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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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FIGURE 2-1: RECOMMENDED 
MINIMUM CONNECTION

2.2.1 TANK CAPACITORS

On boards with power traces running longer than six
inches in length, it is suggested to use a tank capacitor
for integrated circuits including DSCs to supply a local
power source. The value of the tank capacitor should
be determined based on the trace resistance that con-
nects the power supply source to the device and the
maximum current drawn by the device in the applica-
tion. In other words, select the tank capacitor so that it
meets the acceptable voltage sag at the device. Typical
values range from 4.7 µF to 47 µF.

2.3 Capacitor on Internal Voltage 
Regulator (VCAP)

A low-ESR (< 0.5 Ohms) capacitor is required on the
VCAP pin, which is used to stabilize the voltage
regulator output voltage. The VCAP pin must not be
connected to VDD, and must have a minimum capacitor
of 22 µF, 16V connected to ground. The type can be
ceramic or tantalum. Refer to Section 27.0 “Electrical
Characteristics” for additional information.

The placement of this capacitor should be close to the
VCAP. It is recommended that the trace length not
exceed one-quarter inch (6 mm). Refer to Section 24.2
“On-Chip Voltage Regulator” for details.

2.4 Master Clear (MCLR) Pin

The MCLR pin provides for two specific device
functions: 

• Device Reset

• Device programming and debugging

During device programming and debugging, the
resistance and capacitance that can be added to the
pin must be considered. Device programmers and
debuggers drive the MCLR pin. Consequently,
specific voltage levels (VIH and VIL) and fast signal
transitions must not be adversely affected. Therefore,
specific values of R and C will need to be adjusted
based on the application and PCB requirements.

For example, as shown in Figure 2-2, it is
recommended that the capacitor C, be isolated from
the MCLR pin during programming and debugging
operations.

Place the components shown in Figure 2-2 within
one-quarter inch (6 mm) from the MCLR pin.

FIGURE 2-2: EXAMPLE OF MCLR PIN 
CONNECTIONS(1,2)
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Note 1: As an option, instead of a hard-wired connection, an 
inductor (L1) can be substituted between VDD and 
AVDD to improve ADC noise rejection. The inductor 
impedance should be less than 1 and the inductor 
capacity greater than 10 mA.
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(i.e., ADC conversion rate/2)

Note 1: R  10 k is recommended. A suggested
starting value is 10 k. Ensure that the
MCLR pin VIH and VIL specifications are met.

2: R1  470 will limit any current flowing into
MCLR from the external capacitor C, in the
event of MCLR pin breakdown, due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS). Ensure that the MCLR pin
VIH and VIL specifications are met.

C
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dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610
3.6.1 MULTIPLIER

The 17-bit x 17-bit multiplier is capable of signed or
unsigned operation and can multiplex its output using a
scaler to support either 1.31 fractional (Q31) or 32-bit
integer results. Unsigned operands are zero-extended
into the 17th bit of the multiplier input value. Signed
operands are sign-extended into the 17th bit of the
multiplier input value. The output of the 17-bit x 17-bit
multiplier/scaler is a 33-bit value that is sign-extended
to 40 bits. Integer data is inherently represented as a
signed 2’s complement value, where the Most
Significant bit (MSb) is defined as a sign bit. The range
of an N-bit 2’s complement integer is -2N-1 to 2N-1 – 1.

• For a 16-bit integer, the data range is -32768 
(0x8000) to 32767 (0x7FFF) including 0.

• For a 32-bit integer, the data range is 
-2,147,483,648 (0x8000 0000) to 2,147,483,647 
(0x7FFF FFFF).

When the multiplier is configured for fractional
multiplication, the data is represented as a 2’s
complement fraction, where the MSb is defined as a
sign bit and the radix point is implied to lie just after the
sign bit (QX format). The range of an N-bit 2’s
complement fraction with this implied radix point is -1.0
to (1 – 21-N). For a 16-bit fraction, the Q15 data range
is -1.0 (0x8000) to 0.999969482 (0x7FFF) including 0
and has a precision of 3.01518x10-5. In Fractional
mode, the 16 x 16 multiply operation generates a
1.31 product that has a precision of 4.65661 x 10-10. 

