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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

dsPIC

16-Bit

60 MIPs

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
21

32KB (32K x 8)

FLASH

4K x 8

3V ~ 3.6V

A/D 12x12b; D/A 1x12b

Internal

-40°C ~ 125°C (TA)

Surface Mount

28-UQFN Exposed Pad

28-UQFN (6x6)
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dsPIC33EPXXGS50X FAMILY

Pin Diagrams (Continued)

28-Pin QFN-S, UQFN
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Pin Pin Function Pin Pin Function
1 | AN2/PGA1P3/PGA2P2/CMP1C/CMP2A/RA2 15 | PGEC1/AN21/SDA1/RP39/RB7
2 | AN3/PGA2P3/CMP1D/CMP2B/RP32/RB0 16 |Vss
3 | AN4/CMP2C/CMP3A/ISRC4/RP41/RB9 17 | Vecap
4 | AN5/CMP2D/CMP3B/ISRC3/RP42/RB10 18 | TMS/PWM3H/RP43/RB11
5 |Vss 19 | TCKIPWMB3L/RP44/RB12
6 | OSC1/CLKI/AN6/CMP3C/CMP4A/ISRC2/RP33/RB1 20 | PWM2H/RP45/RB13
7 | OSC2/CLKO/AN7/PGA1N2/CMP3D/CMP4B/RP34/RB2 21 | PWM2L/RP46/RB14
8 | PGED2/AN18/DACOUT1/INTO/RP35/RB3 22 | PWM1H/RA4
9 | PGEC2/ADTRG31/EXTREF1/RP36/RB4 23 | PWM1L/RA3
10 | VoD 24 | AVss
11 | PGED3/SDA2/FLT31/RP40/RB8 25 | AvbD
12 | PGEC3/SCL2/RP47/RB15 26 |MCLR
13 | TDO/AN19/PGA2N2/RP37/RB5 27 | ANO/PGA1P1/CMP1A/RAQ
14 | PGED1/TDI/AN20/SCL1/RP38/RB6 28 | AN1/PGA1P2/PGA2P1/CMP1B/RA1

Legend: Shaded pins are up to 5 VDC tolerant.
RPN represents remappable peripheral functions. See Table 10-1 and Table 10-2 for the complete list of remappable sources.
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dsPIC33EPXXGS50X FAMILY

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

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

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

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

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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dsPIC33EPXXGS50X FAMILY

2.0 GUIDELINES FOR GETTING
STARTED WITH 16-BIT DIGITAL
SIGNAL CONTROLLERS

Note 1: This data sheet summarizes the features
of the dsPIC33EPXXGS50X family of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to the related section of
the “dsPIC33/PIC24 Family Reference
Manual”, which is available from the
Microchip web site (www.microchip.com).

2. Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

2.1 Basic Connection Requirements

Getting started with the dsPIC33EPXXGS50X family
requires attention to a minimal set of device pin
connections before proceeding with development. The
following is a list of pin names which must always be
connected:

« All VDD and Vss pins
(see Section 2.2 “Decoupling Capacitors”)

« All AVDD and AVSsS pins
regardless if ADC module is not used (see
Section 2.2 “Decoupling Capacitors™)

« Vcap
(see Section 2.3 “CPU Logic Filter Capacitor
Connection (Vcapr)”)

* MCLR pin
(see Section 2.4 “Master Clear (MCLR) Pin")

* PGECx/PGEDx pins
used for In-Circuit Serial Programming™ (ICSP™)
and debugging purposes (see Section 2.5 “ICSP
Pins™)

+ OSC1 and OSC2 pins
when external oscillator source is used (see
Section 2.6 “External Oscillator Pins”)

2.2 Decoupling Capacitors

The use of decoupling capacitors on every pair of
power supply pins, such as VDD, Vss, AVDD and
AVss is required.

Consider the following criteria when using decoupling
capacitors:

» Value and type of capacitor: Recommendation
of 0.1 yF (100 nF), 10-20V. This capacitor should
be a low-ESR and have resonance frequency in
the range of 20 MHz and higher. It is
recommended to use ceramic capacitors.

