Microchip Technology - DSPIC33EP64GS504-1/PT Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

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

70 MIPs

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
35

64KB (64K x 8)

FLASH

8K x 8

3V ~ 3.6V

A/D 19x12b; D/A 1x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

44-TQFP

44-TQFP (10x10)

https://www.e-xfl.com/product-detail/microchip-technology/dspic33ep64gs504-i-pt

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/dspic33ep64gs504-i-pt-4386019
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

dsPIC33EPXXGS50X FAMILY

Pin Diagrams (Continued)
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Pin Pin Function Pin Pin Function
1 | PWMA4L/RD3 33 | PGEC2/ADTRG31/RP36/RB4
2 | PWM1H/RA4 34 | RP62/RC14
3 | PWM1L/RA3 35 | AN9/CMP4D/EXTREF1/RP50/RC2
4 | FLT12/RP48/RCO 36 | ASDA1/RP55/RC7
5 | FLT11/RP61/RC13 37 | ASCL1/RP56/RC8
6 |FLT10/RD10 38 | VbD
7 |MCLR 39 |RD14
8 | FLT9/T5CK/RD12 40 |RD9
9 |Vss 41 | Vss
10 | VoD 42 |RDS8
11 | AN12/ISRC1/RP59/RC11 43 | PGED3/SDA2/FLT31/RP40/RB8
12 | AN14/PGA2N3/RP60/RC12 44 | PGEC3/SCL2/RP47/RB15
13 | ANO/PGA1P1/CMP1A/RAQ 45 | INT4/RD11
14 | AN1/PGA1P2/PGA2P1/CMP1B/RA1 46 | TDO/AN19/PGA2N2/RP37/RB5
15 | AN2/PGA1P3/PGA2P2/CMP1C/CMP2A/RA2 47 | TACK/RDO
16 | AN3/PGA2P3/CMP1D/CMP2B/RP32/RB0 48 | PGED1/TDI/AN20/SCL1/RP38/RB6
17 | AN4/CMP2C/CMP3A/ISRC4/RP41/RB9 49 | PGEC1/AN21/SDA1/RP39/RB7
18 | AN5/CMP2D/CMP3B/ISRC3/RP42/RB10 50 |AN1ALT/RP52/RC4
19 | AVbD 51 | ANOALT/RP53/RC5
20 | Avss 52 | AN17/RP54/RC6
21 | AN15/RD7 53 |RD5
22 | AN13/DACOUT2/RD13 54 | PWM5H/RD6
23 | AN11/PGA1TN3/RP57/RC9 55 | PWM5L/RP51/RC3
24 | AN10/PGA1P4/EXTREF2/RP58/RC10 56 |Vcap
25 |[Vss 57 | VbD
26 | VoD 58 |RD4
27 | AN8/PGA2P4/CMP4C/RP49/RC1 59 |RD15
28 | OSC1/CLKI/AN6/CMP3C/CMP4A/ISRC2/RP33/RB1 60 | TMS/PWM3H/RP43/RB11
29 | OSC2/CLKO/AN7/PGA1N2/CMP3D/CMP4B/RP34/RB2 61 | TCK/IPWM3L/RP44/RB12
30 | AN16/RD2 62 | PWM2H/RP45/RB13
31 | ASDA2/RP63/RC15 63 | PWM2L/RP46/RB14
32 | PGED2/AN18/DACOUT1/ASCL2/INTO/RP35/RB3 64 | PWM4H/RD1

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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REGISTER 3-1: SR: CPU STATUS REGISTER (CONTINUED)

bit 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits(1+?)
111 = CPU Interrupt Priority Level is 7 (15); user interrupts are disabled
110 = CPU Interrupt Priority Level is 6 (14)
101 = CPU Interrupt Priority Level is 5 (13)
100 = CPU Interrupt Priority Level is 4 (12)
011 = CPU Interrupt Priority Level is 3 (11)
010 = CPU Interrupt Priority Level is 2 (10)
001 = CPU Interrupt Priority Level is 1 (
000 = CPU Interrupt Priority Level is O (

bit 4 RA: REPEAT Loop Active bit
1 = REPEAT loop is in progress
0 = REPEAT loop is not in progress
bit 3 N: MCU ALU Negative bit
1 = Result was negative
0 = Result was non-negative (zero or positive)
bit 2 OV: MCU ALU Overflow bit
This bit is used for signed arithmetic (2's complement). It indicates an overflow of the magnitude that
causes the sign bit to change state.
1 = Overflow occurred for signed arithmetic (in this arithmetic operation)
0 = No overflow occurred
bit 1 Z: MCU ALU Zero bit
1 = An operation that affects the Z bit has set it at some time in the past
0 = The most recent operation that affects the Z bit has cleared it (i.e., a non-zero result)
bit 0 C: MCU ALU Carry/Borrow bit

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

13
12
11
10
9)
8)

Note 1: The IPL<2:0> bits are concatenated with the IPL<3> bit (CORCON<3>) to form the CPU Interrupt Priority
Level. The value in parentheses indicates the IPL, if IPL<3> = 1. User interrupts are disabled when
IPL<3>=1.

