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FIGURE 3-7: DATA SPACE MEMORY MAP FOR dsPIC30F6011A/6013A
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All word accesses must be aligned to an even address.
Misaligned word data fetches are not supported so
care must be taken when mixing byte and word opera-
tions, or translating from 8-bit MCU code. Should a mis-
aligned read or write be attempted, an address error
trap will be generated. If the error occurred on a read,
the instruction underway is completed, whereas if it
occurred on a write, the instruction will be executed but
the write will not occur. In either case, a trap will then
be executed, allowing the system and/or user to exam-
ine the machine state prior to execution of the address
fault.

FIGURE 3-10: DATA ALIGNMENT
15 MSB 87 LSB 0
0001 Byte1 Byte 0 0000
0003 Byte3 Byte 2 0002
0005 Byteb Byte 4 0004

All byte loads into any W register are loaded into the
LSB. The MSB is not modified.

A sign-extend (SE) instruction is provided to allow
users to translate 8-bit signed data to 16-bit signed
values. Alternatively, for 16-bit unsigned data, users
can clear the MSB of any W register by executing a
zero-extend (zE) instruction on the appropriate
address.

Although most instructions are capable of operating on
word or byte data sizes, it should be noted that some
instructions, including the DSP instructions, operate
only on words.

3.25 NEAR DATA SPACE

An 8 Kbyte ‘near’ data space is reserved in X address
memory space between 0x0000 and Ox1FFF, which is
directly addressable via a 13-bit absolute address field
within all memory direct instructions. The remaining X
address space and all of the Y address space is
addressable indirectly. Additionally, the whole of X data
space is addressable using MOV instructions, which
support memory direct addressing with a 16-bit
address field.

3.2.6 SOFTWARE STACK

The dsPIC DSC devices contain a software stack. W15
is used as the Stack Pointer.

The Stack Pointer always points to the first available
free word and grows from lower addresses towards
higher addresses. It pre-decrements for stack pops and
post-increments for stack pushes as shown in Figure 3-
11. Note that for a PC push during any CALL instruc-
tion, the MSB of the PC is zero-extended before the
push, ensuring that the MSB is always clear.

Note: A PC push during exception processing
will concatenate the SRL register to the
MSB of the PC prior to the push.

There is a Stack Pointer Limit register (SPLIM) associ-
ated with the Stack Pointer. SPLIM is uninitialized at
Reset. As is the case for the Stack Pointer, SPLIM<0>
is forced to ‘0’ because all stack operations must be
word aligned. Whenever an Effective Address (EA) is
generated using W15 as a source or destination
pointer, the address thus generated is compared with
the value in SPLIM. If the contents of the Stack Pointer
(W15) and the SPLIM register are equal and a push
operation is performed, a Stack Error Trap will not
occur. The Stack Error Trap will occur on a subsequent
push operation. Thus, for example, if it is desirable to
cause a Stack Error Trap when the stack grows beyond
address 0x2000 in RAM, initialize the SPLIM with the
value, Ox1FFE.

Similarly, a Stack Pointer underflow (stack error) trap is
generated when the Stack Pointer address is found to
be less than 0x0800, thus preventing the stack from
interfering with the Special Function Register (SFR)
space.

A write to the SPLIM register should not be immediately
followed by an indirect read operation using W15.

FIGURE 3-11: CALL STACK FRAME
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40 ADDRESS GENERATOR UNITS

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
Programmer’s Reference Manual”

(DS70157).

The dsPIC DSC core contains two independent
address generator units: the X AGU and Y AGU. The Y
AGU supports word sized data reads for the DSP MAC
class of instructions only. The dsPIC30F AGUs
support:

* Linear Addressing

* Modulo (Circular) Addressing

» Bit-Reversed Addressing

Linear and Modulo Data Addressing modes can be

applied to data space or program space. Bit-Reversed
Addressing is only applicable to data space addresses.

4.1 Instruction Addressing Modes

The Addressing modes in Table 4-1 form the basis of
the Addressing modes optimized to support the specific
features of individual instructions. The Addressing
modes provided in the MAC class of instructions are
somewhat different from those in the other instruction
types.

TABLE 4-1:

4.1.1 FILE REGISTER INSTRUCTIONS

Most File register instructions use a 13-bit address field
(f) to directly address data present in the first 8192
bytes of data memory (Near data space). Most File
register instructions employ a working register, WO,
which is denoted as WREG in these instructions. The
destination is typically either the same File register or
WREG (with the exception of the MUL instruction),
which writes the result to a register or register pair. The
MOV instruction allows additional flexibility and can
access the entire data space.