* Placement on the printed circuit board: The
decoupling capacitors should be placed as close
to the pins as possible. It is recommended to
place the capacitors on the same side of the
board as the device. If space is constricted, the
capacitor can be placed on another layer on the
PCB using a via; however, ensure that the trace
length from the pin to the capacitor is within
one-quarter inch (6 mm) in length.

» Handling high-frequency noise: If the board is
experiencing high-frequency noise, above tens of
MHz, add a second ceramic-type capacitor in
parallel to the above described decoupling
capacitor. The value of the second capacitor can
be in the range of 0.01 pyF to 0.001 pF. Place this
second capacitor next to the primary decoupling
capacitor. In high-speed circuit designs, consider
implementing a decade pair of capacitances as
close to the power and ground pins as possible.
For example, 0.1 pF in parallel with 0.001 pF.

» Maximizing performance: On the board layout
from the power supply circuit, run the power and
return traces to the decoupling capacitors first,
and then to the device pins. This ensures that the
decoupling capacitors are first in the power chain.
Equally important is to keep the trace length
between the capacitor and the power pins to a
minimum, thereby reducing PCB track
inductance.

© 2013-2017 Microchip Technology Inc.

DS70005127D-page 15


http://www.microchip.com
http://www.microchip.com

dsPIC33EPXXGS50X FAMILY

REGISTER 5-2: NVMADR: NONVOLATILE MEMORY LOWER ADDRESS 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
NVMADR<15:8>
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
NVMADR<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’ = Bitis cleared x = Bit is unknown
bit 15-0 NVMADR<15:0>: Nonvolatile Memory Lower Write Address bits

Selects the lower 16 bits of the location to program or erase in program Flash memory. This register
may be read or written to by the user application.

REGISTER 5-3: NVMADRU: NONVOLATILE MEMORY UPPER ADDRESS REGISTER

uU-0 uU-0 U-0 U-0 uU-0 u-0 U-0 uU-0
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
NVMADRU<23:16>
bit 7 bit 0
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 15-8 Unimplemented: Read as ‘0’
bit 7-0 NVMADRU<23:16>: Nonvolatile Memory Upper Write Address bits

Selects the upper 8 bits of the location to program or erase in program Flash memory. This register
may be read or written to by the user application.

© 2013-2017 Microchip Technology Inc. DS70005127D-page 83
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REGISTER 8-2: CLKDIV: CLOCK DIVISOR REGISTER

R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0
ROI poze2®) | poze1® | pozeo® | DOzENGS) | FRCDIV2 FRCDIV1 FRCDIVO
bit 15 bit 8
R/W-0 R/W-1 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PLLPOST1 | PLLPOSTO — PLLPRE4 PLLPRE3 PLLPRE2 PLLPRE1 PLLPREO
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 15 ROI: Recover on Interrupt bit

1 = Interrupts will clear the DOZEN bit and the processor clock, and the peripheral clock ratio is set to 1:1
0 = Interrupts have no effect on the DOZEN bit
bit 14-12 DOZE<2:0>: Processor Clock Reduction Select bits™)
111 = Fcy divided by 128
110 = Fcy divided by 64
101 = Fcy divided by 32
100 = Fcy divided by 16
011 = Fcy divided by 8 (default)
010 = Fcy divided by 4
001 = Fcy divided by 2
000 = Fcy divided by 1

bit 11 DOZEN: Doze Mode Enable bit(3)

1 = DOZE<2:0> field specifies the ratio between the peripheral clocks and the processor clocks
0 = Processor clock and peripheral clock ratio is forced to 1:1
bit 10-8 FRCDIV<2:0>: Internal Fast RC Oscillator Postscaler bits
111 = FRC divided by 256
110 = FRC divided by 64
101 = FRC divided by 32
100 = FRC divided by 16
011 = FRC divided by 8
010 = FRC divided by 4
001 = FRC divided by 2
000 = FRC divided by 1 (default)
bit 7-6 PLLPOST<1:0>: PLL VCO Output Divider Select bits (also denoted as ‘N2’, PLL postscaler)
11 = Output divided by 8
10 = Reserved
01 = Output divided by 4 (default)
00 = Output divided by 2

bit 5 Unimplemented: Read as ‘0’

Note 1: The DOZE<2:0> bits can only be written to when the DOZEN bit is clear. If DOZEN =1, any writes to
DOZE<2:0> are ignored.
2. This bit is cleared when the ROI bit is set and an interrupt occurs.
3:  The DOZEN bit cannot be set if DOZE<2:0> = 000. If DOZE<2:0> = 000, any attempt by user software to
set the DOZEN bit is ignored.

