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within electronic devices to control various functions,
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MICROCHIP

dsPIC30F2010

High-Performance, 16-bit Digital Signal Controller

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).

High-Performance Modified RISC CPU:

* Modified Harvard architecture
« C compiler optimized instruction set architecture

» 83 base instructions with flexible addressing
modes

» 24-bit wide instructions, 16-bit wide data path
« 12 Khytes on-chip Flash program space
* 512 bytes on-chip data RAM
« 1 Kbyte nonvolatile data EEPROM
« 16 x 16-bit working register array
» Up to 30 MIPs operation:
- DC to 40 MHz external clock input

- 4 MHz-10 MHz oscillator input with
PLL active (4x, 8x, 16x)

e 27 interrupt sources

« Three external interrupt sources

« Eight user-selectable priority levels for each interrupt
» Four processor exceptions and software traps

DSP Engine Features:

* Modulo and Bit-Reversed modes

» Two 40-bit wide accumulators with optional
saturation logic

» 17-bit x 17-bit single-cycle hardware fractional/
integer multiplier

 Single-cycle Multiply-Accumulate (MAC)
operation

» 40-stage Barrel Shifter
» Dual data fetch

Peripheral Features:

« High current sink/source 1/O pins: 25 mA/25 mA

* Three 16-bit timers/counters; optionally pair up
16-bit timers into 32-bit timer modules

« Four 16-bit capture input functions
* Two 16-bit compare/PWM output functions
- Dual Compare mode available
« 3-wire SPI modules (supports 4 Frame modes)

« 12C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

* Addressable UART modules with FIFO buffers

Motor Control PWM Module Features:

« Six PWM output channels

- Complementary or Independent Output
modes

- Edge and Center-Aligned modes
« Four duty cycle generators
» Dedicated time base with four modes
« Programmable output polarity
» Dead-time control for Complementary mode
e Manual output control
 Trigger for synchronized A/D conversions

Quadrature Encoder Interface Module
Features:

* Phase A, Phase B and Index Pulse input
 16-bit up/down position counter

» Count direction status

» Position Measurement (x2 and x4) mode

« Programmable digital noise filters on inputs
 Alternate 16-bit Timer/Counter mode

* Interrupt on position counter rollover/underflow

Analog Features:

« 10-bit Analog-to-Digital Converter (ADC) with:
- 1 Msps (for 10-bit A/D) conversion rate
- Six input channels
- Conversion available during Sleep and Idle
e Programmable Brown-out Reset

© 2011 Microchip Technology Inc.
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24.2.4 Data Space Write Saturation

In addition to adder/subtracter saturation, writes to data
space may also be saturated, but without affecting the
contents of the source accumulator. The data space
write saturation logic block accepts a 16-bit, 1.15
fractional value from the round logic block as its input,
together with overflow status from the original source
(accumulator) and the 16-bit round adder. These are
combined and used to select the appropriate 1.15
fractional value as output to write to data space
memory.

If the SATDW bit in the CORCON register is set, data
(after rounding or truncation) is tested for overflow and
adjusted accordingly. For input data greater than
0x007FFF, data written to memory is forced to the
maximum positive 1.15 value, Ox7FFF. For input data
less than OxFF8000, data written to memory is forced to
the maximum negative 1.15 value, 0x8000. The Most
Significant bit of the source (bit 39) is used to determine
the sign of the operand being tested.

If the SATDW bit in the CORCON register is not set, the
input data is always passed through unmodified under
all conditions.

243 BARREL SHIFTER

The barrel shifter is capable of performing up to 15-bit
arithmetic or logic right shifts, or up to 16-bit left shifts
in a single cycle. The source can be either of the two
DSP accumulators or the X bus (to support multi-bit
shifts of register or memory data).

The shifter requires a signed binary value to determine
both the magnitude (number of bits) and direction of the
shift operation. A positive value will shift the operand
right. A negative value will shift the operand left. A
value of O will not modify the operand.

The barrel shifter is 40 bits wide, thereby obtaining a
40-bit result for DSP shift operations and a 16-bit result
for MCU shift operations. Data from the X bus is pre-
sented to the barrel shifter between bit positions 16 to
31 for right shifts, and bit positions 0 to 15 for left shifts.

DS70118J-page 18
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FIGURE 3-7: DATA SPACE FOR MCU AND DSP (MAC CLASS) INSTRUCTIONS
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5.2 Reset Sequence

A Reset is not a true exception, because the interrupt
controller is not involved in the Reset process. The pro-
cessor initializes its registers in response to a Reset,
which forces the PC to zero. The processor then begins
program execution at location 0x000000. A GOTO
instruction is stored in the first program memory loca-
tion, immediately followed by the address target for the
GOTO instruction. The processor executes the GOTO to
the specified address and then begins operation at the
specified target (start) address.

