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dsPIC33EPXXGS50X FAMILY

1.0 DEVICE OVERVIEW

Note 1: This data sheet summarizes the features
of the dsPIC33EPXXGS50X family of
devices. It is not intended to be a com-
prehensive resource. 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.

FIGURE 1-1:

This document contains device-specific information for
the dsPIC33EPXXGS50X Digital Signal Controller (DSC)
devices.

dsPIC33EPXXGS50X devices contain extensive
Digital Signal Processor (DSP) functionality with a
high-performance, 16-bit MCU architecture.

Figure 1-1 shows a general block diagram of the core
and peripheral modules. Table 1-1 lists the functions of
the various pins shown in the pinout diagrams.
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TABLE 1-1: PINOUT 1/O DESCRIPTIONS (CONTINUED)

Pin Name® Pin | Buffer | 55 Description
Type| Type
SCL1 /0 ST No |Synchronous serial clock input/output for 12C1.
SDA1 /0 ST No |Synchronous serial data input/output for 12C1.
ASCLA1 /0 ST No |Alternate synchronous serial clock input/output for 12C1.
ASDA1 /0 ST No |Alternate synchronous serial data input/output for [12C1.
SCL2 /0 ST No |Synchronous serial clock input/output for 12C2.
SDA2 /0 ST No |Synchronous serial data input/output for 12C2.
ASCL2 /0 ST No |Alternate synchronous serial clock input/output for 12C2.
ASDA2 /0 ST No |Alternate synchronous serial data input/output for [12C2.
TMS | ST No |JTAG Test mode select pin.
TCK | ST No |JTAG test clock input pin.
TDI | ST No |JTAG test data input pin.
TDO (0] — No |JTAG test data output pin.
FLT1-FLT8 | ST Yes |PWM Fault Inputs 1 through 8.
FLT9-FLT12 | ST No |PWM Fault Inputs 9 through 12.
FLT31 | ST No |PWM Fault Input 31 (Class B Fault).
PWM1L-PWM3L (0] — No |PWM Low Outputs 1 through 3.
PWM1H-PWM3H (0] — No |PWM High Outputs 1 through 3.
PWM4L-PWM5L ) o) — | Yes |PWM Low Outputs 4 and 5.
PWM4H-PWM5H® o) — | Yes |PWM High Outputs 4 and 5.
SYNCI1, SYNCI2 | ST Yes |PWM Synchronization Inputs 1 and 2.
SYNCO1, SYNCO2 (e} — Yes |PWM Synchronization Outputs 1 and 2.
CMP1A-CMP4A I | Analog | No |Comparator Channels 1 through 4 A input.
CMP1B-CMP4B I | Analog | No |Comparator Channels 1 through 4 B input.
CMP1C-CMP4C I | Analog | No |Comparator Channels 1 through 4 C input.
CMP1D-CMP4D I | Analog | No |Comparator Channels 1 through 4 D input.
DACOUT1, DACOUT2| O — No |DAC Output Voltages 1 and 2.
EXTREF1, EXTREF2 I | Analog| No |External Voltage Reference Inputs 1 and 2 for the reference DACs.
ISRC1-ISRC4 O | Analog | No |Constant-Current Outputs 1 through 4.
PGA1P1-PGA1P4 I | Analog | No |PGA1 Positive Inputs 1 through 4.
PGA1IN1-PGA1TN3 I | Analog | No |PGA1 Negative Inputs 1 through 3.
PGA2P1-PGA2P4 I | Analog | No |PGA2 Positive Inputs 1 through 4.
PGA2N1-PGA2N3 I | Analog | No |PGA2 Negative Inputs 1 through 3.
ADTRG31 | ST No |External ADC trigger source.
PGED1 /0 ST No |Data I/O pin for Programming/Debugging Communication Channel 1.
PGEC1 | ST No |Clock input pin for Programming/Debugging Communication Channel 1.
PGED2 /0 ST No |Data I/O pin for Programming/Debugging Communication Channel 2.
PGEC2 | ST No |Clock input pin for Programming/Debugging Communication Channel 2.
PGED3 /0 ST No |Data I/O pin for Programming/Debugging Communication Channel 3.
PGEC3 | ST No |Clock input pin for Programming/Debugging Communication Channel 3.
Legend: CMOS = CMOS compatible input or output Analog = Analog input P = Power
ST = Schmitt Trigger input with CMOS levels O = Output | = Input
PPS = Peripheral Pin Select TTL = TTL input buffer

1: Not all pins are available in all packages variants. See the “Pin Diagrams” section for pin availability.
These pins are dedicated on 64-pin devices.
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2.5 ICSP Pins

The PGECx and PGEDx pins are used for ICSP and
debugging purposes. It is recommended to keep the
trace length between the ICSP connector and the ICSP
pins on the device as short as possible. If the ICSP con-
nector is expected to experience an ESD event, a
series resistor is recommended, with the value in the
range of a few tens of Ohms, not to exceed 100 Ohms.

