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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"

Active

dsPIC

16-Bit

40 MIPs

CANbus, I2C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, QEI, WDT
53

64KB (64K x 8)

FLASH

8K x 8

3V ~ 3.6V

A/D 16x10b/12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-VFQFN Exposed Pad

64-VQFN (9x9)
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dsPIC33FIXXXMCXO06A/X08A/X10A

Pin Diagrams

64-Pin QFN(®

PWM3H/RE5
PWMAL/RE6

PWM4H/RE7
SCK2/CN8/RG6
SDI2ICN9/RG7
SDO2/CN10/RG8

MCLR

SS2/CN11/RG9

Vss

VDD
ANS5/QEB/IC8/CN7/RB5
AN4/QEA/IC7/CN6/RB4
ANB3/INDX/CN5/RB3
AN2/SS1/CN4/RB2
PGEC3/AN1/VREF-/CN3/RB1
PGED3/ANO/VREF+CN2/RBO

to Vss externally.
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PGEC1/AN6/OCFA/RB6

PGED1/AN7/RB7

Vss
VDD

AVss
TCK/AN12/RB12

AVDD
U2CTS/AN8/RB8

AN9/RB9
TMS/AN10/RB10
TDI/AN13/RB13
U2RTS/AN14/RB14

TDO/AN11/RB11
AN15/0CFB/CN12/RB15

U2RX/SDA2/CN17/RF4

U2TX/SCL2/CN18/RF5

Note 1: The metal plane at the bottom of the device is not connected to any pins and should be connected

B = Pins are up to 5V tolerant

PGEC2/SOSCOIT1CK/CNO/RC14
PGED2/SOSCI/TACK/CN1/RC13
OC1/RDO

IC4/INT4/RD11

IC3/INT3/RD10
IC2/U1CTS/FLTB/INT2/RD9
IC1/FLTA/INT1/RD8

Vss

OSC2/CLKO/RC15
OSC1/CLKIN/RC12

VoD

SCL1/RG2

SDA1/RG3
UTRTS/SCK1/INTO/RF6
U1RX/SDI1/RF2
U1TX/SDO1/RF3
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4.2 Data Address Space

The dsPIC33FJXXXMCX06A/X08A/X10A 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. Data
memory maps of devices with different RAM sizes are
shown in Figure 4-3 through Figure 4-5.

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 4.6.3 “Reading Data from
Program Memory Using Program Space Visibility”).

dsPIC33FJXXXMCX06A/X08A/X10A devices imple-
ment a total of up to 30 Kbytes 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 of each word have even addresses, while the
Most Significant Bytes have odd addresses.

422 DATA MEMORY ORGANIZATION
AND ALIGNMENT

To maintain backward compatibility with PIC® micro-
controllers and improve data space memory usage
efficiency, the dsPIC33FJXXXMCX06A/X08A/X10A
instruction set supports both word and byte operations.
As a consequence of byte accessibility, all Effective
Address calculations are internally scaled to step
through word-aligned memory. For example, the core
recognizes that Post-Modified Register Indirect
Addressing mode [Ws++] will result 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 which 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 it occurred on a
write, the instruction will be executed but the write does
not occur. In either case, a trap is then executed,
allowing the system and/or user 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 instruction (SE) is provided to allow
users to translate 8-bit signed data to 16-bit signed
values. Alternatively, for 16-bit unsigned data, users
can clear the MSb of any W register by executing a
zero-extend (ZE) instruction on the appropriate
address.

423 SFR SPACE

The first 2 Kbytes of the Near Data Space, from 0x0000
to OxQ7FF, is primarily occupied by Special Function
Registers (SFRs). These are used by the
dsPIC33FJXXXMCX06A/X08A/X10A 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.

Note:  The actual set of peripheral features and
interrupts varies by the device. Please
refer to the corresponding device tables
and pinout diagrams for device-specific
information.

424 NEAR DATA SPACE

The 8-Kbyte area between 0x0000 and Ox1FFF 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.

© 2009-2012 Microchip Technology Inc.

