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rather than serving as standalone computers.
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FIGURE 2-2: DSP ENGINE BLOCK DIAGRAM
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2.4.2.4 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 frac-
tional 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.

2.4.3 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 will shift the operand
right. A negative value will shift the operand left. A
value of ‘0’ will 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 pre-
sented to the barrel shifter between bit positions 16 to
31 for right shifts, and bit positions 0 to 16 for left shifts.

© 2006 Microchip Technology Inc.
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3.11 DATA ACCESS FROM PROGRAM
MEMORY USING TABLE
INSTRUCTIONS

This architecture fetches 24-bit wide program memory.
Consequently, instructions are always aligned.
However, as the architecture is modified Harvard, data
can also be present in program space.

There are two methods by which program space can
be accessed: via special table instructions, or through
the remapping of a 16K word program space page into
the upper half of data space (see Section 3.1.2 “Data
Access From Program Memory using Program
Space Visibility”). The TBLRDL and TBLWTL instruc-
tions offer a direct method of reading or writing the least
significant word of any address within program space,
without going through data space. The TBLRDH and
TBLWTH instructions are the only method whereby the
upper 8 bits of a program space word can be accessed
as data.

The PC is incremented by two for each successive
24-bit program word. This allows program memory
addresses to directly map to data space addresses.
Program memory can thus be regarded as two 16-bit
word wide address spaces, residing side by side, each
with the same address range. TBLRDL and TBLWTL
access the space which contains the least significant
data word, and TBLRDH and TBLWTH access the space
which contains the Most Significant Data Byte.

Figure 3-3 shows how the EA is created for table oper-
ations and data space accesses (PSV = 1). Here,
P<23:0> refers to a program space word, whereas
D<15:0> refers to a data space word.

A set of table instructions are provided to move byte or
word sized data to and from program space.

1.

TBLRDL: Table Read Low

Word: Read the Isw of the program address;
P<15:0> maps to D<15:0>.

Byte: Read one of the LSBs of the program
address;

P<7:0> maps to the destination byte when byte
select = 0;

P<15:8> maps to the destination byte when byte
select = 1.

TBLWTL: Table Write Low (refer to Section 6.0
“Flash Program Memory” for details on Flash
Programming)

TBLRDH: Table Read High

Word: Read the Most Significant Word of the pro-
gram address; P<23:16> maps to D<7:0>;
D<15:8> will always be = 0.

Byte: Read one of the MSBs of the program
address;

P<23:16> maps to the destination byte when
byte select = 0;

The destination byte will always be = 0 when
byte select = 1.

TBLWTH: Table Write High (refer to Section 6.0
“Flash Program Memory” for details on Flash
Programming)

FIGURE 3-4. PROGRAM DATA TABLE ACCESS (LEAST SIGNIFICANT WORD)
PC Address 23
0x000000 00000000
0x000002 00000000
0x000004 o 00000000
0x000006 00000000

Program Memory
‘Phantom’ Byte
(read as ‘0")

TBLRDL.W

TBLRDL.B (Wn<O0> = 0)

TBLRDL.B (Wn<0> = 1)

DS70117F-page 28
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TABLE 6-1:

NVM REGISTER MAP

File Name | Addr. Bit15 | Bit14 Bit13 |Bit12|Bit11 |Bit10| Bit9 |Bit8| Bit7 | Bit6 ‘ Bit 5 ‘ Bit 4 ‘ Bit 3 | Bit 2 ‘ Bit1| Bit 0 All RESETS
NVMCON 0760 WR WREN | WRERR | — — — | — |twrI| — PROGOP<6:0> 0000 0000 0000 0000
NVMADR 0762 NVMADR<15:0> uuuu uuuu uuuu uuuu
NVMADRU 0764 — — — — — — | = | = NVMADR<23:16> 0000 0000 uuuu uuuu
NVMKEY 0766 = — — = — — = — KEY<7:0> 0000 0000 0000 00O0O
Legend: wu = uninitialized bit

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

r109/€T09/CT09/TT0940EDIdSP
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8.0 I/OPORTS

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).

