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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"

Obsolete

dsPIC

16-Bit

60 MIPs

12C, IrDA, LINbus, QEI, SPI, UART/USART
Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, WDT
53

128KB (43K x 24)

FLASH

8K x 16

3V ~ 3.6V

A/D 16x10b/12b

Internal

-40°C ~ 125°C (TA)

Surface Mount

64-TQFP

64-TQFP (10x10)
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

Pin Diagrams (Continued)

36-Pin VTLA(1:2:3)

PGEC1/AN4/C1IN1+/RPI34/RB2
PGED1/AN5/C1IN1-/RP35/RB3
ANG/OA30UT/C4IN1+/OCFB/RCO
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SCL2/RP36/RB4

Vss
VDD
VDD

CVREF20/RP20/T1CK/RA4
PGED2/ASDA2/RP37/RB5
PGEC2/ASCL2/RP38/RB6

SCK1/RP39/INTO/RB7

TCK/CVREF10/ASCL1/SDO1/RP40/T4CK/RB8

Note 1: The RPn/RPIn pins can be used by any remappable peripheral with some limitation. See Section 11.4

“Peripheral Pin Select (PPS)” for available peripherals and for information on limitations.

2:  Every l/O port pin (RAx-RGXx) can be used as a Change Notification pin (CNAx-CNGXx). See Section 11.0 “1/O
Ports” for more information.

3:  The metal pad at the bottom of the device is not connected to any pins and is recommended to be connected
to Vss externally.

4:  There is an internal pull-up resistor connected to the TMS pin when the JTAG interface is active. See the
JTAGEN bit field in Table 27-2.

W = Pins are up to 5V tolerant

RPI45/CTPLS/RB13
RPI44/RB12

TDI/RP43/RB11
TDO/RP42/RB10

VDD

VcapP

Vss

RP56/RC8
TMS/ASDA1/SDI1/RP41/RB9™)
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

3.6 CPU 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, which can be
accessed using this link, contains the latest updates
and additional information.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/

Devices.aspx?dDocName=en555464

3.6.1 KEY RESOURCES

* “CPU” (DS70359) in the “dsPIC33/PIC24 Family
Reference Manual”

* Code Samples

 Application Notes

+ Software Libraries

» Webinars

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

* Development Tools

© 2011-2013 Microchip Technology Inc.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

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 os® SALA) sBt4) OABW sas®) DAW DC
bit 15 bit 8
RW-0%3)  RW-0%3)  R/W-0Z2) 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(4)
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(4)
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 Accumulators A or B are saturated
bit 9 DA: DOLoop Active bit(H)
1 = DOloop is in progress
0 = DOloop is 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: This bit is available on dsPIC33EPXXXMC20X/50X and dsPIC33EPXXXGP50X devices only.

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.

4: 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.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 3-2: CORCON: CORE CONTROL REGISTER

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-0
VAR — us1® uso® EDT(1:2) DL2W DL1® pLo®

bit 15 bit 8
R/W-0 R/W-0 R/W-1 R/W-0 R/C-0 R-0 R/W-0 R/W-0
SATAW SATBW SATDW®) | ACCSAT® | |PL3G) SFA RND®D IF®

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 VAR: Variable Exception Processing Latency Control bit

1 = Variable exception processing latency is enabled
0 = Fixed exception processing latency is enabled

bit 14 Unimplemented: Read as ‘0’
bit 13-12 US<1:0>: DSP Multiply Unsigned/Signed Control bits()
11 = Reserved

10 = DSP engine multiplies are mixed-sign
01 = DSP engine multiplies are unsigned
00 = DSP engine multiplies are signed

bit 11 EDT: Early DOLoop Termination Control bit(12)
1 = Terminates executing DOloop at end of current loop iteration
0 = No effect

bit 10-8 DL<2:0>: DOLoop Nesting Level Status bits(?)