© 2013-2017 Microchip Technology Inc. DS70005127D-page 109
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10.0 1/0 PORTS

Note 1: This data sheet summarizes the features
of the dsPIC33EPXXGS50X family of
devices. It is not intended to be a compre-
hensive reference source. To complement
the information in this data sheet, refer
to “I/O Ports” (DS70000598) in the
“dsPIC33/PIC24 Family Reference Man-
ual’, which is available from the Microchip
web site (www.microchip.com).

2: Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

Many of the device pins are shared among the peripher-
als and the Parallel I/O ports. All I/O input ports feature
Schmitt Trigger inputs for improved noise immunity.

10.1 Parallel I/O (PIO) Ports

Generally, a Parallel I/O port that shares a pin with a
peripheral is subservient to the peripheral. The
peripheral’s output buffer data and control signals are
provided to a pair of multiplexers. The multiplexers
select whether the peripheral or the associated port
has ownership of the output data and control signals of

FIGURE 10-1:

the 1/0 pin. The logic also prevents “loop through”, in
which a port’s digital output can drive the input of a
peripheral that shares the same pin. Figure 10-1 illus-
trates how ports are shared with other peripherals and
the associated I/0O pin to which they are connected.

When a peripheral is enabled and the peripheral is
actively driving an associated pin, the use of the pin as a
general purpose output pin is disabled. The 1/O pin can
be read, but the output driver for the parallel port bit is
disabled. If a peripheral is enabled, but the peripheral is
not actively driving a pin, that pin can be driven by a port.

All port pins have eight registers directly associated with
their operation as digital I/Os. The Data Direction register
(TRISx) determines whether the pin is an input or an out-
put. If the data direction bitis a ‘1’, then the pin is an input.
All port pins are defined as inputs after a Reset. Reads
from the latch (LATXx), read the latch. Writes to the latch,
write the latch. Reads from the port (PORTX), read the
port pins, while writes to the port pins, write the latch.

Any bit and its associated data and control registers
that are not valid for a particular device are disabled.
This means the corresponding LATx and TRISx
registers, and the port pin are read as zeros.

When a pin is shared with another peripheral or func-
tion that is defined as an input only, it is nevertheless
regarded as a dedicated port because there is no
other competing source of outputs.

BLOCK DIAGRAM OF A TYPICAL SHARED PORT STRUCTURE
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TABLE 10-1: SELECTABLE INPUT SOURCES (MAPS INPUT TO FUNCTION)

Input Name® Function Name Register Configuration Bits

External Interrupt 1 INT1 RPINRO INT1R<7:0>
External Interrupt 2 INT2 RPINR1 INT2R<7:0>
Timer1 External Clock T1CK RPINR2 T1CKR<7:0>
Timer2 External Clock T2CK RPINR3 T2CKR<7:0>
Timer3 External Clock T3CK RPINR3 T3CKR<7:0>
Input Capture 1 IC1 RPINR7 IC1R<7:0>
Input Capture 2 IC2 RPINR7 IC2R<7:0>
Input Capture 3 IC3 RPINR8 IC3R<7:0>
Input Capture 4 IC4 RPINRS8 IC4R<7:0>
Output Compare Fault A OCFA RPINR11 OCFAR<7:0>
PWM Fault 1 FLT1 RPINR12 FLT1R<7:0>
PWM Fault 2 FLT2 RPINR12 FLT2R<7:0>
PWM Fault 3 FLT3 RPINR13 FLT3R<7:0>
PWM Fault 4 FLT4 RPINR13 FLT4R<7:0>
UART1 Receive U1RX RPINR18 U1RXR<7:0>
UART1 Clear-to-Send U1CTS RPINR18 U1CTSR<7:0>
UART2 Receive U2RX RPINR19 U2RXR<7:0>
UART2 Clear-to-Send U2CTS RPINR19 U2CTSR<7:0>
SPI1 Data Input SDI1 RPINR20 SDI1R<7:0>
SPI1 Clock Input SCK1 RPINR20 SCK1R<7:0>
SPI1 Slave Select SS1 RPINR21 SS1R<7:0>
SPI2 Data Input SDI2 RPINR22 SDI2R<7:0>
SPI2 Clock Input SCK2 RPINR22 SCK2R<7:0>
SPI2 Slave Select SS2 RPINR23 SS2R<7:0>
PWM Synch Input 1 SYNCI1 RPINR37 SYNCI1R<7:0>
PWM Synch Input 2 SYNCI2 RPINR38 SYNCI2R<7:0>
PWM Fault 5 FLT5 RPINR42 FLT5R<7:0>
PWM Fault 6 FLT6 RPINR42 FLT6R<7:0>
PWM Fault 7 FLT7 RPINR43 FLT7R<7:0>
PWM Fault 8 FLT8 RPINR43 FLT8R<7:0>