2:  The IPL<2:0> Status bits are read-only when the NSTDIS bit INTCON1<15>) = 1.

3: A data write to the SR register can modify the SA and SB bits by either a data write to SA and SB or by
clearing the SAB bit. To avoid a possible SA or SB bit write race condition, the SA and SB bits should not
be modified using bit operations.

© 2013-2017 Microchip Technology Inc. DS70005127D-page 27
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FIGURE 4-6: DATA MEMORY MAP FOR dsPIC33EP16GS50X DEVICES

MSB LSB
Address 16 Bits Address
- -
MSB LSB
_ T 0x0000 ~
4-Kbyte 0x0001 .
SFR Space | SFR Space
P L_ OXOFFF | OxOFFE
— 0x1001 | 0x1000
|
X Data RAM (X)
| 8-Kbyte
2-Kbyte O0x13FF | 0x13FE Near
SRAM Space 0x1401 | 0x1400 Data Space
|
Y Data RAM (Y)
|
\ O0x17FF | 0x17FE
0x1801 | 0x1800
OX1FFF | OX1FFE ~
0x2001 | 0x2000
|
|
|
0x8001 F — — — — — |— — — — — 0x8000 )
[
X Data
Unimplemented (X)
|
| Optionally
Mapped
| into Program
| Memory
|
|
OXFFFF | OXFFFE
| —

Note:  Memory areas are not shown to scale.
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REGISTER 7-1:  SR: CPU STATUS REGISTER®

R/W-0 R/W-0 R/W-0 R/W-0 R/C-0 R/C-0 R-0 R/W-0
OA OB SA SB OAB SAB DA DC
bit 15 bit 8
R/W-00) R/W-00) R/W-00) R-0 R/W-0 R/W-0 R/W-0 R/W-0
IPL2(2) IPL1@ IPLO®@) RA N oV z C
bit 7 bit 0
Legend: C = 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 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits(%-3)

111 = CPU Interrupt Priority Level is 7 (15); user interrupts are disabled
110 = CPU Interrupt Priority Level is 6 (14)
101 = CPU Interrupt Priority Level is 5 (13)
100 = CPU Interrupt Priority Level is 4 (12)
011 = CPU Interrupt Priority Level is 3 (11)
010 = CPU Interrupt Priority Level is 2 (10)
001 = CPU Interrupt Priority Level is 1 (

(

13
12
11
10
9)
000 = CPU Interrupt Priority Level is 0 (8)

Note 1: For complete register details, see Register 3-1.
2:  The IPL<2:0> bits are concatenated with the IPL<3> bit (CORCON<3>) to form the CPU Interrupt Priority
Level. The value in parentheses indicates the IPL, if IPL<3> = 1. User interrupts are disabled when
IPL<3> = 1.
3:  The IPL<2:0> Status bits are read-only when the NSTDIS bit INTCON1<15>) = 1.
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NOTES:
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10.4.4 INPUT MAPPING

The inputs of the Peripheral Pin Select options are
mapped on the basis of the peripheral. That is, a control
register associated with a peripheral dictates the pin it
will be mapped to. The RPINRX registers are used to
configure peripheral input mapping (see Register 10-1
through Register 10-19). Each register contains sets of
8-bit fields, with each set associated with one of the
remappable peripherals. Programming a given periph-
eral’s bit field with an appropriate 8-bit value maps the
RPn pin with the corresponding value to that peripheral.
For any given device, the valid range of values for any
bit field corresponds to the maximum number of
Peripheral Pin Selections supported by the device.

For example, Figure 10-2 illustrates remappable pin
selection for the UTRX input.

FIGURE 10-2: REMAPPABLE INPUT FOR
U1RX

U1RXR<7:0>

0

U1RX Input
2 to Peripheral
————
RP2
[ J [ J
[ J [ J
[ J [}
X "
RPn
Note: For input only, Peripheral Pin Select func-

tionality does not have priority over TRISx
settings. Therefore, when configuring an
RPn pin for input, the corresponding bit in
the TRISXx register must also be configured
for input (set to ‘1’).

10.4.4.1 Virtual Connections

The dsPIC33EPXXGS50X devices support six virtual
RPn pins (RP176-RP181), which are identical in
functionality to all other RPn pins, with the exception of
pinouts. These six pins are internal to the devices and
are not connected to a physical device pin.

These pins provide a simple way for inter-peripheral
connection without utilizing a physical pin. For
example, the output of the analog comparator can be
connected to RP176 and the PWM Fault input can be
configured for RP176 as well. This configuration allows
the analog comparator to trigger PWM Faults without
the use of an actual physical pin on the device.