521 RESET SOURCES

In addition to External Reset and Power-on Reset
(POR), there are 6 sources of error conditions which
‘trap’ to the Reset vector.

* Watchdog Time-out:
The watchdog has timed out, indicating that the
processor is no longer executing the correct flow
of code.

 Uninitialized W Register Trap:
An attempt to use an uninitialized W register as
an Address Pointer will cause a Reset.

* lllegal Instruction Trap:
Attempted execution of any unused opcodes will
result in an illegal instruction trap. Note that a
fetch of an illegal instruction does not result in an
illegal instruction trap if that instruction is flushed
prior to execution due to a flow change.

¢ Brown-out Reset (BOR):
A momentary dip in the power supply to the
device has been detected, which may result in
malfunction.

» Trap Lockout:
Occurrence of multiple trap conditions
simultaneously will cause a Reset.

5.3 Traps

Traps can be considered as non-maskable interrupts
indicating a software or hardware error, which adhere
to a predefined priority as shown in Figure 5-1. They
are intended to provide the user a means to correct
erroneous operation during debug and when operating
within the application.

Note: If the user does not intend to take correc-
tive action in the event of a trap error con-
dition, these vectors must be loaded with
the address of a default handler that sim-
ply contains the RESET instruction. If, on
the other hand, one of the vectors contain-
ing an invalid address is called, an

address error trap is generated.

Note that many of these trap conditions can only be
detected when they occur. Consequently, the question-
able instruction is allowed to complete prior to trap
exception processing. If the user chooses to recover
from the error, the result of the erroneous action that
caused the trap may have to be corrected.

There are 8 fixed priority levels for traps: Level 8
through Level 15, which means that the IPL3 is always
set during processing of a trap.

If the user is not currently executing a trap, and he sets
the IPL<3:0> bits to a value of ‘0111’ (Level 7), then all
interrupts are disabled, but traps can still be processed.

531 TRAP SOURCES

The following traps are provided with increasing prior-
ity. However, since all traps can be nested, priority has
little effect.

Math Error Trap:

The math error trap executes under the following four
circumstances:

1. Should an attempt be made to divide by zero,
the divide operation will be aborted on a cycle
boundary and the trap taken.

2. If enabled, a math error trap will be taken when
an arithmetic operation on either accumulator A
or B causes an overflow from bit 31 and the
accumulator guard bits are not utilized.

3. If enabled, a math error trap will be taken when
an arithmetic operation on either accumulator A
or B causes a catastrophic overflow from bit 39
and all saturation is disabled.

4. If the shift amount specified in a shift instruction

is greater than the maximum allowed shift
amount, a trap will occur.

© 2011 Microchip Technology Inc.
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54 Interrupt Sequence

Allinterrupt 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 (IECX) 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 5-2. 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
interrupt into the STATUS register. This action will
disable all lower priority interrupts until the completion
of the Interrupt Service Routine (ISR).

FIGURE 5-2: 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 hit (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.

5.5 Alternate Vector Table

In Program Memory, the Interrupt Vector Table (IVT) is
followed by the Alternate Interrupt Vector Table (AIVT),
as shown in Figure 5-1. Access to the Alternate Vector
Table is provided by the ALTIVT bit in the INTCON2
register. If the ALTIVT bit is set, all interrupt and excep-
tion 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
supports emulation and debugging efforts by providing
a means to switch between an application and a sup-
port environment, without requiring the interrupt vec-
tors 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.

5.6 Fast Context Saving

A context saving option is available using shadow reg-
isters. Shadow registers are provided for the DC, N,
OV, 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.

5.7 External Interrupt Requests

The interrupt controller supports 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 three bits, INTOEP-INT2EP, that
select the polarity of the edge detection circuitry.

5.8 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 needed to process the interrupt request.

© 2011 Microchip Technology Inc.
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9.0 TIMER1 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”

(DS700486).

This section describes the 16-bit general purpose
Timerl module and associated operational modes.
Figure 9-1 depicts the simplified block diagram of the
16-bit Timerl Module.

Note: Timerl is a ‘Type A timer. Refer to the
specifications for the Type A timer in
Section 22.0 “Electrical Characteristics”
for details.

The following sections provide a detailed description of
the operational modes of the timers, including setup
and control registers along with associated block
diagrams.

