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Welcome to E-XFL.COM

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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dsPIC30F4011/4012
OSC1

OSC2

I

I/O

ST/CMOS

—

Oscillator crystal input. ST buffer when configured in RC mode; CMOS 
otherwise.
Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator 
mode. Optionally functions as CLKO in RC and EC modes.

PGD
PGC

I/O
I

ST
ST

In-Circuit Serial Programming™ data input/output pin.
In-Circuit Serial Programming clock input pin.

RB0-RB8 I/O ST PORTB is a bidirectional I/O port.
RC13-RC15 I/O ST PORTC is a bidirectional I/O port.
RD0-RD3 I/O ST PORTD is a bidirectional I/O port.
RE0-RE5, 
RE8

I/O ST PORTE is a bidirectional I/O port.

RF0-RF6 I/O ST PORTF is a bidirectional I/O port.
SCK1
SDI1
SDO1
SS1

I/O
I
O
I

ST
ST
—
ST

Synchronous serial clock input/output for SPI1.
SPI1 data in.
SPI1 data out.
SPI1 slave synchronization.

SCL
SDA

I/O
I/O

ST
ST

Synchronous serial clock input/output for I2C™.
Synchronous serial data input/output for I2C.

SOSCO
SOSCI

O
I

—
ST/CMOS

32 kHz low-power oscillator crystal output. 
32 kHz low-power oscillator crystal input. ST buffer when configured in RC 
mode; CMOS otherwise.

T1CK
T2CK

I
I

ST
ST

Timer1 external clock input.
Timer2 external clock input.

U1RX
U1TX
U1ARX
U1ATX
U2RX
U2TX

I
O
I
O
I
O

ST
—
ST
—
ST
—

UART1 receive.
UART1 transmit.
UART1 alternate receive.
UART1 alternate transmit.
UART2 receive.
UART2 transmit.

VDD P — Positive supply for logic and I/O pins.
VSS P — Ground reference for logic and I/O pins.
VREF+ I Analog Analog voltage reference (high) input.
VREF- I Analog Analog voltage reference (low) input.

TABLE 1-1: dsPIC30F4011 I/O PIN DESCRIPTIONS (CONTINUED)

Pin Name Pin 
Type

Buffer 
Type Description

Legend: CMOS = CMOS compatible input or output Analog = Analog input
ST = Schmitt Trigger input with CMOS levels O = Output 
I = Input P = Power
© 2010 Microchip Technology Inc. DS70135G-page 13



dsPIC30F4011/4012
3.0 MEMORY ORGANIZATION

3.1 Program Address Space
The program address space is 4M instruction words. It
is addressable by the 23-bit PC, table instruction
Effective Address (EA) or data space EA, when
program space is mapped into data space as defined
by Table 3-1. Note that the program space address is
incremented by two between successive program
words in order to provide compatibility with data space
addressing. 

User program space access is restricted to the lower
4M instruction word address range (0x000000 to
0x7FFFFE) for all accesses other than TBLRD/TBLWT,
which use TBLPAG<7> to determine user or configura-
tion space access. In Table 3-1, read/write instructions,
bit 23 allows access to the Device ID, the User ID and
the Configuration bits; otherwise, bit 23 is always clear.

FIGURE 3-1: PROGRAM SPACE 
MEMORY MAP FOR 
dsPIC30F4011/4012 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
Reference Manual” (DS70157).
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00007E

000002

000080

Device Configuration

User Flash
Program Memory

008000
007FFE
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Data EEPROM

(16K instructions)

(1 Kbyte)

800000

F80000
Registers F8000E

F80010

DEVID (2)
FEFFFE
FF0000
FFFFFE

Reserved
F7FFFE

Reserved

7FFC00
7FFBFE

(Read ‘0’s)

8005FE
800600

UNITID (32 instr.)