DS70005127D-page 128
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REGISTER 10-16: RPINR37: PERIPHERAL PIN SELECT INPUT REGISTER 37

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SYNCIMR7 SYNCI1R6 | SYNCI1R5 | SYNCI1R4 | SYNCI1R3 | SYNCI1R2 | SYNCI1R1 | SYNCI1RO
bit 15 bit 8
uU-0 u-0 uU-0 uU-0 uU-0 U-0 u-0 u-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 15-8 SYNCI1R<7:0>: Assign PWM Synchronization Input 1 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 Unimplemented: Read as ‘0’

DS70005127D-page 148 © 2013-2017 Microchip Technology Inc.
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REGISTER 10-20: RPORO: PERIPHERAL PIN SELECT OUTPUT REGISTER O

U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP33R5 RP33R4 RP33R3 RP33R2 RP33R1 RP33R0
bit 15 bit 8
uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP32R5 RP32R4 RP32R3 RP32R2 RP32R1 RP32R0
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP33R<5:0>: Peripheral Output Function is Assigned to RP33 Output Pin bits
(see Table 10-2 for peripheral function numbers)
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP32R<5:0>: Peripheral Output Function is Assigned to RP32 Output Pin bits
(see Table 10-2 for peripheral function numbers)
REGISTER 10-21: RPOR1: PERIPHERAL PIN SELECT OUTPUT REGISTER 1
U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP35R5 RP35R4 RP35R3 RP35R2 RP35R1 RP35R0
bit 15 bit 8
uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP34R5 RP34R4 RP34R3 RP34R2 RP34R1 RP34R0
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP35R<5:0>: Peripheral Output Function is Assigned to RP35 Output Pin bits
(see Table 10-2 for peripheral function numbers)
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP34R<5:0>: Peripheral Output Function is Assigned to RP34 Output Pin bits

(see Table 10-2 for peripheral function numbers)

DS70005127D-page 152 © 2013-2017 Microchip Technology Inc.
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REGISTER 10-24: RPOR4: PERIPHERAL PIN SELECT OUTPUT REGISTER 4

U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP41R5 RP41R4 RP41R3 RP41R2 RP41R1 RP41R0
bit 15 bit 8
uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP40R5 RP40R4 RP40R3 RP40R2 RP40R1 RP40R0
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP41R<5:0>: Peripheral Output Function is Assigned to RP41 Output Pin bits
(see Table 10-2 for peripheral function numbers)
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP40R<5:0>: Peripheral Output Function is Assigned to RP40 Output Pin bits
(see Table 10-2 for peripheral function numbers)
REGISTER 10-25: RPORS5: PERIPHERAL PIN SELECT OUTPUT REGISTER 5
U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP43R5 RP43R4 RP43R3 RP43R2 RP43R1 RP43R0
bit 15 bit 8
uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP42R5 RP42R4 RP42R3 RP42R2 RP42R1 RP42R0
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP43R<5:0>: Peripheral Output Function is Assigned to RP43 Output Pin bits
(see Table 10-2 for peripheral function numbers)
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP42R<5:0>: Peripheral Output Function is Assigned to RP42 Output Pin bits

(see Table 10-2 for peripheral function numbers)
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11.0 TIMER1

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 “Timers” (DS70362) in
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.

The Timer1 module is a 16-bit timer that can operate as
a free-running interval timer/counter.

The Timer1 module has the following unique features

The Timer1 module can operate in one of the following
modes:

» Timer mode

* Gated Timer mode

» Synchronous Counter mode
» Asynchronous Counter mode

In Timer and Gated Timer modes, the input clock is
derived from the internal instruction cycle clock (Fcy).
In Synchronous and Asynchronous Counter modes,
the input clock is derived from the external clock input
at the T1CK pin.

The Timer modes are determined by the following bits:

» Timer Clock Source Control bit (TCS): TICON<1>

» Timer Synchronization Control bit (TSYNC):
T1CON<2>

» Timer Gate Control bit (TGATE): T1CON<6>

Timer control bit settings for different operating modes
are provided in Table 11-1.

over other timers: TABLE 11-1: TIMER MODE SETTINGS
» Can be Operated in Asynchronous Counter mode Mode TCS TGATE TSYNC
from an External Clock Source -
. Timer 0 0
» The External Clock Input (T1CK) can Optionally be -
Synchronized to the Internal Device Clock and the Gated Timer 0 1
Clock Synchronization is Performed after the Synchronous 1 X
Prescaler Counter
A block diagram of Timer1 is shown in Figure 11-1. Asynchronous 1 X 0
Counter
FIGURE 11-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM
o| Gate Falling Edge o
Sync Detect Set T1IF Flag
- ™
Fpd) Prescaler >j—> 10 T1CLK
(/) TGATE
ﬁ Reset Data
» 00 TMR1 < Latch —
TCKPS<1:0>
» 0 A CLK ‘ADC Trigger
T1CK x1
| Prescaler Equal
- n) » Sync 1 Comparator
ﬁ TGATE
TSYNC Tcs
TCKPS<1:0> PR1

Note 1: Fpis the peripheral clock.

