MICROCHIP

MCP19214/5

Digitally Enhanced Power Analog, Dual Channel, Low-Side PWM
Controller

Features

» AEC Q100 Qualified and PPAP Capable
* Input Voltage Range: 4.5V-42V

* Two Independent High-Performance PWM
Controllers

» Two Independent Control Loops per Channel
allowing the User to Simultaneously Control the
Output Voltage and Current

» Can Be Configured to Control Multiple Topologies
including but Not Limited To:

- Boost
- Flyback
- Cuk
- Single-Ended Primary-Inductor Converter
(SEPIC)
» Peak Current Mode Control

» Master/Slave Operation of the PWM Controllers
with Adjustable Phase Shift
« Differential Output Current Sense Capability
* Integrated Low-Side Current Sense Differential
Amplifier (10X)
* Integrated Low-Side Gate Drivers:
- 0.5A Sink/Source Current Capability at 5V
Supply Voltage
- 1A Sink/Source Current Capability at 10V
Supply Voltage
» Special Events Generator (the state of regulating

loops can be monitored without firmware
overhead)

» Configurable Parameters:

- Reference Voltages for Regulating Loops
(four internal DACs)

- Input Undervoltage Lockout (UVLO)
- Input Overvoltage Lockout (OVLO)

- Primary Current Leading Edge Blanking:
0 ns, 50 ns, 100 ns and 200 ns

- Fixed Switching Frequency Range:
31.25 kHz-2.0 MHz

- Slope Compensation
- Primary Current Sense Offset Adjustment
- Configurable GPIO Pin Options

* Low Quiescent Current: 10 mA Typical

* Low Sleep Current: 120 pA Typical

* Thermal Shutdown

Microcontroller Features

* Precision 8 MHz Internal Oscillator Block:
- Factory-Calibrated to +1%, Typical

* Interrupt-Capable
- Firmware
- Interrupt-on-Change Pins

* Only 35 Instructions to Learn
* 8192 Words On-Chip Program Memory

» 336 bytes of Internal RAM
* 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
* Up to 12 I/O Pins and One Input-Only Pin
* Analog-to-Digital Converter (ADC):
- 10-Bit Resolution

- Internal 4096 mV Precision Reference
Generator

- Up to 8 External Channels
» TimerO: 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
« 12C Communication:
- 7-bit Address Masking
- Two Dedicated Address Registers
+ Addressable Universal Synchronous
Asynchronous Receiver Transmitter (AUSART)
(only MCP19215):
- 8 and 9-Bit Data Operations
- Address Detect
- Asynchronous and Synchronous Operating
Modes

© 2017 Microchip Technology Inc.
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MCP19214/5

Pin Diagram — 28-Pin 5x5 QFN (MCP19214)
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GPA2/AN2/TOCKI/INT

GPB4/AN5/CCD2/ICSPDAT

GPA3/AN3/TS_OUT2

GPA7/SCL

GPBO/SDA

* Includes Exposed Thermal Pad (EP); see Table 1.
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MCP19214/5

TABLE 1: 28-PIN QFN (MCP19214) SUMMARY

z .
C|m 2 lglx| 3 =) o
O |=l2/ S| & | 8|3 § z 2 Additional
S < S =2 £ c @
N
GPAO | 1 ANO | — — | — ] 1oCc Y — Analog Circuitry Debug Out(®)
GPA1 2 AN1 — — | — I0C Y — —
GPA2 | 3 AN2 | TOCKI | — | — I0C Y — —
INT
GPB4 | 4 |Y | AN5 — — | — I0C Y — Dual Capture/Compare Input 2
GPA3 |5 |Y |AN3| — — | — | 10C Y Digital Circuitry Debug Out(%)
GPA7 |6 |N| — — SCL| — I0C Y ICSPDAT |—
GPBO |7 |N| — — |SDA| — I0C Y —
GPA5 [ 8 |N| — — — | — |1oc@ | Y® MCLR | Test Enable Input
GPA6 9 | N| — — — | — I0C Y — Dual Capture/Compare Input 1
Isn2 10— — — — | — — — — Current Sense Amplifier Negative
Input for PWM Channel 2
Isp2 M"Mi—| — = = | = = = = Current Sense Amplifier Positive
Input for PWM Channel 2
CCOMP2 |12 | — | — — — | = — — — The Output of the Error Amplifier of
the Current Loop of PWM Channel 2
VCOMP2 (13| — | — — — | — — — — The Output of the Error Amplifier of
the Voltage Loop of PWM Channel 2
VFB2 (14| — | — — — | — — — — Feedback Input of the Voltage Loop
of PWM Channel 2
IP2 15| —| — — — | — — — — Primary Input Current Sense
of PWM Channel 2
PDRV2 |16 | — | — — — | — — — — Gate Drive Output of PWM Channel 2
Peno (17— | — — — | — — — — Power Ground
PDRV1 |18 | —| — — — | — — — — Gate Drive Output of PWM Channel 1
Vbr 19— — — — | — — — — Gate Drive Supply Voltage
Vbop 20| —| — — — | — — — — Vpp Output (+5V)
VN 21| —| — — — | — — — — Input Supply Voltage
IP1 2| —| — — — | — — — — Primary Input Current Sense
of PWM Channel 1
VFB1 |23 |—| — — — | — — — — Feedback Input of the Voltage Loop
of PWM Channel 1
VCOMP1 |24 | — | — — — | = — — — The Output of the Error Amplifier of
the Voltage Loop of PWM Channel 1
CCOMP1 (25| — | — — — | — — — — The Output of the Error Amplifier of
the Current Loop of PWM Channel 1
Isp1 26| —| — — — | — — — — Current Sense Amplifier Positive
Input for PWM Channel 1
IsnT 27— | — — — | — — — — Current Sense Amplifier Negative
Input for PWM Channel 1
GPB5 |28|Y | AN6 — — I0C Y ICSPCLK |—
EP 2| —| — — — — — Agnp | Small Signal Ground and Digital
Ground

Note 1. The Analog/Digital Debug Output is selected through the control of the ABECON1 register.
2: The IOC is disabled when MCLR is enabled.
3:  Weak pull-up always enabled when MCLR is enabled, otherwise the pull-up is under user control.
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Pin Diagram — 32-PIN 5X5 QFN (MCP19215)
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* Includes Exposed Thermal Pad (EP); see Table 2.
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TABLE 2: 32-PIN QFN (MCP19215) SUMMARY
zZ
w = =
cCla|lal| 2| & o S| 5
Q cl9| = £ N = = = Basic Additional
= alZ2 < = s ) g =]
iy < = < c o
™
GPAO 1]Y[|ANO|] — — — 10C Y — Analog Circuitry Debug Out™®
GPA1 2 |Y |AN1T| — — I0C Y — —
GPA2 3 |Y [AN2|TOCKI| — — 10C Y — —
INT
GPB4 4 | Y |AN5| — — — 10C Y ICSPDAT | —
GPA3 Y |AN3| — — — 10C Y — Digital Circuitry Debug Out(®)
GPA7 N| — — SCL — 10C Y — Dual Capture/Single
Compare1 Input
GPBO 7| N| — — SDA — 10C Y — —
GPA5 8IN| — | — — — |ioc®| Y® MCLR |—
GPB7 9 | N| — — — — 10C Y — —
GPA6 10| N | — — — — I0C Y — —
Aeno/Denp | M| — | — | — — — — — — —
Isn2 12| — | — — — — — — — Current Sense Amplifier
Negative Input for PWM Channel
2
Isp2 13| — | — — — — — — — Current Sense Amplifier
Positive Input for PWM Channel 2
CCOMP2 (14| — | — — — — — — — The Output of the Error Amplifier
of the Current Loop of PWM
Channel 2
VCOMP2 (15| — | — — — — — — — The Output of the Error Amplifier
of the Voltage Loop of PWM
Channel 2
VFB2 16| —| — — — — — — — Feedback Input of the Voltage
Loop of PWM Channel 2
P2 17— | — — — — — — — Primary Input Current Sense of
PWM Channel 2
PDRV2 18| — | — — — — — — — Gate Drive Output of
PWM Channel 2
PenD 19| —| — = = = = = = Power Ground
PDRV1 20| —| — — — — — — — Gate Drive Output of
PWM Channel 1
Vpr 21| —| — — — — — — — Gate Drives Supply Voltage
VDD 2| —| — — — — — — — VDD OUtpUt (+5V)
VN 23| —| — — — — — — — Input Supply Voltage
1P1 24| —| — — — — — — — Primary Input Current Sense of
PWM Channel 1
VFBA1 25| —| — — — — — — — Feedback Input of the Voltage

Loop of PWM Channel 1

Note 1: The Analog/Digital Debug Output is selected through the control of the ABECON1 register.
2: The lIOC is disabled when MCLR is enabled.
3:  Weak pull-up always enabled when MCLR is enabled, otherwise the pull-up is under user control.
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MCP19214/5

TABLE 2: 32-PIN QFN (MCP19215) SUMMARY (CONTINUED)
z
w = =
Sldlal 8|8 | &8s
9 sl = c 0 & = = Basic Additional
= alZ2 < = s D g >
& < = pre c o
(a0}
VCOMP1 |26 | — | — — — — — — — The Output of the Error Amplifier
of the Voltage Loop of PWM
Channel 1
CCOMP1 |27 | — | — — — — — — — The Output of the Error Amplifier
of the Current Loop of PWM
Channel 1
Isp1 28| —| — — — — — — — Current Sense Amplifier Positive
Input for PWM Channel 1
Isnt 2| —| — — — — — — — Current Sense Amplifier Negative
Input for PWM Channel 1
GPB6 30| Y |AN7| — — | TX/ICK | IOC Y — —
GPB1 31| Y |AN4 | — — | RX/DT | IOC Y — —
GPB5 32| Y |AN6| — — — I0C Y ICSPCLK | —
EP 33| —| — — — — — — — —
Note 1. The Analog/Digital Debug Output is selected through the control of the ABECON1 register.
2: The lIOC is disabled when MCLR is enabled.
3:  Weak pull-up always enabled when MCLR is enabled, otherwise the pull-up is under user control.
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MCP19214/5

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 web site at:
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 sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

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

» Microchip’s web site; 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.

