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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

30 MIPs

CANbus, I2C, SPI, UART/USART
Brown-out Detect/Reset, Motor Control PWM, QEI, POR, PWM, WDT
30

48KB (16K x 24)

FLASH

1K x 8

2K'x 8

2.5V ~ 5.5V

A/D 9x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

44-VQFN Exposed Pad

44-QFN (8x8)
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Pin Diagrams (Continued)

28-Pin SPDIP and SOIC

MCLR

EMUDS3/ANO/VREF+/CN2/RBO
EMUC3/AN1/VREF-/CN3/RB1
AN2/SS1/CN4/RB2

AN3/INDX/CNS/RB3
AN4/QEA/ICT/CN6/RB4
AN5/QEB/IC8/CN7/RB5

Vss

OSCL/CLKI

0SC2/CLKO/RC15
EMUD1/SOSCI/T2CK/ULATX/CN1/RC13
EMUC1/SOSCO/T1CK/UIARX/CNO/RC14
VDD

EMUD2/0C2/IC2/INT2/RD1
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AVDD

AVss

PWMI1L/REO

PWM1H/RE1

PWM2L/RE2

PWM2H/RE3

PWMS3L/RE4

PWM3H/RES

VDD

Vss
PGC/EMUC/U1RX/SDI1/SDA/C1RX/RF2
PGD/EMUD/U1TX/SDO1/SCL/C1TX/RF3
FLTA/INTO/SCK1/OCFA/RES8
EMUC2/0C1/IC1/INT1/RDO

44-pin QFN®

4401 PGD/EMUD/U1TX/SDO1/SCL/C1TX/RF3

430 FLTA/INTO/SCK1/OCFA/RES
421 EMUC2/0C1/IC1/INTL/RDO

37| EMUD2/0OC2/IC2/INT2/RD1

35 ] EMUC1/SOSCO/T1CK/U1ARX/CNO/RC14
341 EMUD1/SOSCI/T2CK/U1ATX/CN1/RC13

Note 1:
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EMUD3/ANO/VREF+/CN2/RBO |19

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

EMUC3/AN1/VREF-/CN3/RBL 120
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24.2.4 Data Space Write Saturation

In addition to adder/subtracter saturation, writes to data
space may also be saturated, but without affecting the
contents of the source accumulator. The data space write
saturation logic block accepts a 16-bit, 1.15 fractional
value from the round logic block as its input, together with
overflow status from the original source (accumulator)
and the 16-bit round adder. These are combined and
used to select the appropriate 1.15 fractional value as
output to write to data space memory.

If the SATDW bit in the CORCON register is set, data
(after rounding or truncation) is tested for overflow and
adjusted accordingly. For input data greater than
0x007FFF, data written to memory is forced to the max-
imum positive 1.15 value, Ox7FFF. For input data less
than OxFF8000, data written to memory is forced to the
maximum negative 1.15 value, 0x8000. The MSb of the
source (bit 39) is used to determine the sign of the
operand being tested.

If the SATDW bit in the CORCON register is not set, the
input data is always passed through unmodified under
all conditions.

243 BARREL SHIFTER

The barrel shifter is capable of performing up to 16-bit
arithmetic or logic right shifts, or up to 16-bit left shifts
in a single cycle. The source can be either of the two
DSP accumulators or the X bus (to support multi-bit
shifts of register or memory data).

The shifter requires a signed binary value to determine
both the magnitude (number of bits) and direction of the
shift operation. A positive value shifts the operand right.
A negative value shifts the operand left. A value of ‘0’
does not modify the operand.

The barrel shifter is 40 bits wide, thereby obtaining a
40-bit result for DSP shift operations and a 16-bit result
for MCU shift operations. Data from the X bus is
presented to the barrel shifter between bit positions 16
to 31 for right shifts, and bit positions 0 to 15 for left
shifts.

DS70135G-page 24
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5.3.1.2 Address Error Trap

This trap is initiated when any of the following

circumstances occurs:

1. A misaligned data word access is attempted.

2. A data fetch from an unimplemented data
memory location is attempted.

3. A data access of an unimplemented program
memory location is attempted.

4. An instruction fetch from vector space is
attempted.

Note:  In the MAC class of instructions, wherein
the data space is split into X and Y data
space, unimplemented X space includes
all of Y space and unimplemented Y
space includes all of X space.

5. Execution of a “BRA #li1teral” instruction, or a
“GOTO #literal” instruction, where literal
is an unimplemented program memory address.

6. Executing instructions after modifying the PC to
point to unimplemented program memory
addresses. The PC may be modified by loading
a value into the stack and executing a RETURN
instruction.

5.3.1.3 Stack Error Trap
This trap is initiated under the following conditions:

1. The Stack Pointer is loaded with a value which
is greater than the (user-programmable) limit
value written into the SPLIM register (stack
overflow).

2. The Stack Pointer is loaded with a value which
is less than 0x0800 (simple stack underflow).

53.14 Oscillator Fail Trap

This trap is initiated if the external oscillator fails and
operation becomes reliant on an internal RC backup.