All of the device pins (except VbD, Vss, MCLR and
OSC1/CLKI) are shared between the peripherals and
the parallel I/O ports.

All 1/0 input ports feature Schmitt Trigger inputs for
improved noise immunity.

8.1 Parallel /0O (P1O) Ports

When a peripheral is enabled and the peripheral is
actively driving an associated pin, the use of the pin as
a general purpose output pin is disabled. The I/O pin
may be read but the output driver for the parallel port bit
will be disabled. If a peripheral is enabled but the
peripheral is not actively driving a pin, that pin may be
driven by a port.

All port pins have three registers directly associated
with the operation of the port pin. The Data Direction
register (TRISx) determines whether the pin is an input
or an output. If the data direction bitis a ‘1’, then the pin
is an input. All port pins are defined as inputs after a
Reset. Reads from the latch (LATX), read the latch.
Writes to the latch, write the latch (LATx). Reads from
the port (PORTX), read the port pins and writes to the

Any bit and its associated data and control registers
that are not valid for a particular device will be dis-
abled. That means the corresponding LATx and TRISx
registers and the port pin will read as zeros.

When a pin is shared with another peripheral or func-
tion that is defined as an input only, it is nevertheless
regarded as a dedicated port because there is no
other competing source of outputs. An example is the
INT4 pin.

The format of the registers for PORTA are shown in
Table 8-1.

The TRISA (Data Direction Control) register controls
the direction of the RA<7:0> pins, as well as the INTx
pins and the VREF pins. The LATA register supplies
data to the outputs and is readable/writable. Reading
the PORTA register yields the state of the input pins,
while writing the PORTA register modifies the contents
of the LATA register.

A parallel I/0O (P10O) port that shares a pin with a periph-
eral is, in general, subservient to the peripheral. The
peripheral’s output buffer data and control signals are
provided to a pair of multiplexers. The multiplexers
select whether the peripheral or the associated port
has ownership of the output data and control signals of
the 1/0 pad cell. Figure 8-2 shows how ports are shared
with other peripherals and the associated I/O cell (pad)
to which they are connected. Table 8-2 through
Table 8-9 show the formats of the registers for the
shared ports, PORTB through PORTG.

port pins, write the latch (LATX). Note:  The actual bits in use vary between
devices.
FIGURE 8-1: BLOCK DIAGRAM OF A DEDICATED PORT STRUCTURE
Dedicated Port Module
r—— — - - - - - — — — — 7
| |
| Read TRIS |
1/O Cell
| | === =
! TRIS Latch |1 |
| Data Bus D Q || |
| > |
WR TRIS K™
| f I |
! Data Latch 4 % |
| D Q | IO Pad |
| WR LAT + |1 |
| WRPort CK | L — — — — 4
| |
| ! ﬂ |
| Read LAT —— |
| |

Read Port j}

© 2006 Microchip Technology Inc.
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FIGURE 10-2: 16-BIT TIMER2 BLOCK DIAGRAM
PR2
V.
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FIGURE 10-3: 16-BIT TIMER3 BLOCK DIAGRAM
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n &
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© 2006 Microchip Technology Inc.
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TABLE 10-1: TIMER2/3 REGISTER MAP

SFR 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 Reset State
TMR2 0106 Timer2 Register Uuuu uuuu uuuu uuuu
TMR3HLD | 0108 Timer3 Holding Register (for 32-bit timer operations only) Uuuu uuuu uuuu uuuu
TMR3 010A Timer3 Register Uuuu uuuu uuuu uuuu
PR2 o1oC Period Register 2 1111 1111 1111 1111
PR3 010E Period Register 3 1111 1111 1111 1111
T2CON 0110 TON — TSIDL — — — — TGATE | TCKPS1 | TCKPSO T32 — TCS — 0000 0000 0000 0000
T3CON 0112 TON — TSIDL — — — — TGATE | TCKPS1 | TCKPSO — — TCS — 0000 0000 0000 0000
Legend: wu = uninitialized bit

Note:

Refer to dsPIC30F Family Reference Manual (DS70046) for descriptions of register bit fields.

r109/€T09/CT09/TT0940EDIdSP
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NOTES:
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FIGURE 14-1: SPI BLOCK DIAGRAM

Internal
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SPIXBUF SPIXBUF

Receive ﬁ @Transmlt

|E SPIXSR

SDIx bn 0 A
e

X

SDOx Shift
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Note: x =1 or 2.

