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The SA and SB bits are modified each time data
passes through the adder/subtracter but can only be
cleared by the user. When set, they indicate that the
accumulator has overflowed its maximum range (bit 31
for 32-bit saturation, or bit 39 for 40-bit saturation) and
will be saturated (if saturation is enabled). When satu-
ration is not enabled, SA and SB default to bit 39 over-
flow and thus indicate that a catastrophic overflow has
occurred. If the COVTE bit in the INTCON1 register is
set, SA and SB bits will generate an arithmetic warning
trap when saturation is disabled.

The overflow and saturation status bits can optionally
be viewed in the STATUS register (SR) as the logical
OR of OA and OB (in bit OAB) and the logical OR of SA
and SB (in bit SAB). This allows programmers to check
one bit in the STATUS register to determine if either
accumulator has overflowed, or one bit to determine if
either accumulator has saturated. This would be useful
for complex number arithmetic which typically uses
both the accumulators.

The device supports three Saturation and Overflow
modes:

» Bit 39 Overflow and Saturation:
When bit 39 overflow and saturation occurs, the
saturation logic loads the maximally positive 9.31
(Ox7FFFFFFFFF), or maximally negative 9.31
value (0x8000000000) into the target accumulator.
The SA or SB bit is set and remains set until
cleared by the user. This is referred to as ‘super
saturation’ and provides protection against errone-
ous data, or unexpected algorithm problems (e.g.,
gain calculations).

» Bit 31 Overflow and Saturation:
When bit 31 overflow and saturation occurs, the
saturation logic then loads the maximally positive
1.31 value (0x007FFFFFFF), or maximally nega-
tive 1.31 value (0x0080000000) into the target
accumulator. The SA or SB bit is set and remains
set until cleared by the user. When this Saturation
mode is in effect, the guard bits are not used (so
the OA, OB or OAB bits are never set).

« Bit 39 Catastrophic Overflow:
The bit 39 overflow Status bit from the adder is
used to set the SA or SB bit which remain set until
cleared by the user. No saturation operation is
performed and the accumulator is allowed to
overflow (destroying its sign). If the COVTE bit in
the INTCONT1 register is set, a catastrophic over-
flow can initiate a trap exception.

2.4.2.2 Accumulator ‘Write Back’

The MAC class of instructions (with the exception of
MPY, MPY.N, ED and EDAC) can optionally write a
rounded version of the high word (bits 31 through 16)
of the accumulator that is not targeted by the instruction
into data space memory. The write is performed across
the X bus into combined X and Y address space. The
following Addressing modes are supported:

* W13, Register Direct:
The rounded contents of the non-target
accumulator are written into W13 as a 1.15
fraction.

* [W13]+=2, Register Indirect with Post-Increment:
The rounded contents of the non-target accumu-
lator are written into the address pointed to by
W13 as a 1.15 fraction. W13 is then incremented
by 2 (for a word write).

2423 Round Logic

The round logic is a combinational block which per-
forms a conventional (biased) or convergent (unbi-
ased) round function during an accumulator write
(store). The Round mode is determined by the state of
the RND bit in the CORCON register. It generates a 16-
bit, 1.15 data value which is passed to the data space
write saturation logic. If rounding is not indicated by the
instruction, a truncated 1.15 data value is stored and
the least significant word (Isw) is simply discarded.

Conventional rounding takes bit 15 of the accumulator,
zero-extends it and adds it to the ACCxH word (bits 16
through 31 of the accumulator). If the ACCxL word
(bits 0 through 15 of the accumulator) is between
0x8000 and OxFFFF (0x8000 included), ACCxH is
incremented. If ACCxL is between 0x0000 and Ox7FFF,
ACCxH is left unchanged. A consequence of this algo-
rithm is that over a succession of random rounding
operations, the value will tend to be biased slightly
positive.

Convergent (or unbiased) rounding operates in the
same manner as conventional rounding, except when
ACCxL equals 0x8000. If this is the case, the LSb
(bit 16 of the accumulator) of ACCxH is examined. If it
is ‘1’, ACCxH is incremented. If it is ‘0’, ACCxH is not
modified. Assuming that bit 16 is effectively random in
nature, this scheme will remove any rounding bias that
may accumulate.

The sac and SAC.R instructions store either a trun-
cated (SAC) or rounded (SAC. R) version of the contents
of the target accumulator to data memory via the X bus
(subject to data saturation, see Section 2.4.2.4 “Data
Space Write Saturation”). Note that for the MAC class
of instructions, the accumulator write back operation
will function in the same manner, addressing combined
MCU (X and Y) data space though the X bus. For this
class of instructions, the data is always subject to
rounding.
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4.4 Interrupt Sequence

All interrupt event flags are sampled in the beginning of
each instruction cycle by the IFSx registers. A pending
interrupt request (IRQ) is indicated by the flag bit being
equal to a ‘1’ in an IFSx register. The IRQ will cause an
interrupt to occur if the corresponding bit in the Interrupt
Enable (IECXx) register is set. For the remainder of the
instruction cycle, the priorities of all pending interrupt
requests are evaluated.

If there is a pending IRQ with a priority level greater
than the current processor priority level in the IPL bits,
the processor will be interrupted.

The processor then stacks the current program counter
and the low byte of the processor STATUS register
(SRL), as shown in Figure 4-2. The low byte of the
STATUS register contains the processor priority level at
the time prior to the beginning of the interrupt cycle.
The processor then loads the priority level for this inter-
rupt into the STATUS register. This action will disable
all lower priority interrupts until the completion of the
Interrupt Service Routine.