DS20005681A-page 8 © 2017 Microchip Technology Inc.
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MCP19214/5

1.0 DEVICE OVERVIEW

The MCP19214/5 devices are highly integrated,
digitally enhanced PWM controllers, used for battery
chargers, bidirectional converters, LED lighting
systems and other low-side switch PWM applications.

These devices feature two independent analog PWM
controllers, and the internal architecture is optimized
for applications that require precise control of the
output parameters. Like the other members of the
digitally = enhanced PWM controllers  family,
MCP19214/5 includes a fully programmable
microcontroller core and a 10-bit analog-to-digital
converter.

Each PWM channel includes two error amplifiers with
independent adjustable reference voltage generators,
current sense input with programmable leading edge
blanking, programmable slope compensation ramp
generator, integrated internal programmable oscillator,
current sense differential amplifier and an integrated
MOSFET driver.

An internal LDO (+5V) is used to power the PIC core,
the analog circuitry and to provide 5V externally. This
5V external output can also be used to supply the
internal MOSFET drivers. The internal MOSFET
drivers have the option to be powered from an external
voltage source (up to 10V) in order to accommodate
applications that require higher voltages for gate
driving.

The MCP19214/5 controllers offer a very high degree
of integration, allowing the user to develop complex
applications without additional circuitry. Some unique
features, like simultaneous control of the converter’'s
output current and voltage, make MCP19214/5
devices ideally suited for battery chargers, LED drivers
and bidirectional converters. Additionally, the General
Purpose Inputs/Outputs (GPIOs) can be used to drive
various switches, to enable/disable additional circuitry,
or to indicate a typical state.

The MCP19214 is packaged in a 28-lead
5mm x5 mm QFN, and the MCP19215 in a 32-lead
5 mm x5 mm QFN. The operating input voltage for
normal device operation is 4.5V-42V, with an absolute
maximum of 44V. The maximum transient voltage is
48V for 500 mS.

Power trains supported by this architecture include, but
are not limited to, Boost, Buck-Boost, Flyback, SEPIC
and Cuk.

MCP19214/5 integrates an 12C controller and an
Addressable Universal Synchronous Asynchronous
Receiver Transmitter (AUSART) module (only for
MCP19215). The wuser can develop specific
communication protocols using the internal interfaces.
A PMBus compatible protocol, specific for power
converters, can be implemented using the provided
12C serial bus.

Complete customization of the device operating
parameters, start-up or shutdown profiles, protection
levels and fault handling procedures are accomplished
by firmware that can be developed using Microchip’s
MPLAB® X Integrated Development Environment.
Programming the MCP19214/5 is done using one of
Microchip’s many in-circuit debugger and device
programmers.

© 2017 Microchip Technology Inc.
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MCP19214/5

FIGURE 1-1: MCP19214/5 SIMPLIFIED INTERNAL BLOCK DIAGRAM
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FIGURE 1-2: MCP19214 DUAL LED STRING APPLICATION DIAGRAM
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FIGURE 1-3:

MCP19214 BIDIRECTIONAL CONVERTER APPLICATION DIAGRAM
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FIGURE 1-4: MICROCONTROLLER CORE BLOCK DIAGRAM
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2.0 PIN DESCRIPTION

The 28-lead MCP19214 and 32-lead MCP19215
devices feature pins that have multiple functions
associated with each pin. Table 2-1 provides a
description of the different functions. Refer to
Section 2.1 “Detailed Pin Functional Description”
for more detailed information.

TABLE 2-1: MCP19214/5 PINOUT DESCRIPTION

Name Function I?yppuet O.;J;Sgt Description
GPAO/ANO/TS_OUT1 GPAO TTL | CMOS | General-purpose /0
ANO AN — A/D Channel 0 input
TS_OUT1 — — Internal analog signal multiplexer output(l)
GPA1/AN1 GPA1 TTL | CMOS | General-purpose I/0
AN1 AN — A/D Channel 1 input
GPA2/AN2/TOCKI/INT GPA2 ST CMOS | General-purpose I/0
AN2 AN — A/D Channel 2 input
TOCKI ST — TimerO0 clock input
INT ST — External interrupt
GPA3/AN3/TS_OUT2 GPA3 TTL | CMOS | General-purpose /0
AN3 AN — A/D Channel 3 input
TS _OUT2 Internal digital signals multiplexer output(l)
GPA5/MCLR GPAS5 TTL — General-purpose input only
MCLR ST — Master Clear with internal pull-up
GPA6/CCD1 GPA6 ST CMOS | General-purpose 1/0
CCD1 ST | CMOS |Single Compare output of PWM channel 1.
Dual Capture input of PWM channel 1.
GPA7/SCL GPA7 ST | CMOS | General-purpose open drain /O
SCL 1’C OD |I2C clock
GPBO/SDA GPBO TTL | CMOS |General-purpose /O
SDA 12c OD | I2C data input/output
GPB1/AN4/RX/DT GPB1 TTL | CMOS | General-purpose 1/0O
(MCP19215 Only) AN4 AN — | A/D Channel 4 input
RX ST — AUSART asynchronous receive input
DT TTL | CMOS | AUSART synchronous data input/output
GPB4/AN5/ICSPDAT GPB4 TTL | CMOS | General-purpose 1/0
AN5 AN — A/D Channel 5 input
ICSPDAT ST | CMOS |In-Circuit Debugger and ICSP programming data
GPB5/AN6/ICSPCLK GPB5 TTL | CMOS |General-purpose /O
ANG6 AN — A/D Channel 6 input
ISCPCLK ST — In-Circuit Debugger and ICSP 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 12c

Note 1: The Analog/Digital Debug Output is selected through the control of the ABECON1 register.

DS20005681A-page 14
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MCP19214/5

TABLE 2-1: MCP19214/5 PINOUT DESCRIPTION (CONTINUED)
Name Function Input | Output Description
Type | Type
GPB6/AN7/TX/CK GPB6 TTL | CMOS | General-purpose I/0
(MCP19215 Only) AN7 AN — | A/D Channel 7 input
X — CMOS | AUSART asynchronous transmit output
CK TTL | CMOS | AUSART synchronous clock input/output
GPB7/CCD2 GPB7 TTL | CMOS | General-purpose 1/0O
(MCP19215 Only) CCD2 ST | CMOS |Single Compare output of PWM channel 2
Dual Capture input of PWM channel 2
VN VN — — Device input supply voltage
Vpop Vpp — — Internal +5V LDO output pin
Vpr Vpr — — Gate drivers supply voltage
Asno/Danp AGND — — | Small signal quiet ground
PenD PenD — — Large signal power ground
PDRV1 PDRV1 — — Primary PWM channel MOSFET gate drive
PDRV2 PDRV2 — — Secondary PWM channel MOSFET gate drive
1P1 IP1 — — Primary input current sense for PWM channel 1
1P2 1P2 — — Primary input current sense for PWM channel 2
Isn1 Isnt — — | Differential current sense amplifier negative input
of PWM channel 1
Isn2 Isn2 — — | Differential current sense amplifier negative input
of PWM channel 2
Isp1 Isp1 — — Differential current sense amplifier positive input of
PWM channel 1
Isp2 Isp2 — — Differential current sense amplifier positive input of
PWM channel 2
CCOMP1 CCOMP1 — — Output of the current loop error amplifier of PWM
channel 1
CCOMP2 CCOMP2 — — Output of the current loop error amplifier of PWM
channel 2
VCOMP1 VCOMP1 — — Output of the voltage loop error amplifier of PWM
channel 1
VCOMP2 VCOMP2 — — Output of the voltage loop error amplifier of PWM
channel 2
VFBA1 VFBA1 — — Feedback input of the voltage loop of PWM
channel 1
VFB2 VFB2 — — Feedback input of the voltage loop of PWM
channel 2
EP Exposed Pad. The Agnp and Dgyp internal nodes
close here. Connect this to the PCBs ground plane
using multiple vias.
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 12C
Note 1: The Analog/Digital Debug Output is selected through the control of the ABECON1 register.

© 2017 Microchip Technology Inc.
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2.1 Detailed Pin Functional
Description

2.11 GPAO PIN

GPAQO 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 ANSAQ
must be set.