Note 1: Unless otherwise noted, all inputs use the Schmitt Trigger input buffers.

© 2013-2017 Microchip Technology Inc. DS70005127D-page 129
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REGISTER 10-8: RPINR12: PERIPHERAL PIN SELECT INPUT REGISTER 12

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
FLT2R7 FLT2R6 FLT2R5 FLT2R4 FLT2R3 FLT2R2 FLT2R1 FLT2RO
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
FLT1R7 FLT1R6 FLT1R5 FLT1R4 FLT1R3 FLT1R2 FLT1R1 FLT1RO
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 15-8 FLT2R<7:0>: Assign PWM Fault 2 (FLT2) to the Corresponding RPn Pin bits

10110101 = Input tied to RP181
10110100 = Input tied to RP180

00000001 = Input tied to RP1
00000000 = Input tied to Vss

bit 7-0 FLT1R<7:0>: Assign PWM Fault 1 (FLT1) to the Corresponding RPn Pin bits

10110101 = Input tied to RP181
10110100 = Input tied to RP180

00000001 = Input tied to RP1
00000000 = Input tied to Vss

DS70005127D-page 140 © 2013-2017 Microchip Technology Inc.
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REGISTER 15-15: PHASEx: PWMx PRIMARY PHASE-SHIFT REGISTER (x = 1 to 5)(1'2)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PHASEx<15:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PHASEx<7:0>
bit 7 bit 0
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 15-0 PHASEX<15:0>: PWMx Phase-Shift Value or Independent Time Base Period for the PWMx Generator bits

Note 1: If PWMCONXx<9> = 0, the following applies based on the mode of operation:
» Complementary, Redundant and Push-Pull Output mode (IOCONx<11:10> = 00, 01 or 10);
PHASEx<15:0> = Phase-shift value for PWMxH and PWMXxL outputs
» True Independent Output mode (IOCONx<11:10> = 11); PHASEx<15:0> = Phase-shift value for
PWMxH only
* When the PHASEx/SPHASEX registers provide the phase shift with respect to the master time base;
therefore, the valid range is 0x0000 through period
2:  If PWMCONx<9> = 1, the following applies based on the mode of operation:
» Complementary, Redundant, and Push-Pull Output mode (IOCONx<11:10> = 00, 01 or 10);
PHASEx<15:0> = Independent time base period value for PWMxH and PWMxL
* True Independent Output mode (IOCONx<11:10> = 11); PHASEx<15:0> = Independent time base
period value for PWMxH only
* When the PHASEx/SPHASEX registers provide the local period, the valid range is 0x0000 through
OxFFF8
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REGISTER 16-2: SPIXCON1: SPIx CONTROL REGISTER 1

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

— — — DISSCK DISSDO MODE16 SMP CKE®
bit 15 bit 8

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SSEN®@ CKP MSTEN SPRE2®) | SPRE1®) SPREO®) PPRE1®) | PPREO®)

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 15-13 Unimplemented: Read as ‘0’
bit 12 DISSCK: Disable SCKx Pin bit (SPIx Master modes only)