© 2013-2017 Microchip Technology Inc.
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REGISTER 15-26: AUXCONx: PWMx AUXILIARY CONTROL REGISTER (x =1 to 5)

R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
HRPDIS HRDDIS — — BLANKSEL3 | BLANKSEL2 ‘ BLANKSEL1 ‘ BLANKSELO
bit 15 bit 8
u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — CHOPSEL3 | CHOPSEL2 | CHOPSEL1 | CHOPSELO | CHOPHEN | CHOPLEN
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

bit 14

bit 13-12
bit 11-8

bit 7-6
bit 5-2

bit 1

bit 0

HRPDIS: High-Resolution PWMx Period Disable bit

1 = High-resolution PWMx period is disabled to reduce power consumption
0 = High-resolution PWMx period is enabled

HRDDIS: High-Resolution PWMx Duty Cycle Disable bit

1 = High-resolution PWMx duty cycle is disabled to reduce power consumption
0 = High-resolution PWMx duty cycle is enabled

Unimplemented: Read as ‘0’
BLANKSEL<3:0>: PWMx State Blank Source Select bits

The selected state blank signal will block the current-limit and/or Fault input signals (if enabled via the
BCH and BCL bits in the LEBCONX register).

1001 = Reserved

1000 = Reserved

0111 = Reserved

0110 = Reserved

0101 = PWMB5H is selected as the state blank source

0100 = PWM4H is selected as the state blank source

0011 = PWMB3H is selected as the state blank source

0010 = PWM2H is selected as the state blank source

0001 = PWM1H is selected as the state blank source

0000 = No state blanking

Unimplemented: Read as ‘0’

CHOPSEL<3:0>: PWMx Chop Clock Source Select bits

The selected signal will enable and disable (chop) the selected PWMx outputs.
1001 = Reserved

1000 = Reserved

0111 = Reserved

0110 = Reserved

0101 = PWM5H is selected as the chop clock source

0100 = PWM4H is selected as the chop clock source

0011 = PWM3H is selected as the chop clock source

0010 = PWMZ2H is selected as the chop clock source

0001 = PWM1H is selected as the chop clock source

0000 = Chop clock generator is selected as the chop clock source

CHOPHEN: PWMxH Output Chopping Enable bit
1 = PWMxH chopping function is enabled
0 = PWMxH chopping function is disabled
CHOPLEN: PWMxL Output Chopping Enable bit

1 = PWMxL chopping function is enabled
0 = PWMxL chopping function is disabled

© 2013-2017 Microchip Technology Inc.
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19.0 HIGH-SPEED, 12-BIT
ANALOG-TO-DIGITAL
CONVERTER (ADC)

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 “12-Bit High-Speed,
Multiple SARs A/D Converter (ADC)”
(DS70005213) in 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.

dsPIC33EPXXGS50X devices have a high-speed,
12-bit Analog-to-Digital Converter (ADC) that features
a low conversion latency, high resolution and over-
sampling capabilities to improve performance in
AC/DC, DC/DC power converters.

19.1 Features Overview

The High Speed, 12-Bit Multiple SARs Analog-to-Digital
Converter (ADC) includes the following features:

» Five ADC Cores: Four Dedicated Cores and
One Shared (Common) Core

» User-Configurable Resolution of up to 12 Bits for
each Core

* Up to 3.25 Msps Conversion Rate per Channel at
12-Bit Resolution

» Low-Latency Conversion

» Up to 22 Analog Input Channels, with a Separate
16-Bit Conversion Result Register for each Input

» Conversion Result can be Formatted as Unsigned
or Signed Data, on a per Channel Basis, for All
Channels

+ Single-Ended and Pseudodifferential
Conversions are available on All ADC Cores

+ Simultaneous Sampling of up to 5 Analog Inputs
» Channel Scan Capability
» Multiple Conversion Trigger Options for each

Core, including:

- PWM1 through PWM5 (primary and
secondary triggers, and current-limit event
trigger)

- PWM Special Event Trigger

- Timer1/Timer2 period match

- Output Compare 1 and event trigger

- External pin trigger event (ADTRG31)

- Software trigger

» Two Integrated Digital Comparators with
Dedicated Interrupts:

- Multiple comparison options
- Assignable to specific analog inputs

» Two Oversampling Filters with Dedicated
Interrupts:

- Provide increased resolution
- Assignable to a specific analog input

The module consists of five independent SAR ADC
cores. Simplified block diagrams of the Multiple SARs
12-Bit ADC are shown in Figure 19-1, Figure 19-2 and
Figure 19-3.