DS70594D-page 37



dsPIC33FIXXXMCXO06A/X08A/X10A

FIGURE 4-3: DATA MEMORY MAP FOR dsPIC33FIXXXMCX06A/X08A/X10A DEVICES WITH
8-Kbyte RAM
MSb LSb
Address 16 Bits Address
- L
MSb LSb
— 0x0001 ' 0x0000 ~
2-Kbyte SFR Space
SFR Space | OxO7FF | 0x07FE
— 0x0801 | 0x0800
| 8-Kbyte
X Data RAM (X) | Near
' Data
| Space
8-Kbyte Ox17FF | 0x17FE
SRAM Space 0x1801 | 0x1800
Y Data RAM (Y)
Ox1FFF . Ox1FFE
0x2001 ! 0x2000 —
DMA RAM
. OX27FF | 0x27FE
0x2801 | 0x2800
|
|
ox8001 | _ _ _ _ _ . 0x8000
|
|
|
|
X Data
Optionally Unimplemented (X)
Mapped |
into Program |
Memory |
|
|
|
OxFFFF | OxFFFE
|
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TABLE 4-13: UART1 REGISTER MAP
SFR Name SFR Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 All
Addr Resets
U1MODE 0220 UARTEN — usIDL IREN RTSMD — UEN1 UENO WAKE LPBACK | ABAUD | URXINV | BRGH PDSEL<1:0> STSEL 0000
U1STA 0222 | UTXISEL1 | UTXINV | UTXISELO — UTXBRK | UTXEN | UTXBF | TRMT URXISEL<1:0> ADDEN | RIDLE PERR FERR OERR | URXDA 0110
U1TXREG | 0224 — — — — — — — UART1 Transmit Register XXXX
U1RXREG | 0226 — — — — — — — UART1 Receive Register 0000
U1BRG 0228 Baud Rate Generator Prescaler 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-14: UART2 REGISTER MAP
SFR SFR . ) . . . . . . . . : . . . ; ) All
Name Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Resets
U2MODE 0230 | UARTEN — USIDL IREN RTSMD — UEN1 UENO WAKE LPBACK | ABAUD | URXINV | BRGH PDSEL<1:0> STSEL 0000
U2STA 0232 |[UTXISEL1| UTXINV |UTXISELO — UTXBRK | UTXEN | UTXBF | TRMT URXISEL<1:0> ADDEN | RIDLE PERR FERR OERR | URXDA 0110
U2TXREG | 0234 — — — — — — — UART2 Transmit Register XXXX
U2RXREG | 0236 — — — — — — — UART2 Receive Register 0000
U2BRG 0238 Baud Rate Generator Prescaler 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-15: SPI1 REGISTER MAP
SFR SFR : ) ) ) ) ) ) ) ) . ) . ) ) ) ) All
Name Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Resets
SPI1STAT | 0240 SPIEN — SPISIDL — — — — — — SPIROV — — — — SPITBF | SPIRBF 0000
SPIMCON1 | 0242 — — — DISSCK | DISSDO | MODE16| SMP CKE SSEN CKP MSTEN SPRE<2:0> PPRE<1:0> 0000
SPIMCON2 | 0244 | FRMEN SPIFSD | FRMPOL — — — — — — — — — | — | — FRMDLY — 0000
SPIM1BUF 0248 SPI1 Transmit and Receive Buffer Register 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-16: SPI2 REGISTER MAP
SFRName| O'R | Bit15 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 Al
Addr Resets
SPI2STAT | 0260 | SPIEN — SPISIDL — — — — — — SPIROV — — — — SPITBF | SPIRBF 0000
SPI2CON1 | 0262 — — — DISSCK | DISSDO | MODE16 SMP CKE SSEN CKP MSTEN SPRE<2:0> PPRE<1:0> 0000
SPI2CON2 | 0264 | FRMEN | SPIFSD | FRMPOL — — — — — — — — — — — FRMDLY — 0000
SPI2BUF 0268 SPI2 Transmit and Receive Buffer Register 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-22: ECAN1 REGISTER MAP WHEN WIN (C1CTRL<0>) =1 (CONTINUED)

File Name Addr Bit 12 | Bit11 Bit 6 Bit 5 Bit 4 Bit 3 Bit 1 Bit 0 Re)zltlets
C1RXF11SID 046C SID<10:3> SID<2:0> — EXIDE EID<17:16> XXXX
C1RXF11EID 046E EID<15:8> EID<7:0> XXXX
C1RXF12SID 0470 SID<10:3> SID<2:0> | — | EXIDE EID<17:16> XXXX
C1RXF12EID 0472 EID<15:8> EID<7:0> XXXX
C1RXF13SID 0474 SID<10:3> SID<2:0> | — | EXIDE EID<17:16> XXXX
C1RXF13EID 0476 EID<15:8> EID<7:0> XXXX
C1RXF14SID 0478 SID<10:3> SID<2:0> | — | EXIDE EID<17:16> XXXX
C1RXF14EID 047A EID<15:8> EID<7:0> XXXX
C1RXF15SID 047C SID<10:3> SID<2:0> | — | EXIDE EID<17:16> XXXX
C1RXF15EID 047E EID<15:8> EID<7:0> XXXX
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

VOTX/VBOX/VIOXIINXXXCIEEDIJSP
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443 MODULO ADDRESSING
APPLICABILITY

Modulo Addressing can be applied to the Effective
Address (EA) calculation associated with any W
register. It is important to realize that the address
boundaries check for addresses less than or greater
than the upper (for incrementing buffers) and lower (for
decrementing buffers) boundary addresses (not just
equal to). Address changes may, therefore, jump
beyond boundaries and still be adjusted correctly.

Note:  The modulo corrected Effective Address
is written back to the register only when
Pre-Modify or Post-Modify Addressing
mode is used to compute the Effective
Address. When an address offset (e.g.,
[W7+W2]) is used, Modulo Address
correction is performed but the contents of

the register remain unchanged.

4.5 Bit-Reversed Addressing

Bit-Reversed Addressing mode is intended to simplify
data reordering for radix-2 FFT algorithms. It is
supported by the X AGU for data writes only.

The modifier, which may be a constant value or register
contents, is regarded as having its bit order reversed. The
address source and destination are kept in normal order;
thus, the only operand requiring reversal is the modifier.

