Status Affected: Z

Description: The contents of register ‘f’ are
complemented. If ‘d’ is ‘0’, the
result is stored in W. If ‘'d’ is ‘1’,
the result is stored back in
register f.

DECF Decrement f

Syntax: [label] DECF fd

Operands: 0<f<127
d € [0,1]

Operation: (f) - 1 —> (destination)

Status Affected: Z

Description: Decrement register ‘f'. If ‘d’ is ‘0,

the result is stored in the W
register. If ‘d’ is ‘1’, the result is
stored back in register f’.
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DECFSZ Decrement f, Skip if O

Syntax: [label] DECFSz 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
decremented. 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’, an NOP is executed
instead, making it a two-cycle
instruction.

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0<k<2047

Operation: k -» PC<10:0>
PCLATH<4:3> — PC<12:11>

Status Affected: None

Description: @OTOis an unconditional branch.
The eleven-bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH<4:3>. GOTOis a
two-cycle instruction.

INCF Increment f

Syntax: [label] INCF f.d

Operands: 0<f<127
d e [0,1]

Operation: (f) + 1 > (destination)

Status Affected: Z

Description: The contents of register ‘f’ are

incremented. 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 f.d

Operands: 0<f<127
d € [0,1]

Operation: (f) + 1 — (destination),
skip if result =0

Status Affected: None

Description: The contents of register ‘f’ are
incremented. 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
resultis ‘0’, an NOP is executed
instead, making it a two-cycle
instruction.

IORLW Inclusive OR literal with W

Syntax: [label] IORLW k

Operands: 0<k<255

Operation: (W) .OR. k = (W)

Status Affected: Z

Description: The contents of the W register are
OR’ed with the eight-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

register . If ‘d’ is ‘0’, the result is
placed in the W register. If ‘d’ is
‘1’, the result is placed back in
register f.
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MOVF Move f
Syntax: [label] MOVF fd
Operands: 0<f<127
d e [0,1]
Operation: (f) > (dest)
Status Affected: Z
Description: The contents of register ‘f’ are
moved to a destination
dependent upon the status of
‘d’. If d = 0, the destination is W
register. If d = 1, the destination
is file register ‘f’ itself. d = 1 is
useful to test a file register since
STATUS flag Z is affected.
Words: 1
Cycles: 1
Example: MOVF FSR, O
After Instruction
W= value in FSR
register
Z= 1
MOVLW Move literal to W
Syntax: [label] MOVLW k
Operands: 0<k<255
Operation: k — (W)
Status None
Affected:
Description: The eight-bit literal ‘k’ is loaded
into W register. The “don’t cares”
will assemble as ‘0’s.
Words: 1
Cycles: 1
Example: MOVLW  Ox5A

After Instruction

W= 0x5A

MOVWF Move W to f
Syntax: [label] MOVWF f
Operands: 0<f<127
Operation: (W) - (f)
Status Affected:  None
Description: Move data from W register to
register ‘f.
Words: 1
Cycles: 1
Example: MOVW  OPTI ON
F
Before Instruction
OPTION=  OxFF
w = Ox4F
Atfter Instruction
OPTION=  Ox4F
w =  Ox4F
NOP No Operation
Syntax: [label] NOP
Operands: None
Operation: No operation
Status Affected:  None
Description: No operation.
Words: 1
Cycles: 1
Example: NOP
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RETFIE Return from Interrupt
Syntax: [label] RETFIE
Operands: None
Operation: TOS — PC,
1> GIE
Status Affected:  None
Description: Return from Interrupt. Stack is
POPed and Top-of-Stack (TOS)
is loaded in the PC. Interrupts
are enabled by setting Global
Interrupt Enable bit, GIE
(INTCON<7>). This is a
two-cycle instruction.
Words: 1
Cycles: 2
Example: RETFI E
After Interrupt
PC = TOS
GE= 1
RETLW Return with literal in W
Syntax: [label] RETLW k
Operands: 0<k<255
Operation: k — (W);
TOS —» PC
Status Affected:  None
Description: The W register is loaded with
the eight-bit literal ‘k’. The
program counter is loaded from
the Top-of-Stack (the return
address). This is a two-cycle
instruction.
Words: 1
Cycles: 2
Example: CALL TABLE; W cont ai ns
;tabl e of fset
;val ue
GOTrO DONE
TABLE .
ADDWF PC ; W= of fset
RETLW k1 ;Begin table
RETLW k2 ;
RETLWkn ;End of table
DONE

Before Instruction

W = 0x07
After Instruction
W = value of k8

RETURN Return from Subroutine
Syntax: [label] RETURN
Operands: None
Operation: TOS —» PC
Status Affected:  None
Description: Return from subroutine. The stack
is POPed and the Top-of-Stack
(TOS) is loaded into the program
counter. This is a two-cycle
instruction.
RLF Rotate Left f through Carry
Syntax: [label RLF fd
]
Operands: 0<f<127
d e [0,1]
Operation: See description below
Status Affected: C
Description: The contents of register ‘f’ are
rotated one bit to the left through
the Carry flag. If ‘d’ is ‘0’, the
result is placed in the W register.
If ‘d’ is ‘1’, the result is stored
back in register f".
Words: 1
Cycles: 1
Example: RLF REGL, 0
Before Instruction
REGL = 1110 0110
C = 0
After Instruction
REGL = 1110 0110
w = 1100 1100
C = 1
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RRF Rotate Right f through Carry
Syntax: [label] RRF fd
Operands: 0<f<127
d e [0,1]
Operation: See description below
Status Affected: C
Description: The contents of register ‘f’ are
rotated one bit to the right through
the Carry flag. If ‘d’ is ‘0’, the
result is placed in the W register.
If ‘d’ is ‘1’, the result is placed
back in register ‘f".
SLEEP Enter Sleep mode
Syntax: [label] SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT prescaler,
170,
0—>PD
Status Affected: ~ TO, PD
Description: The power-down STATUS bit,
PD, is cleared. Time-out STATUS
bit, TO, is set. Watchdog Timer
and its prescaler are cleared.
The processor is put into Sleep
mode with the oscillator stopped.
SUBLW Subtract W from literal
Syntax: [label ] SUBLW k
Operands: 0<k<255
Operation: k- (W)—> (W)
Status Affected: C, DC, Z
Description: The W register is subtracted (two’s

complement method) from the
eight-bit literal ‘k’. The result is
placed in the W register.