111 =7 DOloops are active

001 =1 DOloop is active
000 = 0 DOloops are active
bit 7 SATA: ACCA Saturation Enable bit(%)

1 = Accumulator A saturation is enabled
0 = Accumulator A saturation is disabled

bit 6 SATB: ACCB Saturation Enable bit®
1 = Accumulator B saturation is enabled
0 = Accumulator B saturation is disabled
bit 5 SATDW: Data Space Write from DSP Engine Saturation Enable bit(®)

1 = Data Space write saturation is enabled
0 = Data Space write saturation is disabled

bit 4 ACCSAT: Accumulator Saturation Mode Select bit(V)

1 = 9.31 saturation (super saturation)
0 = 1.31 saturation (normal saturation)

bit 3 IPL3: CPU Interrupt Priority Level Status bit 3¢)

1 = CPU Interrupt Priority Level is greater than 7
0 = CPU Interrupt Priority Level is 7 or less

Note 1: This bit is available on dsPIC33EPXXXMC20X/50X and dsPIC33EPXXXGP50X devices only.
2: This bit is always read as ‘0’.
3:  The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU Interrupt Priority Level.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

FIGURE 4-7: DATA MEMORY MAP FOR dsPIC33EP32MC20X/50X AND
dsPIC33EP32GP50X DEVICES

MSB LSB
Address 16 Bits Address
- |
MSB LSB
— 0x0001 ' 0x0000 ~
4-Kbyte SFR Space
SFR Space | OXOFFF | OxOFFE
— 0x1001 | 0x1000
|
X Data RAM (X)
' 8-Kbyte
| Near
4-Kbyte Ox17FF | 0x17FE Data Space
SRAM Space 0x1801 | 0x1800
|
Y Data RAM (Y)
|
. Ox1FFF | Ox1FFE
0x2001 | 0x2000
|
|
|
|
|
0x8001 f — — — — — |- — — — — 0x8000 )
[
X Data
Unimplemented (X)
| Optionally
| Mapped
| into Program
| Memory Space
| (PSV)
|
OxFFFF | OxFFFE
| —

Note:  Memory areas are not shown to scale.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

FIGURE 4-14: DATA MEMORY MAP FOR PIC24EP128GP/MC20X/50X DEVICES

MSB LSB
Address 16 Bits Address
- -
MSB LSB
0x0001 ' 0x0000
é’;gge SFR Space
pace OxOFFF | OxOFFE ﬁ-Kbyte
—  0x1001 0x1000 ear
X I Data Space
I
Ox1FFF Ox1FFE
0x2001 F — — - XDataRAM (X)— — — + 0x2000
I
16-Kbyte |
SRAM Space |
I
I
I
. Ox4FFF | Ox4FFE
0x5001 | 0x5000
I
I
I
I
I
0x8001 F — — — — — |l— — — — — 1 0x8000 )
|
X Data
Unimplemented (X)
| Optionally
| Mapped
| into Program
| Memory Space
(PSV)
I
I
OxFFFF | OxFFFE
1 —
Note:  Memory areas are not shown to scale.
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TABLE 4-1: CPU CORE REGISTER MAP FOR dsPIC33EPXXXMC20X/50X AND dsPIC33EPXXXGP50X DEVICES ONLY (CONTINUED)

File Name | Addr. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reéléts
SR 0042 OA OB SA SB OAB SAB DA DC IPL2 IPL1 IPLO RA N ov 4 o] 0000
CORCON 0044 VAR — US<1:0> EDT DL<2:0> SATA SATB | SATDW |ACCSAT| IPL3 SFA RND IF 0020
MODCON 0046 | XMODEN | YMODEN — — BWM<3:0> YWM<3:0> XWM<3:0> 0000
XMODSRT | 0048 XMODSRT<15:0> — 0000
XMODEND | 004A XMODEND<15:0> — 0001
YMODSRT | 004C YMODSRT<15:0> — 0000
YMODEND | 004E YMODEND<15:0> — 0001
XBREV 0050 | BREN XBREV<14:0> 0000
DISICNT 0052 — — DISICNT<13:0> 0000
TBLPAG 0054 — — — — — — — — TBLPAG<7:0> 0000
MSTRPR 0058 MSTRPR<15:0> 0000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-31: PERIPHERAL PIN SELECT INPUT REGISTER MAP FOR dsPIC33EPXXXGP50X DEVICES ONLY

