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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Number of I/O 85
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Program Memory Type FLASH

EEPROM Size -

RAM Size 16K x 8

Voltage - Supply (Vcc/Vdd) -

Data Converters A/D 49x10b/12b

Oscillator Type Internal
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Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

0000

FFFF

— TSYNC TCS — 0000

0000

xxxx

0000

FFFF

FFFF

T32 — TCS — 0000

— — TCS — 0000

0000

xxxx

0000

FFFF

FFFF

T32 — TCS — 0000

— — TCS — 0000

0000

xxxx

0000

FFFF

FFFF

T32 — TCS — 0000

— — TCS — 0000

0000

xxxx

0000

FFFF

FFFF

T32 — TCS — 0000

— — TCS — 0000
TABLE 4-4: TIMERS REGISTER MAP

SFR 
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

TMR1 0100 Timer1 Register

PR1 0102 Period Register 1

T1CON 0104 TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0

TMR2 0106 Timer2 Register

TMR3HLD 0108 Timer3 Holding Register (For 32-bit timer operations only)

TMR3 010A Timer3 Register

PR2 010C Period Register 2

PR3 010E Period Register 3

T2CON 0110 TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0

T3CON 0112 TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0

TMR4 0114 Timer4 Register

TMR5HLD 0116 Timer5 Holding Register (For 32-bit timer operations only)

TMR5 0118 Timer5 Register

PR4 011A Period Register 4

PR5 011C Period Register 5

T4CON 011E TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0

T5CON 0120 TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0

TMR6 0122 Timer6 Register

TMR7HLD 0124 Timer7 Holding Register (For 32-bit timer operations only)

TMR7 0126 Timer7 Register

PR6 0128 Period Register 6

PR7 012A Period Register 7

T6CON 012C TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0

T7CON 012E TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0

TMR8 0130 Timer8 Register

TMR9HLD 0132 Timer9 Holding Register (For 32-bit timer operations only)