Pull-up resistors, series diodes and capacitors on the
PGECx and PGEDx pins are not recommended as they
will interfere with the programmer/debugger communi-
cations to the device. If such discrete components are
an application requirement, they should be removed
from the circuit during programming and debugging.
Alternatively, refer to the AC/DC characteristics and
timing requirements information in the respective
device Flash programming specification for information
on capacitive loading limits and pin Voltage Input High
(VIH) and Voltage Input Low (VIL) requirements.

Ensure that the “Communication Channel Select” (i.e.,
PGECx/PGEDx pins) programmed into the device
matches the physical connections for the ICSP
to MPLAB® PICkit™ 3, MPLAB ICD 3, or MPLAB
REAL ICE™.

For more information on MPLAB ICD 2, MPLAB ICD 3

and REAL ICE connection requirements, refer to the

following documents that are available on the

Microchip web site.

+ “Using MPLAB® ICD 3" (poster) DS51765

» “Multi-Tool Design Advisory” DS51764

« “MPLAB® REAL ICE™ In-Circuit Emulator User’s
Guide” DS51616

« “Using MPLAB® REAL ICE™ In-Circuit Emulator”
(poster) DS51749

2.6 External Oscillator Pins

Many DSCs have options for at least two oscillators: a
high-frequency primary oscillator and a low-frequency
secondary oscillator. For details, see Section 8.0
“Oscillator Configuration” for details.

The oscillator circuit should be placed on the same
side of the board as the device. Also, place the
oscillator circuit close to the respective oscillator pins,
not exceeding one-half inch (12 mm) distance
between them. The load capacitors should be placed
next to the oscillator itself, on the same side of the
board. Use a grounded copper pour around the
oscillator circuit to isolate them from surrounding
circuits. The grounded copper pour should be routed
directly to the MCU ground. Do not run any signal
traces or power traces inside the ground pour. Also, if
using a two-sided board, avoid any traces on the
other side of the board where the crystal is placed. A
suggested layout is shown in Figure 2-3.

FIGURE 2-3: SUGGESTED PLACEMENT
OF THE OSCILLATOR
CIRCUIT

Main Oscillator

Guard Ring

Guard Trace

Oscillator Pins
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3.7 CPU Control Registers

REGISTER 3-1: 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 SAG sB® OAB SAB DA DC
bit 15 bit 8
R/W-0® R/W-0® R/W-0) R-0 R/W-0 R/W-0 R/W-0 R/W-0
IPL2( 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 15 OA: Accumulator A Overflow Status bit

1 = Accumulator A has overflowed
0 = Accumulator A has not overflowed
bit 14 OB: Accumulator B Overflow Status bit
1 = Accumulator B has overflowed
0 = Accumulator B has not overflowed
bit 13 SA: Accumulator A Saturation ‘Sticky’ Status bit(®)
1 = Accumulator A is saturated or has been saturated at some time
0 = Accumulator A is not saturated
bit 12 SB: Accumulator B Saturation ‘Sticky’ Status bit(®)
1 = Accumulator B is saturated or has been saturated at some time
0 = Accumulator B is not saturated
bit 11 OAB: OA || OB Combined Accumulator Overflow Status bit
1 = Accumulators A or B have overflowed
0 = Neither Accumulators A or B have overflowed
bit 10 SAB: SA || SB Combined Accumulator ‘Sticky’ Status bit
1 = Accumulators A or B are saturated or have been saturated at some time
0 = Neither Accumulator A or B are saturated
bit 9 DA: DOLoop Active bit
1 = DOloop in progress
0 = DOloop not in progress
bit 8 DC: MCU ALU Half Carry/Borrow bit

1 = A carry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized data)

of the result occurred

0 = No carry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized

data) of the result occurred

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.

