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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
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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"

Active

dsPIC

16-Bit

20 MIPS

I2C, SPI, UART/USART
Brown-out Detect/Reset, Motor Control PWM, QEI, POR, PWM, WDT
20

24KB (8K x 24)
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dsPIC30F3010/3011

Pin Diagrams (Continued)

44-Pin QFN®)

Note 1:

PGC/EMUC/U1RX/SDI1/SDA/RF2
U2TX/CN18/RF5
U2RX/CN17/RF4

RF1
RFO
Vss
VDD
VDD

PWM3H/RE5
PWM3L/RE4
PWM2H/RE3

44l PGD/EMUD/U1TX/SDO1/SCL/RF3

42l Emuc2/oc1/1CLINTL/RDO

37 EMUD2/0C2/IC2/INT2/RD1

350 EMUC1/SOSCO/T1CK/ULARX/CNO/RC14
3401 EMUD1/SOSCI/T2CK/ULATX/CN1/RC13
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OSC2/CLKO/RC15
OSC1/CLKI

Vss

Vss

VDD

VDD

ANB8/RB8

AN7/RB7
ANG6/OCFA/RB6
ANS5/QEB/IC8/CN7/RB5
AN4/QEA/IC7/CN6/RB4

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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FIGURE 3-7: DATA SPACE FOR MCU AND DSP (MAC CLASS) INSTRUCTIONS EXAMPLE
r—— - - — — m
SFR SPACE I | SFR SPACE "
I | @)
UNUSED X
I I @)
I | x
I I
(Y SPACE) " Y SPACE | UNUSED |
Q
< | I
o
———————— )
X
I I
I I "
| UNUSED | 2
I I 7
X
I I
I I
- - - — — _I

Non-MAC Class Ops (Read/Write)
MAC Class Ops (Write)

Indirect EA Using any W

MAC Class Ops Read-Only

Indirect EA Using W10, W1lIndirect EA Using W8, W9
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NOTES:
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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
processor 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
location, 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

There are 6 sources of error which will cause a device
reset.

* 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
condition, these vectors must be loaded
with the address of a default handler that
simply contains the RESET instruction. If,
on the other hand, one of the vectors
containing 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 implies 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
priority. 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.

© 2010 Microchip Technology Inc.
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6.4 RTSP Operation

The dsPIC30F Flash program memory is organized
into rows and panels. Each row consists of 32 instruc-
tions or 96 bytes. Each panel consists of 128 rows or
4K x 24 instructions. RTSP allows the user to erase one
row (32 instructions) at a time and to program
32 instructions at one time.

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

The basic sequence for RTSP programming is to set up
a Table Pointer, then do a series of TBLWT instructions
to load the write latches. Programming is performed by
setting the special bits in the NVMCON register.
32 TBLWTL and four TBLWTH instructions are
required to load the 32 instructions.

All of the table write operations are single-word writes
(2 instruction cycles), because only the table latches
are written.

After the latches are written, a programming operation
needs to be initiated to program the data.

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

6.5 RTSP Control Registers

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

* NVMCON

* NVMADR

* NVMADRU

* NVMKEY

6.5.1 NVMCON REGISTER

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

6.5.2 NVMADR REGISTER

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

6.5.3 NVMADRU REGISTER

The NVMADRU register is used to hold the upper byte
of the effective address. The NVMADRU register
captures the EA<23:16> of the last table instruction
that has been executed.

6.5.4 NVMKEY REGISTER

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

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

DS70141F-page 52
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TABLE 8-1:  dsPIC30F3011 PORT REGISTER MAP(Y)

