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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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Speed 40 MIPs

Connectivity I²C, IrDA, LINbus, SPI, UART/USART

Peripherals Brown-out Detect/Reset, POR, PWM, WDT

Number of I/O 21

Program Memory Size 9KB (3K x 24)

Program Memory Type FLASH

EEPROM Size -

RAM Size 1K x 8

Voltage - Supply (Vcc/Vdd) 3V ~ 3.6V

Data Converters A/D 8x10b; D/A 2x10b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Through Hole

Package / Case 28-DIP (0.300", 7.62mm)
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dsPIC33FJ06GS001/101A/102A/202A and dsPIC33FJ09GS302
Pin Diagrams (Continued) 
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Note 1: The RPn pins can be used by any remappable peripheral. See Table 1 for the list of available peripherals.
2: The metal plane at the bottom of the device is not connected to any pins and is recommended to be connected to 

VSS externally.

= Pins are up to 5V tolerant 
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dsPIC33FJ06GS001/101A/102A/202A and dsPIC33FJ09GS302
1.0 DEVICE OVERVIEW

This document contains device-specific information for
the following dsPIC33F Digital Signal Controller (DSC)
devices:

• dsPIC33FJ06GS001

• dsPIC33FJ06GS101A

• dsPIC33FJ06GS102A

• dsPIC33FJ06GS202A

• dsPIC33FJ09GS302

The dsPIC33FJ06GS001/101A/102A/202A and
dsPIC33FJ09GS302 devices contain extensive
Digital Signal Processor (DSP) functionality with a
high-performance, 16-bit microcontroller (MCU)
architecture.

Figure 1-1 shows a general block diagram of the core
and peripheral modules in the devices. Table 1-1 lists the
functions of the various pins shown in the pinout
diagrams. 

Note: This data sheet summarizes the features of
the dsPIC33FJ06GS001/101A/102A/202A
and dsPIC33FJ09GS302 families of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to the “dsPIC33F/PIC24H
Family Reference Manual”. Please see the
Microchip web site (www.microchip.com)
for the latest “dsPIC33F/PIC24H Family
Reference Manual” sections.
 2011-2012 Microchip Technology Inc. DS75018C-page 13
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FIGURE 2-8: PHASE-SHIFTED FULL-BRIDGE CONVERTER
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dsPIC33FJ06GS001/101A/102A/202A and dsPIC33FJ09GS302
FIGURE 3-3: DSP ENGINE BLOCK DIAGRAM
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dsPIC33FJ06GS001/101A/102A/202A and dsPIC33FJ09GS302
4.2 Data Address Space

The CPU has a separate, 16-bit wide data memory
space. The data space is accessed using separate
Address Generation Units (AGUs) for read and write
operations. The data memory maps are shown in
Figure 4-3. 

All Effective Addresses (EAs) in the data memory space
are 16 bits wide and point to bytes within the data space.
This arrangement gives a data space address range of
64 Kbytes or 32K words. The lower half of the data
memory space (that is, when EA<15> = 0) is used for
implemented memory addresses, while the upper half
(EA<15> = 1) is reserved for the Program Space
Visibility area (see Section 4.7.3 “Reading Data from
Program Memory Using Program Space Visibility”).

All devices implement up to 1 Kbyte of data memory.
Should an EA point to a location outside of this area, an
all-zero word or byte will be returned.

4.2.1 DATA SPACE WIDTH

The data memory space is organized in byte-
addressable, 16-bit wide blocks. Data is aligned in data
memory and registers as 16-bit words, but all data
space EAs resolve to bytes. The Least Significant
Bytes (LSBs) of each word have even addresses, while
the Most Significant Bytes (MSBs) have odd
addresses.

4.2.2 DATA MEMORY ORGANIZATION 
AND ALIGNMENT

To maintain backward compatibility with PIC® MCU
devices and improve data space memory usage
efficiency, the instruction set supports both word and
byte operations. As a consequence of byte accessibil-
ity, all Effective Address calculations are internally
scaled to step through word-aligned memory. For
example, the core recognizes Post-Modified Register
Indirect Addressing mode [Ws++], which results in a
value of Ws + 1 for byte operations and Ws + 2 for word
operations. 