DS70005127D-page 26 © 2013-2017 Microchip Technology Inc.
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FIGURE 4-8: DATA MEMORY MAP FOR dsPIC33EP64GS50X DEVICES

MSB LSB
Address 16 Bits Address
- -
MSB LSB
— 0x0001 ' 0x0000 —
4-Kbyte SFR Space
SFR Space | OxOFFF | OXOFFE
— 0x1001 | 0x1000 8-Kbyte
| Near
X Data RAM (X) Data Space
|
8-Kbyte Ox1FFF | Ox1FFE
SRAM Space 0x2001 | 0x2000 ~
|
Y Data RAM (Y)
|
L_Ox2FFF | 0x2FFE
0x3001 | 0x3000
|
|
|
|
|
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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TABLE 4-20: PERIPHERAL PIN SELECT INPUT REGISTER MAP

SFR | addr.| Bit15 | Bit14 | Bit13 | Biti2 | Bit1l | Bit10 | Bit9 Bits | Bit7 | Bite | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bito | A"

Name Resets
RPINRO | 06A0 INT1R<7:0> — — — — — — — — 0000
RPINR1 | 06A2 — — — — — — — — INT2R<7:0> 0000
RPINR2 | 06A4 T1CKR<7:0> — — — — — — — — 0000
RPINR3 | 06A6 | T3CKR7 | T3CKR6 | T3CKR5 | T3CKR4 | T3CKR3 | T3CKR2 | T3CKR1 | T3CKRO | T2CKR7 | T2CKR6 | T2CKR5 | T2CKR4 | T2CKR3 | T2CKR2 | T2CKR1 | T2CKRO | 0000
RPINR7 | 06AE IC2R7 IC2R6 IC2R5 IC2R4 IC2R3 IC2R2 IC2R1 IC2R0O IC1R7 IC1R6 IC1R5 IC1R4 IC1R3 IC1R2 IC1R1 IC1RO 0000
RPINR8 | 06BO IC4R7 IC4R6 IC4R5 IC4R4 IC4R3 IC4R2 IC4R1 IC4R0O IC3R7 IC3R6 IC3R5 IC3R4 IC3R3 IC3R2 IC3R1 IC3RO 0000
RPINR11 | 06B6 — — — — — — — — OCFAR<7:0> 0000
RPINR12| 06B8 | FLT2R7 FLT2R6 FLT2R5 FLT2R4 FLT2R3 FLT2R2 FLT2R1 FLT2RO | FLT1R7 | FLT1R6 | FLT1IR5 | FLT1R4 | FLT1R3 | FLT1R2 | FLT1R1 | FLT1RO | 0000
RPINR13 | 06BA | FLT4R7 FLT4R6 FLT4R5 FLT4R4 FLT4R3 FLT4R2 FLT4R1 FLT4RO | FLT3R7 | FLT3R6 | FLT3R5 | FLT3R4 | FLT3R3 | FLT3R2 | FLT3R1 | FLT3RO | 0000
RPINR18| 06C4 | U1CTSR7 | U1CTSR6 | UICTSR5 | UICTSR4 | U1CTSR3 | UICTSR2 | U1ICTSR1 | U1CTSO |U1RXR7 | UIRXR6 | UIRXR5 | UIRXR4 | UIRXR3 | UIRXR2 | UIRXR1 | UTRXR0 | 0000
RPINR19| 06C6 | U2CTSR7 | U2CTSR6 | U2CTSR5 | U2CTSR4 | U2CTSR3 | U2CTSR2 | U2CTSR1 | U2CTSRO | U2RXR7 | U2RXR6 | U2RXR5 | U2RXR4 | U2RXR3 | U2RXR2 | U2RXR1 | U2RXR0 | 0000
RPINR20| 06C8 | SCK1INR7 | SCK1INR6 | SCK1INR5 | SCK1INR4 | SCK1INR3 | SCK1INR2 | SCK1INR1 | SCK1INRO | SDI1R7 | SDI1R6 | SDI1R5 | SDI1R4 | SDI1R3 | SDI1R2 | SDI1R1 | SDI1R0O 0000
RPINR21| 06CA — — — — — — — — SS1R<7:0> 0000
RPINR22 | 06CC | SCK2INR7 | SCK2INRG | SCK2INR5 | SCK2INR4 | SCK2INR3 | SCK2INR2 | SCK2INR1 | SCK2INRO | SDI2R7 | SDI2R6 | SDI2R5 | SDI2R4 | SDI2R3 | SDI2R2 | SDI2R1 | SDI2R0 0000
RPINR23 | 06CE — — — — — — — — SS2R<7:0> 0000
RPINR37 | 06EA SYNCI1R<7:0> — | - =] = 1 =] = [ = | — 1| o000
RPINR38 | 06EC — — — — — — — — SYNCI2R<7:0> 0000
RPINR42 | 06F4 | FLT6R7 FLT6R6 FLT6R5 FLT6R4 FLT6R3 FLT6R2 FLT6R1 FLT6RO | FLT5R7 | FLT5R6 | FLT5R5 | FLT5R4 | FLT5R3 | FLT5R2 | FLT5R1 | FLT5RO | 0000
RPINR43 | 06F6 | FLT8R7 FLT8R6 FLT8R5 FLT8R4 FLT8R3 FLT8R2 FLT8R1 FLT8RO | FLT7R7 | FLT7R6 | FLT7R5 | FLT7R4 | FLT7R3 | FLT7R2 | FLT7R1 | FLT7RO | 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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4.9.1 DATA ACCESS FROM PROGRAM
MEMORY USING TABLE
INSTRUCTIONS

