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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.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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2.4.1 MULTIPLIER
The 17 x 17-bit multiplier is capable of signed or
unsigned operation and can multiplex its output
using a scaler to support either 1.31 fractional (Q31)
or 32-bit integer results. Unsigned operands are
zero-extended into the 17th bit of the multiplier input
value. Signed operands are sign-extended into the
17th bit of the multiplier input value. The output of
the 17 x 17-bit multiplier/scaler is a 33-bit value,
which is sign-extended to 40 bits. Integer data is
inherently represented as a signed two’s complement
value, where the MSB is defined as a sign bit.
Generally speaking, the range of an N-bit two’s
complement integer is -2N-1 to 2N-1 – 1. For a 16-bit
integer, the data range is -32768 (0x8000) to 32767
(0x7FFF), including ‘0’. For a 32-bit integer, the data
range is -2,147,483,648 (0x8000 0000) to
2,147,483,645 (0x7FFF FFFF).

When the multiplier is configured for fractional
multiplication, the data is represented as a two’s
complement fraction, where the MSB is defined as a
sign bit and the radix point is implied to lie just after the
sign bit (QX format). The range of an N-bit two’s
complement fraction with this implied radix point is -1.0
to (1-21-N). For a 16-bit fraction, the Q15 data range is
-1.0 (0x8000) to 0.999969482 (0x7FFF), including ‘0’
and has a precision of 3.01518x10-5. In Fractional
mode, a 16x16 multiply operation generates a 1.31
product, which has a precision of 4.65661x10-10.

The same multiplier is used to support the MCU multi-
ply instructions, which include integer 16-bit signed,
unsigned and mixed sign multiplies.

The MUL instruction may be directed to use byte or
word-sized operands. Byte operands will direct a 16-bit
result, and word operands will direct a 32-bit result to
the specified register(s) in the W array. 

2.4.2 DATA ACCUMULATORS AND 
ADDER/SUBTRACTER

The data accumulator consists of a 40-bit adder/
subtracter with automatic sign extension logic. It can
select one of two accumulators (A or B) as its pre-
accumulation source and post-accumulation
destination. For the ADD and LAC instructions, the data
to be accumulated or loaded can be optionally scaled
via the barrel shifter, prior to accumulation. 

2.4.2.1 Adder/Subtracter, Overflow and 
Saturation

The adder/subtracter is a 40-bit adder with an optional
zero input into one side and either true or complement
data into the other input. In the case of addition, the
carry/borrow input is active high and the other input is
true data (not complemented), whereas in the case of
subtraction, the carry/borrow input is active low and the
other input is complemented. The adder/subtracter
generates overflow status bits SA/SB and OA/OB,
which are latched and reflected in the STATUS 
Register.

• Overflow from bit 39: this is a catastrophic 
overflow in which the sign of the accumulator is 
destroyed.

• Overflow into guard bits 32 through 39: this is a 
recoverable overflow. This bit is set whenever all 
the guard bits are not identical to each other.

The adder has an additional saturation block which
controls accumulator data saturation, if selected. It
uses the result of the adder, the overflow status bits
described above, and the SATA/B (CORCON<7:6>)
and ACCSAT (CORCON<4>) mode control bits to
determine when and to what value to saturate.

Six STATUS register bits have been provided to 
support saturation and overflow; they are:

1. OA:
ACCA overflowed into guard bits 

2. OB: 
ACCB overflowed into guard bits

3. SA:
ACCA saturated (bit 31 overflow and saturation)
or
ACCA overflowed into guard bits and saturated
(bit 39 overflow and saturation)

4. SB:
ACCB saturated (bit 31 overflow and saturation)
or
ACCB overflowed into guard bits and saturated
(bit 39 overflow and saturation)

5. OAB:
Logical OR of OA and OB

6. SAB:
Logical OR of SA and SB

The OA and OB bits are modified each time data
passes through the adder/subtracter. When set, they
indicate that the most recent operation has overflowed
into the accumulator guard bits (bits 32 through 39).
The OA and OB bits can also optionally generate an
arithmetic warning trap when set and the correspond-
ing overflow trap flag enable bit (OVATE, OVBTE) in
the INTCON1 register (refer to Section 5.0 “Inter-
rupts”) is set. This allows the user to take immediate
action, for example, to correct system gain. 
DS70118J-page 16 © 2011 Microchip Technology Inc.
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6.0 FLASH PROGRAM MEMORY