1 = Internal SPIx clock is disabled, pin functions as 1/0
0 = Internal SPIx clock is enabled
bit 11 DISSDO: Disable SDOx Pin bit
1 = SDOXx pin is not used by the module; pin functions as 1/0
0 = SDOx pin is controlled by the module
bit 10 MODE16: Word/Byte Communication Select bit
1 = Communication is word-wide (16 bits)
0 = Communication is byte-wide (8 bits)
bit 9 SMP: SPIx Data Input Sample Phase bit

Master Mode:
1 = Input data is sampled at the end of data output time
0 = Input data is sampled at the middle of data output time

Slave Mode:
SMP must be cleared when SPIx is used in Slave mode.
bit 8 CKE: SPIx Clock Edge Select bit(})

1 = Serial output data changes on transition from active clock state to Idle clock state (refer to bit 6)
0 = Serial output data changes on transition from Idle clock state to active clock state (refer to bit 6)

bit 7 SSEN: Slave Select Enable bit (Slave mode)®

1 = SSx pin is used for Slave mode

0 = SSx pin is not used by the module; pin is controlled by port function
bit 6 CKP: Clock Polarity Select bit

1 = Idle state for clock is a high level; active state is a low level

0 = Idle state for clock is a low level; active state is a high level
bit 5 MSTEN: Master Mode Enable bit

1 = Master mode
0 = Slave mode

Note 1: The CKE bitis not used in Framed SPI modes. Program this bit to ‘0’ for Framed SPI modes (FRMEN = 1).
2: This bit must be cleared when FRMEN = 1.
3: Do not set both primary and secondary prescalers to the value of 1:1.
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18.3 UART Control Registers

REGISTER 18-1: UxMODE: UARTx MODE REGISTER

R/W-0 U-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
UARTEN®) — USIDL IREN® RTSMD — UEN1 UENO
bit 15 bit 8
R/W-0, HC R/W-0 R/W-0, HC R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WAKE LPBACK ABAUD URXINV BRGH PDSELA1 PDSELO STSEL
bit 7 bit 0
Legend: HC = Hardware Clearable bit
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 15 UARTEN: UARTx Enable bit®

1 = UARTXx is enabled; all UARTX pins are controlled by UARTXx as defined by UEN<1:0>
0 = UARTXx is disabled; all UARTX pins are controlled by PORT latches; UARTx power consumption is

minimal
bit 14 Unimplemented: Read as ‘0’
bit 13 USIDL: UARTXx Stop in Idle Mode bit

1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode
bit 12 IREN: IrDA® Encoder and Decoder Enable bit(®
1 = IrDA encoder and decoder are enabled
0 = IrDA encoder and decoder are disabled
bit 11 RTSMD: Mode Selection for UXRTS Pin bit
1 = UxRTS pin is in Simplex mode
0 = UxRTS pinis in Flow Control mode
bit 10 Unimplemented: Read as ‘0’
bit 9-8 UEN<1:0>: UARTx Pin Enable bits
11 = UxTX, UxRX and BCLKXx pins are enabled and used; UxCTS pin is controlled by PORT latches
10 = UxTX, UxRX, UxCTS and UxRTS pins are enabled and used
01 = UxTX, UxRX and UxRTS pins are enabled and used; UxCTS pin is controlled by PORT latches
00 = UxTX and UxRX pins are enabled and used; UxCTS and UxRTS/BCLKXx pins are controlled by
PORT latches
bit 7 WAKE: Wake-up on Start Bit Detect During Sleep Mode Enable bit
1 = UARTX continues to sample the UxRX pin, interrupt is generated on the falling edge; bit is cleared
in hardware on the following rising edge
0 = No wake-up is enabled
bit 6 LPBACK: UARTx Loopback Mode Select bit

1 = Enables Loopback mode
0 = Loopback mode is disabled

Note 1. Referto “Universal Asynchronous Receiver Transmitter (UART)” (DS70000582) in the
“dsPIC33/PIC24 Family Reference Manual” for information on enabling the UARTx module for receive or
transmit operation.