The TBLRDL and TBLWIL instructions offer a direct
method of reading or writing the lower word of any
address within the Program Space without going
through Data Space. The TBLRDH and TBLWH
instructions are the only method to read or write the
upper 8 bits of a Program Space word as data.

The PC is incremented by two for each successive
24-bit program word. This allows program memory
addresses to directly map to Data Space addresses.
Program memory can thus be regarded as two 16-bit
wide word address spaces, residing side by side, each
with the same address range. TBLRDL and TBLWIL
access the space that contains the least significant
data word. TBLRDHand TBLWI'H access the space that
contains the upper data byte.

Two table instructions are provided to move byte or
word-sized (16-bit) data to and from Program Space.
Both function as either byte or word operations.

* TBLRDL (Table Read Low):

* TBLRDH (Table Read High):

- In Word mode, this instruction maps the entire
upper word of a program address (P<23:16>)
to a data address. The ‘phantom’ byte
(D<15:8>) is always ‘0’.

- In Byte mode, this instruction maps the upper
or lower byte of the program word to D<7:0>
of the data address in the TBLRDL instruc-
tion. The data is always ‘0’ when the upper
‘phantom’ byte is selected (Byte Select = 1).

In a similar fashion, two table instructions, TBLW'H
and TBLWIL, are used to write individual bytes or
words to a Program Space address. The details of
their operation are explained in Section 5.0 “Flash
Program Memory”.

For all table operations, the area of program memory
space to be accessed is determined by the Table Page
register (TBLPAG). TBLPAG covers the entire program
memory space of the device, including user application
and configuration spaces. When TBLPAG<7> = 0, the
table page is located in the user memory space. When
TBLPAG<7> = 1, the page is located in configuration

space.
- In Word mode, this instruction maps the lower
word of the Program Space location (P<15:0>)
to a data address (D<15:0>)
- In Byte mode, either the upper or lower byte
of the lower program word is mapped to the
lower byte of a data address. The upper byte
is selected when Byte Select is ‘1’; the lower
byte is selected when itis ‘0.
FIGURE 4-15: ACCESSING PROGRAM MEMORY WITH TABLE INSTRUCTIONS
Program Space
TBLPAG
02
23 15 0 0x000000 —~ 23 16 8 0
! N\ N
| 00000000 MY
! 00000000
; 0x020000 } y 00000000
: 0x030000 00000000
|
| —
: ‘Phantom’ Byte
| —
|
|
|
|
: TBLRDH. B (Wn<0> = 0)
: TBLRDL. B (Wn<0>=1)
I TBLRDL. B (Wn<0>=0)
| TBLRDL. W.
|
| The address for the table operation is determined by the data EA
! within the page defined by the TBLPAG register.
] . . . . L
X 0x800000 Only read operations are shown; write operations are also valid in
the user memory area.
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REGISTER 7-7: INTTREG: INTERRUPT CONTROL AND STATUS REGISTER

uU-0 u-0 U-0 u-0 R-0 R-0 R-0 R-0
— — — — ILR3 ILR2 ILR1 ILRO
bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
VECNUM7 | VECNUM6 | VECNUM5 | VECNUM4 | VECNUM3 | VECNUM2 | VECNUM1 | VECNUMO
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’ = Bitis cleared x = Bit is unknown
bit 15-12 Unimplemented: Read as ‘0’
bit 11-8 ILR<3:0>: New CPU Interrupt Priority Level bits

1111 = CPU Interrupt Priority Level is 15

0001 = CPU Interrupt Priority Level is 1
0000 = CPU Interrupt Priority Level is 0

bit 7-0 VECNUM<7:0>: Vector Number of Pending Interrupt bits
11111111 =255, Reserved; do not use

00001001 =9, IC1 — Input Capture 1
00001000 = 8, INTO — External Interrupt 0
00000111 =7, Reserved; do not use
00000110 = 6, Generic soft error trap
00000101 = 5, Reserved; do not use
00000100 = 4, Math error trap

00000011 = 3, Stack error trap
00000010 = 2, Generic hard trap
00000001 = 1, Address error trap
00000000 = 0, Oscillator fail trap

© 2013-2017 Microchip Technology Inc. DS70005127D-page 101
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12.0 TIMER2/3 AND TIMER4/5

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 Timer2/3 and Timer4/5 modules are 32-bit timers,
which can also be configured as four independent
16-bit timers with selectable operating modes.