FIGURE 4-2: INTERRUPT STACK
FRAME
0x0000 15 0
PC<15:0> ~<«— W15 (before CALL)

SRL] IPL3| PC<22:16>
<Free Word>

<«— W15 (after CALL)

Stack Grows Towards
Higher Address

-
-

POP : [--W15]
PUSH: [W15++]

Note 1: The user can always lower the priority
level by writing a new value into SR. The
Interrupt Service Routine must clear the
interrupt flag bits in the IFSx register
before lowering the processor interrupt
priority, in order to avoid recursive
interrupts.

2: The IPL3 bit (CORCON<3>) is always
clear when interrupts are being pro-
cessed. It is set only during execution of
traps.

The RETFIE (return from interrupt) instruction will
unstack the program counter and STATUS registers to
return the processor to its state prior to the interrupt
sequence.

4.5 Alternate Vector Table

In program memory, the Interrupt Vector Table (IVT) is
followed by the Alternate Interrupt Vector Table (AIVT),
as shown in Figure 4-1. Access to the alternate vector
table is provided by the ALTIVT bit in the INTCON2 reg-
ister. If the ALTIVT bit is set, all interrupt and exception
processes will use the alternate vectors instead of the
default vectors. The alternate vectors are organized in
the same manner as the default vectors. The AIVT sup-
ports emulation and debugging efforts by providing a
means to switch between an application and a support
environment without requiring the interrupt vectors to
be reprogrammed. This feature also enables switching
between applications for evaluation of different
software algorithms at run time.

If the AIVT is not required, the program memory allo-
cated to the AIVT may be used for other purposes.
AIVT is not a protected section and may be freely
programmed by the user.

4.6 Fast Context Saving

A context saving option is available using shadow reg-
isters. Shadow registers are provided for the DC, N,
QV, Z and C bits in SR, and the registers WO through
W3. The shadows are only one level deep. The shadow
registers are accessible using the PUSH. S and POP. S
instructions only.

When the processor vectors to an interrupt, the
PUSH. S instruction can be used to store the current
value of the aforementioned registers into their
respective shadow registers.

If an ISR of a certain priority uses the PUSH.S and
POP.S instructions for fast context saving, then a
higher priority ISR should not include the same instruc-
tions. Users must save the key registers in software
during a lower priority interrupt if the higher priority ISR
uses fast context saving.

4.7 External Interrupt Requests

The interrupt controller supports up to five external
interrupt request signals, INTO-INT4. These inputs are
edge sensitive; they require a low-to-high or a high-to-
low transition to generate an interrupt request. The
INTCONZ2 register has five bits, INTOEP-INT4EP, that
select the polarity of the edge detection circuitry.

4.8 Wake-up from Sleep and Idle

The interrupt controller may be used to wake-up the
processor from either Sleep or Idle modes, if Sleep or
Idle mode is active when the interrupt is generated.

If an enabled interrupt request of sufficient priority is
received by the interrupt controller, then the standard
interrupt request is presented to the processor. At the
same time, the processor will wake-up from Sleep or
Idle and begin execution of the Interrupt Service
Routine (ISR) needed to process the interrupt request.

© 2011 Microchip Technology Inc.
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5.1.3 MOVE AND ACCUMULATOR
INSTRUCTIONS

Move instructions and the DSP accumulator class of
instructions provide a greater degree of addressing
flexibility than other instructions. In addition to the
addressing modes supported by most MCU instruc-
tions, move and accumulator instructions also support
Register Indirect with Register Offset Addressing
mode, also referred to as Register Indexed mode.

Note: For the MOV instructions, the addressing
mode specified in the instruction can differ
for the source and destination EA.
However, the 4-bit Wb (register offset)
field is shared between both source and
destination (but typically only used by

one).

In summary, the following addressing modes are
supported by move and accumulator instructions:

* Register Direct

* Register Indirect

* Register Indirect Post-modified

» Register Indirect Pre-modified

» Register Indirect with Register Offset (Indexed)

* Register Indirect with Literal Offset

« 8-bit Literal

« 16-bit Literal

Note: Not all instructions support all the
addressing modes given above. Individual
instructions may support different subsets
of these addressing modes.

5.1.4 MAC INSTRUCTIONS

The dual source operand DSP instructions (CLR, ED,
EDAC, MAC, MPY, MPY.N, MOVSAC and MSC), also
referred to as MAC instructions, utilize a simplified set of
addressing modes to allow the user to effectively
manipulate the data pointers through register indirect
tables.

The 2 source operand prefetch registers must be a
member of the set {W8, W9, W10, W11}. For data
reads, W8 and W9 will always be directed to the X
RAGU and W10 and W11 will always be directed to the
Y AGU. The effective addresses generated (before and
after modification) must, therefore, be valid addresses
within X data space for W8 and W9 and Y data space
for W10 and W11.

Note: Register indirect with register offset
addressing is only available for W9 (in X

space) and W11 (in Y space).

In summary, the following addressing modes are
supported by the MAC class of instructions:

* Register Indirect

» Register Indirect Post-Modified by 2

» Register Indirect Post-Modified by 4

» Register Indirect Post-Modified by 6

» Register Indirect with Register Offset (Indexed)

5.1.5 OTHER INSTRUCTIONS

Besides the various addressing modes outlined above,
some instructions use literal constants of various sizes.
For example, BRA (branch) instructions use 16-bit
signed literals to specify the branch destination directly,
whereas the DIST instruction uses a 14-bit unsigned
literal field. In some instructions, such as ADD Acc, the
source of an operand or result is implied by the opcode
itself. Certain operations, such as NOP, do not have any
operands.

5.2 Modulo Addressing

Modulo addressing is a method of providing an auto-
mated means to support circular data buffers using
hardware. The objective is to remove the need for soft-
ware to perform data address boundary checks when
executing tightly looped code, as is typical in many
DSP algorithms.

