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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"

Obsolete

dsPIC

16-Bit

20 MIPS

CANbus, I2C, SPI, UART/USART
Brown-out Detect/Reset, LVD, POR, PWM, WDT
52

132KB (44K x 24)

FLASH
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6K x 8

2.5V ~ 5.5V

A/D 16x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-TQFP

64-TQFP (14x14)
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Pin Diagrams (Continued)
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*dsPIC30F6013A recommended for new designs

Note: For descriptions of individual pins, see Section 1.0 “Device Overview”.
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Pin Diagrams (Continued)
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*dsPIC30F6014A recommended for new designs

Note:

For descriptions of individual pins, see Section 1.0 “Device Overview”.

DS70117F-page 6

© 2006 Microchip Technology Inc.




dsPIC30F6011/6012/6013/6014

FIGURE 1-2: dsPIC30F6013/6014 BLOCK DIAGRAM
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*Present in the dsPIC30F6014 only.
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FIGURE 3-6: DATA SPACE WINDOW INTO PROGRAM SPACE OPERATION

Program Space

| 0x000100
Data Space |
0x0000 :
15 PSvPAG(D |
EA<15>=0 0x01 |
8
|
|
Data 16 .
Space 0x8000 T
EA Address 23 15 9
EA<I5>=1 15" |Concatenation| 23> 0x008000
|
Upper Half of Data |
Space is Mapped -«—
into Program Space |
OXFFFF |
' Ox017FFF
BSET CORCON, #2 ; PSV bit set
MOV #0x01, WO ; Set PSVPAG register
MOV WO, PSVPAG
MOV 0x8000, WO ; Access program memory location Y
; using a data space access
Data Read

Note: PSVPAG is an 8-bit register, containing bits <22:15> of the program space address (i.e., it defines
the page in program space to which the upper half of data space is being mapped).
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NOTES:
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423 MODULO ADDRESSING
APPLICABILITY

Modulo Addressing can be applied to the effective
address 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 bound-
aries 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 per-
formed but the contents of the register
remain unchanged.

4.3 Bit-Reversed Addressing

Bit-Reversed Addressing is intended to simplify data
re-ordering 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.

4.3.1 BIT-REVERSED ADDRESSING
IMPLEMENTATION

Bit-Reversed Addressing is enabled when:

1. BWM (W register selection) in the MODCON
register is any value other than ‘15’ (the stack
cannot be accessed using Bit-Reversed
Addressing) and

2. the BREN bit is set in the XBREYV register and

3. the Addressing mode used is Register Indirect
with Pre-Increment or Post-Increment.

If the length of a bit-reversed buffer is M = 2N bytes,
then 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 will only be
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, and normal addresses will be gener-
ated instead. When Bit-Reversed Addressing is active,
the W address pointer will always be added to the
address modifier (XB) and the offset associated with
the Register Indirect Addressing mode will be 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 this, Bit-Reversed Addressing will
assume priority when active 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 (XBREV<15>) hit, then a write to
the XBREYV register should not be immediately followed
by an indirect read operation using the W register that
has been designated as the bit-reversed pointer.

DS70117F-page 42
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TABLE 5-2:

INTERRUPT CONTROLLER REGISTER MAP

NSaTe ADR | Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reset State
INTCONL1 | 0080 |NSTDIS| — — — — | OVATE | OVBTE | COVTE | — — — | MATHERR | ADDRERR | STKERR |OSCFAIL| —  |0000 0000 0000 0000
INTCON2 | 0082 | ALTIVT | DISI — — — — — — — — — INT4EP INT3EP | INT2EP | INT1EP | INTOEP |0000 0000 0000 0000
IFSO 0084 | CNIF | MI2CIF | SI2CIF | NVMIF | ADIF | UITXIF | UIRXIF | SPILIF | T3IF | T2IF |OC2IF| IC2IF T1IF OC1IF | ICLIF | INTOIF [0000 0000 0000 0000
IFS1 0086 | IC6IF | ICSIF | IC4IF | IC3IF | ClIF | SPI2IF | U2TXIF | U2RXIF | INT2IF | TSIF | T4IF | OC4IF OC3IF IC8IF IC7IF | INTLIF [0000 0000 0000 0000
IFS2 0088| — — — — — | LVDIF | DCIIF — — C2IF |INT4IF| INT3IF OCB8IF OC7IF | OC6IF | OCSIF |[0000 0000 0000 0000
IECO 008C| CNIE | MI2CIE | SI2CIE | NVMIE | ADIE | UITXIE | UIRXIE | SPILIE | T3IE | T2IE |OC2IE| IC2IE T1IE OC1IE | ICLIE | INTOIE {0000 0000 0000 0000
IEC1 008E| IC6IE | IC5IE | IC4IE | IC3IE | ClIE | SPI2IE | U2TXIE | U2RXIE | INT2IE | TSIE | T4IE | OC4IE OC3IE IC8IE IC7IE | INTLIE {0000 0000 0000 0000
IEC2 0090 | — — — — — | LDIE | DCIE — — | C2IE |INT4IE| INT3IE OCBIE OC7IE | OC6IE | OCSIE {0000 0000 0000 0000
IPCO 0094| — T1IP<2:0> — OC1IP<2:0> — IC1IP<2:0> — INTOIP<2:0> 0100 0100 0100 0100
IPC1 0096 | — T31P<2:0> — T2IP<2:0> — 0C2IP<2:0> — IC2IP<2:0> 0100 0100 0100 0100
IPC2 0098| — ADIP<2:0> — U1TXIP<2:0> — U1RXIP<2:0> — SPI1IP<2:0> 0100 0100 0100 0100
IPC3 009A| — CNIP<2:0> — MI2CIP<2:0> — Sl2CIP<2:0> — NVMIP<2:0> 0100 0100 0100 0100
IPC4 009C| — 0C3IP<2:0> — IC8IP<2:0> — IC7IP<2:0> — INT1IP<2:0> 0100 0100 0100 0100
IPC5 009E| — INT2IP<2:0> — T5IP<2:0> — T4IP<2:0> — OC4IP<2:0> 0100 0100 0100 0100
IPC6 00A0| — C1IP<2:0> — SPI2IP<2:0> — U2TXIP<2:0> — U2RXIP<2:0> 0100 0100 0100 0100
IPC7 00A2| — IC61P<2:0> — IC5IP<2:0> — IC4IP<2:0> — IC3IP<2:0> 0100 0100 0100 0100
IPC8 00A4| — 0C8IP<2:0> — OC7IP<2:0> — 0C6IP<2:0> — 0C5IP<2:0> 0100 0100 0100 0100
IPC9 00A6| — — — — — C2IP<2:0> — INT41IP<2:0> — INT3IP<2:0> 0000 0100 0100 0100
IPC10 00A8| — — — — — LVDIP<2:0> — DCIIP<2:0> — = | = | — |0000 0100 0100 0000
Legend: wu = uninitialized bit
Note: Refer to “dsPIC30F Family Reference Manual’ (DS70046) for descriptions of register bit fields.
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NOTES:
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TSYNC

:

FIGURE 9-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM
PR1
U
Equal
Comparator x 16
)
> TMR1
Reset

0
T1IF b
Event Flag 1 Q D TGATE
Q_rcK
TGATE w
0 <
[OO)
_________________________ Eo= TCKPS<1:0>
. SOSCO/ _ : |j\‘ u TON 2
' TICK : I/L 1x
! ! Gate Prescaler
. LPOSCEN | Sync 01 —\_D 1,8, 64,256
| soscl % l
| ' Tcy 00

9.1

The 16-bit timer can be placed in the Gated Time Accu-
mulation mode. This mode allows the internal Tcy to
increment the respective timer when the gate input sig-
nal (TLCK pin) is asserted high. Control bit TGATE
(TLCON<6>) must be set to enable this mode. The
timer must be enabled (TON = 1) and the timer clock
source set to internal (TCS = 0).

Timer Gate Operation

When the CPU goes into the Idle mode, the timer will
stop incrementing unless TSIDL = 0. If TSIDL = 1, the
timer will resume the incrementing sequence upon
termination of the CPU Idle mode.

9.2

The input clock (Fosc/4 or external clock) to the 16-bit
Timer has a prescale option of 1:1, 1:8, 1:64 and 1:256,
selected by control bits TCKPS<1:0> (TICON<5:4>).
The prescaler counter is cleared when any of the
following occurs:

Timer Prescaler

« awrite to the TMR1 register

« awrite to the TLCON register

* device Reset, such as POR and BOR

However, if the timer is disabled (TON = 0), then the

timer prescaler cannot be reset since the prescaler
clock is halted.

TMR1 is not cleared when T1CON is written. It is
cleared by writing to the TMR1 register.

9.3 Timer Operation During Sleep

Mode

During CPU Sleep mode, the timer will operate if:

e The timer module is enabled (TON = 1) and

* The timer clock source is selected as external
(TCS=1)and

e The TSYNC bit (TLCON<2>) is asserted to a logic
‘0’ which defines the external clock source as
asynchronous.

When all three conditions are true, the timer will con-
tinue to count up to the Period register and be reset to
0x0000.