Result Condition
C=0 W >k
Cc=1 W<k
DC=0 W<3:0> > k<3:0>
DC=1 W<3:0> < k<3:0>

SUBWF Subtract W from f
Syntax: [label] SUBWF fd
Operands: 0<f<127
d e[0,1]
Operation: (f) - (W) — (destination)
Status Affected: C, DC, Z
Description: Subtract (two’s complement
method) W register from register ‘f.
If ‘d’ is ‘0’, the result is stored in the
W register. If ‘d’ is ‘1’, the result is
stored back in register f".
Cc=0 W>f
c=1 W<f
DC=0 W<3:0> > f<3:0>
DC=1 W<3:0> < <3:0>
SWAPF Swap Nibbles in f
Syntax: [label] SW APF f,d
Operands: 0<f<127
d e[0,1]
Operation: (f<3:0>) — (destination<7:4>),
(f<7:4>) — (destination<3:0>)
Status Affected: None
Description: The upper and lower nibbles of
register ‘f’ are exchanged. If ‘d’ is
‘0’, the result is placed in the W
register. If ‘d’ is ‘1’, the result is
placed in register ‘f".
XORLW Exclusive OR literal with W
Syntax: [label] XORLW k
Operands: 0<k<255
Operation: (W) . XOR. k —> (W)
Status Affected: z
Description: The contents of the W register

are XOR’ed with the eight-bit
literal ‘k’. The result is placed in
the W register.
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XORWF Exclusive OR W with f
Syntax: [label] XORWF fd
Operands: 0<f<127

d e[0,1]
Operation: (W) .XOR. (f) — (destination)
Status Affected: Z
Description: Exclusive OR the contents of the

W register with register . If ‘d’ is
‘0’, the result is stored in the W
register. If ‘d’ is ‘1’, the result is
stored back in register f'.

© 2014 Microchip Technology Inc.
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30.0 IN-CIRCUIT SERIAL

PROGRAMMING™ (ICSP™)

ICSP a llows c ustomers to manu facture circuit boa rds
with unprogrammed devices. Programming can be done
after the assembly process, allowing the device to be
programmed with the most recent firmware or a custom
firmware. Five pins are needed for ICSP programming:
ICSPCLK

ICSPDAT

+ MCLR

Vbb

* Vss (Agnp)

In Program/Verify mode, the Program Memory, User IDs
and the C onfiguration W ords are programmed through
serial communi cations. Th elC SPDAT pin is a
bidirectional I/O used for transferring the serial data and
the ICSPCLK pin is the clock input. The device is placed
into a Program/Verify mode by holding the ICSPDAT and
ICSPCLK pinslow, while raising he MCLR pin from V_to

ViHH-

FIGURE 30-2:

30.1

Connection to a target device is typically done through
an IC SP he ader. Ac ommonly fou nd c onnector o n
development tools is the RJ-11 in the 6 P6C (6-pin, 6-
connector) configuration. Refer to Figure 30-1.

Common Programming Interfaces

FIGURE 30-1: ICD RJ-11 STYLE

CONNECTOR INTERFACE

® e |CSPDAT
Vpp—__ 2 4/6_-NC
0%%Z —ICSPCLK

/1 3% Target
MCLR ss

PC Board
Bottom Side

Pin Description*
1=MCLR

2 =Vpp Target

3 = Vgg (Ground)
4 = |CSPDAT
5=ICSPCLK

6 = No Connect

Another connector often found in use with the PICkit™

programmers is a standard 6-pin header with 0.1 inch
spacing. Refer to Figure 30-2.

PICkit™ STYLE CONNECTOR INTERFACE

>

Pin 1 Indicator

OO WN -

* The 6-pin header (0.100" spacing) accepts 0.025" square pins.

Pin Description*
1=MCLR

2 =\Vpp Target

3 =Vss (Aenp)
4 = ICSPDAT

5 =ICSPCLK

6 = No Connect

© 2014 Microchip Technology Inc.
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For additional interface recommendations, refer to your
specific d evice p rogrammer manual p rior to PC B
design.

Itis recommended that is olation devices be used to
separate the pro gramming pins from ot her c ircuitry.
The type of isolation is highly dependent on the specific
application and may include devices such as resistors,
diodes or even jumpers. Refer to Figure 30-3 for more

information.
FIGURE 30-3: TYPICAL CONNECTION FOR ICSP™ PROGRAMMING
External
Programming Vbb Device to be
Signals T programmed
VDD VDD
Vpp MCLR
VSS VSS
Data ICSPDAT
Clock ' ICSPCLK

To Normal Connections

* Isolation devices (as required).
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31.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers (MCU) and d sPIC® digital
signal controllers (DSC) are supported with a full range
of software and hardware development tools:
* Integrated Development Environment

- MPLAB® X IDE Software
« Compilers/Assemblers/Linkers

- MPLAB XC Compiler

- MPASM™ Assembler

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

- MPLAB Assembler/Linker/Librarian for
Various Device Families

» Simulators
- MPLAB X SIM Software Simulator
* Emulators
- MPLAB REAL ICE™ In-Circuit Emulator
* In-Circuit Debuggers/Programmers
- MPLABICD 3
- PICkit™ 3
* Device Programmers
- MPLAB PM3 Device Programmer

* Low-Cost Demonstration/Development Boards,
Evaluation Kits and Starter Kits

 Third-party development tools

31.1 MPLAB X Integrated Development
Environment Software

The MPLAB X IDE is a single, unified graphical user
interface for M icrochip an d th ird-party so ftware, and
hardware de velopment to ol that runs on Win dows®,
Linux and Mac OS® X. Based on the NetBeans ID E,
MPLAB X IDE is an entirely new IDE with a host of free
software ¢ omponents an d pl ug-ins for
high-performance app lication developmentan d
debugging. Moving between tools and upgrading from
software s imulators to ha rdware debugging an d
programming tools is simple with the seamless user
interface.

With complete project management, visual call graphs,
a configurable watch window and a feature-rich editor
that i ncludes code ¢ ompletion an d ¢ ontext me nus,
MPLAB X ID E is flexible and friendly enough for new
users. With the ab ility to su pport mu ltiple tools on
multiple projects with simultaneous debugging, MPLAB
X IDE is also suitable for the needs of ex perienced
users.

Feature-Rich Editor:

+ Color syntax highlighting

* Smart code completion makes suggestions and
provides hints as you type

» Automatic code formatting based on user-defined
rules

* Live parsing
User-Friendly, Customizable Interface:

* Fully customizable interface: toolbars, toolbar
buttons, windows, window placement, etc.

+ Call graph window

Project-Based Workspaces:

» Multiple projects

» Multiple tools

» Multiple configurations

+ Simultaneous debugging sessions

File History and Bug Tracking:

* Local file history feature
+ Built-in support for Bugzilla issue tracker

© 2014 Microchip Technology Inc.

DS20005281A-page 207



MCP19114/5

31.2 MPLAB XC Compilers

The M PLAB XC Com pilers are ¢ omplete ANSI C
compilers for all of Microchip’s 8, 16, and 32-bit MCU
and D SC devices. The se compilers provide p owerful
integration capabilities, superior code optimization and
ease of use. MPLAB XC Compilers run on Windows,
Linux or MAC OS X.

For easy source level debugging, the compilers provide
debug information that is optimized to th e MPLAB X
IDE.

The fre e M PLAB XC C ompiler ed itions su pport al |
devices an d commands, w ith no tim e or me mory
restrictions, and offer sufficient code opti mization for
most applications.

MPLAB XC Compilers include an assembiler, linker and
utilities. T he as sembler ge nerates relocatable o bject
files that can then b e arc hived or li nked w ith oth er
relocatable object files an d ar chives to create an
executable fi le. M PLAB XC C ompileruse sth e
assembler to produce its object file. Notable features of
the assembler include:

» Support for the entire device instruction set

» Support for fixed-point and floating-point data
» Command-line interface

» Rich directive set

» Flexible macro language

* MPLAB X IDE compatibility

31.3 MPASM Assembler

The MP ASM Assembiler is a full -featured, un iversal
macro assembler for PIC10/12/16/18 MCUs.