8005BE
8005C0

Reset – GOTO Instruction

000004

Reserved

7FFFFE

Reserved

000100
0000FE
000084Alternate Vector Table

Reserved

Interrupt Vector Table
Vector Tables
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FIGURE 3-6: dsPIC30F4011/4012 DATA SPACE MEMORY MAP 

0x0000

0x07FE

0x0BFE

0xFFFE

    

 

LSB
Address16 bits

LSBMSB

MSB
Address

0x0001

0x07FF

0x0BFF

0xFFFF

0x8001 0x8000

Optionally
Mapped
into Program
Memory

 

0x0FFF 0x0FFE

0x10000x1001

0x0801 0x0800

0x0C01 0x0C00

Near Data
Space

2-Kbyte
SFR Space

2-Kbyte

SRAM Space

4096 Bytes

Unimplemented (X)
X Data 

SFR Space

X Data RAM (X)

Y Data RAM (Y)
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XM 1 uuuu uuuu uuuu uuu1

YM 0 uuuu uuuu uuuu uuu0

YM 1 uuuu uuuu uuuu uuu1

XB uuuu uuuu uuuu uuuu

DIS 0000 0000 0000 0000

TA
SF Bit 2 Bit 1 Bit 0 Reset State

Leg
No
ODEND 004A XE<15:1>
ODSRT 004C YS<15:1>
ODEND 004E YE<15:1>
REV 0050 BREN XB<14:0>
ICNT 0052 — — DISICNT<13:0>

BLE 3-3: CORE REGISTER MAP(1) (CONTINUED)
R Name Address

(Home) 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

end: u = uninitialized bit; — = unimplemented bit, read as ‘0’
te 1: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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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.

5.2.1 RESET SOURCES
There are 5 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.

• Illegal 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 errone-
ous operation during debug and when operating within
the application.

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.

5.3.1 TRAP SOURCES
The following traps are provided with increasing
priority. However, since all traps can be nested, priority
has little effect.

5.3.1.1 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.

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. 
© 2010 Microchip Technology Inc. DS70135G-page 45
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6.6.3 LOADING WRITE LATCHES
Example 6-2 shows a sequence of instructions that
can be used to load the 96 bytes of write latches.
32 TBLWTL and 32 TBLWTH instructions are needed to
load the write latches selected by the Table Pointer. 

EXAMPLE 6-2: LOADING WRITE LATCHES 

6.6.4 INITIATING THE PROGRAMMING 
SEQUENCE

For protection, the write initiate sequence for NVMKEY
must be used to allow any erase or program operation
to proceed. After the programming command has been
executed, the user must wait for the programming time
until programming is complete. The two instructions
following the start of the programming sequence
should be NOPs.

EXAMPLE 6-3: INITIATING A PROGRAMMING SEQUENCE 

; Set up a pointer to the first program memory location to be written
; program memory selected, and writes enabled

MOV #0x0000,W0 ; 
MOV W0,TBLPAG ; Initialize PM Page Boundary SFR
MOV #0x6000,W0 ; An example program memory address

; Perform the TBLWT instructions to write the latches
; 0th_program_word

MOV #LOW_WORD_0,W2 ; 
MOV #HIGH_BYTE_0,W3 ; 
TBLWTL W2,[W0] ; Write PM low word into program latch
TBLWTH W3,[W0++] ; Write PM high byte into program latch

; 1st_program_word
MOV #LOW_WORD_1,W2 ; 
MOV #HIGH_BYTE_1,W3 ; 
TBLWTL W2,[W0] ; Write PM low word into program latch
TBLWTH W3,[W0++] ; Write PM high byte into program latch

;  2nd_program_word
MOV #LOW_WORD_2,W2 ; 
MOV #HIGH_BYTE_2,W3 ; 
TBLWTL W2, [W0] ; Write PM low word into program latch
TBLWTH W3, [W0++] ; Write PM high byte into program latch
•
•
•

; 31st_program_word
MOV #LOW_WORD_31,W2 ; 
MOV #HIGH_BYTE_31,W3 ; 
TBLWTL W2, [W0] ; Write PM low word into program latch
TBLWTH W3, [W0++] ; Write PM high byte into program latch

Note: In Example 6-2, the contents of the upper byte of W3 have no effect.

