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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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dsPIC30F2011/2012/3012/3013

Pin Diagrams

28-Pin QFN-s®

EMUD2/AN7/RB7

EMUC3/AN1/VREF-/CN3/RB1
EMUD3/ANO/VREF+/CN2/RBO
AN6/OCFA/RB6

AN2/SS1/LVDIN/CN4/RB2
ANB3/CN5/RB3
AN4/CN6/RB4
ANS5/CN7/RB5

Vss
OSC1/CLKI
0SC2/CLKO/RC15

[ J
N
[y

AN8/OC1/RB8
20 | AN9/OC2/RB9
19 | CN17/RF4
dsPIC30F2012 18 | CN18/RF5
17| vob
16 | Vss
15 | PGC/EMUC/U1RX/SDI1/SDA/RF2

~No o wWwN e

8
9

EMUD1/SOSCI/T2CK/U1ATX/CN1/RC13
EMUC1/SOSCO/T1CK/U1ARX/CNO/RC14
IC2/INT2/RD9

EMUC2/IC1/INT1/RD8

SCK1/INTO/RF6
PGD/EMUD/U1TX/SDO1/SCL/RF3

Note 1: The metal plane at the bottom of the device is not connected to any pins and is recommended to be connected to Vss externally.
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Pin Diagram

44-Pin QFN®

D
EMUC1/SOSCO/T1CK/U1ARX/CNO/RC14

EMUD1/SOSCI/T2CK/U1ATX/CN1/RC13

MUC2/OC1/IC1/INT1/RDO

@] 00000
ZWwzzzzz>

PGD/EMUD/AN4/U1TX/SDO1/SCL/CN6/RB4

® 4443424140393837363534
PGC/EMUC/ANS/U1RX/SDI1/SDA/CN7/RB5 | 1 33 | osc2/cLKo/RC15
vss | 2 32 | osci/cLki
Nne 3 31 vss
voo | 4 30 vss
ne s 29 1 nc
ne I 6 dsPIC30F3012 28] NC
ne | 7 271 NC
ne I8 26 | NC
ne o 25 | AN3/CN5/RB3
nc 10 24 NC
ne B 23 | AN2/SST/LVDIN/CN4/RB2
1213141516 17 18 192021 22
i & ¥ § ¥ ¥ §F §F §F ¥ §F 1

QLuya QO
z32z¢ 38 zz
<<

MCLR

AN6/SCK1/INTO/OCFA/RB6
EMUD3/ANO/VREF+/CN2/RB0O

EMUD2/AN7/0OC2/IC2/INT2/RB7
EMUC3/AN1/VREF-/CN3/RB1

Note 1: The metal plane at the bottom of the device is not connected to any pins and is recommended to be connected to Vss externally.
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NOTES:
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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 satura-
tion is not enabled, SA and SB default to bit 39 overflow
and thus indicate that a catastrophic overflow has
occurred. If the COVTE bit in the INTCONL1 register is
set, SA and SB bits 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:

1. 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
erroneous data or unexpected algorithm
problems (e.g., gain calculations).
2. Bit 31 Overflow and Saturation:

When bit 31 overflow and saturation occurs, the
saturation logic then loads the maximally posi-
tive 1.31 value (0x007FFFFFFF) or maximally
negative 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.

3. Bit 39 Catastrophic Overflow:

The bit 39 overflow Status bit from the adder is
used to set the SA or SB bit which remains set
until cleared by the user. No saturation operation
is performed and the accumulator is allowed to
overflow (destroying its sign). If the COVTE bitin
the INTCONL1 register is set, a catastrophic
overflow 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:

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

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

24.2.3 Round Logic

The round logic is a combinational block which
performs a conventional (biased) or convergent
(unbiased) 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
algorithm is that over a succession of random rounding
operations, the value tends 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
truncated (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 functions 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.