The Timerl module is a 16-bit timer which can serve as
the time counter for the real-time clock, or operate as a
free running interval timer/counter. The 16-bit timer has
the following modes:
* 16-bit Timer
* 16-bit Synchronous Counter
 16-bit Asynchronous Counter
Further, the following operational characteristics are
supported:
< Timer gate operation
» Selectable prescaler settings
« Timer operation during CPU Idle and Sleep
modes
* Interrupt on 16-bit period register match or falling
edge of external gate signal

These operating modes are determined by setting the
appropriate bit(s) in the 16-bit SFR, TLCON. Figure 9-1
presents a block diagram of the 16-bit timer module.

16-bit Timer Mode: In the 16-bit Timer mode, the timer
increments on every instruction cycle up to a match
value, preloaded into the period register PR1, then
resets to ‘0’ and continues to count.

When the CPU goes into the Idle mode, the timer will
stop incrementing unless the TSIDL (T1CON<13>)
bit = 0. If TSIDL = 1, the timer module logic will resume
the incrementing sequence upon termination of the
CPU Idle mode.

16-bit Synchronous Counter Mode: In the 16-bit
Synchronous Counter mode, the timer increments on
the rising edge of the applied external clock signal,
which is synchronized with the internal phase clocks.
The timer counts up to a match value preloaded in PR1,
then resets to ‘0’ and continues.

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

16-bit Asynchronous Counter Mode: In the 16-hit
Asynchronous Counter mode, the timer increments on
every rising edge of the applied external clock signal.
The timer counts up to a match value preloaded in PR1,
then resets to ‘O’ and continues.

When the timer is configured for the Asynchronous
mode of operation and the CPU goes into the Idle
mode, the timer will stop incrementing if TSIDL = 1.

© 2011 Microchip Technology Inc.
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10.0 TIMER2/3 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).

For 32-bit timer/counter operation, Timer2 is the least
significant word and Timer3 is the most significant word
of the 32-bit timer.

This section describes the 32-bit general purpose
Timer module (Timer2/3) and associated operational
modes. Figure 10-1 depicts the simplified block dia-
gram of the 32-bit Timer2/3 module. Figure 10-2 and
Figure 10-3 show Timer2/3 configured as two
independent 16-bit timers; Timer2 and Timer3,
respectively.

Note: For 32-bit timer operation, T3CON control
bits are ignored. Only T2CON control bits
are used for setup and control. Timer 2
clock and gate inputs are utilized for the
32-bit timer module, but an interrupt is
generated with the Timer3 interrupt flag
(T3IF), and the interrupt is enabled with
the Timer3 interrupt enable bit (T3IE).

Note:  Timer2 is a ‘Type B’ timer and Timer3 is a
‘Type C’ timer. Please refer to the
appropriate timer type in Section 22.0
“Electrical Characteristics” for details.

The Timer2/3 module is a 32-bit timer, which can be
configured as two 16-bit timers, with selectable operat-
ing modes. These timers are utilized by other
peripheral modules such as:

* Input Capture

* Output Compare/Simple PWM

The following sections provide a detailed description,
including setup and control registers, along with asso-
ciated block diagrams for the operational modes of the
timers.

The 32-bit timer has the following modes:

« Two independent 16-bit timers (Timer2 and
Timer3) with all 16-bit operating modes (except
Asynchronous Counter mode)

 Single 32-bit Timer operation

 Single 32-bit Synchronous Counter

Further, the following operational characteristics are
supported:

* ADC Event Trigger

» Timer Gate Operation

» Selectable Prescaler Settings

« Timer Operation during Idle and Sleep modes

« Interrupt on a 32-bit Period Register Match

These operating modes are determined by setting the

appropriate bit(s) in the 16-bit T2CON and T3CON
SFRs.

16-bit Mode: In the 16-bit mode, Timer2 and Timer3
can be configured as two independent 16-bit timers.
Each timer can be set up in either 16-bit Timer mode or
16-bit Synchronous Counter mode. See Section 9.0
“Timerl Module” for details on these two operating
modes.

The only functional difference between Timer2 and
Timer3 is that Timer2 provides synchronization of the
clock prescaler output. This is useful for high frequency
external clock inputs.

32-bit Timer Mode: In the 32-bit Timer mode, the timer
increments on every instruction cycle up to a match
value, preloaded into the combined 32-bit period regis-
ter PR3/PR2, then resets to ‘0’ and continues to count.

For synchronous 32-bit reads of the Timer2/Timer3
pair, reading the least significant word (TMR2 register)
will cause the most significant word (msw) to be read
and latched into a 16-bit holding register, termed
TMR3HLD.