41.2 MCU INSTRUCTIONS

The three-operand MCU instructions are of the form:
Operand 3 = Operand 1 <function> Operand 2
where:

Operand 1 is always a working register (i.e., the

Addressing mode can only be Register Direct) which is
referred to as Wb.

Operand 2 can be a W register, fetched from data
memory or a 5-bit literal. The result location can be
either a W register or a data memory location. The fol-
lowing addressing modes are supported by MCU
instructions:

* Register Direct

* Register Indirect

* Register Indirect Post-modified

* Register Indirect Pre-modified

» 5-bit or 10-bit Literal

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

FUNDAMENTAL ADDRESSING MODES SUPPORTED

Addressing Mode

Description

File Register Direct

The address of the File register is specified explicitly.

Register Direct

The contents of a register are accessed directly.

Register Indirect

The contents of Wn forms the EA.

Register Indirect Post-modified

The contents of Wn forms the EA. Wn is post-modified (incremented or
decremented) by a constant value.

Register Indirect Pre-modified
to form the EA.

Whn is pre-modified (incremented or decremented) by a signed constant value

Register Indirect with Register Offset |The sum of Wn and Wb forms the EA.

Register Indirect with Literal Offset The sum of Wn and a literal forms the EA.

© 2011 Microchip Technology Inc.
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NOTES:
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6.0 FLASH PROGRAM MEMORY

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

(DS70157).

The dsPIC30F family of devices contains internal pro-
gram Flash memory for executing user code. There are
two methods by which the user can program this
memory:

* Run-Time Self-Programming (RTSP)
¢ In-Circuit Serial Programming™ (ICSP™)

6.1 In-Circuit Serial Programming

(ICSP)

dsPIC30F devices can be serially programmed while in
the end application circuit. This is simply done with two
lines for Programming Clock and Programming Data
(which are named PGC and PGD respectively), and
three other lines for Power (VDD), Ground (Vss) and
Master Clear (MCLR). this allows customers to manu-
facture boards with unprogrammed devices, and then
program the microcontroller just before shipping the
product. This also allows the most recent firmware or a
custom firmware to be programmed.

6.2 Run-Time Self-Programming

(RTSP)

RTSP is accomplished using TBLRD (table read) and
TBLWT (table write) instructions.

With RTSP, the user may erase program memory, 32
instructions (96 bytes) at a time and can write program
memory data, 32 instructions (96 bytes) at a time.

6.3 Table Instruction Operation

Summary

The TBLRDL and the TBLWTL instructions are used to
read or write to bits<15:0> of program memory.
TBLRDL and TBLWTL can access program memory in
Word or Byte mode.

The TBLRDH and TBLWTH instructions are used to read
or write to bits<23:16> of program memory. TBLRDH
and TBLWTH can access program memory in Word or
Byte mode.

A 24-bit program memory address is formed using
bits<7:0> of the TBLPAG register and the Effective
Address (EA) from a W register specified in the table
instruction, as shown in Figure 6-1.

FIGURE 6-1: ADDRESSING FOR TABLE AND NVM REGISTERS
Lo 24 bits b
Using a ™
Program [ 0 | Program Counter [o]
Counter | | |
[ |1
I NVMADR Reg EA | ]
Using ||
NVMADR  [1/0 | NVMADRU Reg |
Addressing [ | < Ll
| | 8 bits | 16 bits |
| | |
| | | Working Reg EA '
] |
Using
1/0 | TBLPAG R
Table — GRes 1 L
Instruction |~ | gpits = 16 bits T
la ! Lo
) . Byte
User/Configuration Select
Space Select 24-bit EA
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6.4 RTSP Operation

The dsPIC30F Flash program memory is organized
into rows and panels. Each row consists of 32 instruc-
tions or 96 bytes. Each panel consists of 128 rows or
4K x 24 instructions. RTSP allows the user to erase one
row (32 instructions) at a time and to program four
instructions at one time. RTSP may be used to program
multiple program memory panels, but the table pointer
must be changed at each panel boundary.

Each panel of program memory contains write latches
that hold 32 instructions of programming data. Prior to
the actual programming operation, the write data must
be loaded into the panel write latches. The data to be
programmed into the panel is loaded in sequential
order into the write latches: instruction 0, instruction 1,
etc. The instruction words loaded must always be from
a group of 32 boundary.

The basic sequence for RTSP programming is to set up
a table pointer, then do a series of TBLWT instructions
to load the write latches. Programming is performed by
setting the special bits in the NVMCON register. Four
TBLWTL and four TBLWTH instructions are required to
load the four instructions. If multiple panel program-
ming is required, the table pointer needs to be changed
and the next set of multiple write latches written.