53.2 HARD AND SOFT TRAPS

It is possible that multiple traps can become active
within the same cycle (e.g., a misaligned word stack
write to an overflowed address). In such a case, the
fixed priority shown in Figure 5-2 is implemented,
which may require the user to check if other traps are
pending in order to completely correct the Fault.

‘Soft’ traps include exceptions of priority level 8 through
level 11, inclusive. The arithmetic error trap (level 11)
falls into this category of traps.

‘Hard’ traps include exceptions of priority level 12
through level 15, inclusive. The address error (level
12), stack error (level 13) and oscillator error (level 14)
traps fall into this category.

Each hard trap that occurs must be acknowledged
before code execution of any type may continue. If a
lower priority hard trap occurs while a higher priority
trap is pending, acknowledged or is being processed, a
hard trap conflict will occur.

The device is automatically Reset in a hard trap conflict
condition. The TRAPR status bit (RCON<15>) is set
when the Reset occurs, so that the condition may be
detected in software.

FIGURE 5-1: TRAP VECTORS
Reset — GOTO Instruction 0x000000
o Reset — GOTO Address 0x000002
A Reserved 0x000004

Oscillator Fail Trap Vector
Address Error Trap Vector
Stack Error Trap Vector
Math Error Trap Vector

VT Reserved Vector
Reserved Vector
Reserved Vector
Interrupt O Vector 0x000014
Interrupt 1 Vector

Decreasing
Priority

Interrupt 52 Vector

y v Interrupt 53 Vector 0x00007E
Reserved 0x000080

Reserved 0x000082

A Reserved 0x000084

Oscillator Fail Trap Vector
Stack Error Trap Vector
Address Error Trap Vector
Math Error Trap Vector

AIVT Reserved Vector
Reserved Vector
Reserved Vector
Interrupt 0 Vector 0x000094
Interrupt 1 Vector

Interrupt 52 Vector
V Interrupt 53 Vector 0x0000FE

DS70135G-page 46
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7.0 DATA EEPROM MEMORY

Note:  This data sheet summarizes features of
this group of dsPIC30F devices and is not
intended to be a complete reference
source. For more information on the CPU,
peripherals, register descriptions and
general device functionality, refer to the
dsPIC30F Family Reference Manual
(DS70046). For more information on the
device instruction set and programming,
refer to the “16-bit MCU and DSC
Reference Manual” (DS70157).

The data EEPROM memory is readable and writable
during normal operation over the entire VDD range. The
data EEPROM memory is directly mapped in the
program memory address space.

The four SFRs used to read and write the program
Flash memory are used to access data EEPROM
memory, as well. As described in Section 6.0 “Flash
Program Memory”, these registers are:

* NVMCON
« NVMADR
* NVMADRU
* NVMKEY

The EEPROM data memory allows read and write of
single words and 16-word blocks. When interfacing to
data memory, NVMADR, in conjunction with the
NVMADRU register, is used to address the EEPROM
location being accessed. TBLRDL and TBLWTL instruc-
tions are used to read and write data EEPROM. The
dsPIC30F4011/4012 devices have 1 Kbyte (512 words)
of data EEPROM, with an address range from
0x7FFCO0 to OX7FFFFE.

A word write operation should be preceded by an erase
of the corresponding memory location(s). The write
typically requires 2 ms to complete, but the write time
will vary with voltage and temperature.

A program or erase operation on the data EEPROM
does not stop the instruction flow. The user is respon-
sible for waiting for the appropriate duration of time
before initiating another data EEPROM write/erase
operation. Attempting to read the data EEPROM while
a programming or erase operation is in progress results
in unspecified data.

Control bit, WR, initiates write operations, similar to
program Flash writes. This bit cannot be cleared, only
set, in software. This bit is cleared in hardware at the
completion of the write operation. The inability to clear
the WR bit in software prevents the accidental or
premature termination of a write operation.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set when a write operation is interrupted by a MCLR
Reset, or a WDT Time-out Reset, during normal oper-
ation. In these situations, following Reset, the user can
check the WRERR bit and rewrite the location. The
address register, NVMADR, remains unchanged.

Note: Interrupt flag bit, NVMIF in the IFSO
register, is set when write is complete. It

must be cleared in software.

7.1 Reading the Data EEPROM

A TBLRD instruction reads a word at the current pro-
gram word address. This example uses WO as a
pointer to data EEPROM. The result is placed in
register W4, as shown in Example 7-1.

EXAMPLE 7-1: DATA EEPROM READ

MoV #LOW_ADDR_WORD,WO ; Init Pointer
MoV #HIGH_ADDR_WORD, W1

MOV W1 TBLPAG

TBLRDL [ WO ], w4 ; read data EEPROM

© 2010 Microchip Technology Inc.
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7.2 Erasing Data EEPROM

7.2.1 ERASING A BLOCK OF DATA
EEPROM

In order to erase a block of data EEPROM, the
NVMADRU and NVMADR registers must initially
point to the block of memory to be erased. Configure
NVMCON for erasing a block of data EEPROM and
set the WR and WREN bits in the NVMCON register.
Setting the WR bit initiates the erase, as shown in
Example 7-2.