Data byte reads will read the complete word that
contains the byte, using the LSb of any EA to determine
which byte to select. The selected byte is placed onto
the LSB of the data path. That is, data memory and reg-
isters are organized as two parallel byte-wide entities
with shared (word) address decode but separate write
lines. Data byte writes only write to the corresponding
side of the array or register that matches the byte
address. 

All word accesses must be aligned to an even address.
Misaligned word data fetches are not supported, so
care must be taken when mixing byte and word
operations, or translating from 8-bit MCU code. If a
misaligned read or write is attempted, an address error
trap is generated. If the error occurred on a read, the
instruction underway is completed. If the error occurred
on a write, the instruction is executed but the write does
not occur. In either case, a trap is then executed,
allowing the system and/or user application to examine
the machine state prior to execution of the address
Fault.

All byte loads into any W register are loaded into the
Least Significant Byte. The Most Significant Byte is not
modified.

A Sign-Extend (SE) instruction is provided to allow user
applications to translate 8-bit signed data to 16-bit
signed values. Alternatively, for 16-bit unsigned data,
user applications can clear the MSB of any W register
by executing a Zero-Extend (ZE) instruction on the
appropriate address.

4.2.3 SFR SPACE

The first 2 Kbytes of the Near Data Space, from 0x0000
to 0x07FF, is primarily occupied by Special Function
Registers (SFRs). These are used by the core and
peripheral modules for controlling the operation of the
device. 

SFRs are distributed among the modules that they
control, and are generally grouped together by module.
Much of the SFR space contains unused addresses;
these are read as ‘0’. 

4.2.4 NEAR DATA SPACE 

The 8-Kbyte area between 0x0000 and 0x1FFF is
referred to as the Near Data Space. Locations in this
space are directly addressable via a 13-bit absolute
address field within all memory direct instructions.
Additionally, the whole data space is addressable using
MOV instructions, which support Memory Direct
Addressing mode with a 16-bit address field, or by
using Indirect Addressing mode using a working
register as an Address Pointer.

Note: The actual set of peripheral features and
interrupts varies by the device. Refer to the
corresponding device tables and pinout
diagrams for device-specific information.
 2011-2012 Microchip Technology Inc. DS75018C-page 39
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All 
Resets

INT RERR STKERR OSCFAIL — 0000

INT — INT2EP INT1EP INT0EP 0000

IFS 1IF OC1IF IC1IF INT0IF 0000

IFS NIF AC1IF MI2C1IF SI2C1IF 0000

IFS — — — — 0000

IFS — — U1EIF — 0000

IFS — — — JTAGIF 0000

IFS — — — — 0000

IFS — — — ADCP2IF 0000

IEC 1IE OC1IE IC1IE INT0IE 0000

IEC NIE AC1IE MI2C1IE SI2C1IE 0000

IEC — — — — 0000

IEC — — U1EIE — 0000

IEC — — — JTAGIE 0000

IEC — — — — 0000

IEC — — — ADCP2IE 0000

IPC — INT0IP<2:0> 4444

IPC — — — — 4000

IPC — — — — 4440

IPC — U1TXIP<2:0> 0044

IPC — SI2C1IP<2:0> 4444

IPC — INT1IP<2:0> 0004

IPC — — — — 0040

IPC — — — — 0040

IPC — — — — 0040

IPC — JTAGIP<2:0> 0004

IPC — — — — 4400

IPC — — — — 4000

IPC — — — — 4400

IPC — ADCP2IP<2:0> 0004

IPC — ADCP6IP<2:0> 0004

INT UM<6:0> 0000

Le
BLE 4-7:  INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33FJ06GS202A DEVICES ONLY