TMR9 0134 Timer9 Register

PR8 0136 Period Register 8

PR9 0138 Period Register 9

T8CON 013A TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0

T9CON 013C TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0

Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

MTBS CAM XPRES IUE 0000

CLDAT1 CLDAT0 SWAP OSYNC C000

FLTSRC0 FLTPOL FLTMOD1 FLTMOD0 00F8

0000

0000

0000

0000

0000

0000

0000

TRGSTRT3 TRGSTRT2 TRGSTRT1 TRGSTRT0 0000

0000

BPHH BPHL BPLH BPLL 0000

0000

CHOPSEL1 CHOPSEL0 CHOPHEN CHOPLEN 0000

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

MTBS CAM XPRES IUE 0000

LDAT1 CLDAT0 SWAP OSYNC C000

LTSRC0 FLTPOL FLTMOD1 FLTMOD0 00F8

0000

0000

0000

0000

0000

0000

0000

GSTRT3 TRGSTRT2 TRGSTRT1 TRGSTRT0 0000

0000

BPHH BPHL BPLH BPLL 0000

0000

OPSEL1 CHOPSEL0 CHOPHEN CHOPLEN 0000
TABLE 4-10: PWM GENERATOR 2 REGISTER MAP

SFR 
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

PWMCON2 0C40 FLTSTAT CLSTAT TRGSTAT FLTIEN CLIEN TRGIEN ITB MDCS DTC1 DTC0 DTCP —

IOCON2 0C42 PENH PENL POLH POLL PMOD1 PMOD0 OVRENH OVRENL OVRDAT1 OVRDAT0 FLTDAT1 FLTDAT0

FCLCON2 0C44 IFLTMOD CLSRC4 CLSRC3 CLSRC2 CLSRC1 CLSRC0 CLPOL CLMOD FLTSRC4 FLTSRC3 FLTSRC2 FLTSRC1

PDC2 0C46 PDC2<15:0>

PHASE2 0C48 PHASE2<15:0>

DTR2 0C4A — — DTR2<13:0>

ALTDTR2 0C4C — — ALTDTR2<13:0>

SDC2 0C4E SDC2<15:0>

SPHASE2 0C50 SPHASE2<15:0>

TRIG2 0C52 TRGCMP<15:0>

TRGCON2 0C54 TRGDIV3 TRGDIV2 TRGDIV1 TRGDIV0 — — — — — — TRGSTRT5 TRGSTRT4

PWMCAP2 0C78 PWMCAP2<15:0>

LEBCON2 0C5A PHR PHF PLR PLF FLTLEBEN CLLEBEN — — — — BCH BCL

LEBDLY2 0C5C — — — — LEB<11:0>

AUXCON2 0C5E — — — — BLANKSEL3 BLANKSEL2 BLANKSEL1 BLANKSEL0 — — CHOPSEL3 CHOPSEL2

Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

TABLE 4-11: PWM GENERATOR 3 REGISTER MAP

SFR 
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

PWMCON3 0C60 FLTSTAT CLSTAT TRGSTAT FLTIEN CLIEN TRGIEN ITB MDCS DTC1 DTC0 DTCP —

IOCON3 0C62 PENH PENL POLH POLL PMOD1 PMOD0 OVRENH OVRENL OVRDAT1 OVRDAT0 FLTDAT1 FLTDAT0 C

FCLCON3 0C64 IFLTMOD CLSRC4 CLSRC3 CLSRC2 CLSRC1 CLSRC0 CLPOL CLMOD FLTSRC4 FLTSRC3 FLTSRC2 FLTSRC1 F

PDC3 0C66 PDC3<15:0>

PHASE3 0C68 PHASE3<15:0>

DTR3 0C6A — — DTR3<13:0>

ALTDTR3 0C6C — — ALTDTR3<13:0>

SDC3 0C6E SDC3<15:0>

SPHASE3 0C70 SPHASE3<15:0>

TRIG3 0C72 TRGCMP<15:0>

TRGCON3 0C74 TRGDIV3 TRGDIV2 TRGDIV1 TRGDIV0 — — — — — — TRGSTRT5 TRGSTRT4 TR

PWMCAP3 0C78 PWMCAP3<15:0>

LEBCON3 0C7A PHR PHF PLR PLF FLTLEBEN CLLEBEN — — — — BCH BCL

LEBDLY3 0C7C — — — — LEB<11:0>

AUXCON3 0C7E — — — — BLANKSEL3 BLANKSEL2 BLANKSEL1 BLANKSEL0 — — CHOPSEL3 CHOPSEL2 CH

Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.



dsPIC33EPXXXGM3XX/6XX/7XX
7.3 Interrupt Control and Status 
Registers

dsPIC33EPXXXGM3XX/6XX/7XX devices implement
the following registers for the interrupt controller: 

• INTCON1 

• INTCON2 

• INTCON3

• INTCON4

• IFSx

• IECx

• IPCx

• INTTREG

7.3.1 INTCON1 THROUGH INTCON4

Global interrupt control functions are controlled from
INTCON1, INTCON2, INTCON3 and INTCON4.

INTCON1 contains the Interrupt Nesting Disable bit
(NSTDIS) as well as the control and status flags for the
processor trap sources. 

The INTCON2 register controls external interrupt
request signal behavior and also contains the Global
Interrupt Enable bit (GIE).

INTCON3 contains the status flags for the DMA and DO
stack overflow status trap sources.

The INTCON4 register contains the Software
Generated Hard Trap (SGHT) status bit.

7.3.2 IFSx

The IFSx registers maintain all of the interrupt request
flags. Each source of interrupt has a status bit, which is
set by the respective peripherals or external signal and
is cleared via software.

7.3.3 IECx

The IECx registers maintain all of the interrupt enable
bits. These control bits are used to individually enable
interrupts from the peripherals or external signals.

7.3.4 IPCx

The IPCx registers are used to set the Interrupt Priority
Level (IPL) for each source of interrupt. Each user
interrupt source can be assigned to one of eight priority
levels. 

7.3.5 INTTREG

The INTTREG register contains the associated
interrupt vector number and the new CPU Interrupt
Priority Level, which are latched into Vector Number
(VECNUM<7:0>) and Interrupt Level (ILR<3:0>) bit
fields in the INTTREG register. The new Interrupt
Priority Level is the priority of the pending interrupt. 