All of the table write operations are single word writes
(2 instruction cycles) because only the table latches
are written. A programming cycle is required for
programming each row.

The Flash program memory is readable, writable, and
erasable during normal operation over the entire VDD
range.

6.5 Control Registers

The four SFRs used to read and write the program
Flash memory are:

*« NVMCON

* NVMADR

*« NVMADRU

+ NVMKEY

6.5.1 NVMCON REGISTER

The NVMCON register controls which blocks are to be
erased, which memory type is to be programmed and
start of the programming cycle.

6.5.2 NVMADR REGISTER

The NVMADR register is used to hold the lower two
bytes of the Effective Address. The NVMADR register
captures the EA<15:0> of the last table instruction that
has been executed and selects the row to write.

6.5.3 NVMADRU REGISTER

The NVMADRU register is used to hold the upper byte
of the Effective Address. The NVMADRU register cap-
tures the EA<23:16> of the last table instruction that
has been executed.

6.5.4 NVMKEY REGISTER

NVMKEY is a write only register that is used for write
protection. To start a programming or an erase
sequence, the user must consecutively write 0x55 and
O0xAA to the NVMKEY register. Refer to Section 6.6
“Programming Operations” for further details.

Note: The user can also directly write to the
NVMADR and NVMADRU registers to
specify a program memory address for
erasing or programming.

DS70143E-page 52
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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 and 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/NVMADR.

c) Write 0x55 to NVMKEY.
d) Write OXAA 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.

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.

6.6.2

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

; Block all interrupts with priority <7 for

; Start the erase sequence
; Insert two NOPs after the erase

pointer

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,wW0 ;
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 ; Initialize NVMADR SFR
DIST #5
; next 5 instructions
MOV #0x55, W0
MOV WO NVMKEY ; Write the 0x55 key
MOV #0xAA, W1 ;
MOV erNVMKEY ; Write the 0OxAA key
BSET NVMCON, #WR
NOP
NOP ; command is asserted

© 2011 Microchip Technology Inc.
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In the I°S mode, a frame sync signal having a 50% duty
cycle is generated. The period of the 12S frame sync
signal in CSCK cycles is determined by the word size
and frame sync generator control bits. A new 12S data
transfer boundary is marked by a high-to-low or a
low-to-high transition edge on the COFS pin.

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 / \

CSDIICSDO 4<MSB>< >< >< >< >< >< ><LSB>7

FIGURE 18-3:

FRAME SYNC TIMING, AC-LINK START OF FRAME

bit 2 A bit

S$12\/S12\/S12
CSDO or CSDI >< >< , ><LSb><

Tag \/ Tag
MSbAbit 14/\bit 13

1
SYNC /

FIGURE 18-4:

IS INTERFACE FRAME SYNC TIMING

IV AVAVAVAVAVAVAVAVAVAVAVA

CSDI or CSDO

sl {_)

LSB MSB>< >< >< LSB><

WS

will be system dependent.

Note: A 5-bit transfer is shown here for illustration purposes. The I2S protocol does not specify word length — this
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19.1 ADC Result Buffer

The module contains a 16-word dual port read only buf-
fer, called ADCBUFO0...ADCBUFF, to buffer the ADC
results. The RAM is 12 bits wide but the data obtained
is represented in one of four different 16-bit data for-
mats. The contents of the sixteen ADC Result Buffer
registers, ADCBUFO through ADCBUFF, cannot be
written by user software.

19.2 Conversion Operation

After the ADC module has been configured, the sample
acquisition is started by setting the SAMP bit. Various
sources, such as a programmable bit, timer time-outs
and external events, will terminate acquisition and start
a conversion. When the A/D conversion is complete,
the result is loaded into ADCBUFO0...ADCBUFF, and
the DONE bit and the ADC interrupt flag ADIF are set
after the number of samples specified by the SMPI bit.
The ADC module can be configured for different inter-
rupt rates as described in Section 19.3 “Selecting the
Conversion Sequence”.

Use the following steps to perform an Analog-to-Digital
conversion:
1. Configure the ADC module:

a) Configure the analog pins, voltage refer-
ence and digital 1/0.

) Select the ADC input channels.
) Select the ADC conversion clock.
) Select the ADC conversion trigger.
e) Turn onthe ADC module.
2. Configure ADC interrupt (if required):
a) Clear the ADIF bit.
b) Select the ADC interrupt priority.
Start sampling.
Wait the required acquisition time.
Trigger acquisition end, start conversion:
Wait for ADC conversion to complete, by either:
» Waiting for the ADC interrupt, or
» Waiting for the DONE bit to get set.
7. Read ADC result buffer, clear ADIF if required.

o O T

@ o b~ w

19.3 Selecting the Conversion
Sequence

Several groups of control bits select the sequence in
which the ADC connects inputs to the sample/hold
channel, converts a channel, writes the buffer memory
and generates interrupts.