The same multiplier is used to support the MCU
multiply instructions, which include integer 16-bit
signed, unsigned and mixed sign multiply operations.

The MUL instruction can be directed to use byte or
word-sized operands. Byte operands will direct a 16-bit
result and word operands will direct a 32-bit result to
the specified register(s) in the W array.

3.6.2 DATA ACCUMULATORS AND 
ADDER/SUBTRACTER

The data accumulator consists of a 40-bit adder/
subtracter with automatic sign extension logic. It can
select one of two accumulators (A or B) as its pre-
accumulation source and post-accumulation
destination. For the ADD and LAC instructions, the data
to be accumulated or loaded can be optionally scaled
using the barrel shifter prior to accumulation. 

3.6.2.1 Adder/Subtracter, Overflow and 
Saturation

The adder/subtracter is a 40-bit adder with an optional
zero input into one side and either true or complement
data into the other input.

• In the case of addition, the Carry/Borrow input is 
active-high and the other input is true data (not 
complemented).

• In the case of subtraction, the Carry/Borrow input 
is active-low and the other input is complemented.

The adder/subtracter generates Overflow Status bits,
SA/SB and OA/OB, which are latched and reflected in
the STATUS Register (SR):

• Overflow from bit 39: this is a catastrophic 
overflow in which the sign of the accumulator is 
destroyed.

• Overflow into guard bits, 32 through 39: this is a 
recoverable overflow. This bit is set whenever all 
the guard bits are not identical to each other.

The adder has an additional saturation block that
controls accumulator data saturation, if selected. It
uses the result of the adder, the Overflow Status bits
described previously and the SAT<A:B>
(CORCON<7:6>) and ACCSAT (CORCON<4>) mode
control bits to determine when and to what value to
saturate.

Six STATUS Register bits support saturation and
overflow:

• OA: ACCA overflowed into guard bits 

• OB: ACCB overflowed into guard bits

• SA: ACCA saturated (bit 31 overflow and 
saturation)
or
ACCA overflowed into guard bits and saturated 
(bit 39 overflow and saturation)

• SB: ACCB saturated (bit 31 overflow and 
saturation)
or
ACCB overflowed into guard bits and saturated 
(bit 39 overflow and saturation)

• OAB: Logical OR of OA and OB

• SAB: Logical OR of SA and SB

The OA and OB bits are modified each time data
passes through the adder/subtracter. When set, they
indicate that the most recent operation has overflowed
into the accumulator guard bits (bits 32 through 39).
The OA and OB bits can also optionally generate an
arithmetic warning trap when set and the correspond-
ing Overflow Trap Flag Enable bits (OVATE, OVBTE) in
the INTCON1 register are set (refer to Section 7.0
“Interrupt Controller”). This allows the user applica-
tion to take immediate action, for example, to correct
system gain. 
 2009-2014 Microchip Technology Inc. DS7000591F-page 41
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N
Bit 3 Bit 2 Bit 1 Bit 0