When a match between the timer and the Period regis-
ter occurs, an interrupt can be generated if the
respective timer interrupt enable bit is asserted.

DS70117F-page 70
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11.0 TIMERA4/5 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).

This section describes the second 32-bit General Pur-
pose Timer module (Timer4/5) and associated opera-
tional modes. Figure 11-1 depicts the simplified block
diagram of the 32-bit Timer4/5 module. Figure 11-2 and
Figure 11-3 show Timer4/5 configured as two indepen-
dent 16-bit timers, Timer4 and Timer5, respectively.

The Timer4/5 module is similar in operation to the
Timer2/3 module. However, there are some differences
which are as follows:

e The Timer4/5 module does not support the ADC
event trigger feature

« Timer4/5 can not be utilized by other peripheral
modules, such as input capture and
output compare

The operating modes of the Timer4/5 module are deter-
mined by setting the appropriate bit(s) in the 16-bit
TACON and T5CON SFRs.

For 32-bit timer/counter operation, Timer4 is the Isw
and Timer5 is the msw of the 32-bit timer.

Note: For 32-bit timer operation, TSCON control
bits are ignored. Only T4ACON control bits
are used for setup and control. Timer4
clock and gate inputs are utilized for the
32-bit timer module but an interrupt is gen-
erated with the Timer5 interrupt flag (T5IF)

and the interrupt is enabled with the

Timer5 interrupt enable bit (T5IE).

FIGURE 11-1: 32-BIT TIMER4/5 BLOCK DIAGRAM
Data Bus<15:0>
TMR5HLD
16
. 16
Write TMR4
Read TMR4 ——/ \ K\/L,
16 TN
Reset X —
L TMRS | TMR4 Sync
MSB {} LSB
Equal Comparator x 32
PR5 | PR4
0
T5IF J;
EventFlag | 1 Q D TGATE (T4CON<6>)
6)6/
TGATE
(TACON<6>)
=
n <
O 0
B TCKPS<1:0>
TON 2
ror [X] >y 5 {
Prescaler
Gate
Sync 01 1, 8, 64, 256
Tcy 00

Note:
bits are respective to the T4CON register.

Timer Configuration bit T45 (T4ACON<3>) must be set to ‘1’ for a 32-bit timer/counter operation. All control

© 2006 Microchip Technology Inc.
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16.2 Enabling and Setting Up UART

16.2.1 ENABLING THE UART

The UART module is enabled by setting the UARTEN
bit in the UXMODE register (where x = 1 or 2). Once
enabled, the UXTX and UXRX pins are configured as an
output and an input respectively, overriding the TRIS
and LATCH register bit settings for the corresponding
I/O port pins. The UXTX pin is at logic ‘1’ when no
transmission is taking place.

16.2.2 DISABLING THE UART

The UART module is disabled by clearing the UARTEN
bit in the UXMODE register. This is the default state
after any Reset. If the UART is disabled, all 1/O pins
operate as port pins under the control of the latch and
TRIS bits of the corresponding port pins.

Disabling the UART module resets the buffers to empty
states. Any data characters in the buffers are lost and
the baud rate counter is reset.

All error and status flags associated with the UART
module are reset when the module is disabled. The
URXDA, OERR, FERR, PERR, UTXEN, UTXBRK and
UTXBF bits are cleared, whereas RIDLE and TRMT
are set. Other control bits, including ADDEN,
URXISEL<1:0>, UTXISEL, as well as the UxXMODE
and UxBRG registers, are not affected.

Clearing the UARTEN bit while the UART is active will
abort all pending transmissions and receptions and
reset the module as defined above. Re-enabling the
UART will restart the UART in the same configuration.

16.2.3 SETTING UP DATA, PARITY AND
STOP BIT SELECTIONS

Control bits PDSEL<1:0> in the UXMODE register are
used to select the data length and parity used in the
transmission. The data length may either be 8 bits with
even, odd or no parity, or 9 bits with no parity.

The STSEL bit determines whether one or two Stop bits
will be used during data transmission.

The default (power-on) setting of the UART is 8 bits, no
parity and 1 Stop bit (typically represented as 8, N, 1).

16.3 Transmitting Data

16.3.1 TRANSMITTING IN 8-BIT DATA
MODE

The following steps must be performed in order to
transmit 8-bit data:

1. Setupthe UART:

First, the data length, parity and number of Stop
bits must be selected. Then, the transmit and
receive interrupt enable and priority bits are
setup in the UXMODE and UxSTA registers.
Also, the appropriate baud rate value must be
written to the UxBRG register.