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

1. In-Circuit Serial Programming (ICSP™) 
programming capability

2. Run-Time Self-Programming (RTSP)

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 digital signal controller 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 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 

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).
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7.2 Erasing Data EEPROM 

7.2.1 ERASING A BLOCK OF DATA 
EEPROM 

In order to erase a block of data EEPROM, the
NVMADRU and NVMADR registers must initially
point to the block of memory to be erased. Configure
NVMCON for erasing a block of data EEPROM, and
set the WR and WREN bits in NVMCON register.
Setting the WR bit initiates the erase, as shown in
Example 7-2.

EXAMPLE 7-2: DATA EEPROM BLOCK ERASE

7.2.2 ERASING A WORD OF DATA 
EEPROM

The NVMADRU and NVMADR registers must point
to the block. Select erase a block of data Flash,
and set the WR and WREN bits in NVMCON
register. Setting the WR bit initiates the erase, as
shown in Example 7-3.

EXAMPLE 7-3: DATA EEPROM WORD ERASE

; Select data EEPROM block, ERASE, WREN bits
MOV #4045,W0
MOV W0,NVMCON ; Initialize NVMCON SFR

    
; Start erase cycle by setting WR after writing key sequence

DISI #5 ; Block all interrupts with priority <7
; for next 5 instructions

MOV #0x55,W0 ; 
MOV W0,NVMKEY ; Write the 0x55 key

 MOV #0xAA,W1                ;
MOV W1,NVMKEY  ; Write the 0xAA key
BSET NVMCON,#WR         ; Initiate erase sequence

    NOP
    NOP
; Erase cycle will complete in 2mS. CPU is not stalled for the Data Erase Cycle
; User can poll WR bit, use NVMIF or Timer IRQ to determine erasure complete

; Select data EEPROM word, ERASE, WREN bits
MOV #4044,W0
MOV W0,NVMCON

    
; Start erase cycle by setting WR after writing key sequence

DISI #5 ; Block all interrupts with priority <7
; for next 5 instructions

MOV #0x55,W0 ; 
MOV W0,NVMKEY ; Write the 0x55 key
MOV #0xAA,W1 ;
MOV W1,NVMKEY  ; Write the 0xAA key
BSET NVMCON,#WR ; Initiate erase sequence

    NOP
    NOP    
; Erase cycle will complete in 2mS. CPU is not stalled for the Data Erase Cycle
; User can poll WR bit, use NVMIF or Timer IRQ to determine erasure complete
DS70118J-page 50 © 2011 Microchip Technology Inc.
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FIGURE 9-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM (TYPE A TIMER) 

9.1 Timer Gate Operation
The 16-bit timer can be placed in the Gated Time Accu-
mulation mode. This mode allows the internal TCY to
increment the respective timer when the gate input sig-
nal (T1CK pin) is asserted high. Control bit TGATE
(T1CON<6>) must be set to enable this mode. The
timer must be enabled (TON = 1) and the timer clock
source set to internal (TCS = 0).

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

9.2 Timer Prescaler
The input clock (FOSC/4 or external clock) to the 16-bit
Timer, has a prescale option of 1:1, 1:8, 1:64, and
1:256 selected by control bits TCKPS<1:0>
(T1CON<5:4>). The prescaler counter is cleared when
any of the following occurs: 

• A write to the TMR1 register
• Clearing of the TON bit (T1CON<15>)
• Device Reset such as POR and BOR

However, if the timer is disabled (TON = 0), then the
timer prescaler cannot be reset since the prescaler
clock is halted.

TMR1 is not cleared when T1CON is written. It is
cleared by writing to the TMR1 register. 

9.3 Timer Operation During Sleep 
Mode

During CPU Sleep mode, the timer will operate if:

• The timer module is enabled (TON = 1) and 
• The timer clock source is selected as external 

(TCS = 1) and
• The TSYNC bit (T1CON<2>) is asserted to a logic 

‘0’, which defines the external clock source as 
asynchronous

When all three conditions are true, the timer will
continue to count up to the period register and be Reset
to 0x0000.