N';irl’r?e Addr. | Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reglelzts
RPINRO | 06A0 — INT1R<6:0> — — — — — — — — 0000
RPINR1 06A2 — — — — — — — — — INT2R<6:0> 0000
RPINR3 06A6 — — — — — — — — — T2CKR<6:0> 0000
RPINR7 | 06AE — IC2R<6:0> — IC1R<6:0> 0000
RPINR8 | 06BO — IC4R<6:0> — IC3R<6:0> 0000
RPINR11 | 06B6 — — — — — — — — — OCFAR<6:0> 0000
RPINR18 | 06C4 — — — — — — — — — U1RXR<6:0> 0000
RPINR19 | 06C6 — — — — — — — — — U2RXR<6:0> 0000
RPINR22 | 06CC — SCK2INR<6:0> — SDI2R<6:0> 0000
RPINR23 | 06CE — — — — — — — — — SS2R<6:0> 0000
RPINR26 | 06D4 — — — — — — — — — C1RXR<6:0> 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

TABLE 4-32: PERIPHERAL PIN SELECT INPUT REGISTER MAP FOR dsPIC33EPXXXMC50X DEVICES ONLY

File Name | Addr. | Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reﬁzlzlats
RPINRO 06A0 — INT1R<6:0> — — — — — — — — 0000
RPINR1 06A2 — — — — — — — — — INT2R<6:0> 0000
RPINR3 06A6 — — — — — — — — — T2CKR<6:0> 0000
RPINR7 06AE — IC2R<6:0> — IC1R<6:0> 0000
RPINRS8 06B0 — IC4R<6:0> — IC3R<6:0> 0000
RPINR11 | 06B6 — — — — — — — — — OCFAR<6:0> 0000
RPINR12 | 06B8 — FLT2R<6:0> — FLT1R<6:0> 0000
RPINR14 | 06BC — QEB1R<6:0> — QEA1R<6:0> 0000
RPINR15 | 06BE — HOME1R<6:0> — INDX1R<6:0> 0000
RPINR18 | 06C4 — — — — — — — — — U1RXR<6:0> 0000
RPINR19 | 06C6 — — — — — — — — — U2RXR<6:0> 0000
RPINR22 | 06CC — SCK2INR<6:0> — SDI2R<6:0> 0000
RPINR23 | 06CE — — — — — — — — — SS2R<6:0> 0000
RPINR26 | 06D4 — — — — — — — — — C1RXR<6:0> 0000
RPINR37 | 06EA — SYNCI1R<6:0> — — — — — — — — 0000
RPINR38 | 06EC — DTCMP1R<6:0> — — — — — — — — 0000
RPINR39 | 06EE — DTCMP3R<6:0> — DTCMP2R<6:0> 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-37: PMD REGISTER MAP FOR PIC24EPXXXGP20X DEVICES ONLY
e | Addr.| Bit1s | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 Bito | Bits | Bit7 Bité | Bits5 | Bit4 | Bit3 Bit2 | Bit1 | Bito | A
PMD1 | 0760 | T5MD T4MD T3MD T2MD T1MD — — — 12C1MD U2mMD UiMD | SPI2MD | SPI1MD — — AD1MD | 0000
PMD2 | 0762 — — — — IC4MD IC3MD IC2MD IC1MD — — — — OC4MD | OC3MD | OC2MD | OC1MD | 0000
PMD3 | 0764 — — — — — CMPMD — — CRCMD — — — — — 12C2MD — 0000
PMD4 | 0766 — — — — — — — — — — — — REFOMD | CTMUMD — — 0000
PMD6 | 076A — — — — — — — — — — — — — — — — 0000
DMAOMD
PMD7 | 076C — — — — — — — — — — — DMATMD PTGMD — — — 0000
DMA2MD
DMA3MD
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-38: PMD REGISTER MAP FOR PIC24EPXXXMC20X DEVICES ONLY
N';il!r?e Addr.| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReAsltlets
PMD1 | 0760 | T5MD T4MD T3MD T2MD T1MD QEIMMD | PWMMD — 12C1MD u2mD UIMD | SPI2MD | SPI1MD — — AD1MD | 0000
PMD2 | 0762 — — — — IC4MD IC3MD IC2MD IC1MD — — — — OC4MD | OC3MD | OC2MD | OC1MD | 0000
PMD3 | 0764 — — — — — CMPMD — — CRCMD — — — — — 12C2MD — 0000
PMD4 | 0766 — — — — — — — — — — — — REFOMD | CTMUMD — — 0000
PMD6 | 076A — — — — — PWM3MD |PWM2MD [PWM1MD — — — — — — — — 0000
DMAOMD
PMD7 |076C — — — — — — — — — — — DMATMD PTGMD — — — 0000
DMA2MD
DMA3MD
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