The MPASM As sembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP file s to detail memory usage and symbol
reference, absolute LST files that contain source lines
and g enerated m achine co de, and C OFF fil es for
debugging.

The MPASM Assembler features include:

* Integration into MPLAB X IDE projects

+ User-defined macros to streamline
assembly code

+ Conditional assembly for multipurpose
source files

+ Directives that allow complete control over the
assembly process

31.4 MPLINK Object Linker/
MPLIB Object Librarian

The M PLINK O bject L inker c ombines relocatable
objects created by the MPASM Assembiler. It can link
relocatable ob jects fro m p recompiled li braries, us ing
directives from a linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the ap plication. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:
« Efficient linking of single libraries instead of many
smaller files

* Enhanced code maintainability by grouping
related modules together

* Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

31.5 MPLAB Assembler, Linker and
Librarian for Various Device
Families

MPLAB As sembler p roduces re locatable m achine
code from sy mbolic as sembly la nguage for PIC24,
PIC32 and dsPIC DSC devices. MPLAB XC Compiler
uses the as sembler to pro duce its object file. The
assembler ge nerates relocatable object files that can
then be archived or linked with other relocatable object
files and archives to create an executable file. Notable
features of the assembler include:

» Support for the entire device instruction set

» Support for fixed-point and floating-point data
* Command-line interface

* Rich directive set

» Flexible macro language

* MPLAB X IDE compatibility
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31.6 MPLAB X SIM Software Simulator

The MPLAB X SIM Sof tware Si mulator all ows c ode
development in a P C-hosted environment by simulat-
ing the PIC MCUs and dsPIC DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the po wer of
the simulator to record and track program exe cution,
actions on I/O, most peripherals and internal registers.

The MPLAB X SIM Software Simulator fully supports
symbolic debugging using the MPLAB XC Compilers,
and the MPASM and M PLAB Ass emblers. The so ft-
ware s imulator o ffers the fl exibility to develop an d
debug code outside of the hardware laboratory e nvi-
ronment, making it an excellent, economical software
development tool.

31.7 MPLAB REAL ICE In-Circuit
Emulator System

The MPLAB REAL ICE In-Circuit E mulator System is

Microchip’s nex t gene ration high-speed emu lator for

Microchip Flash DSC and MCU devices. It debugs and

programs all 8, 16 and 32-bit M CU, and D SC devices

with the easyto-use, powerful graphial user interface of
the MPLAB X IDE.

The emu lator is connected to th e design engineer’s
PC usingah igh-speed U SB2.0interfaceandis
connected to th et argetw ith eitheraco nnector
compatible with in-circuit debugger sy stems (RJ-11)
orw ith the newhi gh-speed, no ise tolerant,
Low-Voltage D ifferential Si gnal ( LVDS)
interconnection (CAT5).

The emulator is field upgradeable through future firm-
ware downloads in MPLAB X ID E. MPLAB REAL ICE
offers significant advantages over conpetitive emulators
including full-speed emulatio n, run-time variable
watches, trac e an alysis, c omplex breakpoints, | ogic
probes, a ruggediz ed probe i nterface and | ong (up to
three meters) interconnedion cables.

31.8 MPLAB ICD 3 In-Circuit Debugger
System

The M PLAB | CD 3 In -Circuit Debugger Sys temi s
Microchip’s most cost-effective, high-speed hardware
debugger/programmer for M icrochip Flash DSC and
MCU devices. It de bugs and programs PIC Flash
microcontrollers and ds PIC D SCs with the powerful,
yet easy-to-use graphical user interface of the MPLAB
IDE.

The MP LAB IC D 3 In-C ircuit D ebugger pro bei s
connected to th e d esign e ngineer's PCu sing a
high-speed USB 2.0 interface and is connected to the
target with a ¢ onnector c ompatible with the M PLAB
ICD 2 or MPLAB REAL ICE systems (RJ-11). MPLAB
ICD 3 supports all MPLAB ICD 2 headers.

31.9 PICkit 3 In-Circuit
Debugger/Programmer

The M PLABPIC kit3a llowsde buggingan d
programming of PIC and dsPIC Flash microcontrollers
at am ost af fordable p rice p oint us ing th e po werful
graphical us er interface of the MP LAB IDE. The
MPLAB PICkit 3 is connected to the design engineer’s
PC usi ng a ful I-speed U SB interface and ca n be
connected to the target via a Microchip debug (RJ-11)
connector (compatible with MPLAB ICD 3 and MPLAB
REAL ICE). Th e connector uses two device I/O pins
and the Reset line to implement in-circuit de bugging
and In-Circuit Serial Programming™ (ICSP™).

31.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage ve rificationatV  ppynand V ppuaxfo r
maximum reli ability. It features a | arge LC D display
(128 x 64) form enus and erro r messages, and a
modular, detachable soc ket as sembly to su pport
various package types. The IC SP cable assembly is
included as a standard item. In Stand-Alone mode, the
MPLAB PM3 Device Programmer can read, verify and
program PIC devices without a PC connection. It can
also set code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized al gorithms for quick programming of large
memory devices, and incorporates an MMC card for file
storage and data applications.

© 2014 Microchip Technology Inc.
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31.11 Demonstration/Development
Boards, Evaluation Kits, and
Starter Kits

A w ide v ariety of d emonstration, de velopment an d
evaluation boards for v arious PIC MCUs and ds PIC
DSCs allows quick app lication development on fully
functional sy stems. M ost bo ards in clude prot otyping
areas fo rad dingc ustom c ircuitry a nd pro vide
application firmware and source code for examination
and modification.

The boards support a variety of fedures, induding LEDs,
temperature s ensors, sw itches, s peakers, R S-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The d emonstration and de velopment boards canbe
used in teaching environments, for prototyping custom
circuits and for | earning about various microcontroller
applications.

In additont oth e P ICDEM™ and dsP ICDEM™
demonstration/development board ser ies of circuits,
Microchip has a lin eof evalu ationki tsan d
demonstration so ftware f or analog fi Iter de sign,
KeeLoQ® security ICs , CAN, IrDA®, Pow erSmart
battery man agement, S EEVAL® ev aluation sy stem,
Sigma-Delta ADC, flow rate sensing, plus many more.

Also available are starter kits that contain ev erything
needed to experience the specified device. This usually
includes a s ingle application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for th e complete list o f de monstration, de velopment
and evaluation kits.

31.12 Third-Party Development Tools

Microchip al so offers a great collection of tools from
third-party vendors. These tools are carefully selected
to offer good value and unique functionality.