4.5.1 BIT-REVERSED ADDRESSING
IMPLEMENTATION

Bit-Reversed Addressing mode is enabled when the
following conditions exist:

1. The BWM bits (W register selection) in the
MODCON register are any value other than 15
(the stack cannot be accessed using
Bit-Reversed Addressing).

2. The BREN bit is set in the XBREV register.

3. The addressing mode used is Register Indirect
with Pre-Increment or Post-Increment.

If the length of a bit-reversed buffer is M = 2\ bytes,
the last ‘N’ bits of the data buffer start address must
be zeros.

XB<14:0> is the Bit-Reversed Address modifier, or
‘pivot point,” which is typically a constant. In the case of
an FFT computation, its value is equal to half of the FFT
data buffer size.

Note:  All bit-reversed EA calculations assume
word-sized data (LSb of every EA is
always clear). The XB value is scaled
accordingly to generate compatible (byte)
addresses.

When enabled, Bit-Reversed Addressing is only
executed for Register Indirect with Pre-Increment or
Post-Increment Addressing and word-sized data
writes. It will not function for any other addressing
mode or for byte-sized data; normal addresses are
generated instead. When Bit-Reversed Addressing is
active, the W Address Pointer is always added to the
address modifier (XB) and the offset associated with
the Register Indirect Addressing mode is ignored. In
addition, as word-sized data is a requirement, the LSb
of the EA is ignored (and always clear).

Note: Modulo Addressing and Bit-Reversed
Addressing should not be enabled
together. In the event that the user
attempts to do so, Bit-Reversed Address-
ing will assume priority for the X WAGU,
and X WAGU Modulo Addressing will be
disabled. However, Modulo Addressing will
continue to function in the X RAGU.

If Bit-Reversed Addressing has already been enabled
by setting the BREN bit (XBREV<15>), then a write to
the XBREV register should not be immediately followed
by an indirect read operation using the W register that
has been designated as the Bit-Reversed Pointer.

DS70594D-page 66
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REGISTER 6-1: RCON: RESET CONTROL REGISTER®

R/W-0 R/W-0 u-0 U-0 u-0 u-0 U-0 R/W-0
TRAPR IOPUWR — — — — — VREGS®)

bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1
EXTR SWR SWDTEN® WDTO SLEEP IDLE BOR POR

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 TRAPR: Trap Reset Flag bit

1 = A Trap Conflict Reset has occurred
0 = A Trap Conflict Reset has not occurred
bit 14 IOPUWR: lllegal Opcode or Uninitialized W Access Reset Flag bit
1 = An illegal opcode detection, an illegal address mode or uninitialized W register used as an
Address Pointer caused a Reset
0 = An illegal opcode or uninitialized W Reset has not occurred
bit 13-9 Unimplemented: Read as ‘0’
bit 8 VREGS: Voltage Regulator Standby During Sleep bit(®)
1 = Voltage regulator is active during Sleep mode
0 = Voltage regulator goes into Standby mode during Sleep
bit 7 EXTR: External Reset (MCLR) Pin bit
1 = A Master Clear (pin) Reset has occurred
0 = A Master Clear (pin) Reset has not occurred
bit 6 SWR: Software Reset (Instruction) Flag bit
1 = A RESET instruction has been executed
0 = A RESET instruction has not been executed
bit 5 SWDTEN: Software Enable/Disable of WDT bit(®)
1 =WDT is enabled
0 = WDT is disabled
bit 4 WDTO: Watchdog Timer Time-out Flag bit
1 = WDT time-out has occurred
0 = WDT time-out has not occurred
bit 3 SLEEP: Wake-up from Sleep Flag bit
1 = Device has been in Sleep mode
0 = Device has not been in Sleep mode
bit 2 IDLE: Wake-up from Idle Flag bit

1 = Device was in Idle mode
0 = Device was not in Idle mode

Note 1: All of the Reset status bits may be set or cleared in software. Setting one of these bits in software does not
cause a device Reset.

2: Ifthe FWDTEN Configuration bit is ‘1’ (unprogrammed), the WDT is always enabled, regardless of the
SWDTEN bit setting.

3. For dsPIC33FJ256MCX06A/X08A/X10A devices, this bit is unimplemented and reads back a
programmed value.

DS70594D-page 80 © 2009-2012 Microchip Technology Inc.
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7.3 Interrupt Control and Status
Registers

dsPIC33FJXXXMCX06A/X08A/X10A devices implement
a total of 30 registers for the interrupt controller:

* INTCON1

* INTCON2

» |IFSO0 through IFS4
» |ECO through IEC4
» IPCO through IPC17
+ INTTREG

Global interrupt control functions are controlled from
INTCON1 and INTCON2. INTCON1 contains the
Interrupt Nesting Disable bit (NSTDIS) as well as the
control and status flags for the processor trap sources.
The INTCONZ2 register controls the external interrupt
request signal behavior and the use of the Alternate
Interrupt Vector Table.

The IFS 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.

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

The IPC registers are used to set the interrupt priority
level for each source of interrupt. Each user interrupt
source can be assigned to one of eight priority levels.