2. This feature is only available for the 16x BRG mode (BRGH = 0).
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REGISTER 19-12: ADCORExH: DEDICATED ADC CORE x CONTROL REGISTER HIGH (x = 0to 3)(1)

U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1
— — — EISEL2 EISEL1 EISELO RES1 ‘ RESO
bit 15 bit 8
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— ADCS6 ADCS5 ADCS4 ADCS3 ADCS2 ADCS1 ADCSO0
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 15-13
bit 12-10

bit 9-8

bit 7
bit 6-0

Note 1:

Unimplemented: Read as ‘0’

EISEL<2:0>: ADC Core x Early Interrupt Time Selection bits

111 = Early interrupt is set and an interrupt is generated 8 TADCORE clocks prior to when the data is ready
110 = Early interrupt is set and an interrupt is generated 7 TADCORE clocks prior to when the data is ready
101 = Early interrupt is set and an interrupt is generated 6 TADCORE clocks prior to when the data is ready
100 = Early interrupt is set and an interrupt is generated 5 TADCORE clocks prior to when the data is ready
011 = Early interrupt is set and an interrupt is generated 4 TADCORE clocks prior to when the data is ready
010 = Early interrupt is set and an interrupt is generated 3 TADCORE clocks prior to when the data is ready
001 = Early interrupt is set and an interrupt is generated 2 TADCORE clocks prior to when the data is ready
000 = Early interrupt is set and an interrupt is generated 1 TADCORE clock prior to when the data is ready

RES<1:0>: ADC Core x Resolution Selection bits

11 = 12-bit resolution
10 = 10-bit resolution
01 = 8-bit resolution
00 = 6-bit resolution

Unimplemented: Read as ‘0’
ADCS<6:0>: ADC Core x Input Clock Divider bits
These bits determine the number of Source Clock Periods (TCORESRC) for one Core Clock Period

(TADCORE).
1111111 = 254 Source Clock Periods

0000011 = 6 Source Clock Periods
0000010 =4 Source Clock Periods
0000001 = 2 Source Clock Periods
0000000 = 2 Source Clock Periods

For the 6-bit ADC core resolution (RES<1:0> = 00), the EISEL<2:0> bits settings, from ‘100’ to ‘111’, are
not valid and should not be used. For the 8-bit ADC core resolution (RES<1:0> = 01), the EISEL<2:0> bits
settings, 110’ and ‘111’, are not valid and should not be used.
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REGISTER 19-32: ADCMPXENL: ADC DIGITAL COMPARATOR x CHANNEL ENABLE REGISTER
LOW (x=0or 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
CMPEN<15:8>
bit 15 bit 8
R/W/0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CMPEN<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 15-0 CMPEN<15:0>: Comparator Enable for Corresponding Input Channels bits

1 = Conversion result for corresponding channel is used by the comparator
0 = Conversion result for corresponding channel is not used by the comparator

REGISTER 19-33: ADCMPXENH: ADC DIGITAL COMPARATOR x CHANNEL ENABLE REGISTER
HIGH (x =0 or 1)

uU-0 uU-0 uU-0 U-0 u-0 u-0 uU-0 R/W-0
bit 15 bit 8
U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
_ — CMPEN<21:16>
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 15-6 Unimplemented: Read as ‘0’
bit 5-0 CMPEN<21:16>: Comparator Enable for Corresponding Input Channels bits

1 = Conversion result for corresponding channel is used by the comparator
0 = Conversion result for corresponding channel is not used by the comparator
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REGISTER 20-2: CMPxDAC: COMPARATOR x DAC CONTROL REGISTER

uU-0 u-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — CMREF<11:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CMREF<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’ = Bitis cleared x = Bit is unknown
bit 15-12 Unimplemented: Read as ‘0’
bit 11-0 CMREF<11:0>: Comparator Reference Voltage Select bits
111111111111
. = ([CMREF<11:0>] * (AVDD)/4096) volts (EXTREF = 0)
. or ((CMREF<11:0>] * (EXTREF)/4096) volts (EXTREF = 1)
000000000000
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21.0 PROGRAMMABLE GAIN

AMPLIFIER (PGA)

Note 1: This data sheet summarizes the

features of the dsPIC33EPXXGS50X
family of devices. It is not intended to be
a comprehensive reference source. To
complement the information in this data
sheet, refer to “Programmable Gain
Amplifier (PGA)” (DS70005146) in the
“dsPIC33/PIC24 Family Reference Man-
ual”, which is available from the Microchip
web site (www.microchip.com).

Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

FIGURE 21-1:

The dsPIC33EPXXGS50X family devices have two
Programmable Gain Amplifiers (PGA1, PGA2). The
PGA is an op amp-based, non-inverting amplifier with
user-programmable gains. The output of the PGA can
be connected to a number of dedicated Sample-and-
Hold inputs of the Analog-to-Digital Converter and/or to
the high-speed analog comparator module. The PGA
has five selectable gains and may be used as a ground
referenced amplifier (single-ended) or used with an
independent ground reference point.

Key features of the PGA module include:

» Single-Ended or Independent Ground Reference
« Selectable Gains: 4x, 8x, 16x, 32x and 64x

» High Gain Bandwidth

 Rail-to-Rail Output Voltage

» Wide Input Voltage Range

PGAx MODULE BLOCK DIAGRAM

PGAX Negative Input |E

PGAX Positive Input |Z

GAIN<2:0> =5 ——

GAIN<2:0> =4

GAIN<2:0>=3

GAIN<2:0> =2 — |

r—— - - - — — — = B

GAIN<2:0> =6
| Gain of 64x

——— AN\ —

Gain of 32x

I

I

I
AN —— |
I
Gain of 16x I
NNN—— |

Gain of 8x |
Swwﬁv |
I

Gain of 4x |

I

PGAxOUT
AMPx ’

PGAXx Calibrations<5:0>

Note 1. x=1and2.
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TABLE 26-18: PLL CLOCK TIMING SPECIFICATIONS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilrslm Symbol Characteristic Min. Typ.(l) Max. | Units Conditions
0S50 FPLLI PLL Voltage Controlled Oscillator 0.8 — 8.0 MHz |ECPLL, XTPLL modes
(VCO) Input Frequency Range
0S51 Fvco On-Chip VCO System Frequency| 120 — 340 MHz
0S52 |TLock PLL Start-up Time (Lock Time) 0.9 1.5 3.1 ms
0S53 |DcLk CLKO Stability (Jitter)® -3 0.5 3 %
Note 1: Datain “Typ.” column is at 3.3V, +25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.
2: This jitter specification is based on clock cycle-by-clock cycle measurements. To get the effective jitter for

individual time bases, or communication clocks used by the application, use the following formula:
DCLK

Fosc
Time Base or Communication Clock

Effective Jitter =

For example, if FOsc = 120 MHz and the SPIx bit rate = 10 MHz, the effective jitter is as follows:
DcLK _ DcLK _ DcCLK

EQ_ Ji2 3464
A 10

Effective Jitter =

TABLE 26-19: AUXILIARY PLL CLOCK TIMING SPECIFICATIONS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilrs\m Symbol Characteristic Min | Typ® | Max | Units Conditions
0S56 |FHPOUT |On-Chip 16x PLL CCO 112 118 120 MHz
Frequency
0S57 |FHPIN On-Chip 16x PLL Phase 7.0 7.37 7.5 MHz
Detector Input Frequency
0S58 |Tsu Frequency Generator Lock — — 10 us
Time
Note 1: Datain “Typ” column is at 3.3V, +25°C unless otherwise stated. Parameters are for design guidance only

and are not tested in manufacturing.
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TABLE 26-31: SPIx MAXIMUM DATA/CLOCK RATE SUMMARY

Standard Operating Conditions: 3.0V to 3.6V

unless otherwise stated
AC CHARACTERISTICS (Operating temperature -£)10°C < TA < +85°C for Industrial

-40°C < TA < +125°C for Extended
Maximum Mas.ter Mgster . S!ave .
Data Rate Transmit Only Transmit/Receive | Transmit/Receive CKE CKP SMP
(Half-Duplex) (Full-Duplex) (Full-Duplex)