5.0 FLASH PROGRAM MEMORY

alternate programming pin pairs: PGECx/PGEDXx), and

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a compre-
hensive reference source. To complement
the information in this data sheet, refer to
“Flash Programming” (DS70609) 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.

three other lines for power (VDD), ground (Vss) and
Master Clear (MCLR). This allows customers to
manufacture boards with unprogrammed devices and
then program the device just before shipping the
product. This also allows the most recent firmware or a
custom firmware to be programmed.

RTSP is accomplished using TBLRD (Table Read) and
TBLWI (Table Write) instructions. With RTSP, the user
application can write program memory data a single
program memory word, and erase program memory in
blocks or ‘pages’ of 1024 instructions (3072 bytes) at a
time.

5.1 Table Instructions and Flash
Programming

Regardless of the method used, all programming of
Flash memory is done with the Table Read and Table

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X devices contain
internal Flash program memory for storing and
executing application code. The memory is readable,
writable and erasable during normal operation over the
entire VDD range.

Flash memory can be programmed in two ways:

* In-Circuit Serial Programming™ (ICSP™)
programming capability

* Run-Time Self-Programming (RTSP)

ICSP allows for a dsPIC33EPXXXGP50X,

dsPIC33EPXXXMC20X/50X and PIC24EPXXXGP/

MC20X device to be serially programmed while in the

end application circuit. This is done with two lines for
programming clock and programming data (one of the

Write instructions. These allow direct read and write
access to the program memory space from the data
memory while the device is in normal operating mode.
The 24-bit target address in the program memory is
formed using bits<7:0> of the TBLPAG register and the
Effective Address (EA) from a W register, specified in
the table instruction, as shown in Figure 5-1.

The TBLRDL and the TBLWIL instructions are used to
read or write to bits<15:0> of program memory.
TBLRDL and TBLWIL can access program memory in
both Word and Byte modes.

The TBLRDHand TBLWIHinstructions are used to read
or write to bits<23:16> of program memory. TBLRDH
and TBLWI'H can also access program memory in Word
or Byte mode.

FIGURE 5-1: ADDRESSING FOR TABLE REGISTERS
: ! 24 Bits rot
Usi L ™
sing
Program Counter [ 0] Program Counter [o]
| | : [
| | |
- I |
| | | [
| | | Working Reg EA [ ]
Using [
Table Instruction 1/0] TBLPAG Reg — ||
| | 8Bits i 16 Bits ||
KA A
User/Confi ti | | ¢ I
ser/Configuration Byte
Space Select | 24-Bit EA l Select
I [ Lo
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 7-2:.  CORCON: CORE CONTROL REGISTER®

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-0
VAR — Us1 uso EDT DL2 DLA1 DLO

bit 15 bit 8
R/W-0 R/W-0 R/W-1 R/W-0 R/C-0 R-0 R/W-0 R/W-0
SATA SATB SATDW ACCSAT 1PL3®?) SFA RND IF

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’ = Bitis cleared x = Bit is unknown

bit 15 VAR: Variable Exception Processing Latency Control bit

1 = Variable exception processing is enabled
0 = Fixed exception processing is enabled

bit 3 IPL3: CPU Interrupt Priority Level Status bit 3()

1 = CPU Interrupt Priority Level is greater than 7
0 = CPU Interrupt Priority Level is 7 or less

Note 1. For complete register details, see Register 3-2.
2:  The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU Interrupt Priority Level.