All 
Resets

INT DRERR STKERR OSCFAIL — 0000

INT NT3EP INT2EP INT1EP INT0EP 0000

IFS T1IF OC1IF IC1IF INT0IF 0000

IFS CNIF AC1IF MI2C1IF SI2C1IF 0000

IFS — — SPI2IF SPI2EIF 0000

IFS — MI2C2IF SI2C2IF — 0000

IFS — U2EIF U1EIF — 0000

IFS — — ADCP8IF — 0000

IFS WM6IF PWM5IF PWM4IF PWM3IF 0000

IFS DCP5IF ADCP4IF ADCP3IF ADCP2IF 0000

IEC T1IE OC1IE IC1IE INT0IE 0000

IEC CNIE — MI2C1IE SI2C1IE 0000

IEC — — SPI2IE SPI2EIE 0000

IEC — MI2C2IE SI2C2IE — 0000

IEC — U2EIE U1EIE — 0000

IEC — — ADCP8IE — 0000

IEC WM6IE PWM5IE PWM4IE PWM3IE 0000

IEC DCP5IE ADCP4IE ADCP3IE ADCP2IE 0000

IPC — INT0IP2 INT0IP1 INT0IP0 4444

IPC — — — — 4440

IPC — T3IP2 T3IP1 T3IP0 4444

IPC — U1TXIP2 U1TXIP1 U1TXIP0 0044

IPC — SI2C1IP2 SI2C1IP1 SI2C1IP0 4444

IPC — INT1IP2 INT1IP1 INT1IP0 0004

IPC — — — — 4440

IPC — T5IP2 T5IP1 T5IP0 4444

IPC — SPI2EIP2 SPI2EIP1 SPI2EIP0 0044

IPC — — — — 0440

IPC — — — — 0440

IPC — — — — 0440

IPC — — — — 0440

IPC — — — — 0440

IPC — — — — 4040

IPC — — — — 0040

Leg
BLE 4-9: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33FJ32GS608

File 
ame

SFR 
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

CON1 0080 NSTDIS OVAERR OVBERR COVAERR COVBERR OVATE OVBTE COVTE SFTACERR DIV0ERR — MATHERR AD

CON2 0082 ALTIVT DISI — — — — — — — — — INT4EP I

0 0084 — — ADIF U1TXIF U1RXIF SPI1IF SPI1EIF T3IF T2IF OC2IF IC2IF —

1 0086 U2TXIF U2RXIF INT2IF T5IF T4IF OC4IF OC3IF — — — — INT1IF

2 0088 — — — — — — — — — IC4IF IC3IF —

3 008A — — — — — QEI1IF PSEMIF — — INT4IF INT3IF —

4 008C — — — — QEI2IF — PSESMIF — — — — —

5 008E PWM2IF PWM1IF ADCP12IF — — — — — — — — —

6 0090 ADCP1IF ADCP0IF — — — — AC4IF AC3IF AC2IF — PWM8IF PWM7IF P

7 0092 — — — — — — — — — — ADCP7IF ADCP6IF A

0 0094 — — ADIE U1TXIE U1RXIE SPI1IE SPI1EIE T3IE T2IE OC2IE IC2IE —

1 0096 U2TXIE U2RXIE INT2IE T5IE T4IE OC4IE OC3IE — — — — INT1IE

2 0098 — — — — — — — — — IC4IE IC3IE —

3 009A — — — — — QEI1IE PSEMIE — — INT4IE INT3IE —

4 009C — — — — QEI2IE — PSESMIE — — — — —

5 009E PWM2IE PWM1IE ADCP12IE — — — — — — — — —

6 00A0 ADCP1IE ADCP0IE — — — — AC4IE AC3IE AC2IE — PWM8IE PWM7IE P

7 00A2 — — — — — — — — — — ADCP7IE ADCP6IE A

0 00A4 — T1IP2 T1IP1 T1IP0 — OC1IP2 OC1IP1 OC1IP0 — IC1IP2 IC1IP1 IC1IP0

1 00A6 — T2IP2 T2IP1 T2IP0 — OC2IP2 OC2IP1 OC2IP0 — IC2IP2 IC2IP1 IC2IP0

2 00A8 — U1RXIP2 U1RXIP1 U1RXIP0 — SPI1IP2 SPI1IP1 SPI1IP0 — SPI1EIP2 SPI1EIP1 SPI1EIP0