EXAMPLE 7-2: DATA EEPROM BLOCK ERASE

; Select data EEPROM block, WR, WREN bits
MOV #0x4045,W0
MOV WO’NVMCON ; Initialize NVMCON SFR

; Start erase cycle by setting WR after writing key sequence

DISI #5 ; Block all interrupts with priority < 7
; for next 5 instructions
MoV #0x55,W0 ;

MoV WO _NVMKEY ; Write the 0x55 key

MoV #OXAA, W1 ;

MoV W1 NVMKEY ; Write the OxAA key

BSET NVMCON, #WR ; Initiate erase sequence
NOP

NOP

; Erase cycle will complete in 2mS. CPU is not stalled for the Data Erase Cycle
; User can poll WR bit, use NVMIF or Timer IRQ to determine erasure complete

7.2.2 ERASING A WORD OF DATA
EEPROM

The TBLPAG and NVMADR registers must point to
the block. Select erase a block of data Flash and set
the WR and WREN bits in the NVMCON register.
Setting the WR bit initiates the erase, as shown in
Example 7-3.

EXAMPLE 7-3: DATA EEPROM WORD ERASE

; Select data EEPROM word, WR, WREN bits
MOV #0x4044 ,WO0
MoV WO NVMCON

; Start erase cycle by setting WR after writing key sequence
DISI #5 ; Block all interrupts with priority <7
; for next 5 instructions

MOV #0x55,W0 ;

MOV WO NVMKEY ; Write the 0x55 key

MOV HOXAA, W1 ;

MOV W1 NVMKEY ; Write the OxAA key

BSET NVMCON , #WR ; Initiate erase sequence
NOP

NOP

; Erase cycle will complete in 2mS. CPU is not stalled for the Data Erase Cycle
; User can poll WR bit, use NVMIF or Timer IRQ to determine erasure complete

DS70135G-page 56 © 2010 Microchip Technology Inc.
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NOTES:

DS70135G-page 80 © 2010 Microchip Technology Inc.



‘ou| ABojouyda ] diyd04o1N 0T0Z ©®

S6 abed-95£70.50

TABLE 14-1: QEI REGISTER MAP®

NSaTe Addr.| Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bits | Bit7 | Bit6 | Bits Bit 4 Bit 3 Bit2 | Bit1 Bit 0 Reset State
QEICON | 0122 [cNTERR| — [QEisibL| npx | uppN | QEM2 [QEM1| QEIMO [ swras| —  [TQaATE|TQCkPs1|Tocekpso|Posres | Tacs [upbN_src o000 0000 0000 0000
DFLTCON| 0124 | — = = = = mvi | mvo | ceb |qeout|qeck2| Qeck1 | QECKO = = = = 0000 0000 0000 0000
POSCNT | 0126 Position Counter<15:0> 0000 0000 0000 0000
MAXCNT | 0128 Maximun Count<15:0> 1111 1111 1111 1111
aopcrG [o2a8| — | — | — | — | — — | — [pcres| pcra7 [peres| peres | perea | peres | perc2 [Perei| PcFeo {0000 0000 0000 0000
Legend: — = unimplemented bit, read as ‘0’
Note 1: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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15.0 MOTOR CONTROL PWM
MODULE

Note:  This data sheet summarizes features of
this group of dsPIC30F devices and is not
intended to be a complete reference
source. For more information on the CPU,
peripherals, register descriptions and
general device functionality, refer to the
dsPIC30F Family Reference Manual
(DS70046). For more information on the
device instruction set and programming,
refer to the “16-bit MCU and DSC
Reference Manual” (DS70157).

This module simplifies the task of generating multiple,
synchronized Pulse-Width Modulated (PWM) outputs.
In particular, the following power and motion control
applications are supported by the PWM module:

* Three-Phase AC Induction Motor

« Switched Reluctance (SR) Motor

* Brushless DC (BLDC) Motor

* Uninterruptible Power Supply (UPS)

The PWM module has the following features:

* 6 PWM I/O pins with 3 duty cycle generators

« Up to 16-bit resolution

¢ ‘On-the-Fly’ PWM frequency changes

« Edge and Center-Aligned Output modes

« Single Pulse Generation mode

« Interrupt support for asymmetrical updates in
Center-Aligned mode

» Output override control for Electrically
Commutative Motor (ECM) operation

» ‘Special Event’ comparator for scheduling other
peripheral events

 Fault pins to optionally drive each of the PWM
output pins to a defined state

This module contains 3 duty cycle generators, num-
bered 1 through 3. The module has 6 PWM output pins,
numbered PWM1H/PWM1L through PWM3H/PWM3L.
The six I/0 pins are grouped into high/low numbered
pairs, denoted by the suffix H or L, respectively. For
complementary loads, the low PWM pins are always
the complement of the corresponding high I/O pin.

The PWM module allows several modes of operation
which are beneficial for specific power control
applications.

© 2010 Microchip Technology Inc.
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15.1.4 DOUBLE UPDATE MODE

In the Double Update mode (PTMOD<1:0> = 11), an
interrupt event is generated each time the PTMR regis-
ter is equal to zero, as well as each time a period match
occurs. The postscaler selection bits have no effect in
this mode of the timer.