When a match between the timer and the period regis-
ter occurs, an interrupt can be generated, if the
respective timer interrupt enable bit is asserted.
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9.4 Timer Interrupt
The 16-bit timer has the ability to generate an interrupt
on period match. When the timer count matches the
period register, the T1IF bit is asserted and an interrupt
will be generated, if enabled. The T1IF bit must be
cleared in software. The timer interrupt flag T1IF is
located in the IFS0 control register in the Interrupt
Controller.

When the Gated Time Accumulation mode is enabled,
an interrupt will also be generated on the falling edge of
the gate signal (at the end of the accumulation cycle).

Enabling an interrupt is accomplished via the respec-
tive timer interrupt enable bit, T1IE. The timer interrupt
enable bit is located in the IEC0 control register in the
Interrupt Controller.

9.5 Real-Time Clock
Timer1, when operating in Real-Time Clock (RTC)
mode, provides time-of-day and event time stamping
capabilities. Key operational features of the RTC are:

• Operation from 32 kHz LP oscillator
• 8-bit prescaler
• Low power 
• Real-Time Clock Interrupts
• These Operating modes are determined by 

setting the appropriate bit(s) in the T1CON 
Control register

FIGURE 9-2: RECOMMENDED 
COMPONENTS FOR 
TIMER1 LP OSCILLATOR 
RTC 

9.5.1 RTC OSCILLATOR OPERATION
When the TON = 1, TCS = 1 and TGATE = 0, the timer
increments on the rising edge of the 32 kHz LP oscilla-
tor output signal, up to the value specified in the period
register, and is then Reset to ‘0’. 

The TSYNC bit must be asserted to a logic ‘0’
(Asynchronous mode) for correct operation. 

Enabling LPOSCEN (OSCCON<1>) will disable the
normal Timer and Counter modes, and enable a timer
carry-out wake-up event. 

When the CPU enters Sleep mode, the RTC will con-
tinue to operate, provided the 32 kHz external crystal
oscillator is active and the control bits have not been
changed. The TSIDL bit should be cleared to ‘0’ in
order for RTC to continue operation in Idle mode.

9.5.2 RTC INTERRUPTS
When an interrupt event occurs, the respective inter-
rupt flag, T1IF, is asserted and an interrupt will be gen-
erated, if enabled. The T1IF bit must be cleared in
software. The respective Timer interrupt flag, T1IF, is
located in the IFS0 status register in the Interrupt
Controller.

Enabling an interrupt is accomplished via the respec-
tive timer interrupt enable bit, T1IE. The Timer interrupt
enable bit is located in the IEC0 control register in the
Interrupt Controller.

SOSCI

SOSCO

R

C1

 C2

dsPIC30F201032.768 kHz
XTAL

C1 = C2 = 18 pF; R = 100K
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12.4.2 PWM PERIOD
The PWM period is specified by writing to the PRx reg-
ister. The PWM period can be calculated using
Equation 12-1.

EQUATION 12-1: PWM PERIOD

PWM frequency is defined as 1/[PWM period].

When the selected TMRx is equal to its respective
period register, PRx, the following four events occur on
the next increment cycle:

• TMRx is cleared.
• The OCx pin is set.

- Exception 1: If PWM duty cycle is 0x0000, 
the OCx pin will remain low.

- Exception 2: If duty cycle is greater than PRx, 
the pin will remain high.

• The PWM duty cycle is latched from OCxRS into 
OCxR.

• The corresponding timer interrupt flag is set.

See Figure 12-1 for key PWM period comparisons.
Timer3 is referred to in the figure for clarity. 

12.5 Output Compare Operation During 
CPU Sleep Mode

When the CPU enters the Sleep mode, all internal
clocks are stopped. Therefore, when the CPU enters
the Sleep state, the output compare channel will drive
the pin to the active state that was observed prior to
entering the CPU Sleep state.

For example, if the pin was high when the CPU
entered the Sleep state, the pin will remain high. Like-
wise, if the pin was low when the CPU entered the
Sleep state, the pin will remain low. In either case, the
output compare module will resume operation when
the device wakes up.

12.6 Output Compare Operation During 
CPU Idle Mode 

When the CPU enters the Idle mode, the output
compare module can operate with full functionality.

The output compare channel will operate during the
CPU Idle mode if the OCSIDL bit (OCxCON<13>) is at
logic ‘0’ and the selected time base (Timer2 or Timer3)
is enabled and the TSIDL bit of the selected timer is
set to logic ‘0’.