As 32-bit timers, Timer2/3 and Timer4/5 operate in
three modes:

* Two Independent 16-Bit Timers (e.g., Timer2 and
Timer3) with All 16-Bit Operating modes (except
Asynchronous Counter mode)

» Single 32-Bit Timer
» Single 32-Bit Synchronous Counter
They also support these features:

» Timer Gate Operation

+ Selectable Prescaler Settings

+ Timer Operation during Idle and Sleep modes
* Interrupt on a 32-Bit Period Register Match

» Time Base for Input Capture and Output Compare
modules (Timer2 and Timer3 only)

Individually, all four of the 16-bit timers can function as
synchronous timers or counters. They also offer the
features listed previously, except for the event trigger;
this is implemented only with Timer2/3. The operating
modes and enabled features are determined by setting
the appropriate bit(s) in the T2CON, T3CON, T4CON
and T5CON registers. T2CON and T4CON are shown
in generic form in Register 12-1. T3CON and T5CON
are shown in Register 12-2.

For 32-bit timer/counter operation, Timer2 and Timer4
are the least significant word (Isw); Timer3 and Timer5
are the most significant word (msw) of the 32-bit timers.

Note: For 32-bit operation, T3CON and T5CON
control bits are ignored. Only T2CON and
T4CON control bits are used for setup and
control. Timer2 and Timer4 clock and gate
inputs are utilized for the 32-bit timer
modules, but an interrupt is generated
with the Timer3 and Timer5 interrupt flags.

A block diagram for an example 32-bit timer pair
(Timer2/3 and Timer4/5) is shown in Figure 12-2.

12.1 Timer Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page contains the latest
updates and additional information.

12.1.1 KEY RESOURCES

* “Timers” (DS70362) in the “dsPIC33/PIC24
Family Reference Manual”

+ Code Samples

 Application Notes

» Software Libraries

* Webinars

» All Related “dsPIC33/PIC24 Family Reference
Manual” Sections

* Development Tools

© 2013-2017 Microchip Technology Inc.
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REGISTER 15-12: PWMCONXx: PWMx CONTROL REGISTER (x = 1to 5)

R-0,HSC  R-0,HSC  R-0,HSC R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
FLTSTAT® | CLSTAT®) | TRGSTAT | FLTIEN CLEN | TRGIEN | 1TB® MDCS®
bit 15 bit 8
R/W-0 R/W-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
DTC1 DTCO — — MTBS CAM@34 | XPRES®) IUE
bit 7 bit O
Legend: HSC = Hardware Settable/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 FLTSTAT: Fault Interrupt Status bit™®

1 = Fault interrupt is pending
0 = No Fault interrupt is pending
This bit is cleared by setting FLTIEN = 0.
bit 14 CLSTAT: Current-Limit Interrupt Status bit(?)
1 = Current-limit interrupt is pending
0 = No current-limit interrupt is pending
This bit is cleared by setting CLIEN = 0.
bit 13 TRGSTAT: Trigger Interrupt Status bit
1 = Trigger interrupt is pending
0 = No trigger interrupt is pending
This bit is cleared by setting TRGIEN = 0.
bit 12 FLTIEN: Fault Interrupt Enable bit
1 = Fault interrupt is enabled
0 = Fault interrupt is disabled and the FLTSTAT bit is cleared
bit 11 CLIEN: Current-Limit Interrupt Enable bit
1 = Current-limit interrupt is enabled
0 = Current-limit interrupt is disabled and the CLSTAT bit is cleared
bit 10 TRGIEN: Trigger Interrupt Enable bit
1 = A trigger event generates an interrupt request
0 = Trigger event interrupts are disabled and the TRGSTAT bit is cleared
bit 9 ITB: Independent Time Base Mode bit(3)
1 = PHASEx/SPHASEX registers provide the time base period for this PWMx generator
0 = PTPER register provides timing for this PWMx generator
bit 8 MDCS: Master Duty Cycle Register Select bit®

1 = MDC register provides duty cycle information for this PWMx generator
0 = PDCx and SDCx registers provide duty cycle information for this PWMx generator

Note 1: Software must clear the interrupt status here and in the corresponding IFSx bit in the interrupt controller.
2. The Independent Time Base mode (ITB = 1) must be enabled to use Center-Aligned mode. If ITB = 0, the
CAM bit is ignored.
3: These bits should not be changed after the PWMx is enabled by setting PTEN = 1 (PTCON<15>).