» Device Programmers and Gang Programmers
from companies, such as SoftLog and CCS

» Software Tools from companies, such as Gimpel
and Trace Systems

* Protocol Analyzers from companies, such as
Saleae and Total Phase

» Demonstration Boards from companies, such as
MikroElektronika, Digilent® and Olimex

* Embedded Ethernet Solutions from companies,
such as EZ Web Lynx, WiZnet and IPLogika®
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32.0 PACKAGING INFORMATION

32.1 Package Marking Information

24-Lead QFN (4x4x0.9 mm) (MCP19114 only) Example
CIT LT LT LI LITLJd CIT LTI LT LI LI LT
B E B E
v, @ XXXXX | el @ doma
L L H E/MJ(e3 Y
> XXXXXX ¢ S :
ol i q 256 r
1 (. -} (.
- XXXXXY - : :
1 (. -} (.
* YWWNNN: : r
-} (= -} (=
1 1 r1r3rc3rc3 r1rarararairc3a
28-Lead QFN (5x5x0.9 mm) (MCP19115 only) Example

PIN 1—/ F) @ PIN 1—/ F) @

XXX © ens
XXXXXXX e
XXXXXXX
YYWWNNN

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
Ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried o verto t he next line, t hus | imiting the number o f available
characters for customer-specific information.
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24-Lead Plastic Quad Flat, No Lead Package (MJ) — 4x4x0.9 mm Body [QFN]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

D EXPOSED | -—— D2 —»]
PAD
|
1
I
| *
E E2
i -t A
AN
I///// /////// 2 2
YA
4 770 %
TOP VIEW NOTE 1 BOTTOM VIEW
1] | A
A S o Ny
A3 j_ A1 ]
Units MILLIMETERS
Dimension Limits|  MIN [ NOM | MAX
Number of Pins N 24
Pitch e 0.50 BSC
Overall Height A 0.80 0.85 0.90
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 4.00 BSC
Exposed Pad Width E2 240 | 250 [ 260
Overall Length D 4.00 BSC
Exposed Pad Length D2 2.40 2.50 2.60
Contact Width b 0.20 0.25 0.30
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - -
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y 14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-143A
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24-L ead Plastic Quad Flat, No Lead Package (MJ) - 4x4 mm Body [QFN]

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

C1
W2

r-=H00000)-

-1

il
il
.
I_I —

m

UL

000

n:

SIS

SILK SCREEN
RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits| MIN | NoM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width W2 2.60
Optional Center Pad Length T2 2.60
Contact Pad Spacing C1 3.90
Contact Pad Spacing C2 3.90
Contact Pad Width X1 0.30
Contact Pad Length Y1 0.85

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2143B
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28-Lead Plastic Quad Flat, No Lead Package (MQ) — 5x5x0.9 mm Body [QFN]

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

B

I
|
(DATUM A) —\:

T7 g Y
(DATUM B) — l‘///////////////// ,
PSR 7
V////// 7 1
AJo.1o[c i"//.//%/ : /
! N \_
2X NOTE 1
(& ]o10]c TOP VIEW
A
r //0.10]cC
1 |
SEATING PLANE 0 O I o o _/___T___]_
28X
v wd P L e
SIDE VIEW
EXPOSED PAD D2 [4o.108]c]A]B]
<~} — NOTE 1
[©-[o.100[c|[A[B] X
D &Y 1
(DATUMA) = 1, IE
D __
E2 B- __T
(DATUM B) g 28X K
£ r

28X L —f 28X b

0.100|[c[A[B]
¢ 0.0s(M|C

BOTTOM VIEW

Microchip Technology Drawing C04-140B Sheet 1 of 2
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28-Lead Plastic Quad Flat, No Lead Package (MQ) — 5x5x0.9 mm Body [QFN]

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

Dimension Limits|  MIN [ NOM | MAX
Number of Pins N 28
Pitch e 0.50 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 5.00 BSC
Exposed Pad Width E2 345 | 325 | 335
Overall Length D 5.00 BSC
Exposed Pad Length D2 3.15 3.25 3.35
Contact Width b 0.18 0.25 0.30
Contact Length L 0.35 0.40 0.45
Contact-to-Exposed Pad K 0.20 - -

Notes:

1.

2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Pin 1 visual index feature may vary, but must be located within the hatched area.

Microchip Technology Drawing C04-140B Sheet 2 of 2
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28-Lead Plastic Quad Flat, No Lead Package (MQ) — 5x5 mm Body [QFN] Land Pattern
With 0.55 mm Contact Length

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

| - |
| W2 |
i [ } |:| |:| |:| |:| |:| |: [ — E
I I
L[] LI 1—
c2 1] ]
N — ]
L]
X1 —>| | ———
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN__ | NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width W2 3.35
Optional Center Pad Length T2 3.35
Contact Pad Spacing C1 4.90
Contact Pad Spacing C2 4.90
Contact Pad Width (X28) X1 0.30
Contact Pad Length (X28) Y1 0.85

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-2140A
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APPENDIX A: REVISION HISTORY

Revision A (March 2014)

+ Original Release of this Document.
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Baud Rate Generator............cccoiiiiiiiiecieiccecees 188
Capture Mode Operation ........cccccoeeeevieeeeeeieiciiieennnn. 147
Compare Mode Operation ...........ccceecveiiinieenecenen. 148
INterrupt LOGIC .....oovveeiieiieiie e 92
MCP19114/5 Flyback Synchronous Quasi-Resonant. 10
Microcontroller Core..........coieiiiiiiieiiee e 12

MSSP (12C Master Mode) .............ocowrvrereereerresnes
MSSP (12C Slave Mode) .........o..ovoeoeeoeeeeeeeee.
On-Chip Reset Circuit.........ccceeeveiiiiiiiiee e
Pulse-Width Modulation (PWM) ... .
Recommended MCLR Circuit..........cccoovvveiiiniennnenen
TIMEI0 ..o
TIMErT (o
TIMEI2 e
Watchdog Timer with Shared Prescale .. .
Brown-out Reset (BOR)........ccuveviiiiiiiiiiiiiiieceeeee e 85

C

C Compilers
MPLAB XC ..ottt 208
Calibration Word Registers
CALWD1 (Calibration Word 1) ........cocoeeveeiiieenienicinens 59
CALWD10 (Calibration Word 10) .... .... 66
CALWD?2 (Calibration Word 2)
CALWD3 (Calibration Word 3)
CALWD4 (Calibration Word 4)
CALWDS5 (Calibration Word 5)
CALWDG (Calibration Word 6)
(
(
(

CALWD?7 (Calibration Word 7)
CALWDS8 (Calibration Word 8)
CALWDS9 (Calibration Word 9)
Capture Mode
Block Diagram ........c.ccoviiiiiiniiieieeeeee e 147
Capture/Compare (CCD) Module
Capture Mode..........cocveiiiiiiiiiie e 147
CCP1IF .. 147
CCX Pin Configuration ...........cccceceeiiineiceenns 147
Prescaler ..o 147
Software Interrupt.........cccoeeviiieiiiiiee e 147
Timer1 Mode Selection...........cccoooeeiiieriinenn. 147
Compare Mode