The INTTREG register contains the associated
interrupt vector number and the new CPU interrupt
priority level, which are latched into vector number
(VECNUM<6:0>) and Interrupt level bit (ILR<3:0>)
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 that they are
listed in Table 7-1. For example, the INTO (External
Interrupt 0) is shown as having vector number 8 and a
natural order priority of 0. Thus, the INTOIF bit is found
in IFS0<0>, the INTOIE bit in IEC0<0> and the INTOIP
bits in the first position of IPCO (IPC0<2:0>).

Although they are not specifically part of the interrupt
control hardware, two of the CPU Control registers
contain bits that control interrupt functionality. 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 can change the current
CPU priority level by writing to the IPL bits.

The CORCON register contains the IPL3 bit, which
together with IPL<2:0>, also indicates the current CPU
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 7-1
through Register 7-32 in the following pages.

© 2009-2012 Microchip Technology Inc.
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For example, suppose a 10 MHz crystal is being used
with “XT with PLL” as the selected oscillator mode. If
PLLPRE<4:0> =0, then N1 = 2. This yields a VCO input
of 10/2 = 5 MHz, which is within the acceptable range of
0.8-8 MHz. If PLLDIV<8:0> = Ox1E, then M = 32. This
yields a VCO output of 5 * 32 = 160 MHz, which is within
the 100-200 MHz ranged needed.

If PLLPOST<1:0> =0, then N2 = 2. This provides a FOsC
of 160/2 = 80 MHz. The resultant device operating
speed is 80/2 = 40 MIPS.

EQUATION 9-3: XT WITH PLL MODE
EXAMPLE

Fcy = = 40 MIPS

Fosc _ 1.(10000000-3
2 2 2:2

FIGURE 9-2: dsPIC33FIXXXMCX06A/X08A/X10A PLL BLOCK DIAGRAM

0.8-8.0 MHz
Here@

Fvco
100-200 MHz
Here®

12.5-80 MHz

Here(®)

§:’;Jnf;;$,$§rgg§" External Clock,_ [ | pre X - VvCO ~ PLLPOST |—Y—» Fosc
PLLDIV

N1
Divide by
2-33

N2
Divide by
2,4,8

M
Divide by
2-513

Note 1: This frequency range must be satisfied at all times.

TABLE 9-1: CONFIGURATION BIT VALUES FOR CLOCK SELECTION

Oscillator Mode Oscillator Source POSCMD<1:0> FNOSC<2:0> See Note
Fast RC Oscillator with Divide-by-N Internal XX 111 1,2
(FRCDIVN)
Fast RC Oscillator with Divide-by-16 Internal XX 110 1
(FRCDIV16)
Low-Power RC Oscillator (LPRC) Internal XX 101
Secondary (Timer1) Oscillator (Sosc) Secondary XX 100
Primary Oscillator (HS) with PLL Primary 10 011 —
(HSPLL)
Primary Oscillator (XT) with PLL Primary 01 011 —
(XTPLL)
Primary Oscillator (EC) with PLL Primary 00 011 1
(ECPLL)
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.

© 2009-2012 Microchip Technology Inc. DS70594D-page 145
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REGISTER 9-1: OSCCON: OSCILLATOR CONTROL REGISTER(-®)

uU-0 R-0 R-0 R-0 uU-0 R/W-y R/W-y R/W-y
— COSC<2:0> — NOSC<2:0>(?
bit 15 bit 8
R/W-0 uU-0 R-0 uU-0 R/C-0 uU-0 R/W-0 R/W-0
CLKLOCK — LOCK — CF — LPOSCEN OSWEN
bit 7 bit 0
Legend: 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 Divide-by-N and PLL (FRCDIVN + PLL)
000 = Fast RC oscillator (FRC)
bit 11 Unimplemented: Read as ‘0’
bit 10-8 NOSC<2:0>: New Oscillator Selection bits®
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 Divide-by-N and PLL (FRCDIVN + PLL)
000 = Fast RC oscillator (FRC)
bit 7 CLKLOCK: Clock Lock Enable bit
1 = If (FCKSMO = 1), then clock and PLL configurations are locked. If (FCKSMO = 0), then clock and
PLL configurations may be modified.
0 = Clock and PLL selections are not locked; configurations may be modified
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’
bit 3 CF: Clock Fail Detect bit (read/clear by application)

1 = FSCM has detected clock failure
0 = FSCM has not detected clock failure

Note 1: Writes to this register require an unlock sequence. Refer to Section 7. “Oscillator” (DS70186) in the
“dsPIC33F/PIC24H Family Reference Manual” for details.
2: Direct clock switches between any primary oscillator mode with PLL and FRCPLL modes 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.

3: This register is reset only on a Power-on Reset (POR).
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15.0 OUTPUT COMPARE

Note 1. This data sheet summarizes the fea-
tures of the dsPIC33FJXXXMCXO06A/
X08A/X10A families of devices. It is not
intended to be a comprehensive refer-
ence source. To complement the infor-
mation in this data sheet, refer to the
“dsPIC33F/PIC24H Family Reference
Manual’, Section 13. “Output Com-
pare” (DS70209), which is available on
the Microchip web site
(www.microchip.com).