Modulo addressing can operate in either data or pro-
gram space (since the data pointer mechanism is
essentially the same for both). One circular buffer can
be supported in each of the X (which also provides the
pointers into program space) and Y data spaces. Mod-
ulo addressing can operate on any W register pointer.
However, it is not advisable to use W14 or W15 for mod-
ulo addressing since these two registers are used as
the Stack Frame Pointer and Stack Pointer,
respectively.

In general, any particular circular buffer can only be
configured to operate in one direction, as there are cer-
tain restrictions on the buffer start address (for incre-
menting buffers), or end address (for decrementing
buffers) based upon the direction of the buffer.

The only exception to the usage restrictions is for buf-
fers that have a power-of-2 length. As these buffers
satisfy the start and end address criteria, they may
operate in a Bidirectional mode (i.e., address boundary
checks are performed on both the lower and upper
address boundaries).

DS70116J-page 42
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6.6

A complete programming sequence is necessary for
programming or erasing the internal Flash in RTSP
mode. A programming operation is nominally 2 msec in
duration and the processor stalls (waits) until the oper-
ation is finished. Setting the WR bit (NVMCON<15>)
starts the operation, and the WR bit is automatically
cleared when the operation is finished.

Programming Operations

6.6.1 PROGRAMMING ALGORITHM FOR

PROGRAM FLASH

The user can erase or program one row of program
Flash memory at a time. The general process is:

1. Read one row of program Flash (32 instruction
words) and store into data RAM as a data
“‘image”.

2. Update the data image with the desired new
data.

3. Erase program Flash row.

a) Set up NVMCON register for multi-word,
program Flash, erase and set WREN bit.
b) Write address of row to be erased into

NVMADRU/NVMDR.
c) Write 0x55 to NVMKEY.
Write 0xAA to NVMKEY.
e) Setthe WR bit. This will begin erase cycle.
f)  CPU will stall for the duration of the erase

4. Write 32 instruction words of data from data
RAM ‘“image” into the program Flash write

latches.

5. Program 32 instruction words into program
Flash.
a) Set up NVMCON register for multi-word,

program Flash, program, and set WREN
bit.

b) Write 0x55 to NVMKEY.

c) Write 0xAA to NVMKEY.

d) Set the WR bit. This will begin program
cycle.

e) CPU will stall for duration of the program
cycle.

f)  The WR bit is cleared by the hardware
when program cycle ends.
6. Repeat steps 1 through 5 as needed to program
desired amount of program Flash memory.

6.6.2 ERASING A ROW OF PROGRAM

MEMORY

Example 6-1 shows a code sequence that can be used
to erase a row (32 instructions) of program memory.

Initialize PM Page Boundary SFR
Intialize in-page EA[15:0]
Initialize NVMADR SFR

Block all interrupts with priority <7 for

pointer

Start the erase sequence
Insert two NOPs after the erase

cycle.
g) The WR bit is cleared when erase cycle
ends.
EXAMPLE 6-1: ERASING A ROW OF PROGRAM MEMORY

; Setup NVMCON for erase operation, multi word write

; program memory selected, and writes enabled
MOV #0x4041,W0 ;
MOV WO'NVMCON ; Init NVMCON SFR

; Init pointer to row to be ERASED
MOV #tblpage (PROG_ADDR) , WO ;
MOV WO,NVMADRU ;
MOV #tbloffset(PROGiADDR),WO ;
MOV W0, NVMADR ;
DISIT #5 ;

; next 5 instructions

MOV #0x55, W0
MOV WO NVMKEY ; Write the 0x55 key
MOV #0xAA, W1 ;
MOV W1l NVMKEY ; Write the OxAA key
BSET NVMCON, #WR ;
NOP ;
NOP ; command is asserted

© 2011 Microchip Technology Inc.
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13.1 Timer2 and Timer3 Selection Mode

Each output compare channel can select between one
of two 16-bit timers, Timer2 or Timer3.

The selection of the timers is controlled by the OCTSEL
bit (OCxCON<3>). Timer2 is the default timer resource
for the output compare module.

13.2 Simple Output Compare Match
Mode

When control bits OCM<2:0> (OCxCON<2:0>) = 001,
010 or 011, the selected output compare channel is
configured for one of three simple Output Compare
Match modes:

» Compare forces 1/O pin low

» Compare forces 1/O pin high

» Compare toggles 1/O pin

The OCXxR register is used in these modes. The OCxR
register is loaded with a value and is compared to the
selected incrementing timer count. When a compare
occurs, one of these Compare Match modes occurs. If
the counter resets to zero before reaching the value in
OCXxR, the state of the OCx pin remains unchanged.

13.3 Dual Output Compare Match Mode

When control bits OCM<2:0> (OCxCON<2:0>) = 100
or 101, the selected output compare channel is config-
ured for one of two Dual Output Compare modes,
which are:

» Single Output Pulse mode

» Continuous Output Pulse mode

13.3.1 SINGLE PULSE MODE

For the user to configure the module for the generation
of a single output pulse, the following steps are
required (assuming timer is off):

1. Determine instruction cycle time Tcy.

2. Calculate desired pulse width value based on
Tey.

3. Calculate time to start pulse from timer start
value of 0x0000.

4. Write pulse width start and stop times into OCxR
and OCxRS Compare registers (x denotes
channel 1, 2,...,N).

5. Set Timer Period register to value equal to, or
greater than value in OCxRS Compare register.

6. Set OCM<2:0>=100.

7. Enable timer, TON (TxXCON<15>) = 1.

To initiate another single pulse, issue another write to
set OCM<2:0>=100.