NsaTe 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
TRISB 02C6 — — — — — — — TRISB8 | TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 0000 0001 1111 1111
PORTB 02C8 — — — — — — — RB8 RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 0000 0000 0000 0000
LATB 02CA — — — — — — — LATB8 | LATB7 | LATB6 | LATB5 | LATB4 | LATB3 | LATB2 | LATB1 | LATBO 0000 0000 0000 0000
TRISC 02CC | TRISC15|TRISC14 | TRISC13 — — — — — — — — — — — — — 1110 0000 0000 0000
PORTC 02CE| RC15 RC14 RC13 — — — — — — — — — — — — — 0000 0000 0000 0000
LATC 02D0 | LATC15 | LATC14 | LATC13 — — — — — — — — — — — — — 0000 0000 0000 0000
TRISD 02D2 — — — — — — — — — — — — TRISD3 | TRISD2 | TRISD1 | TRISDO 0000 0000 0000 1111
PORTD 02D4 — — — — — — — — — — — — RD3 RD2 RD1 RDO 0000 0000 0000 0000
LATD 02D6 — — — — — — — — — — — — LATD3 | LATD2 | LATD1 | LATDO 0000 0000 0000 0000
TRISE 02D8 — — — — — — — TRISES — — TRISE5 | TRISE4 | TRISE3 | TRISE2 | TRISE1 | TRISEO 0000 0001 0011 1111
PORTE 02DA — — — — — — — RES8 — — RE5 RE4 RE3 RE2 RE1 REO 0000 0000 0000 0000
LATE 02DC — — — — — — — LATES8 — — LATES | LATE4 | LATE3 | LATE2 | LATE1 | LATEO 0000 0000 0000 0000
TRISF 02DE — — — — — — — — — TRISF6 | TRISF5 | TRISF4 | TRISF3 | TRISF2 | TRISF1 | TRISFO 0000 0000 0111 1111
PORTF 02E0 — — — — — — — — — RF6 RF5 RF4 RF3 RF2 RF1 RFO 0000 0000 0000 0000
LATF 02E2 — — — — — — — — — LATF6 | LATF5 | LATF4 | LATF3 | LATF2 | LATF1 | LATFO 0000 0000 0000 0000
Legend: — = unimplemented bit, read as ‘0’

Note 1:

Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields. Not all peripherals, and therefore their bit positions, are available on this device.

TTOE/0T0E40EDIASP
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11.0 TIMERA4/5 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 second 32-bit general
purpose timer module (Timer4/5) and associated
operational modes. Figure 11-1 depicts the simplified

The Timer4/5 module is similar in operation to the
Timer2/3 module. However, there are some
differences, which are as follows:

* The Timer4/5 module does not support the ADC
event trigger feature

» Timer4/5 can not be utilized by other peripheral
modules such as input capture and output compare

The operating modes of the Timer4/5 module are
determined by setting the appropriate bit(s) in the 16-bit
T4CON and T5CON SFRs.

For 32-bit timer/counter operation, Timer4 is the Isw
and Timer5 is the msw of the 32-bit timer.

block diagram of the 32-bit Timer4/5 module. Note:  For 32-bit timer operation, TSCON control
Figure 11-2 and Figure 11-3 show Timer4/5 configured bits are ignored. Only T4CON control bits
as two independent 16-bit timers, Timer4 and Timer5, are used for setup and control. Timer4
respectively. clock and gate inputs are utilized for the
Note:  Timer4 is a ‘Type B’ timer and Timer5 is a Si;giattgie;vimot%ﬂeﬁrggtrsa&t:anrtrirrtjrl):tlals
‘Type C' timer. Please refer to appropriate 9 . . P 9
. i ) . . (T5IF) and the interrupt is enabled with the
timer type in Section 23.0 “Electrical Timer5 Interrupt Enable bit (T5IE
Characteristics”. ¢ ermup able bit ( ).
FIGURE 11-1: 32-BIT TIMER4/5 BLOCK DIAGRAM
Data Bus<15:0:
N/
TMR5HLD 16
Write TMR4 {F lb\_
Read TMR4 K ﬁ
16 11
Resell TMRS | TMR4 Sync
MSB {} LSB
Equa Comparator x 32
‘ PRS | PR4 ‘
TSIF 0
EventFlag ~| ; Q ﬂTGATE(T4CON<G>)
Qrei
TGATE =
(TACON<6>) @<
Foe TCKPS<1:0>
N TON 2%
L 1 v
— Prescaler
- Gate —
Sync ? ): 01 1, 8, 64, 256
Tey 00
Note: Timer configuration bit, T32 T4ACON(<3>), must be set to ‘1’ for a 32-bit timer/counter operation. All
control bits are respective to the TACON register.
The dsPIC30F3010/3011 devices do not have external pin inputs to Timer4 or Timer5. In these devices,
the following modes should not be used:
1.TCS=1
2. TCS = 0 and TGATE = 1 (Gated Time Accumulation)