FIGURE 12-1:  PWM OUTPUT TIMING 

12.7 Output Compare Interrupts
The output compare channels have the ability to gener-
ate an interrupt on a compare match, for whichever
Match mode has been selected. 

For all modes except the PWM mode, when a compare
event occurs, the respective interrupt flag (OCxIF) is
asserted and an interrupt will be generated, if enabled.
The OCxIF bit is located in the corresponding IFS
status register, and must be cleared in software. The
interrupt is enabled via the respective compare inter-
rupt enable (OCxIE) bit, located in the corresponding
IEC Control register.

For the PWM mode, when an event occurs, the respec-
tive timer interrupt flag (T2IF or T3IF) is asserted and
an interrupt will be generated, if enabled. The IF bit is
located in the IFS0 status register, and must be cleared
in software. The interrupt is enabled via the respective
timer interrupt enable bit (T2IE or T3IE), located in the
IEC0 Control register. The output compare interrupt
flag is never set during the PWM mode of operation.

PWM period   = [(PRx) + 1] • 4 • TOSC •
(TMRx prescale value)

Period

Duty Cycle

TMR3 = Duty Cycle (OCxR) TMR3 = Duty Cycle (OCxR)

TMR3 = PR3
T3IF = 1
(Interrupt Flag)

   OCxR = OCxRS

TMR3 = PR3

(Interrupt Flag)
   OCxR = OCxRS

T3IF = 1
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14.5.1 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
PWMCON2.

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:

• PDC1 register controls PWM1H/PWM1L outputs
• PDC2 register controls PWM2H/PWM2L outputs
• PDC3 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 I/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 a load of the down timer due to a duty cycle 
comparison edge event.

• On a write to the DTCON1 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 © 2011 Microchip Technology Inc.
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Bit 2 Bit 1 Bit 0 Reset State

— SPITBF SPIRBF 0000 0000 0000 0000

SPRE0 PPRE1 PPRE0 0000 0000 0000 0000

0000 0000 0000 0000
TABLE 15-1: SPI1 REGISTER MAP
SFR 

Name Addr. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3

SPI1STAT 0220 SPIEN — SPISIDL — — — — — — SPIROV — — —

SPI1CON 0222 — FRMEN SPIFSD — DISSDO MODE16 SMP CKE SSEN CKP MSTEN SPRE2 SPRE1

SPI1BUF 0224 Transmit and Receive Buffer
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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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 I/O 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 I/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. Set up the 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.

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 (UxSTA<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.

Note: The UTXEN bit must be set after the
UARTEN bit is set to enable UART
transmissions.
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17.3.4 TRANSMIT INTERRUPT
The transmit interrupt flag (U1TXIF or U2TXIF) is
located in the corresponding interrupt flag register.

The transmitter generates an edge to set the UxTXIF
bit. The condition for generating the interrupt depends
on UTXISEL control bit:

a) If UTXISEL = 0, an interrupt is generated when
a word is transferred from the Transmit buffer to
the Transmit Shift register (UxTSR). This means
that the transmit buffer has at least one empty
word. 

b) If UTXISEL = 1, an interrupt is generated when
a word is transferred from the Transmit buffer to
the Transmit Shift register (UxTSR) and the
Transmit buffer is empty.

Switching between the two interrupt modes during
operation is possible and sometimes offers more
flexibility.

17.3.5 TRANSMIT BREAK
Setting the UTXBRK bit (UxSTA<11>) will cause the
UxTX line to be driven to logic ‘0’. The UTXBRK bit
overrides all transmission activity. Therefore, the user
should generally wait for the transmitter to be Idle
before setting UTXBRK.

To send a break character, the UTXBRK bit must be
set by software and must remain set for a minimum of
13 baud clock cycles. The UTXBRK bit is then cleared
by software to generate Stop bits. The user must wait
for a duration of at least one or two baud clock cycles
in order to ensure a valid Stop bit(s) before reloading
the UxTXB or starting other transmitter activity. Trans-
mission of a break character does not generate a
transmit interrupt.

17.4 Receiving Data

17.4.1 RECEIVING IN 8-BIT OR 9-BIT DATA 
MODE

The following steps must be performed while receiving
8-bit or 9-bit data:

1. Set up the UART (see Section 17.3.1
“Transmitting in 8-bit data mode”).

2. Enable the UART (see Section 17.3.1
“Transmitting in 8-bit data mode”).

3. A receive interrupt will be generated when one
or more data words have been received,
depending on the receive interrupt settings
specified by the URXISEL bits (UxSTA<7:6>).