13.3.2 CONTINUOUS PULSE MODE

For the user to configure the module for the generation
of a continuous stream of output pulses, the following
steps are required:

1. Determine instruction cycle time Tcy.
2. Calculate desired pulse value based on TcY.

3. Calculate timer to start pulse width from timer
start value of 0x0000.

4. Write pulse width start and stop times into OCxR
and OCxRS (x denotes channel 1, 2,..., N)
Compare registers, respectively.

5. Set Timer Period register to value equal to, or
greater than value in OCxRS Compare register.

6. SetOCM<2:0>=101.
7. Enable timer, TON (TxCON<15>) = 1.

13.4 Simple PWM Mode

When control bits OCM<2:0> (OCxCON<2:0>) = 110
or 111, the selected output compare channel is config-
ured for the PWM mode of operation. When configured
for the PWM mode of operation, OCxR is the main latch
(read-only) and OCxRS is the secondary latch. This
enables glitchless PWM transitions.

The user must perform the following steps in order to
configure the output compare module for PWM
operation:

1. Setthe PWM period by writing to the appropriate
period register.

2. Setthe PWM duty cycle by writing to the OCxRS
register.

3. Configure the output compare module for PWM
operation.

4. Set the TMRx prescale value and enable the
Timer, TON (TXCON<15>) = 1.

13.4.1 INPUT PIN FAULT PROTECTION
FOR PWM

When control bits OCM<2:0> (OCxCON<2:0>) = 111,
the selected output compare channel is again
configured for the PWM mode of operation with the
additional feature of input Fault protection. While in this
mode, if a logic ‘0’ is detected on the OCFA/B pin, the
respective PWM output pin is placed in the high
impedance input state. The OCFLT bit (OCxCON<4>)
indicates whether a Fault condition has occurred. This
state will be maintained until both of the following
events have occurred:

* The external Fault condition has been removed

* The PWM mode has been reenabled by writing to
the appropriate control bits

DS70116J-page 82
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NOTES:
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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.

15.4.2 10-BIT MODE SLAVE RECEPTION

Once addressed, the master can generate a Repeated
Start, Reset the high byte of the address and set the
R_W bit without generating a Stop bit, thus initiating a
slave transmit operation.

15.5 Automatic Clock Stretch

In the Slave modes, the module can synchronize buffer
reads and write to the master device by clock stretching.

15.5.1 TRANSMIT CLOCK STRETCHING

Both 10-bit and 7-bit Transmit modes implement clock
stretching by asserting the SCLREL bit after the falling
edge of the ninth clock, if the TBF bit is cleared,
indicating the buffer is empty.

In Slave Transmit modes, clock stretching is always
performed irrespective of the STREN bit.

Clock synchronization takes place following the ninth
clock of the transmit sequence. If the device samples
an ACK on the falling edge of the ninth clock and if the
TBF bit is still clear, then the SCLREL bit is automati-
cally cleared. The SCLREL being cleared to ‘0’ will
assert the SCL line low. The user’s ISR must set the
SCLREL bit before transmission is allowed to continue.
By holding the SCL line low, the user has time to ser-
vice the ISR and load the contents of the I2CTRN
before the master device can initiate another transmit
sequence.

Note 1: If the user loads the contents of I2CTRN,
setting the TBF bit before the falling edge
of the ninth clock, the SCLREL bit will not
be cleared and clock stretching will not
occur.

2: The SCLREL bit can be set in software,
regardless of the state of the TBF bit.

15.5.2 RECEIVE CLOCK STRETCHING

The STREN bit in the I2CCON register can be used to
enable clock stretching in Slave Receive mode. When
the STREN bit is set, the SCL pin will be held low at the
end of each data receive sequence.

15.5.3 CLOCK STRETCHING DURING
7-BIT ADDRESSING (STREN =1)

When the STREN bit is set in Slave Receive mode, the
SCL line is held low when the buffer register is full. The
method for stretching the SCL output is the same for
both 7 and 10-bit Addressing modes.

Clock stretching takes place following the ninth clock of
the receive sequence. On the falling edge of the ninth
clock at the end of the ACK sequence, if the RBF bit is
set, the SCLREL bit is automatically cleared, forcing
the SCL output to be held low. The user’s ISR must set
the SCLREL bit before reception is allowed to continue.
By holding the SCL line low, the user has time to ser-
vice the ISR and read the contents of the 2CRCV
before the master device can initiate another receive
sequence. This will prevent buffer overruns from
occurring.

Note 1: If the user reads the contents of the
I2CRCV, clearing the RBF bit before the
faling edge of the ninth clock, the
SCLREL bit will not be cleared and clock
stretching will not occur.

2: The SCLREL bit can be set in software
regardless of the state of the RBF bit. The
user should be careful to clear the RBF
bit in the ISR before the next receive
sequence in order to prevent an overflow
condition.

15.5.4 CLOCK STRETCHING DURING
10-BIT ADDRESSING (STREN = 1)

Clock stretching takes place automatically during the
addressing sequence. Because this module has a
register for the entire address, it is not necessary for
the protocol to wait for the address to be updated.

After the address phase is complete, clock stretching
will occur on each data receive or transmit sequence as
was described earlier.

15.6 Software Controlled Clock
Stretching (STREN = 1)

When the STREN bit is ‘1’, the SCLREL bit may be
cleared by software to allow software to control the
clock stretching. The logic will synchronize writes to the
SCLREL bit with the SCL clock. Clearing the SCLREL
bit will not assert the SCL output until the module
detects a falling edge on the SCL output and SCL is
sampled low. If the SCLREL bit is cleared by the user
while the SCL line has been sampled low, the SCL out-
put will be asserted (held low). The SCL output will
remain low until the SCLREL bit is set, and all other
devices on the 1°C bus have de-asserted SCL. This
ensures that a write to the SCLREL bit will not violate
the minimum high time requirement for SCL.