CMPX Pin Configuration
Software Interrupt..........
Special Event Trigger ....
Timer1 Mode Selection.. .
REGISTEN ...
CCDCON REQISter......uvieeiiie et
Clock SWItChiNg .....cooiiiiieiie e
Code Example
Indirect AddresSsing ........ccoeveveivieieeeeiiiiiieee e 78
Code Examples
A/D CONVEISION ...eeiiiiiiieiiieeeeiiee e
Assigning Prescaler to TimerO...
Assigning Prescaler to WDT
Initializing PORTGPA ..o
Saving Status and W Registers in RAM ..................... 98
Compare Mode
Block Diagram .........cooociiiiiiiieiieee e
Computed Function Calls ..........ccccveeevireeiiee e
Computed GOTO.....cciiiiiiiie it
Configuration Word...........ccccoiiiiiiiiniiie e
Registers Associated with Clock Sources ....
with Watchdog Timer..........cccooeiiiiiiennns .
CUIMTENE SENSE...iiiiiiiii et
Customer Change Notification Service...........cccccvevcvveennes
CUSTOMEr SUPPOIt.....eeieeiiiiee it
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D
Data Memory
Core Registers...............
STATUS Register
General Purpose Registers
MAD <.
Organization.........cccccevveeneeene .
Special Function Registers ...........ccccovvveeiiieinnnes
DC and AC Characteristics ...........cceeveeeiienieeieeneeneeeen 53
Graphs and Tables ........cccccoviiiiiiiiiic e, 53
DEADCON REQISter.....cccociiiiiiiiieeiiieeeeee e
DESATCON Register .
Desaturation Detection for Quasi-Resonant Operation....... 41
Development SUPPOrt .......c.vvveiieeeeriieee e 207
Device Calibration ............ccoo oo 59
CALWD1 (Calibration Word 1)........cccovvveiiiinicineene 59
CALWD10 (Calibration Word 10)..
CALWD2 (Calibration Word 2)
CALWD3 (Calibration Word 3)
CALWD4 (Calibration Word 4)..
CALWDS5 (Calibration Word 5)..
CALWDS6 (Calibration Word 6)..
CALWD?7 (Calibration Word 7) ........cccovveeineeneniieenn 63
CALWDS (Calibration Word 8).........cccceovereriicnrennnnns 64
CALWD?9 (Calibration Word 9).. ....65
Device Configuration...........c.cccoveeiieiniiicenecceeee 37,79
Code Protection ..o 80
Configuration Word ... 79
ID LoCationS .......cccoeiiiiiiiiiciicicc 80
Write Protection
Device OVEIVIEW .......cccooiiiiiiiiiiiieiie et 9
Digital Electrical Characteristics............cccceevvveiviieeniieeenns 29
Direct AddresSing......c..oeeieeriiieie e 78
Driver Control CirCUitry ........coooiiieiiee e 20
E
Electrical Characteristics............cccccoiviiiiiiiiiiiic 22
Errata ..o 7
External Clock
THMING ce e 30
Timing Requirements ...........ccoovvveiiiiieniieceecc e 30
F
FEAIUIES ... 1
I2C INEEITACE ...
Microcontroller ....
Timer0 Module ..o
Timer1 Module ..o
File Select Register. See FSR
Firmware INStructions ..........cooooiiiiii e 195
Flash Program Memory
CONtrol ..o 103
Operation During Code Protect...........cccccueee.. 107
Operation During Write Protect... ..107
Protection Against Spurious Write . .. 107
Registers........coccvieeiiiieiieece, .. 104
REAAING .....eiiiiiiiiiiee e 106
WIING 0 .. 107
FSR
REGISEN.....eiiiiiii e 77
G
General Purpose Register. See GPR
GPR
REGISEr ... 68

I
110
POIES <. 109
12C Interface
Features ..., 153
12C Mode (MSSP)
Acknowledge Sequence...........c.ccoecveiieniiinnieeceeeeee.
Acknowledge Sequence Timing ...
Associated Registers..........cccccoooieiiniiinic i,
Bus Collision
During a Repeated Start Condition................... 185
During a Start Condition
During a Stop Condition
Effects of aReset ...
12C Clock Rate WBRG..........cc.crvverrrerreeereeesenennnes
Master Mode.........ccueieiieiiee e
Clock Arbitration ...
OPeration ........ccceeeveeiieiieesee e
Reception ...
Repeated Start Condition Timing . 176
Start Condition Timing..... .. 175
TranSMISSION .....c.ueeieiiieeeie e 177
Multi-Master Communication, Bus Collision
and Arbitration ... 182
Multi-Master Mode . .. 182
(O] 01=T 1= 111 o USSR 156
OVEIVIEW ...ttt 154
Read/Write Bit Information (R/W Bit) .ceeeieieiee 158
Slave Mode
10-bit Address Reception .........cccccceeeceiriceinene 168
Bus ColliSioN.......ccooueieiiieecee e 164
Clock Stretching .......eeveeiiieiiiicceeeceeee 172
Clock Synchronization ...........ccccceceeiiiiniennenne 172
General Call Address Support..........cccocuvevvenne 173
Operation
SSPMSK1 Register .......ccccooivmiiiiieniiniecieeens 173
TranSMISSION ....cc.ueeivieie e
Sleep Operation............
Stop Condition Timing
ICLEBCON Register .............
ICOACON REQGISter.....eiiiiiiiiiiiie et
In-Circuit Serial Programming (ICSP)........ccccceeiiiniicennene 205
Common Programming Interfaces............cccceveenee. 205
INDF

Undervoltage Lockout...........ccoeviiiiiiieiniiic e, 37
Instruction Format...........cccooiiiiiiiiii e 195
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SWAPKF ..o 202
XORLW .ttt 202
XORWEF .t 203
INTCON REQISLEN ....eeeiiieeeciiiee et 93
Internal Sampling Switch (Rgg) Impedance .. .
Internet AdAress .......c.ooouiiiiriiiie e
Interrupt-on-Change ...
Associated Registers .....
Clearing Interrupt Flags..
Enabling the Module .........
Individual Pin Configuration ............cccccceveirniinninennnn.
Operation in SIEEP ......cccueeiiiiiieiiiiee e 119
REGISLEIS ... 120
Interrupts
ADC e 128
Associated Registers .........cccocveiiiiiniiieii e 98
Configuration Word w/ Clock Sources ..........ccoceeueee. 82
Context Saving
Control RegiSters .........cccoeviieiiiiieeiee e 93
GPAZ/INT ..t 91
TIMET0 .ot 136
TIMErT Lo 138
IOCA Register ..
IOCB REGISTEN ...t 120
L
Leading Edge BlanKing ..........cccccocviiiiniiiniienicceceeeeee 43
Linear ReQUIALOrS ........cocueiiiiiiiiiceecceec e 19
M
Magnetic Desaturation Detection ............cocccevviieiiiieenen. 19

Master Synchronous Serial Port. See MSSP

Program .......cccccevvieennne
Microchip Internet Web Site ...
Mode and RFB MUX Control..
MODECON RegiSter .......cueviiiiiiiiiiieciiceeee e
MOSFET ..t

Driver

Dead TiMe....oueee e
Programmable Dead Time
Undervoltage Lockout Selection ............cccceevenee 49
Gate Driver Enables ..........ccccooiiiiiiiiiiiiiecceee 48

MPLAB Assembler, Linker, Librarian .............cccccovcveeennnen. 208
MPLAB ICD 3 In-Circuit Debugger System ...................... 209
MPLAB Integrated Development Environment Software .. 207
MPLAB PM3 Device Programmer .........ccccccoccveeerineeennnnn. 209
MPLAB REAL ICE In-Circuit Emulator System

MPLAB X SIM Software Simulator............cccccceeciinienneene
MPLINK Object Linker/MPLIB Object Librarian

Baud Rate Generator.............c.ccccoc....
Block Diagram (1°C Master Mode)
Block Diagram (I2C Slave Mode).......
Clock Stretching.........cooveiiiiiiiiiee e
[2C BUS TEIMS ..o eeeeeeee e
I2C Master Mode...