FIGURE 14-2: SPI MASTER/SLAVE CONNECTION
: SPI Master : : SPI Slave :
| SDOX, _ | SDly |
I | T I
I | I I
| Serial Input Buffer I | Serial Input Buffer |
| (SPIXBUF) ! | (SPIyBUF) |
| | | |
I | I I
| | | |
| | | I
I | I I
| Shift Register SDIx | < 1 SDOy Shift Register |
| (SPIXSR) : | (SPIYSR) |
| | | |
| MSb LSh | | MSb LSb !
| | | |
| , Serial Clock | |
| SCKX; 1 SCKy |
| PROCESSOR 1 : | PROCESSOR 2 |

Note: x=1or2,y=1or 2.
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15.2  12C Module Addresses

The I[2CADD register contains the Slave mode
addresses. The register is a 10-bit register.

If the A10M bit (I2CCON<10>) is ‘0’, the address is
interpreted by the module as a 7-bit address. When an
address is received, it is compared to the 7 LSbs of the
I2CADD register.

If the A10M bit is ‘1’, the address is assumed to be a
10-bit address. When an address is received, it will be
compared with the binary value ‘11110 A9 A8’ (where
A9 and A8 are two Most Significant bits of I2CADD). If
that value matches, the next address will be compared
with the Least Significant 8 bits of I2CADD, as specified
in the 10-bit addressing protocol.

TABLE 15-1:  7-BIT I’C™ SLAVE
ADDRESSES SUPPORTED

BY DSPIC30F
0x00 General call address or Start byte
0x01-0x03 Reserved
0x04-0x07 Hs mode Master codes
0x08-0x77 Valid 7-bit addresses
0x78-0x7b Valid 10-bit addresses (lower 7
bits)
0x7c-0x7f Reserved

15.3  I2C 7-bit Slave Mode Operation

Once enabled (I2CEN = 1), the slave module will wait
for a Start bit to occur (i.e., the 12C module is ‘Idle’). Fol-
lowing the detection of a Start bit, 8 bits are shifted into
I2CRSR and the address is compared against
I2CADD. In 7-bit mode (A10M = 0), bits I2CADD<6:0>
are compared against I2CRSR<7:1> and 12CRSR<0>
is the R_W bit. All incoming bits are sampled on the
rising edge of SCL.

If an address match occurs, an Acknowledgement will
be sent, and the slave event interrupt flag (SI2CIF) is
set on the falling edge of the ninth (ACK) bit. The
address match does not affect the contents of the
I2CRCV buffer or the RBF bhit.

15.3.1 SLAVE TRANSMISSION

If the R_W bit received is a ‘1’, then the serial port will
go into Transmit mode. It will send ACK on the ninth bit
and then hold SCL to ‘0’ until the CPU responds by writ-
ing to I2CTRN. SCL is released by setting the SCLREL
bit, and 8 bits of data are shifted out. Data bits are
shifted out on the falling edge of SCL, such that SDA is
valid during SCL high. The interrupt pulse is sent on the
falling edge of the ninth clock pulse, regardless of the
status of the ACK received from the master.

15.3.2 SLAVE RECEPTION

If the R_W bit received is a ‘0’ during an address
match, then Receive mode is initiated. Incoming bits
are sampled on the rising edge of SCL. After 8 bits are
received, if I2CRCV is not full or I2COV is not set,
I2CRSR is transferred to I2CRCV. ACK is sent on the
ninth clock.

If the RBF flag is set, indicating that I2CRCV is still
holding data from a previous operation (RBF = 1), then
ACK is not sent; however, the interrupt pulse is gener-
ated. In the case of an overflow, the contents of the
I2CRSR are not loaded into the I2CRCV.