4: Center-Aligned mode ignores the Least Significant 3 bits of the Duty Cycle, Phase and Dead-Time
registers. The highest Center-Aligned mode resolution available is 8.32 ns with the clock prescaler set to
the fastest clock.

5:  Configure CLMOD =0 (FCLCONx<8>) and ITB = 1 (PWMCONXx<9>) to operate in External Period
Reset mode.
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16.0 SERIAL PERIPHERAL
INTERFACE (SPI)

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 “Serial Peripheral
Interface (SPI)” (DS70005185) in the
“dsPIC33/PIC24 Family Reference Man-
ual”, which is available from the Microchip
web site (www.microchip.com).

Note 1:

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 SPI module is a synchronous serial interface,
useful for communicating with other peripherals or
microcontroller devices. These peripheral devices can
be serial EEPROMSs, shift registers, display drivers,
ADC Converters, etc. The SPI module is compatible
with Motorola® SPI and SIOP interfaces.

The dsPIC33EPXXGS50X device family offers two SPI
modules on a single device. These modules, which are
designated as SPI1 and SPI2, are functionally identical.

Note: In this section, the SPlI modules are
referred to together as SPIx, or separately
as SPI1 and SPI2. Special Function
Registers follow a similar notation. For
example, SPIXCON refers to the control

register for the SPI1 and SPI2 modules.

The SPIx module takes advantage of the Peripheral
Pin Select (PPS) feature to allow for greater flexibility in
pin configuration.

The SPIx serial interface consists of four pins, as follows:

» SDIx: Serial Data Input

» SDOx: Serial Data Output

* SCKXx: Shift Clock Input or Output

« SSx/FSYNCx: Active-Low Slave Select or Frame
Synchronization I/O Pulse

The SPIx module can be configured to operate with
two, three or four pins. In 3-Pin mode, SSx is not used.
In 2-Pin mode, neither SDOx nor SSx is used.

Figure 16-1 illustrates the block diagram of the SPIx
module in Standard and Enhanced modes.

Read SPIXBUF v
<

Receive Buffer(

Transmit Buffer(

v

t

SPIxBUF

Write SPIXBUF
16

FIGURE 16-1: SPIx MODULE BLOCK DIAGRAM
SCKx 1110 1:8 1:1/4/16/64
E Secondary — Primary |<«—Fp
N v Prescaler Prescaler
SSx/FSYNCx
@ Sync Control Select t
Control Clock Edge SPIXCON1<1:0>
SDOx L‘ Shift Control SPIXCON1<4:2>
Enable
E ~ Master Clock
SDIx bit 0 \/
N
.—»—» & | SPIXSR —
Transfer Transfer
8-Level FIFO 8-Level FIFO

Note 1:

In Standard mode, the FIFO is only one-level deep.

> Internal Data Bus
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FIGURE 17-1:

12Cx BLOCK DIAGRAM (x =10R 2)
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v
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FIGURE 19-2: DEDICATED CORES 0 TO 3 BLOCK DIAGRAM
r— - — — — — — — — — — — — q
I I
Positive Input g I7| Positive Input |
| PGAx— Selection |m] |
Alternate &7 (CxCHS<1:0>) M
Positive Input | Sample- 12-Bit SAR |
and-Hold [ ADC
I - I Output Data
Negative Input |XI7 Negative Input| _ EEE—
I Selection % I
| (DIFFx)® I A |
| ADC Core | Clock
- Clock Divider
Trigger Stops ] .
I S ping | |(ADCS<6:0> bits) I
| — AVss |
Lo 1

Note 1: The DIFFx bit for the corresponding positive input channel must be set in order to use the negative
differential input.