I°C Mode Operation...............
I2C Slave Mode Operation ........ccccceeeeeeeieiiiiieee e
OVEIVIEW ..ot

o

OPCODE Field Descriptions..........ccccvevuirnieenieenienreeeeenn 195

OPTION_REG Register...... .76

Oscillator..........cccveevueeennee
Associated Registers .. .
Calibration..........cooiiiiii 81
Delay Upon Base Frequency Change ............cccccue... 82
Delay Upon Power-up .
Delay Upon Wake-up.........ccceeviiieniiiiesiiieece e
Frequency TUNING .......cooiiiiiiiie e
Internal ..................

OSCTUNE Register

Output

Drive CirCUItry .....ccoooiiiiiiiiiiiecee e 19
OVErvoRagEe .....ooeieiiieiieeeee e 39
OVCON Register .......... .39
OVREFCON Register ... .39
Protection...................... .39
Ty P et s 13
Output Regulation Reference Voltage Configuration.......... 46
OVCON REJISET ...ttt 39
Overvoltage Lockout
INPUL e 37
OVREFCON REGISIEr ......oociiiiiiiiiiciieieeee e 39
P
Packaging .....co.ueveiiiiieeieie e
Marking ....cooooeiieeiee e
Specifications.
PCL e s
MOAIfYING .eeeeiiieee e
PCLATH .o
PCON REQGISIEr ..ot

PE1 Register
Peak Current Mode
PICkit 3 In-Circuit Debugger/

PICKkit 3 In-Circuit Programmer...........ccccceeviveennnnenn. 209
PIE1 Register... .
PIE2 ReGISter.....ciiiiiiiiiiiie e
Pin Diagram

24-Pin QFN ..o 2

28-PIN QFN ..o 4
Pinout Description

SUMMAY .o 3,5

Table ..o 13
PIRT REGISIEN.....ciiiiiiiiiiiiecieee e 96
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PIR2 REGISEr ...ttt 97
PMADRH Re@ISter ........coiiiiiiiiieiiecceieeeeseee 103, 105
PMADRL Register-....
PMCON1 ReQIStEr ....ccuviiiiiiiiiiie e 103, 105
PMCON2 REJISLEN ...ttt 103
PMDATH Register.... ..104
PMDATL REQISTEr ...veiiieeeiiiiieee e 104
PORTGPA......ceeieeiins .109, 119
ANSELA REJIStEN ..o 110
Associated Registers .........ccoecvieieeeeiiiiiiiieee e 113
Functions and Output Priorities.. .. 110
Interrupt-on-Change.. ..109
OUPUL Priority ..oovveeecie e 110
RegISter....eeiieieieee e 109, 111
Weak PUll-UPS ... 109
PORTGPB........cccovvveenee .114, 119
ANSELB REGIStEr .....ccvvvveeiiieeiiiee e 114
Associated Registers ............. L7
Functions and Output Priorities..........ccccccceveeviieennns 115
Interrupt-on-Change.........ccccceeeeueieeiiiie e 114
Output Priority
RegISter....oeiii e
Weak PUll-UPS ... 114
Power-Down Mode (Sleep) .. ...99
Associated Registers .... ..100
Power-on Reset (POR)...... ....84
Power-up Timer (PWRT).....cooiiiiiieeiee e 86
Primary Input Current Offset Adjust ...........occceviiiieineennenne 42

Program Memory
Map and Stack (MCP19114)..
Organization.........cccccevveeneenne .
Protection ...
Programming, Device InStructions ............cccccoevveeiiieennnns
Pulse-Width Modulation
COoNtrol LOGIC ...ttt 151
Pulse-Width Modulation. See PWM

Associated Registers ..........ccccocveiiiieiniieieee, 145
Control Logic .
DUty CYCle ..o

Enhanced Module ... 143

Fixed Frequency........... ....20
Operation During Sleep ... .. 145
Output .o 144
Period......ocoiiiiii e 144
Requirements...........ocoeoiiiiiiciie e 34
Simplified Diagram.... ..144
Stand-alone Mode...... .. 143
Standard Mode ...... .. 143
SEEEMNG .ttt 48
Switching Frequency Synchronization Mode ............ 143
Timing Diagram..........ccooeiiiieiiieeeeeee e 34

R

Read-Modify-Write Operations...........ccccocvveienieniiiecieene. 195

Registers
ABECON (Analog Block Enable Control).................... 49
ADCONO (A/D Control 0) .......ccceeeerieeiienieeieeseeee 129
ADCONO (Analog-to-Digital Control) ...........c.cccceeeueeen. 57
ADCON?1 (A/D Control 1) .
ADRESH (ADC Result High) ......ccocoveiiiiiiiniciee 130
ADRESL (ADC Result LOW).......cccocviiiiiiiiiienieeee 130
ANSELA (Analog Select GPA)..........cccccooiiiiiiiienen. 112
ANSELB (Analog Select GPB).........cccccecieniiniiienne. 117
CALWD1 (Calibration Word 1)
CALWD10 (Calibration Word 10).........cccceeiiiiiiinnns 66

CALWD?2 (Calibration Word 2)
CALWD3 (Calibration Word 3)
CALWD4 (Calibration Word 4)
CALWDS5 (Calibration Word 5)
CALWDS6 (Calibration Word 6)
CALWD? (Calibration Word 7)
CALWDS8 (Calibration Word 8)
CALWD? (Calibration Word 9)
CCDCON (Dual Capture/Compare Control Module) 149

CONFIG (Configuration Word) ..........ccccvveevvereeiiieenns 79
DEADCON (Driver Dead Time Control)...........c.......... 45
DESATCON (Desaturation Comparator Control) ....... 41
FSR (File Select Register)........cccccoiieniiiiiiniiniieen. 77
General Purpose Register..........cccccooieiiiiiinieinnes 68
ICLEBCON (Input Current Leading Edge Blanking
CONLION) .t 43
ICOACON (Input Current Offset Adjust Control)........ 42
INDF L 77
INTCON (Interrupt Control).........ccceeriiriiiniinnieiieene 93
IOCA (Interrupt-on-Change PORTGPA)................... 120
I0CB (Interrupt-on-Change PORTGPB).................. 120
MODECON (Master/Slave and RFB MUX Control).... 51
OPTION_REG (OPtioN) ..c.eeeveeeeeiereeeeeseeee e 76
OSCTUNE (Oscillator Tuning).......cccccevveeernieeennneeenns 81
OVCON (Output Overvoltage Comparator Control) ... 39
OVREFCON (Output Overvoltage Detect Level)........ 39
PCON (Power Control) ........cccceevieeiniieenieeeieen. 86, 89
PE1 (Analog Peripheral Enable1 Control)................... 48
PIE1 (Peripheral Interrupt Enable 1)............. ... 94

PIE2 (Peripheral Interrupt Enable 2)...