If the STREN bit is ‘0’, a software write to the SCLREL
bit will be disregarded and have no effect on the
SCLREL bit.

DS70116J-page 94
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18.0 DATA CONVERTER
INTERFACE (DCI) 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).

18.1 Module Introduction

The dsPIC30F Data Converter Interface (DCI) module
allows simple interfacing of devices, such as audio
coder/decoders (codecs), A/D converters and D/A
converters. The following interfaces are supported:

» Framed Synchronous Serial Transfer (Single or
Multi-Channel)

« Inter-IC Sound (12S) Interface
* AC-Link Compliant mode

The DCI module provides the following general
features:

* Programmable word size up to 16 bits

» Support for up to 16 time slots, for a maximum
frame size of 256 bits

» Data buffering for up to 4 samples without CPU
overhead

18.2 Module I/O Pins

There are four 1/0O pins associated with the module.
When enabled, the module controls the data direction
of each of the four pins.

18.2.1 CSCKPIN

The CSCK pin provides the serial clock for the DCI
module. The CSCK pin may be configured as an input
or output using the CSCKD control bit in the DCICON2
SFR. When configured as an output, the serial clock is
provided by the dsPIC30F. When configured as an
input, the serial clock must be provided by an external
device.

18.2.2 CSDO PIN

The serial data output (CSDO) pin is configured as an
output only pin when the module is enabled. The
CSDO pin drives the serial bus whenever data is to be
transmitted. The CSDO pin is tri-stated or driven to ‘0’
during CSCK periods when data is not transmitted,
depending on the state of the CSDOM control bit. This
allows other devices to place data on the serial bus
during transmission periods not used by the DCI
module.

18.2.3 CSDI PIN

The serial data input (CSDI) pin is configured as an
input only pin when the module is enabled.

18.2.3.1 COFS PIN

The codec frame synchronization (COFS) pin is used
to synchronize data transfers that occur on the CSDO
and CSDI pins. The COFS pin may be configured as an
input or an output. The data direction for the COFS pin
is determined by the COFSD control bit in the
DCICONT1 register.

The DCI module accesses the shadow registers while
the CPU is in the process of accessing the memory
mapped buffer registers.

18.2.4 BUFFER DATA ALIGNMENT

Data values are always stored left justified in the buf-
fers since most codec data is represented as a signed
2’'s complement fractional number. If the received word
length is less than 16 bits, the unused LSbs in the
receive buffer registers are set to ‘0’ by the module. If
the transmitted word length is less than 16 bits, the
unused LSbs in the transmit buffer register are ignored
by the module. The word length setup is described in
subsequent sections of this document.

18.2.5 TRANSMIT/RECEIVE SHIFT
REGISTER

The DCI module has a 16-bit shift register for shifting
serial data in and out of the module. Data is shifted in/
out of the shift register MSb first, since audio PCM data
is transmitted in signed 2’s complement format.

18.2.6 DCI BUFFER CONTROL

The DCI module contains a buffer control unit for trans-
ferring data between the shadow buffer memory and
the serial shift register. The buffer control unit is a sim-
ple 2-bit address counter that points to word locations
in the shadow buffer memory. For the receive memory
space (high address portion of DCI buffer memory), the
address counter is concatenated with a ‘0’ in the MSb
location to form a 3-bit address. For the transmit mem-
ory space (high portion of DCI buffer memory), the
address counter is concatenated with a ‘1’ in the MSb
location.

Note: The DCI buffer control unit always
accesses the same relative location in the
transmit and receive buffers, so only one
address counter is provided.
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20.0 SYSTEM INTEGRATION

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 Pro-
grammer’s Reference Manual”

(DS70157).

Several system integration features maximize system
reliability, minimize cost through elimination of external
components, provide Power-Saving Operating modes
and offer code protection:
» Oscillator Selection
* Reset
- Power-on Reset (POR)
- Power-up Timer (PWRT)
Oscillator Start-up Timer (OST)
- Programmable Brown-out Reset (BOR)
» Watchdog Timer (WDT)
» Low-Voltage Detect
» Power-Saving Modes (Sleep and Idle)
» Code Protection
» Unit ID Locations
* In-Circuit Serial Programming (ICSP)

dsPIC30F devices have a Watchdog Timer that is per-
manently enabled via the Configuration bits or can be
software controlled. It runs off its own RC oscillator for
added reliability. There are two timers that offer
necessary delays on power-up. One is the Oscillator
Start-up Timer (OST), intended to keep the chip in
Reset until the crystal oscillator is stable. The other is
the Power-up Timer (PWRT), which provides a delay
on power-up only to keep the part in Reset while the
power supply stabilizes. With these two timers on chip,
most applications need no external Reset circuitry.

Sleep mode is designed to offer a very low-current
Power-down mode. The user application can wake-up
from Sleep through external Reset, Watchdog Timer
Wake-up, or through an interrupt. Several oscillator
options are also made available to allow the part to fit a
wide variety of applications. In Idle mode, the clock
sources are still active but the CPU is shut-off. The RC
oscillator option saves system cost while the LP crystal
option saves power.

20.1 Oscillator System Overview

The dsPIC30F oscillator system has the following
features:

» Various external and internal oscillator options as
clock sources

* An on-chip PLL to boost internal operating
frequency

* A clock switching mechanism between various
clock sources

» Programmable clock postscaler for system power
savings

» A Fail-Safe Clock Monitor (FSCM) that detects
clock failure and takes fail-safe measures

» Oscillator Control register (OSCCON)
» Configuration bits for main oscillator selection

Configuration bits determine the clock source upon
Power-on Reset (POR) and Brown-out Reset (BOR).
Thereafter, the clock source can be changed between
permissible clock sources. The OSCCON register con-
trols the clock switching and reflects system clock
related status bits.