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 ; Start the erase sequence 
NOP ; Insert two NOPs after the erase
NOP ; command is asserted
DS70135G-page 52 © 2010 Microchip Technology Inc.
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8.0 I/O PORTS

All of the device pins (except VDD, VSS, MCLR and
OSC1/CLKI) are shared between the peripherals and
the parallel I/O ports.

All I/O input ports feature Schmitt Trigger inputs for
improved noise immunity.

8.1 Parallel I/O (PIO) Ports
When a peripheral is enabled and the peripheral is
actively driving an associated pin, the use of the pin as
a general purpose output pin is disabled. The I/O pin
may be read, but the output driver for the Parallel Port
bit will be disabled. If a peripheral is enabled, but the
peripheral is not actively driving a pin, that pin may be
driven by a port.

All port pins have three registers directly associated
with the operation of the port pin. The Data Direction
register (TRISx) determines whether the pin is an input
or an output. If the Data Direction register bit is a ‘1’,
then the pin is an input. All port pins are defined as
inputs after a Reset. Reads from the latch (LATx), read

the latch. Writes to the latch, write the latch (LATx).
Reads from the port (PORTx), read the port pins and
writes to the port pins, write the latch (LATx).

Any bit and its associated data and control registers
that are not valid for a particular device will be
disabled. That means the corresponding LATx and
TRISx registers and the port pin will read as zeros.

When a pin is shared with another peripheral or func-
tion that is defined as an input only, it is nevertheless
regarded as a dedicated port because there is no
other competing source of outputs. An example is the
INT4 pin.

The format of the registers for PORTx are shown in
Table 8-1. 

The TRISx (Data Direction) register controls the direc-
tion of the pins. The LATx register supplies data to the
outputs and is readable/writable. Reading the PORTx
register yields the state of the input pins, while writing
to the PORTx register modifies the contents of the
LATx register.

A parallel I/O (PIO) port that shares a pin with a periph-
eral is, in general, subservient to the peripheral. The
peripheral’s output buffer data and control signals are
provided to a pair of multiplexers. The multiplexers
select whether the peripheral or the associated port
has ownership of the output data and control signals of
the I/O pad cell. Figure 8-2 shows how ports are shared
with other peripherals and the associated I/O cell (pad)
to which they are connected. Table 8-1 and Table 8-2
show the formats of the registers for the shared ports,
PORTB through PORTG.

FIGURE 8-1: BLOCK DIAGRAM OF A DEDICATED PORT STRUCTURE

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
Reference Manual” (DS70157).
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Bit 2 Bit 1 Bit 0 Reset State

uuuu uuuu uuuu uuuu

1111 1111 1111 1111

SYNC TCS — 0000 0000 0000 0000
TABLE 9-1: TIMER1 REGISTER MAP(1)

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

TMR1 0100 Timer1 Register

PR1 0102 Period Register 1

T1CON 0104 TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0 — T

Legend: u = uninitialized bit; — = unimplemented bit, read as ‘0’
Note 1: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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TA
S 2 Bit 1 Bit 0 Reset State

TM uuuu uuuu uuuu uuuu

TM uuuu uuuu uuuu uuuu

TM uuuu uuuu uuuu uuuu

PR 1111 1111 1111 1111

PR 1111 1111 1111 1111

T4 TCS — 0000 0000 0000 0000

T5 TCS — 0000 0000 0000 0000

Le
No
BLE 11-1: TIMER4/5 REGISTER MAP(1)

FR 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 Bit 

R4 0114 Timer4 Register

R5HLD 0116 Timer5 Holding Register (For 32-bit operations only)

R5 0118 Timer5 Register

4 011A Period Register 4

5 011C Period Register 5

CON 011E TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0 T45 —

CON 0120 TON — TSIDL — — — — — — TGATE TCKPS1 TCKPS0 — —

gend: u = uninitialized bit; — = unimplemented bit, read as ‘0’
te 1: Refer to the “dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
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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 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 IFSx reg-
ister, and must be cleared in software. The interrupt is
enabled via the respective Compare Interrupt Enable
(OCxIE) bit, located in the corresponding IECx 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 IFS0 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 register. The output compare interrupt flag is
never set during the PWM mode of operation.
DS70135G-page 88 © 2010 Microchip Technology Inc.
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14.7 QEI Module Operation During CPU 

Idle Mode
Since the QEI module can function as a quadrature
encoder interface, or as a 16-bit timer, the following
section describes operation of the module in both
modes.