Note:  The I2CRCV will be loaded if the 12COV
bit = 1 and the RBF flag = 0. In this case,
a read of the I2CRCV was performed but
the user did not clear the state of the
I2COV bit before the next receive
occurred. The Acknowledgement is not
sent (ACK = 1) and the I2CRCV is
updated.

15.4  12C 10-bit Slave Mode Operation

In 10-bit mode, the basic receive and transmit opera-
tions are the same as in the 7-bit mode. However, the
criteria for address match is more complex.

The 12C specification dictates that a slave must be
addressed for a write operation with two address bytes
following a Start bit.

The A1OM bit is a control bit that signifies that the
address in I2CADD is a 10-bit address rather than a 7-bit
address. The address detection protocol for the first byte
of a message address is identical for 7-bit and 10-bit
messages, but the bits being compared are different.

I2CADD holds the entire 10-bit address. Upon receiv-
ing an address following a Start bit, I2CRSR <7:3> is
compared against a literal ‘11110’ (the default 10-bit
address) and I2CRSR<2:1> are compared against
I2CADD<9:8>. If a match occurs and if R_W = 0, the
interrupt pulse is sent. The ADD10 bit will be cleared to
indicate a partial address match. If a match fails or
R_W = 1, the ADD10 bit is cleared and the module
returns to the Idle state.

The low byte of the address is then received and com-
pared with I2CADD<7:0>. If an address match occurs,
the interrupt pulse is generated and the ADD10 bit is
set, indicating a complete 10-bit address match. If an
address match did not occur, the ADD10 bit is cleared
and the module returns to the Idle state.

15.4.1 10-BIT MODE SLAVE
TRANSMISSION

Once a slave is addressed in this fashion with the full
10-bit address (we will refer to this state as
“PRIOR_ADDR_MATCH"), the master can begin
sending data bytes for a slave reception operation.

© 2006 Microchip Technology Inc.
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FIGURE 16-2: UART RECEIVER BLOCK DIAGRAM
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16.3.4 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 the UTXISEL control bit:

a) If UTXISEL = 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.

16.3.5 TRANSMIT BREAK

Setting the UTXBRK bit (UxSTA<11>) will cause the
UxTX line to be driven to logic ‘0’. 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. Transmis-
sion of a break character does not generate a
transmit interrupt.

16.4 Receiving Data

16.4.1 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 16.3.1 “Trans-
mitting in 8-bit data mode”).

2. Enable the UART (see Section 16.3.1 “Trans-
mitting 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.
16.4.2 RECEIVE BUFFER (UxXRXB)

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.

16.4.3 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) IfURXISEL<1:0>=00 or 01, aninterruptis gen-
erated 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) If URXISEL<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 reg-
ister (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 opera-
tion is possible, though generally not advisable during
normal operation.

16.5 Reception Error Handling

16.5.1  RECEIVE BUFFER OVERRUN
ERROR (OERR BIT)

The OERR bit (UXxSTA<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.
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* Receive Error Interrupts:
A receive error interrupt will be indicated by the
ERRIF bit. This bit shows that an error condition
occurred. The source of the error can be deter-
mined by checking the bits in the CAN Interrupt
Status register, CiINTF.

- Invalid Message Received:

If any type of error occurred during reception of
the last message, an error will be indicated by
the IVRIF bit.

- Receiver Overrun:

The RXnOVR bit indicates that an overrun
condition occurred.

- Receiver Warning:
The RXWAR bit indicates that the receive error
counter (RERRCNT<7:0>) has reached the
warning limit of 96.

- Receiver Error Passive:

The RXEP bit indicates that the receive error
counter has exceeded the error passive limit of
127 and the module has gone into error passive
state.

17.5 Message Transmission

1751 TRANSMIT BUFFERS

The CAN module has three transmit buffers. Each of
the three buffers occupies 14 bytes of data. Eight of the
bytes are the maximum 8 bytes of the transmitted mes-
sage. Five bytes hold the standard and extended
identifiers and other message arbitration information.