2. Enable the UART by setting the UARTEN bit
(UXMODE<15>).

3. Set the UTXEN bit (UxSTA<10>), thereby
enabling a transmission.

4. Write the byte to be transmitted to the lower byte
of UXTXREG. The value will be transferred to the
Transmit Shift register (UXTSR) immediately
and the serial bit stream will start shifting out
during the next rising edge of the baud clock.
Alternatively, the data byte may be written while
UTXEN = o, following which, the user may set
UTXEN. This will cause the serial bit stream to
begin immediately because the baud clock will
start from a cleared state.

5. A transmit interrupt will be generated, depend-
ing on the value of the interrupt control bit
UTXISEL (UXSTA<15>).

16.3.2 TRANSMITTING IN 9-BIT DATA
MODE

The sequence of steps involved in the transmission of
9-bit data is similar to 8-bit transmission, except that a
16-bit data word (of which the upper 7 bits are always
clear) must be written to the UXTXREG register.

16.3.3 TRANSMIT BUFFER (UXTXB)

The transmit buffer is 9 bits wide and 4 characters
deep. Including the Transmit Shift register (UXTSR),
the user effectively has a 5-deep FIFO (First-In, First-
Out) buffer. The UTXBF status bit (UXSTA<9>)
indicates whether the transmit buffer is full.

If a user attempts to write to a full buffer, the new data
will not be accepted into the FIFO, and no data shift will
occur within the buffer. This enables recovery from a
buffer overrun condition.

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

16.5.2 FRAMING ERROR (FERR)

The FERR bit (UxSTA<2>) is set if a ‘0’ is detected
instead of a Stop bit. If two Stop bits are selected, both
Stop bits must be ‘1’, otherwise FERR will be set. The
read only FERR bit is buffered along with the received
data. It is cleared on any Reset.

16.5.3 PARITY ERROR (PERR)

The PERR bit (UXSTA<3>) is set if the parity of the
received word is incorrect. This error bit is applicable
only if a Parity mode (odd or even) is selected. The
read only PERR bit is buffered along with the received
data bytes. It is cleared on any Reset.

16.5.4 IDLE STATUS

When the receiver is active (i.e., between the initial
detection of the Start bit and the completion of the Stop
bit), the RIDLE bit (UXSTA<4>) is ‘0’. Between the com-
pletion of the Stop bit and detection of the next Start bit,
the RIDLE bit is ‘17, indicating that the UART is Idle.

16.5.5 RECEIVE BREAK

The receiver will count and expect a certain number of
bit times based on the values programmed in the
PDSEL (UXxMODE<2:1>) and STSEL (UXMODE<0>)
bits.

If the break is longer than 13 bit times, the reception is
considered complete after the number of bit times
specified by PDSEL and STSEL. The URXDA bitis set,
FERR is set, zeros are loaded into the receive FIFO,
interrupts are generated if appropriate and the RIDLE
bit is set.

When the module receives a long break signal and the
receiver has detected the Start bit, the data bits and the
invalid Stop bit (which sets the FERR), the receiver
must wait for a valid Stop bit before looking for the next
Start bit. It cannot assume that the break condition on
the line is the next Start bit.

Break is regarded as a character containing all ‘0’s with
the FERR bit set. The break character is loaded into the
buffer. No further reception can occur until a Stop bit is
received. Note that RIDLE goes high when the Stop bit
has not yet been received.

16.6 Address Detect Mode

Setting the ADDEN bit (UxSTA<5>) enables this spe-
cial mode in which a 9th bit (URX8) value of ‘1’ identi-
fies the received word as an address, rather than data.
This mode is only applicable for 9-bit data communica-
tion. The URXISEL control bit does not have any
impact on interrupt generation in this mode since an
interrupt (if enabled) will be generated every time the
received word has the 9th bit set.

16.7 Loopback Mode

Setting the LPBACK bit enables this special mode in
which the UXTX pin is internally connected to the UXRX
pin. When configured for the Loopback mode, the
UxRX pin is disconnected from the internal UART
receive logic. However, the UxTX pin still functions as
in a normal operation.

To select this mode:

a) Configure UART for desired mode of operation.
b) Set LPBACK = 1 to enable Loopback mode.

¢) Enable transmission as defined in Section 16.3
“Transmitting Data”.

16.8 Baud Rate Generator

The UART has a 16-bit Baud Rate Generator to allow
maximum flexibility in baud rate generation. The Baud
Rate Generator register (UXxBRG) is readable and
writable. The baud rate is computed as follows:

BRG = 16-bit value held in UXBRG register
(0 through 65535)

Fcy = Instruction Clock Rate (1/Tcy)
The Baud Rate is given by Equation 16-1.