2: Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

FIGURE 15-1:

The output compare module can select either Timer2 or
Timer3 for its time base. The module compares the
value of the timer with the value of one or two Compare
registers depending on the operating mode selected.
The state of the output pin changes when the timer
value matches the Compare register value. The output
compare module generates either a single output
pulse, or a sequence of output pulses, by changing the
state of the output pin on the compare match events.
The output compare module can also generate
interrupts on compare match events.

The output compare module has multiple operating
modes:

* Active-Low One-Shot mode

» Active-High One-Shot mode

» Toggle mode

» Delayed One-Shot mode

» Continuous Pulse mode

* PWM mode without Fault Protection

« PWM mode with Fault Protection

OUTPUT COMPARE MODULE BLOCK DIAGRAM

Set Flag bit

OCxIF

TMR2 TMR3 TMR2
Rollover

TMR3
Rollover

OCM<2:0> | Output | Enable
Mode Select | Enable Logic
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18.1 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.

18.2 SPI Resources

Many useful resources related to SPI are provided on
the main product page of the Microchip web site for the
devices listed in this data sheet. This product page,
which can be accessed using this link, contains the
latest updates and additional information.

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

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.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en546066

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.

3. FRMEN (SPIXCON2<15>) = 1 and SSEN
(SPIXCON1<7>) = 1 are exclusive and invalid.
In Frame mode, SCKXx is continuous and the
Frame sync pulse is active on the SSx pin,
which indicates the start of a data frame.

Note:  Not all third-party devices support Frame
mode timing. Refer to the SPI electrical
characteristics for details.

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.

5. To avoid invalid slave read data to the master,
the user’'s master software must guarantee
enough time for slave software to fill its write buf-
fer before the user application initiates a master
write/read cycle. It is always advisable to pre-
load 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.

18.2.1 KEY RESOURCES

+ Section 18. “Serial Peripheral Interface (SPI)
(DS70206)

+ Code Samples

 Application Notes

» Software Libraries

* Webinars

 All related dsPIC33F/PIC24H Family Reference
Manuals Sections

* Development Tools

”
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21.0 ENHANCED CAN MODULE

Note 1: This data sheet summarizes the fea-
tures of the dsPIC33FJXXXMCXO06A/
X08A/X10A family of devices. How-
ever, it is not intended to be a compre-
hensive reference source. To
complement the information in this data
sheet, refer to Section 15. “Enhanced
Controller Area Network (ECAN™)”
(DS70185) in the “dsPIC33F/PIC24H
Family Reference Manual’, which is
available from the Microchip web site
(www.microchip.com).

2. Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

21.1 Overview

The Enhanced Controller Area Network (ECAN™
technology) module is a serial interface, useful for com-
municating with other CAN modules or microcontroller
devices. This interface/protocol was designed to allow
communications within noisy environments. The
dsPIC33FJXXXMCX06A/X08A/X10A devices contain
up to two ECAN modules.
The CAN module is a communication controller imple-
menting the CAN 2.0 A/B protocol, as defined in the
BOSCH specification. The module will support CAN 1.2,
CAN 2.0A, CAN 2.0B Passive and CAN 2.0B Active
versions of the protocol. The module implementation is
a full CAN system. The CAN specification is not covered
within this data sheet. The reader may refer to the
BOSCH CAN specification for further details.
The module features are as follows:
* Implementation of the CAN protocol, CAN 1.2,
CAN 2.0A and CAN 2.0B
» Standard and extended data frames
* 0-8 bytes data length
* Programmable bit rate up to 1 Mbit/sec
» Automatic response to remote transmission
requests
» Up to eight transmit buffers with application speci-
fied prioritization and abort capability (each buffer
may contain up to 8 bytes of data)
» Up to 32 receive buffers (each buffer may contain
up to 8 bytes of data)
» Up to 16 full (standard/extended identifier)
acceptance filters
» Three full acceptance filter masks
* DeviceNet™ addressing support
* Programmable wake-up functionality with
integrated low-pass filter

* Programmable Loopback mode supports self-test
operation

« Signaling via interrupt capabilities for all CAN
receiver and transmitter error states

* Programmable clock source

* Programmable link to input capture module (IC2
for both CAN1 and CAN2) for time-stamping and
network synchronization

* Low-power Sleep and Idle mode

The CAN bus module consists of a protocol engine and
message buffering/control. The CAN protocol engine
handles all functions for receiving and transmitting
messages on the CAN bus. Messages are transmitted
by first loading the appropriate data registers. Status
and errors can be checked by reading the appropriate
registers. Any message detected on the CAN bus is
checked for errors and then matched against filters to
see if it should be received and stored in one of the
receive registers.

21.2 Frame Types

The CAN module transmits various types of frames
which include data messages, or remote transmission
requests initiated by the user, as other frames that are
automatically generated for control purposes. The
following frame types are supported:

» Standard Data Frame:
A standard data frame is generated by a node
when the node wishes to transmit data. It includes
an 11-bit Standard Identifier (SID), but not an
18-bit Extended Identifier (EID).

« Extended Data Frame:
An extended data frame is similar to a standard
data frame, but includes an extended identifier as
well.