DS70139G-page 26
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FIGURE 3-7: dsPIC30F3012/3013 DATA SPACE MEMORY MAP
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NOTES:
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TABLE 7-5: PORTD REGISTER MAP FOR dsPIC30F2012/3013

NSaTe Addr. | Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reset State
TRISD | 02D2 — — — — — — TRISD9 | TRISD8 — — — — — — — — 0000 0011 0000 0000
PORTD | 02D4 — — — — — — RD9 RD8 — — — — — — — — 0000 0000 0000 0000
LATD 02D6 — — — — — — LATD9 | LATDS8 — — — — — — — — 0000 0000 0000 0000
Legend: — = unimplemented bit, read as ‘0’
TABLE 7-6: PORTF REGISTER MAP FOR dsPIC30F2012/3013

NSa':rll?e Addr. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 | Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reset State
TRISF | 02DE — — — — — — — — — TRISF6 | TRISF5 | TRISF4 | TRISF3 | TRISF2 — — 0000 0000 0111 1100
PORTF | 02EO0 — — — — — — — — — RF6 RF5 RF4 RF3 RF2 — — 0000 0000 0000 0000
LATF 02E2 — — — — — — — — — LATF6 LATF5 LATF4 LATF3 LATF2 — — 0000 0000 0000 0000
Legend: — = unimplemented bit, read as ‘0’

Note: The dsPIC30F2011/3012 devices do not have TRISF, PORTF, or LATF.

€T0E/ZT0E/CT0C/TTOZH0EDIdSP
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8.0 INTERRUPTS

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).

¢ INTCON1<15:0>, INTCON2<15:0>
Global interrupt control functions are derived from
these two registers. INTCONL1 contains the
control and status flags for the processor
exceptions. The INTCON2 register controls the
external interrupt request signal behavior and the
use of the alternate vector table.

Note: Interrupt flag bits get set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit. User
software should ensure the appropriate
interrupt flag bits are clear prior to

enabling an interrupt.

The dsPIC30F sensor family has up to 21 interrupt
sources and 4 processor exceptions (traps) which must
be arbitrated based on a priority scheme.

The CPU is responsible for reading the Interrupt Vector
Table (IVT) and transferring the address contained in
the interrupt vector to the program counter. The
interrupt vector is transferred from the program data
bus into the program counter via a 24-bit wide
multiplexer on the input of the program counter.

The Interrupt Vector Table (IVT) and Alternate Interrupt
Vector Table (AIVT) are placed near the beginning of
program memory (0x000004). The IVT and AIVT are
shown in Figure 8-1.

The interrupt controller is responsible for
pre-processing the interrupts and processor
exceptions before they are presented to the processor
core. The peripheral interrupts and traps are enabled,
prioritized and controlled using centralized Special
Function Registers (SFRs):

* |FS0<15:0>, IFS1<15:0>, IFS2<15:0>
All interrupt request flags are maintained in these
three registers. The flags are set by their
respective peripherals or external signals and
they are cleared via software.

* |[EC0<15:0>, IEC1<15:0>, IEC2<15:0>
All interrupt enable control bits are maintained in
these three registers. These control bits are used
to individually enable interrupts from the
peripherals or external signals.

e IPC0<15:0> through IPC10<7:0>
The user assignable priority level associated with
each of these 41 interrupts is held centrally in
these eleven registers.

e IPL<3:0>
The current CPU priority level is explicitly stored
in the IPL bits. IPL<3> is present in the CORCON
register, whereas IPL<2:0> are present in the
STATUS register (SR) in the processor core.

All interrupt sources can be user assigned to one of 7
priority levels, 1 through 7, through the IPCx registers.
Each interrupt source is associated with an interrupt
vector, as shown in Table 8-1. Levels 7 and 1 represent
the highest and lowest maskable priorities, respec-
tively.

Note:  Assigning a priority level of ‘O’ to an
interrupt source is equivalent to disabling
that interrupt.

If the NSTDIS bit (INTCON1<15>) is set, nesting of
interrupts is prevented. Thus, if an interrupt is currently
being serviced, processing of a new interrupt is
prevented even if the new interrupt is of higher priority
than the one currently being serviced.

Note:  The IPL bits become read-only whenever
the NSTDIS bit has been set to ‘1'.

Certain interrupts have specialized control bits for
features like edge or level triggered interrupts,
interrupt-on-change, etc. Control of these features
remains within the peripheral module which generates
the interrupt.