14.7.1 QEI OPERATION DURING CPU IDLE 
MODE

When the CPU is placed in the Idle mode, the QEI mod-
ule will operate if the QEISIDL bit (QEICON<13>) = 0.
This bit defaults to a logic ‘0’ upon executing POR and
BOR. For halting the QEI module during the CPU Idle
mode, QEISIDL should be set to ‘1’.

14.7.2 TIMER OPERATION DURING CPU 
IDLE MODE

When the CPU is placed in the Idle mode and the QEI
module is configured in the 16-bit Timer mode, the
16-bit timer will operate if the QEISIDL bit (QEI-
CON<13>) = 0. This bit defaults to a logic ‘0’ upon
executing POR and BOR. For halting the timer module
during the CPU Idle mode, QEISIDL should be set
to ‘1’.

If the QEISIDL bit is cleared, the timer will function
normally as if the CPU Idle mode had not been
entered.

14.8 Quadrature Encoder Interface 
Interrupts

The quadrature encoder interface has the ability to
generate an interrupt on occurrence of the following
events:

• Interrupt on 16-bit up/down position counter 
rollover/underflow

• Detection of qualified index pulse or if CNTERR 
bit is set

• Timer period match event (overflow/underflow)
• Gate accumulation event

The QEI Interrupt Flag bit, QEIIF, is asserted upon
occurrence of any of the above events. The QEIIF bit
must be cleared in software. QEIIF is located in the
IFS2 register.

Enabling an interrupt is accomplished via the respec-
tive Enable bit, QEIIE. The QEIIE bit is located in the
IEC2 register.
DS70135G-page 94 © 2010 Microchip Technology Inc.
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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
provided 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
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.

FIGURE 15-4: DEAD-TIME TIMING DIAGRAM

Note: The user should not modify the DTCON1
register value while the PWM module is
operating (PTEN = 1). Unexpected results
may occur.

Duty Cycle Generator

PWMxH

PWMxL

Dead-Time A (Active) Dead-Time A (Inactive)
© 2010 Microchip Technology Inc. DS70135G-page 103



dsPIC30F4011/4012

16.2 Framed SPI Support
The module supports a basic framed SPI protocol in
Master or Slave mode. The control bit, FRMEN,
enables framed SPI support and causes the SS1 pin to
perform the frame synchronization pulse (FSYNC)
function. The control bit, SPIFSD, determines whether

the SS1 pin is an input or an output (i.e., whether the
module receives or generates the frame synchroniza-
tion pulse). The frame pulse is an active-high pulse for
a single SPI clock cycle. When frame synchronization
is enabled, the data transmission starts only on the
subsequent transmit edge of the SPI clock.

FIGURE 16-1: SPI BLOCK DIAGRAM

FIGURE 16-2: SPI MASTER/SLAVE CONNECTION

Read Write

Internal
Data Bus

SDI1

SDO1

SS1

SCK1

SPI1SR

SPI1BUF

bit 0

Shift
Clock

Edge
Select

FCY
Primary

1, 4, 16, 64

Enable Master Clock

Prescaler
Secondary
Prescaler

1, 2, 4, 6, 8

Transmit

SPI1BUF

Receive

SS1 and

Control

Clock
ControlFSYNC

Serial Input Buffer
(SPI1BUF)

Shift Register
(SPI1SR)

MSb LSb

SDO1

SDI1

PROCESSOR 1

SCK1

SPI Master

Serial Input Buffer
(SPI1BUF)

LSbMSb

SDI1

SDO1

PROCESSOR 2

SCK1

SPI Slave

Serial Clock

Shift Register
(SPI1SR)
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FIGURE 19-1: CAN BUFFERS AND PROTOCOL ENGINE BLOCK DIAGRAM