* Remote Frame:
It is possible for a destination node to request the
data from the source. For this purpose, the
destination node sends a remote frame with an
identifier that matches the identifier of the required
data frame. The appropriate data source node will
then send a data frame as a response to this
remote request.

e Error Frame:
An error frame is generated by any node that
detects a bus error. An error frame consists of two
fields: an error flag field and an error delimiter field.

* Overload Frame:

An overload frame can be generated by a node as
a result of two conditions. First, the node detects a
dominant bit during interframe space which is an
illegal condition. Second, due to internal condi-
tions, the node is not yet able to start reception of
the next message. A node may generate a maxi-
mum of 2 sequential overload frames to delay the
start of the next message.

* Interframe Space:
Interframe space separates a proceeding frame
(of whatever type) from a following data or remote
frame.

© 2009-2012 Microchip Technology Inc.
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REGISTER 21-14: CiBUFPNT3: ECAN™ FILTER 8-11 BUFFER POINTER REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
F11BP<3:0> F10BP<3:0>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
FOBP<3:0> F8BP<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-12 F11BP<3:0>: RX Buffer Written when Filter 11 Hits bits
1111 = Filter hits received in RX FIFO buffer
1110 = Filter hits received in RX Buffer 14
0001 = Filter hits received in RX Buffer 1
0000 = Filter hits received in RX Buffer 0
bit 11-8 F10BP<3:0>: RX Buffer Written when Filter 10 Hits bits
1111 = Filter hits received in RX FIFO buffer
1110 = Filter hits received in RX Buffer 14
0001 = Filter hits received in RX Buffer 1
0000 = Filter hits received in RX Buffer 0
bit 7-4 FO9BP<3:0>: RX Buffer Written when Filter 9 Hits bits
1111 = Filter hits received in RX FIFO buffer
1110 = Filter hits received in RX Buffer 14
0001 = Filter hits received in RX Buffer 1
0000 = Filter hits received in RX Buffer 0
bit 3-0 F8BP<3:0>: RX Buffer Written when Filter 8 Hits bits

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

0001 = Filter hits received in RX Buffer 1
0000 = Filter hits received in RX Buffer 0
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REGISTER 22-2: ADxCON2: ADCx CONTROL REGISTER 2 (CONTINUED) (where x =1 or 2)

bit 0 ALTS: Alternate Input Sample Mode Select bit

1 = Uses channel input selects for Sample A on first sample and Sample B on next sample
0 = Always uses channel input selects for Sample A
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REGISTER 22-4:

ADXxCON4: ADCx CONTROL REGISTER 4

u-0 uU-0 u-0 uU-0 u-0 u-0 u-0 uU-0

bit 15 bit 8
u-0 u-0 uU-0 u-0 uU-0 R/W-0 R/W-0 R/W-0
— — — — — DMABL<2:0>

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’ = Bitis cleared x = Bit is unknown

bit 15-3 Unimplemented: Read as ‘0’

bit 2-0 DMABL<2:0>: Selects Number of DMA Buffer Locations per Analog Input bits

111 = Allocates 128 words of buffer to each analog input
110 = Allocates 64 words of buffer to each analog input
101 = Allocates 32 words of buffer to each analog input
100 = Allocates 16 words of buffer to each analog input
011 = Allocates 8 words of buffer to each analog input
010 = Allocates 4 words of buffer to each analog input
001 = Allocates 2 words of buffer to each analog input
000 = Allocates 1 word of buffer to each analog input
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23.4 Watchdog Timer (WDT)

For dsPIC33FJXXXMCX06A/X08A/X10A devices, the
WDT is driven by the LPRC oscillator. When the WDT
is enabled, the clock source is also enabled.

The nominal WDT clock source from LPRC is 32 kHz.
This feeds a prescaler than can be configured for either
5-bit (divide-by-32) or 7-bit (divide-by-128) operation.
The prescaler is set by the WDTPRE Configuration bit.
With a 32 kHz input, the prescaler yields a nominal
WDT time-out period (TwDT) of 1 ms in 5-bit mode, or
4 ms in 7-bit mode.

A variable postscaler divides down the WDT prescaler
output and allows for a wide range of time-out periods.
The postscaler is controlled by the WDTPOST<3:0>
Configuration bits (FWDT<3:0>) which allow the selec-
tion of a total of 16 settings, from 1:1 to 1:32,768. Using
the prescaler and postscaler, time-out periods ranging
from 1 ms to 131 seconds can be achieved.

The WDT, prescaler and postscaler are reset:

* On any device Reset

* On the completion of a clock switch, whether
invoked by software (i.e., setting the OSWEN bit
after changing the NOSC bits) or by hardware
(i.e., Fail-Safe Clock Monitor)

* When a PWRSAV instruction is executed
(i.e., Sleep or Idle mode is entered)

* When the device exits Sleep or Idle mode to
resume normal operation

* By a CLRWDT instruction during normal execution

FIGURE 23-2: WDT BLOCK DIAGRAM

If the WDT is enabled, it will continue to run during Sleep
or Idle modes. When the WDT time-out occurs, the
device will wake the device and code execution will con-
tinue from where the PWRSAV instruction was executed.
The corresponding SLEEP or IDLE bits (RCON<3,2>) will
need to be cleared in software after the device wakes up.