The interrupt sources are assigned to the IFSx, IECx
and IPCx registers in the same sequence as they are
listed in Table 7-1. For example, the INT0 (External
Interrupt 0) is shown as having Vector Number 8 and a
natural order priority of 0. Thus, the INT0IF bit is found
in IFS0<0>, the INT0IE bit in IEC0<0> and the INT0IP
bits in the first position of IPC0 (IPC0<2:0>). 

7.3.6 STATUS/CONTROL REGISTERS

Although these registers are not specifically part of the
interrupt control hardware, two of the CPU Control
registers contain bits that control interrupt functionality.
For more information on these registers, refer to the
“dsPIC33/PIC24 Family Reference Manual”, “CPU”
(DS70359).

• The CPU STATUS Register, SR, contains the 
IPL<2:0> bits (SR<7:5>). These bits indicate the 
current CPU Interrupt Priority Level. The user 
software can change the current CPU Interrupt 
Priority Level by writing to the IPLx bits. 

• The CORCON register contains the IPL3 bit, 
which together with IPL<2:0>, also indicates the 
current CPU Interrupt Priority Level. IPL3 is a 
read-only bit so that trap events cannot be 
masked by the user software.

All Interrupt registers are described in Register 7-3
through Register 7-7 in the following pages.
DS70000689D-page 120  2013-2014 Microchip Technology Inc.
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11.4.4 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 11-1
through Register 11-29). Each register contains sets of
7-bit fields, with each set associated with one of the
remappable peripherals. Programming a given periph-
eral’s bit field with an appropriate 7-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 11-2 illustrates remappable pin
selection for the U1RX input.

FIGURE 11-2: REMAPPABLE INPUT FOR 
U1RX

11.4.4.1 Virtual Connections

dsPIC33EPXXXGM3XX/6XX/7XX devices support
virtual (internal) connections to the output of the
op amp/comparator module (see Figure 26-1 in
Section 26.0 “Op Amp/Comparator Module”) and
the PTG module (see Section 25.0 “Peripheral
Trigger Generator (PTG) Module”).

In addition, dsPIC33EPXXXGM3XX/6XX/7XX devices
support virtual connections to the filtered QEIx module
inputs: FINDX1, FHOME1, FINDX2 and FHOME2
(see Figure 17-1 in Section 17.0 “Quadrature
Encoder Interface (QEI) Module”).

Virtual connections provide a simple way of inter-
peripheral connection without utilizing a physical pin.
For example, by setting the FLT1R<6:0> bits of the
RPINR12 register to the value of ‘b0000001, the
output of the analog comparator, C1OUT, will be
connected to the PWM Fault 1 input, which allows the
analog comparator to trigger PWM Faults without the
use of an actual physical pin on the device.

Virtual connection to the QEIx module allows
peripherals to be connected to the QEIx digital filter
input. To utilize this filter, the QEIx module must be
enabled and its inputs must be connected to a physical
RPn pin. Example 11-2 illustrates how the input
capture module can be connected to the QEIx digital
filter.

EXAMPLE 11-2: CONNECTING IC1 TO THE HOME1 QEI1 DIGITAL FILTER INPUT ON PIN 43

RP0

RP1

RP3

0

1

2
U1RX Input

U1RXR<6:0>

to Peripheral

RPn

n

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 TRISx register must also be configured
for input (set to ‘1’).

RPINR15 = 0x2500; /* Connect the QEI1 HOME1 input to RP37 (pin 43) */
RPINR7 = 0x009; /* Connect the IC1 input to the digital filter on the FHOME1 input */

QEI1IOC = 0x4000; /* Enable the QEI digital filter */
QEI1CON = 0x8000; /* Enable the QEI module */
DS70000689D-page 166  2013-2014 Microchip Technology Inc.
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REGISTER 11-12: RPINR16: PERIPHERAL PIN SELECT INPUT REGISTER 16 

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— QEB2R<6:0>

bit 15 bit 8

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— QEA2R<6:0>

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 Unimplemented: Read as ‘0’ 

bit 14-8 QEB2R<6:0>: Assign QEI2 Phase B (QEB2) to the Corresponding RPn/RPIn Pin bits
(see Table 11-2 for input pin selection numbers)