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 B

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

CON2 0082 ALTIVT DISI — — — — — — — — — —

0 0084 — — ADIF U1TXIF U1RXIF SPI1IF SPI1EIF — T2IF — — — T

1 0086 — — INT2IF — — — — — — — — INT1IF C

3 008A — — — — — — PSEMIF — — — — —

4 008C — — — — — — — — — — — —

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

6 0090 ADCP1IF ADCP0IF — — — — — — AC2IF — — —

7 0092 — — — — — — — — — — — ADCP6IF

0 0094 — — ADIE U1TXIE U1RXIE SPI1IE SPI1EIE — T2IE — — — T

1 0096 — — INT2IE — — — — — — — — INT1IE C

3 009A — — — — — — PSEMIE — — — — —

4 009C — — — — — — — — — — — —

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

6 00A0 ADCP1IE ADCP0IE — — — — — — AC2IE — — —

7 00A2 — — — — — — — — — — — ADCP6IE

0 00A4 — T1IP<2:0> — OC1IP<2:0> — IC1IP<2:0>

1 00A6 — T2IP<2:0> — — — — — — — —

2 00A8 — U1RXIP<2:0> — SPI1IP<2:0> — SPI1EIP<2:0>

3 00AA — — — — — — — — -— ADIP<2:0>

4 00AC — CNIP<2:0> — AC1IP<2:0> — MI2C1IP<2:0>

5 00AE — — — — — — — — — — — —

7 00B2 — — — — — — — — — INT2IP<2:0>

14 00C0 — — — — — — — — — PSEMIP<2:0>

16 00C4 — — — — — — — — — U1EIP<2:0>

20 00CC — — — — — — — — — — — —

23 00D2 — PWM2IP<2:0> — PWM1IP<2:0> — — — —

25 00D6 — AC2IP<2:0> — — — — — — — —

27 00DA — ADCP1IP<2:0> — ADCP0IP<2:0> — — — —

28 00DC — — — — — — — — — — — —

29 00DE — — — — — — — — — — — —

TREG 00E0 — — — — ILR<3:0> — VECN

gend: 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 
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PM SPI1MD — — ADCMD 0000

PM — — — OC1MD 0000

PM — — — — 0000

PM REFOMD — — — 0000

PM — — — — 0000

PM — — — — 0000

Le

N
Bit 3 Bit 2 Bit 1 Bit 0

All 
Resets

PM SPI1MD — — ADCMD 0000

PM — — — OC1MD 0000

PM — — — — 0000

PM REFOMD — — — 0000

PM — — — — 0000

PM — — — — 0000

PM — — CCSMD — 0000

Le
BLE 4-37: PMD REGISTER MAP FOR dsPIC33FJ06GS202A 

BLE 4-38: PMD REGISTER MAP FOR dsPIC33FJ09GS302

SFR 
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

D1 0770 — — — T2MD T1MD — PWMMD — I2C1MD — U1MD —

D2 0772 — — — — — — — IC1MD — — — —

D3 0774 — — — — — CMPMD — — — — — —

D4 0776 — — — — — — — — — — — —

D6 077A — — — — — — PWM2MD PWM1MD — — — —

D7 077C — — — — — — CMP2MD CMP1MD — — — —

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

SFR 
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

D1 0770 — — — T2MD T1MD — PWMMD — I2C1MD — U1MD —

D2 0772 — — — — — — — IC1MD — — — —

D3 0774 — — — — — CMPMD — — — — — —

D4 0776 — — — — — — — — — — — —

D6 077A — — — — PWM4MD — PWM2MD PWM1MD — — — —

D7 077C — — — — — — CMP2MD CMP1MD — — — —

D8 077E — — — — — — — — — — — —

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



dsPIC33FJ06GS001/101A/102A/202A and dsPIC33FJ09GS302
REGISTER 5-2: NVMKEY: NONVOLATILE MEMORY KEY REGISTER

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

— — — — — — — —

bit 15 bit 8

W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0

NVMKEY<7:0>

bit 7 bit 0

Legend:

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

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

bit 15-8 Unimplemented: Read as ‘0’

bit 7-0 NVMKEY<7:0>: Key Register bits (write-only)
DS75018C-page 78  2011-2012 Microchip Technology Inc.



dsPIC33FJ06GS001/101A/102A/202A and dsPIC33FJ09GS302
REGISTER 7-14: IEC3: INTERRUPT ENABLE CONTROL REGISTER 3

REGISTER 7-15: IEC4: INTERRUPT ENABLE CONTROL REGISTER 4

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

— — — — — — PSEMIE —

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 15-10 Unimplemented: Read as ‘0’

bit 9 PSEMIE: PWM Special Event Match Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 8-0 Unimplemented: Read as ‘0’

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

— — — — — — U1EIE(1) —

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 15-2 Unimplemented: Read as ‘0’

bit 1 U1EIE: UART1 Error Interrupt Enable bit(1)