© 2011-2013 Microchip Technology Inc. DS70000657H-page 133



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 8-12: DMARQC: DMA REQUEST COLLISION STATUS REGISTER

U-0 U-0 u-0 U-0 U-0 U-0 U-0 U-0
bit 15 bit 8
u-0 U-0 U-0 U-0 R-0 R-0 R-0 R-0
— — — — RQCOL3 RQCOL2 RQCOLA1 RQCOLO
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 15-4 Unimplemented: Read as ‘0’
bit 3 RQCOL3: DMA Channel 3 Transfer Request Collision Flag bit

1 = User force and interrupt-based request collision is detected
0 = No request collision is detected

bit 2 RQCOL2: DMA Channel 2 Transfer Request Collision Flag bit
1 = User force and interrupt-based request collision is detected
0 = No request collision is detected

bit 1 RQCOLL1: DMA Channel 1 Transfer Request Collision Flag bit
1 = User force and interrupt-based request collision is detected
0 = No request collision is detected

bit 0 RQCOLO: DMA Channel 0 Transfer Request Collision Flag bit

1 = User force and interrupt-based request collision is detected
0 = No request collision is detected

© 2011-2013 Microchip Technology Inc. DS70000657H-page 149



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

11.5 1/O Helpful Tips

In some cases, certain pins, as defined in
Table 30-11, under “Injection Current”, have inter-
nal protection diodes to VDD and Vss. The term,
“Injection Current”, is also referred to as “Clamp
Current”’. On designated pins, with sufficient exter-
nal current-limiting precautions by the user, 1/0 pin
input voltages are allowed to be greater or less
than the data sheet absolute maximum ratings,
with respect to the Vss and VDD supplies. Note
that when the user application forward biases
either of the high or low side internal input clamp
diodes, that the resulting current being injected
into the device, that is clamped internally by the
VDD and VsS power rails, may affect the ADC
accuracy by four to six counts.

I/0 pins that are shared with any analog input pin
(i.e., ANx) are always analog pins by default after
any Reset. Consequently, configuring a pin as an
analog input pin automatically disables the digital
input pin buffer and any attempt to read the digital
input level by reading PORTx or LATx will always
return a ‘0’, regardless of the digital logic level on
the pin. To use a pin as a digital I/O pin on a shared
ANX pin, the user application needs to configure the
Analog Pin Configuration registers in the I/O ports
module (i.e., ANSELX) by setting the appropriate bit
that corresponds to that I/O port pinto a ‘0.

Note: Although it is not possible to use a digital
input pin when its analog function is
enabled, it is possible to use the digital I/O
output function, TRISx = 0x0, while the
analog function is also enabled. However,
this is not recommended, particularly if the
analog input is connected to an external
analog voltage source, which would
create signal contention between the
analog signal and the output pin driver.

Most 1/0O pins have multiple functions. Referring to
the device pin diagrams in this data sheet, the prior-
ities of the functions allocated to any pins are
indicated by reading the pin name from left-to-right.
The left most function name takes precedence over
any function to its right in the naming convention.
For example: AN16/T2CK/T7CK/RC1. This indi-
cates that AN16 is the highest priority in this
example and will supersede all other functions to its
right in the list. Those other functions to its right,
even if enabled, would not work as long as any
other function to its left was enabled. This rule
applies to all of the functions listed for a given pin.

Each pin has an internal weak pull-up resistor and
pull-down resistor that can be configured using the
CNPUx and CNPDx registers, respectively. These
resistors eliminate the need for external resistors
in certain applications. The internal pull-up is up to
~(VDD — 0.8), not VDD. This value is still above the
minimum VIH of CMOS and TTL devices.