© 2010 Microchip Technology Inc.
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FIGURE 11-3: 16-BIT TIMER5 BLOCK DIAGRAM (TYPE C TIMER)
PR5
N
ADC Event Trigger Equal
Comparator x 16
1
TMRS5
Reset
0
T5IF
Event Flag 1 Q J)Dj— TGATE
QFCK
TGATE w
0 <
[ORNO]
k= TCKPS<1:0>
Q TON 2%
] X
Prescaler

) 01 1, 8, 64, 256

TCY 00

Note: The dsPIC30F3010/3011 devices do not have external pin inputs to Timer4 or Timer5. In these devices,
the following modes should not be used:

1.TCs=1
2. TCS =0 and TGATE = 1 (Gated Time Accumulation)

© 2010 Microchip Technology Inc. DS70141F-page 79
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13.5 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.

13.6 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.

13.7 Output Compare Interrupts

The output compare channels have the ability to
generate 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
register, and must be cleared in software. The interrupt
is enabled via the respective Compare Interrupt Enable
(OCXIE) bit, located in the corresponding IEC 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 TxIF bit
is located in the IFSO register, and must be cleared in
software. The interrupt is enabled via the respective
Timer Interrupt Enable bit (T2IE or T3IE), located in the
IECO register. The output compare interrupt flag is
never set during the PWM mode of operation.

DS70141F-page 88
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14.0 QUADRATURE ENCODER
INTERFACE (QEI) 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).

This section describes the Quadrature Encoder
Interface (QEI) module and associated operational
modes. The QEI module provides the interface to
incremental encoders for obtaining mechanical position
data.

The operational features of the QEI include:

e Three input channels for two phase signals and
index pulse

 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

« Quadrature Encoder Interface interrupts

These operating modes are determined by setting the

appropriate  bits QEIM<2:0> (QEICON<10:8>).

Figure 14-1 depicts the Quadrature Encoder Interface

block diagram.

FIGURE 14-1: QUADRATURE ENCODER INTERFACE BLOCK DIAGRAM
TQCKPS<1:0>
Sleep Input TQCS
2
’ Tey o
H Synchronize Prescaler
A Det ﬂ 1,8, 64, 256
—de
QEIM<2:0>
QEIIF
Q _D—> Event
k\_a Flag
> 16-Bit Up/Down Counter ——
. -Bi Wi u
Programmable 2 (POSCNT) -
QEA S
Digital Filter Quadrature Reset
— Encoder |
UPDN SRC Interface Logic
- ] Comparator/
Zero Detect Equa
ol QEICON<11> 453 q
QEIM<2:0> {}
1 Mode Select -
Max Count Register
(MAXCNT)
QEB Prqgramrr?able ||
Digital Filter
Up/Down®
INDX Prqg_ramr’r_]able | p
Digital Filter

%3

Note 1: IndsPIC30F3010/3011, the UPDN pin is not available. Up/Down logic bit can still be polled by software.

© 2010 Microchip Technology Inc.
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When the PWM time base is in the Continuous Up/
Down Count mode with double updates, new duty cycle
values are updated when the value of the PTMR regis-
ter 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).

15.6 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 15.7 “Dead-Time
Generators”).

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

* PDCL1 register controls PWM1H/PWML1L outputs
» PDC2 register controls PWM2H/PWM2L outputs
* PDC3 register controls PWM3H/PWMS3L 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.

15.7 Dead-Time Generators

Dead-time generation may be provided when any of the
PWM 1/O pin pairs are operating in the Complementary
Output mode. The PWM outputs use push-pull drive cir-
cuits. Due to the inability of the power output 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.

The PWM module allows two different dead times to be
programmed. These two dead times may be used in
one of two methods described below to increase user
flexibility:

e« The PWM output signals can be optimized for
different turn-off times in the high side and low
side transistors in a complementary pair of
transistors. The first dead time is inserted
between the turn-off event of the lower transistor
of the complementary pair and the turn-on event
of the upper transistor. The second dead time is
inserted between the turn-off event of the upper
transistor and the turn-on event of the lower
transistor.