EQUATION 16-1: BAUD RATE

Baud Rate = Fcy/(16 * (BRG + 1))

Therefore, the maximum baud rate possible is
Fcy/16 (if BRG = 0),

and the minimum baud rate possible is
Fcy/(16 * 65536).

With a full 16-bit Baud Rate Generator at 30 MIPS
operation, the minimum baud rate achievable is
28.5 bps.

© 2006 Microchip Technology Inc.

DS70117F-page 107



dsPIC30F6011/6012/6013/6014

17.3 Modes of Operation

The CAN module can operate in one of several Operation
modes selected by the user. These modes include:

* Initialization Mode

» Disable Mode

* Normal Operation Mode
« Listen Only Mode

* Loopback Mode

» Error Recognition Mode

Modes are requested by setting the REQOP<2:0> bits
(CiCTRL<10:8>). Entry into a mode is Acknowledged
by monitoring the OPMODE<2:0> bits (CiCTRL<7:5>).
The module will not change the mode and the
OPMODE bits until a change in mode is acceptable,
generally during bus Idle time which is defined as at
least 11 consecutive recessive bits.

17.3.1 INITIALIZATION MODE

In the Initialization mode, the module will not transmit or
receive. The error counters are cleared and the inter-
rupt flags remain unchanged. The programmer will
have access to configuration registers that are access
restricted in other modes. The module will protect the
user from accidentally violating the CAN protocol
through programming errors. All registers which control
the configuration of the module can not be modified
while the module is on-line. The CAN module will not
be allowed to enter the Configuration mode while a
transmission is taking place. The Configuration mode
serves as a lock to protect the following registers.

« All Module Control Registers

« Baud Rate and Interrupt Configuration Registers
* Bus Timing Registers

« Identifier Acceptance Filter Registers

« Identifier Acceptance Mask Registers

17.3.2 DISABLE MODE

In Disable mode, the module will not transmit or
receive. The module has the ability to set the WAKIF bit
due to bus activity, however, any pending interrupts will
remain and the error counters will retain their value.

If the REQOP<2:0> bits (CiCTRL<10:8>) = 001, the
module will enter the Module Disable mode. If the module
is active, the module will wait for 11 recessive bits on the
CAN bus, detect that condition as an Idle bus, then
accept the module disable command. When the
OPMODE<2:0> bits (CiCTRL<7:5>) =001, that indi-
cates whether the module successfully went into Module
Disable mode. The 1/O pins will revert to normal /O
function when the module is in the Module Disable mode.

The module can be programmed to apply a low-pass
filter function to the CiRX input line while the module or
the CPU is in Sleep mode. The WAKFIL bit
(CiICFG2<14>) enables or disables the filter.

Note:  Typically, if the CAN module is allowed to
transmit in a particular mode of operation
and a transmission is requested immedi-
ately after the CAN module has been
placed in that mode of operation, the mod-
ule waits for 11 consecutive recessive bits
on the bus before starting transmission. If
the user switches to Disable Mode within
this 11-bit period, then this transmission is
aborted and the corresponding TXABT bit
is set and TXREQ bit is cleared.

17.3.3 NORMAL OPERATION MODE

Normal Operating mode is selected when
REQOP<2:0> = 000. In this mode, the module is acti-
vated and the I/O pins will assume the CAN bus func-
tions. The module will transmit and receive CAN bus
messages via the CxTX and CxRX pins.

17.3.4 LISTEN ONLY MODE

If the Listen Only mode is activated, the module on the
CAN bus is passive. The transmitter buffers revert to
the port 1/0 function. The receive pins remain inputs.
For the receiver, no error flags or Acknowledge signals
are sent. The error counters are deactivated in this
state. The Listen Only mode can be used for detecting
the baud rate on the CAN bus. To use this, it is neces-
sary that there are at least two further nodes that
communicate with each other.

17.3.5 LISTEN ALL MESSAGES MODE

The module can be set to ignore all errors and receive
any message. The Error Recognition mode is activated
by setting REQOP<2:0>="'111". In this mode, the data
which is in the message assembly buffer until the time
an error occurred, is copied in the receive buffer and
can be read via the CPU interface.

17.3.6 LOOPBACK MODE

If the Loopback mode is activated, the module will con-
nect the internal transmit signal to the internal receive
signal at the module boundary. The transmit and
receive pins revert to their port 1/0 function.

© 2006 Microchip Technology Inc.
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19.8 A/D Acquisition Requirements

The analog input model of the 12-bit A/D converter
is shown inFigure 19-4. The total sampling time for the
A/D is a function of the internal amplifier settling time
and the holding capacitor charge time.