The analog inputs (channels) are connected through
multiplexers and switches to the Sample-and-Hold
(S&H) circuit of each ADC core. The core uses the
channel information (the output format, the measure-
ment mode and the input number) to process the analog
sample. When conversion is complete, the result is
stored in the result buffer for the specific analog input,
and passed to the digital filter and digital comparator if
they were configured to use data from this particular
channel.

The ADC module can sample up to five inputs at a time
(four inputs from the dedicated SAR cores and one
from the shared SAR core). If multiple ADC inputs
request conversion on the shared core, the module will
convert them in a sequential manner, starting with the
lowest order input.

The ADC provides each analog input the ability to
specify its own trigger source. This capability allows the
ADC to sample and convert analog inputs that are
associated with PWM generators operating on
independent time bases.

© 2013-2017 Microchip Technology Inc.
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REGISTER 19-11: ADCORExL: DEDICATED ADC CORE x CONTROL REGISTER LOW (x = 0to 3)

u-0 U-0 U-0 U-0 U-0 uU-0 R/W-0 R/W-0
— — — — — — SAMC<9:8>
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
SAMC<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 15-10 Unimplemented: Read as ‘0’
bit 9-0 SAMC<9:0>: Dedicated ADC Core x Conversion Delay Selection bits

These bits determine the time between the trigger event and the start of conversion in the number of
the Core Clock Periods (TADCORE). During this time, the ADC Core x still continues sampling. This
feature is enabled by the SAMCXEN bits in the ADCONA4L register.

1111111111 = 1025 TADCORE

0000000001 = 3 TADCORE
0000000000 = 2 TADCORE
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20.0 HIGH-SPEED ANALOG

COMPARATOR

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 “High-Speed Analog
Comparator Module” (DS70005128) in
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

20.1 Features Overview

The SMPS comparator module offers the following
major features:

Four Rail-to-Rail Analog Comparators

Dedicated 12-Bit DAC for each Analog
Comparator

Up to Six Selectable Input Sources per
Comparator:

- Four external inputs

- Two internal inputs from the PGAx module
Programmable Comparator Hysteresis
Programmable Output Polarity

Up to Two DAC Outputs to Device Pins
Multiple Voltage References for the DAC:

- External References (EXTREF1 or

this data sheet for device-specific register EXTREF2)

and bit information. - AVDD
The high-speed analog comparator module monitors * Interrupt Generation Capability
current and/or voltage transients that may be too fast « Functional Support for PWMx:
for the CPU and ADC to capture. - PWMXx duty cycle control

- PWMXx period control
- PWMXx Fault detected

© 2013-2017 Microchip Technology Inc.
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REGISTER 21-1: PGAXCON: PGAx CONTROL REGISTER (CONTINUED)

bit 2-0 GAIN<2:0>: PGAx Gain Selection bits

111 = Reserved
110 = Gain of 64x
101 = Gain of 32x
100 = Gain of 16x
011 = Gain of 8x
010 = Gain of 4x
001 = Reserved
000 = Reserved

REGISTER 21-2: PGAXCAL: PGAx CALIBRATION REGISTER

uU-0 u-0 U-0 u-0 uU-0 U-0 U-0 uU-0

bit 15 bit 8
u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
_ — PGACAL<5:0>

bit 7 bit 0

Legend:

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

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

bit 15-6 Unimplemented: Read as ‘0’

bit 5-0 PGACAL<5:0>: PGAXx Offset Calibration bits

The calibration values for PGA1 and PGA2 must be copied from Flash addresses, 0x800E48 and
0x800E4C, respectively, into these bits before the module is enabled. Refer to the calibration data
address table (Table 23-3) in Section 23.0 “Special Features” for more information.
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REGISTER 23-1: DEVID: DEVICE ID REGISTER

R R R R R R R R
DEVID<23:16>
bit 23 bit 16
R R R R R R R R
DEVID<15:8>
bit 15 bit 8
R R R R R R R R
DEVID<7:0>
bit 7 bit 0
Legend: R =Read-Only bit U = Unimplemented bit
bit 23-0 DEVID<23:0>: Device Identifier bits

REGISTER 23-2: DEVREV: DEVICE REVISION REGISTER

R R R R R R R R
DEVREV<23:16>
bit 23 bit 16
R R R R R R R R
DEVREV<15:8>
bit 15 bit 8
R R R R R R R R
DEVREV<7:0>
bit 7 bit 0
Legend: R =Read-only bit U = Unimplemented bit
bit 23-0 DEVREV<23:0>: Device Revision bits
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24.0 INSTRUCTION SET SUMMARY

Note: 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).

The dsPIC33EP instruction set is almost identical to
that of the dsPIC30F and dsPIC33F.

Most instructions are a single program memory word
(24 bits). Only three instructions require two program
memory locations.

Each single-word instruction is a 24-bit word, divided
into an 8-bit opcode, which specifies the instruction
type and one or more operands, which further specify
the operation of the instruction.