The ABECON1/2 registers can be configured to set this
pin to the TS_OUT1 function. It is a buffered output of
the internal analog signals multiplexer. Analog signals
present on this pin are controlled by the ADCONO
register.

2.1.2 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.

ANT1 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.

2.1.3 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 function is enabled. Refer to Section 21.0
“Timer0 Module” for more information.

GPA2 can also be configured as an external interrupt
by setting the INTE bit. Refer to Section 13.2
“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.

The ABECON1/2 registers can be configured to set this
pin to the TS_OUT2 function. It is a buffered output of
the internal digital signals multiplexer. Digital signals
present on this pin are controlled by the ABECON2
register.

215 GPA5 PIN

GPA5 is a general-purpose TTL input only 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 the serial programmer. Refer to
Section 32.0 “In-Circuit Serial Programming™
(ICSP™)” for more information.

This pin is MCLR when the MCLRE bit is set in the
CONFIG register. When the MCLR is active, the
interrupt-on-change is disabled and the weak pull-up
is always enabled.

2.1.6 GPAG PIN

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

GPAG is part of the CCD Module. For more information,
refer to Section 31.0 “Dual Capture/Compare (CCD)
Module”.

2.1.7 GPA7 PIN

GPAY7 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.

When the MCP19214/5 is configured for 12c
communication, Section 27.2 “12C Mode Overview”,
GPAT7 functions as the 12C clock (SCL). This pin must
be configured as an input to allow proper operation.

DS20005681A-page 16
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2.1.8 GPBO PIN

GPBO 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.

When the MCP19214/5 are configured for 12c
communication, Section 27.2 “12C Mode Overview”,
GPBO functions as the 1°C clock (SDA). This pin must
be configured as an input to allow proper operation.

2.1.9  GPB1PIN (MCP19215 ONLY)

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.

RX is the receiver’s input of the AUSART block for
asynchronous operation.

DT is the input/output pin of the AUSART block for
synchronous operation

2.1.10 GPB4 PIN

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.

AN5 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 serial programming data I/O function.
This is used in conjunction with ICSPCLK to serial
program the device. Refer to Section 32.0 “In-Circuit
Serial Programming™  (ICSP™)”  for more
information.

211 GPB5 PIN

GPBS 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 the serial programming/debugging clock
function. This is used in conjunction with ICSPDAT to
serial program the device. Refer to Section 32.0
“In-Circuit Serial Programming™ (ICSP™)" for
more information.

2112  GPB6 PIN (MCP19215 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.

TX is the transmitter’s output of the AUSART block
during asynchronous operation.

CK is the input/output clock of the AUSART block
during synchronous operation.

2.1.13 GPB7 PIN (MCP19215 ONLY)

GPBY7 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 31.0 “Dual Capture/Compare (CCD)
Module”.

2114  VyPIN

V) is the input voltage pin of the MCP19214/5 control-
ler. This pin is connected to the input of the +5V internal
voltage regulator. A bypass capacitor of minimum
100 nF must be connected between this pin and GND.
This capacitor should be physically placed close to the
device.

2115  VppPIN

The output of the internal +5.0V regulator is connected
to this pin. It is recommended that a minimum 4.7 yF
ceramic bypass capacitor be connected between this
pin and the GND pin of the device. The bypass
capacitor should be physically placed close to the
device.

2116  Vpr PIN

The supply for the MOSFET drivers is connected to this
pin and has an absolute maximum rating of +13.5V. A
decoupling capacitor of 1.0 yF should be placed
between this pin and Pgyp pin. This pin can be con-
nected by an RC filter to the Vpp pin.

2117 Agnp/Danp PIN (MCP19215 ONLY)
Agnp/Denp is the small signal ground connection pin.
This pin should be connected to a low noise ground.
21.18 Panp PIN

This is the large signal ground pin. Pgyp is the return
path for the internal MOSFET drivers. This pin should
be connected to the power train ground using short, low
impedance connection.

© 2017 Microchip Technology Inc.
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2.1.19 PDRV1 PIN

The output of the internal MOSFET driver of PWM
channel 1. Connect this pin to the gate of the power
MOSFET using short, low-impedance trace.

2.1.20 PDRV2 PIN

The output of the internal MOSFET driver of PWM
channel 2. Connect this pin to the gate of the power
MOSFET using short, low-impedance trace.

2.1.21 IP1 PIN

This pin is the primary current sense input of the PWM
channel 1. IP1 is connected to the main PWM
comparator via a blanking circuit.This input is sensitive
to high-frequency noise. Keep the associated trace
away from noise sources like the main switch node of
the converter or the MOSFET’s gate drive signals. It is
recommended to insert an RC low-pass filter between
this input and the shunt resistor used to sense the
inductor's current.

2.1.22 IP2 PIN

This pin is the primary current sense input of the PWM
channel 2. IP2 is connected to the main PWM
comparator via a blanking circuit.This input is sensitive
to high-frequency noise. Keep the associated trace
away from noise sources like the main switch node of
the converter or the MOSFETs gate drive signals. It is
recommended to insert an RC low-pass filter between
this input and the shunt resistor used to sense the
inductor's current.

2.1.23 IsnyT PIN

This pin is the inverting input of the internal differential
current sense amplifier of PWM channel 1.

2.1.24 Isn2 PIN

This pin is the inverting input of the internal differential
current sense amplifier of PWM channel 2.

2.1.25 Isp1 PIN

This pin is the noninverting input of the internal
differential current sense amplifier of PWM channel 1.
2.1.26 Isp2 PIN

This pin is the noninverting input of the internal
differential current sense amplifier of PWM channel 2.
2.1.27 CCOMP1

The CCOMP1 pin is the output of the current loop error
amplifier of PWM channel 1. The loop's compensation
network is connected between this pin and GND. This
is a high-impedance node, and the traces associated
with this pin must be kept far from the noise sources
like the main switch node of the converter or the
MOSFET'’s gate drive signals.

2.1.28 CCOMP2

The CCOMP2 pin is the output of the current loop error
amplifier of PWM channel 2. The loop's compensation
network is connected between this pin and GND. This
is a high-impedance node, and the traces associated
with this pin must be kept far from the noise sources
like the main switch node of the converter or the
MOSFETs gate drive signals.

2.1.29 VCOMP1

The VCOMP1 pin is the output of the voltage loop error
amplifier of PWM channel 1. The compensation net-
work is connected between this pin and GND. This is a
high-impedance node, and the traces associated with
this pin must be kept far from the noise sources like the
main switch node of the converter or the MOSFET'’s
gate drive signals.

2.1.30 VCOMP2

The VCOMP2 pin is the output of the voltage loop error
amplifier of PWM channel 2. The compensation net-
work is connected between this pin and GND. This is a
high-impedance node, and the traces associated with
this pin must be kept far from the noise sources like the
main switch node of the converter or the MOSFET'’s
gate drive signals.

2.1.31 VFB1 PIN

The inverting input of the error amplifier of the voltage
loop for PWM channel 1. This is a high-impedance
input and is sensitive to noise. Keep the trace
associated with this pin far from noise sources like the
main switch node of the converter or MOSFETs gate
drive signals.

2.1.32 VFB2 PIN

The inverting input of the error amplifier of the voltage
loop for PWM channel 2. This is a high-impedance
input and is sensitive to noise. Keep the trace
associated with this pin far from noise sources like the
main switch node of the converter or MOSFET’s gate
drive signals.

2.1.33 EXPOSED PAD (EP)

This pad should be connected to a solid ground plane
using multiple vias.The connection must provide low
thermal impedance as well as low electrical noise. In
case of MCP19214, this pad is associated with analog
and digital internal grounds (Agnp/Denp)-
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3.0 FUNCTIONAL DESCRIPTION

3.1 Linear Regulator

The operating input voltage for the MCP19214/5
devices ranges from 4.5V-42V. The internal 5V LDO
provides bias voltage for the microcontroller core and
for the analog circuitry. The output of this LDO can be
used for bias additional external low-power circuitry, as
well as for the integrated MOSFET drivers. Care should
be exercised to avoid an overload of the LDO. The
output of this LDO is monitored using a comparator and
a specific interrupt is generated in case of malfunction.
The thresholds of this comparator are adjustable. Bits
that control the functionality of the Vpp UVLO
comparator are located in the VDDCON register.

In order to minimize the current consumption during
Sleep mode, the output voltage of the LDO can be
adjusted in two steps: 3V and 5V (typical). There are
also two operating modes during sleep: Normal mode
and Low-Power mode. Bits that control the functionality
of the LDO during Sleep mode are located in PE1
register.

The MCP19214/5 also incorporate a brown-out
protection. Refer to Section 12.3 “Brown-out Reset
(BOR)” for details. The PIC core will reset at 2.0V Vpp.

3.2 Output Drive Circuitry

The MCP19214/5 integrates two low-side drivers, one
per PWM channel used to drive the external low-side
N-Channel power MOSFETs. MCP19214/5 directly
controls only topologies that involve low-side MOSFET
drivers like boost, buck-boost, flyback, SEPIC or Cuk.
For topologies that require high-side MOSFET drive
(e.g., buck or synchronous buck) an external,
specialized MOSFET driver can be used.