The DISI instruction can be used to disable the
processing of interrupts of priorities 6 and lower for a
certain number of instructions, during which the DISI bit
(INTCON2<14>) remains set.

When an interrupt is serviced, the PC is loaded with the
address stored in the vector location in program
memory that corresponds to the interrupt. There are 63
different vectors within the IVT (refer to Table 8-1).
These vectors are contained in locations 0x000004
through O0xO0000FE of program memory (refer to
Table 8-1). These locations contain 24-bit addresses,
and in order to preserve robustness, an address error
trap takes place if the PC attempts to fetch any of these
words during normal execution. This prevents
execution of random data as a result of accidentally
decrementing a PC into vector space, accidentally
mapping a data space address into vector space, or the
PC rolling over to 0x000000 after reaching the end of
implemented program memory space. Execution of a
GOTO instruction to this vector space also generates an
address error trap.

© 2010 Microchip Technology Inc.
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11.0

Note:

INPUT CAPTURE MODULE

This data sheet summarizes features of
this group of dsPIC30F devices and is not
intended to be a complete reference
source. For more information on the CPU,
peripherals, register descriptions and
general device functionality, refer to the
“dsPIC30F Family Reference Manual”
(DS70046).

This section describes the input capture module and
associated operational modes. The features provided
by this module are useful in applications requiring
frequency (period) and pulse measurement.

Figure 11-1 depicts a block diagram of the input
capture module. Input capture is useful for such modes
as:

* Frequency/Period/Pulse Measurements

« Additional Sources of External Interrupts

Important operational features of the input capture
module are:

« Simple Capture Event mode

« Timer2 and Timer3 mode selection

* Interrupt on input capture event

These operating modes are determined by setting the
appropriate bits in the ICLCON and IC2CON registers.
The dsPIC30F2011/2012/3012/3013 devices have two
capture channels.

11.1

The simple capture events in the dsPIC30F product
family are:

Simple Capture Event Mode

« Capture every falling edge

« Capture every rising edge

« Capture every 4th rising edge

« Capture every 16th rising edge

e Capture every rising and falling edge

These simple Input Capture modes are configured by
setting the appropriate bits, ICM<2:0> (ICXCON<2:0>).

11.11 CAPTURE PRESCALER

There are four input capture prescaler settings
specified by bits ICM<2:0> (ICXCON<2:0>). Whenever
the capture channel is turned off, the prescaler counter
is cleared. In addition, any Reset clears the prescaler
counter.

FIGURE 11-1: INPUT CAPTURE MODE BLOCK DIAGRAM®
From GP Timer Module T2_CNT T3_CNT
ICx pin =
Prescaler Clock ge FIFO
% | 1,4,16 Synchronizer _’§ DeLtec_tlon Y" R/W
. ogic Logic
ICM<2:0> A
3 Mode Select ICxBUF
ICBNE, ICOV >
\ ICI<1:0> Y Y
: Interrupt
ICXCON | Logic
Data Bus \ Set Flag
ICxIF

channel (1 or 2).

Note 1: Where X' is shown, reference is made to the registers or bits associated to the respective input capture

© 2010 Microchip Technology Inc.
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14.2  1°C 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 LSb 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.

The 7-bit 1°C Slave Addresses supported by the
dsPIC30F are shown in Table 14-1.

TABLE 14-1:  7-BIT I’C™ SLAVE

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

14.3  I2C 7-bit Slave Mode Operation

Once enabled (I2CEN = 1), the slave module will wait
for a Start bit to occur (i.e., the I2C module is ‘Idle’).
Following 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 ris-
ing 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
I2CRCYV buffer or the RBF bit.

14.3.1 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 ‘O’ until the CPU responds by
writing 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.

14.3.2 SLAVE RECEPTION

If the R_W bit received is a ‘O’ 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
generated. In the case of an overflow, the contents of
the 12CRSR are not loaded into the I2CRCV.

Note: The 12CRCV 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
[2COV bit before the next receive
occurred. The acknowledgement is not
sent (ACK = 1) and the I12CRCV s
updated.

14.4  12C 10-bit Slave Mode Operation

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

The I12C specification dictates that a slave must be
addressed for a write operation with two address bytes
following a Start bit.