The instruction set is highly orthogonal and is grouped
into five basic categories:

* Word or byte-oriented operations

« Bit-oriented operations

« Literal operations

» DSP operations

+ Control operations

Table 24-1 lists the general symbols used in describing
the instructions.

The dsPIC33E instruction set summary in Table 24-2
lists all the instructions, along with the status flags
affected by each instruction.

Most word or byte-oriented W register instructions
(including barrel shift instructions) have three
operands:

+ The first source operand, which is typically a
register ‘Wb’ without any address modifier

» The second source operand, which is typically a
register ‘Ws’ with or without an address modifier

* The destination of the result, which is typically a
register ‘Wd’ with or without an address modifier

However, word or byte-oriented file register instructions
have two operands:

» The file register specified by the value ‘f’

* The destination, which could be either the file
register ‘¥’ or the WO register, which is denoted as
‘WREG’

Most bit-oriented instructions (including simple rotate/
shift instructions) have two operands:

* The W register (with or without an address
modifier) or file register (specified by the value of
‘Ws’ or ')

» The bit in the W register or file register (specified
by a literal value or indirectly by the contents of
register ‘Wb’)

The literal instructions that involve data movement can

use some of the following operands:

« A literal value to be loaded into a W register or file
register (specified by ‘K’)

* The W register or file register where the literal
value is to be loaded (specified by ‘Wb’ or ")

However, literal instructions that involve arithmetic or
logical operations use some of the following operands:

» The first source operand, which is a register ‘Wb’
without any address modifier

* The second source operand, which is a literal
value

» The destination of the result (only if not the same
as the first source operand), which is typically a
register ‘Wd’ with or without an address modifier

The MAC class of DSP instructions can use some of the
following operands:

» The accumulator (A or B) to be used (required
operand)

* The W registers to be used as the two operands

* The X and Y address space prefetch operations

* The X and Y address space prefetch destinations

* The accumulator write back destination

The other DSP instructions do not involve any

multiplication and can include:

» The accumulator to be used (required)

» The source or destination operand (designated as
Wso or Wdo, respectively) with or without an
address modifier

» The amount of shift specified by a W register ‘Wn’
or a literal value

The control instructions can use some of the following
operands:
* A program memory address

* The mode of the table read and table write
instructions
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TABLE 24-1: SYMBOLS USED IN OPCODE DESCRIPTIONS (CONTINUED)
Field Description
Wm*Wm Multiplicand and Multiplier Working register pair for Square instructions e
{W4 * W4,W5 * W5,W6 * W6,W7 * W7}
Wm*Wn Multiplicand and Multiplier Working register pair for DSP instructions e
{W4 * W5,W4 * W6,W4 * W7,W5 * W6,W5 * W7,W6 * W7}
Wn One of 16 Working registers € {W0...W15}
Wnd One of 16 Destination Working registers € {W0...W15}
Wns One of 16 Source Working registers € {W0...W15}
WREG WO (Working register used in file register instructions)
Ws Source W register € { Ws, [Ws], [Ws++], [Ws--], [++Ws], [--WSs] }
Wso Source W register e
{ Wns, [Wns], [Wns++], [Wns--], [++Wns], [--Wns], [Wns+Wb] }
Wx X Data Space Prefetch Address register for DSP instructions
e {{W8] + =6, [W8] + =4, [W8] + =2, [W8], [W8] - =6, [W8] - = 4, [W8] - =2,
[W9] +=6, [W9] + =4, [W9] + =2, [W9], [W9] - =6, [WI] - =4, W] -=2,
[W9 + W12], none}
Wxd X Data Space Prefetch Destination register for DSP instructions € {W4...W7}
Wy Y Data Space Prefetch Address register for DSP instructions
e {[W10] + =6, [W10] + = 4, [W10] + = 2, [W10], [W10] - = 6, [W10] - = 4, [W10] - = 2,
[W11] + =6, [W11] + =4, [W11] + = 2, [W11], [W11] - =6, [W11] - =4, [W11] - = 2,
[W11 + W12], none}
Wyd Y Data Space Prefetch Destination register for DSP instructions € {W4...W7}

© 2013-2017 Microchip Technology Inc.

DS70005127D-page 291



dsPIC33EPXXGS50X FAMILY

TABLE 26-43: ADC MODULE SPECIFICATIONS

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)(5)
-40°C < TA < +85°C for Industrial