1111111 = Input tied to RP127
•
•
•
0000001 = Input tied to CMP1
0000000 = Input tied to VSS

bit 7 Unimplemented: Read as ‘0’

bit 6-0 QEA2R<6:0>: Assign A QEI2 Phase A (QEA2) to the Corresponding RPn/RPIn Pin bits
(see Table 11-2 for input pin selection numbers)

1111111 = Input tied to RP127
•
•
•
0000001 = Input tied to CMP1
0000000 = Input tied to VSS
DS70000689D-page 186  2013-2014 Microchip Technology Inc.
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REGISTER 11-28: RPINR40: PERIPHERAL PIN SELECT INPUT REGISTER 40

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— DTCMP5R<6:0>

bit 15 bit 8

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— DTCMP4R<6:0>

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 Unimplemented: Read as ‘0’ 

bit 14-8 DTCMP5R<6:0>: Assign PWM Dead-Time Compensation Input 5 to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)

1111100 = Input tied to RPI124
•
•
•
0000001 = Input tied to CMP1
0000000 = Input tied to VSS

bit 7 Unimplemented: Read as ‘0’

bit 6-0 DTCMP4R<6:0>: Assign PWM Dead-Time Compensation Input 4 to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)

1111100 = Input tied to RPI124
•
•
•
0000001 = Input tied to CMP1
0000000 = Input tied to VSS
 2013-2014 Microchip Technology Inc. DS70000689D-page 201
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12.0 TIMER1

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
over other timers:

• Can be operated in Asynchronous Counter mode 
from an external clock source

• The external clock input (T1CK) can optionally be 
synchronized to the internal device clock and the 
clock synchronization is performed after the 
prescaler

A block diagram of Timer1 is shown in Figure 12-1.

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): T1CON<1>

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

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

Timer control bit settings for different operating modes
are given in the Table 12-1.

TABLE 12-1: TIMER MODE SETTINGS

FIGURE 12-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM 

Note 1: This data sheet summarizes the features
of the dsPIC33EPXXXGM3XX/6XX/7XX
family of devices. It is not intended to be a
comprehensive reference source. To com-
plement the information in this data sheet,
refer to the “dsPIC33/PIC24 Family
Reference Manual”, “Timers” (DS70362),
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.

Mode TCS TGATE TSYNC

Timer 0 0 x

Gated Timer 0 1 x

Synchronous 
Counter

1 x 1

Asynchronous 
Counter

1 x 0

TGATE

TCS

00

10

x1

PR1

TGATE

Set T1IF Flag

0

1

TSYNC

1

0

Sync
Equal

Reset

T1CK
Prescaler

(/n)

TCKPS<1:0>

Gate
Sync

FP(1)

Falling Edge
Detect

TCKPS<1:0>

Note 1: FP is the peripheral clock.

Latch
Data

CLK

T1CLK

CTMU Edge
Control Logic

TMR1

Comparator

Prescaler
(/n)
 2013-2014 Microchip Technology Inc. DS70000689D-page 211

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


dsPIC33EPXXXGM3XX/6XX/7XX
FIGURE 13-1: TYPE B TIMER BLOCK DIAGRAM (x = 2, 4, 6 AND 8)

FIGURE 13-2: TYPE C TIMER BLOCK DIAGRAM (x = 3, 5, 7 AND 9) 

Note 1: FP is the peripheral clock.

TGATE

TCS

00

10

x1

PRx

TGATE

Set TxIF Flag

0

1

Equal

Reset

TxCK

TCKPS<1:0>

Gate
Sync

FP(1)

Falling Edge
Detect

TCKPS<1:0>
Latch

Data

CLK

TxCLK

TMRx

Comparator

Prescaler
(/n)

Prescaler
(/n) Sync

Note 1: FP is the peripheral clock.
2: The ADCx trigger is available on TMR3 and TMR5 only.