The WDT flag bit, WDTO (RCON<4>), is not automatically

cleared following a WDT time-out. To detect subsequent
WDT events, the flag must be cleared in software.

Note: The CLRWDT and PWRSAV instructions
clear the prescaler and postscaler counts
when executed.

The WDT is enabled or disabled by the FWDTEN
Configuration bit in the FWDT Configuration register.
When the FWDTEN Configuration bit is set, the WDT is
always enabled.

The WDT can be optionally controlled in software when
the FWDTEN Configuration bit has been programmed to
‘0. The WDT is enabled in software by setting the
SWDTEN control bit (RCON<5>). The SWDTEN control
bit is cleared on any device Reset. The software WDT
option allows the user to enable the WDT for critical
code segments and disable the WDT during non-critical
segments for maximum power savings.

Note:  If the WINDIS bit (FWDT<6>) is cleared,
the CLRVDT instruction should be executed
by the application software only during the
last 1/4 of the WDT period. This CLRADT
window can be determined by using a timer.
If a CLRWDT instruction is executed before
this window, a WDT Reset occurs.

All Device Resets

Transition to New Clock Source ﬁ AN
Exit Sleep or Idle Mode

PWRSAV Instruction j/
CLRVDT Instruction

Watchdog Timer

Sleep/ldle

WDTPRE WDTPOST<3:0>

SWDTEN WDT
1 Wake-up
FWDTEN v i v | |
RS S 1

Prescaler Postscaler -

LPRC Clock (divide by N1) (divide by N2) Y WDT
0 Reset
|- )—>
WINDIS ———» WDT Window Select

CLRWDT Instruction
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TABLE 24-2: INSTRUCTION SET OVERVIEW (CONTINUED)
IIB%S;? '\Aﬂizfnngzli{ Assembly Syntax Description V\i) (r)cfis C?/&coltfas Stztftfjgcllz:igs
34 EXCH EXCH Whs, Whd Swap Wns with Wnd 1 1 None
35 FBCL FBCL W&, Wad Find Bit Change from Left (MSb) Side 1 1 C
36 FF1L FF1L W8, Wid Find First One from Left (MSb) Side 1 1 (e}
37 FF1R FF1R W8, Wid Find First One from Right (LSb) Side 1 1 (e}
38 Goro GOoro Expr Go to Address 2 2 None
GOoTo Wh Go to Indirect 1 2 None
39 I NC I NC f f=f+1 1 1 C,DCN,0Vv,Z
I NC f, \REG WREG =f+1 1 1 C,DC,N,0Vv,Z
I NC W, Wi Wd =Ws + 1 1 1 C,DC,N,0V,Z
40 1 NC2 I NC2 f f=f+2 1 1 C,DC,N,0V,Z
1 NC2 f, W\REG WREG =f+2 1 1 C,DC,N,0V,Z
1 NC2 W, Wi Wd =Ws +2 1 1 C,DC,N,0Vv,Z
41 I OR I OR f f=f.IOR. WREG 1 1 N,Z
I OR f, \REG WREG =f .IOR. WREG 1 1 N,Z
I OR #lit10, Wh Wd = lit10 .IOR. Wd 1 1 N,Z
IOR W, W, Wi Wd = Wb .IOR. Ws 1 1 N,Z
I OR Wb, #1it5, Wi Wd = Wb .IOR. lit5 1 1 N,z
42 LAC LAC Wso, #Slit4, Acc Load Accumulator 1 1 OA,0B,0AB,
SA,SB,SAB
43 LNK LNK #litl4 Link Frame Pointer 1 1 None
44 LSR LSR f f = Logical Right Shift f 1 1 C,N,0v,Z2
LSR f, WREG WREG = Logical Right Shift f 1 1 C,N,0v,Z2
LSR Ws, Wi Wd = Logical Right Shift Ws 1 1 C,N,0v,Z2
LSR Wb, Wis, Wd Wnd = Logical Right Shift Wb by Wns 1 1 N,Z
LSR Wb, #1 i t5, Wid Wnd = Logical Right Shift Wb by lit5 1 1 N,Z
45 MAC MAC Wit Wh, Acc, Wk, Wkd, W, Wd | Multiply and Accumulate 1 1 OA,0B,0AB,
, SA,SB,SAB
AVB
MAC Wit Wn Acc, Wk, Wkd, W, Wd | Square and Accumulate 1 1 OA,0B,0AB,
SA,SB,SAB
46 MoV MoV f, W Move f to Wn 1 1 None
MoV f Move f to f 1 1 None
MoV f, W\REG Move f to WREG 1 1 N,Z
MoV #lit16, W Move 16-bit Literal to Wn 1 1 None
MOV. b #it8, W Move 8-bit Literal to Wn 1 1 None
MoV wh, f Move Whn to f 1 1 None
MoV Wso, Wio Move Ws to Wd 1 1 None
MoV WREG, f Move WREG to f 1 1 None
MOV. D Wis, Wi Move Double from W(ns):W(ns + 1) to Wd 1 2 None
MOV. D W8, Wd Move Double from Ws to W(nd + 1):W(nd) 1 2 None
47 MOVSAC MOVSAC  Acc, W, Wd, W, Wd, AVB Prefetch and Store Accumulator 1 1 None
48 MPY MPY Multiply Wm by Wn to Accumulator 1 1 OA,0B,0AB,
Wit Wh, Acc, Wk, Wd, W, Wd SA,SB,SAB
MPY Square Wm to Accumulator 1 1 OA,0B,0AB,
Wi Wn Acc, W, Wd, W, Wd SA,SB,SAB
49 MPY. N MPY. N -(Multiply Wm by Wn) to Accumulator 1 1 None
Wit Wh, Acc, W, Wd, W, Wd
50 MSC MSC Wit Wn Acc, Wk, Wd, W, Wd | Multiply and Subtract from Accumulator 1 1 OA,0B,0AB,
, SA,SB,SAB
AVB
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APPENDIX B:

Revision A (May 2009)

REVISION HISTORY

This is the initial released version of the document.

Revision B (October 2009)

The revision includes the following global update:
» Added Note 2 to the shaded table that appears at

the beginning of each chapter. This new note

provides information regarding the availability of

registers and their associated bits.

This revision also includes minor typographical and
formatting changes throughout the data sheet text.

All other major changes are referenced by their

respective section in the following table.

TABLE B-1:

MAJOR SECTION UPDATES

Section Name

Update Description

“16-bit Digital Signal Controllers (up to 256
KB Flash and 30 KB SRAM) with Motor
Control and Advanced Analog”

Added information on high temperature operation (see “Operating
Range:”).

Section 11.0 “1/O Ports”

Changed the reference to digital-only pins to 5V tolerant pins in the
second paragraph of Section 11.2 “Open-Drain Configuration”.

Section 20.0 “Universal Asynchronous
Receiver Transmitter (UART)”

Updated the two baud rate range features to: 10 Mbps to 38 bps at
40 MIPS.

Section 22.0“10-bit/12-bit Analog-to-Digital
Converter (ADC)"

Updated the ADCx block diagram (see Figure 22-1).

Section 23.0 “Special Features”

Updated the second paragraph and removed the fourth paragraph in
Section 23.1 “Configuration Bits”.

Updated the Device Configuration Register Map (see Table 23-1).

Section 26.0 “Electrical Characteristics”

Updated the Absolute Maximum Ratings for high temperature and
added Note 4.

Updated Power-Down Current parameters DC60d, DC60a, DC60b,
and DC60d (see Table 26-7).

Added 12Cx Bus Data Timing Requirements (Master Mode)
parameter IM51 (see Table 26-40).

Updated the SPIx Module Slave Mode (CKE = 1) Timing
Characteristics (see Figure 26-17).

Updated the Internal LPRC Accuracy parameters (see Table 26-19).

Updated the ADC Module Specifications (12-bit Mode) parameters
AD23a, AD24a, AD23b, and AD24b (see Table 26-46).

Updated the ADC Module Specifications (10-bit Mode) parameters
AD23c, AD24c, AD23d, and AD24d (see Table 26-46).

Section 27.0 “High Temperature Electrical
Characteristics”

Added new chapter with high temperature specifications.

“Product Identification System”

Added the “H” definition for high temperature.
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Revision C (March 2011)

This revision includes typographical and formatting
changes throughout the data sheet text. In addition, all
instances of VDDCORE have been removed.

All other major changes are referenced by their
respective section in the following table.

TABLE B-2: MAJOR SECTION UPDATES

Section Name Update Description
Section 2.0 “Guidelines for Getting Started |Updated the title of Section 2.3 “CPU Logic Filter Capacitor
with 16-bit Digital Signal Controllers” Connection (Vcapr)”.

The frequency limitation for device PLL start-up conditions was
updated in Section 2.7 “Oscillator Value Conditions on Device
Start-up”.

The second paragraph in Section 2.9 “Unused I/Os” was updated.

Section 4.0 “Memory Organization” The All Resets values for the following SFRs in the Timer Register
Map were changed (see Table 4-6):

+ TMR1
+ TMR2
+ TMR3
+ TMR4
*+ TMRS
+ TMR6
*« TMR7
+ TMR8
+ TMR9

Section 9.0 “Oscillator Configuration” Added Note 3 to the OSCCON: Oscillator Control Register (see
Register 9-1).

Added Note 2 to the CLKDIV: Clock Divisor Register (see
Register 9-2).

Added Note 1 to the PLLFBD: PLL Feedback Divisor Register (see
Register 9-3).

Added Note 2 to the OSCTUN: FRC Oscillator Tuning Register (see
Register 9-4).

Section 22.0 “10-bit/12-bit Analog-to-Digital | Updated the VREFL references in the ADC1 module block diagram
Converter (ADC)” (see Figure 22-1).

Section 23.0 “Special Features” Added a new paragraph and removed the third paragraph in
Section 23.1 “Configuration Bits”.

Added the column “RTSP Effects” to the Configuration Bits
Descriptions (see Table 23-2).
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