-40°C < TA < +125°C for Extended

Operating temperature

Pilrgm Symbol Characteristics Min. Typical Max. Units Conditions
Device Supply
ADO1 |AVDD Module VDD Supply Greater of: — Lesser of: V | The difference between
VoD - 0.3 VoD + 0.3 AVDD supply and VDD
or 3.0 or 3.6 supply must not exceed
+300 mV at all times,
including during device
power-up
ADO02 |AVss Module Vss Supply Vss — Vss + 0.3 Vv
Reference Inputs
ADO6 |VREFL Reference Voltage Low — AVss — V  [(Note 1)
ADO7 |VREF Absolute Reference 2.7 — AVDD V  [(Note 3)
Voltage (VREFH — VREFL)
ADO08 |IREF Reference Input Current — 5 10 pA |ADC operating or in standby
Analog Input
AD12 |VINH-VINL |Full-Scale Input Span AVss — AVDD \%
AD14 |VIN Absolute Input Voltage | AVss —0.3 — AVDD +0.3| V
AD17 |RIN Recommended — 100 — Q  |For minimum sampling
Impedance of Analog time (Note 1)
Voltage Source
AD66 |VBG Internal Voltage — 1.2 — \%
Reference Source
ADC Accuracy: Pseudo-Differential Input
AD20a |Nr Resolution 12 bits
AD21a |INL Integral Nonlinearity >-3 — <3 LSb |AVss =0V, AVDD = 3.3V
AD22a |DNL Differential Nonlinearity > -1 — <1 LSb |AVss =0V, AVDD = 3.3V
(Note 2)
AD23a |GERR Gain Error >5 13 <20 LSb |AVss =0V, AVDD = 3.3V
(Dedicated Core)
Gain Error > -1 5 <10 LSb
(Shared Core)
AD24a |EOFF Offset Error >2 7 <12 LSb |AVss =0V, AVDD = 3.3V
(Dedicated Core)
Offset Error >-2 3 <8 LSb
(Shared Core)
AD25a — Monotonicity — — — — |Guaranteed
Note 1: These parameters are not characterized or tested in manufacturing.
2:  No missing codes, limits based on characterization results.
3: These parameters are characterized but not tested in manufacturing.
4: Characterized with a 1 kHz sine wave.
5: The ADC module is functional at VBORMIN < VDD < VDDMIN, but with degraded performance. Unless

otherwise stated, module functionality is ensured, but not characterized.
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PORTA (dsPIC33EPXXGS502 Devices)........cccceenneuee
PORTA (dsPIC33EPXXGS504/505 Devices).............
PORTA (dsPIC33EPXXGS506 Devices).........cccc......
PORTB (dsPIC33EPXXGS502 Devices)........cccceenn.en
PORTB (dsPIC33EPXXGS504/505 Devices)...
PORTB (dsPIC33EPXXGS506 Devices)..........
PORTC (dsPIC33EPXXGS504/505 Devices).............
PORTC (dsPIC33EPXXGS506 Devices).......... ....64
PORTD (dsPIC33EPXXGS506 Devices)...
Programmable Gain Amplifier.................... ....60
PWM ..,

PWM Generator 1....
PWM Generator 2....
PWM Generator 3..........cceeiiiiieiiieeeeieeeeeeee e
PWM Generator 4 ...........ccueeeeeeeeeeieieee e
PWM Generator 5 ....
SPI1 and SPI2 ..ot
System CoNntrol ........coociiriiiiiriie e
Timer1 through Timer5 ...
UART1 and UART2 ...ooooiiiicee e

Registers

ACLKCON (Auxiliary Clock Divisor Control)............. 112
ADCALOH (ADC Calibration 0 High)..........ccccvecvennees 256
ADCALOL (ADC Calibration 0 LOW) ........cccevvveeninennne 255
ADCAL1H (ADC Calibration 1 High)..........cccoeeeueenee. 257
ADCMPxCON (ADC Digital Comparator x

CONLION) i 258
ADCMPxENH (ADC Digital Comparator x

Channel Enable High).......ccccoeiviiiiiiiiieiee. 259

ADCMPXENL (ADC Digital Comparator x

Channel Enable Low).........ccccviieiiiiniiiiccieee
ADCON1H (ADC Control 1 High)
ADCON1L (ADC Control 1 LOW)....cccvvveerriiaeenieaeenns
ADCON2H (ADC Control 2 High) ....
ADCONZ2L (ADC Control 2 Low)......
ADCON3H (ADC Control 3 High) ....
ADCONS3L (ADC Control 3 Low)......
ADCON4H (ADC Control 4 High) ....
ADCONA4L (ADC Control 4 Low)......
ADCONS5H (ADC Control 5 High) ....
ADCONSL (ADC Control 5 LOW).....c.cocvecveriieenieaenns
ADCORExH (Dedicated ADC Core x

Control High)....oceeeiiiiiiiic e 243
ADCOREXL (Dedicated ADC Core x

CONtrol LOW)...cooiiiiiicieie e 242
ADEIEH (ADC Early Interrupt Enable High) ............. 245
ADEIEL (ADC Early Interrupt Enable Low)............... 245

ADEISTATH (ADC Early Interrupt Status High)........ 246
ADEISTATL (ADC Early Interrupt Status Low)......... 246
ADFLxCON (ADC Digital Filter x Control)................. 260
ADIEH (ADC Interrupt Enable High)
ADIEL (ADC Interrupt Enable Low)
ADLVLTRGH (ADC Level-Sensitive Trigger