FIGURE 19-3: SHARED CORE BLOCK DIAGRAM

Reference

12-Bit -

. I
AN21 X — SAR
/( Shared ADC
Sample-

Analog Channel Number and-Hold
from Current Trigger I

Output Data

|
|
|
I - ADC Core lock
ANOU) | Negzltglceﬁtl)r;]put T Clock Divider |- Cloc
| (D”:FX)(l) * (SHRADC<6:0> bItS)
<9:0>
! Sampling Time |« SHRSAMC<9:0
|
| = AVss
Lo 1

Note 1: Differential-mode conversion is not available for the shared ADC core in dsPIC33EPXXGS502 devices.
For all other devices, the DIFFx bit for the corresponding positive input channel must be set to use AN9
as the negative differential input.
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REGISTER 19-15: ADEIEL: ADC EARLY INTERRUPT ENABLE REGISTER LOW

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EIEN<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
EIEN<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 EIEN<15:0>: Early Interrupt Enable for Corresponding Analog Inputs bits

1 = Early interrupt is enabled for the channel
0 = Early interrupt is disabled for the channel

REGISTER 19-16: ADEIEH: ADC EARLY INTERRUPT ENABLE REGISTER HIGH

U-0 uU-0 u-0 uU-0 U-0 U-0 uU-0 u-0
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
— — EIEN<21:16>
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 15-6 Unimplemented: Read as ‘0’
bit 5-0 EIEN<21:16>: Early Interrupt Enable for Corresponding Analog Inputs bits

1 = Early interrupt is enabled for the channel
0 = Early interrupt is disabled for the channel
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22.3 Current Source Control Register

REGISTER 22-1: ISRCCON: CONSTANT-CURRENT SOURCE CONTROL REGISTER

R/W-0 U-0 u-0 U-0 u-0 R/W-0 R/W-0 R/W-0
ISRCEN — — — — OUTSEL2 OUTSEL1 OUTSELO
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
— — ISRCCAL5 | ISRCCAL4 | ISRCCAL3 | ISRCCAL2 ISRCCAL1 | ISRCCALO
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 ISRCEN: Constant-Current Source Enable bit

1 = Current source is enabled
0 = Current source is disabled

bit 14-11 Unimplemented: Read as ‘0’
bit 10-8 OUTSEL<2:0>: Output Constant-Current Select bits

111 = Reserved

110 = Reserved

101 = Reserved

100 = Input pin, ISRC4 (AN4)
011 = Input pin, ISRC3 (AN5)
010 = Input pin, ISRC2 (ANG)
001 = Input pin, ISRC1 (AN12)
000 = No output is selected

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 ISRCCAL<5:0>: Constant-Current Source Calibration bits

The calibration value must be copied from Flash address, 0x800E78, 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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TABLE 23-2: CONFIGURATION BITS DESCRIPTION (CONTINUED)
Bit Field Description

FNOSC<2:0> Oscillator Selection bits
111 = Fast RC Oscillator with Divide-by-N (FRCDIVN)
110 = Fast RC Oscillator with Divide-by-16
101 = Low-Power RC Oscillator (LPRC)
100 = Reserved; do not use
011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
010 = Primary Oscillator (XT, HS, EC)
001 = Fast RC Oscillator with Divide-by-N with PLL module (FRCPLL)
000 = Fast RC Oscillator (FRC)

FCKSM<1:0> Clock Switching Mode bits
1x = Clock switching is disabled, Fail-Safe Clock Monitor is disabled
01 = Clock switching is enabled, Fail-Safe Clock Monitor is disabled
00 = Clock switching is enabled, Fail-Safe Clock Monitor is enabled

IOL1WAY Peripheral Pin Select Configuration bit
1 = Allows only one reconfiguration
0 = Allows multiple reconfigurations

OSCIOFNC OSC2 Pin Function bit (except in XT and HS modes)

1 = OSC2 is the clock output
0 = OSC2 is a general purpose digital I/O pin

POSCMD<1:0>

Primary Oscillator Mode Select bits
11 = Primary Oscillator is disabled
10 = HS Crystal Oscillator mode
01 = XT Crystal Oscillator mode
00 = EC (External Clock) mode

WDTEN<1:0>

Watchdog Timer Enable bits

11 = Watchdog Timer is always enabled (LPRC oscillator cannot be disabled; clearing the
SWDTEN bit in the RCON register will have no effect)

10 = Watchdog Timer is enabled/disabled by user software (LPRC can be disabled by
clearing the SWDTEN bit in the RCON register)

01 = Watchdog Timer is enabled only while device is active and is disabled while in Sleep
mode; software control is disabled in this mode

00 = Watchdog Timer and SWDTEN bit are disabled

WINDIS

Watchdog Timer Window Enable bit

1 = Watchdog Timer in Non-Window mode
0 = Watchdog Timer in Window mode

PLLKEN

PLL Lock Enable bit

1 =PLL lock is enabled
0 = PLL lock is disabled

WDTPRE

Watchdog Timer Prescaler bit
1=1:128
0=1:32

WDTPOST<3:0>

Watchdog Timer Postscaler bits
1111 =1:32,768
1110 =1:16,384

0001 =1:2
0000 =1:1

Note 1: The Boot Segment must be present to use the Alternate Interrupt Vector Table.
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26.1 DC Characteristics