The Double Update mode provides two additional func-
tions to the user. First, the control loop bandwidth is
doubled because the PWM duty cycles can be
updated, twice per period. Second, asymmetrical
center-aligned PWM waveforms can be generated
which are useful for minimizing output waveform
distortion in certain motor control applications.

Note: Programming a value of 0x0001 in the
Period register could generate a
continuous interrupt pulse, and hence,
must be avoided.

15.1.5 PWM TIME BASE PRESCALER

The input clock to PTMR (Fosc/4) has prescaler
options of 1:1, 1:4, 1:16 or 1:64, selected by control
bits, PTCKPS<1:0>, in the PTCON SFR. The prescaler
counter is cleared when any of the following occurs:

« A write to the PTMR register

« A write to the PTCON register

« Any device Reset

The PTMR register is not cleared when PTCON is
written.

15.1.6 PWM TIME BASE POSTSCALER

The match output of PTMR can optionally be post-
scaled through a 4-bit postscaler (which gives a 1:1 to
1:16 scaling).

The postscaler counter is cleared when any of the
following occurs:

« A write to the PTMR register
« A write to the PTCON register
* Any device Reset

The PTMR register is not cleared when the PTCON
register is written.

15.2 PWM Period

PTPER is a 15-bit register and is used to set the
counting period for the PWM time base. PTPER is a
double-buffered register. The PTPER buffer contents
are loaded into the PTPER register at the following
instants:

e Free-Running and Single-Shot modes: When the
PTMR register is reset to zero after a match with
the PTPER register.

¢ Continuous Up/Down Count modes: When the
PTMR register is zero.

The value held in the PTPER buffer is automatically
loaded into the PTPER register when the PWM time
base is disabled (PTEN = 0).

The PWM period can be determined using
Equation 15-1:

EQUATION 15-1: PWM PERIOD

Tpwm = Tcy ® (PTPER + 1) ® PTMR Prescale Value

If the PWM time base is configured for one of the
Continuous Up/Down Count modes, the PWM period is
provided by Equation 15-2.

EQUATION 15-2:  PWM PERIOD
(CENTER-ALIGNED
MODE)

TpwM = Tcy ® 2 ® PTPER + 1) ® PTMR Prescale Value

The maximum resolution (in bits) for a given device
oscillator and PWM frequency can be determined using
Equation 15-3:

EQUATION 15-3: PWM RESOLUTION

log (2 ® TPwM/TCY)
log (2)

Resolution =

DS70135G-page 100
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18.3.4 TRANSMIT INTERRUPT

The Transmit Interrupt Flag (ULTXIF or U2TXIF) is
located in the corresponding interrupt flag register.

The transmitter generates an edge to set the UXTXIF
bit. The condition for generating the interrupt depends
on UTXISEL control bit:

a) IfUTXISEL =0, an interrupt is generated when a
word is transferred from the transmit buffer to the
Transmit Shift register (UXTSR). This implies that
the transmit buffer has at least one empty word.

b) If UTXISEL = 1, an interrupt is generated when
a word is transferred from the transmit buffer to
the Transmit Shift register (UXTSR) and the
transmit buffer is empty.

Switching between the two interrupt modes during
operation is possible and sometimes offers more
flexibility.

18.3.5 TRANSMIT BREAK

Setting the UTXBRK bit (UxSTA<11>) will cause the
UxTX line to be driven to logic ‘O’. The UTXBRK bit
overrides all transmission activity. Therefore, the user
should generally wait for the transmitter to be Idle
before setting UTXBRK.

To send a Break character, the UTXBRK bit must be
set by software and must remain set for a minimum of
13 baud clock cycles. The UTXBRK bit is then cleared
by software to generate Stop bits. The user must wait
for a duration of at least one or two baud clock cycles
in order to ensure a valid Stop bit(s) before reloading
the UXTXB or starting other transmitter activity.
Transmission of a Break character does not generate
a transmit interrupt.

18.4 Receiving Data

18.4.1 RECEIVING IN 8-BIT OR 9-BIT DATA
MODE

The following steps must be performed while receiving
8-bit or 9-bit data:

1. Set up the UART (see Section 18.3.1
“Transmitting in 8-bit Data Mode”).

2. Enable the UART (see Section 18.3.1
“Transmitting in 8-bit Data Mode”).

3. A receive interrupt will be generated when one
or more data words have been received,
depending on the receive interrupt settings
specified by the URXISEL bits (UXSTA<7:6>).

4. Read the OERR bit to determine if an overrun
error has occurred. The OERR bit must be reset
in software.

5. Read the received data from UXRXREG. The act
of reading UXRXREG will move the next word to
the top of the receive FIFO and the PERR and
FERR values will be updated.

18.4.2 RECEIVE BUFFER (UXRXB)

The receive buffer is 4 words deep. Including the
Receive Shift register (UXRSR), the user effectively
has a 5-word deep FIFO buffer.

URXDA (UxSTA<0>) = 1 indicates that the receive
buffer has data available. URXDA = 0 implies that the
buffer is empty. If a user attempts to read an empty
buffer, the old values in the buffer will be read and no
data shift will occur within the FIFO.