When driving LEDs directly, the 1/0 pin can source
or sink more current than what is specified in the
VoH/IoH and VoL/loL DC characteristic specifica-
tion. The respective IoH and IoL current rating only
applies to maintaining the corresponding output at
or above the VOH, and at or below the VoL levels.
However, for LEDs, unlike digital inputs of an
externally connected device, they are not gov-
erned by the same minimum VIH/VIL levels. An /O
pin output can safely sink or source any current
less than that listed in the absolute maximum
rating section of this data sheet. For example:

VOH =2.4V @ IOH = -8 mA and VDD = 3.3V

The maximum output current sourced by any 8 mA

I/0 pin = 12 mA.

LED source current < 12 mA is technically

permitted. Refer to the VOH/IOH graphs in

Section 30.0 “Electrical Characteristics” for

additional information.

The Peripheral Pin Select (PPS) pin mapping rules

are as follows:

a) Only one “output” function can be active on a
given pin at any time, regardless if it is a ded-
icated or remappable function (one pin, one
output).

b) It is possible to assign a “remappable output”
function to multiple pins and externally short or
tie them together for increased current drive.

c) If any “dedicated output” function is enabled
on a pin, it will take precedence over any
remappable “output” function.

d) If any “dedicated digital” (input or output) func-
tion is enabled on a pin, any number of “input”
remappable functions can be mapped to the
same pin.

e) If any “dedicated analog” function(s) are
enabled on a given pin, “digital input(s)” of any
kind will all be disabled, although a single “dig-
ital output”, at the user’s cautionary discretion,
can be enabled and active as long as there is
no signal contention with an external analog
input signal. For example, it is possible for the
ADC to convert the digital output logic level, or
to toggle a digital output on a comparator or
ADC input provided there is no external
analog input, such as for a built-in self-test.

f)  Any number of “input” remappable functions
can be mapped to the same pin(s) at the same
time, including to any pin with a single output
from either a dedicated or remappable “output”.
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REGISTER 17-2: QEI1IO0C: QEI1 /O CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
QCAPEN ‘ FLTREN | QFDIV2 | QFDIV1 QFDIVO OUTFNC1 OUTFNCO SWPAB
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R-x R-x R-x R-x

HOMPOL IDXPOL QEBPOL QEAPOL HOME INDEX QEB QEA
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 QCAPEN: QEI Position Counter Input Capture Enable bit

1 = Index match event triggers a position capture event
0 = Index match event does not trigger a position capture event
bit 14 FLTREN: QEAx/QEBx/INDXx/HOMEX Digital Filter Enable bit
1 = Input pin digital filter is enabled
0 = Input pin digital filter is disabled (bypassed)
bit 13-11 QFDIV<2:0>: QEAX/QEBx/INDXx/HOMEX Digital Input Filter Clock Divide Select bits
111 = 1:128 clock divide
110 = 1:64 clock divide
101 = 1:32 clock divide
100 = 1:16 clock divide
011 = 1:8 clock divide
010 = 1:4 clock divide
001 = 1:2 clock divide
000 = 1:1 clock divide
bit 10-9 OUTFNC<1:0>: QEI Module Output Function Mode Select bits
11 = The CTNCMPx pin goes high when QEI1LEC > POS1CNT > QEIMGEC
10 = The CTNCMPx pin goes high when POS1CNT < QEIMLEC
01 = The CTNCMPx pin goes high when POS1CNT > QEIMGEC
00 = Output is disabled
bit 8 SWPAB: Swap QEA and QEB Inputs bit
1 = QEAx and QEBx are swapped prior to quadrature decoder logic
0 = QEAx and QEBx are not swapped
bit 7 HOMPOL: HOMEX Input Polarity Select bit
1 = Input is inverted
0 = Input is not inverted
bit 6 IDXPOL: INDXx Input Polarity Select bit
1 = Input is inverted
0 = Input is not inverted
bit 5 QEBPOL: QEBXx Input Polarity Select bit
1 = Inputis inverted
0 = Input is not inverted
bit 4 QEAPOL: QEAX Input Polarity Select bit
1 = Inputis inverted
0 = Input is not inverted
bit 3 HOME: Status of HOMEXx Input Pin After Polarity Control
1= Pinis at logic ‘1’
0 = Pinis at logic ‘0’
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REGISTER 21-11: CxFEN1: ECANx ACCEPTANCE FILTER ENABLE REGISTER 1