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 0 Unimplemented: Read as ‘0’

Note 1: This bit is not implemented in the dsPIC33FJ06GS001 device.
 2011-2012 Microchip Technology Inc. DS75018C-page 103
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8.1 CPU Clocking System

The devices provide six system clock options:

• Fast RC (FRC) Oscillator

• FRC Oscillator with PLL

• Primary (XT, HS or EC) Oscillator

• Primary Oscillator with PLL

• Low-Power RC (LPRC) Oscillator

• FRC Oscillator with Postscaler

8.1.1 SYSTEM CLOCK SOURCES

The Fast RC (FRC) internal oscillator runs at a nominal
frequency of 7.37 MHz. User software can tune the
FRC frequency. User software can optionally specify a
factor (ranging from 1:2 to 1:256) by which the FRC
clock frequency is divided. This factor is selected using
the FRCDIV<2:0> (CLKDIV<10:8>) bits.

The primary oscillator can use one of the following as
its clock source:

• XT (Crystal): Crystals and ceramic resonators in 
the range of 3 MHz to 10 MHz. The crystal is 
connected to the OSC1 and OSC2 pins.

• HS (High-Speed Crystal): Crystals in the range of 
10 MHz to 32 MHz. The crystal is connected to 
the OSC1 and OSC2 pins.

• EC (External Clock): The external clock signal is 
directly applied to the OSC1 pin.

The LPRC internal oscIllator runs at a nominal
frequency of 32.768 kHz. It is also used as a reference
clock by the Watchdog Timer (WDT) and Fail-Safe
Clock Monitor (FSCM).

The clock signals generated by the FRC and primary
oscillators can be optionally applied to an on-chip
Phase Lock Loop (PLL) to provide a wide range of

output frequencies for device operation. PLL
configuration is described in Section 8.1.3 “PLL
Configuration”. 

The FRC frequency depends on the FRC accuracy
(see Table 25-20) and the value of the FRC Oscillator
Tuning register (see Register 8-4).

8.1.2 SYSTEM CLOCK SELECTION

The oscillator source used at a device Power-on Reset
event is selected using Configuration bit settings. The
Oscillator Configuration bit settings are located in the
Configuration registers in the program memory. (Refer
to Section 22.1 “Configuration Bits” for further
details.) The initial Oscillator Selection Configuration
bits, FNOSC<2:0> (FOSCSEL<2:0>), and the Primary
Oscillator Mode Select Configuration bits,
POSCMD<1:0> (FOSC<1:0>), select the oscillator
source that is used at a Power-on Reset. The FRC
primary oscillator is the default (unprogrammed)
selection.

The Configuration bits allow users to choose among
12 different clock modes, shown in Table 8-1.

The output of the oscillator (or the output of the PLL if
a PLL mode has been selected), FOSC, is divided by 2
to generate the device instruction clock (FCY) and the
peripheral clock time base (FP). FCY defines the
operating speed of the device and speeds up to
40 MHz are supported by the device architecture.

Instruction execution speed or device operating
frequency, FCY, is given by Equation 8-1. 

EQUATION 8-1: DEVICE OPERATING 
FREQUENCY

TABLE 8-1: CONFIGURATION BIT VALUES FOR CLOCK SELECTION

FCY = FOSC/2

Oscillator Mode Oscillator Source POSCMD<1:0> FNOSC<2:0> See Note

Fast RC Oscillator with Divide-by-N (FRCDIVN) Internal xx 111 1, 2

Fast RC Oscillator with Divide-by-16 (FRCDIV16) Internal xx 110 1

Low-Power RC Oscillator (LPRC) Internal xx 101 1

Reserved Reserved xx 100 —

Primary Oscillator (HS) with PLL (HSPLL) Primary 10 011 —

Primary Oscillator (XT) with PLL (XTPLL) Primary 01 011 —

Primary Oscillator (EC) with PLL (ECPLL) Primary 00 011 1

Primary Oscillator (HS) Primary 10 010 —

Primary Oscillator (XT) Primary 01 010 —

Primary Oscillator (EC) Primary 00 010 1

Fast RC Oscillator with PLL (FRCPLL) Internal xx 001 1

Fast RC Oscillator (FRC) Internal xx 000 1

Note 1: OSC2 pin function is determined by the OSCIOFNC Configuration bit.