Table 20-1 provides a summary of the dsPIC30F Oscil-
lator operating modes. A simplified diagram of the
oscillator system is shown in Figure 20-1.
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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> bits (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 ref-
erence 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 <parameter>, where ‘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

* Any Reset (POR, BOR and MCLR)
« AWDT 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 untii 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 TPOR. 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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TABLE 21-2: INSTRUCTION SET OVERVIEW (CONTINUED)

ﬁ%st(: G;ann;?lli‘:: Assembly Syntax Description V\z) ?;s Ciél,cfes St?#:c':;gs
9 BTG BTG f,#bit4 Bit Toggle f 1 1 None
BTG Ws, #bit4 Bit Toggle Ws 1 1 None
10 BTSC BTSC f,#bit4 Bit Test f, Skip if Clear 1 1 None
(2 0r3)
BTSC Ws, #bit4 Bit Test Ws, Skip if Clear 1 1 None
(20r3)
1 BTSS BTSS f #bit4 Bit Test f, Skip if Set 1 1 None
(20r3)
BTSS Ws, #bit4 Bit Test Ws, Skip if Set 1 1 None
(2 0r3)
12 BTST BTST f,#bit4 Bit Test f 1 1 z
BTST.C  Ws,#bit4 Bit Test Ws to C 1 1 C
BTST.Z  Ws,#bit4 Bit Test Ws to Z 1 1 z
BTST.C  Ws,Wb Bit Test Ws<Wb> to C 1 1 C
BTST.Z  Ws,Wb Bit Test Ws<Wb> to Z 1 1 z
13 BTSTS BTSTS f #bit4 Bit Test then Set f 1 1 z
BTSTS.C Ws,#bit4 Bit Test Ws to C, then Set 1 1 C
BTSTS.Z Ws,#bit4 Bit Test Ws to Z, then Set 1 1 4
14 CALL CALL lit23 Call subroutine 2 2 None
CALL Wn Call indirect subroutine 1 2 None
15 CLR CLR f f = 0x0000 1 1 None
CLR WREG WREG = 0x0000 1 1 None
CLR Ws Ws = 0x0000 1 1 None
CLR Acc,Wx,Wxd,Wy,Wyd,AWB Clear Accumulator 1 1 OA,OB,SA,SB
16 CLRWDT CLRWDT Clear Watchdog Timer 1 1 WDTO,Sleep
17 COM COM f f=f 1 1 N,z
COM f WREG WREG = f 1 1 N,z
COM Ws,Wd Wd = Ws 1 1 N,z
18 CP CP f Compare f with WREG 1 1 C,DC,N,0V,Z
CP Wb #lits Compare Wb with [it5 1 1 C,DC,N,0v,Z
CP Wb,Ws Compare Wb with Ws (Wb - Ws) 1 1 C,DC,N,0V,Z
19 CPO CPO f Compare f with 0x0000 1 1 C,DC,N,0V,Z
CPO Ws Compare Ws with 0x0000 1 1 C,DC,N,0V,Z
20 CPB CPB f Compare f with WREG, with Borrow 1 1 C,DC,N,0V,Z
CPB Wb, #lit5 Compare Wb with lit5, with Borrow 1 1 C,DC,N,0V,Z
CPB Wb,Ws Compare Wb with Ws, with Borrow 1 1 C,DC,N,0V,Z
(Wb - Ws - C)
21 CPSEQ CPSEQ Wb, Wn Compare Wb with Wn, skip if = 1 1 None
(20r3)
22 CPSGT CPSGT Wb, Wn Compare Wb with Wn, skip if > 1 1 None
(2 0r3)
23 CPSLT CPSLT Wb, Wn Compare Wb with Wn, skip if < 1 1 None
(20r3)
24 CPSNE CPSNE Wb, Wn Compare Wb with Wn, skip if # 1 1 None
(20r3)
25 DAW DAW Wn Whn = decimal adjust Wn 1 1 C
26 DEC DEC f f=f-1 1 1 C,DC,N,0V,Z
DEC f,WREG WREG = f -1 1 1 C,DC,N,0V,Z
DEC Ws,Wd Wd =Ws -1 1 1 C,DC,N,0V,Z2
27 DEC2 DEC2 f f=f-2 1 1 C,DC,N,0V,Z
DEC2 fWREG WREG = f -2 1 1 C,DC,N,0V,Z
DEC2 Ws,Wd Wd=Ws -2 1 1 C,DC,N,0Vv,Z
28 DISI DISI #lit14 Disable Interrupts for k instruction cycles 1 1 None
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TABLE 23-4: DC TEMPERATURE AND VOLTAGE SPECIFICATIONS

DC CHARACTERISTICS

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

Pi{:m Symbol Characteristic Min | Typ(" | Max | Units Conditions
Operating Voltage(?
DC10 |VDD Supply Voltage 25 — 5.5 V | Industrial temperature
DCM1 VDD Supply Voltage 3.0 — 55 V | Extended temperature
DC12 |VDR RAM Data Retention Voltage®) | 1.75 — — v
DC16 |VPOR VDD Start Voltage — Vss — \%
to ensure internal
Power-on Reset signal
DC17 |SvbD VDD Rise Rate 0.05 — — | VIms |0-5Vin 0.1 sec
to ensure internal 0-3Vin 60 ms
Power-on Reset signal
Note 1: Datain “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
2: These parameters are characterized but not tested in manufacturing.
3: This is the limit to which VDD can be lowered without losing RAM data.