3 00AA — — — — — — — — — ADIP2 ADIP1 ADIP0

4 00AC — CNIP2 CNIP1 CNIP0 — AC1IP2 AC1IP1 AC1IP0 — MI2C1IP2 MI2C1IP1 MI2C1IP0

5 00AE — — — — — — — — — — — —

6 00B0 — T4IP2 T4IP1 T4IP0 — OC4IP2 OC4IP1 OC4IP0 — OC3IP2 OC3IP1 OC3IP0

7 00B2 — U2TXIP2 U2TXIP1 U2TXIP0 — U2RXIP2 U2RXIP1 U2RXIP0 — INT2IP2 INT2IP1 INT2IP0

8 00B4 — — — — — — — — — SPI2IP2 SPI2IP1 SPI2IP0

9 00B6 — — — — — IC4IP2 IC4IP1 IC4IP0 — IC3IP2 IC3IP1 IC3IP0

12 00BC — — — — — MI2C2IP2 MI2C2IP1 MI2C2IP0 — SI2C2IP2 SI2C2IP1 SI2C2IP0

13 00BE — — — — — INT4IP2 INT4IP1 INT4IP0 — INT3IP2 INT3IP1 INT3IP0

14 00C0 — — — — — QEI1IP2 QEI1IP1 QEI1IP0 — PSEMIP2 PSEMIP1 PSEMIP0

16 00C4 — — — — — U2EIP2 U2EIP1 U2EIP0 — U1EIP2 U1EIP1 U1EIP0

18 00C8 — QEI2IP2 QEI2IP1 QEI2IP0 — — — — — PSESMIP2 PSESMIP1 PSESMIP0

20 00CC — — — — — — — — — ADCP8IP2 ADCP8IP1 ADCP8IP0

end: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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P1 — — — — 0040

— — — — 4400

0 — PWM3IP2 PWM3IP1 PWM3IP0 4444

0 — PWM7IP2 PWM7IP1 PWM7IP0 4044

— AC3IP2 AC3IP1 AC3IP0 0044

— — — — 4400

0 — ADCP2IP2 ADCP2IP1 ADCP2IP0 4444

0 — ADCP6IP2 ADCP6IP1 ADCP6IP0 0044

4 VECNUM3 VECNUM2 VECNUM1 VECNUM0 0000

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets
IPC21 00CE — — — — — — — — — ADCP12IP2 ADCP12IP1 ADCP12I

IPC23 00D2 — PWM2IP2 PWM2IP1 PWM2IP0 — PWM1IP2 PWM1IP1 PWM1IP0 — — — —

IPC24 00D4 — PWM6IP2 PWM6IP1 PWM6IP0 — PWM5IP2 PWM5IP1 PWM5IP0 — PWM4IP2 PWM4IP1 PWM4IP

IPC25 00D6 — AC2IP2 AC2IP1 AC2IP0 — — — — — PWM8IP2 PWM8IP1 PWM8IP

IPC26 00D8 — — — — — — — — — AC4IP2 AC4IP1 AC4IP0

IPC27 00DA — ADCP1IP2 ADCP1IP1 ADCP1IP0 — ADCP0IP2 ADCP0IP1 ADCP0IP0 — — — —

IPC28 00DC — ADCP5IP2 ADCP5IP1 ADCP5IP0 — ADCP4IP2 ADCP4IP1 ADCP4IP0 — ADCP3IP2 ADCP3IP1 ADCP3IP

IPC29 00DE — — — — — — — — — ADCP7IP2 ADCP7IP1 ADCP7IP

INTTREG 00E0 — — — — ILR3 ILR2 ILR1 ILR0 — VECNUM6 VECNUM5 VECNUM

TABLE 4-9: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33FJ32GS608 (CONTINUED)

File 
Name

SFR 
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

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

SLEEP IDLE BOR POR xxxx(1)

CF — — OSWEN 0300(2)

4 PLLPRE3 PLLPRE2 PLLPRE1 PLLPRE0 0040

> 0030

TUN<5:0> 0000

— — — — 0000

— — — — 2300

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

NVMOP3 NVMOP2 NVMOP1 NVMOP0 0000(1)

Y<7:0> 0000

the time of Reset.