2: This is the default oscillator mode for an unprogrammed (erased) device.
DS75018C-page 124  2011-2012 Microchip Technology Inc.
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10.6.2.2 Output Mapping

In contrast to inputs, the outputs of the Peripheral Pin
Select options are mapped on the basis of the pin. In
this case, a control register associated with a particular
pin dictates the peripheral output to be mapped. The
RPORx registers are used to control output mapping.
Like the RPINRx registers, each register contains sets
of 6-bit fields, with each set associated with one RPn
pin (see Register 10-16 through Register 10-25). The
value of the bit field corresponds to one of the
peripherals and that peripheral’s output is mapped to
the pin (see Table 10-2 and Figure 10-3). 

The list of peripherals for output mapping also includes
a null value of ‘00000’ because of the mapping
technique. This permits any given pin to remain
unconnected from the output of any of the pin
selectable peripherals. 

FIGURE 10-3: MULTIPLEXING OF 
REMAPPABLE OUTPUT 
FOR RPn

TABLE 10-2: OUTPUT SELECTION FOR REMAPPABLE PIN (RPn)

0

45

3

RPORn<5:0>

Default

U1TX Output Enable

U1RTS Output Enable 4

PWM4L Output Enable

18
OC1 Output Enable

0

45

3

Default

U1TX Output

U1RTS Output 4

PWM4L Output

18
OC1 Output

Output Enable

Output Data
RPn

Function RPORn<5:0> Output Name

NULL 000000 RPn tied to default port pin

U1TX 000011 RPn tied to UART1 transmit

U1RTS 000100 RPn tied to UART1 Ready-to-Send

SDO1 000111 RPn tied to SPI1 data output

SCK1 001000 RPn tied to SPI1 clock output

SS1 001001 RPn tied to SPI1 slave select output

OC1 010010 RPn tied to Output Compare 1

SYNCO1 100101 RPn tied to external device synchronization signal via PWM master time base

REFCLKO 100110 REFCLK output signal

ACMP1 100111 RPn tied to Analog Comparator 1 output

ACMP2 101000 RPn tied to Analog Comparator 2 output

PWM4H 101100 RPn tied to PWM output pins associated with PWM Generator 4

PWM4L 101101 RPn tied to PWM output pins associated with PWM Generator 4
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REGISTER 10-15: RPINR34: PERIPHERAL PIN SELECT INPUT REGISTER 34

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

— — — — — — — —

bit 15 bit 8

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

— — SYNCI2R<5:0>

bit 7 bit 0

Legend:

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

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

bit 15-6 Unimplemented: Read as ‘0’ 

bit 5-0 SYNCI2R<5:0>: Assign PWM Master Time Base External Synchronization Signal to the 
Corresponding RPn Pin bits

111111 = Input tied to VSS

100011 = Input tied to RP35
100010 = Input tied to RP34
100001 = Input tied to RP33
100000 = Input tied to RP32

•

•

•

00000 = Input tied to RP0
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REGISTER 10-16: RPOR0: PERIPHERAL PIN SELECT OUTPUT REGISTER 0

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

— — RP1R<5:0>

bit 15 bit 8

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

— — RP0R<5:0>

bit 7 bit 0

Legend:

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

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

bit 15-14 Unimplemented: Read as ‘0’ 

bit 13-8 RP1R<5:0>: Peripheral Output Function is Assigned to RP1 Output Pin bits 

(see Table 10-2 for peripheral function numbers)

bit 7-6 Unimplemented: Read as ‘0’ 

bit 5-0 RP0R<5:0>: Peripheral Output Function is Assigned to RP0 Output Pin bits 

(see Table 10-2 for peripheral function numbers)

REGISTER 10-17: RPOR1: PERIPHERAL PIN SELECT OUTPUT REGISTER 1

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

— — RP3R<5:0>

bit 15 bit 8

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

— — RP2R<5:0>

bit 7 bit 0

Legend:

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

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

bit 15-14 Unimplemented: Read as ‘0’ 

bit 13-8 RP3R<5:0>: Peripheral Output Function is Assigned to RP3 Output Pin bits

(see Table 10-2 for peripheral function numbers)

bit 7-6 Unimplemented: Read as ‘0’ 

bit 5-0 RP2R<5:0>: Peripheral Output Function is Assigned to RP2 Output Pin bits

(see Table 10-2 for peripheral function numbers)
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16.1 SPI Helpful Tips

1. In Frame mode, if there is a possibility that the
master may not be initialized before the slave:

a) If FRMPOL (SPIxCON2<13>) = 1, use a
pull-down resistor on SSx.

b) If FRMPOL = 0, use a pull-up resistor on
SSx.