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoLD) must be allowed
to fully charge to the voltage level on the analog input
pin. The source impedance (Rs), the interconnect
impedance (Ric), and the internal sampling switch
(Rss) impedance combine to directly affect the time

required to charge the capacitor CHoLD. The combined
impedance of the analog sources must therefore be
small enough to fully charge the holding capacitor
within the chosen sample time. To minimize the effects
of pin leakage currents on the accuracy of the A/D con-
verter, the maximum recommended source imped-
ance, Rs, is 2.5 kQ. After the analog input channel is
selected (changed), this sampling function must be
completed prior to starting the conversion. The internal
holding capacitor will be in a discharged state prior to
each sample operation.

FIGURE 19-4: 12-BIT A/D CONVERTER ANALOG INPUT MODEL
Vop RIC<250Q  sampling  RSS <3k
Switch
______ VT =06V \
| Rs ! ANXx | Rss
: A AVAVAV :' ’_'\N\/:_
I I em | L CHoLD
\ \ PIN _|_ L = DAC capacitance
1_ 5 T vr=oev (})1 00 1A T =18¢F
= Vss
Legend: CPIN = input capacitance
VT = threshold voltage

various junctions

I leakage = leakage current at the pin due to

Ric = interconnect resistance
Rss = sampling switch resistance
CHOLD = sample/hold capacitance (from DAC)

Note: CPIN value depends on device package and is not tested. Effect of CPIN negligible if Rs < 2.5 kQ.
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TABLE 19-2: A/D CONVERTER REGISTER MAP
NS.;\!I?E Addr. | Bit15 Bit 14 | Bit13 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 Reset State

ADCBUFO | 0280 — — — — ADC Data Buffer 0 0000 uUuuU UUUU UUUU
ADCBUF1 | 0282 — — — — ADC Data Buffer 1 0000 uUuuU UUUU UUUU
ADCBUF2 | 0284 — — — — ADC Data Buffer 2 0000 uUuuU UUUU UUUU
ADCBUF3 | 0286 — — — — ADC Data Buffer 3 0000 uUuuU UUUU UUUU
ADCBUF4 | 0288 — — — — ADC Data Buffer 4 0000 uUuuUU UUUU UUUU
ADCBUF5 | 028A — — — — ADC Data Buffer 5 0000 uUuuUU UUUU UUUU
ADCBUF6 | 028C — — — — ADC Data Buffer 6 0000 uUuuUU UUUU UUUU
ADCBUF7 | 028E — — — — ADC Data Buffer 7 0000 uUuuUU UUUU UUUU
ADCBUF8 | 0290 — — — — ADC Data Buffer 8 0000 uUuuUU UUUU UUUU
ADCBUF9 | 0292 — — — — ADC Data Buffer 9 0000 uUuuUU UUUU UUUU
ADCBUFA | 0294 — — — — ADC Data Buffer 10 0000 uUuuUU UUUU UUUU
ADCBUFB | 0296 — — — — ADC Data Buffer 11 0000 uUuuUU UUUU UUUU
ADCBUFC| 0298 — — — — ADC Data Buffer 12 0000 uUuuUU UUUU UUUU
ADCBUFD | 029A — — — — ADC Data Buffer 13 0000 uUuuU UUUU UUUU
ADCBUFE | 029C — — — — ADC Data Buffer 14 0000 uUuuU UUUU UUUU
ADCBUFF | 029E — — — — ADC Data Buffer 15 0000 uUuuU UUUU UUUU
ADCON1 | 02A0 | ADON — ADSIDL — — — FORM<1:0> SSRC<2:0> | — | — | ASAM | SAMP DONE | 0000 0000 0000 0000
ADCON2 | 02A2 VCFG<2:0> — — CSCNA — — BUFS — SMPI<3:0> BUFM ALTS 0000 0000 0000 0000
ADCON3 | 02A4 — — — SAMC<4:0> ADRC — ADCS<5:0> 0000 0000 0000 0000
ADCHS 02A6 — — — CHONB CHOSB<3:0> — — — CHONA CHOSA<3:0> 0000 0000 0000 0000
ADPCFG | 02A8 | PCFG15 | PCFG14 |PCFG13 | PCFG12 | PCFG11 |PCFG10| PCFG9 | PCFG8 | PCFG7 | PCFG6 | PCFG5 | PCFG4 | PCFG3 | PCFG2 | PCFG1 | PCFGO | 0000 0000 0000 0000
ADCSSL | 02AA | CSSL15 | CSSL14 | CSSL13 | CSSL12 | CSSL11 |CSSL10| CSSL9 | CSSL8 | CSSL7 | CSSL6 | CSSL5 | CSSL4 | CSSL3 | CSSL2 | CSSL1 | CSSLO | 0000 0000 0000 0000
Legend: wu = uninitialized bit

Note:

Refer to “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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20.4 Watchdog Timer (WDT)

20.4.1 WATCHDOG TIMER OPERATION

The primary function of the Watchdog Timer (WDT) is
to reset the processor in the event of a software mal-
function. The WDT is a free-running timer which runs
off an on-chip RC oscillator, requiring no external com-
ponent. Therefore, the WDT timer will continue to oper-
ate even if the main processor clock (e.g., the crystal
oscillator) fails.