The sequence is controlled by the sampling clocks.

The SMPI bits select the number of acquisition/
conversion sequences that would be performed before
an interrupt occurs. This can vary from 1 sample per
interrupt to 16 samples per interrupt.

The BUFM bit will split the 16-word results buffer into
two 8-word groups. Writing to the 8-word buffers will be
alternated on each interrupt event.

Use of the BUFM bit will depend on how much time is
available for the moving of the buffers after the
interrupt.

If the processor can quickly unload a full buffer within
the time it takes to acquire and convert one channel,
the BUFM bit can be ‘0’ and up to 16 conversions (cor-
responding to the 16 input channels) may be done per
interrupt. The processor will have one acquisition and
conversion time to move the sixteen conversions.

If the processor cannot unload the buffer within the
acquisition and conversion time, the BUFM bit should be
‘1. For example, if SMPI<3:0> (ADCON2<5:2>)= 0111,
then eight conversions will be loaded into 1/2 of the
buffer, following which an interrupt occurs. The next
eight conversions will be loaded into the other 1/2 of the
buffer. The processor will have the entire time between
interrupts to move the eight conversions.

The ALTS bit can be used to alternate the inputs
selected during the sampling sequence. The input
multiplexer has two sets of sample inputs: MUX A and
MUX B. If the ALTS bit is ‘0’, only the MUX A inputs are
selected for sampling. If the ALTS bit is ‘1’ and
SMPI<3:0> = 0000 on the first sample/convert
sequence, the MUX A inputs are selected and, on the
next acquire/convert sequence, the MUX B inputs are
selected.

The CSCNA bit (ADCON2<10>) will allow the muilti-
plexer input to be alternately scanned across a
selected number of analog inputs for the MUX A group.
The inputs are selected by the ADCSSL register. If a
particular bit in the ADCSSL register is ‘1’, the corre-
sponding input is selected. The inputs are always
scanned from lower to higher numbered inputs, starting
after each interrupt. If the number of inputs selected is
greater than the number of samples taken per interrupt,
the higher numbered inputs are unused.
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TABLE 20-1: OSCILLATOR OPERATING MODES

Oscillator Mode

Description

FRC w/PLL 16x

7.37 MHz internal RC oscillator, 16x PLL enabled

XTL 200 kHz-4 MHz crystal on OSC1:0SC2

XT 4 MHz-10 MHz crystal on OSC1:0SC2

XT w/PLL 4x 4 MHz-10 MHz crystal on OSC1:0SC2, 4x PLL enabled

XT w/PLL 8x 4 MHz-10 MHz crystal on OSC1:0SC2, 8x PLL enabled

XT w/PLL 16x 4 MHz-7.5 MHz crystal on OSC1:0SC2, 16x PLL enabled("

LP 32 kHz crystal on S0SCO0:s0scl@

HS 10 MHz-25 MHz crystal.

HS/2 w/PLL 4x 10 MHz-20 MHz crystal, divide by 2, 4x PLL enabled(®)

HS/2 w/PLL 8x 10 MHz-20 MHz crystal, divide by 2, 8x PLL enabled®

HS/2 w/PLL 16x 10 MHz-15 MHz crystal, divide by 2, 16x PLL enabled("

HS/3 w/PLL 4x 12 MHz-25 MHz crystal, divide by 3, 4x PLL enabled®

HS/3 w/PLL 8x 12 MHz-25 MHz crystal, divide by 3, 8x PLL enabled(®

HS/3 w/PLL 16x 12 MHz-22.5 MHz crystal, divide by 3, 16x PLL enabled(V(4)

EC External clock input (0-40 MHz)

ECIO External clock input (0-40 MHz), OSC2 pin is I1/0

EC w/PLL 4x External clock input (4-10 MHz), OSC2 pin is 1/0, 4x PLL enabled
EC w/PLL 8x External clock input (4-10 MHz), OSC2 pin is I/0, 8x PLL enabled
EC w/PLL 16x External clock input (4-7.5 MHz), OSC2 pin is 1/0, 16x PLL enabled(®
ERC External RC oscillator, OSC2 pin is Fosc/4 output(s)