2. In Non-Framed 3-Wire mode, (i.e., not using
SSx from a master):

a) If CKP (SPIxCON1<6>) = 1, always place a
pull-up resistor on SSx.

b) If CKP = 0, always place a pull-down
resistor on SSx.

3. FRMEN (SPIxCON2<15>) = 1 and SSEN
(SPIxCON1<7>) = 1 are exclusive and invalid.
In Frame mode, SCKx is continuous and the
Frame Sync pulse is active on the SSx pin,
which indicates the start of a data frame.

4. In Master mode only, set the SMP bit
(SPIxCON1<9>) to a ‘1’ for the fastest SPI data
rate possible. The SMP bit can only be set at the
same time or after the MSTEN bit
(SPIxCON1<5>) is set.

To avoid invalid slave read data to the master, the
user’s master software must ensure enough time for
slave software to fill its write buffer before the user
application initiates a master write/read cycle. It is
always advisable to preload the SPIxBUF Transmit
register in advance of the next master transaction
cycle. SPIxBUF is transferred to the SPI Shift register
and is empty once the data transmission begins.

16.2 SPI Resources

Many useful resources related to SPI are provided on
the Microchip web site (www.microchip.com).

16.2.1 KEY RESOURCES

• Section 18. “Serial Peripheral Interface (SPI)” 
(DS70206)

• Code Samples

• Application Notes

• Software Libraries

• Webinars

• All related “dsPIC33F/PIC24H Family Reference 
Manual” Sections

• Development Tools

Note: This insures that the first frame
transmission after initialization is not
shifted or corrupted.

Note: This will insure that during power-up and
initialization the master/slave will not lose
Sync due to an errant SCK transition that
would cause the slave to accumulate data
shift errors for both transmit and receive
appearing as corrupted data.

Note: Not all third-party devices support Frame
mode timing. Refer to the SPI electrical
characteristics for details.
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REGISTER 16-3: SPIxCON2: SPIx CONTROL REGISTER 2

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

FRMEN SPIFSD FRMPOL — — — — —

bit 15 bit 8

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

— — — — — — FRMDLY —

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 FRMEN: Framed SPIx Support bit

1 = Framed SPIx support enabled (SSx pin used as Frame Sync pulse input/output)
0 = Framed SPIx support disabled

bit 14 SPIFSD: Frame Sync Pulse Direction Control bit

1 = Frame Sync pulse input (slave)
0 = Frame Sync pulse output (master)

bit 13 FRMPOL: Frame Sync Pulse Polarity bit

1 = Frame Sync pulse is active-high
0 = Frame Sync pulse is active-low

bit 12-2 Unimplemented: Read as ‘0’

bit 1 FRMDLY: Frame Sync Pulse Edge Select bit

1 = Frame Sync pulse coincides with first bit clock
0 = Frame Sync pulse precedes first bit clock

bit 0 Unimplemented: This bit must not be set to ‘1’ by the user application
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Wm*Wm Multiplicand and Multiplier Working register pair for Square instructions 
{W4 * W4,W5 * W5,W6 * W6,W7 * W7} 

Wm*Wn Multiplicand and Multiplier Working register pair for DSP instructions 
{W4 * W5,W4 * W6,W4 * W7,W5 * W6,W5 * W7,W6 * W7}

Wn One of 16 Working registers {W0..W15}

Wnd One of 16 Destination Working registers {W0...W15}

Wns One of 16 Source Working registers {W0...W15}

WREG W0 (Working register used in file register instructions)

Ws Source W register { Ws, [Ws], [Ws++], [Ws--], [++Ws], [--Ws] }

Wso Source W register 
{ Wns, [Wns], [Wns++], [Wns--], [++Wns], [--Wns], [Wns+Wb] } 