The gate drive (VpR) can be supplied from 5V-10V. The
drive strength is capable of up to 1A sink/source with
10V gate drive and down to 0.5A sink/source with 5V
gate drive. The supply voltage of the MOSFET drivers
is monitored by a UVLO circuit in order to prevent
damage to the external power switches. The MOSFET
driver’'s UVLO circuit has two thresholds: 2.7V and
5.4V (typical).

Each driver has its own enable bit, controlled by the
microcontroller core. These bits are located in PE1
register.

3.3 PWM Controller

MCP19214/5 integrates two independent PWM con-
trollers. Each PWM channel comprises a set of two
error amplifiers with independent reference voltage
generators, a PWM comparator with latched output, a
current sense input with adjustable leading-edge blank-
ing time, and a ramp generator for slope compensation.
See Figure 3-1 for details.

The error amplifiers are of transconductance type
(OTA) with separate, external compensation network
connected between the output and the ground (Agnp)-
The outputs of the OTAs are tied together through
diodes in order to allow the simultaneous control of the
output voltage and current. The typical sink current is
200 uA. This type of amplifier makes possible the
usage of high-valued resistors for the feedback divider
without affecting the frequency response of the
amplifier, as these resistors are out of the
compensation loop. Only one inverting input is
accessible outside the chip (VFBXx), the other being
internally connected to the output of the 10X differential
amplifier. The error signal is clamped at a certain level
(3V, typical) in order to prevent overcurrent in the main
switching MOSFET of the converter.

The output of the error amplifiers (CCOMP and
VCOMP) are equipped with switches (S1 and S2 in
Figure 3-1) in order to reset the compensation net-
works before the soft start or before the activation of a
certain loop. These switches are under the software
control (VLRES and CLRES bits), and it is the respon-
sibility of the user to ensure proper operation.

The internal 10X differential amplifier is used to
improve the accuracy of the current regulated loops
and reduce the power dissipation in the external
current sensing element (shunt).

A second amplifier (common for both PWM channels)
with a gain of 2X is connected between the ADC input
and the output of the 10X amplifier. This second
amplifier increases the dynamic range of the current
measurement circuitry.

In order to prevent any inherent errors that may occur
when the output of the amplifier goes near ground or
input rail, a special circuit centers the common mode
voltage at a specified level (pedestal voltage, typical
2.048V). This technique allows the microcontroller core
to read the current in both directions (as with the
bidirectional converters): the forward direction when
the converter charges the battery, and the reverse
direction when the converter delivers constant output
voltage from the battery. The output of the 10X
differential amplifier as well as the output of the second
2X amplifier will be at the pedestal voltage if the sensed
current is zero. The same pedestal voltage is added
tothe value of the reference voltage generator of the
current loop in order to compensate the DC offset
introduced by the pedestal voltage. The 2X amplifier
output can be connected via the analog multiplexer to
the ADC input for current monitoring purposes (Isnsx
signal). The pedestal voltage is fixed at 2.048V.

© 2017 Microchip Technology Inc.
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The loop implements the Peak Current mode control.
The IPx input is used to sense the inductor’s current. A
leading-edge blanking circuit (LEB) is used to prevent
false reset of the PWM circuitry. The LEB can be set to
four steps (0 ns, 50 ns, 100 ns and 200 ns). The blank
time is controlled from the ICLEBCON register.
External resistor capacitor filtering techniques can still
be used to filter the leading edge if desired. An
adjustable offset voltage generator is used to add a
certain amount of DC offset (programmable) on top of
the IPx signal. This offset prevents the effects of the
nonlinearities associated with the error amplifiers
outputs at very low-voltage levels, and can also be
used for overcurrent protection purposes
(cycle-by-cycle current limit). This offset adjustment is
controlled by the ICOACON register.

The Peak Current mode control requires slope com-
pensation in order to avoid subharmonic oscillations. A
programmable (6-bit) ramp generator is provided and
its output is subtracted from the error signal.

FIGURE 3-1:

THE PWM CONTROLLER BLOCK

When the current sense signal reaches the level of the
control voltage minus slope compensation, the on cycle
is terminated and the external switch is latched off until
the beginning of the next cycle, which begins at the
next clock cycle.

A S-R Latch (Set-Reset Latch) is used to prevent the
PWM circuitry from turning the external switch on until
the beginning of the next clock cycle.

In order to avoid severe overshoots of the controlled
parameter (current or voltage) when the loop switches
between operating modes (constant current or con-
stant voltage), the outputs of the error amplifiers are
clamped together.
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3.4 Current Sense

The output current is differentially sensed by the
MCP19214/5. In high-current applications, this helps to
maintain high-system efficiency by minimizing power
dissipation in current sense resistors. Differential
current sensing also minimizes external ground shift
errors. The internal differential amplifier has a typical
gain of 10 V/V (typical).

3.5 Power Good Circuitry

The Power Good circuitry monitors the outputs of the
error amplifiers to detect an open-loop condition. The
IV_GOOD signal will generate an interrupt and the PIC
core will read the status of the IV_GOOD and IV_DOM
bits. The IV_GOOD signal indicates if one of the loops
is active, and IV_DOM indicates which loop is
dominant. The associated bits are located in
LOOPCON1 and LOOPCONZ2.

3.6 PWM Frequency

The MCP19214/5 device uses a fixed frequency PWM
control strategy. Both PWM channels will have the
same switching frequency, but the phase difference
between them is adjustable. The first PWM channel is
considered the master channel, while the second is the
slave channel. The user sets the MCP19214/5
switching frequency by configuring the PR2 register.
The maximum allowable PDRVx duty cycle is
adjustable and is controlled by the PWMRL register.
The 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 number between 4 <N < 256.
Refer to Section 24.0 “Enhanced PWM Module” for
details.

3.7 Reference Voltage Generators

There are four internal reference generators, two for
each PWM channel. The digital-to-analog converters
that control these reference have 8-bit resolution and
are controlled by firmware.

The output voltage range of the DACs that set the
reference voltage for the voltage loops is 0 mV to
2.048 mV (typical). Thus, the reference voltage of the
voltage loops can be adjusted with a step of 8 mV. The
associated registers that hold the DAC value are
VREFCON1 and VREFCON2.

The output voltage range of the DACs that set the
reference voltage for the current loops is 0 mV to
1.024 mV (typical). Thus, the reference voltage of the
current loops can be adjusted with a step of 4 mV. The
associated registers that hold the DAC value are
CREFCON1 and CREFCONZ2.

3.8 Start-Up

To control the output current during start-up, the
MCP19214/5 has the capability to monotonically
increase system voltage or current at the user’s
discretion. This is accomplished through the control of
the reference voltage DACs for each control loop. The
entire start-up profile is under user control via software.

3.9 Temperature Management

3.9.1 THERMAL SHUTDOWN

To protect the MCP19214/5 from overtemperature
conditions, a 150°C (typical) junction temperature
thermal shutdown has been implemented. When the
junction temperature reaches this limit, the device
disables the output drivers. In Shutdown mode, both
PDRV1 and PDRV1 outputs are disabled and the
overtemperature flag (OTIF) is set in the PIR2 register.
The internal LDO is also disabled during thermal
shutdown phase. When the junction temperature is
reduced by 20°C to 130°C (typical), the MCP19214/5
can resume normal output drive switching.

3.9.2 TEMPERATURE REPORTING

The MCP19214/5 has a second on-chip temperature
monitoring circuit that can be read by the ADC through
the analog test MUX. Refer to Section 25.0 “Internal
Temperature Indicator Module” for details on this
internal temperature monitoring circuit.

© 2017 Microchip Technology Inc.
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40 ELECTRICAL CHARACTERISTICS
4.1  ABSOLUTE MAXIMUM RATINGS *

VIN = VGND (OPEFAtING) ..o -0.3V to +44V
VN (EraNSIENT < 500 MIS) ...ttt ittt ettt b et h ettt e bt e ea bt bt e e ae e e eb e e e e b e e bt ee bt e st e e ean e et e e saneenneenees +48V
PRV X ettt ettt ettt e nh et E e h e bt et en et nre s (GND - 0.3V) to (Vpr + 0.3V)
VD INtErNally GENEIAtEA ........coiiiiiiiiie s ettt et b ettt e e e b e eaneere e e +6.5V
VpR Externally Generated ..o i s +13.5V
Voltage on MCLR With reSpect 10 GND ........cuiiiiiiiis it —0.3V to +13.5V
Maximum voltage: any other Pin ... e +(Venp - 0.3V) to (Vpp + 0.3V)
Maximum output current sunk by any single 1/O Pin ... ..occeiiiiiee e e 25 mA
Maximum output current sourced by any single 1/O PiNn ... e 25 mA
Maximum current SUNK BY @ll GPIO.........ooiiiiiiiii s et e e e e et e e e e e et e e e e e sara e e e e e sssreeaeseannnaeaaeeaas 90 mA
Maximum current sourced Dy all GPIO ........oooiiii e e 35 mA
SEOrage TEMPEIALUIE........eiiiiiiiitie et ee ottt ettt st e e sa e e et e s b e e b e e e et e e nneas —65°C to +150°C
Maximum JUNCHON TEMPEIATUIE ..........eiiiiieiii et ettt e et e e e e ettt e e e e e nbe e e e e e s nteeeeeansseeaaeaansbeeeaeann +150°C
Operating JUNCHON TEMPEIATUIE ........oi i e et e e st e et e e e enee e e s e e e naeeeeneeeennneas -40°C to +125°C
ESD protection on all PINS (CDM) ......ooiiiiiiiieeeiie s ctteeeaee e eee e st e e e eee e s naeeeasteeeeneeeeaneeeesnseeeaeesnneeeeaneeeeaseeesnes 2.0 kV
ESD protection on all PINS (HBM).......oooiiiiiiee e ettt e e e e st e e e e e e e e s esae e e e e snbaneeeesesnreeeeas 1.0 kV
ESD protection on all PINS (IMIM)........ii it ettt e e et e st e e sa e e s be e e snne e e nanee s 100V

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 extended periods
may affect device reliability.