TABLE 23-5: DC CHARACTERISTICS: OPERATING CURRENT (IDD)

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C <TA <+85°C for Industrial
-40°C <TA <+125°C for Extended
Par:r(r:eter TypicaI“) Max Units Conditions
Operating Current (Ipp)(?
DC30a 7.3 11 mA 25°C
DC30b 7.5 1.2 mA 85°C 3.3V
DC30c 7.6 1.4 mA 125°C
FRC (~2 MIPS)
DC30e 12.9 19.2 mA 25°C
DC30f 12.8 19.1 mA 85°C 5V
DC30g 12.8 19.1 mA 125°C
DC31a 1.9 2.8 mA 25°C
DC31b 2.0 3 mA 85°C 3.3V
DC31c 2.0 3 mA 125°C
LPRC (~512 kHz)
DC31e 4.1 6.1 mA 25°C
DC31f 4.0 6 mA 85°C 5V
DC31g 3.8 5.7 mA 125°C
Note 1: Data in “Typical”’ column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/O

pin loading and switching rate, oscillator type, internal code execution pattern and temperature also have
an impact on the current consumption. The test conditions for all IDD measurements are as follows: OSC1
driven with external square wave from rail to rail. All I/O pins are configured as Inputs and pulled to VDD.
MCLR = VbbD, WDT, FSCM, LVD and BOR are disabled. CPU, SRAM, Program Memory and Data Memory
are operational. No peripheral modules are operating.
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TABLE 23-17: INTERNAL CLOCK TIMING EXAMPLES
Clock Fosc Tey mips() mips() mips(®) mips(®)
Oscillator Mode (MHz)(M (usec)® wlo PLL wPLLx4 | wPLLx8 | wPLLx16
EC 0.200 20.0 0.05 — — —
4 1.0 1.0 4.0 8.0 16.0
10 0.4 2.5 10.0 20.0 —
25 0.16 6.25 — — —
XT 4 1.0 1.0 4.0 8.0 16.0
10 0.4 2.5 10.0 20.0 —
Note 1: Assumption: Oscillator Postscaler is divide by 1.
2: Instruction Execution Cycle Time: Tcy = 1/ MIPS.
3: Instruction Execution Frequency: MIPS = (Fosc * PLLx) / 4 [since there are 4 Q clocks per instruction cycle].

TABLE 23-18: AC CHARACTERISTICS: INTERNAL FRC ACCURACY

AC CHARACTERISTICS

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

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature

Param

No Characteristic Min Typ Max | Units Conditions
Internal FRC Accuracy @ FRC Freq. = 7.37 MHz(")
0S63 |FRC — — +2.00 % -40°C <Ta <+85°C VDD = 3.0-5.5V
— — +5.00 % -40°C <Ta <+125°C VDD = 3.0-5.5V
Note 1: Overall FRC variation can be calculated by adding the absolute values of jitter, accuracy and drift

percentages.

TABLE 23-19: AC CHARACTERISTICS: INTERNAL LPRC ACCURACY

AC CHARACTERISTICS

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

P:{:m Characteristic Min Typ Max Units Conditions
LPRC @ Freq. = 512 kHz(")

OS65A -50 — +50 % VDD = 5.0V, £10%

0S65B -60 — +60 % VDD = 3.3V, £10%

0S65C -70 — +70 % VDD = 2.5V

Note 1: Change of LPRC frequency as VDD changes.

DS70116J-page 176
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FIGURE 23-12:

DCI MODULE (MULTICHANNEL, I1>S MODES) TIMING CHARACTERISTICS
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Note: Refer to Figure 23-3 for load conditions.
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TABLE 23-29: DCI MODULE (MULTICHANNEL, IS MODES) 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
Pilr:m Symbol Characteristic(!) Min Typ@ Max Units Conditions
CS10 |TescKL CSCK Input Low Time Tcy /2 + — — ns
(CSCK pin is an input) 20
CSCK Output Low Time(® 30 — — ns
(CSCK pin is an output)
CS11 | TcsckH CSCK Input High Time Tey /2 + — — ns
(CSCK pin is an input) 20
CSCK Output High Time(® 30 — — ns
(CSCK pin is an output)
CS20 |TcsckF | CSCK Output Fall Time4) — 10 25 ns
(CSCK pin is an output)
CS21 |TesckrR | CSCK Output Rise Timel#) — 10 25 ns
(CSCK pin is an output)
CS30 |TcspoF | CSDO Data Output Fall Time — 10 25 ns
CS31 |TcsborR | CSDO Data Output Rise Time(® — 10 25 ns
CS35 |Tobv Clock edge to CSDO data valid — — 10 ns
CS36 |Toiv Clock edge to CSDO tri-stated 10 — 20 ns
CS40 |Tcsbi Setup time of CSDI data input to 20 — — ns
CSCK edge (CSCK pin is input
or output)
CS41 | THcsDI Hold time of CSDI data input to 20 — — ns
CSCK edge (CSCK pin is input
or output)
CS50 | TcoFsF COFS Fall Time — 10 25 ns Note 1
(COFS pin is output)
CS51 |TcoFsR COFS Rise Time — 10 25 ns Note 1
(COFS pin is output)
CS55 | TscoFs Setup time of COFS data input to 20 — — ns
CSCK edge (COFS pin is input)
CS56 |THcors |Hold time of COFS data input to 20 — — ns
CSCK edge (COFS pin is input)