» The two dead times can be assigned to individual
PWM 1/O pin pairs. This operating mode allows
the PWM module to drive different transistor/load
combinations with each complementary PWM /O
pin pair.

15.7.1 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 15-4, each
dead-time unit has a rising and falling edge detector
connected to the duty cycle comparison output.

15.7.2 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 time, based on
the device operating frequency. The dead-time clock
prescaler values are selected using the DTAPS<1:0>
control bits in the DTCON1 SFR. One of four clock
prescaler options (Tcy, 2 Tcy, 4 Tcy or 8 Tcy) may be
selected.

After the prescaler value is selected, the dead time is

adjusted by loading 6-bit unsigned values into the
DTCONL1 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 DTCONL1 register.
* On any device Reset.
Note:  The user should not modify the DTCON1
value while the PWM module is operating

(PTEN = 1). Unexpected results may
occur.

DS70141F-page 102
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18.0 UNIVERSAL ASYNCHRONOUS 18.1 UART Module Overview
RECEIVER TRANSMITTER The key features of the UART module are:
(UART) MODULE « Full-duplex, 8 or 9-bit data communication

Note:  This data sheet summarizes features of * Even, odd or no parity options (for 8-bit data)
this group of dsPIC30F devices and is not + One or two Stop bits
intended to be a complete reference * Fully integrated Baud Rate Generator with 16-bit
source. For more information on the CPU, prescaler
peripherals, register descriptions and + Baud rates range from 38 bps to 1.875 Mbps at a
general device functionality, refer to the 30 MHz instruction rate
“dsPIC30F Family Reference Manual” .
» 4-word deep transmit data buffer
(DS70046). P .
« 4-word deep receive data buffer
This section describes the Universal Asynchronous « Parity, framing and buffer overrun error detection
Receiver/Transmitter Communications module. « Support for interrupt only on address detect
(9th bit = 1)
« Separate transmit and receive interrupts
» Loopback mode for diagnostic support
FIGURE 18-1: UART TRANSMITTER BLOCK DIAGRAM
I |
Internal Data Bus Control and Status bits
Write Write
______________ UTX8 UXTXREG Low Byte Transmit Control
— Control TSR
— Control Buffer
— Generate Flags
— Generate Interrupt
Load TSR
UXTXIF
UTXBRK
Data
) Transmit Shift Register (UXTSR)
UXTX ——0' (Start) A
—— ‘1’ (Stop) v
__ < . . . . 16x Baud Clock
Parity G:naefgtor - + 16 Divider from Baud Rate
Generator
A T
Control
" Signals
Note: x=1lor2
dsPIC30F3010 only has UART1.
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19.1 ADC Result Buffer

The module contains a 16-word, dual port, read-only
buffer, called ADCBUFO...ADCBUFF, to buffer the ADC
results. The RAM is 10 bits wide, but is read into different
format 16-bit words. The contents of the sixteen ADC
Conversion Result Buffer registers, ADCBUFO through
ADCBUFF, cannot be written by user software.

19.2 Conversion Operation

After the ADC module has been configured, the sample
acquisition is started by setting the SAMP bit. Various
sources, such as a programmable bit, timer time-outs
and external events, will terminate acquisition and start
a conversion. When the A/D conversion is complete,
the result is loaded into ADCBUFO...ADCBUFF, and
the A/D Interrupt Flag, ADIF, and the DONE bit are set
after the number of samples specified by the SMPI bit.

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

- Configure analog pins, voltage reference and
digital I/O

- Select A/D input channels
- Select A/D conversion clock
- Select A/D conversion trigger
- Turn on A/D module
» 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
- Waiting for the DONE bit to be set
* Read A/D result buffer; clear ADIF if required

19.3 Selecting the Conversion
Sequence

Several groups of control bits select the sequence in
which the A/D connects inputs to the sample/hold
channels, converts channels, writes the buffer memory
and generates interrupts. The sequence is controlled
by the sampling clocks.

