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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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PIC24FJ64GB004 FAMILY
INT0 16 13 43 I ST External Interrupt Input.

MCLR 1 26 18 I ST Master Clear (device Reset) Input. This line is brought low to 
cause a Reset.

OSCI 9 6 30 I ANA Main Oscillator Input Connection.

OSCO 10 7 31 O ANA Main Oscillator Output Connection.

PGEC1 5 2 22 I/O ST In-Circuit Debugger/Emulator/ICSP™ Programming Clock.

PGED1 4 1 21 I/O ST In-Circuit Debugger/Emulator/ICSP Programming Data.

PGEC2 22 19 9 I/O ST In-Circuit Debugger/Emulator/ICSP Programming Clock.

PGED2 21 18 8 I/O ST In-Circuit Debugger/Emulator/ICSP Programming Data.

PGEC3 3 28 20 I/O ST In-Circuit Debugger/Emulator/ICSP Programming Clock.

PGED3 2 27 19 I/O ST In-Circuit Debugger/Emulator/ICSP Programming Data.

PMA0 10 7 3 I/O ST Parallel Master Port Address Bit 0 Input (Buffered Slave 
modes) and Output (Master modes).

PMA1 12 9 2 I/O ST Parallel Master Port Address Bit 1 Input (Buffered Slave 
modes) and Output (Master modes).

PMA2 — — 27 O — Parallel Master Port Address (Demultiplexed Master modes).

PMA3 — — 38 O —

PMA4 — — 37 O —

PMA5 — — 4 O —

PMA6 — — 5 O —

PMA7 — — 13 O —

PMA8 — — 32 O —

PMA9 — — 35 O —

PMA10 — — 12 O —

PMCS1 9 6 30 I/O ST/TTL Parallel Master Port Chip Select 1 Strobe/Address Bit 15.

PMBE 11 8 36 O — Parallel Master Port Byte Enable Strobe.

PMD0 4 1 21 I/O ST/TTL Parallel Master Port Data (Demultiplexed Master mode) or 
Address/Data (Multiplexed Master modes). PMD1 5 2 22 I/O ST/TTL

PMD2 6 3 23 I/O ST/TTL

PMD3 18 15 1 I/O ST/TTL

PMD4 17 14 44 I/O ST/TTL

PMD5 16 13 43 I/O ST/TTL

PMD6 3 28 20 I/O ST/TTL

PMD7 2 27 19 I/O ST/TTL

PMRD 24 21 11 O — Parallel Master Port Read Strobe.

PMWR 7 4 24 O — Parallel Master Port Write Strobe.

TABLE 1-2: PIC24FJ64GB004 FAMILY PINOUT DESCRIPTIONS (CONTINUED)

Function

Pin Number

I/O 
Input 
Buffer

Description28-Pin 
SPDIP/

SOIC/SSOP

28-Pin 
QFN

44-Pin 
QFN/TQFP

Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output I2C™ = I2C/SMBus input buffer
 2010 Microchip Technology Inc. DS39940D-page 15



PIC24FJ64GB004 FAMILY
NOTES:
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PIC24FJ64GB004 FAMILY
3.2 CPU Control Registers

REGISTER 3-1: SR: ALU STATUS REGISTER

U-0 U-0 U-0 U-0 U-0 U-0 U-0 R/W-0

— — — — — — — DC

bit 15 bit 8

R/W-0(1) R/W-0(1) R/W-0(1) R-0 R/W-0 R/W-0 R/W-0 R/W-0

IPL2(2) IPL1(2) IPL0(2) RA N OV Z C

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-9 Unimplemented: Read as ‘0’

bit 8 DC: ALU Half Carry/Borrow bit

1 = A carry out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized data)
of the result occurred

0 = No carry out from the 4th or 8th low-order bit of the result has occurred

bit 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits(1,2)

111 = CPU interrupt priority level is 7 (15); user interrupts disabled
110 = CPU interrupt priority level is 6 (14)
101 = CPU interrupt priority level is 5 (13)
100 = CPU interrupt priority level is 4 (12)
011 = CPU interrupt priority level is 3 (11)
010 = CPU interrupt priority level is 2 (10)
001 = CPU interrupt priority level is 1 (9)
000 = CPU interrupt priority level is 0 (8)

bit 4 RA: REPEAT Loop Active bit

1 = REPEAT loop in progress
0 = REPEAT loop not in progress

bit 3 N: ALU Negative bit

1 = Result was negative
0 = Result was non-negative (zero or positive)

bit 2 OV: ALU Overflow bit

1 = Overflow occurred for signed (2’s complement) arithmetic in this arithmetic operation
0 = No overflow has occurred

bit 1 Z: ALU Zero bit

1 = An operation which effects the Z bit has set it at some time in the past
0 = The most recent operation which effects the Z bit has cleared it (i.e., a non-zero result)

bit 0 C: ALU Carry/Borrow bit
1 = A carry out from the Most Significant bit of the result occurred
0 = No carry out from the Most Significant bit of the result occurred

Note 1: The IPL Status bits are read-only when NSTDIS (INTCON1<15>) = 1.