20.4.2 ENABLING AND DISABLING
THE WDT

The Watchdog Timer can be “enabled” or “disabled”
only through a Configuration bit (FWDTEN) in the
Configuration register, FWDT.

Setting FWDTEN = 1 enables the Watchdog Timer. The
enabling is done when programming the device. By
default, after chip erase, FWDTEN bit = 1. Any device
programmer capable of programming dsPIC30F
devices allows programming of this and other
Configuration bits.

If enabled, the WDT will increment until it overflows or
“times out”. A WDT time-out will force a device Reset
(except during Sleep). To prevent a WDT time-out, the
user must clear the Watchdog Timer using a CLRWDT
instruction.

If a WDT times out during Sleep, the device will wake-
up. The WDTO bit in the RCON register will be cleared
to indicate a wake-up resulting from a WDT time-out.

Setting FWDTEN = 0 allows user software to enable/
disable the Watchdog Timer via the SWDTEN
(RCON<5>) control bit.

20.5 Low-Voltage Detect

The Low-Voltage Detect (LVD) module is used to
detect when the VDD of the device drops below a
threshold value, VLvD, which is determined by the
LVDL<3:0> hits (RCON<11:8>) and is thus user pro-
grammable. The internal voltage reference circuitry
requires a nominal amount of time to stabilize, and the
BGST bit (RCON<13>) indicates when the voltage
reference has stabilized.

In some devices, the LVD threshold voltage may be
applied externally on the LVDIN pin.

The LVD module is enabled by setting the LVDEN bit
(RCON<12>).

20.6 Power Saving Modes

There are two power-saving states that can be entered
through the execution of a special instruction, PWRSAV.
These are Sleep and Idle.

The format of the PWRSAV instruction is as follows:

PWRSAV <parameters>, wWhere ‘parameter’ defines
Idle or Sleep mode.

20.6.1 SLEEP MODE

In Sleep mode, the clock to the CPU and peripherals is
shutdown. If an on-chip oscillator is being used, it is
shutdown.

The Fail-Safe Clock Monitor is not functional during
Sleep since there is no clock to monitor. However,
LPRC clock remains active if WDT is operational during
Sleep.

The brown-out protection circuit and the Low-Voltage
Detect circuit, if enabled, will remain functional during
Sleep.

The processor wakes up from Sleep if at least one of
the following conditions has occurred:

< any interrupt that is individually enabled and
meets the required priority level

e any Reset (POR, BOR and MCLR)
e WDT time-out

On waking up from Sleep mode, the processor will
restart the same clock that was active prior to entry into
Sleep mode. When clock switching is enabled, bits
COSC<1:0> will determine the oscillator source that
will be used on wake-up. If clock switch is disabled,
then there is only one system clock.

Note: If a POR or BOR occurred, the selection of
the oscillator is based on the FOS<1:0>

and FPR<3:0> Configuration bits.

If the clock source is an oscillator, the clock to the
device will be held off until OST times out (indicating a
stable oscillator). If PLL is used, the system clock is
held off until LOCK = 1 (indicating that the PLL is
stable). In either case, TPOR, TLOCK and TPWRT delays
are applied.

If EC, FRC, LPRC or EXTRC oscillators are used, then
a delay of TPOR (~ 10 us) is applied. This is the smallest
delay possible on wake-up from Sleep.

Moreover, if LP oscillator was active during Sleep and
LP is the oscillator used on wake-up, then the start-up
delay will be equal to TPOrR. PWRT delay and OST
timer delay are not applied. In order to have -the small-
est possible start-up delay when waking up from Sleep,
one of these faster wake-up options should be selected
before entering Sleep.
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All instructions are a single word, except for certain
double-word instructions, which were made double-
word instructions so that all the required information is
available in these 48 bits. In the second word, the
8 MSbs are ‘0’s. If this second word is executed as an
instruction (by itself), it will execute as a NOP.