PIR1 (Peripheral Interrupt Flag 1).... ... 96
PIR2 (Peripheral Interrupt Flag 2).......c.ccccovvvvviinnenen. 97
PMADRH (Program Memory Address High) .... 103, 105
PMADRL (Program Memory Address Low)...... 103, 104
PMCON1 (Program Memory Control 1)............ 103, 105
PMCON2 (Program Memory Control 2).................... 103
PMDATH (Program Memory Data High) .................. 104
PMDATL (Program Memory Data Low).................... 104
PORTGPA .....oooiiiiiiieiee e ... 109, 111
PORTGPB ......ooiiiieiieciee e 114,115
SLPCRCON (Slope Compensation Ramp Control).... 44
Special FUNCHON ........ooooiiiiiiiiiiecececee e 68
Special Registers Summary
BanK O ....oooiiiiiieie e 72
Bank 1 ..o 73
Bank 2 ... 74
Bank 3 ....oooiiii e 75
SSPADD (MSSP Address and Baud Rate 1)........... 193

SSPADD2 (MSSP Address 2) .........cccceeeueeene
SSPCON1 (SSP Control 1)
SSPCON2 (SSP Control 2)
SSPCONS3 (SSP Control 3) .
SSPMSK (SSP Mask 1)....ccccererreeiinieieeneenieneeneens
SSPMSKT (SSP Mask).......ccceirirerieieecierie e
SSPMSK2 (SSP Mask 2)......c.ccoererreieeieiiesesienie s
SSPSTAT (SSP Status).......ccceecvveneeiieeienieeneeene
STATUS
T1CON (Timer1 Control) .......ccccveevieieriieeeniieeeeen

T2CON (Timer2 Control) ......ccccocveiienieeiie e
TRISGPA (PORTGPA Tri-State)

TRISGPB (PORTGPB Tri-State)

VINCON (UVLO and OVLO Comparator Control)...... 37
VINOVLO (Input Overvoltage Lockout) ...........c.c.c..... 38
VINUVLO (Input Undervoltage Lockout)..................... 38
VREF2CON (Vggpp Voltage Set Point) .................... 47
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VREFCON (Current/voltage Regulation Set Point

CONLION) it 46
WPUGPA (Weak Pull-up PORTGPA Register) ........ 112
WPUGPB (Weak Pull-up PORTGPB Register)........ 116

Requirements
A/D ACQUISITION.......eviiiiieeeeciieee e 131
A/D CONVEISION.....ooiiiiiiiiiieeie ettt 35
External Clock, Timing .......ccccccvverieeiiiniienie e 30
1O, TIMING .ottt 31
PWM L. 34

Reset, Watchdog Timer, Oscillator Start-up Timer

and Power-up Timer

Timer0 External Clock........
RESEES ...
Associated Registers ..........ccocviiiiieiiiiiiceiee e
Brown-out
Determining Causes .........cccovveeeciieniiniieeniece e 87
POWEr-0N.....oiiiiiiiiii 84
Watchdog Timer........ccciiiiiiiiiiieie e 86

S

Sleep
WaKe-Up from ...cooooiiiiiieeeece e
Wake-up Using Interrupts .

Slope Compensation...........cccceeviiriieriieiie e

SLPCRCON RegISter.....ccoviiiiiiiieiiieieiiieeeee e

Software Simulator (MPLAB X SIM) ......cooviiiiiiiieiiieeee 209

Special Event Trigger
Capture/Compare Module...........cccoevveeeveiiiiiieeeeeen. 148

Special Function Registers (SFR)........ccccoviiiiiiiiiiniieenen. 68

SSPADD RegisSter......cccuiiiiiiiiriiiieeeeiee e

SSPADD2 Register ...

SSPCON1 Register ..

SSPCON2 Register ..

SSPCONS3 Register

SSPMSK REGISLET.....cuviiiiiiiiieiie e

SSPMSK1 Register...

SSPMSK2 Register...

SSPOV Status Flag
SSPSTAT Register
R/W Bit

Start-up SEQUENCE .......ccoveiiiiiieie e
STATUS REJISIEN ..ot
System Bench Testing ........oooviiiiiiiiiiiic e 57

T

T1CON REQIStOr ....eeiiiiiiieiie et 138
T2CON ReGISer ...oeiiiiiiiiiiieeeeee e 142
Temperature Indicator Module............ccccoecveeiciiiiiiinienns 123
Circuit Operation.............
Temperature Output....
Thermal Specifications........
TIMEIO e
8-bit Counter Mode ..........covvveiiiiieiiiiee e
8-bit Timer Mode..........
Associated Registers ..
Block Diagram.............
External ClocK........cueiiiiiiiiie s
Requirements ........ccccuveveeeiiiiiiee e
Timing
INEEITUPT. ..o
MOAUIE ...
Features.......ccviiii

OPEratioN .......ieiiiiiiesiee e
DUring SIEep......c.eevviiiieiieeeerec e
Software Programmable Prescaler.... .
Switching Prescaler..........ccccoviiiiiiiiicicce
TOCKI i e
TMRO Register ..
Timert oo
Associated Registers.. .
Block Diagram ........ccooceieiiiiiniiie e
Clock Source Selection .........ccccceceeieiiiiiniiiieeene
Control Register..............
External Clock Timing.
Interrupt .......ccoeveneenne
MOAUIE ...
Features ...
Operation
DUring SIEepP......c.eerviirieeiieeeireceeee
Prescaler ...
TMRTH Register.......ooviiiiiiiieieeeeeee e
TMRIL REGIStEr ..o
Timer2
Associated Registers.........ccoocvvevviiieiiiiiecceeee 142
Block Diagram .........coocveeiiiiniiie e 141
Control Register.

Features
OPEratioN ... 141
Timers
Timer1 (T1CON)
Timer2 (T2CON)
Timing Diagrams

A/D CONVEISION ...ooeeiiiieeiiiieeeiieeeeie e seeee e e eeee e 36
Acknowledge SequeNCe ..........ccoeueeeriieieiiiieerieee 181
Baud Rate Generator with Clock Arbitration............. 175
BRG Reset Due to SDA Arbitration

During Start Condition ...........ccccoeiieeiiiieeninenn. 184
Bus Collision During a Repeated Start Condition

(CASE 1)t 185
Bus Collision During a Repeated Start Condition

(CASE 2)..iiiiieiee e 185
Bus Collision During a Start Condition (SCL = 0)..... 184
Bus Collision During a Start Condition (SDA Only) .. 183
Bus Collision During a Stop Condition (Case 1)....... 186
Bus Collision During a Stop Condition (Case 2)....... 186
Bus Collision for Transmit and Acknowledge ........... 182
Clock Synchronization ...........cccccceveiiiiiniciieenecen. 172
First Start Bit............... ... 175

O e 31
I2C Master Mode (7 or 10-Bit Transmission)............. 178
12C Master Mode (7-Bit Reception) .......................... 180

INT Pin Interrupt .......oooveeiiiiiie e 92
Power-up Timer

RESEL ..o
Start-up TIMer......cooiiiiie e
Stop Condition Receive or Transmit Mode............... 181
Time-out Sequence