Acceptance Filter
RXF2(1)

A
c
c
e
p
t

A
c
c
e
p
t

Identifier

Data Field Data Field

Identifier

Acceptance Mask
RXM1(1)

Acceptance Filter
RXF3(1)

Acceptance Filter
RXF4(1)

Acceptance Filter
RXF5(1)

M
A
B

Acceptance Mask
RXM0(1)

Acceptance Filter
RXF0(1)

Acceptance Filter
RXF1(1)

RXB0(1)

TX
R

E
Q

TXB2(1)

TX
A

B
T

TX
LA

R
B

TX
E

R
R

M
ES

S
AG

E

Message
Queue
Control

Transmit Byte Sequencer

TX
R

E
Q

TXB1(1)

TX
A

B
T

TX
LA

R
B

TX
E

R
R

M
ES

S
AG

E

TX
R

E
Q

TXB0(1)

TX
A

B
T

TX
LA

R
B

TX
E

R
R

M
ES

S
AG

E

Receive ShiftTransmit Shift

Receive
Error

Transmit
Error

Protocol

RERRCNT

TERRCNT

ErrPas
BusOff

Finite
State

Machine

Counter

Counter

Transmit
Logic

Bit
Timing
Logic

C1TX C1RX

Bit Timing
Generator

PROTOCOL
ENGINE

BUFFERS

CRC CheckCRC Generator

RXB1(1)

Note 1: These are conceptual groups of registers, not SFR names by themselves.
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29 DIV DIV.S Wm,Wn Signed 16/16-bit Integer Divide 1 18 N, Z, C, OV