4. Read the OERR bit to determine if an overrun
error has occurred. The OERR bit must be reset
in software. 

5. Read the received data from UxRXREG. The act
of reading UxRXREG will move the next word to
the top of the receive FIFO, and the PERR and
FERR values will be updated.

17.4.2 RECEIVE BUFFER (UXRXB)
The receive buffer is 4 words deep. Including the
Receive Shift register (UxRSR), the user effectively
has a 5-word deep FIFO buffer. 

URXDA (UxSTA<0>) = 1 indicates that the receive
buffer has data available. URXDA = 0 implies that the
buffer is empty. If a user attempts to read an empty
buffer, the old values in the buffer will be read and no
data shift will occur within the FIFO. 

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

17.4.3 RECEIVE INTERRUPT
The receive interrupt flag (U1RXIF) can be read from
the corresponding interrupt flag register. The interrupt
flag is set by an edge generated by the receiver. The
condition for setting the receive interrupt flag depends
on the settings specified by the URXISEL<1:0>
(UxSTA<7:6>) control bits. 

a) If URXISEL<1:0> = 00 or 01, an interrupt is
generated every time a data word is transferred
from the Receive Shift Register (UxRSR) to the
Receive Buffer. There may be one or more
characters in the receive buffer. 

b) If URXISEL<1:0> = 10, an interrupt is generated
when a word is transferred from the Receive
Shift Register (UxRSR) to the Receive Buffer,
which, as a result of the transfer, contains 3
characters.

c) If URXISEL<1:0> = 11, an interrupt is set when
a word is transferred from the Receive Shift
Register (UxRSR) to the Receive Buffer, which,
as a result of the transfer, contains 4 characters
(i.e., becomes full).

Switching between the Interrupt modes during opera-
tion is possible, though generally not advisable during
normal operation.

17.5 Reception Error Handling

17.5.1 RECEIVE BUFFER OVERRUN 
ERROR (OERR BIT)

The OERR bit (UxSTA<1>) is set if all of the following
conditions occur:

a) The receive buffer is full.
b) The receive shift register is full, but unable to

transfer the character to the receive buffer.
c) The Stop bit of the character in the UxRSR is

detected, indicating that the UxRSR needs to
transfer the character to the buffer.

Once OERR is set, no further data is shifted in UxRSR
(until the OERR bit is cleared in software or a Reset
occurs). The data held in UxRSR and UxRXREG
remains valid.
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TABLE 19-1: OSCILLATOR OPERATING MODES
Oscillator Mode Description

XTL
XT
XT w/ PLL 4x
XT w/ PLL 8x
XT w/ PLL 16x
LP
HS

200 kHz-4 MHz crystal on OSC1:OSC2.
4 MHz-10 MHz crystal on OSC1:OSC2. 
4 MHz-10 MHz crystal on OSC1:OSC2. 4x PLL enabled.
4 MHz-10 MHz crystal on OSC1:OSC2. 8x PLL enabled.
4 MHz-10 MHz crystal on OSC1:OSC2. 16x PLL enabled(1).
32 kHz crystal on SOSCO:SOSCI(2).
10 MHz-25 MHz crystal.

EC
ECIO
EC w/ PLL 4x
EC w/ PLL 8x
EC w/ PLL 16x
ERC
ERCIO

External clock input (0-40 MHz).
External clock input (0-40 MHz). OSC2 pin is I/O.
External clock input (0-40 MHz). OSC2 pin is I/O. 4x PLL enabled(1).
External clock input (0-40 MHz). OSC2 pin is I/O. 8x PLL enabled(1).
External clock input (0-40 MHz). OSC2 pin is I/O. 16x PLL enabled(1).
External RC oscillator. OSC2 pin is FOSC/4 output(3).
External RC oscillator. OSC2 pin is I/O(3).