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.
3:  The minimum clock period for CSCK is 100 ns. Therefore, the clock generated in Master mode must not
violate this specification.
4: Assumes 50 pF load on all DCI pins.
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TABLE 23-34: SPI MODULE SLAVE MODE (CKE = 1) 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
Param Symbol Characteristic(!) Min Typ(z) Max Units Conditions
No.
SP70  |TscL SCKX Input Low Time 30 — — ns
SP71  |TscH SCKX Input High Time 30 — — ns
SP72  |TscF SCKXx Input Fall Time(®) — 10 25 ns
SP73  |TscR SCKXx Input Rise Time(® — 10 25 ns
SP30 |TdoF SDOX Data Output Fall Time(® — — — ns See parameter
D032
SP31 TdoR SDOx Data Output Rise Time(®) — — — ns |See parameter
DO31

SP35 |TscH2doV |SDOXx Data Output Valid after — — 30 ns

, SCKx Edge

TscL2doV
SP40 |TdiV2scH, |Setup Time of SDIX Data Input 20 — — ns

TdiV2scL |to SCKX Edge
SP41  |TscH2diL, |Hold Time of SDIx Data Input 20 — — ns

TscL2diL |to SCKX Edge
SP50  [TssL2scH, |SSxlto SCKxlor SCKxT input 120 — — ns

TssL2scL
SP51 |TssH2doZ |SST to SDOXx Output 10 — 50 ns

High-Impedance®

SP52  |TscH2ssH | SSxT after SCKx Edge 1.5 Tey + 40 — — ns

TsclL2ssH
SP60  |TssL2doV |SDOX Data Output Valid after — — 50 ns

SSx Edge

Note 1: These parameters are characterized but not tested in manufacturing.
Data in “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
3:  The minimum clock period for SCK is 100 ns. Therefore, the clock generated in Master mode must not
violate this specification.
4: Assumes 50 pF load on all SPI pins.
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TABLE 23-35: 12C™ BUS DATA TIMING REQUIREMENTS (MASTER MODE)

AC CHARACTERISTICS

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

Param

No. Symbol Characteristic Min(") Max Units Conditions
IM10 | TLo:scL | Clock Low Time | 100 kHz mode | Tcy /2 (BRG + 1) — us
400 kHz mode | Tcy /2 (BRG + 1) — us
1 MHz mode® | Tcy/2 BRG +1) | — ys
IM11 THizscL | Clock High Time | 100 kHz mode | Tcy /2 (BRG + 1) — us
400 kHz mode | Tcy /2 (BRG + 1) — us
1 MHz mode® | Tcy/2 BRG +1) | — ys
IM20 Tr:scL | SDA and SCL 100 kHz mode — 300 ns CB is specified to be
Fall Time 400 kHzmode | 20+0.1Cs 300 ns |from 10 to 400 pF
1 MHz mode(? — 100 ns
IM21 TrR:scL |SDA and SCL 100 kHz mode — 1000 ns CB is specified to be
Rise Time 400 kHzmode | 20+0.1Cs 300 ns |from 10 to 400 pF
1 MHz mode(? — 300 ns
IM25 | Tsu:DAT | Data Input 100 kHz mode 250 — ns
Setup Time 400 kHz mode 100 — ns
1 MHz mode(® — — ns
IM26 | THD:DAT | Data Input 100 kHz mode 0 — ns
Hold Time 400 kHz mode 0 0.9 us
1 MHz mode(® — — ns
IM30 Tsu:sTA | Start Condition | 100 kHz mode | Tcy /2 (BRG + 1) — us Only relevant for
Setup Time 400 kHz mode | TcY/2 (BRG +1)| — us | repeated Start
1MHz mode® | Tcy /2 BRG +1) | — us | condition
IM31 THD:STA | Start Condition | 100 kHz mode | Tcy /2 (BRG + 1) — us After this period the
Hold Time 400 kHz mode | Tcy /2 (BRG + 1) _ us first clock pulse is
1MHz mode® | Tcy /2 BRG +1) | — s | 9enerated
IM33 Tsu:sTO | Stop Condition | 100 kHz mode | Tcy /2 (BRG + 1) — us
Setup Time 400 kHz mode | Tcy/2 (BRG +1)| — us
1 MHz mode® | Tcy/2 BRG +1) | — ys
IM34 THD:STO | Stop Condition | 100 kHz mode | Tcy /2 (BRG + 1) — ns
Hold Time 400 kHz mode | Tcy /2 (BRG + 1) — ns
1 MHz mode®® | Tcy/2 BRG +1) | — ns
IM40 | TAaA:scL | Output Valid 100 kHz mode — 3500 ns
From Clock 400 kHz mode — 1000 ns
1 MHz mode(® — — ns
IM45 TBF:SDA | Bus Free Time | 100 kHz mode 4.7 — us Time the bus must be
400 kHz mode 13 _ us free before a new
1 MHz mode® — — us transmission can start
IM50 Cs Bus Capacitive Loading — 400 pF
Note 1: BRG is the value of the I2C Baud Rate Generator. Refer to Section 21. “Inter-Integrated Circuit™ (I2C)”
in the “dsPIC30F Family Reference Manual” (DS70046).
2: Maximum pin capacitance = 10 pF for all 1°c pins (for 1 MHz mode only).
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TABLE 23-38: 12-BIT A/D MODULE SPECIFICATIONS (CONTINUED)

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:{:m Symbol Characteristic Min. Typ Max. Units Conditions
AD24 |EOFF Offset Error -2 -1.5 -1.25 LSb |VINL = AVSS = VREFL =
0V, AVDD = VREFH = 5V
AD24A |EOFF Offset Error -2 -1.5 -1.25 LSb |VINL = AVSS = VREFL =
0V, AVDD = VREFH = 3V
AD25 |— Monotonicity“) — — — — |Guaranteed
Dynamic Performance
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: The A/D conversion result never decreases with an increase in the input voltage, and has no missing

codes.
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