For synchronous 32-bit writes, the holding register
(TMR3HLD) must first be written to. When followed by
a write to the TMR2 register, the contents of TMR3HLD
will be transferred and latched into the MSB of the
32-bit timer (TMR3).

32-bit Synchronous Counter Mode: In the 32-bit
Synchronous Counter mode, the timer increments on
the rising edge of the applied external clock signal,
which is synchronized with the internal phase clocks.
The timer counts up to a match value preloaded in the
combined 32-bit period register PR3/PR2, then resets
to ‘0’ and continues.

When the timer is configured for the Synchronous
Counter mode of operation and the CPU goes into the
Idle mode, the timer will stop incrementing, unless the
TSIDL (T2CON<13>) bit = ‘0’. If TSIDL = ‘1’, the timer
module logic will resume the incrementing sequence
upon termination of the CPU Idle mode.

© 2011 Microchip Technology Inc.
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TABLE 12-1:

OUTPUT COMPARE REGISTER MAP

SFR Name | Addr. | Bit15 | Bit14 | Bit13 [ Bit12 [ Bit11 [ Bit10] Bit9 | Bits | Bit7 [ Bite | Bits | Bita | Bits | Bit2 | Bit1 | Bit0 Reset State
OC1RS 0180 Output Compare 1 Master Register 0000 0000 0000 0000
OCI1R 0182 Output Compare 1 Slave Register 0000 0000 0000 0000
ocicon | o184 | — Jocrrzfocso] — | — | — | — | — [ — | — | — Jocrri]|ocrseL] OCM<2:0> 0000 0000 0000 0000
OC2RS 0186 Output Compare 2 Master Register 0000 0000 0000 0000
OC2R 0188 Output Compare 2 Slave Register 0000 0000 0000 0000
oczcon [ osa| — Jocrrzlocsol| — | — | — | — | — [ — | = | — Jocrr2]ocrseLz] OCM<2:0> 0000 0000 0000 0000
Legend: — = unimplemented bit, read as ‘0’

Note: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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FIGURE 14-1: PWM BLOCK DIAGRAM
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Note: Details of PWM Generator 1 and 2 not shown for clarity.
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1451 DUTY CYCLE REGISTER BUFFERS

The four PWM duty cycle registers are double-buffered
to allow glitchless updates of the PWM outputs. For
each duty cycle, there is a duty cycle register that is
accessible by the user and a second duty cycle register
that holds the actual compare value used in the present
PWM period.

For edge-aligned PWM output, a new duty cycle value
will be updated whenever a match with the PTPER reg-
ister occurs and PTMR is reset. The contents of the
duty cycle buffers are automatically loaded into the
duty cycle registers when the PWM time base is dis-
abled (PTEN = 0) and the UDIS bit is cleared in
PWMCONZ2.

When the PWM time base is in the Up/Down Counting
mode, new duty cycle values are updated when the
value of the PTMR register is zero and the PWM time
base begins to count upwards. The contents of the duty
cycle buffers are automatically loaded into the duty
cycle registers when the PWM time base is disabled
(PTEN = 0).

When the PWM time base is in the Up/Down Counting
mode with double updates, new duty cycle values are
updated when the value of the PTMR register is zero,
and when the value of the PTMR register matches the
value in the PTPER register. The contents of the duty
cycle buffers are automatically loaded into the duty
cycle registers when the PWM time base is disabled
(PTEN = 0).

14.6 Complementary PWM Operation

In the Complementary mode of operation, each pair of
PWM outputs is obtained by a complementary PWM
signal. A dead time may be optionally inserted during
device switching, when both outputs are inactive for a
short period (Refer to Section 14.7 “Dead-Time
Generators”).

In Complementary mode, the duty cycle comparison
units are assigned to the PWM outputs as follows:

* PDCI1 register controls PWM1H/PWMLL outputs

* PDC2 register controls PWM2H/PWM2L outputs

« PDCS3 register controls PWM3H/PWM3L outputs
The Complementary mode is selected for each PWM
I/O pin pair by clearing the appropriate PMODx bit in the

PWMCON1 SFR. The PWM 1/O pins are set to
Complementary mode by default upon a device Reset.

14.7 Dead-Time Generators

Dead-time generation may be provided when any of
the PWM I/O pin pairs are operating in the Comple-
mentary Output mode. The PWM outputs use Push-
Pull drive circuits. Due to the inability of the power out-
put devices to switch instantaneously, some amount of
time must be provided between the turn off event of one
PWM output in a complementary pair and the turn on
event of the other transistor.