TABLE 26-1: OPERATING MIPS vs. VOLTAGE

. VDD Range Temperature Range Maximum MIPS
Characteristic : | in°C
(in Volts) (in °C) dsPIC33EPXXGS50X Family
— 3.0V to 3.6V(D -40°C to +85°C 70
— 3.0V to 3.6V(H -40°C to +125°C 60

Note 1: Device is functional at VBORMIN < VDD < VDDMIN. Analog modules (ADC, PGAs and comparators)
may have degraded performance. Device functionality is tested but not characterized. Refer to
Parameter BO10 in Table 26-13 for the minimum and maximum BOR values.

TABLE 26-2: THERMAL OPERATING CONDITIONS

Rating Symbol | Min. Typ. Max. Unit
Industrial Temperature Devices
Operating Junction Temperature Range TJ -40 — +125 °C
Operating Ambient Temperature Range TA -40 — +85 °C
Extended Temperature Devices
Operating Junction Temperature Range TJ -40 — +140 °C
Operating Ambient Temperature Range TA -40 — +125 °C

Power Dissipation:
Internal Chip Power Dissipation:
PINT = VDD x (IDD — X I0H) PbD PINT + PI/O w

1/O Pin Power Dissipation:
1/0=% ({VDD—VoH} x IoH) + X (VoL x loL)

Maximum Allowed Power Dissipation PDMAX (Ty = TA)BJA w

TABLE 26-3: THERMAL PACKAGING CHARACTERISTICS

Characteristic Symbol | Typ. Max. Unit Notes
Package Thermal Resistance, 64-Pin TQFP 10x10x1 mm 0JA 49.0 — °C/W 1
Package Thermal Resistance, 48-Pin TQFP 7x7x1.0 mm 0JA 63.0 — °C/IW 1
Package Thermal Resistance, 44-Pin QFN 8x8 mm 0JA 29.0 — °C/IW 1
Package Thermal Resistance, 44-Pin TQFP 10x10x1 mm 0JA 50.0 — °C/W 1
Package Thermal Resistance, 28-Pin QFN-S 6x6x0.9 mm 0JA 30.0 — °C/IW 1
Package Thermal Resistance, 28-Pin UQFN 6x6x0.5 mm 0JA 26.0 — °C/IW 1
Package Thermal Resistance, 28-Pin SOIC 7.50 mm 0JA 70.0 — °C/W 1

Note 1: Junction to ambient thermal resistance, Theta-JA (6JA) numbers are achieved by package simulations.
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FIGURE 26-3: I/O TIMING CHARACTERISTICS

1/0 Pin . ><

(Input) Y i

. DI35 -
DI40

(Icl)out;iﬂ) Old Value X New Value

—. .= DO31
D032

Note: Refer to Figure 26-1 for load conditions.

TABLE 26-22: 1/0O TIMING REQUIREMENTS

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

AC CHARACTERISTICS

Pzrgm Symbol Characteristic Min. | Typ.®Y | Max. | Units Conditions
DO31 TIoR Port Output Rise Time — 5 10 ns
D032 TIOF Port Output Fall Time — 5 10 ns
DI35 TINP INTx Pin High or Low Time (input) 20 — — ns
D140 TRBP CNx High or Low Time (input) 2 — — Tcy

Note 1: Data in “Typ.” column is at 3.3V, +25°C unless otherwise stated.

FIGURE 26-4: BOR AND MASTER CLEAR RESET TIMING CHARACTERISTICS
(¢
/ D
MCLR —uL
.~ :
' TMCLR !
. (SY20)
! ' (¢
' ) 2
I TBOR Various Delays (depending on configuration)
. (SY30) .
: >, <}<)
Reset Sequence %
<—— CPU Starts Fetching Code
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28-Lead Plastic Quad Flat, No Lead Package (MM) - 6x6x0.9mm Body [QFN-S]
With 0.40 mm Terminal Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS

Dimension Limits| MIN [ NOM | MAX
Number of Pins N 28
Pitch e 0.65 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 6.00 BSC
Exposed Pad Width E2 365 | 370 [ 470
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.70
Terminal Width b 0.23 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, usuallvy without tolerance, for information purposes only.

Microchip Technology Drawing C04-124C Sheet 2 of 2
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NOTES:
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