Control High)......covveiiii e 244
ADLVLTRGL (ADC Level-Sensitive Trigger

COoNtrol LOW)...couviiiiiieieeieee e 244
ADMODOH (ADC Input Mode Control 0 High).......... 247
ADMODOL (ADC Input Mode Control 0 Low) ........... 247
ADMOD1L (ADC Input Mode Control 1 Low) ........... 248

ADSTATH (ADC Data Ready Status High)
ADSTATL (ADC Data Ready Status Low)................
ADTRIGxH (ADC Channel Trigger x

Selection High).......cocoviiiiiiiice, 253

ADTRIGxL (ADC Channel Trigger x

Selection LOW) .....cccoviiiiiiiiiiicciececeec e
ALTDTRx (PWMx Alternate Dead-Time)
AUXCONXx (PWMx Auxiliary Control) .........c.cccccueeee.
CHOP (PWMx Chop Clock Generator).....................
CLKDIV (Clock Divisor) ........ccccevvecvenuenne
CMPxCON (Comparator x Control)......
CMPxDAC (Comparator x DAC Control)..................
CORCON (Core Control)........c.ceerveereenieerniieeeans 28, 96
CTXTSTAT (CPU W Register Context Status)..... .. 29
DEVID (DevVice ID)..c..coeeeeeeieeeeeiesieeeee e
DEVREYV (Device Revision)...
DTRx (PWMx Dead-Time).........cccccermeeniciiueenieenenn
FCLCONXx (PWMx Fault Current-Limit Control)
I2CXCONH (12Cx Control High) .......ccccccovieiieiieienen.
I2CxCONL (12Cx Control LOW) ......ccceeevveiiverieenienns
I2CxMSK (12Cx Slave Mode Address Mask)...........
[2CXSTAT (12Cx Status) .....ccovvrveieiieiciece e,
ICXCON1 (Input Capture x Control 1).........cccceeveennee
ICxCONZ2 (Input Capture x Control 2)
INTCON1 (Interrupt Control 1).......ccccovenvieiiiiieeenen.
INTCONZ2 (Interrupt Control 2)
INTCONS (Interrupt Control 3)
INTCON4 (Interrupt Control 4)
INTTREG (Interrupt Control and Status) ..................
IOCONx (PWMx I/O Control)
ISRCCON (Constant-Current Source Control).........
LEBCONXx (PWMx Leading-Edge

Blanking Control) ..........cccooouiiiiiiiinieiieee e 203
LEBDLYx (PWMx Leading-Edge

Blanking Delay) ........cccccoveiiiiiiiiinic e
LFSR (Linear Feedback Shift)

MDC (PWMx Master Duty Cycle) ........cccouveeiiieernnnes 191
NVMADR (Nonvolatile Memory

Lower AdAress) ........ccevueerieeiieeneciie e 83
NVMADRU (Nonvolatile Memory

Upper AdAress) ........ceeeveeiieeieeneiiee e 83
NVMCON (Nonvolatile Memory (NVM) Control)......... 81

NVMKEY (Nonvolatile Memory Key) ................... ... 84

NVMSRCADR (NVM Source Data Address).... ... 84
OCxCON1 (Output Compare x Control 1)........ ... 176

OCxCON2 (Output Compare x Control 2) ..... ... 178
OSCCON (Oscillator Control).........cccoceeviereenseeennen. 107
OSCTUN (FRC Oscillator Tuning)....... e 111
PDCx (PWMx Generator Duty Cycle)..... ... 194
PGAXCAL (PGAXx Calibration) .........ccccceevveniiincecennnn. 274
PGAXCON (PGAX Control) ......ccecvirveernieiieenieeieens 273
PHASEx (PWMx Primary Phase-Shift)..................... 195

PLLFBD (PLL Feedback Divisor)
PMD1 (Peripheral Module Disable Control 1)...........
PMD2 (Peripheral Module Disable Control 2)...........
PMD3 (Peripheral Module Disable Control 3)..........
PMD4 (Peripheral Module Disable Control 4)...........
PMD6 (Peripheral Module Disable Control 6)...........
PMD7 (Peripheral Module Disable Control 7)..........
PMD8 (Peripheral Module Disable Control 8)...........
PTCON (PWMx Time Base Control) .........cccccveeenes
PTCON2 (PWMx Clock Divider Select 2).................
PTPER (PWMx Primary Master

Time Base Period).........ccccceeeiiieeiiieeniiieceeen. 187
PWMCAPx (PWMx Primary

Time Base Capture) ........ccccccevviineeiciecnieceenn 206
PWMCONX (PWMx Control)........ccccoeveeerienecreennene. 192
PWMKEY (PWMx Protection Lock/Unlock Key)....... 191
RCON (Reset Control).........ccoevveriiininnieiiee s 87
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