14.7.1 DEAD-TIME GENERATORS

Each complementary output pair for the PWM module
has a 6-bit down counter that is used to produce the
dead-time insertion. As shown in Figure 14-4, the
dead-time unit has a rising and falling edge detector
connected to the duty cycle comparison output.

14.7.2 DEAD-TIME RANGES

The amount of dead time provided by the dead-time
unit is selected by specifying the input clock prescaler
value and a 6-bit unsigned value.

Four input clock prescaler selections have been pro-
vided to allow a suitable range of dead times, based on
the device operating frequency. The dead-time clock
prescaler value is selected using the DTAPS<1:0> and
DTBPS<1:0> control bits in the DTCON1 SFR. One of
four clock prescaler options (Tcy, 2 Tcy, 4 Tcy or 8 Tcy)
is selected for the dead-time value.

After the prescaler value is selected, the dead time is
adjusted by loading a 6-bit unsigned value into the
DTCON1 SFR.

The dead-time unit prescaler is cleared on the following
events:

* On aload of the down timer due to a duty cycle
comparison edge event.

« On a write to the DTCONL register.

* On any device Reset.

Note:  The user should not modify the DTCON1
values while the PWM module is operat-
ing (PTEN = 1). Unexpected results may
occur.

DS70118J-page 86
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17.2 Enabling and Setting Up UART

17.2.1 ENABLING THE UART

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

17.2.2 DISABLING THE UART

The UART module is disabled by clearing the
UARTEN bit in the UXMODE register. This is the
default state after any Reset. If the UART is disabled,
all /0 pins operate as port pins under the control of
the latch and TRIS bits of the corresponding port pins.

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

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

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

17.2.3 ALTERNATE I/O

The alternate 1/O function is enabled by setting the
ALTIO bit (UXMODE<10>). If ALTIO = 1, the UXATX
and UxARX pins (alternate transmit and alternate
receive pins, respectively) are used by the UART mod-
ule instead of the UXTX and UxRX pins. If ALTIO = 0,
the UXTX and UxRX pins are used by the UART
module.

17.2.4 SETTING UP DATA, PARITY AND
STOP BIT SELECTIONS

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

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

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

17.3 Transmitting Data

17.3.1 TRANSMITTING IN 8-BIT DATA
MODE

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

1. Setupthe UART:
First, the data length, parity and number of Stop
bits must be selected. Then, the Transmit and
Receive Interrupt enable and priority bits are
setup in the UXMODE and UxSTA registers.
Also, the appropriate baud rate value must be
written to the UXBRG register.

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

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

Note: The UTXEN bit must be set after the
UARTEN bit is set to enable UART
transmissions.

4. Write the byte to be transmitted to the lower byte
of UXTXREG. The value will be transferred to the
Transmit Shift register (UXTSR) immediately
and the serial bit stream will start shifting out
during the next rising edge of the baud clock.
Alternatively, the data byte may be written while
UTXEN = 0, following which the user may set
UTXEN. This will cause the serial bit stream to
begin immediately because the baud clock will
start from a cleared state.

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

17.3.2 TRANSMITTING IN 9-BIT DATA
MODE

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

17.3.3 TRANSMIT BUFFER (UXTXB)

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

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

The FIFO is reset during any device Reset, but is not
affected when the device enters or wakes up from a
Power-Saving mode.
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18.7.3.3

The following configuration items are required to
achieve a 600 ksps conversion rate.

600 ksps Configuration Items

e Comply with conditions provided in Table 18-2

» Connect external VREr+ and VREF- pins following
the recommended circuit shown in Figure 18-2

¢ Set SSRC<2:0> =111 in the ADCONL1 register to
enable the auto-convert option

« Enable automatic sampling by setting the ASAM
control bit in the ADCONL1 register

« Enable sequential sampling by clearing the
SIMSAM bit in the ADCONL1 register

* Enable at least two sample and hold channels by
writing the CHPS<1:0> control bits in the
ADCONZ2 register

* Write the SMPI<3:0> control bits in the ADCON2
register for the desired number of conversions
between interrupts. At a minimum, set
SMPI<3:0> = 0001 since at least two sample and
hold channels should be enabled

» Configure the A/D clock period to be:

1

12 x 600,000

by writing to the ADCS<5:0> control bits in the
ADCONZ3 register
» Configure the sampling time to be 2 TaD by
writing: SAMC<4:0> = 00010
Select at least two channels per analog input pin by
writing to the ADCHS register.

=138.89 ns

18.8 A/D Acquisition Requirements

The analog input model of the 10-bit ADC is shown in
Figure 18-3. The total sampling time for the A/D is a
function of the internal amplifier settling time, device
VDD and the holding capacitor charge time.