4.2 Electrical Characteristics

Electrical Specifications: Unless otherwise noted, V|\ = 12V, Fgy = 300 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 ViN 4.5 — 42 V | Steady State
Input Quiescent Current lq — 6 10 mA | Not Switching,
Analog circuitry disabled
Shutdown Current IsHDN — 110 400 MA | Depends on the selected
mode; see Section 19.0
“Power-Down Mode
(Sleep)”
Linear Regulator Vpp
Internal Circuitry Bias Voltage Vpp 4.75 5.0 5.25 V  |V|y=6.0Vto 42V
Maximum External VDD lDD_OUT 35 —_— —_— mA V|N =6.0V to 42V,
Output Current Vpp = 5.0V,
(Note 1)
Line Regulation AVpp.out! — 0.02 0.1 %/V | (Vpp + 1.0V) <V <20V
(Vbp-out"AVIN) (Note 1)
Load Regulation AVpp.out! -1 +0.1 +1 % |lpp out =1 mAto 35 mA
Vbp-out (Note 1)
Output Short Circuit Current lbb_sc — 60 90 mA | V|y= (Vpp + 1.0V)
(Note 1)

Note 1: Vpp is the voltage present at the Vpp pin.

2: 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| and Vpp.

3: Characterized during validation phase, not production tested.

4:  The Vpp LDO will limit the total source current to less than 90 mA. Each pin individually can source a
maximum of 15 mA.
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4.2 Electrical Characteristics (Continued)

Electrical Specifications: Unless otherwise noted, V| = 12V, Fgy = 300 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 - Voo — 0.3 0.6 V' |lpp_out =35 mA,
(Notes 1 and 2)
Power Supply Rejection Ratio PSRR| po 40 60 — dB [f<1000 Hz,
Ibp_out =25 mA
CIN =0 }JF, CDD =47 HF
Band Gap Voltage BG 1.215 1.23 1.245 V | Trimmed at 1.0% tolerance
Input UVLO Voltage DAC
UVLO Range (VIN_ON) UVLOpN 4.0 — 20 VvV |V|y Falling
UVLO Hysteresis (VIN_OFF) UVLOyys — 5 — % | Hysteresis is based upon
UVLOgy setting
Resolution nbits — 6 — Bits |Logarithmic DAC
Input UVLO Comparator
Input Offset Voltage Vos — +/-10 20 mV | Ensure by design
Input-to-Output Delay TD — 5 — ps | 100 ns rise time to
1V overdrive on V|y.
VN > UVLO to flag set.
Input OVLO Voltage DAC
OVLO (V|y Rising) Range OVLOpn 8.8 — 44 V  |V|N Rising
(VIN_ON)
OVLO Hysteresis (VIN_OFF) OVLOpvs — 5 — % | Hysteresis is based upon
OVLOgy setting
Resolution nbits — 6 — Bits |Logarithmic DAC
Input OVLO Comparator
Input Offset Voltage Vos — +/-10 20 mV
Input-to-Output Delay TD — 5 — ps | 100 nS rise time to
1V overdrive on V|
V|N > OVLO to flag set
Vpp UVLO Comparator
Input Offset Voltage Vos — 20 50 mV
Input-to-Output Delay D — 5 — Ms |Note 3
Voltage Loop Reference DAC(PWM #1/2)
Resolution nbits — 8 — Bits |Linear DAC
Full Scale Range FSR — 2048 — mV
Tolerance VVREFtoL -2 +/-1 +2 % | Trimmed
Current Loop Reference DAC(PWM #1/2)
Resolution nbits — 8 — Bits |Linear DAC
Full Scale Range FSR — 1024 — mV | The pedestal voltage is
added on top of this voltage
Tolerance CVREFtoL -2 +/-1 +2 % | Trimmed
Note 1: Vpp is the voltage present at the Vpp pin.

2: 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.

3. Characterized during validation phase, not production tested.

4: The Vpp LDO will limit the total source current to less than 90 mA. Each pin individually can source a

maximum of 15 mA.
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4.2

Electrical Characteristics (Continued)

Electrical Specifications: Unless otherwise noted, V| = 12V, Fgy = 300 kHz, Tp = +25°C, Boldface specifications apply
over the T, range of —40°C to +125°C

Parameters ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions

Differential Current Sense Amplifiers (A1)

Input Offset Voltage Vos — +/-1 +/-2 mV | Trimmed, 6 bits adjustable

Amplifier PSRR PSRR 60 — — dB |(Vem=2V

Voltage Gain AlycL 9.5 10 10.5 VIV [Vgpm =+0.1V

Low-Level Output VoL — 50 — mV

Gain Bandwidth Product GBWP 7 10 MHz | Vypp =5V

Input Impedance RiN 20 kQ

Common Mode Range Verr GND-0.3 — 2 \

Common Mode Rejection Ratio CMRR 30 — — dB |Note 3

Auxiliary Measuring Amplifier

Input Offset Voltage Vos — 1 5 mV | Trimmed

Voltage Gain Vg — 1/2 — VIV | Programmable

Pedestal Voltage

Pedestal Voltage Level \ Vep 2028 | 2048 | 2068 | mV |Trimmed, 6 bits

Current loop Error Amplifiers (EA1)

Input Current Offset los -4 0 +4 pA | Trimmed, 4 bits

Error Amplifier PSRR PSRR 80 — — dB |Vcm=2.048V

Common Mode Input Range Vem 0.8 — 3 \Y

Common Mode Rejection Ratio CMRR 60 — dB |Vgm =0.8V-2.5V

Transconductance Im 180 200 220 S | Vem = 0.8V-3V, Trimmed, 4
bits

Gain Bandwidth Product GBWP — 3.5 — MHz

Low-Level Output VoL — 100 — mV

Voltage Loop Error Amplifiers (EA2)

Input Current Offset los -4 0 +4 MA | Trimmed, 4 bits

Error Amplifier PSRR PSRR 80 — — dB |Vgm=1.024V

Common Mode Input Range Veum 0.8 — 3 \

Common Mode Rejection Ratio CMRR 60 — — dB |Vgpm=0.8Vto 3V (Note 3)

Transconductance Im 180 200 220 MS | Vem=0.8Vto 3.0V,
Trimmed, 4 bits

Gain Bandwidth Product GBWP — 3.5 — MHz

Low-Level Output VoL — 100 — mV

Peak Current Sense Input

Maximum Current Sense Signal Vip_max — 1.2 1.5 \Y

Voltage

Note 1:

Vpp is the voltage present at the Vpp pin.

2. 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.

3: Characterized during validation phase, not production tested.
4: The Vpp LDO will limit the total source current to less than 90 mA. Each pin individually can source a

maximum of 15 mA.
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4.2

Electrical Characteristics (Continued)

Electrical Specifications: Unless otherwise noted, V| = 12V, Fgy = 300 kHz, Tp = +25°C, Boldface specifications apply

over the T range of —40°C to +125°C
Parameters ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
PWM Comparator
Common-Mode Input Voltage VemRr GND-0.3 — 3 \Y
Range
Input-to-Output Delay TD — 20 50 ns |[Note 3
Peak Current Leading Edge Blanking
Resolution LEB — 2 — Bits
Blanking Time Adjustable LEBRraNGE 0 — 200 ns |4 Step Programmable
Range Range (0, 50,100 and
200 ns)
Offset Adjustment (Ip Sense)
Resolution OSapy — 4 — Bits
Offset Adjustment Range OSapy_RANGE 0 750 mV
Offset Adjustment Step Size OSapy_sTEP — 50 — mV | Linear Steps
Adjustable Slope Compensation
Resolution SCRres 6 Bits |Log steps
Slope m 4 437 mV/us
Slope Step Size SCst1ep — 8 — % | Log Steps
Ramp Set Point Tol MToL — +/-10 +/-32 %
Vpr UVLO
Vpr UVLO (2.7V Vpg Falling) | Vpr uvio 27 26 27 2.8 \
Vpr UVLO (2.7 Vpg Rising) VbR wvLO 2.7 29 3.05 3.2 \
Vpr UVLO (2.7V) Hysteresis | Vpr yvL0 2.7 HYS 300 350 400 mV
Vpr UVLO (5.4V Vpg Falling) | Vpr uvio 54 5.2 54 5.6 \
Vpr UVLO (5.4V Vpg Rising) VDR _UVLO 5.4 5.8 6.1 6.4 \Y
Vpr UVLO (5.4V) Hysteresis | Vpr yvLo54HYs| 600 700 800 mV
Output Driver (PDRV 1/2)
PDRV Gate Drive Source Rpr-scr — — 12 Q |Vpr=4.5V
Resistance (Note 3)
PDRV Gate Drive Sink RDR-sINK — — 12 Q |Vpr=4.5V
Resistance (Note 3)
PDRV Gate Drive Source Current Ibr-scr — 0.5 — A |Vpr=5V
— 1.0 — Vpr=10V
(Note 3)
PDRV Gate Drive Sink Current IDR-SINK — 0.5 — A |Vpr=5V
— 1.0 — Vpr = 10V
(Note 3)

Note 1:

Vpp is the voltage present at the Vpp pin.