ERCIO External RC oscillator, OSC2 pin is 1/0(®

FRC 7.37 MHz internal RC oscillator

FRC w/PLL 4x 7.37 MHz internal RC oscillator, 4x PLL enabled

FRC w/PLL 8x 7.37 MHz internal RC oscillator, 8x PLL enabled

LPRC

512 kHz internal RC oscillator

Note 1: Any higher will violate device operating frequency range.
2: LP oscillator can be conveniently shared as system clock, as well as Real-Time Clock for Timer1.
3: Any higher will violate PLL input range.
4: Any lower will violate PLL input range.
5: Requires external R and C. Frequency operation up to 4 MHz.
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20.2.6  LOW-POWER RC OSCILLATOR
(LPRC)

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

The LPRC oscillator is always enabled at a Power-on
Reset, because it is the clock source for the PWRT.
After the PWRT expires, the LPRC oscillator will remain
ON if one of the following is TRUE:

* The Fail-Safe Clock Monitor is enabled
*« The WDT is enabled

» The LPRC oscillator is selected as the system
clock via the COSC<2:0> control bits in the
OSCCON register

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

Note 1: OSC2 pin function is determined by the
Primary Oscillator mode selection
(FPR<4:0>).

2: Note that OSC1 pin cannot be used as an
1/0 pin, even if the secondary oscillator or
an internal clock source is selected at all
times.

20.2.7 FAIL-SAFE CLOCK MONITOR

The Fail-Safe Clock Monitor (FSCM) allows the device
to continue to operate even in the event of an oscillator
failure. The FSCM function is enabled by appropriately
programming the FCKSM Configuration bits (Clock
Switch and Monitor Selection bits) in the FOSC device
Configuration register. If the FSCM function is
enabled, the LPRC internal oscillator will run at all
times (except during Sleep mode) and will not be
subject to control by the SWDTEN bit.

In the event of an oscillator failure, the FSCM will
generate a clock failure trap event and will switch the sys-
tem clock over to the FRC oscillator. The user will then
have the option to either attempt to restart the oscillator
or execute a controlled shutdown. The user may decide
to treat the trap as a warm Reset by simply loading the
Reset address into the oscillator fail trap vector. In this
event, the CF (Clock Fail) status bit (OSCCON<3>) is
also set whenever a clock failure is recognized.

In the event of a clock failure, the WDT is unaffected
and continues to run on the LPRC clock.

If the oscillator has a very slow start-up time coming
out of POR, BOR or Sleep, it is possible that the
PWRT timer will expire before the oscillator has
started. In such cases, the FSCM will be activated and
the FSCM will initiate a clock failure trap, and the

COSC<2:0> bits are loaded with FRC oscillator selec-
tion. This will effectively shut-off the original oscillator
that was trying to start.

The user may detect this situation and restart the
oscillator in the clock fail trap ISR.

Upon a clock failure detection, the FSCM module will
initiate a clock switch to the FRC oscillator as follows:

1. The COSC bits (OSCCON<14:12>) are loaded
with the FRC oscillator selection value.

2. CF bitis set (OSCCON<3>).

3. OSWEN control bit (OSCCON<0>) is cleared.

For the purpose of clock switching, the clock sources
are sectioned into four groups:

e Primary

» Secondary

* Internal FRC
* Internal LPRC

The user can switch between these functional groups,
but cannot switch between options within a group. If the
primary group is selected, then the choice within the
group is always determined by the FPR<4:0>
Configuration bits.

The OSCCON register holds the control and status bits
related to clock switching.

* COSC<2:0>: Read-only status bits always reflect
the current oscillator group in effect
* NOSC<2:0>: Control bits which are written to
indicate the new oscillator group of choice
- On POR and BOR, COSC<2:0> and
NOSC<2:0> are both loaded with the
Configuration bit values FOS<2:0>
* LOCK: The LOCK status bit indicates a PLL lock
» CF: Read-only status bit indicating if a clock fail
detect has occurred
* OSWEN: Control bit changes froma ‘0’ toa ‘1’
when a clock transition sequence is initiated.
Clearing the OSWEN control bit will abort a clock
transition in progress (used for hang-up situations).

If Configuration bits FCKSM<1:0> = 1x, then the clock
switching and Fail-Safe Clock Monitor functions are
disabled. This is the default Configuration bit setting.

If clock switching is disabled, then the FOS<2:0> and
FPR<4:0> bits directly control the oscillator selection
and the COSC<2:0> bits do not control the clock
selection. However, these bits will reflect the clock
source selection.