The A10M 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
receiving an address following a Start bit, I22CRSR
<7:3>is compared against a literal ‘11110’ (the default
10-bit address) and [2CRSR<2:1> are compared
against 12CADD<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
compared with 12CADD<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.

© 2010 Microchip Technology Inc.
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16.1 A/D Result Buffer

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

16.2 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 A/D 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 16.3 “ Selecting the
Conversion Sequence”.

The following steps should be followed for doing an
A/D conversion:
1. Configure the ADC module:

« Configure analog pins, voltage reference and
digital /0

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

IS I

16.3 Selecting the Conversion
Sequence

Several groups of control bits select the sequence in
which the A/D 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 per-
formed 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
(corresponding 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
multiplexer 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
corresponding 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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16.7 ADC Speeds

The dsPIC30F 12-bit ADC specifications permit a
maximum of 200 ksps sampling rate. Table 16-1
summarizes the conversion speeds for the dsPIC30F
12-hit ADC and the required operating conditions.

Figure 16-2 depicts the recommended circuit for the
conversion rates above 200 ksps. The dsPIC30F2011
is shown as an example.

TABLE 16-1: 12-BIT ADC EXTENDED CONVERSION RATES

dsPIC30F 12-bit ADC Conversion Rates

TAD Sampling . .
Speed Minimum | Time Min Rg Max | VDD Temperature Channel Configuration
Up to 200 334 ns 1 TaD 25kQ | 4.5V | -40°Cto +85°C
ksps®) to VREF- VREF+
5.5V
CHXx
AN 'SIA ADC
Up to 100 668 ns 1 TAaD 25kQ | 3.0V |-40°Cto +125°C
ksps to VREF- VREF+
or or
5.5V A\/‘ss AVDD
ANX —— 2\ CHX
) S/H ADC
ANX or VREF-

Note 1: External VREF- and VREF+ pins must be used for correct operation. See Figure 16-2 for recommended

circuit.
FIGURE 16-2: ADC VOLTAGE REFERENCE SCHEMATIC
VDD
R2 EegNgte_l:_ .
i | cs C C6 |
(():.21 wr 1:8%)1 WF b | L 0.71 pﬂ 0OLWF| |

it A
&
1108
] 2 20
¢ dsPIC30F2011 o VDD
s
: Ves s AVDD  AVDD  AVDD
==

c5 ca c3
1uF 0.1uF| 0.01pF

'IIW 1A

Note 1: Ensure adequate bypass capacitors are provided on each VDD pin.
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All instructions are a single word, except for certain
double-word instructions, which were made
double-word instructions so that all the required
information is available in these 48 bits. In the second
word, the 8 MSbs are ‘O's. If this second word is
executed as an instruction (by itself), it will execute as
a NOP.

Most single-word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of the
instruction. In these cases, the execution takes two
instruction cycles with the additional instruction
cycle(s) executed as a NOP. Notable exceptions are the

RETURN/RETFIE instructions, which are single-word
instructions but take two or three cycles. Certain
instructions that involve skipping over the subsequent
instruction require either two or three cycles if the skip
is performed, depending on whether the instruction
being skipped is a single-word or two-word instruction.
Moreover, double-word moves require two cycles. The
double-word instructions execute in two instruction
cycles.

Note: For more details on the instruction set,
refer to the “MCU and DSC Programmer’s

Reference Manual” (DS70157).