The SIMSAM bit controls the acquire/convert
sequence for multiple channels. If the SIMSAM bit is
‘0’, the two or four selected channels are acquired and
converted sequentially, with two or four sample clocks.
If the SIMSAM bit is ‘1’, two or four selected channels
are acquired simultaneously, with one sample clock.
The channels are then converted sequentially. Obvi-
ously, if there is only 1 channel selected, the SIMSAM
bit is not applicable.

The CHPS bits select how many channels are sam-
pled. This can vary from 1, 2 or 4 channels. If the CHPS
bits select 1 channel, the CHO channel will be sampled
at the sample clock and converted. The result is stored
in the buffer. If the CHPS bits select 2 channels, the
CHO and CH1 channels will be sampled and converted.
If the CHPS bits select 4 channels, the CHO, CH1, CH2
and CHS3 channels will be sampled and converted.

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

The user cannot program a combination of CHPS and
SMPI bits that specifies more than 16 conversions per
interrupt, or 8 conversions per interrupt, depending on
the BUFM bit. The BUFM bit, when set, will split the
16-word results buffer (ADCBUFO...ADCBUFF) 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 moving
data out of the buffers after the interrupt, as determined
by the application.

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 may
be done per interrupt. The processor will have one
sample 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 buf-
fer, 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 CHO
channel inputs to be alternately scanned across a
selected number of analog inputs for the MUX A group.
The inputs are selected by the ADCSSL register. If a
particular bit in the ADCSSL register is ‘1’, the corre-
sponding input is selected. The inputs are always
scanned from lower to higher numbered inputs, starting
after each interrupt. If the number of inputs selected is
greater than the number of samples taken per interrupt,
the higher numbered inputs are unused.
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FIGURE 20-3:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)
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FIGURE 20-4:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1
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FIGURE 20-5:

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

VDD

MCLR

INTERNAL POR

OST TIME-OUT

PWRT TIME-OUT

INTERNAL Reset

TPWRT:

© 2010 Microchip Technology Inc.

DS70141F-page 147



dsPIC30F3010/3011

TABLE 21-2: INSTRUCTION SET OVERVIEW (CONTINUED)
Base # of
Assembly . # of Status Flags
In;tr Mnemonic Assembly Syntax Description words cy;:le Affected
9 BTG BTG f,#bitd Bit Toggle f 1 1 None
BTG Ws,#bit4 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,#bitd Bit Test Ws, Skip if Clear 1 1 None
(2or
3)
11 BTSS BTSS f,#bitd Bit Test f, Skip if Set 1 1 None
(2 or
3)
BTSS Ws,#bit4 Bit Test Ws, Skip if Set 1 1 None
(2 or
3)
12 BTST BTST f,#bitd Bit Test f 1 1 z
BTST.C Ws,#bit4 Bit Test Ws to C 1 1 C
BTST.Z Ws,#bit4 Bit Test Ws to Z 1 1 z
BTST.C Ws,Wb Bit Test Ws<Wb>to C 1 1 C
BTST.Z Ws,Wb Bit Test Ws<Wb>to Z 1 1 z
13 BTSTS BTSTS f,#bitd Bit Test then Set f 1 1 z
BTSTS.C Ws,#bit4 Bit Test Ws to C, then Set 1 1 C
BTSTS.Z Ws,#bit4 Bit Test Ws to Z, then Set 1 1 Z
14 CALL CALL 1it23 Call Subroutine 2 2 None
CALL Wn Call Indirect Subroutine 1 2 None
15 CLR CLR f f = 0x0000 1 1 None
CLR WREG WREG = 0x0000 1 1 None
CLR Ws WSs = 0x0000 1 1 None
CLR Acc,Wx,Wxd,Wy,Wyd , AWB Clear Accumulator 1 1 OA,OB,SA,SB
16 CLRWDT CLRWDT Clear Watchdog Timer 1 1 WDTO,Sleep
17 | com coMm f f=f 1 1 |NZ
COoM f,WREG WREG = f 1 1 N,Z
coMm Ws, Wd wd = Ws 1 1 |NZ
18 CP CP f Compare f with WREG 1 1 C,DC,N,0V,Z
CP Wb, #1it5 Compare Wb with lit5 1 1 C,DC,N,0V,Z
CP Wb ,Ws Compare Wb with Ws (Wb — Ws) 1 1 C,DC,N,0V,Z2
19 CPO CPO f Compare f with 0x0000 1 1 C,DC,N,0V,Z
CPO Ws Compare Ws with 0x0000 1 1 C,DC,N,0V,Z2
20 CPB CPB T Compare f with WREG, with Borrow 1 1 C,DC,N,0V,Z
CPB Wb, #lit5 Compare Wb with lit5, with Borrow 1 1 C,DC,N,0V,Z
CPB Wb ,Ws Compare Wb with Ws, with Borrow 1 1 C,DC,N,0V,Z2
(Wb —-Ws -C)
21 CPSEQ CPSEQ Wb, Wn Compare Wb with Wn, Skip if = 1 1 None
(2 or
3)
22 CPSGT CPSGT Wb, Wn Compare Wb with Wn, Skip if > 1 1 None
(2or
3)
23 CPSLT CPSLT Wb, Wn Compare Wb with Wn, Skip if < 1 1 None
(2 or
3)
24 CPSNE CPSNE Wb, Wn Compare Wb with Wn, Skip if = 1 1 None
(2 or
3)
25 DAW DAW Wn Whn = Decimal Adjust Wn 1 1 C
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TABLE 23-10: ELECTRICAL CHARACTERISTICS: BOR