Note: The application should not attempt to
switch to a clock of frequency lower than
100 kHz when the Fail-Safe Clock Monitor
is enabled. If clock switching is performed,
the device may generate an oscillator fail
trap and switch to the fast RC oscillator.
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FIGURE 20-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)
VDD —/
MCLR g
Internal POR H
->:TOST
OST Time-out |‘

PWRT Time-out

Internal Reset

TPWRT

FIGURE 20-4:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbpbD): CASE 1

VDD
MCLR

Internal POR

OST Time-out

PWRT Time-out

Internal Reset

/

— TOST‘ -

TPWRT

PWRT Time-out

Internal Reset

TPWRT-

FIGURE 20-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 2
VDD —/ :
MCLR — a
Internal POR H
— :TOST| -
OST Time-out .
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Table 20-5 shows the Reset conditions for the RCON
register. Since the control bits within the RCON register
are R/W, the information in the table implies that all the
bits are negated prior to the action specified in the

condition column.

TABLE 20-5: INITIALIZATION CONDITION FOR RCON REGISTER CASE 1
Condition Zfl?;f: TRAPR | IOPUWR | EXTR | SWR | WDTO | IDLE | SLEEP | POR | BOR

Power-on Reset 0x000000 0 0 0 0 1 1
Brown-out Reset 0x000000 0 0 0 0 0 1
MCLR Reset during normal | 0x000000 0 0 1 0 0 0 0 0 0
operation

Software Reset during 0x000000 0 0 0 1 0 0 0 0 0
normal operation

MCLR Reset during Sleep | 0x000000 0 0 1 0 0 0 1 0 0
MCLR Reset during Idle 0x000000 0 0 1 0 0 1 0 0 0
WDT Time-out Reset 0x000000 0 0 0 0 1 0 0 0 0
WDT Wake-up PC+2 0 0 0 0 1 0 1 0 0
Interrupt Wake-up from PC +2(1) 0 0 0 0 0 0 1 0 0
Sleep

Clock Failure Trap 0x000004 0 0 0 0 0 0 0 0 0
Trap Reset 0x000000 1 0 0 0 0 0 0 0 0
lllegal Operation Trap 0x000000 0 1 0 0 0 0 0 0 0

Note 1:

Table 20-6 shows a second example of the bit
conditions for the RCON register. In this case, it is not
assumed the user has set/cleared specific bits prior to
action specified in the condition column.

When the wake-up is due to an enabled interrupt, the PC is loaded with the corresponding interrupt vector.

TABLE 20-6: INITIALIZATION CONDITION FOR RCON REGISTER CASE 2
Condition 2::’3::‘: TRAPR | IOPUWR | EXTR | SWR | WDTO | IDLE | SLEEP | POR | BOR

Power-on Reset 0x000000 0 0 0 1
Brown-out Reset 0x000000 u u u u u u u 0
MCLR Reset during normal 0x000000 u u 0 0 u u
operation

Software Reset during 0x000000 u u 0 1 0 0 0 u u
normal operation

MCLR Reset during Sleep | 0x000000 u u 1 u 0 0 1 u | u
MCLR Reset during Idle 0x000000 u u 1 u 0 1 0 u u
WDT Time-out Reset 0x000000 u u 0 0 1 0 0 u u
WDT Wake-up PC+2 u u u u 1 u 1 u u
Interrupt Wake-up from pC +2(1) u u u u u u 1 u u
Sleep

Clock Failure Trap 0x000004 u u u u u u u u u
Trap Reset 0x000000 1 u u u u
lllegal Operation Reset 0x000000 u 1

Legend:
Note 1:

u = unchanged

When the wake-up is due to an enabled interrupt, the PC is loaded with the corresponding interrupt vector.
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TABLE 23-7: DC CHARACTERISTICS: POWER-DOWN CURRENT (IPD)

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:rgeter Typical Max Units Conditions
Power Down Current (IPD)
DC60a 0.5 — UA 25°C
DC60b 1 40 UA 85°C 3.3V
DC60c 24 65 UA 125°C 1
Base Power Down Current(!)
DC60e 0.7 — uA 25°C
DC60f 4 55 UA 85°C 5V
DC60g 35 90 UA 125°C
DCé61a 9 20 uA 25°C
DC61b 9 20 UA 85°C 3.3V
DC61c 8 20 UA 125°C . 2
Watchdog Timer Current: AlwpT(®
DCé61e 18 40 uA 25°C
DC61f 16 40 UA 85°C 5V
DC61g 15 40 UA 125°C
DC62a 4 10 UA 25°C
DC62b 5 10 UA 85°C 3.3V
DC62c 4 10 UA 125°C . 2
Timer 1 w/32 kHz Crystal: AITI32(2)
DC62e 4 15 uA 25°C
DC62f 6 15 UA 85°C 5V
DC62g 5 15 UA 125°C
DC63a 30 55 UA 25°C
DC63b 34 55 UA 85°C 3.3V
DC63c 35 55 125°C
hA BOR On: Algor(?)
DC63e 36 60 uA 25°C
DC63f 39 60 UA 85°C 5V
DC63g 40 60 UA 125°C
DC66a 20 35 UA 25°C
DC66b 22 35 UA 85°C 3.3V
DC66¢c 23 35 UA 125°C 2
Low Voltage Detect: AlLvp@
DCe66e 24 40 uA 25°C
DC66f 26 40 UA 85°C 5V
DC66g 26 40 UA 125°C
Note 1: Base IPD is measured with all peripherals and clocks shut down. All I/Os are configured as inputs and
pulled high. LVD, BOR, WDT, etc. are all switched off.
2: The A current is the additional current consumed when the module is enabled. This current should be

added to the base IPD current.
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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)