TGATE

TCS

00

10

x1

PRx

TGATE

Set TxIF Flag

0

1

Equal

Reset

TxCK

TCKPS<1:0>

Gate
Sync

FP(1)

Falling Edge
Detect

TCKPS<1:0>
Latch

Data

CLK

TxCLK

TMRx

Comparator

Prescaler
(/n)

Prescaler
(/n)

Sync

ADCx Start of
Conversion
Trigger(2)
DS70000689D-page 214  2013-2014 Microchip Technology Inc.
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bit 3-0 SEVTPS<3:0>: PWMx Special Event Trigger Output Postscaler Select bits(1)

1111 = 1:16 Postscaler generates the Special Event Trigger on every sixteenth compare match event
•
•
•
0001 = 1:2 Postscaler generates the Special Event Trigger on every second compare match event
0000 = 1:1 Postscaler generates the Special Event Trigger on every compare match event

REGISTER 16-5: STCON: PWMx SECONDARY TIME BASE CONTROL REGISTER (CONTINUED)

Note 1: These bits should be changed only when PTEN = 0. In addition, when using the SYNCI1 feature, the user 
application must program the Period register with a value that is slightly larger than the expected period of 
the external synchronization input signal.

2: See Section 25.0 “Peripheral Trigger Generator (PTG) Module” for information on this selection.
DS70000689D-page 238  2013-2014 Microchip Technology Inc.
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bit 7-3 FLTSRC<4:0>: Fault Control Signal Source Select for PWMx Generator # bits

11111 = Fault 32 (default)
11110 = Reserved
•
•
•
01100 = Op Amp/Comparator 5
01011 = Comparator 4
01010 = Op Amp/Comparator 3
01001 = Op Amp/Comparator 2
01000 = Op Amp/Comparator 1
00111 = Fault 8
00110 = Fault 7
00101 = Fault 6
00100 = Fault 5
00011 = Fault 4
00010 = Fault 3
00001 = Fault 2
00000 = Fault 1

bit 2 FLTPOL: Fault Polarity for PWMx Generator # bit(1)

1 = The selected Fault source is active-low
0 = The selected Fault source is active-high

bit 1-0 FLTMOD<1:0>: Fault Mode for PWMx Generator # bits

11 = Fault input is disabled
10 = Reserved
01 = The selected Fault source forces the PWMxH, PWMxL pins to FLTDATx values (cycle)
00 = The selected Fault source forces the PWMxH, PWMxL pins to FLTDATx values (latched condition)

REGISTER 16-21: FCLCONx: PWMx FAULT CURRENT-LIMIT CONTROL REGISTER (CONTINUED)

Note 1: These bits should be changed only when PTEN = 0. Changing the clock selection during operation will 
yield unpredictable results.
 2013-2014 Microchip Technology Inc. DS70000689D-page 251
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17.0 QUADRATURE ENCODER 
INTERFACE (QEI) MODULE

This chapter describes the Quadrature Encoder Inter-
face (QEI) module and associated operational modes.
The QEI module provides the interface to incremental
encoders for obtaining mechanical position data. 

The operational features of the QEI module include:

• 32-Bit Position Counter

• 32-Bit Index Pulse Counter

• 32-Bit Interval Timer

• 16-Bit Velocity Counter

• 32-Bit Position Initialization/Capture/Compare 
High Register

• 32-Bit Position Compare Low Register

• x4 Quadrature Count mode

• External Up/Down Count mode

• External Gated Count mode

• External Gated Timer mode

• Internal Timer mode

Figure 17-1 illustrates the QEIx block diagram.

Note 1: This data sheet summarizes the features
of the dsPIC33EPXXXGM3XX/6XX/7XX
family of devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to the “dsPIC33/PIC24 Fam-
ily Reference Manual”, “Quadrature
Encoder Interface (QEI)” (DS70601)
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.
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dsPIC33EPXXXGM3XX/6XX/7XX
FIGURE 18-1: SPIx MODULE BLOCK DIAGRAM

Internal Data Bus

SDIx

SDOx

SSx/FSYNCx

SCKx

bit 0

Shift Control

Edge
Select

FPPrimary
1:1/4/16/64

Enable 

Prescaler

Sync

SPIxBUF

Control

TransferTransfer

Write SPIxBUFRead SPIxBUF

16

SPIxCON1<1:0>

SPIxCON1<4:2>

Master Clock

Note 1: In Standard mode, the FIFO is only one level deep.