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

SPI1MD — C1MD ADCMD 0000

OC4MD OC3MD OC2MD OC1MD 0000

— — I2C2MD — 0000

REFOMD — — — 0000

— — — — 0000

— — — PWM9MD 0000
TABLE 4-57: SYSTEM CONTROL REGISTER MAP

TABLE 4-58: NVM REGISTER MAP

TABLE 4-59: PMD REGISTER MAP FOR dsPIC33FJ64GS610 DEVICES

File 
Name

SFR 
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

RCON 0740 TRAPR IOPUWR — — — — — VREGS EXTR SWR SWDTEN WDTO

OSCCON 0742 — COSC2 COSC1 COSC0 — NOSC2 NOSC1 NOSC0 CLKLOCK — LOCK —

CLKDIV 0744 ROI DOZE2 DOZE1 DOZE0 DOZEN FRCDIV2 FRCDIV1 FRCDIV0 PLLPOST1 PLLPOST0 — PLLPRE

PLLFBD 0746 — — — — — — — PLLDIV<8:0

OSCTUN 0748 — — — — — — — — — —

REFOCON 074E ROON — ROSSLP ROSEL RODIV3 RODIV2 RODIV1 RODIV0 — — — —

ACLKCON 0750 ENAPLL APLLCK SELACLK — — APSTSCLR2 APSTSCLR1 APSTSCLR0 ASRCSEL FRCSEL — —

Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: The RCON register Reset values are dependent on the type of Reset.

2: The OSCCON register Reset values are dependent on the FOSCx Configuration bits and on the type of Reset.

File 
Name

SFR 
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

NVMCON 0760 WR WREN WRERR — — — — — — ERASE — —

NVMKEY 0766 — — — — — — — — NVMKE

Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: The Reset value shown is for POR only. The value on other Reset states is dependent on the state of the memory write or erase operations at 