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
FLTEN15 FLTEN14 FLTEN13 FLTEN12 FLTEN11 FLTEN10 FLTEN9 FLTENS
bit 15 bit 8
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
FLTEN7 FLTENG6 FLTENS FLTEN4 FLTEN3 FLTEN2 FLTENA1 FLTENO
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 FLTEN<15:0>: Enable Filter n to Accept Messages bits

1 = Enables Filter n
0 = Disables Filter n

REGISTER 21-12: CxBUFPNT1: ECANx FILTER 0-3 BUFFER POINTER REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
F3BP<3:0> F2BP<3:0>
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
F1BP<3:0> FOBP<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-12 F3BP<3:0>: RX Buffer Mask for Filter 3 bits

1111 = Filter hits received in RX FIFO buffer
1110 = Filter hits received in RX Buffer 14

0001 = Filter hits received in RX Buffer 1
0000 = Filter hits received in RX Buffer 0

bit 11-8 F2BP<3:0>: RX Buffer Mask for Filter 2 bits (same values as bits<15:12>)
bit 7-4 F1BP<3:0>: RX Buffer Mask for Filter 1 bits (same values as bits<15:12>)
bit 3-0 FOBP<3:0>: RX Buffer Mask for Filter 0 bits (same values as bits<15:12>)
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REGISTER 23-6: AD1CHSO0: ADC1 INPUT CHANNEL O SELECT REGISTER (CONTINUED)

bit 4-0 CHOSA<4:0>: Channel 0 Positive Input Select for Sample MUXA bits(1)

11111 = Open; use this selection with CTMU capacitive and time measurement

11110 = Channel 0 positive input is connected to the CTMU temperature measurement diode (CTMU TEMP)
11101 = Reserved

11100 = Reserved

11011 = Reserved

11010 = Channel 0 positive input is the output of OA3/AN6(2-3)

11001 = Channel 0 positive input is the output of OA2/ANO®

11000 = Channel 0 positive input is the output of OA1/AN3(

10110 = Reserved

10000 = Reserved

01111 = Channel 0 positive input is AN15(1:3)
01110 = Channel 0 positive input is AN14(1-3)
01101 = Channel 0 positive input is AN13(-3)

00010 = Channel 0 positive input is AN2(1:3)
00001 = Channel 0 positive input is AN1(1-3)
00000 = Channel 0 positive input is ANO(-3)

Note 1: ANO through AN7 are repurposed when comparator and op amp functionality is enabled. See Figure 23-1
to determine how enabling a particular op amp or comparator affects selection choices for Channels 1, 2
and 3.

2. The OAx input is used if the corresponding op amp is selected (OPMODE (CMxCON<10>) = 1);
otherwise, the ANx input is used.

3:  See the “Pin Diagrams” section for the available analog channels for each device.
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24.2 PTG 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, which can be
accessed using this link, contains the latest updates
and additional information.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en555464

24.2.1 KEY RESOURCES

» “Peripheral Trigger Generator” (DS70669) in
the “dsPIC33/PIC24 Family Reference Manual”

* Code Samples

 Application Notes

» Software Libraries

* Webinars

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

* Development Tools

© 2011-2013 Microchip Technology Inc.
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24.3 PTG Control Registers
REGISTER 24-1: PTGCST: PTG CONTROL/STATUS REGISTER

R/W-0 U-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0
PTGEN — PTGSIDL | PTGTOGL — PTGSWT®@ |PTGSSEN®)| PTGIVIS
bit 15 bit 8
R/W-0 HS-0 U-0 U-0 U-0 U-0 R/W-0
PTGSTRT | PTGWDTO — — — — PTGITM1® | PTGITMOMD
bit 7 bit 0
Legend: HS = Hardware Settable 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 PTGEN: Module Enable bit