17.5.2 TRANSMIT MESSAGE PRIORITY

Transmit priority is a prioritization within each node of
the pending transmittable messages. There are
4levels of transmit priority. If TXPRI<1:0>
(CiITXNCON<1:0>, where n =0, 1 or 2 represents a par-
ticular transmit buffer) for a particular message buffer is
set to ‘11’, that buffer has the highest priority. If
TXPRI<1:0> for a particular message buffer is set to
‘10’ or ‘01, that buffer has an intermediate priority. If
TXPRI<1:0> for a particular message bufferis ‘00’, that
buffer has the lowest priority.

17.5.3 TRANSMISSION SEQUENCE

To initiate transmission of the message, the TXREQ bit
(CITXNnCON<3>) must be set. The CAN bus module
resolves any timing conflicts between setting of the
TXREQ bit and the Start of Frame (SOF), ensuring that if
the priority was changed, it is resolved correctly before the
SOF occurs. When TXREQ is set, the TXABT
(CiITXnCON<6>), TXLARB (CiTXnCON<5>) and TXERR
(CITXnCON<4>) flag bhits are automatically cleared.

Setting TXREQ bit simply flags a message buffer as
enqueued for transmission. When the module detects
an available bus, it begins transmitting the message
which has been determined to have the highest priority.

If the transmission completes successfully on the first
attempt, the TXREQ bit is cleared automatically, and
an interrupt is generated if TXIE was set.

If the message transmission fails, one of the error con-
dition flags will be set, and the TXREQ bit will remain
set indicating that the message is still pending for trans-
mission. If the message encountered an error condition
during the transmission attempt, the TXERR bit will be
set, and the error condition may cause an interrupt. If
the message loses arbitration during the transmission
attempt, the TXLARB bit is set. No interrupt is
generated to signal the loss of arbitration.

1754 ABORTING MESSAGE
TRANSMISSION

The system can also abort a message by clearing the
TXREQ bit associated with each message buffer. Set-
ting the ABAT bit (CICTRL<12>) will request an abort
of all pending messages. If the message has not yet
started transmission, or if the message started but is
interrupted by loss of arbitration or an error, the abort
will be processed. The abort is indicated when the
module sets the TXABT bit and the TXnlIF flag is not
automatically set.

1755 TRANSMISSION ERRORS

The CAN module will detect the following transmission
errors:

« Acknowledge Error
e Form Error
* Bit Error

These transmission errors will not necessarily generate
an interrupt but are indicated by the transmission error
counter. However, each of these errors will cause the
transmission error counter to be incremented by one.
Once the value of the error counter exceeds the value
of 96, the ERRIF (CiINTF<5>) and the TXWAR bit
(CiINTF<10>) are set. Once the value of the error
counter exceeds the value of 96, an interrupt is
generated and the TXWAR bit in the Error Flag register
is set.
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18.3.6 SLAVE FRAME SYNC OPERATION

When the DCI module is operating as a frame sync
slave (COFSD = 1), data transfers are controlled by the
Codec device attached to the DCI module. The
COFSM control bits control how the DCI module
responds to incoming COFS signals.

In the Multi-Channel mode, a new data frame transfer
will begin one CSCK cycle after the COFS pin is sam-
pled high (see Figure 18-2). The pulse on the COFS
pin resets the frame sync generator logic.

FIGURE 18-2:

In the 12S mode, a new data word will be transferred
one CSCK cycle after a low-to-high or a high-to-low
transition is sampled on the COFS pin. A rising or fall-
ing edge on the COFS pin resets the frame sync
generator logic.

In the AC-Link mode, the tag slot and subsequent data
slots for the next frame will be transferred one CSCK
cycle after the COFS pin is sampled high.

The COFSG and WS bits must be configured to pro-
vide the proper frame length when the module is oper-
ating in the Slave mode. Once a valid frame sync pulse
has been sampled by the module on the COFS pin, an
entire data frame transfer will take place. The module
will not respond to further frame sync pulses until the
data frame transfer has completed.

FRAME SYNC TIMING, MULTI-CHANNEL MODE

COFS / \

CSDI/CSDO 4<MSB>< >< >< X X >< ><LSB>7

will be system dependent.