File 
Name

SFR 
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

PMD1 0770 T5MD T4MD T3MD T2MD T1MD QEI1MD PWMMD — I2C1MD U2MD U1MD SPI2MD

PMD2 0772 — — — — IC4MD IC3MD IC2MD IC1MD — — — —

PMD3 0774 — — — — — CMPMD — — — — QEI2MD —

PMD4 0776 — — — — — — — — — — — —

PMD6 077A PWM8MD PWM7MD PWM6MD PWM5MD PWM4MD PWM3MD PWM2MD PWM1MD — — — —

PMD7 077C — — — — CMP4MD CMP3MD CMP2MD CMP1MD — — — —

Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TAB

TAB

TAB

Fi
Na

it 3 Bit 2 Bit 1 Bit 0
All 

Resets

PMD 1MD — — ADCMD 0000

PMD 4MD OC3MD OC2MD OC1MD 0000

PMD — — I2C2MD — 0000

PMD OMD — — — 0000

PMD — — — — 0000

PMD — — — PWM9MD 0000

Leg

Fi
Nam

t 3 Bit 2 Bit 1 Bit 0
All 

Resets

PMD MD — C1MD ADCMD 0000

PMD MD OC3MD OC2MD OC1MD 0000

PMD — I2C2MD — 0000

PMD OMD — — — 0000

PMD — — — 0000

PMD — — — 0000

Leg

F
Na

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

PMD SPI1MD — — ADCMD 0000

PMD OC4MD OC3MD OC2MD OC1MD 0000

PMD — — I2C2MD — 0000

PMD REFOMD — — — 0000

PMD — — — — 0000

PMD — — — — 0000

Leg
LE 4-60: PMD REGISTER MAP FOR dsPIC33FJ32GS610 DEVICES

LE 4-61: PMD REGISTER MAP FOR dsPIC33FJ64GS608 DEVICES

LE 4-62: PMD REGISTER MAP FOR dsPIC33FJ32GS608 DEVICES

le 
me

SFR 
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 B

1 0770 T5MD T4MD T3MD T2MD T1MD QEI1MD PWMMD — I2C1MD U2MD U1MD SPI2MD SPI

2 0772 — — — — IC4MD IC3MD IC2MD IC1MD — — — — OC

3 0774 — — — — — CMPMD — — — — QEI2MD —

4 0776 — — — — — — — — — — — — REF

6 077A PWM8MD PWM7MD PWM6MD PWM5MD PWM4MD PWM3MD PWM2MD PWM1MD — — — —

7 077C — — — — CMP4MD CMP3MD CMP2MD CMP1MD — — — —

end: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

le 
e

SFR 
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 Bi

1 0770 T5MD T4MD T3MD T2MD T1MD QEI1MD PWMMD — I2C1MD U2MD U1MD SPI2MD SPI1

2 0772 — — — — IC4MD IC3MD IC2MD IC1MD — — — — OC4

3 0774 — — — — — CMPMD — — — — QEI2MD — —

4 0776 — — — — — — — — — — — — REF

6 077A PWM8MD PWM7MD PWM6MD PWM5MD PWM4MD PWM3MD PWM2MD PWM1MD — — — — —

7 077C — — — — CMP4MD CMP3MD CMP2MD CMP1MD — — — — —

end: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

ile 
me

SFR 
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

1 0770 T5MD T4MD T3MD T2MD T1MD QEI1MD PWMMD — I2C1MD U2MD U1MD SPI2MD

2 0772 — — — — IC4MD IC3MD IC2MD IC1MD — — — —

3 0774 — — — — — CMPMD — — — — QEI2MD —

4 0776 — — — — — — — — — — — —

6 077A PWM8MD PWM7MD PWM6MD PWM5MD PWM4MD PWM3MD PWM2MD PWM1MD — — — —

7 077C — — — — CMP4MD CMP3MD CMP2MD CMP1MD — — — —

end: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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bit 2 OC1IF: Output Compare Channel 1 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 1 IC1IF: Input Capture Channel 1 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 0 INT0IF: External Interrupt 0 Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

REGISTER 7-5: IFS0: INTERRUPT FLAG STATUS REGISTER 0 (CONTINUED)
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REGISTER 7-9: IFS4: INTERRUPT FLAG STATUS REGISTER 4

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

— — — — QEI2IF — PSESMIF —

bit 15 bit 8

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

— C1TXIF(1) — — — U2EIF U1EIF —

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 Unimplemented: Read as ‘0’

bit  11 QEI2IF: QEI2 Event Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 10 Unimplemented: Read as ‘0’

bit 9 PSESMIF: PWM Special Event Secondary Match Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 8-7 Unimplemented: Read as ‘0’

bit 6 C1TXIF: ECAN1 Transmit Data Request Interrupt Flag Status bit(1)

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 5-3 Unimplemented: Read as ‘0’

bit 2 U2EIF: UART2 Error Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 1 U1EIF: UART1 Error Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 0 Unimplemented: Read as ‘0’

Note 1: Interrupts are disabled on devices without ECAN™ modules.
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REGISTER 7-28: IPC7: INTERRUPT PRIORITY CONTROL REGISTER 7

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

— U2TXIP2 U2TXIP1 U2TXIP0 — U2RXIP2 U2RXIP1 U2RXIP0

bit 15 bit 8

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

— INT2IP2 INT2IP1 INT2IP0 — T5IP2 T5IP1 T5IP0

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 U2TXIP<2:0>: UART2 Transmitter Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 11 Unimplemented: Read as ‘0’

bit 10-8 U2RXIP<2:0>: UART2 Receiver Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’

bit 6-4 INT2IP<2:0>: External Interrupt 2 Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 3 Unimplemented: Read as ‘0’

bit 2-0 T5IP<2:0>: Timer5 Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
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REGISTER 7-36: IPC18: INTERRUPT PRIORITY CONTROL REGISTER 18

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

— QEI2IP2 QEI2IP1 QEI2IP0 — — — —

bit 15 bit 8

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

— PSESMIP2 PSESMIP1 PSESMIP0 — — — —

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 QEI2IP<2:0>: QEI2 Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 11-7 Unimplemented: Read as ‘0’

bit 6-4 PSESMIP<2:0>: PWM Special Event Secondary Match Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 7-39: IPC23: INTERRUPT PRIORITY CONTROL REGISTER 23

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

— PWM2IP2 PWM2IP1 PWM2IP0 — PWM1IP2 PWM1IP1 PWM1IP0

bit 15 bit 8

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 7 bit 0

Legend:

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

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

bit 15 Unimplemented: Read as ‘0’

bit 14-12 PWM2IP<2:0>: PWM2 Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 11 Unimplemented: Read as ‘0’

bit 10-8 PWM1IP<2:0>: PWM1 Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 7-0 Unimplemented: Read as ‘0’
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REGISTER 7-45: IPC29: INTERRUPT PRIORITY CONTROL REGISTER 29