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 “dsPIC30F/33F Programmer’s

Reference Manual” (DS70157)

TABLE 21-1: 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 € {W13, [W13]+=2}
bit4 4-bit bit selection field (used in word addressed instructions) € {0...15}
C,DC,N, 0V, Z MCU status bits: Carry, Digit Carry, Negative, Overflow, Sticky Zero
Expr Absolute address, label or expression (resolved by the linker)
f File register address € {0x0000...0x1FFF}
litd 1-bit unsigned literal € {0,1}
lit4 4-bit unsigned literal € {0...15}
lits 5-bit unsigned literal € {0...31}
lit8 8-bit unsigned literal € {0...255}
lit10 10-bit unsigned literal € {0...255} for Byte mode, {0:1023} for Word mode
litl4 14-bit unsigned literal € {0...16384}
lit16 16-bit unsigned literal € {0...65535}
lit23 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
Slit10 10-bit signed literal e {-512...511}
Slit16 16-bit signed literal € {-32768...32767}
Slité 6-bit signed literal € {-16...16}
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FIGURE 23-9: INPUT CAPTURE (CAPx) TIMING CHARACTERISTICS

le—IC10—= ' '=——IC1l—=! .

IC15 ————

Note: Refer to Figure 23-3 for load conditions.

TABLE 23-26: INPUT CAPTURE 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

Pzr;im Symbol Characteristic®® Min Max Units Conditions
IC10 TecL ICx Input Low Time | No Prescaler 0.5 Tcy + 20 — ns

With Prescaler 10 — ns
IC11 TecH ICx Input High Time | No Prescaler 0.5Tcy + 20 — ns

With Prescaler 10 — ns
IC15 TecP ICx Input Period (2 Tcy + 40)/N — ns |N =prescale

value (1, 4, 16)

Note 1: These parameters are characterized but not tested in manufacturing.
FIGURE 23-10: OUTPUT COMPARE MODULE (OCx) TIMING CHARACTERISTICS

OCx % : : %

(Output Compare oo Lo
or PWM Mode) OCll—», '« OCl10—»: |«

Note: Refer to Figure 23-3 for load conditions.

TABLE 23-27: OUTPUT COMPARE MODULE TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)

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

AC CHARACTERISTICS

Pilr:m Symbol Characteristic(?) Min | Typ® | Max | Units Conditions
OC10 |TccF OCx Output Fall Time — — — ns See Parameter D032
OC11 |TccR OCx Output Rise Time — — — ns See Parameter D031

Note 1. These parameters are characterized but not tested in manufacturing.
2. Datain “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
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TABLE 23-38: 12-BIT ADC MODULE SPECIFICATIONS (CONTINUED)

AC CHARACTERISTICS

Operating temperature

Standard Operating Conditions: 2.7V to 5.5V
(unless otherwise stated)

-40°C < TA < +85°C for Industrial
-40°C < TA< +125°C for Extended

Param

NoO Symbol Characteristic Min. Typ Max. Units Conditions
AD24A |EOFF Offset Error -2 -15 -1.25 LSb [VINL = AVSS = VREFL =
0V, AVDD = VREFH = 3V
AD25 |— Monotonicity®) — — — — |Guaranteed
Dynamic Performanc
AD30 |THD Total Harmonic Distortion — -71 — dB —
AD31 |SINAD Signal to Noise and — 68 — dB —
Distortion
AD32 |SFDR Spurious Free Dynamic — 83 — dB —
Range
AD33 |FNYQ Input Signal Bandwidth — — 100 kHz —
AD34 |ENOB Effective Number of Bits 10.95 111 — bits —
Note 1. These parameters are characterized but not tested in manufacturing.
2: Measurements taken with external VREF+ and VREF- used as the ADC voltage references.
3: The A/D conversion result never decreases with an increase in the input voltage, and has no missing

codes.
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PRODUCT IDENTIFICATION SYSTEM
To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.
dsPIC30F6011AT-30I/PF-ES
| [ e N [l |

| | Custom ID (3 digits) or
Engineering Sample (ES)

Trademark
Architecture
Package

Flash PF = TQFP 14x14

S = Die (Waffle Pack)
Memory Size in Bytes W = Die (Wafers)
0 = ROMless
1=1K to 6K
2=7Kto 12K
3=13K to 24K
4 = 25K to 48K Temperature
5= 49K to 96K | = Industrial -40°C to +85°C
6=097K to 192K E = Extended High Temp -40°C to +125°C
7 = 193K to 384K
8 = 385K to 768K
9 = 769K and Up gge:ego MIPS
30 = 30 MIPS

Device ID I T = Tape and Reel |

I A,B,C... = Revision Level |

Example:
dsPIC30F6011AT-301/PF = 30 MIPS, Industrial temp., TQFP package, Rev. A
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