2. 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.

3: Characterized during validation phase, not production tested.
4: The Vpp LDO will limit the total source current to less than 90 mA. Each pin individually can source a

maximum of 15 mA.

© 2017 Microchip Technology Inc.
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4.2 Electrical Characteristics (Continued)

Electrical Specifications: Unless otherwise noted, V| = 12V, Fgy = 300 kHz, Tp = +25°C, Boldface specifications apply
over the T, range of —40°C to +125°C

Parameters ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Oscillator/PWM
Internal Oscillator Frequency Fosc 7.60 8.00 8.40 MHz
Switching Frequency Fsw — Fosc/N — MHz
Switching Frequency Range N 4 — 255 Fmax = 2 MHz
Select
A/D Converter (ADC) Characteristics
Resolution Nr — — 10 Bits
Integral Error EL — — *1 LSb |VRrer apc = 4.096V
(Note 3)
Differential Error EpL — — *1 LSb | No missing code in 10 bits,
VREF_ADC =4.096V
(Note 3)
Offset Error EOFF — +1.5 +7 LSb VREF_ADC =4.096V
(Note 3)
Gain Error EGN — — +6 LSb VREF_ADC =4.096V
(Note 3)
Reference Voltage VREF_ADC 4.055 4.096 4,137 \Y Trimmed
Full-Scale Range FSRA/D GND — VREF ADC \Y
GPIO Pins
Maximum GPIO Sink Current ISINK_GPIO — — 90 mA | Note 4
(all pin ports combined)
Maximum GPIO Sink Current Isource_cPIO — — 90 mA | Note 4
(all pin ports combined)
GPIO Weak Pull-up Current IpuLL-UP_GPIO 50 250 400 MA
GPIO Input Low Voltage Vepio 1L GND — 0.8 V  |1/O Port with TTL buffer,
VDD =5V
GND — 0.2Vpp V  [1/O Port with Schmitt Trigger
buffer, Vpp = 5V
GND — 0.2Vpp V  |MCLR
GPIO Input High Voltage Vepio_H 2.0 — Vpp V  |I/O Port with TTL buffer,
VDD =5V
0.8Vpp — Vpp V  [1/O Port with Schmitt Trigger
bUffer, VDD =5V
0.8Vpp — Vop vV  |MCLR

Note 1: Vpp is the voltage present at the Vpp pin.

2: 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.

3: Characterized during validation phase, not production tested.

4: The Vpp LDO will limit the total source current to less than 90 mA. Each pin individually can source a
maximum of 15 mA.

DS20005681A-page 26 © 2017 Microchip Technology Inc.



MCP19214/5

4.2 Electrical Characteristics (Continued)

over the T range of —40°C to +125°C

Electrical Specifications: Unless otherwise noted, V| = 12V, Fgy = 300 kHz, Tp = +25°C, Boldface specifications apply

Parameters Sym. Min. Typ. Max. Units Conditions
GPIO Output Low Voltage Vapio oL — — 0.6 V  |lpL=7mA, Vpp=5V
GPIO Output High Voltage VePIo_oH Vpp-0.7 — — \% lon =2.5mA, Vpp =5V
GPIO Input Leakage Current GPIO_I) — 0.1 +1 MA | Negative current is defined

as current sourced by the pin.

Thermal Shutdown
Thermal Shutdown TsHD — 150 — °C
Thermal Shutdown Hysteresis TsHD_HYs — 20 — °C

Note 1: Vpp is the voltage present at the Vpp pin.
2: 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.

3: Characterized during validation phase, not production tested.

4: The Vpp LDO will limit the total source current to less than 90 mA. Each pin individually 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, 28L-QFN 5x5 0,a — 26 — °C/W
Thermal Resistance, 32L-QFN 5x5 CETN — 25.8 — °C/W

© 2017 Microchip Technology Inc.
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NOTES:

DS20005681A-page 28 © 2017 Microchip Technology Inc.



MCP19214/5

5.0 DIGITAL ELECTRICAL
CHARACTERISTICS

5.1 Timing Parameter Symbology

The timing parameter symbols have been created with

one of the following formats:

1. TppS2ppS 3.Tcest  (I2C specifications only)
2. TppS 4. Ts (I2C specifications only)
T

F Frequency T Time

Lowercase letters (pp) and their meanings:
pp

cc CCP1 osc 0OSC1

ck CLKOUT rd RD

cs cs rw RD or WR

di SDI sC SCK

do SDO ss Ss

dt Data in t0 TOCKI

io 1/0 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 VA High-Impedance
12C only

AA output access High High

BUF Bus free Low Low

Tec:st (IC specifications only)
ccC

HD Hold SuU Setup
ST

DAT DATA input hold STO STOP condition

STA START condition

© 2017 Microchip Technology Inc.
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FIGURE 5-1:

LOAD CONDITIONS
Load Condition 1 Load Condition 2
Vpp/2
RL
, ——C , L c
Pin L Pin T L
Vss Vss
R = 464Q

C_ = 50pF for all GPIO pins

5.2 AC Characteristics: MCP19214 (Industrial, Extended)

FIGURE 5-2: 1/0 TIMING
Q4 : Q1 " Q2 Q3
0SsC

I/O Pin
(input)
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1/0 Pin
(output)
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old value : >< l new value
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TABLE 5-1: I/0 TIMING REQUIREMENTS

Pa’\rlgm. Sym. Characteristic Min. Typ.Jr Max. | Units Conditions
17 TosH2ioV 0SC17 (Q1 cycle) to Port — 50 70* ns
out valid
18 TosH2iol 0SC17 (Q2 cycle) to Port 50 — — ns
input invalid
(I/0 in hold time)
19 TioV2osH | Port input valid to OSC11 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

1T Datain “Typ” column is at V|y = 12V (Vpp = 5V), 25°C unless otherwise stated.

*

These parameters are characterized but not tested.

FIGURE 5-3: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING

“— 30—,
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~-
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|
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Reset I

|

Watchdog
Timer |
|
|
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Reset

—' 34«
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FIGURE 5-4: BROWN-OUT RESET TIMING AND CHARACTERISTICS

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 5-2: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER REQUIREMENTS
P?\lrgm. Sym. Characteristic Min. Typ.T Max. | Units Conditions
30 TyecL MCLR Pulse Width (low) 2 — — ps |Vpp=5V,—-40°Cto
+85°C
31 Twor | Watchdog Timer Time-Out 7 18 33 ms |Vpp=5V,—-40°Cto
Period (No Prescaler) +85°C
32 TosT Oscillation Start-Up Timer — | 1024Tpgc | — — | Tosc = OSC1 period
Period
33* Tpwrt | Power-up Timer Period 28 72 132 ms |Vpp=5V,—-40°Cto
(4 X TWDT) +85°C
34 Tioz I/0 high impedance from — — 2.0 us
MCLR Low or Watchdog Timer
Reset
VBor Brown-out Reset voltage 20 213 23 \Y
Byvhy Brown-out Hysteresis — 100 — mV
35 Tecr Brown-out Reset pulse width 100* — — Ms | Vpp £ Vgor (D005)
48 | TCKEZ-tyr | Delay from clock edge to timer | 2Tpgc — 7Tosc
increment

*

These parameters are characterized but not tested.

1T Datain “Typ.” columnis at V| = 12V (Vpp = AVpp = 5V), 25°C unless otherwise stated. These parameters
are for design guidance only and are not tested.

TIMERO EXTERNAL CLOCK TIMING

FIGURE 5-5:

| |
TOCKI M
|

41

42

I
| 40
I
|

48 -

TMRO
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TABLE 5-3: TIMERO EXTERNAL CLOCK REQUIREMENTS
Pa’\rlgm. 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
Teoy +40 (2,4, ..., 256)
N

*

These parameters are characterized but not tested.

1 Datain “Typ.” column is at V| = 12V, 25°C unless otherwise stated. These parameters are for design guidance only

and are not tested.

DS20005681A-page 34

© 2017 Microchip Technology Inc.