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

— ADCP7IP2 ADCP7IP1 ADCP7IP0 — ADCP6IP2 ADCP6IP1 ADCP6IP0

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 15-7 Unimplemented: Read as ‘0’

bit 6-4 ADCP7IP<2:0>: ADC Pair 7 Conversion Done Interrupt 1 Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 3 Unimplemented: Read as ‘0’

bit 2-0 ADCP6IP<2:0>: ADC Pair 6 Conversion Done Interrupt 1 Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
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9.4 Oscillator Control Registers

REGISTER 9-1: OSCCON: OSCILLATOR CONTROL REGISTER(1)

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

— COSC2 COSC1 COSC0 — NOSC2(2) NOSC1(2) NOSC0(2)

bit 15 bit 8

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

CLKLOCK — LOCK — CF — — OSWEN

bit 7 bit 0

Legend: C = Clearable bit y = Value set from Configuration bits on POR

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 COSC<2:0>: Current Oscillator Selection bits (read-only) 

111 = Fast RC Oscillator (FRC) with Divide-by-n
110 = Fast RC Oscillator (FRC) with Divide-by-16
101 = Low-Power RC Oscillator (LPRC)
100 = Secondary Oscillator (SOSC)
011 = Primary Oscillator (XT, HS, EC) with PLL
010 = Primary Oscillator (XT, HS, EC)
001 = Fast RC Oscillator (FRC) with PLL
000 = Fast RC Oscillator (FRC)

bit 11 Unimplemented: Read as ‘0’

bit 10-8 NOSC<2:0>: New Oscillator Selection bits(2) 

111 = Fast RC Oscillator (FRC) with Divide-by-n
110 = Fast RC Oscillator (FRC) with Divide-by-16
101 = Low-Power RC Oscillator (LPRC)
100 = Secondary Oscillator (SOSC)
011 = Primary Oscillator (XT, HS, EC) with PLL
010 = Primary Oscillator (XT, HS, EC)
001 = Fast RC Oscillator (FRC) with PLL
000 = Fast RC Oscillator (FRC)

bit 7 CLKLOCK: Clock Lock Enable bit 

If Clock Switching is Enabled and FSCM is Disabled (FCKSM<1:0> (FOSC<7:6>) = 0b01):
1 = Clock switching is disabled, system clock source is locked
0 = Clock switching is enabled, system clock source can be modified by clock switching

bit 6 Unimplemented: Read as ‘0’

bit 5 LOCK: PLL Lock Status bit (read-only)

1 = Indicates that PLL is in lock or PLL start-up timer is satisfied
0 = Indicates that PLL is out of lock, start-up timer is in progress or PLL is disabled

bit 4 Unimplemented: Read as ‘0’

Note 1: Writes to this register require an unlock sequence. Refer to “Oscillator (Part IV)” (DS70307) in the 
“dsPIC33/PIC24 Family Reference Manual” for details.

2: Direct clock switches between any primary oscillator mode with PLL and FRCPLL mode are not permitted. 
This applies to clock switches in either direction. In these instances, the application must switch to FRC 
mode as a transition clock source between the two PLL modes.
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NOTES:
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REGISTER 16-11: PWMCONx: PWM CONTROL x REGISTER

HS/HC-0 HS/HC-0 HS/HC-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

FLTSTAT(1) CLSTAT(1) TRGSTAT FLTIEN CLIEN TRGIEN ITB(3) MDCS(3)

bit 15 bit 8

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

DTC1 DTC0 DTCP(4) — MTBS CAM(2,3,5) XPRES(6) IUE

bit 7 bit 0

Legend: HC = Hardware Clearable bit 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 FLTSTAT: Fault Interrupt Status bit(1)

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)

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 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 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 TRGSTAT bit is cleared

bit 9 ITB: Independent Time Base Mode bit(3)

1 = PHASEx/SPHASEx registers provide time base period for this PWM generator
0 = PTPER register provides timing for this PWM generator

bit 8 MDCS: Master Duty Cycle Register Select bit(3)

1 = MDC register provides duty cycle information for this PWM generator
0 = PDCx and SDCx registers provide duty cycle information for this PWM 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 PWM is enabled by setting PTEN (PTCON<15>) = 1.

4: For DTCP to be effective, DTC<1:0> must be set to ‘11’; otherwise, DTCP is ignored.