For the A/D converter to meet its specified accuracy, the
charge holding capacitor (CHoOLD) must be allowed to
fully charge to the voltage level on the analog input pin.
The source impedance (Rs), the interconnect
impedance (Ric), and the internal sampling switch
(Rss) impedance combine to directly affect the time
required to charge the capacitor CHoLD. The combined
impedance of the analog sources must therefore be
small enough to fully charge the holding capacitor within
the chosen sample time. To minimize the effects of pin
leakage currents on the accuracy of the A/D converter,
the maximum recommended source impedance, Rs, is
5 kQ After the analog input channel is selected
(changed), this sampling function must be completed
prior to starting the conversion. The internal holding
capacitor will be in a discharged state prior to each
sample operation.

The user must allow at least 1 TAD period of sampling
time, TsAMP, between conversions to allow each sam-
ple to be acquired. This sample time may be controlled
manually in software by setting/clearing the SAMP bit,
or it may be automatically controlled by the A/D con-
verter. In an automatic configuration, the user must
allow enough time between conversion triggers so that
the minimum sample time can be satisfied. Refer to the
Electrical Specifications for TaD and sample time
requirements.

FIGURE 18-3: ADC ANALOG INPUT MODEL
VoD RICD50Q  gampling  RSS Bk

e VT =0.6V \ | Swieh
. Rs ANx | Rss,
- Wy ? W .
' ' c l --------- CHoLD
: : PIN _L = DAC capacitance
O T s T

- e e ] Vss

Legend: CpPIN = input capacitance

VT threshold voltage

| leakage = leakage current at the pin due to
various junctions

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

Note: CPIN value depends on device package and is not tested. Effect of CPIN negligible if Rs <5 kQ
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FIGURE 19-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)
VDD —/
MCLR
INTERNAL POR H

OST TIME-OUT
TPWRT
PWRT TIME-OUT : ,
INTERNAL Reset
FIGURE 19-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1
VDD —/
MCLR : :
INTERNAL POR H

OST TIME-OUT )

: TPWRT -

PWRT TIME-OUT ':

INTERNAL Reset |

FIGURE 19-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2

VDD —/
MCLR / E
INTERNAL POR H E
— :TOST| -
OST TIME-OUT . !
. TPWRT. :