Clock
Control

8-Level FIFO
Receive Buffer(1)

SPIxSR

8-Level FIFO
Transmit Buffer(1)

Secondary
Prescaler

1:1 to 1:8
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dsPIC33EPXXXGM3XX/6XX/7XX
26.0 OP AMP/COMPARATOR 
MODULE

The dsPIC33EPXXXGM3XX/6XX/7XX devices contain
up to five comparators that can be configured in various
ways. Comparators, CMP1, CMP2, CMP3 and CMP5,
also have the option to be configured as op amps, with
the output being brought to an external pin for gain/
filtering connections. As shown in Figure 26-1, individual
comparator options are specified by the comparator
module’s Special Function Register (SFR) control bits.

These options allow users to:

• Select the edge for trigger and interrupt generation

• Configure the comparator voltage reference

• Configure output blanking and masking

• Configure as a comparator or op amp 
(CMP1, CMP2, CMP3 and CMP5 only)

FIGURE 26-1: OP AMP/COMPARATOR x MODULE BLOCK DIAGRAM   

Note 1: This data sheet summarizes the features
of the dsPIC33EPXXXGM3XX/6XX/7XX
family of devices. It is not intended to be
a comprehensive reference source. To
complement the information in this data
sheet, refer to the “dsPIC33/PIC24
Family Reference Manual”, “Op Amp/
Comparator” (DS70000357), 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.

Note: Not all op amp/comparator input/output
connections are available on all devices.
See the “Pin Diagrams” section for
available connections. 

Blanking
Function

Digital
Filter

CxOUT(1)

(see Figure 26-3) (see Figure 26-4)

CMP4
Blanking
Function

Digital
Filter

(see Figure 26-3) (see Figure 26-4)

–

+
VIN+

PTG Trigger
Input

C4OUT(1)

Trigger
Output

0

1

00

10

Op Amp/Comparator 1, 2, 3, 5

Comparator 4

C4IN1+

CVREFIN

VIN-

0

1

11

00

CCH<1:0> (CM4CON<1:0>)

OA3/AN6

C4IN1-

CREF (CMxCON<4>)

01

10

OA1/AN3

OA2/AN0

(x = 1, 2, 3, 5)

CxIN1+

CVREFIN

CxIN1-

CXIN3-

CMPx
–

+

VIN-

VIN+

CCH<1:0> (CMxCON<1:0>)

CREF (CMxCON<4>)

Op Amp/Comparator

Op Amp x
–

+
OAx

OAxOUT

OPMODE (CMxCON<10>)

(to ADCx)

01CxIN2-

11CXIN4-

Note 1: The CxOUT pin is not a dedicated output pin on the device. This must be mapped to a physical pin using 
Peripheral Pin Select (PPS). Refer to Section 11.0 “I/O Ports” for more information.
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dsPIC33EPXXXGM3XX/6XX/7XX
REGISTER 27-10: ALRMVAL (WHEN ALRMPTR<1:0> = 00): ALARM MINUTES AND SECONDS 
VALUE REGISTER    

U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— MINTEN2 MINTEN1 MINTEN0 MINONE3 MINONE2 MINONE1 MINONE0

bit 15 bit 8

U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— SECTEN2 SECTEN1 SECTEN0 SECONE3 SECONE2 SECONE1 SECONE0

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 Unimplemented: Read as ‘0’

bit 14-12 MINTEN<2:0>: Binary Coded Decimal Value of Minute’s Tens Digit bits

Contains a value from 0 to 5.

bit 11-8 MINONE<3:0>: Binary Coded Decimal Value of Minute’s Ones Digit bits

Contains a value from 0 to 9.

bit 7 Unimplemented: Read as ‘0’

bit 6-4 SECTEN<2:0>: Binary Coded Decimal Value of Second’s Tens Digit bits

Contains a value from 0 to 5.