BRA  (unconditional/computed  branch), indirect

CALL/GOTO, all

reads and writes, and

TABLE 18-1: SYMBOLS USED IN OPCODE DESCRIPTIONS

Field Description
#text Means literal defined by “text”
(text) Means “content of text”
[text] Means “the location addressed by text”
{1} Optional field or operation
<n:m> Register bit field
.b Byte mode selection
.d Double-Word mode selection
.S Shadow register select
W Word mode selection (default)
Acc One of two accumulators {A, B}
AWB Accumulator write-back destination address register e {W13, [W13]+=2}
bit4 4-bit bit selection field (used in word addressed instructions) € {0...15}
C,DC,N, 0V, Z MCU Status bits: Carry, Digit Carry, Negative, Overflow, Sticky Zero
Expr Absolute address, label or expression (resolved by the linker)
f File register address € {0x0000...0x1FFF}
litd 1-bit unsigned literal € {0,1}
lit4 4-bit unsigned literal € {0...15}
lits 5-bit unsigned literal € {0...31}
lit8 8-bit unsigned literal € {0...255}
lit10 10-bit unsigned literal € {0...255} for Byte mode, {0:1023} for Word mode
lit14 14-bit unsigned literal € {0...16384}
lit16 16-bit unsigned literal € {0...65535}
lit23 23-bit unsigned literal € {0...8388608}; LSB must be 0
None Field does not require an entry, may be blank
OA, OB, SA, SB DSP Status bits: ACCA Overflow, ACCB Overflow, ACCA Saturate, ACCB Saturate
PC Program Counter
Slit10 10-bit signed literal € {-512...511}
Slit16 16-bit signed literal € {-32768...32767}
Slité 6-bit signed literal € {-16...16}

DS70139G-page 138

© 2010 Microchip Technology Inc.




dsPIC30F2011/2012/3012/3013

20.0 ELECTRICAL CHARACTERISTICS

This section provides an overview of dsPIC30F electrical characteristics. Additional information will be provided in future
revisions of this document as it becomes available.

For detailed information about the dsPIC30F architecture and core, refer to the “dsPIC30F Family Reference Manual”
(DS70046).

Absolute maximum ratings for the dsPIC30F family are listed below. Exposure to these maximum rating conditions for
extended periods may affect device reliability. Functional operation of the device at these or any other conditions above
the parameters indicated in the operation listings of this specification is not implied.

Absolute Maximum Ratings(™

Ambient teMPErature UNGEE DIAS.........couiiiiiiieiiiie et e e e sreenneee e s -40°C to +125°C
SEOragE tEMPETALUIE ... ..eveiieiiiiei et e et e et e e e st e e e et et e e s ek et e e e e sn et e e e e esntn et e e e areeeeesannneeeens -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD and m) (Note 1) ..o, -0.3V to (VDD + 0.3V)
Voltage 0N VDD WIth FESPECE 10 VSS ....eiiiiiiiiiiiii ettt et e e e e e e e e et e e e e e e nnbeee s -0.3V to +5.5V
Voltage on MCLR with FESPECE 10 WSS, ..ttt ettt e et e e e e bbbt e e e et b e e e e e e es 0V to +13.25V
Maximum CUITENT OUL OF WSS PN ..ttt ettt e et e e e e ekttt e e e e e bttt e e e e e sanbe e e e e e e antbeeeeeaanbsneeaeaannnees 300 mA
Maximum current int0 VDD PIN (NOTE 2) .....eeiiiiiieiiit ittt et e e e e s e e sabeeesnneeesnneeen 250 mA
Input clamp current, K (V1 < 0 OF VI > VDD) ..iuuiiiiiieiiieiiesiieeesiieeestaeessteeesssaeeesssaaessseeessseesssseeeassesesnsanesssessssseennns +20 mA
Output clamp current, 10K (VO < 0 OF VO > VDD) ...uuviiiiiiiiiiiieeiiiitete e e eeiaee e e e s sttaee e e e s satbaaeaessssstaeeeesasssbeseesssnssseeaesan +20 mA

Maximum output current SUNK DY @nY 1/O PIN........ooiiiiiioiie et e et e e e e st e e e e e e snbeeaeeaas
Maximum output current sourced by any 1/O pin
Maximum current SUNK DY @l POILS ...ttt e e e et e e e e e abe e e e e e ennnee e e e anbeseaaeeannneeeans
Maximum current sourced by all ports (Note 2)

Note 1: Voltage spikes below Vss at the MCLR/VPP pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50-100Q should be used when applying a “low” level to the MCLR/VPP pin, rather
than pulling this pin directly to Vss.

2: Maximum allowable current is a function of device maximum power dissipation. See Table 20-2 for PDMAX.

TNOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Note: All peripheral electrical characteristics are specified. For exact peripherals available on specific
devices, please refer to the dsPIC30F2011/2012/3012/3013 Sensor Family table on page 4 of
this data sheet.
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TABLE 20-4: DC TEMPERATURE AND VOLTAGE SPECIFICATIONS

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

Pzréim Symbol Characteristic Min Typ(l) Max | Units Conditions
Operating Voltage®
DC10 |VbD Supply Voltage 25 — 55 V | Industrial temperature
DC11 |VDD Supply Voltage 3.0 — 5.5 V | Extended temperature
DC12 |VDR RAM Data Retention Voltage® | 1.75 — — v
DC16 |VPOR VDD Start Voltage (to ensure — — Vss \%
internal Power-on Reset signal)
DC17 |SvDD VDD Rise Rate (to ensure 0.05 — — | V/Ims [0-5Vin 0.1 sec
internal Power-on Reset signal) 0-3Vin 60 ms

Note 1. “Typ” column data 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.
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FIGURE 20-2: BROWN-OUT RESET CHARACTERISTICS

VDD

——————————————————————— 7/~ (Device not in Brown-out Reset)
BO10 & -------J-==~""% - X
(Device in Brown-out Reset)

RESET (due to BOR) : |

‘Power-Up Time-out

TABLE 20-11: ELECTRICAL CHARACTERISTICS: BOR

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

DC CHARACTERISTICS

PaNrjm Symbol Characteristic Min Typ(l) Max | Units Conditions
BO10 VBOR BOR Voltage® on BORV=110 | — — — V | Not in operating
VDD transition high to range
low BORV=10 | 26 | — | 271 | Vv
BORV =01 4.1 — 4.4 V
BORV =00 4.58 — 4.73 \%
BO15 VBHYS — 5 — mV

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. 11 values not in usable operating range.
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OC/PWM MODULE TIMING CHARACTERISTICS

FIGURE 20-11:

- 0C20-

OCFA/OCFB ‘\ : /

‘a—— OC15——»

OCx I ><

TABLE 20-28: SIMPLE OC/PWM MODE TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C <TA <+85°C for Industrial
-40°C <TA <+125°C for Extended

P;a\lrgm Symbol Characteristic(?) Min Typ(z) Max Units Conditions

OC15 |TFD Fault Input to PWM 1/O — — 50 ns

Change

OC20 |TFLT Fault Input Pulse Width 50 — — ns
Note 1. These parameters are characterized but not tested in manufacturing.

2:

Data in “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
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I2C™ BUS START/STOP BITS TIMING CHARACTERISTICS (SLAVE MODE)

FIGURE 20-18:

SCL

Start
Condition

Stop
Condition

FIGURE 20-19: 12C™ BUS DATA TIMING CHARACTERISTICS (SLAVE MODE)

1520 > e — e 1521
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Out

TABLE 20-34: 1°C™ BUS DATA TIMING REQUIREMENTS (SLAVE MODE)

Standard Operating Conditions: 2.5V to 5.5V
unless otherwise stated
AC CHARACTERISTICS (Operating temperature -)40°C <TA <+85°C for Industrial
-40°C <TA <+125°C for Extended
P;a\lr:m Symbol Characteristic Min Max | Units Conditions
1IS10 TrLo:scL |Clock Low Time | 100 kHz mode 4.7 — us | Device must operate at a
minimum of 1.5 MHz
400 kHz mode 1.3 — us | Device must operate at a
minimum of 10 MHz.
1 MHz mode 0.5 — us
1S11 THi:scL | Clock High Time | 100 kHz mode 4.0 — us | Device must operate at a
minimum of 1.5 MHz
400 kHz mode 0.6 — us | Device must operate at a
minimum of 10 MHz
1 MHz mode® 0.5 — us
1S20 TF:sCL SDA and SCL 100 kHz mode — 300 ns |Csis specified to be from
Fall Time 400 kHz mode | 20+0.1Cs | 300 | ns |[10to400pF
1 MHz mode® — 100 ns
1S21 TR:SCL SDA and SCL 100 kHz mode — 1000 ns |Csis specified to be from
Rise Time 400 kHz mode | 20+0.1Cs | 300 | ns |[10to400pF
1 MHz mode® — 300 ns
Note 1: Maximum pin capacitance = 10 pF for all 12c™ pins (for 1 MHz mode only).
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NOTES:
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