DIV.SD Wm,Wn Signed 32/16-bit Integer Divide 1 18 N, Z, C, OV

DIV.U Wm,Wn Unsigned 16/16-bit Integer Divide 1 18 N, Z, C, OV

DIV.UD Wm,Wn Unsigned 32/16-bit Integer Divide 1 18 N, Z, C, OV

30 DIVF DIVF      Wm,Wn Signed 16/16-bit Fractional Divide 1 18 N, Z, C, OV

31 DO DO #lit14,Expr Do code to PC + Expr, lit14 + 1 time 2 2 None

DO Wn,Expr Do code to PC + Expr, (Wn) +1 time 2 2 None

32 ED ED Wm*Wm,Acc,Wx,Wy,Wxd Euclidean Distance ( no accumulate) 1 1 OA, OB, OAB,
SA, SB, SAB

33 EDAC EDAC Wm*Wm,Acc,Wx,Wy,Wxd Euclidean Distance 1 1 OA, OB, OAB,
SA, SB, SAB

34 EXCH EXCH Wns,Wnd Swap Wns with Wnd 1 1 None

35 FBCL FBCL Ws,Wnd Find Bit Change from Left (MSb) Side 1 1 C

36 FF1L FF1L Ws,Wnd Find First One from Left (MSb) Side 1 1 C

37 FF1R FF1R Ws,Wnd Find First One from Right (LSb) Side 1 1 C

38 GOTO GOTO Expr Go to address 2 2 None

GOTO Wn Go to indirect 1 2 None

39 INC INC f f = f + 1 1 1 C, DC, N, OV, Z

INC f,WREG WREG = f + 1 1 1 C, DC, N, OV, Z

INC Ws,Wd Wd = Ws + 1 1 1 C, DC, N, OV, Z

40 INC2 INC2 f f = f + 2 1 1 C, DC, N, OV, Z

INC2 f,WREG WREG = f + 2 1 1 C, DC, N, OV, Z

INC2 Ws,Wd Wd = Ws + 2 1 1 C, DC, N, OV, Z

41 IOR IOR f f = f .IOR. WREG 1 1 N, Z

IOR f,WREG WREG = f .IOR. WREG 1 1 N, Z

IOR #lit10,Wn Wd = lit10 .IOR. Wd 1 1 N, Z

IOR Wb,Ws,Wd Wd = Wb .IOR. Ws 1 1 N, Z

IOR Wb,#lit5,Wd Wd = Wb .IOR. lit5 1 1 N, Z

42 LAC LAC Wso,#Slit4,Acc Load Accumulator 1 1 OA, OB, OAB,
SA, SB, SAB

43 LNK LNK #lit14 Link Frame Pointer 1 1 None

44 LSR LSR f f = Logical Right Shift f 1 1 C, N, OV, Z

LSR f,WREG WREG = Logical Right Shift f 1 1 C, N, OV, Z

LSR Ws,Wd Wd = Logical Right Shift Ws 1 1 C, N, OV, Z

LSR Wb,Wns,Wnd Wnd = Logical Right Shift Wb by Wns 1 1 N, Z

LSR Wb,#lit5,Wnd Wnd = Logical Right Shift Wb by lit5 1 1 N, Z

45 MAC MAC Wm*Wn,Acc,Wx,Wxd,Wy,Wyd,
AWB

Multiply and Accumulate 1 1 OA, OB, OAB,
SA, SB, SAB

MAC Wm*Wm,Acc,Wx,Wxd,Wy,Wyd Square and Accumulate 1 1 OA, OB, OAB,
SA, SB, SAB

46 MOV MOV f,Wn Move f to Wn 1 1 None

MOV f Move f to f 1 1 None

MOV f,WREG Move f to WREG 1 1 None

MOV #lit16,Wn Move 16-bit literal to Wn 1 1 None

MOV.b #lit8,Wn Move 8-bit literal to Wn 1 1 None

MOV Wn,f Move Wn to f 1 1 None

MOV Wso,Wdo Move Ws to Wd 1 1 None

MOV WREG,f Move WREG to f 1 1 None

MOV.D     Wns,Wd Move Double from W(ns):W(ns + 1) to Wd 1 2 None

MOV.D     Ws,Wnd Move Double from Ws to W(nd + 1):W(nd) 1 2 None

47 MOVSAC MOVSAC Acc,Wx,Wxd,Wy,Wyd,AWB Prefetch and store accumulator 1 1 None

TABLE 22-2: INSTRUCTION SET OVERVIEW (CONTINUED)
Base
Instr

#

Assembly
Mnemonic Assembly Syntax Description # of 

words
# of 

cycles
Status Flags 

Affected
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FIGURE 24-15: QEI MODULE INDEX PULSE TIMING CHARACTERISTICS     
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TABLE 24-31: QEI INDEX PULSE 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 Max Units Conditions

TQ50 TqIL Filter Time to Recognize Low,
with Digital Filter

3 * N * TCY — ns N = 1, 2, 4, 16, 32, 64,
128 and 256 (Note 2)

TQ51 TqiH Filter Time to Recognize High,
with Digital Filter

3 * N * TCY — ns N = 1, 2, 4, 16, 32, 64,
128 and 256 (Note 2)

TQ55 Tqidxr Index Pulse Recognized to Position
Counter Reset (ungated index)

3 TCY — ns

Note 1: These parameters are characterized but not tested in manufacturing.
2: Alignment of index pulses to QEA and QEB is shown for position counter Reset timing only. Shown for 

forward direction only (QEA leads QEB). Same timing applies for reverse direction (QEA lags QEB) but 
index pulse recognition occurs on falling edge.
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28-Lead Plastic Small Outline (SO) – Wide, 7.50 mm Body [SOIC]

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.

Note: For the most current package drawings, please see the Microchip Packaging Specification located at 

http://www.microchip.com/packaging

Units MILLMETERS

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 φ 0° – 8°

Lead Thickness c 0.18 – 0.33

Lead Width b 0.31 – 0.51

Mold Draft Angle Top α 5° – 15°

Mold Draft Angle Bottom β 5° – 15°

c

h

h

L
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1 2 3
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e
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D
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Microchip Technology Drawing C04-052B
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44-Lead Plastic Quad Flat, No Lead Package (ML) – 8x8 mm Body [QFN]

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.

Note: For the most current package drawings, please see the Microchip Packaging Specification located at 

http://www.microchip.com/packaging

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 – –
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Microchip Technology Drawing C04-103B
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