MCP19214/5

TABLE 5-4:

MCP19214/5 A/ID CONVERTER (ADC) CHARACTERISTICS

Electrical Specifications: Unless otherwise noted, operating temperature = -40°C < Ty < +125°C
Pe’(\:gm. Sym. Characteristic Min. Typ.Jr Max. | Units Conditions
ADO1 Ngr |Resolution — — 10 bits bit
ADO02 E,_ |Integral Error — — 1 LSb [AVpp= 5V
ADO3 | Ep_ |Differential Error — — 11 LSb | No missing codes to 10 bits
AVpp =5V
ADO04 | Eppg | Offset Error — +3.0 +7 LSb |AVpp =5V
ADO7 | Egn |Gain Error — +2 +6 LSb |AVpp =5V
ADO7 | VN | Full-Scale Range AGND — 4.096 V
ADO8 | ZaN | Recommended Impedance | — — 10 kQ
of Analog Voltage Source
* These parameters are characterized but not tested.
T Datain ‘Typ.’ column is at V| = 12V (AVpp = 5V), 25°C unless otherwise stated. These parameters are
for design guidance only and are not tested.
TABLE 5-5: MCP19214/5 A/D CONVERSION REQUIREMENTS

Electrical Specifications: Unless otherwise noted, operating temperature = 40°C < Tp < +125°C
P?\lrgm. Sym. Characteristic Min. Typ.Jr 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 | Tcny | Conversion Time — 11 — 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 VS
Time
AD134 TGO Q4 to A/D Clock Start — Tosc/2 — —
* These parameters are characterized but not tested.
T Datain ‘Typ. columnis at Vy = 12V (Vpp = AVpp = 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 5-6: A/D CONVERSION TIMING

BSF ADCONO, GOX

134 —, ~——

[ 17T R L

— 130 ~— '

A/D DATA >'<9>'<8>'<7)<'§_%X3>'<2X1X0!><-
v cC X :
ADRES o OLD_DATA}? X_NEW_DATA
o JJ X \
ADIF o cC B
L ¢ -
GO : )J DONE
— SAMPLING STOPPED
SAMPLE =— 132 o

Note:  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
MCP19214/5

The MCP19214/5 devices are digitally enhanced
analog controllers. This means that most of the device
configuration is handled through register settings
instead of adding external components. There are
several internal configurable modules used to interface
the analog circuitry to digital core. These modules are
very similar to a standard comparator module found in
many PIC microcontrollers. The 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 and VINOVLO registers. It contains the
enable bits, the polarity edge detection bits and the
status output bits for both protection circuits. The
interrupt flags <UVLOIF> and <OVLOIF> in the PIR2
register are independent of the enable <UVLOEN> and
<OVLOEN> bits in the VINCON register. The
<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 digital value that
sets the input undervoltage lockout. UVLO has a range
of 4V-20V. For V) values below this range and above
processor come-alive (Vpp=2V), the UVLO
comparator and the UVLOOUT Status bit will indicate
an undervoltage condition. If using UVLO to determine
power-up V|, it is recommended to poll the UVLOOUT
bit for status. When the input voltage on the V,y pin to
the MCP19214/5 is below this programmed level and
the <UVLOEN-> bit in the VINCON register is set, both
PDRV1 and PDRV2 gate drivers are disabled. This bit
is automatically cleared when the MCP19214/5 V)
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-44V. When the input voltage on the V| pin to
the MCP19214/5 is above this programmed level and
the <OVLOEN> bit in the VINCON register is set, both
PDRV1 and PDRV2 gate drivers are disabled. This bit
is automatically cleared when the MCP19214/5 V|
voltage drops below this programmed level. Refer to
Figure 26-1.

Note:  The UVLOIF and OVLOIF interrupt flag
bits are set when an interrupt condition
occurs, regardless of the state of its
corresponding enable bit or the Global
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 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 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
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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

uU-0 U-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 O 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 OVLOO0
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 OVLO<5:0>: Overvoltage Lockout Configuration bits

OVLO(V) = 7.4847 * (1.0286N) where N = the decimal value written to the VINOVLO register
from O to 63
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6.2 Vpp VOLTAGE UVLO Control
Register

The VDDCON register holds the set-up control bits for
the UVLO circuits of the internal voltage regulator
(Vpp LDO).

REGISTER 6-4: VDDCON: Vpp UVLO CONTROL REGISTER (ADDRESS 98H)

R/W-0 R-x R/W-0 R/W-0 u-0 U-0 R/W-0 R/W-0
VDDUVEN | VDDUVOUT | VDDUVINTP | VDDUVINTN — | — ‘ VDDUV1 ‘ VDDUVO
bit7 bit0

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 VDDUVEN: Vpp UVLO Comparator Module Logic enable bit

1 = Vpp UVLO Comparator Module Logic enabled
0 = Vpp UVLO Comparator Module Logic disabled

bit 6 VDDUVOUT: Vpp Undervoltage Lockout Status Output
1 =Vpp UVLO event has occurred
0 = No Vpp UVLO event has occurred
bit 5 VDDUVINTP: Vpp UVLO Comparator Interrupt on Positive Going Edge Enable bit
1 = The VDDUVIF interrupt flag will be set upon a positive going edge of the Vpp UVLO
0 = No VDDUVIF interrupt flag will be set upon a positive going edge of the Vpp UVLO
bit 4 VDDUVINTN: Vpp UVLO Comparator Interrupt on Negative Going Edge Enable bit
1 = The VDDUVIF interrupt flag will be set upon a negative going edge of the Vpp UVLO
0 = No VDDUVIF interrupt flag will be set upon a negative going edge of the Vpp UVLO
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 VDDUV<1:0>: Vpp UVLO Thresholds Configuration bits
00 =3V
01 =3.5V
10 =4V
11=45V
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6.3 Slope Compensation

This register defines the slope compensation ramp
that is added to the error amplifier output. The six
SLPS <5:0> bits control the slew rate of the ramp. The

SLPBY bit controls the slope compensation circuitry.
Setting this bit bypasses the slope compensation
circuitry. No slope compensation will be added to the
error signal.

REGISTER 6-5: SLPCRCON1: SLOPE COMPENSATION RAMP REGISTER FOR PWM CHANNEL
#1 (ADDRESS 9Ch)
uU-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
bit7 bit0
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 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] = 4.4683 * 1.077N where N is the decimal value written to the SLPCRCON1 Register

<SLPS5:SLPS0> from 0 to 63

REGISTER 6-6: SLPCRCONZ2: SLOPE COMPENSATION RAMP REGISTER FOR PWM CHANNEL
#2 (ADDRESS 9Dh)
U-0 R/W-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— | sy | sipss | sips4 SLPS3 SLPS2 SLPST SLPSO
bit7 bit0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
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] = 4.4683 * 1.077N where N is the decimal value written to the SLPCRCON2 Register

<SLPS5:SLPS0> from 0 to 63.
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6.4 Input Current Offset Adjust

This register contains the four bits that set the Input
Current Offset Adjustment. This Offset Adjustment
gets added to the Primary Input Current voltage
measurement.

REGISTER 6-7:  ICOACON: INPUT CURRENT OFFSET ADJUST CONTROL REGISTER
(ADDRESS 9Eh)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

Ic10AC3 | Ic10AC2 | Ic10ACt | Ic10Aco | Ic20Ac3 | Ic20Ac2 | ic20Act | ic2oAco
bit7 bito

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 IC10AC<7:4>: Input current offset adjustment Configuration bits for PWM channel #1

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

bit 3-0 IC20AC1<3:0>: Input current offset adjustment Configuration bits for PWM channel #2

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

This register contains the two bits that set the Input
Peak Leading Edge Blanking. Leading Edge Blanking
is applied to the Primary Input Current measurement.
The amount of leading edge blanking time is controlled
by ICLEB<1:0> bits in the ICLEBCON register.

REGISTER 6-8:  ICLEBCON: INPUT CURRENT LEADING EDGE BLANKING CONTROL
REGISTER (ADDRESS 9Fh)

uU-0 u-0 uU-0 uU-0 R/W-x R/W-x R/W-x R/W-x
— — ‘ — ‘ — ‘ IC1LEBCA1 IC1LEBCO | IC2LEBCH1 IC2LEBCO
bit7 bit0
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 3-2 IC1LEBC<1:0>: Input current Leading Edge Blanking Configuration bits for PWM channel #1
00=0nS
01 =50nS
10 =100 nS
11=200nS
bit 1-0 IC2LEBC<1:0>: Input current Leading Edge Blanking Configuration bits for PWM channel #2
00=0nS
01 =50nS
10 =100 nS
11=200nS
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6.6 PWM channel #1 I/V Good
Comparators Control Register

This register contains the configuration bits that reset
the compensation networks and set the behaviour of
the interrupt generated by the IV_GOOD signal. The
outputs of the IV_GOOD and IV_DOM comparators
can be read from this register.