Wx X Data Space Prefetch Address register for DSP instructions 
 {[W8] + = 6, [W8] + = 4, [W8] + = 2, [W8], [W8] - = 6, [W8] - = 4, [W8] - = 2,
     [W9] + = 6, [W9] + = 4, [W9] + = 2, [W9], [W9] - = 6, [W9] - = 4, [W9] - = 2,
     [W9 + W12], none}

Wxd X Data Space Prefetch Destination register for DSP instructions {W4...W7}

Wy Y Data Space Prefetch Address register for DSP instructions 
 {[W10] + = 6, [W10] + = 4, [W10] + = 2, [W10], [W10] - = 6, [W10] - = 4, [W10] - = 2,
     [W11] + = 6, [W11] + = 4, [W11] + = 2, [W11], [W11] - = 6, [W11] - = 4, [W11] - = 2,
     [W11 + W12], none}

Wyd Y Data Space Prefetch Destination register for DSP instructions {W4...W7}

TABLE 23-1: SYMBOLS USED IN OPCODE DESCRIPTIONS (CONTINUED)

Field Description
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24.11 PICkit 2 Development 
Programmer/Debugger and 
PICkit 2 Debug Express

The PICkit™ 2 Development Programmer/Debugger is
a low-cost development tool with an easy to use inter-
face for programming and debugging Microchip’s Flash
families of microcontrollers. The full featured
Windows® programming interface supports baseline
(PIC10F, PIC12F5xx, PIC16F5xx), midrange
(PIC12F6xx, PIC16F), PIC18F, PIC24, dsPIC30,
dsPIC33, and PIC32 families of 8-bit, 16-bit, and 32-bit
microcontrollers, and many Microchip Serial EEPROM
products. With Microchip’s powerful MPLAB Integrated
Development Environment (IDE) the PICkit™ 2
enables in-circuit debugging on most PIC® microcon-
trollers. In-Circuit-Debugging runs, halts and single
steps the program while the PIC microcontroller is
embedded in the application. When halted at a break-
point, the file registers can be examined and modified. 

The PICkit 2 Debug Express include the PICkit 2, demo
board and microcontroller, hookup cables and CDROM
with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.

24.12 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages and a modu-
lar, detachable socket assembly to support various
package types. The ICSP™ cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices and incorporates an MMC card for file
storage and data applications.

24.13 Demonstration/Development 
Boards, Evaluation Kits, and 
Starter Kits

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has a line of evaluation kits and demonstration software
for analog filter design, KEELOQ® security ICs, CAN,
IrDA®, PowerSmart battery management, SEEVAL®

evaluation system, Sigma-Delta ADC, flow rate
sensing, plus many more.

Also available are starter kits that contain everything
needed to experience the specified device. This usually
includes a single application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.
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TABLE 25-7: DC CHARACTERISTICS: POWER-DOWN CURRENT (IPD)  

DC CHARACTERISTICS
Standard Operating Conditions: 3.0V to 3.6V (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended

Param. Typical(1) Max. Units Conditions

Power-Down Current (IPD)(2,4)

DC60d 125 500 A -40°C

3.3V Base Power-Down Current
DC60a 135 500 A +25°C

DC60b 235 500 A +85°C

DC60c 565 950 A +125°C

DC61d 40 50 A -40°C

3.3V Watchdog Timer Current: IWDT(3)DC61a 40 50 A +25°C

DC61b 40 50 A +85°C

DC61c 80 90 A +125°C

Note 1: Data in the Typical column is at 3.3V, +25°C unless otherwise stated.

2: IPD current is measured as follows:

• CPU core is off, oscillator is configured in EC mode, OSC1 is driven with external square wave from 
rail-to-rail

• CLKO is configured as an I/O input pin in the Configuration Word

• All I/O pins are configured as inputs and pulled to VSS

• MCLR = VDD, WDT and FSCM are disabled

• All peripheral modules are disabled (PMDx bits are all ‘1’s)

• VREGS bit (RCON<8>) = 1 (i.e., core regulator is set to standby while the device is in Sleep mode) 

3: The  current is the additional current consumed when the WDT module is enabled. This current should 
be added to the base IPD current.

4: These currents are measured on the device containing the most memory in this family.
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Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specification contained in their particular Microchip Data Sheet.

• Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the 
intended manner and under normal conditions.

• There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our 
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data 
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not 
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.
Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
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