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
PaNrjm Symbol Characteristic Min Typ(l) Max | Units Conditions
BO10 VBOR BOR Voltage on Vop | BORV =110 | — — — V | Not in operating
Transition range
High-to-Low( BORV=10 | 26 | — |271 | Vv
BORV =01 4.1 — 4.4 \Y
BORYV =00 4.58 — 4.73 \Y,
BO15 VBHYS — 5 — mV
Note 1: Datain “Typ” columnis 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.

TABLE 23-11: 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

Pi{:m Symbol Characteristic Min | Typ® | Max |Units Conditions
Data EEPROM Memory @)

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 IbD During Programming — 10 30 mA | Row Erase

Program Flash Memory(z)

D130 Ep Cell Endurance 10K | 100K — E/W |-40°C < TA <+85°C

D131 VPR VoD for Read VMIN — 5.5 V | VMIN = Minimum operating
voltage

D132 VEB VDD for Bulk Erase 4.5 — 5.5 \Y

D133 VPEW VDD for Erase/Write 3.0 — 5.5 \%

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. Datain “Typ” column is at 5V, 25°C unless otherwise stated.

2:  These parameters are characterized but not tested in manufacturing.
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FIGURE 23-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING CHARACTERISTICS
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Note: Refer to Figure 23-2 for load conditions.

TABLE 23-20: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROWN-OUT RESET 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
Pzr:m Symbol Characteristic®® Min Typ®@ Max | Units Conditions
SY10 |TmcL MCLR Pulse Width (low) 2 — — us -40°C to +85°C
SY11 TPwRT | Power-up Timer Period 2 4 8 ms -40°C to +85°C,
10 16 32 VDD = 5V
43 64 128 User programmable
SY12 TPOR Power-on Reset Delay 3 10 30 us -40°C to +85°C
SY13 |Tioz 1/0 High-impedance from MCLR — 0.8 1.0 us
Low or Watchdog Timer Reset
SY20 |TwbTl |Watchdog Timer Time-out Period | 1.1 2.0 6.6 ms | VDD = 2.5V
TwbT2 | (no prescaler) 1.2 2.0 5.0 ms | VDD = 3.3V, £10%
TwDT3 1.3 2.0 4.0 ms | VDD =5V, +10%
SY25 |TBOorR |Brown-out Reset Pulse Width® | 100 — — ps | VDD < VBOR (D034)
SY30 |Tost Oscillator Start-up Timer Period — | 1024 Tosc | — — | Tosc = OSC1 period

Note 1: These parameters are characterized but not tested in manufacturing.
2: Datain “Typ” column is at 5V, 25°C unless otherwise stated.
3: Refer to Figure 23-1 and Table 23-10 for BOR.
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TABLE 23-36: 1°C™ BUS DATA TIMING REQUIREMENTS (MASTER MODE)