CaASE T oo 86

Case 2... .. 87

Case3.....ccceeunn .. 87
Timer0, External Clock ... .. 33
Timer1, External CIOCK .........c.cccveriiiiiiiiiieiieeciieeee 33
Wake-up from Interrupt........cccceeeviiiiieeeeeeiieeenn 100
Watchdog Timer ........ccceviiiiiiieie e 32
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Timing Parameter Symbology ..........cccccceiieiiieiieinieiieee 29
TRISGPA ...
Register
TRISGPB ...t
Register
Typical Performance CUurves............cccooceenieiiiceiiinieesees 53
U
Undervoltage Lockout
INPUL e 37
Selection for MOSFET Driver ..........cccooiiiiiiicinene 49
Vv
VINCON Register.......ccoviiiiiiiiiiiiiieeieceeec e 37
VINOVLO ReEGIStEr......oeiiiiiiiiiiiiiieiieeceeee e 38
VINUVLO ReGISer......eeiiiiiiiiiiiiiiieiieeceeeec e 38
Vgeg2 Voltage Reference.. .47
VREF2CON Register ..... ... 47
VREFCON RegiSter .......coviiiiiiiiiiiiieeceeeeec e 46
W
Watchdog Timer. See WDT
WEOL .. 181
Status Flag......cooooeeiiiieeieeeeieee 175, 177, 179, 181
WCOL Status Flag .....cccouvieriiiiiiiieeiieeereeeeee e 181
WDT oo .101
Associated Registers ..102
Block Diagram.........ccccoviiieiniieeiiee e 101
Configuration Word w/ Watchdog Timer ................... 102
Operation
Period........
Programming Considerations
RESEL... e
Switching Prescaler ..o 136

WPUGPA Register
WPUGPB Register
WWW AAArESS ...ccoiviieiiiiieeiiieeeieee et

WWW, ONn-Line SUPPOMt.....ccceeveiiiiiiieee e 7
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
tom ake fi les an d i nformation e asily av ailable to
customers. Accessible by using your favorite Internet
browser,th ew ebsi tec ontainsthe following
information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s c ustomer notification s ervice h elps keep
customers current on Microchip products. Subscribers
will r eceive e-mail notification w henever t here are
changes, upd ates, rev isions or errat a related to a

specified product family or development tool of interest.

To register, accesst he Microchipw ebs itea t
www.microchip.com. U nder “Sup port”,c licko n
“Customer Cha nge No tification” andfo llowth e
registration instructions.

CUSTOMER SUPPORT

Users of Microchip p roducts c an rec eive as sistance
through several channels:

« Distributor or Representative

» Local Sales Office

 Field Application Engineer (FAE)

» Technical Support

Customers sh ould con tactthe irdis tributor,
representative or Field Application Engineer (FAE) for
support. Local sales offices are also available to help

customers. A lis ting of s ales offices and locations is
included in the back of this document.

Technical supportis available through the web site
at: http://microchip.com/support
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. x® X XX XXX )
'|' —|— —|— Examples:
Device Tape and Reel Temperature Package Pattern |a) MCP19114-E/MJ: Extended Temperature,
Option Range 24 LD QFN 4x4 package
b) MCP19114T-E/MJ: Tape and Reel,
Device: MCP19114: Digitally Enhanced PWM Power Analog Extended Temperature,
High-Speed Controller 24 LD QFN 4x4 package
MCP19115: Digitally Enhanced PWM Power Analog
High-Speed Controller
a) MCP19115-E/MQ: Extended Temperature,
T d Reel Blank = Standard packaging (tub 28 LD QFN 5x5 package
Rl e By 9 (1) b) MCP19115T-E/MQ: Tape and Reel,
Extended Temperature,
28 LD QFN 5x5 package
Temperature E= -40°C to +125°C  (Extended)
Range: Note 1: Tape and Reel identifier only appears
inth ecatalog p artnumb er
Package: MJ = 24-Lead Plastic Quad Flat, No Lead Package - description. This identifier is used for
va ‘;§4>L<0-9dn;rln Btpdé (QdFll\:ll)t No Lead Pack ordering purposes and is not printed
= -Lea astic Qua at, No Lea ackage - . :
5x5x0.9 mm Body (QFN) on the device package. Check with

your Mi crochip Sales Of fice for
package av ailability with th e T ape
and Reel option.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information ¢ ontained in t his p ublication regarding d evice
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that yo ur ap plication me ets wi th yo ur sp ecifications.
MICROCHIP MAKESN OR EPRESENTATIONS OR
WARRANTIES OF AN Y KIN D W HETHER EXPRESS OR
IMPLIED, WR ITTENO RO RAL, STATUTORY OR
OTHERWISE,RE LATEDT OT HEI| NFORMATION,
INCLUDINGB UTNOT L IMITEDT OIT SC ONDITION,
QUALITY, PE  RFORMANCE, M ERCHANTABILITY OR
FITNESS FOR PU RPOSE. Microchip dis claims al | lia bility
arising f rom t his i nformation an d its use. U se o f Microchip
devices in li fe support and/or safety applications is e ntirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold h armless Microchip from any and all da mages, claims,
suits, or e xpenses re sulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
FlashFlex, KEELOQ, KEELOQ logo, MPLAB, PIC, PICmicro,
PICSTART, PIC32 logo, rfPIC, SST, SST Logo, SuperFlash
and UNVO are registered rademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

FilterLab, Hampshire, HI-TECH C, Linear Active Thermistor,
MTP, SEEVAL and The Embedded Control Solutions
Company are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Silicon Storage Technology is a registered trademark of
Microchip Technology Inc. in other countries.

Analog-for-the-Digital Age, Application Maestro, BodyCom,
chipKIT, chipKIT logo, CodeGuard, dsPICDEM,
dsPICDEM.net, dsPICworks, dsSPEAK, ECAN,
ECONOMONITOR, FanSense, HI-TIDE, In-Circuit Serial
Programming, ICSP, Mindi, MiWi, MPASM, MPF, MPLAB
Certified logo, MPLIB, MPLINK, mTouch, Omniscient Code
Generation, PICC, PICC-18, PICDEM, PICDEM.net, PICkit,
PICtail, REAL ICE, rfLAB, Select Mode, SQl, Serial Quad /O,
Total Endurance, TSHARC, UniWinDriver, WiperLock, ZENA
and Z-Scale are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

SQTP is aservice mark of Microchip Technology Incorporated
in the U.S.A.

GestlIC and ULPP are registered trademarks of Microchip
Technology Germany Il GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.

© 2014, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

f‘? Printed on recycled paper.
ISBN: 978-1-63276-034-0

Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company'’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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Worldwide Sales and Service

AMERICAS
Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
http://www.microchip.com/
support

Web Address:
www.microchip.com
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Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455

Austin, TX
Tel: 512-257-3370

Boston
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Tel: 774-760-0087
Fax: 774-760-0088
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Tel: 630-285-0071
Fax: 630-285-0075
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Fax: 949-462-9608
New York, NY

Tel: 631-435-6000
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Tel: 408-735-9110
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Tel: 905-673-0699
Fax: 905-673-6509
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Asia Pacific Office
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Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
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Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
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Tel: 86-10-8569-7000
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Chongqging
Tel: 86-23-8980-9588
Fax: 86-23-8980-9500

China - Hangzhou
Tel: 86-571-8792-8115
Fax: 86-571-8792-8116

China - Hong Kong SAR
Tel: 852-2401-1200

Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205

China - Shanghai
Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8864-2200
Fax: 86-755-8203-1760

China - Wuhan

Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Xiamen
Tel: 86-592-2388138
Fax: 86-592-2388130

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049
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Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859
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Tel: 60-4-227-8870
Fax: 60-4-227-4068
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Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955
Taiwan - Kaohsiung
Tel: 886-7-213-7830
Taiwan - Taipei

Tel: 886-2-2508-8600
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350
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