PWRT TIME-OUT

INTERNAL Reset .
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NOTES:
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TABLE 20-2: INSTRUCTION SET OVERVIEW
Ilgnégt? I\A/I?é;rgl:]li)(/: Assembly Syntax Description vgc;(:g cfccl)tfa s Stitflsz C't:é?jgs
1 ADD ADD Acc Add Accumulators 1 1 OA,0B,SA,SB
ADD Li f=f+WREG 1 1 C,DC,N,0V,Z
ADD f,WREG WREG = f + WREG 1 1 C,DC,N,0Vv,Z
ADD #1i1t10,Wn wd = lit10 + Wd 1 1 C,DC,N,0V,Z
ADD Wb ,Ws,Wd Wd =Wb +Ws 1 1 C,DC,N,0V,Z
ADD Wb, #1it5,Wd Wd = Wb + lit5 1 1 C,DC,N,0V,Z
ADD Wso,#Slit4,Acc 16-bit Signed Add to Accumulator 1 1 OA,0B,SA,SB
2 ADDC ADDC Li f=f+WREG + (C) 1 1 C,DC,N,0V,Z
ADDC f,WREG WREG = f + WREG + (C) 1 1 C,DC,N,0V,Z
ADDC #1i1t10,Wn Wwd = lit10 + Wd + (C) 1 1 C,DC,N,0Vv,Z
ADDC Wb ,Ws,Wd Wd =Wb + Ws + (C) 1 1 C,DC,N,0V,Z
ADDC Wb, #1it5,Wd Wd = Wb + lit5 + (C) 1 1 C,DC,N,0V,Z
3 AND AND Li f=f.AND. WREG 1 1 N,Z
AND T,WREG WREG =f.AND. WREG 1 1 N,Z
AND #1itl10,Wn Wd = lit10 .AND. Wd 1 1 N,Z
AND Wb,Ws,Wd Wd = Wb .AND. Ws 1 1 N,Z
AND Wb, #1it5,Wd Wd = Wb .AND. lit5 1 1 N,Z
4 ASR ASR Li f = Arithmetic Right Shift f 1 1 C,N,0V,Z
ASR f,WREG WREG = Arithmetic Right Shift f 1 1 C,N,0V,Z
ASR Ws,Wd Wd = Arithmetic Right Shift Ws 1 1 C,N,0Vv,Z2
ASR Wb ,Wns,Wnd Whnd = Arithmetic Right Shift Wb by Wns 1 1 N,Z
ASR Wb,#1it5,Wnd Wnd = Arithmetic Right Shift Wb by lit5 1 1 N,Z
5 BCLR BCLR f.#bitd Bit Clear f 1 1 None
BCLR Ws,#bitd Bit Clear Ws 1 1 None
6 BRA BRA C,Expr Branch if Carry 1 1(2) | None
BRA GE ,Expr Branch if greater than or equal 1 1(2) |None
BRA GEU, Expr Branch if unsigned greater than or equal 1 1(2) | None
BRA GT,Expr Branch if greater than 1 1(2) | None
BRA GTU,Expr Branch if unsigned greater than 1 1(2) |None
BRA LE,Expr Branch if less than or equal 1 1(2) | None
BRA LEU, Expr Branch if unsigned less than or equal 1 1(2) |None
BRA LT,Expr Branch if less than 1 1(2) | None
BRA LTU,Expr Branch if unsigned less than 1 1(2) | None
BRA N, Expr Branch if Negative 1 1(2) | None
BRA NC, Expr Branch if Not Carry 1 1(2) | None
BRA NN, Expr Branch if Not Negative 1 1(2) | None
BRA NOV, Expr Branch if Not Overflow 1 1(2) | None
BRA NZ ,Expr Branch if Not Zero 1 1(2) | None
BRA OA, Expr Branch if accumulator A overflow 1 1(2) | None
BRA OB, Expr Branch if accumulator B overflow 1 1(2) | None
BRA oV, Expr Branch if Overflow 1 1(2) | None
BRA SA,Expr Branch if accumulator A saturated 1 1(2) | None
BRA SB,Expr Branch if accumulator B saturated 1 1(2) |None
BRA Expr Branch Unconditionally 1 2 None
BRA Z,Expr Branch if Zero 1 1(2) | None
BRA Wn Computed Branch 1 2 None
7 BSET BSET T, #bitd Bit Set f 1 1 None
BSET Ws,#bit4 Bit Set Ws 1 1 None
8 BSW BSW.C Ws,Wb Write C bit to Ws<Wb> 1 1 None
BSW.Z Ws,Wb Write Z bit to Ws<Whb> 1 1 None
9 BTG BTG T, #bitd Bit Toggle f 1 1 None
BTG Ws,#bitd Bit Toggle Ws 1 1 None
10 BTSC BTSC T, #bitd Bit Test f, Skip if Clear 1 1 None
(2 or 3)
BTSC Ws,#bit4 Bit Test Ws, Skip if Clear 1 1 None
(2 or 3)
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22.0 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 “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) ................................................... -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 t0 VSS (NOTE 1) ..eiieiiiiiiie ettt 0V to +13.25V
Total power diSSIPAtION (NOTE 2) ...ttt e ettt e e e e e s ae et e e e e e s ateeeeeeeaanteeeeaeeanneeeeaeeannsbeeeaasannneneaaeas 1.0w
MaxXimum CUTENT QUL OF WSS PN ...eiiiiii itttk st e et s bt s e st b e e aabe e e nnneeeanreena 300 mA
MaXimum CUMTENT INEO VDD PN ...cuiiiiiiiiie ittt ettt ettt et e et et e s et e et e e e se e e e ss e e e abe e e enr e e e s neeennneeenes 250 mA
Input clamp current, K (VI <O OF VI3 VDD) c.uuuiiiiiiiiiiiite ettt e e e ettt e e s et e e e e e s stbae e e e e s sbaaeeaeeaassaeeeessnstaeeeeesansreees +20 mA
Output clamp current, 10K (VO < 0 OF VO 3 VDD) ....uueiiiiiiiiiiee ettt e e e ettt e e e ettt e e e e s sabbet e e e s atnbe e e e e s s antbeeeesaanreeeeeean +20 mA

Maximum output current sunk by any I/O pin.................
Maximum output current sourced by any 1/O pin
Maximum current SUNK DY @l POITS ......uviiiieiee et r e b
Maximum current SOUICEd DY AIl POIES .....c..uiiiiiiiiie et e e r e b e

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 22-4.