bit 3-0 SECONE<3:0>: Binary Coded Decimal Value of Second’s Ones Digit bits

Contains a value from 0 to 9.
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dsPIC33EPXXXGM3XX/6XX/7XX
29.2 Programmable CRC Control 
Registers

REGISTER 29-1: CRCCON1: CRC CONTROL REGISTER 1

R/W-0 U-0 R/W-0 R-0 R-0 R-0 R-0 R-0

CRCEN — CSIDL VWORD4 VWORD3 VWORD2 VWORD1 VWORD0

bit 15 bit 8

R-0 R-1 R/W-0 R/W-0 R/W-0 U-0 U-0 U-0

CRCFUL CRCMPT CRCISEL CRCGO LENDIAN — — —

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 CRCEN: CRC Enable bit

1 = CRC module is enabled
0 = CRC module is disabled; all state machines, pointers and CRCWDAT/CRCDAT are reset, other

SFRs are not reset

bit 14 Unimplemented: Read as ‘0’

bit 13 CSIDL: CRC Stop in Idle Mode bit

1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode

bit 12-8 VWORD<4:0>: Valid Word Pointer Value bits

Indicates the number of valid words in the FIFO; has a maximum value of 8 when PLEN<4:0> > 7 or
16 when PLEN<4:0> 7

bit 7 CRCFUL: CRC FIFO Full bit

1 = FIFO is full 
0 = FIFO is not full 

bit 6 CRCMPT: CRC FIFO Empty Bit

1 = FIFO is empty 
0 = FIFO is not empty 

bit 5 CRCISEL: CRC Interrupt Selection bit

1 = Interrupt on FIFO empty; final word of data is still shifting through CRC 
0 = Interrupt on shift complete and CRCWDAT results are ready 

bit 4 CRCGO: CRC Start bit

1 = Start CRC serial shifter
0 = CRC serial shifter is turned off

bit 3 LENDIAN: Data Word Little-Endian Configuration bit

1 = Data word is shifted into the CRC starting with the LSb (little endian)
0 = Data word is shifted into the CRC starting with the MSb (big endian)

bit 2-0 Unimplemented: Read as ‘0’
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DS70000689D-page 430  2013-2014 Microchip Technology Inc.

32.2 MPLAB XC Compilers

The MPLAB XC Compilers are complete ANSI C
compilers for all of Microchip’s 8, 16 and 32-bit MCU
and DSC devices. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use. MPLAB XC Compilers run on Windows,
Linux or MAC OS X.

For easy source level debugging, the compilers provide
debug information that is optimized to the MPLAB X
IDE.

The free MPLAB XC Compiler editions support all
devices and commands, with no time or memory
restrictions, and offer sufficient code optimization for
most applications.

MPLAB XC Compilers include an assembler, linker and
utilities. The assembler generates relocatable object
files that can then be archived or linked with other
relocatable object files and archives to create an exe-
cutable file. MPLAB XC Compiler uses the assembler
to produce its object file. Notable features of the
assembler include:

• Support for the entire device instruction set

• Support for fixed-point and floating-point data

• Command-line interface

• Rich directive set

• Flexible macro language

• MPLAB X IDE compatibility

32.3 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs. 

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code, and COFF files for
debugging.

The MPASM Assembler features include:

• Integration into MPLAB X IDE projects

• User-defined macros to streamline 
assembly code

• Conditional assembly for multipurpose 
source files

• Directives that allow complete control over the 
assembly process

32.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler. It can link
relocatable objects from precompiled libraries, using
directives from a linker script. 

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications. 

The object linker/library features include:

• Efficient linking of single libraries instead of many 
smaller files

• Enhanced code maintainability by grouping 
related modules together

• Flexible creation of libraries with easy module 
listing, replacement, deletion and extraction

32.5 MPLAB Assembler, Linker and 
Librarian for Various Device 
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC DSC devices. MPLAB XC Compiler
uses the assembler to produce its object file. The
assembler generates relocatable object files that can
then be archived or linked with other relocatable object
files and archives to create an executable file. Notable
features of the assembler include:

• Support for the entire device instruction set

• Support for fixed-point and floating-point data

• Command-line interface

• Rich directive set

• Flexible macro language

• MPLAB X IDE compatibility



dsPIC33EPXXXGM3XX/6XX/7XX
33.0 ELECTRICAL CHARACTERISTICS

This section provides an overview of dsPIC33EPXXXGM3XX/6XX/7XX electrical characteristics. Additional information
will be provided in future revisions of this document as it becomes available. 