The FIFO is reset during any device Reset. It is not
affected when the device enters or wakes up from a
power-saving mode.

18.4.3 RECEIVE INTERRUPT

The Receive Interrupt Flag (ULRXIF or U2RXIF) can
be read from the corresponding interrupt flag register.
The interrupt flag is set by an edge generated by the
receiver. The condition for setting the receive interrupt
flag depends on the settings specified by the
URXISEL<1:0> (UXSTA<7:6>) control bits.

a) If URXISEL<1:0> = 00 or 01, an interrupt is
generated every time a data word is transferred
from the Receive Shift register (UXRSR) to the
receive buffer. There may be one or more
characters in the receive buffer.

b) IfURXISEL<1:0>=10, an interrupt is generated
when a word is transferred from the Receive
Shift register (UXRSR) to the receive buffer
which, as a result of the transfer, contains
3 characters.

c) If URXISEL<1:0> = 11, an interrupt is set when
a word is transferred from the Receive Shift
register (UXRSR) to the receive buffer which, as
a result of the transfer, contains 4 characters
(i.e., becomes full).

Switching between the interrupt modes during

operation is possible, though generally not advisable
during normal operation.

18.5 Reception Error Handling

18.5.1  RECEIVE BUFFER OVERRUN
ERROR (OERR BIT)

The OERR bit (UxSTA<1>) is set if all of the following
conditions occur:

a) The receive buffer is full.

b) The Receive Shift register is full, but unable to
transfer the character to the receive buffer.

¢c) The Stop bit of the character in the UXRSR is
detected, indicating that the UXRSR needs to
transfer the character to the buffer.

Once OERR is set, no further data is shifted in UXRSR
(until the OERR bit is cleared in software or a Reset
occurs). The data held in UXRSR and UxRXREG
remains valid.

DS70135G-page 124
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18.9 Auto-Baud Support

To allow the system to determine baud rates of
received characters, the input can be optionally linked
to a selected capture input (IC1 for UART1, IC2 for
UART?2). To enable this mode, the user must program
the input capture module to detect the falling and rising
edges of the Start bit.

18.10 UART Operation During CPU
Sleep and Idle Modes

18.10.1 UART OPERATION DURING CPU
SLEEP MODE

When the device enters Sleep mode, all clock sources
to the module are shut down and stay at logic ‘O’. If
entry into Sleep mode occurs while a transmission is
in progress, then the transmission is aborted. The
UxTX pin is driven to logic ‘1’. Similarly, if entry into
Sleep mode occurs while a reception is in progress,
then the reception is aborted. The UXSTA, UXMODE,
UxBRG, transmit and receive registers and buffers, are
not affected by Sleep mode.

If the WAKE bit (UXMODE<7>) is set before the device
enters Sleep mode, then a falling edge on the UXRX
pin will generate a receive interrupt. The Receive
Interrupt Select Mode bit (URXISEL) has no effect for
this function. If the receive interrupt is enabled, then
this will wake-up the device from Sleep. The UARTEN
bit must be set in order to generate a wake-up
interrupt.

18.10.2 UART OPERATION DURING CPU
IDLE MODE

For the UART, the USIDL bit selects if the module will
stop operation when the device enters Idle mode, or
whether the module will continue on Idle. If USIDL = 0O,
the module will continue operation during Idle mode. If
USIDL = 1, the module will stop on Idle.

DS70135G-page 126
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TABLE 19-1: CAN1 REGISTER MAP®)