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.
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TABLE 22-23: TIMER2 EXTERNAL CLOCK TIMING REQUIREMENTS

AC CHARACTERISTICS

Operating temperature

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

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

P;a\lrc?m Symbol Characteristic Min Typ Max Units Conditions
TB10 |TtxH TXCK High Time |Synchronous, |0.5Tcy+20| — — ns |Must also meet
no prescaler parameter TB15
Synchronous, 10 — — ns
with prescaler
TB11 TtxL TxCK Low Time Synchronous, |0.5 Tcy + 20 — — ns |Must also meet
no prescaler parameter TB15
Synchronous, 10 — — ns
with prescaler
TB15 TtxP TxCK Input Period | Synchronous, Tcy + 10 — — ns |N = prescale
no prescaler value
Synchronous, Greater of: (1, 8, 64, 256)
with prescaler 20 ns or
(Tcy + 40)/IN
TB20 TCKEXTMRL |Delay from External TxCK Clock 0.5 Tey — [15Tcy| — —
Edge to Timer Increment

TABLE 22-24: TIMER3 EXTERNAL CLOCK TIMING REQUIREMENTS

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

Pzrsm Symbol Characteristic Min Typ Max | Units Conditions
TC10 |TtxH TXCK High Time  |Synchronous 05Tcy+20| — — ns |Must also meet
parameter TC15
TC11 TtxL TxCK Low Time Synchronous 05Tcy+20| — — ns [Must also meet
parameter TC15
TC15 |TtxP TXCK Input Period |Synchronous, Tcy + 10 — — ns [N = prescale
no prescaler value
Synchronous, Greater of: (1,8, 64, 256)
with prescaler 20 nsor
(Tcy + 40)/N
TC20 |TckexXTMRL |Delay from External TXxCK Clock 0.5 Tey — [15Tcy| — —
Edge to Timer Increment
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TABLE 22-37: 1°C™ BUS DATA TIMING REQUIREMENTS (SLAVE 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

Pzrgm Symbol Characteristic Min Max | Units Conditions
1S10 TLo: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+0.1CB | 300 ns |10 to 400 pF
1 MHz mode() — 100 ns
1S21 TR:SCL SDA and SCL 100 kHz mode — 1000 ns |CBsis specified to be from
Rise Time 400 kHz mode | 20+0.1Cs | 300 ns |10 to 400 pF
1 MHz mode® — 300 ns
1S25 TSu:DAT |Data Input 100 kHz mode 250 — ns
Setup Time 400 kHz mode 100 — ns —
1 MHz mode() 100 — ns
1S26 THD:DAT |Data Input 100 kHz mode 0 — ns
Hold Time 400 kHz mode 0 0.9 us —
1 MHz mode® 0 0.3 us
1IS30 Tsu:sTA |Start Condition 100 kHz mode 4.7 — us |Only relevant for repeated
Setup Time 400 kHz mode 0.6 — us |Start condition
1 MHz mode 0.25 — us
1S31 THD:STA |Start Condition 100 kHz mode 4.0 — us  |After this period the first
Hold Time 400 kHz mode 0.6 — us |clock pulse is generated
1 MHz mode® 0.25 — us
1S33 Tsu:sTo |Stop Condition 100 kHz mode 4.7 — us
Setup Time 400 kHz mode 0.6 — us —
1 MHz mode® 0.6 — us
1S34 THD:STO |Stop Condition 100 kHz mode 4000 — ns
Hold Time 400 kHz mode 600 — ns —
1 MHz mode() 250 ns
1S40 TAA:scL |Output Valid From {100 kHz mode 0 3500 ns
Clock 400 kHz mode 0 1000 | ns —
1 MHz mode®) 0 350 | ns
1S45 TBF:SDA |Bus Free Time 100 kHz mode 4.7 — us | Time the bus must be free
400 kHz mode 1.3 — us |before a new transmission
1 MHz mode(® 0.5 — us |can start
1S50 Cs Bus Capacitive — 400 pF —
Loading
Note 1: Maximum pin capacitance = 10 pF for all ’°C™ pins (for 1 MHz mode only).
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28-Lead Plastic Small Outline (SO) — Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
N
Q00000 MAnnnan
7/ B
77
7
NOTE 1— 220 ;
goouoouruooorono
123
-
b —=| |=—o
A —a T
| ' [
[ \— Cc
A ) A O ¢ ty | t
f % \H‘ L / K
A1 IR B S
Units MILLIMETERS
Dimension Limits| ~ MIN_ |  NOM | MAX
Number of Pins N 28
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 17.90 BSC
Chamfer (optional) h 0.25 - 0.75
Foot Length L 0.40 — 1.27
Footprint L1 1.40 REF
Foot Angle Top ¢ 0° - 8°
Lead Thickness c 0.18 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.

3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4

. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.
Microchip Technology Drawing C04-052B
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