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

Operating voltage VDD range as described in Table 23-1.

FIGURE 23-3: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS
Load Condition 1 — for all pins except OSC2 Load Condition 2 — for OSC2
\VDbD/2
RL Pin T CL
Vss
Pi —_—CL
in T RL = 464 Q
CL = 50 pF for all pins except OSC2
Vss 5 pF for OSC2 output
FIGURE 23-4: EXTERNAL CLOCK TIMING
Qo al @ . Q3 @ at
0scC1 ! ! :
D — — e > e e
! 0820 ,0S30 0S30 0S31 0S31
|- 0s25 >
CLKOUT o -
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FIGURE 23-18: I’C™ BUS START/STOP BITS TIMING CHARACTERISTICS (MASTER MODE)

SCL

Start Stop
Condition Condition

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

FIGURE 23-19: I’*C™ BUS DATA TIMING CHARACTERISTICS (MASTER MODE)

IM20 - — e M1 — : — e IM21

Note: Refer to Figure 23-3 for load conditions.
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FIGURE 23-23: 12-BIT ADC TIMING CHARACTERISTICS (ASAM = 0, SSRC = 000)
AD50

ADCLK ! '
Instruction !

Execution SetSAMPY___ Clear SAMPY_ ' ' ' ' 't T

SAMP ' '

eho_dischrg n A S S S S S N S S S S SN SRR i I
cho_samp A s o [ S R S S S S S R S SRR SR R
- oo
I I A A A A A
, , AD60 —» ~ -— | , , , , , , , , , , , R,
B R T e e e e A
DONE L S S S S S SO S S SO SN SO S SO B
poIF . A N S U S S S S U S S SN
ADRES(0) — S S S S S S S S S S SI

® @ ®@® 6 ® @) ®
@ — Software sets ADCON. SAMP to start sampling.

@ — Sampling starts after discharge period.
TSAMP is described in Section 18. “12-bit A/D Converter” (DS70046) of the "dsPIC30F Family Reference Manual”.
@ — Software clears ADCON. SAMP to start conversion.

@ — Sampling ends, conversion sequence starts.
® — Convert bit 11.

® - Convert bit 10.

(@ — Convert bit 1.

— Convert bit 0.

@ — One TAD for end of conversion.

DS70143E-page 210 © 2011 Microchip Technology Inc.



dsPIC30F6011A/6012A/6013A/6014A

H/O POIS ...
Parallel (P1O) .....ooiiiieiee e

12C 10-bit Slave Mode Operation ..
RECEPHION ..o
TranNSMISSION....ccueiiiiiiieeiiee et

12C 7-bit Slave Mode Operation
Reception.......
Transmission..................

12C Master Mode Operation ........ccceeeeeeeeciee e
Baud Rate Generator..........ccccooecieeiiiieniiee e
Clock Arbitration............coceeiieiieiiin e

ReECEPON ...
TranSMISSION....ccciiieiiiiee e
I2C Master Mode Support ...
2C MOAUIE ...

AAArESSES ...ttt
Bus Data Timing Characteristics

Master Mode..........ooeiiiiiiiiiiiiceee e 203

Slave Mode........ooiveiiiiiiiiie e 205
Bus Data Timing Requirements

Master Mode..........cooiiiiiiiiiiiieceee e 204

Slave Mode........ooiviiiiiiiiiie e 206
Bus Start/Stop Bits Timing Characteristics

Master Mode..........oooiiiiiiiiiiiiicee e 203

Slave Mode.........ooiviiiiiiiiiie e 205
General Call Address Support..........cccceveeeeenecrcieenene. 99
INEEITUPES ..o e 99
1Y LIRS TUT o] oo o R 99
Operating Function Description ..........c.cccoovvniiieenene. 95
Operation During CPU Sleep and Idle Modes .......... 100
Pin Configuration ...........ccccooiiiiiiiii e 95
Programmer’s Model...
Register Map........oceiiiiiiiiieiee e
REGISLErS....oeiiiiie i 95
SIope CONMIOl ......eieiieiiieiieeee e 99
Software Controlled Clock Stretching (STREN = 1)....98
Various MOAES .........ccuviiiiieiiie e 95

12S Mode OPEration ...............cocoveovevereeeeeeeeeeeeeeeseseen 131

Data Justification.............ccoocieiiiiii e 131

Frame and Data Word Length Selection..
Idle Current (lIDLE) .................