REGISTER 6-9: LOOPCONZ1: I/V LOOPS CONTROL REGISTER FOR PWM #1 (ADDRESS 99h)

R/W-1 u-0 R-x R/W-0 R/W-0 R-x u-0 U-0
IVLRES — IVGOOD IGDINTP IGDINTN IV_DOM ‘ — ‘ —
bit7 bit0
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 IVLRES: Current and Voltage Loop RESet bit PWM channel #1

1 =The CCOMP1 and ICCOMP1 pins are connected to ground
0 = The CCOMP1 and ICCOMP1 pins are disconnected from ground (normal operation)

bit 6 Unimplemented:
bit 5 IV_GOOD: Output of the IV_GOOD Comparator of the PWM channel #1

1 = The current or voltage loop is in regulation
0 = The current/voltage loops are out of regulation

bit 4 IVGDINTP: IV_GOOD Comparator Interrupt on Positive Going Edge Enable bit (PWM #1)
1 = The IVGD1IF interrupt flag will be set upon a positive going edge of the IGOOD signal
0 = No IVGD1IF interrupt flag will be set upon a positive going edge of the IGOOD signal

bit 3 IVGDINTP: IV_GOOD Comparator Interrupt on Negative Going Edge Enable bit (PWM #1)

1 = The IVGD1IF interrupt flag will be set upon a negative going edge of the IGOOD signal
0 = No IVGD1IF interrupt flag will be set upon a negative going edge of the IGOOD signal

bit 2 IV_DOM: Output of the Dominant Loop Comparator for PWM channel #1

1 = The voltage loop controls the PWM
0 = The current loop controls the PWM

bit 1 Unimplemented: Read as ‘0’
bit 0 Unimplemented: Read as ‘0’
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6.7

PWM Channel #2 1/V Good
Comparators Control Register

This register contains the configuration bits that reset
the compensation networks and set the behaviour of
the interrupt generated by the IV_GOOD signal. The
outputs of the IV_GOOD and IV_DOM comparators
can be read from this register.

REGISTER 6-10: LOOPCON2: I/V LOOPS CONTROL REGISTER FOR PWM #2 (ADDRESS 9Ah)

R/W-1 uU-0 R-x R/W-0 R/W-0 R-x uU-0 uU-0
IVLRES — IV_GOOD IGDINTP IGDINTN IV_DOM ‘ — ‘ —
bit7 bit0
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 IVLRES: Current and Voltage Loop RESet bit PWM channel #2
1 = the CCOMP2 and VCOMP2 pins are connected to ground
0 = the CCOMP2 and VCOMP?2 pins are disconnected from ground (normal operation)
bit 6 Unimplemented: Read as ‘0’
bit 5 IV_GOOD: Output of the IV_GOOD Comparator of the PWM channel #2
1 = the current or voltage loop is in regulation
0 = the current/voltage loops are out of regulation
bit 4 IVGDINTP: IV_GOOD Comparator Interrupt on Positive Going Edge Enable bit (PWM #2)
1 = The IVGD2IF interrupt flag will be set upon a positive going edge of the IV_GOOD signal
0 = No IVGD2IF interrupt flag will be set upon a positive going edge of the IV_GOOD signal
bit 3 IVGDINTP: IV_GOOD Comparator Interrupt on Negative Going Edge Enable bit (PWM #2)
1 = The IVGD2IF interrupt flag will be set upon a negative going edge of the IV_GOOD signal
0 = No IVGD2IF interrupt flag will be set upon a negative going edge of the IV_GOOD signal
bit 2 IVV_DOM: Output of the Dominant Loop Comparator for PWM channel #2
1 = the voltage loop controls the PWM
0 = the current loop controls the PWM
bit 1 Unimplemented: Read as ‘0’
bit 0 Unimplemented: Read as ‘0’
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6.8 Reference Voltage Control
Registers for the Voltage
Regulation Loops

These registers hold the digital value that controls the
DAC used to set the output voltage regulation set
point.

REGISTER 6-11: VREFCON1: VOLTAGE REGULATION SET-POINT REGISTER FOR PWM
CHANNEL #1 (ADDRESS 91h)

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 VREFO0
bit7 bit0

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 VREF<7:0>: Reference voltage generator for voltage loop of PWM channel #1 bits

Vrer [MV] = 2048*(VREF (dec)/28)

REGISTER 6-12: VREFCON2: VOLTAGE REGULATION SET-POINT REGISTER FOR PWM
CHANNEL #2 (ADDRESS 92h)

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
bit7 bit0

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 VREF<7:0>: Reference voltage generator for voltage loop of PWM channel #2 bits

VRer [MV] = 2048*(VREF (dec)/28)
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6.9 Reference Voltage Control
Registers for the Current
Regulation Loops

These registers hold the digital value that controls the
DAC used to set the output current regulation set
point.

REGISTER 6-13: CREFCON1: CURRENT REGULATION SET-POINT REGISTER FOR PWM
CHANNEL #1 (ADDRESS 8Fh)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CREF7 CREF6 ‘ CREF5 ‘ CREF4 ‘ CREF3 CREF2 CREF1 CREFO
bit7 bit0

Legend:

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

-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 CREF<7:0>: Reference voltage generator for current loop of PWM channel #1 bits

CREF[mV] = 1024*(CREF(dec)/28)

REGISTER 6-14: CREFCON2: CURRENT REGULATION SET-POINT REGISTER FOR PWM
CHANNEL #2 (ADDRESS 90h)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CREF7 CREF6 ‘ CREF5 ‘ CREF4 ‘ CREF3 CREF2 CREF1 CREFO0
bit7 bit0

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 CREF<7:0>: Reference voltage generator for current loop of PWM channel #2 bits

CREF[mV] = 1024*(CREF (dec)/28)
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6.10 Peripheral Control

This register contains the bits that control the various
peripheral settings in the MCP19214/5.

The PDRVXEN bits enable the gates drivers ouputs for
each PWM channel.

REGISTER 6-15:

The ISXPUEN bit determines if the IP inputs are pulled

up to Vpp.

The LDO_LP bit enables the low-power operating
mode of LDO.

PE1: PERIPHERAL ENABLE REGISTER 1 (ADDRESS 107h)

R/W-0 R/W-0 uU-0 U-0 R/W-1 R/W-1 R/W-0 R/W-0
PDR1VEN PDR2VEN — — ISTPUEN IS2PUEN ‘ LDO_LV ‘ LDO_LP
bit7 bit0

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

bit 6

bit 5-4
bit 3

bit 2

bit 1

bit 0

PDR1VEN: PDRV1 Gate Drive Enable bit
1 =ENABLED

0 = DISABLED

PDR2VEN: PDRV2 Gate Drive Enable bit
1 =ENABLED

0 = DISABLED

Unimplemented: Read as ‘0’

ISIPUEN: Igp Weak Pull Up Enable bit

1 = Igp weak pull up is enabled

0 = Igp weak pull up is disabled
IS2PUEN: Igp Weak Pull Up Enable bit

1 = Igp weak pull up is enabled

0 = Igp weak pull up is disabled

LDO_LV: LDO Voltage During Sleep

1 =LDO voltage is 5V

0 = LDO voltage is 3V

LDO_LP: LDO low power mode Enable bit

1 = Low Power Mode Enabled
0 = Low Power Mode Disabled
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6.10.1 ENABLE CONTROLS

Various analog circuit blocks can be enabled or
disabled to reduce current consumption. The
ABECON1/2 registers contain the bits that control
certain analog circuit blocks. These registers also
contain control bits to send analog and digital test
signals to a GPIO pin.

REGISTER 6-16:
(ADDRESS 10Ch)

The DIGOEN bit enables the output of the Digital Test
MUX to be connected to the GPA3 pin. The DCHSELO
and DCHSEL1 bits select the digital channels for
these signals. Refer to Figure 8-1 for details about the
configuration of the digital circuitry test MUX.

The ANAOEN bit enables the Analog Mux to be
connected to the GPAO pin. When ANAEON is active,
the channel select line controls the analog signals to
GPAO.

ABECON1: ANALOG BLOCK CONTROL REGISTER FOR PWM CHANNEL #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
DIGOEN | GCTRL | DCHSEL1 | DCHSELO | DRUVSEL | EA1DIS1 | EA2DIST | ANAOEN
bit7 bit0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 DIGOEN: DIG Test MUX to GPA3 connection control
1 = Digital Test MUX output is connected to external pin GPA3
0 = Digital Test MUX output is not connected to external pin GPA3
bit 6 GCTRL: Auxiliary AmplifierGain Control Bit
1= Gainis setto 2 (6 dB)
0 = Gain is setto 1 (0 dB)
bit 5-4 DCHSEL<1:0>: Digital MUX selection bits (Refer to Figure 8-1 for details)
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 EA1DIS1: Current Loop Error Amplifier Disable bit (PWM #1)

1 = Disables the Current Loop Error Amplifier (Output is clamped to Vpp)
0 = Enables the Error Amplifier (Normal operation)
bit 1 EA2DIS1: Voltage Loop Error Amplifier Disable bit (PWM #1)

1 = Disables the Voltage Loop Error Amplifier (Output is clamped to Vpp)
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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REGISTER 6-17: ABECON2: ANALOG BLOCK CONTROL REGISTER FOR PWM CHANNEL #2
(ADDRESS 10Dh)

uU-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0 uU-0
— ‘ DSEL2 ‘ DSEL1 ‘ DSELO — EA1DIS2 EA2DIS2 —
bit7 bit0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-4 DSEL<2:0> :MUX selection bits (Refer to Figure 8-1 for details)
bit 3 Unimplemented: Read as ‘0’
bit 2 EA1DIS2: Curre