FRC
LPRC

7.37 MHz internal RC Oscillator.
512 kHz internal RC Oscillator. 

Note 1: dsPIC30F maximum operating frequency of 120 MHz must be met.
2: LP oscillator can be conveniently shared as system clock, as well as real-time clock for Timer1.
3: Requires external R and C. Frequency operation up to 4 MHz.
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FIGURE 19-1: OSCILLATOR SYSTEM BLOCK DIAGRAM 
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19.2.7 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 gen-
erate 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<1:0> 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<13:12>) are loaded
with the FRC Oscillator selection value.

2. CF bit is 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:

• 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<3:0>
Configuration bits.

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

• COSC<1:0>: Read-only status bits always reflect 
the current oscillator group in effect.

• NOSC<1:0>: Control bits which are written to 
indicate the new oscillator group of choice.
- On POR and BOR, COSC<1:0> and 

NOSC<1:0> are both loaded with the 
Configuration bit values FOS<1:0>.

• 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 from a ‘0’ to a ‘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<1:0> and
FPR<3:0> bits directly control the oscillator selection
and the COSC<1:0> bits do not control the clock
selection. However, these bits will reflect the clock
source selection.

19.2.8 PROTECTION AGAINST 
ACCIDENTAL WRITES TO OSCCON

A write to the OSCCON register is intentionally made
difficult because it controls clock switching and clock
scaling. 

To write to the OSCCON low byte, the following code
sequence must be executed without any other
instructions in between:

Byte Write 0x46 to OSCCON low
Byte Write 0x57 to OSCCON low 

Byte Write is allowed for one instruction cycle. Write the
desired value or use bit manipulation instruction.

To write to the OSCCON high byte, the following
instructions must be executed without any other
instructions in between:

Byte Write 0x78 to OSCCON high
Byte Write 0x9A to OSCCON high

Byte Write is allowed for one instruction cycle. Write the
desired value or use bit manipulation instruction.

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 such clock switching is
performed, the device may generate an
oscillator fail trap and switch to the Fast
RC oscillator.
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FIGURE 19-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)    

FIGURE 19-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1       

FIGURE 19-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2    
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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 instruc-
tion. In these cases, the execution takes two instruction
cycles with the additional instruction cycle(s) executed
as a NOP. Notable exceptions are the BRA (uncondi-
tional/computed branch), indirect CALL/GOTO, all table
reads and writes and 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 “16-bit MCU and DSC Pro-
grammer’s Reference Manual”
(DS70157).

TABLE 20-1: 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”
{  } 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 ∈ {W13, [W13] + = 2}
bit4 4-bit bit selection field (used in word addressed instructions) ∈ {0...15}
C, DC, N, OV, Z MCU status bits: Carry, Digit Carry, Negative, Overflow, Zero
Expr Absolute address, label or expression (resolved by the linker)
f File register address ∈ {0x0000...0x1FFF}
lit1 1-bit unsigned literal ∈ {0,1}
lit4 4-bit unsigned literal ∈ {0...15}
lit5 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}
Slit6 6-bit signed literal ∈ {-16...16}
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22.1  DC Characteristics

TABLE 22-1: OPERATING MIPS VS. VOLTAGE

VDD Range Temp Range
Max MIPS

dsPIC30F2010-30I dsPIC30F2010-20E

4.5-5.5V -40°C to 85°C 30 —
4.5-5.5V -40°C to 125°C — 20
3.0-3.6V -40°C to 85°C 20 —
3.0-3.6V -40°C to 125°C — 15
2.5-3.0V -40°C to 85°C 10 —

TABLE 22-2: THERMAL OPERATING CONDITIONS
Rating Symbol Min Typ Max Unit

dsPIC30F2010-30I
Operating Junction Temperature Range TJ -40 — +125 °C
Operating Ambient Temperature Range TA -40 — +85 °C

dsPIC30F2010-20E
Operating Junction Temperature Range TJ -40 — +150 °C
Operating Ambient Temperature Range TA -40 — +125 °C

Power Dissipation:
Internal chip power dissipation:

  PD PINT + PI/O W
I/O Pin power dissipation:

 

Maximum Allowed Power Dissipation PDMAX (TJ - TA)/θJA W

TABLE 22-3: THERMAL PACKAGING CHARACTERISTICS
Characteristic Symbol Typ Max Unit Notes

Package Thermal Resistance, 28-pin SOIC (SO) θJA 48.3 — °C/W 1
Package Thermal Resistance, 28-pin QFN θJA 33.7 — °C/W 1
Package Thermal Resistance, 28-pin SPDIP (SP) θJA 42 — °C/W 1
Note 1: Junction to ambient thermal resistance, Theta-ja (θJA) numbers are achieved by package simulations.