2: The IPL Status bits are concatenated with the IPL3 bit (CORCON<3>) to form the CPU Interrupt Priority 
Level (IPL). The value in parentheses indicates the IPL when IPL3 = 1.
DS39940D-page 28  2010 Microchip Technology Inc.



PIC24FJ64GB004 FAMILY
4.1.1 PROGRAM MEMORY 
ORGANIZATION

The program memory space is organized in
word-addressable blocks. Although it is treated as
24 bits wide, it is more appropriate to think of each
address of the program memory as a lower and upper
word, with the upper byte of the upper word being
unimplemented. The lower word always has an even
address, while the upper word has an odd address
(Figure 4-2). 

Program memory addresses are always word-aligned
on the lower word and addresses are incremented or
decremented by two during code execution. This
arrangement also provides compatibility with data
memory space addressing and makes it possible to
access data in the program memory space.

4.1.2 HARD MEMORY VECTORS

All PIC24F devices reserve the addresses between
00000h and 000200h for hard-coded program execu-
tion vectors. A hardware Reset vector is provided to
redirect code execution from the default value of the
PC on device Reset to the actual start of code. A GOTO
instruction is programmed by the user at 000000h with
the actual address for the start of code at 000002h. 

PIC24F devices also have two interrupt vector tables,
located from 000004h to 0000FFh and 000100h to
0001FFh. These vector tables allow each of the many
device interrupt sources to be handled by separate
ISRs. A more detailed discussion of the interrupt vector
tables is provided in Section 7.1 “Interrupt Vector
Table”.

4.1.3 FLASH CONFIGURATION WORDS

In PIC24FJ64GB004 family devices, the top four words
of on-chip program memory are reserved for configura-
tion information. On device Reset, the configuration
information is copied into the appropriate Configuration
registers. The addresses of the Flash Configuration
Word for devices in the PIC24FJ64GB004 family are
shown in Table 4-1. Their location in the memory map
is shown with the other memory vectors in Figure 4-1.

The Configuration Words in program memory are a
compact format. The actual Configuration bits are
mapped in several different registers in the configuration
memory space. Their order in the Flash Configuration
Words do not reflect a corresponding arrangement in the
configuration space. Additional details on the device
Configuration Words are provided in Section 26.1
“Configuration Bits”.

TABLE 4-1: FLASH CONFIGURATION 
WORDS FOR PIC24FJ64GB004 
FAMILY DEVICES

FIGURE 4-2: PROGRAM MEMORY ORGANIZATION

Device
Program 
Memory 
(Words)

Configuration 
Word 

Addresses

PIC24FJ32GB0 11,008
0057F8h:
0057FEh

PIC24FJ64GB0 22,016 00ABF8h:
00ABFEh

0816

PC Address

000000h

000002h

000004h
000006h

23
00000000
00000000

00000000
00000000

Program Memory
‘Phantom’ Byte

(read as ‘0’)

least significant wordmost significant word

Instruction Width

000001h

000003h

000005h
000007h

MSW
Address (LSW Address)
DS39940D-page 32  2010 Microchip Technology Inc.
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EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