In-Circuit Debugger (ICD 2) ......ceeiiiieiiiiiie e 159
In-Circuit Serial Programming (ICSP) .........ccccevveenen. 51, 143
Initialization Condition for RCON Register Case 1 ........... 156

Initialization Condition for RCON Register Case 2 ....
Input Capture (CAPX) Timing Characteristics ....

Input Capture Module ..........cccoovviiiiieiiience e 81
INEEITUPES .. 82
Register Map.......coccvviiiiiiiieeceee e 83

Input Capture Operation During Sleep and Idle Modes ...... 82
CPU Idle MOdE........cceriiiiiiiiiiieiceee e 82
CPU Sleep MOdE ........ocoviieeeiiieeeiiie e siea e 82

Input Capture Timing Requirements ...........cccccooeeriiennene 193

Input Change Notification Module.............ccocoiiiiiiiiiinnn. 66

Register Map for dsPIC30F6011A/6012 A (Bits 7-0).. 66
Register Map for dsPIC30F6011A/6012A (Bits 15-8).66
Register Map for dsPIC30F6013A/6014A (Bits 15-8) .66
Register Map for dsPIC30F6013A/6014A (Bits 7-0)... 66
Instruction Addressing Modes...

File Register Instructions ............

Fundamental Modes Supported............ccccceeevciveeennnnen. 39
MAC INStruCtions.........ccueeiiiiieeee e 40
MCU INSErUCHIONS .....oeiiiiieiiiiee e 39

Move and Accumulator Instructions ...............ccccuveee. 40
Other INstructions .........cccceeiiiieeiiiiiecee e, 40
Instruction Set

Interrupt Controller
Register Map ......cocueeiiiiiiiii e
Interrupt Priority ........oooiiiiee e
Interrupt SEQUENCE ........c.coviiiiiiicce e
Interrupt Stack Frame. .
INEEITUPLS .o e

L

Load Conditions..................
Low Voltage Detect (LVD)
Low-Voltage Detect Characteristics..........cccccoevvveeiniirenns 180
LVDL CharacteristiCs .......ceeiierieriiieeeieeeeiieeeeiiee e 181

Memory Organization ...........ccccccvveerieiiienieiee e

Core Register Map .....
Microchip Internet Web Site
Modes of Operation

Disable.........ccooiiiii
Initialization ...
Listen All Messages....
Listen ONly........oooiiiiiiiieeee e
LOOPDACK ...t
Normal Operation ...........ccocoveveeiiiiiiiiiesee e
MOQUIE ...
Modulo Addressing .
APPIICADIIITY . ....veeeiceecc
Operation EXample........cccooiiiiiiinieee s
Start and End Address ............ .41
W Address Register Selection.............. .41
MPLAB ASM30 Assembler, Linker, Librarian................... 170
MPLAB Integrated Development Environment Software.. 169
MPLAB PM3 Device Programmer ...........cccccccueerveeneenenen. 172
MPLAB REAL ICE In-Circuit Emulator System ... 171
MPLINK Object Linker/MPLIB Object Librarian................ 170
N
NVM
Register Map ......cocueiiiiiieiie e 55
(0]
OC/PWM Module Timing Characteristics ...........ccccceennee 194
Operating Current (IDD) .........ccruerrieiiieerieeiieeriee e 176
Oscillator
Control RegiSters..........ccoeaiiiiiiiiiie e
Operating Modes (Table)
System Overview...............
Oscillator Configurations............cccceeiiiiiieniieeee e
Fail-Safe Clock Monitor ..........cccccoovevevineeniieeneeee
Fast RC (FRC) .
Initial Clock Source Selection..........cccccoeceeniiiiiieennn. 146
Low-Power RC (LPRC) .....coooviiiiiiiiiiiieieeeeee 148
LP Oscillator Control..........cccceeeceeeiiieeiee e 147
Phase Locked LOOP (PLL) ....ccocviiiiiiieiiiiee e 147
Start-up Timer (OST) .
Oscillator Selection...........ccccviiiiiiiiiciceeee
Oscillator Start-up Timer
Timing Characteristics ...........ccooerieiniiiiic e 188

Timing Requirements
Output Compare Interrupts

© 2011 Microchip Technology Inc.

DS70143E-page 227