SFR Name |Addr.| Bit15 Bit 14 Bit 13 Bit 12 | Bit 11 | Bit 10 | Bit 9 | Bit 8 | Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit2 [ Bitl | BitO Reset State
C1RXFOSID 0300 — — — Receive Acceptance Filter 0 Standard Identifier<10:0> — EXIDE [{000u uuuu uuuu uuOu
C1RXFOEIDH | 0302 — — — — | Receive Acceptance Filter 0 Extended ldentifier<17:6> 0000 uuuu uuuu uuuu
C1RXFOEIDL | 0304 Receive Acceptance Filter 0 Extended Identifier<5:0> | — | — | — | — | — | — | — | — — — uuuu uuOO0 0000 0000
C1RXF1SID | 0308 — — — Receive Acceptance Filter 1 Standard Identifier<10:0> — EXIDE {000u uuuu uuuu uuOu
C1RXF1EIDH | 030A — — — — | Receive Acceptance Filter 1 Extended Identifier<17:6> 0000 uuuu uuuu uuuu
CIRXFIEIDL [030C|  Receive Acceptance Filter 1 Extended Identifier<s:o> | — | — | — [ — [ — [ — ] — [ —] — | — [uuuu uuoo 0000 0000
C1RXF2SID 0310 — — — Receive Acceptance Filter 2 Standard Identifier<10:0> — EXIDE [{000u uuuu uuuu uuOu
C1RXF2EIDH | 0312 — — — — | Receive Acceptance Filter 2 Extended Identifier<17:6> 0000 uuuu uuuu uuuu
CIRXF2EIDL | 0314 Receive Acceptance Filter 2 Extended Identifier<s:0> | — | — [ — [ — | — [ — [ — | — ] — [ — Juuuu uuoo 0000 0000
C1RXF3SID 0318 — — — Receive Acceptance Filter 3 Standard Identifier<10:0> — EXIDE [000u uuuu uuuu uuOu
C1RXF3EIDH | 031A — — — — | Receive Acceptance Filter 3 Extended ldentifier<17:6> 0000 uuuu uuuu uuuu
CIRXF3EIDL | 031C Receive Acceptance Filter 3 Extended Identifier<s:0> | — | — | — | — | — | — | — | — | — [ — Juuuu uuoo 0000 0000
C1RXF4SID 0320 — — — Receive Acceptance Filter 4 Standard Identifier<10:0> — EXIDE [{000u uuuu uuuu uuOu
C1RXF4EIDH | 0322 — — — — | Receive Acceptance Filter 4 Extended ldentifier<17:6> 0000 uuuu uuuu uuuu
C1RXF4EIDL | 0324 Receive Acceptance Filter 4 Extended Identifier<5:0> | — | — | — | — | — | — | — | — — — uuuu uuOO0 0000 0000
C1RXF5SID | 0328 — — — Receive Acceptance Filter 5 Standard Identifier<10:0> — EXIDE {000u uuuu uuuu uuOu
C1RXF5EIDH | 032A — — — — | Receive Acceptance Filter 5 Extended Identifier<17:6> 0000 uuuu uuuu uuuu
CIRXFSEIDL [032C|  Receive Acceptance Filter 5 Extended Identifier<s:0> | — | — | — [ — [ — [ — ] — [ —] — | — [uuuu uuoo 0ooo 0000
C1RXMOSID | 0330 — — — Receive Acceptance Mask 0 Standard Identifier<10:0> — MIDE [000u uuuu uuuu uuOu
C1RXMOEIDH | 0332 — — — — | Receive Acceptance Mask 0 Extended Identifier<17:6> 0000 uuuu uuuu uuuu
C1RXMOEIDL | 0334 Receive Acceptance Mask 0 Extended Identifier<5:0> | — | — | — | — | — | — | — | — — — uuuu uuO0 0000 0000
C1RXM1SID | 0338 — — — Receive Acceptance Mask 1 Standard Identifier<10:0> — MIDE [000u uuuu uuuu uuOu
C1RXM1EIDH | 033A — — — — | Receive Acceptance Mask 1 Extended Identifier<17:6> 0000 uuuu uuuu uuuu
CIRXMLEIDL [ 033C|  Receive Acceptance Mask 1 Extended Identifier<5:0> — — — | -] =] =] = | =] =1 = [uuuu uuoo 0ooo oooo
C1TX2SID 0340 Transmit Buffer 2 Standard Identifier<10:6> — — — Transmit Buffer 2 Standard Identifier<5:0> SRR | TXIDE {uuuu uO00 uuuu uuuu
C1TX2EID 0342 | Transmit Buffer 2 Extended Identifier<17:14> | — — — — Transmit Buffer 2 Extended ldentifier<13:6> uuuu 0000 uuuu uuuu
C1TX2DLC 0344 Transmit Buffer 2 Extended Identifier<5:0> TXRTR | TXRB1 TXRBO | DLC<3:0> | — | — | — uuuu uuuu uuuu u000
C1TX2B1 0346 Transmit Buffer 2 Byte 1 Transmit Buffer 2 Byte 0 UUUU UUUU UUUuU uuuu
C1TX2B2 0348 Transmit Buffer 2 Byte 3 Transmit Buffer 2 Byte 2 UUUU UUUU UUUuU uuuu
C1TX2B3 034A Transmit Buffer 2 Byte 5 Transmit Buffer 2 Byte 4 UUUU UUUU UUUU uuuu
C1TX2B4 034C Transmit Buffer 2 Byte 7 Transmit Buffer 2 Byte 6 uuuu UUUU Uuuu uuuu
CITX2CON |034E| — — — | =1 = — — — —  |txaBT|TxLARB| TXERR] TXREQ | — | TxPRI<1:0> [0000 0000 0000 0000
C1TX1SID 0350 Transmit Buffer 1 Standard Identifier<10:6> — — — Transmit Buffer 1 Standard Identifier<5:0> SRR | TXIDE Juuuu u000 uuuu uuuu
C1TX1EID 0352 | Transmit Buffer 1 Extended Identifier<17:14> | — — — — Transmit Buffer 1 Extended ldentifier<13:6> uuuu 0000 uuuu uuuu
CITXIDLC | 0354 Transmit Buffer 1 Extended Identifier<5:0> TXRTR | TXRBL | TXRBO | DLC<3:0> | — | — | — [uuuu uuuu uuuu uooo
C1TX1B1 0356 Transmit Buffer 1 Byte 1 Transmit Buffer 1 Byte 0 uuuu UUUU Uuuu uuuu
Legend: u = uninitialized bit; — = unimplemented bit, read as ‘0’

Note 1: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.