1 = PTG module is enabled
0 = PTG module is disabled
bit 14 Unimplemented: Read as ‘0’
bit 13 PTGSIDL: PTG Stop in Idle Mode bit
1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode
bit 12 PTGTOGL: PTG TRIG Output Toggle Mode bit
1 = Toggle state of the PTGOx for each execution of the PTGTRI Gcommand
0 = Each execution of the PTGTRI Gcommand will generate a single PTGOx pulse determined by the
value in the PTGPWDx bits
bit 11 Unimplemented: Read as ‘0’
bit 10 PTGSWT: PTG Software Trigger bit(®
1 = Triggers the PTG module
0 = No action (clearing this bit will have no effect)
bit 9 PTGSSEN: PTG Enable Single-Step bit®)
1 = Enables Single-Step mode
0 = Disables Single-Step mode
bit 8 PTGIVIS: PTG Counter/Timer Visibility Control bit
1 = Reads of the PTGSDLIM, PTGCxLIM or PTGTxLIM registers return the current values of their
corresponding counter/timer registers (PTGSD, PTGCx, PTGTx)
0 = Reads of the PTGSDLIM, PTGCxXLIM or PTGTxLIM registers return the value previously written
to those limit registers
bit 7 PTGSTRT: PTG Start Sequencer bit
1 = Starts to sequentially execute commands (Continuous mode)
0 = Stops executing commands
bit 6 PTGWDTO: PTG Watchdog Timer Time-out Status bit
1 = PTG Watchdog Timer has timed out
0 = PTG Watchdog Timer has not timed out.

bit 5-2 Unimplemented: Read as ‘0’

Note 1. These bits apply to the PTGAH and PTGALO commands only.
2: This bit is only used with the PTGCTRL step command software trigger option.
3: Use of the PTG Single-Step mode is reserved for debugging tools only.
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REGISTER 24-2: PTGCON: PTG CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PTGCLK2 PTGCLK1 PTGCLKO PTGDIV4 PTGDIV3 PTGDIV2 PTGDIV1 PTGDIVO
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0
PTGPWD3 PTGPWD2 | PTGPWD1 | PTGPWDO — PTGWDT2 PTGWDT1 | PTGWDTO
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 PTGCLK<2:0>: Select PTG Module Clock Source bits

111 = Reserved
110 = Reserved
101 = PTG module clock source will be T3CLK
100 = PTG module clock source will be T2CLK
011 = PTG module clock source will be TICLK
010 = PTG module clock source will be TAD
001 = PTG module clock source will be Fosc
000 = PTG module clock source will be FpP
bit 12-8 PTGDIV<4:0>: PTG Module Clock Prescaler (divider) bits
11111 = Divide-by-32
11110 = Divide-by-31
00001 = Divide-by-2
00000 = Divide-by-1
bit 7-4 PTGPWD<3:0>: PTG Trigger Output Pulse-Width bits

1111 = All trigger outputs are 16 PTG clock cycles wide
1110 = All trigger outputs are 15 PTG clock cycles wide

0001 = All trigger outputs are 2 PTG clock cycles wide
0000 = All trigger outputs are 1 PTG clock cycle wide

bit 3 Unimplemented: Read as ‘0’
bit 2-0 PTGWDT<2:0>: Select PTG Watchdog Timer Time-out Count Value bits

111 = Watchdog Timer will time-out after 512 PTG clocks
110 = Watchdog Timer will time-out after 256 PTG clocks
101 = Watchdog Timer will time-out after 128 PTG clocks
100 = Watchdog Timer will time-out after 64 PTG clocks
011 = Watchdog Timer will time-out after 32 PTG clocks
010 = Watchdog Timer will time-out after 16 PTG clocks
001 = Watchdog Timer will time-out after 8 PTG clocks
000 = Watchdog Timer is disabled
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