Absolute maximum ratings for the dsPIC33EPXXXGM3XX/6XX/7XX family are listed below. Exposure to these
maximum rating conditions for extended periods may affect device reliability. Functional operation of the device at these
or any other conditions above the parameters indicated in the operation listings of this specification is not implied.

Absolute Maximum Ratings
(See Note 1) 

Ambient temperature under bias............................................................................................................. -40°C to +125°C

Storage temperature ..............................................................................................................................  -65°C to +160°C

Voltage on VDD with respect to VSS ..........................................................................................................  -0.3V to +4.0V

Voltage on any pin that is not 5V tolerant with respect to VSS(3)..................................................... -0.3V to (VDD + 0.3V)

Voltage on any 5V tolerant pin with respect to VSS when VDD  3.0V(3)...................................................  -0.3V to +5.5V

Voltage on any 5V tolerant pin with respect to Vss when VDD < 3.0V(3)...................................................  -0.3V to +3.6V

Voltage on VCAP with respect to VSS ........................................................................................................ 1.62V to 1.98V

Maximum current out of VSS pin ...........................................................................................................................350 mA

Maximum current into VDD pin(2)...........................................................................................................................350 mA

Maximum current sunk by any I/O pin.....................................................................................................................20 mA

Maximum current sourced by I/O pin ......................................................................................................................18 mA

Maximum current sourced/sunk by all ports(2,4)....................................................................................................200 mA

    

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions
above those indicated in the operational listings of this specification is not implied. Exposure to maximum
rating conditions for extended periods may affect device reliability.

2: Maximum allowable current is a function of device maximum power dissipation (see Table 33-2).

3: See the “Pin Diagrams” section for the 5V tolerant pins.

4: Exceptions are: RA3, RA4, RA7, RA9, RA10, RB7-RB15, RC3, RC15, RD1-RD4, which are able to sink
30 mA and source 20 mA.
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dsPIC33EPXXXGM3XX/6XX/7XX
FIGURE 33-33: I2Cx BUS START/STOP BITS TIMING CHARACTERISTICS (SLAVE MODE)   

FIGURE 33-34: I2Cx BUS DATA TIMING CHARACTERISTICS (SLAVE MODE) 
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dsPIC33EPXXXGM3XX/6XX/7XX
PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Microchip Trademark

Architecture

Core Family

Program Memory Size (Kbytes)

Product Group

Pin Count

Temperature Range

Package

Pattern

dsPIC 33  EP 512 GM7 10 T - I / PT XXX

Tape and Reel Flag (if applicable)

   

Architecture: 33 = 16-Bit Digital Signal Controller

Family: EP = Enhanced Performance

Product Group: GM7 = General Purpose plus Motor Control Family

Pin Count: 04 = 44-pin
06 = 64-pin
10 = 100/124-pin

Temperature Range: I = -40C to +85C (Industrial)
E = -40C to +125C (Extended)

Package: BG = Plastic Thin Profile Ball Grid Array - (121-pin) 10x10 mm body (TFBGA)
ML = Plastic Quad, No Lead Package - (44-pin) 8x8 mm body (QFN)
MR = Plastic Quad, No Lead Package - (64-pin) 9x9 mm body (QFN)
PT = Plastic Thin Quad Flatpack - (44-pin) 10x10 mm body (TQFP)
PT = Plastic Thin Quad Flatpack - (64-pin) 10x10 mm body (TQFP)
PT = Thin Quad Flatpack - (100-pin) 12x12x1 mm body (TQFP)
PF = Thin Quad Flatpack - (100-pin) 14x14x1 mm body (TQFP)

Example:

dsPIC33EP512GM710-I/PT:
dsPIC33, Enhanced Performance, 
512-Kbyte program memory, 100-pin, 
Industrial temperature, TQFP package.
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