¢10V/TTOPd0EDIdSP



dsPIC30F4011/4012

21.2.3 LP OSCILLATOR CONTROL

Enabling the LP oscillator is controlled with two
elements:

« Current oscillator group bits, COSC<1:0>
* LPOSCEN bit (OSCCON<1>)

The LP oscillator is on (even during Sleep mode) if
LPOSCEN = 1. The LP oscillator is the device clock if:

* COSC<1:0> = 00 (LP selected as main osc.) and
¢ LPOSCEN =1

Keeping the LP oscillator on at all times allows for a
fast switch to the 32 kHz system clock for lower power
operation. Returning to the faster main oscillator still
requires a start-up time.

21.2.4 PHASE LOCKED LOOP (PLL)

The PLL multiplies the clock which is generated by the
primary oscillator. The PLL is selectable to have either
gains of x4, x8 or x16. Input and output frequency
ranges are summarized in Table 21-3.

TABLE 21-3: PLL FREQUENCY RANGE

TABLE 21-4: FRC TUNING

TU:;2:0> FRC Frequency

0111 +10.5%

0110 +9.0%

0101 +7.5%

0100 +6.0%

0011 +4.5%

0010 +3.0%

0001 +1.5%

0000 Center Frequency (oscillator is

running at calibrated frequency)

1111 -1.5%

1110 -3.0%

1101 -4.5%

1100 -6.0%

1011 -7.5%

1010 -9.0%

1001 -10.5%

1000 -12.0%

PLL
FIN Multiplier Fout
4 MHz-10 MHz x4 16 MHz-40 MHz
4 MHz-10 MHz x8 32 MHz-80 MHz
4 MHz-7.5 MHz x16 64 MHz-120 MHz

The PLL features a lock output which is asserted when
the PLL enters a phase locked state. Should the loop
fall out of lock (e.g., due to noise), the lock signal is
rescinded. The state of this signal is reflected in the
read-only LOCK bit in the OSCCON register.

21.25 FAST RC OSCILLATOR (FRC)

The FRC oscillator is a fast (7.37 MHz, +2% nominal),
internal RC oscillator. This oscillator is intended to
provide reasonable device operating speeds without
the use of an external crystal, ceramic resonator or RC
network. Using the x4, x8 and x16 PLL options, higher
operational frequencies can be generated.

The dsPIC30F operates from the FRC oscillator when-
ever the Current Oscillator Selection (COSC<1:0>)
control bits in the OSCCON register
(OSCCON<13:12>) are set to ‘01".

There are four tuning bits (TUN<3:0>) for the FRC
oscillator in the OSCCON register. These tuning bits
allow the FRC oscillator frequency to be adjusted as
close to 7.37 MHz as possible, depending on the
device operating conditions. The FRC oscillator
frequency has been calibrated during factory testing.
Table 21-4 describes the adjustment range of the
TUN<3:0> bits.

21.2.6 LOW-POWER RC OSCILLATOR (LPRC)

The LPRC oscillator is a component of the Watchdog
Timer (WDT) and oscillates at a nominal frequency of
512 kHz. The LPRC oscillator is the clock source for
the Power-up Timer (PWRT) circuit, WDT and clock
monitor circuits. It may also be used to provide a low-
frequency clock source option for applications where
power consumption is critical and timing accuracy is
not required.

The LPRC oscillator is always enabled at a POR
because it is the clock source for the PWRT. After the
PWRT expires, the LPRC oscillator remains on if one
of the following is true:

* The Fail-Safe Clock Monitor is enabled

* The WDT is enabled

« The LPRC oscillator is selected as the system
clock via the COSC<1:0> control bits in the
OSCCON register

If one of the above conditions is not true, the LPRC
shuts off after the PWRT expires.

Note 1: OSC2 pin function is determined by the
Primary Oscillator mode selection
(FPR<3:0>).

2: Note that OSCL1 pin cannot be used as an
1/0 pin, even if the secondary oscillator or
an internal clock source is selected at all
times.

Note:  OSCTUN functionality has been provided
to help customers compensate for
temperature effects on the FRC frequency
over a wide range of temperatures. The
tuning step size is an approximation and is
neither characterized nor tested.

© 2010 Microchip Technology Inc.
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Most single-word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of the instruc-
tion. In these cases, the execution takes two instruction
cycles with the additional instruction cycle(s) executed
as a NOP. Notable exceptions are the BRA (uncondi-
tional/computed branch), indirect CALL/GOTO, all table
reads and writes and RETURN/RETFIE instructions,
which are single-word instructions but take two or three
cycles. Certain instructions that involve skipping over
the subsequent instruction, require either two or three
cycles if the skip is performed, depending on whether
the instruction being skipped is a single-word or two-
word instruction. Moreover, double-word moves
require two cycles. The double-word instructions
execute in two instruction cycles.

Note: For more details on the instruction set,
refer to the “16-bit MCU and DSC
Reference Manual” (DS70157).