5: 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.

6: Configure CLMOD (FCLCONX<8>) = 0 and ITB (PWMCONx<9>) = 1 to operate in External Period 
Reset mode.
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(

BUFFER 21-3: ECANx MESSAGE BUFFER WORD 2

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

EID5 EID4 EID3 EID2 EID1 EID0 RTR RB1

bit 15 bit 8

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

— — — RB0 DLC3 DLC2 DLC1 DLC0

bit 7 bit 0

Legend:

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

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

bit 15-10 EID<5:0>: Extended Identifier bits

bit 9 RTR: Remote Transmission Request bit 

1 = Message will request remote transmission 
0 = Normal message

bit 8 RB1: Reserved Bit 1

User must set this bit to ‘0’ per ECAN™ protocol.

bit 7-5 Unimplemented: Read as ‘0’

bit 4 RB0: Reserved Bit 0

User must set this bit to ‘0’ per ECAN protocol.

bit 3-0 DLC<3:0>: Data Length Code bits

BUFFER 21-4: ECANx MESSAGE BUFFER WORD 3

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

Byte 1

bit 15 bit 8

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

Byte 0

bit 7 bit 0

Legend:

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

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

bit 15-8 Byte 1<15:8>: ECANx Message Byte 1

bit 7-0 Byte 0<7:0>: ECANx Message Byte 0
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FIGURE 22-4: ADC BLOCK DIAGRAM FOR dsPIC33FJ32GS610 AND dsPIC33FJ64GS610 
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Note 1: AN24 (EXTREF) is an internal analog input. To measure the voltage at AN24 (EXTREF), an analog comparator must 
be enabled and EXTREF must be selected as the comparator reference.

2: AN25 (INTREF) is an internal analog input and is not available on a pin.
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27.0 ELECTRICAL CHARACTERISTICS

This section provides an overview of dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610
electrical characteristics. Additional information will be provided in future revisions of this document as it becomes
available. 

Absolute maximum ratings for the dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610 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(1) 

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

Storage temperature ..............................................................................................................................  -65°C to +150°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 +5.6V

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

Maximum current out of VSS pin ...........................................................................................................................300 mA

Maximum current into VDD pin(2)...........................................................................................................................250 mA

Maximum current sourced/sunk by any 4x I/O pin ..................................................................................................15 mA

Maximum current sourced/sunk by any 8x I/O pin ..................................................................................................25 mA

Maximum current sourced/sunk by any 16x I/O pin ................................................................................................45 mA

Maximum current sunk by all ports .......................................................................................................................200 mA

Maximum current sourced by all ports(2)...............................................................................................................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 operation 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 the device maximum power dissipation (see Table 27-2).

3: See the “Pin Diagrams” section for 5V tolerant pins.
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FIGURE 27-24: QEA/QEB INPUT CHARACTERISTICS     

TABLE 27-44: DAC OUTPUT BUFFER SPECIFICATIONS

DC CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)

Operating temperature: -40°C  TA  +85°C for Industrial
-40°C  TA  +125°C for Extended

Param. 
No.

Symbol Characteristic Min Typ Max Units Comments

DA10 RLOAD Resistive Output Load 
Impedance

3K — — 

DA11 CLOAD Output Load 
Capacitance

— 20 35 pF

DA12 IOUT Output Current Drive 
Strength

200 300 400 A Sink and source

DA13 VRANGE Full Output Drive 
Strength Voltage Range

AVSS + 250 mV — AVDD – 900 mV V

DA14 VLRANGE Output Drive Voltage 
Range at Reduced 
Current Drive of 50 A

AVSS + 50 mV — AVDD – 500 mV V

DA15 IDD Current Consumed when 
Module is Enabled, 
High-Power Mode

— — 1.3 x IOUT A Module will always 
consume this current 
even if no load is 
connected to the 
output

DA16 ROUTON Output Impedance when 
Module is Enabled

— 500 — 

TQ30

QEA 
(input)

TQ35

QEB 
(input)

TQ36

QEB 
Internal

TQ40TQ41

TQ30TQ31

TQ31

TQ35
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