15 MHz Table 26-31 — — 0,1 0,1 0,1
9 MHz — Table 26-32 — 1 0,1 1
9 MHz — Table 26-33 — 0 0,1 1
15 MHz — — Table 26-34 1 0 0
11 MHz — — Table 26-35 1 1 0
15 MHz — — Table 26-36 0 1 0
11 MHz — — Table 26-37 0 0 0

FIGURE 26-11: SPIX MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY, CKE = 0)
TIMING CHARACTERISTICS

SCKx ; / '
(CKP =0) ): \ / \ ) / N\,

, " a
! — - — -

SP10 1 SP21 SsP20
(CKP = 1) X /
| e e
. SP35 SP20 . SP21
= —
SDOX X MSb >< Bit 142 - - -1 ;X\L LSb
SP30, SP31 SP30, SP31

Note: Refer to Figure 26-1 for load conditions.
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FIGURE 26-15: SPIx SLAVE MODE (FULL-DUPLEX, CKE =1, CKP =0, SMP =0)
TIMING CHARACTERISTICS

SP60
S5 \m—

' SP50

SCKx
(CKP = 0)

!
1 1 1 !
— - —

SP70 : ! Sb73  sP72

SCKx Co\o / ‘
(CKP =1) b ' !
Lo SP35

-~

. SP72 SP73

SDOX ———————§: . MSb N B : LSb

SDIx LSb In

SP40

Note: Refer to Figure 26-1 for load conditions.
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TABLE 26-46: DACx MODULE SPECIFICATIONS

AC/DC CHARACTERISTICS®

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature

-40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

Pilrc?m Symbol Characteristic Min. | Typ. Max. Units Comments

DAO1 |EXTREF |External Voltage Reference® | 0 — | AvVDD v

DA02 |CVRES Resolution 12 bits

DA03 |INL Integral Nonlinearity Error -16 -12 0 LSB

DA0O4 |DNL Differential Nonlinearity Error | -1.8 +1 1.8 LSB

DA05 |EOFF Offset Error -8 3 15 LSB

DAO6 |EG Gain Error -1.2 -0.5 0 %

DAO7 |TsET Settling Time™® — 700 — ns | Output with 2% of desired
output voltage with a
10-90% or 90-10% step

Note 1: Parameters are for design guidance only and are not tested in manufacturing.

2.  The DACx module is functional at VBORMIN < VDD < VDDMIN, but with degraded performance. Unless

otherwise stated, module functionality is tested, but not characterized.

TABLE 26-47: DACx OUTPUT (DACOUTX PIN) SPECIFICATIONS

Standard Operating Conditions: 3.0V to 3.6V
@ (unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pi{gm Symbol Characteristic Min. Typ. Max. Units Comments
DA11 |RLoAD |Resistive OutputLoad 10K — — Ohm
Impedance
DA11a |CLoAD | Output Load — — 35 pF | Including output pin
Capacitance capacitance
DA12 |louTt Output Current Drive — 300 — MA | Sink and source
Strength
DA13 |VRANGE |Output Drive Voltage |AVsSs+250mV| — |AVDD-900mV | V
Range at Current
Drive of 300 pA
DA14 | VLRANGE | Output Drive Voltage | AVss + 50 mV — |AVDD-500mV | V
Range at Reduced
Current Drive of 50 yA
DA15 |IpbD Current Consumed — — 1.3 x lout MA | Module will always
when Module is consume this current,
Enabled even if no load is
connected to the output
DA30 |VorrseT |Input Offset Voltage — 5 — mVv
Note 1: The DACx module is functional at VBORMIN < VDD < VDDMIN, but with degraded performance. Unless

otherwise stated, module functionality is tested, but not characterized.
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44-Lead Plastic Quad Flat, No Lead Package (ML) - 8x8 mm Body [QFN or VQFN]

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 44
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.20 REF
Overall Width E 8.00 BSC
Exposed Pad Width E2 625 | 645 | 6.60
Overall Length D 8.00 BSC
Exposed Pad Length D2 6.25 6.45 6.60
Terminal Width b 0.20 0.30 0.35
Terminal Length L 0.30 0.40 0.50
Terminal-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 Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
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