FIGURE 18-3: FRAME SYNC TIMING, AC-LINK START OF FRAME
S12\/S12\/S12 T: T
CSDO or CSDI >< ><bit 2 \ bit 1>< USb \ MSh{pit 14 bi?%3>< >< >< >< ><
SYNC /
FIGURE 18-4: 1S INTERFACE FRAME SYNC TIMING
S A VAVAVAVAVAVAVAVAVAVAVA
CSDI or CSDO ><MSB>< >< >< LSB MSB>< >< >< LSB><
WS
Note: A 5-bit transfer is shown here for illustration purposes. The 12s protocol does not specify word length — this
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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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20.8 Peripheral Module Disable (PMD)
Registers

The Peripheral Module Disable (PMD) registers pro-
vide a method to disable a peripheral module by stop-
ping all clock sources supplied to that module. When a
peripheral is disabled via the appropriate PMD control
bit, the peripheral is in a minimum power consumption
state. The control and status registers associated with
the peripheral will also be disabled so writes to those
registers will have no effect and read values will be
invalid.

A peripheral module will only be enabled if both the
associated bit in the PMD register is cleared and the
peripheral is supported by the specific dsPIC DSC vari-
ant. If the peripheral is present in the device, it is
enabled in the PMD register by default.

Note: If a PMD bit is set, the corresponding mod-
ule is disabled after a delay of 1 instruction
cycle. Similarly, if a PMD bit is cleared, the
corresponding module is enabled after a
delay of 1 instruction cycle (assuming the
module control registers are already
configured to enable module operation).

Note: In the dsPIC30F6011 and dsPIC30F6013
devices, the DCIMD bit is readable and
writable, and will be read as ‘1’ when set.

20.9 In-Circuit Debugger

When MPLAB® ICD2 is selected as a debugger, the in-
circuit debugging functionality is enabled. This function
allows simple debugging functions when used with
MPLAB IDE. When the device has this feature enabled,
some of the resources are not available for general
use. These resources include the first 80 bytes of Data
RAM and two I/O pins.

One of four pairs of Debug I/0 pins may be selected by
the user using configuration options in MPLAB IDE.
These pin pairs are named EMUD/EMUC, EMUD1/
EMUC1, EMUD2/EMUC2 and EMUD3/EMUCS.

In each case, the selected EMUD pin is the Emulation/
Debug Data line, and the EMUC pin is the Emulation/
Debug Clock line. These pins will interface to the
MPLAB ICD 2 module available from Microchip. The
selected pair of Debug I/0 pins is used by MPLAB
ICD 2 to send commands and receive responses, as
well as to send and receive data. To use the in-circuit
debugger function of the device, the design must imple-
ment ICSP connections to MCLR, VDD, Vss, PGC,
PGD, and the selected EMUDX/EMUCX pin pair.

This gives rise to two possibilities:

1. IfEMUD/EMUC is selected as the Debug I/O pin
pair, then only a 5-pin interface is required, as
the EMUD and EMUC pin functions are multi-
plexed with the PGD and PGC pin functions in
all dsPIC30F devices.

2. IfEMUD1/EMUC1, EMUD2/EMUC2 or EMUD3/
EMUCS3 is selected as the Debug I/O pin pair,
then a 7-pin interface is required, as the
EMUDX/EMUCX pin functions (x = 1, 2 or 3) are
not multiplexed with the PGD and PGC pin
functions.
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23.2 AC Characteristics and Timing Parameters

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

TABLE 23-13: 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

-40°C < TA < +125°C for Extended
Operating voltage VDD range as described in DC Spec Section 23.0
“Electrical Characteristics”.

AC CHARACTERISTICS

FIGURE 23-3: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS
Load Condition 1 — for all pins except OSC2 Load Condition 2 — for OSC2
VDD/2

RL Pin
T

CL

Vss
Pin — ¢t RL = 464Q
CL = 50 pF for all pins except OSC2
Vss 5 pF for OSC2 output
FIGURE 23-4: EXTERNAL CLOCK TIMING

0OSC1
| 1+—0S20—» T DR
: ;0S30 0S30 0S31 0S31
' - 0825 >
CLKO v =
— | <0540 0S41—» | =
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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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NOTES:
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