PINT VDD IDD IOH∑–⎝ ⎠
⎛ ⎞×=

PI/O VDD VOH–{ } IOH×( )∑ VOL I OL×( )∑+=
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TABLE 22-10: ELECTRICAL CHARACTERISTICS: BOR 

TABLE 22-11: DC CHARACTERISTICS: PROGRAM AND EEPROM 

DC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for Industrial 

-40°C ≤ TA ≤ +125°C for Extended 

Param
No. Symbol Characteristic Min Typ(1) Max Units Conditions

BO10 VBOR BOR Voltage(2) on 
VDD transition high to 
low

BORV = 11(3) — — — V Not in operating 
range

BORV = 10 2.6 — 2.71 V —
BORV = 01 4.1 — 4.4 V —
BORV = 00 4.58 — 4.73 V —

BO15 VBHYS — 5 — mV —
Note 1: Data in “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.

DC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for Industrial 

-40°C ≤ TA ≤ +125°C for Extended 

Param
No. Symbol Characteristic Min Typ(1) Max Units Conditions

Data EEPROM Memory(2)

D120 ED Byte Endurance 100K 1M — E/W -40° C ≤ TA ≤ +85°C
D121 VDRW VDD for Read/Write VMIN — 5.5 V Using EECON to read/write

VMIN = Minimum operating 
voltage

D122 TDEW Erase/Write Cycle Time 0.8 2 2.6 ms RTSP
D123 TRETD Characteristic Retention 40 100 — Year Provided no other specifications 

are violated
D124 IDEW IDD During Programming — 10 30 mA Row Erase

Program Flash Memory(2)

D130 EP Cell Endurance 10K 100K — E/W -40° C ≤ TA ≤ +85°C
D131 VPR VDD for Read VMIN — 5.5 V VMIN = Minimum operating 

voltage
D132 VEB VDD for Bulk Erase 4.5 — 5.5 V
D133 VPEW VDD for Erase/Write 3.0 — 5.5 V
D134 TPEW Erase/Write Cycle Time 0.8 2 2.6 ms RTSP
D135 TRETD Characteristic Retention 40 100 — Year Provided no other specifications 

are violated
D137 IPEW IDD During Programming — 10 30 mA Row Erase
D138 IEB IDD During Programming — 10 30 mA Bulk Erase
Note 1: Data in “Typ” column is at 5V, 25°C unless otherwise stated.

2: These parameters are characterized but not tested in manufacturing.
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TABLE 22-35: SPI MODULE SLAVE MODE (CKE = 1) 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 

Param
No. Symbol Characteristic(1) Min Typ(2) Max Units Conditions

SP70 TscL SCKX Input Low Time 30 — — ns See Note 3
SP71 TscH SCKX Input High Time 30 — — ns See Note 3
SP72 TscF SCKX Input Fall Time(3) — 10 25 ns —
SP73 TscR SCKX Input Rise Time(3) — 10 25 ns —
SP30 TdoF SDOX Data Output Fall Time(3) — — — ns See parameter 

DO32
SP31 TdoR SDOX Data Output Rise Time(3) — — — ns See parameter 

DO31
SP35 TscH2doV,

TscL2doV
SDOX Data Output Valid after
SCKX Edge

— — 30 ns —

SP40 TdiV2scH, 
TdiV2scL

Setup Time of SDIX Data Input
to SCKX Edge

20 — — ns —

SP41 TscH2diL, 
TscL2diL

Hold Time of SDIX Data Input
to SCKX Edge

20 — — ns —

SP50 TssL2scH, 
TssL2scL

SSX↓ to SCKX↓ or SCKX↑  input 120 — — ns —

SP51 TssH2doZ SS↑  to SDOX Output
High-Impedance(4)

10 — 50 ns —

SP52 TscH2ssH
TscL2ssH

 SSX↑  after SCKX Edge 1.5 TCY + 40 — — ns —

SP60 TssL2doV SDOX Data Output Valid after
SSX Edge

— — 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.
3: The minimum clock period for SCK is 100 ns. Therefore, the clock generated in Master mode must not 

violate this specification.
4: Assumes 50 pF load on all SPI pins.
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