TABLE 22-1: SYMBOLS USED IN OPCODE DESCRIPTIONS

Field Description
#text Means literal defined by “text*
(text) Means “content of text"
[text] Means “the location addressed by text”
{ } Optional field or operation
<n:m> Register bit field
-b Byte mode selection
-d Double-Word mode selection
.S Shadow register select
-w Word mode selection (default)
Acc One of two accumulators {A, B}
AWB Accumulator Write-Back Destination Address register e {W13, [W13]+=2}
bitd 4-bit bit selection field (used in word addressed instructions) € {0...15}
C, DC, N, oV, Z MCU Status bits: Carry, Digit Carry, Negative, Overflow, Zero
Expr Absolute address, label or expression (resolved by the linker)
f File register address € {0x0000...0x1FFF}
litl 1-bit unsigned literal € {0,1}
lit4 4-bit unsigned literal € {0...15}
lits 5-bit unsigned literal € {0...31}
1it8 8-bit unsigned literal € {0...255}
1itlo 10-hit unsigned literal € {0...255} for Byte mode, {0:1023} for Word mode
litl4 14-bit unsigned literal € {0...16384}
1itl6 16-bit unsigned literal € {0...65535}
1it23 23-bit unsigned literal € {0...8388608}; LSB must be 0
None Field does not require an entry, may be blank
OA, OB, SA, SB DSP Status bits: ACCA Overflow, ACCB Overflow, ACCA Saturate, ACCB Saturate
PC Program Counter
Shitl0 10-hit signed literal € {-512...511}
Shitl6 16-bit signed literal € {-32768...32767}
Slit6é 6-bit signed literal € {-16...16}

DS70135G-page 166
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23.11 PICKkit 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.

23.12 MPLAB PMS3 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.

23.13 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.

DS70135G-page 176

© 2010 Microchip Technology Inc.


http://www.microchip.com

dsPIC30F4011/4012

24.2 AC Characteristics and Timing Parameters

The information contained in this section defines dsPIC30F AC characteristics and timing parameters.

TABLE 24-12: TEMPERATURE AND VOLTAGE SPECIFICATIONS — AC
Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)

Operating temperature  -40°C <TA <+85°C for Industrial
AC CHARACTERISTICS -40°C <TA <+125°C for Extended

Operating voltage VDD range as described in Section 24.1 “DC
Characteristics”.

FIGURE 24-2: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS
Load Condition 1 — for all pins except OSC2 Load Condition 2 — for OSC2
VDD/2

L

; CL
RL Pin T
Vss
Pin — RL = 464Q
CL = 50 pF for all pins except OSC2
Vss 5 pF for OSC2 output
FIGURE 24-3: EXTERNAL CLOCK TIMING

OSC1 !
' 'e— 0S20 —» ﬁ—‘ - e e > e
: ,0S30 0S30 0S31 0S31
- 0825 >
CLKO /L L
— <= 0S40 0S41 —» = -
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FIGURE 24-14: QEA/QEB INPUT CHARACTERISTICS
»! TQ36
| |
QEA | : |
(input) | | | |
I |
:<—T(#31—>! ~—TQ30—» :
| | |
- | TQ35 >
|
| |
QEB |
(input) | | |
~TQa1 | leTQao> ||
| | |l |
| | N : ||
|
|<—TQ31—>! !<—TQ39—>! |
| | | |
| +——TQ35 i -
| | |
| | |
QEB
Internal

TABLE 24-30: QUADRATURE DECODER TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C <TA <+85°C for Industrial
-40°C <TA <+125°C for Extended
P;a\lr;im Symbol Characteristic(? Typ® Max | Units Conditions
TQ30 |TQuL Quadrature Input Low Time 6 Tcy — ns
TQ31 |TQuH Quadrature Input High Time 6 Tcy — ns
TQ35 |TqQuIN Quadrature Input Period 12 Tey — ns
TQ36 |TQuP Quadrature Phase Period 3 Tey — ns
TQ40 |TQUFL Filter Time to Recognize Low, 3*N*Tcy — ns N=1,2,4,16, 32, 64, 128
with Digital Filter and 256 (Note 2)
TQ41 | TQUFH Filter Time to Recognize High, 3*N*Tcy — ns N=1,2,4,16, 32, 64, 128
with Digital Filter and 256 (Note 2)
Note 1: These parameters are characterized but not tested in manufacturing.

2: N = Index Channel Digital Filter Clock Divide Select bits. Refer to Section 16. “Quadrature Encoder
Interface (QEI)” in the “dsPIC30F Family Reference Manual” (DS70046).

© 2010 Microchip Technology Inc.
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44-L ead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm Footprint [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D
D1
N00000nnnnn

(= =
(= = E
. = =
= XX E
JNCQ\(\\ —
Nbom TIUTTOT000T ]

NOTE 2

—~—L1

Units MILLIMETERS

Dimension Limits MIN I NOM MAX
Number of Leads N 44
Lead Pitch e 0.80 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle [} 0° 3.5° 7°
Overall Width E 12.00 BSC
Overall Length D 12.00 BSC
Molded Package Width E1 10.00 BSC
Molded Package Length D1 10.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.30 0.37 0.45
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom B 11° 12° 13°

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Chamfers at corners are optional; size may vary.
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-076B
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip
product. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our
documentation can better serve you, please FAX your comments to the Technical Publications Manager at
(480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

TO:  Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: dsPIC30F4011/4012 Literature Number: DS70135G

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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