AC CHARACTERISTICS

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

Operating temperature

-40°C < TA < +85°C for Industrial

-40°C < TA < +125°C for Extended

Param

No. Symbol Characteristic Min(®) Max Units Conditions
IM10 TLo:scL | Clock Low Time 100 kHz mode | Tcy/2 (BRG + 1) — us
400 kHz mode | Tcy/2 (BRG + 1) — us
1 MHz mode®@ | Tcv/2 (BRG + 1) — us
IM11 THi:scL | Clock High Time | 100 kHz mode | Tcy/2 (BRG + 1) — us
400 kHz mode | Tcy/2 (BRG + 1) — us
1 MHz mode®@ | Tcv/2 (BRG + 1) — us
IM20 Tr:scL | SDA and SCL 100 kHz mode — 300 ns Cs is specified to be
Fall Time 400 kHz mode | 20+0.1Cs 300 ns |from 10 to 400 pF
1 MHz mode® — 100 ns
IM21 TrR:scL |SDA and SCL 100 kHz mode — 1000 ns Cs is specified to be
Rise Time 400 kHz mode | 20+0.1Cs 300 ns |from 10 to 400 pF
1 MHz mode® — 300 ns
IM25 TSU:DAT | Data Input 100 kHz mode 250 — ns
Setup Time 400 kHz mode 100 — ns
1 MHz mode® — — ns
IM26 THD:DAT | Data Input 100 kHz mode 0 — ns
Hold Time 400 kHz mode 0 0.9 us
1 MHz mode® — — ns
IM30 Tsu:STA | Start Condition | 100 kHz mode | Tcy/2 (BRG + 1) — us Only relevant for
Setup Time 400 kHz mode | Tcv/2 BRG +1) | — us | Repeated Start
1MHz mode® | Tcvi2 BRG +1) | — us | condition
IM31 THD:STA | Start Condition | 100 kHz mode | Tcy/2 (BRG + 1) — us After this period the
Hold Time 400 kHz mode | Tcv/2 (BRG + 1) _ us first clock pulse is
1MHz mode® | Tevi2 BRG +1) | — us | generated
IM33 Tsu:sTO | Stop Condition | 100 kHz mode | Tcy/2 (BRG + 1) — us
Setup Time 400 kHz mode | Tcv/2 BRG +1) | — us
1 MHz mode@ | Tcv/2 (BRG + 1) — us
IM34 THD:STO | Stop Condition | 100 kHz mode | Tcy/2 (BRG + 1) — ns
Hold Time 400 kHz mode | Tcy/2 (BRG + 1) — ns
1 MHz mode@ | Tcv/2 (BRG + 1) — ns
IM40 TAA:sCL | Output Valid 100 kHz mode — 3500 ns
From Clock 400 kHz mode — 1000 ns
1 MHz mode® — — ns
IM45 | TBF:SDA | Bus Free Time | 100 kHz mode 4.7 — us Time the bus must be
400 kHz mode 1.3 — us | free before a new
1 MHz mode® — — s transmission can start
IM50 Cs Bus Capacitive Loading — 400 pF
Note 1: BRG is the value of the I2C™ Baud Rate Generator. Refer to Section 21. “ Inter-Integrated Circuit (IZC)"
in the"dsPIC30F Family Reference Manual” (DS70046).
2 Maximum pin capacitance = 10 pF for all I2C pins (for 1 MHz mode only).
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44-L ead Plastic Quad Flat, No Lead Package (ML) — 8x8 mm Body [QFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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N NOTE 1

TOP VIEW BOTTOM VIEW

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 44
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 8.00 BSC
Exposed Pad Width E2 6.30 6.45 6.80
Overall Length D 8.00 BSC
Exposed Pad Length D2 6.30 6.45 6.80
Contact Width b 0.25 0.30 0.38
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - —

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. 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 C04-103B
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44-L ead Plastic Quad Flat, No Lead Package (ML) — 8x8 mm Body [QFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Units MILLIMETERS

Dimension Limits| MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 6.80
Optional Center Pad Length T2 6.80
Contact Pad Spacing C1 8.00
Contact Pad Spacing C2 8.00
Contact Pad Width (X44) X1 0.35
Contact Pad Length (X44) Y1 0.80
Distance Between Pads G 0.25

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing No. C04-2103A
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