EN EPTXEN EPSTALL EPHSHK 0000

od Register 0000

— — — 0000

T

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

CS1P BEP WRSP RDSP 0000

AITM1 WAITM0 WAITE1 WAITE0 0000

DDR3(1) ADDR2(1) ADDR1 ADDR0 0000

0000

0000

0000

0000

TEN3(1) PTEN2(1) PTEN1 PTEN0 0000

OB3E OB2E OB1E OB0E 0000

T

3 Bit 2 Bit 1 Bit 0
All 

Resets
U1EP0 04AA — — — — — — — — LSPD(1) RETRYDIS(1) — EPCONDIS EPRX

U1EP1 04AC — — — — — — — — — — — EPCONDIS EPRX

U1EP2 04AE — — — — — — — — — — — EPCONDIS EPRX

U1EP3 04B0 — — — — — — — — — — — EPCONDIS EPRX

U1EP4 04B2 — — — — — — — — — — — EPCONDIS EPRX

U1EP5 04B4 — — — — — — — — — — — EPCONDIS EPRX

U1EP6 04B6 — — — — — — — — — — — EPCONDIS EPRX

U1EP7 04B8 — — — — — — — — — — — EPCONDIS EPRX

U1EP8 04BA — — — — — — — — — — — EPCONDIS EPRX

U1EP9 04BC — — — — — — — — — — — EPCONDIS EPRX

U1EP10 04BE — — — — — — — — — — — EPCONDIS EPRX

U1EP11 04C0 — — — — — — — — — — — EPCONDIS EPRX

U1EP12 04C2 — — — — — — — — — — — EPCONDIS EPRX

U1EP13 04C4 — — — — — — — — — — — EPCONDIS EPRX

U1EP14 04C6 — — — — — — — — — — — EPCONDIS EPRX

U1EP15 04C8 — — — — — — — — — — — EPCONDIS EPRX

U1PWMRRS 04CC USB Power Supply PWM Duty Cycle Register USB Power Supply PWM Peri

U1PWMCON 04CE PWMEN — — — — — PWMPOL CNTEN — — — — —

ABLE 4-19: PARALLEL MASTER/SLAVE PORT REGISTER MAP

File 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

PMCON 0600 PMPEN — PSIDL ADRMUX1 ADRMUX0 PTBEEN PTWREN PTRDEN CSF1 CSF0 ALP —

PMMODE 0602 BUSY IRQM1 IRQM0 INCM1 INCM0 MODE16 MODE1 MODE0 WAITB1 WAITB0 WAITM3 WAITM2 W

PMADDR 0604 — CS1 — — — ADDR10(1) ADDR9(1) ADDR8(1) ADDR7(1) ADDR6(1) ADDR5(1) ADDR4(1) A

PMDOUT1 Parallel Port Data Out Register 1 (Buffers 0 and 1)

PMDOUT2 0606 Parallel Port Data Out Register 2 (Buffers 2 and 3)

PMDIN1 0608 Parallel Port Data In Register 1 (Buffers 0 and 1)

PMDIN2 060A Parallel Port Data In Register 2 (Buffers 2 and 3)

PMAEN 060C — PTEN14 — — — PTEN10(1) PTEN9(1) PTEN8(1) PTEN7(1) PTEN6(1) PTEN5(1) PTEN4(1) P

PMSTAT 060E IBF IBOV — — IB3F IB2F IB1F IB0F OBE OBUF — —

Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note 1: Bits are not available on 28-pin devices; read as ‘0’.

ABLE 4-18: USB OTG REGISTER MAP (CONTINUED)

File 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 

Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note 1: Alternate register or bit definitions when the module is operating in Host mode. 

2: This register is available in Host mode only.



PIC24FJ64GB004 FAMILY
4.3.2 DATA ACCESS FROM PROGRAM 
MEMORY USING TABLE 
INSTRUCTIONS

The TBLRDL and TBLWTL instructions offer a direct
method of reading or writing the lower word of any
address within the program space without going through
data space. The TBLRDH and TBLWTH instructions are
the only method to read or write the upper 8 bits of a
program space word as data.

The PC is incremented by two for each successive
24-bit program word. This allows program memory
addresses to directly map to data space addresses.
Program memory can thus be regarded as two, 16-bit
word-wide address spaces, residing side by side, each
with the same address range. TBLRDL and TBLWTL
access the space which contains the least significant
data word, and TBLRDH and TBLWTH access the space
which contains the upper data byte. 

Two table instructions are provided to move byte or
word-sized (16-bit) data to and from program space.
Both function as either byte or word operations.

1. TBLRDL (Table Read Low): In Word mode, it
maps the lower word of the program space
location (P<15:0>) to a data address (D<15:0>).

In Byte mode, either the upper or lower byte of
the lower program word is mapped to the lower
byte of a data address. The upper byte is
selected when the byte select is ‘1’; the lower
byte is selected when it is ‘0’.

2. TBLRDH (Table Read High): In Word mode, it
maps the entire upper word of a program address
(P<23:16>) to a data address. Note that
D<15:8>, the ‘phantom’ byte, will always be ‘0’.

In Byte mode, it maps the upper or lower byte of
the program word to D<7:0> of the data
address, as above. Note that the data will
always be ‘0’ when the upper ‘phantom’ byte is
selected (byte select = 1).

In a similar fashion, two table instructions, TBLWTH
and TBLWTL, are used to write individual bytes or
words to a program space address. The details of
their operation are explained in Section 5.0 “Flash
Program Memory”.

For all table operations, the area of program memory
space to be accessed is determined by the Table
Memory Page Address register (TBLPAG). TBLPAG
covers the entire program memory space of the
device, including user and configuration spaces. When
TBLPAG<7> = 0, the table page is located in the user
memory space. When TBLPAG<7> = 1, the page is
located in configuration space. 

FIGURE 4-6: ACCESSING PROGRAM MEMORY WITH TABLE INSTRUCTIONS

Note: Only table read operations will execute in
the configuration memory space, and only
then, in implemented areas, such as the
Device ID. Table write operations are not
allowed.

081623

00000000
00000000

00000000
00000000

‘Phantom’ Byte

TBLRDH.B (Wn<0> = 0)

TBLRDL.W

TBLRDL.B (Wn<0> = 1)

TBLRDL.B (Wn<0> = 0)

23 15 0

TBLPAG
02

000000h

800000h

020000h

030000h

Program Space

Data EA<15:0>

The address for the table operation is determined by the data EA
within the page defined by the TBLPAG register. 
Only read operations are shown; write operations are also valid in
the user memory area.
DS39940D-page 52  2010 Microchip Technology Inc.



PIC24FJ64GB004 FAMILY
5.0 FLASH PROGRAM MEMORY

The PIC24FJ64GB004 family of devices contains
internal Flash program memory for storing and executing
application code. The memory is readable, writable and
erasable when operating with VDD over 2.35V. (If the
regulator is disabled, VDDCORE must be over 2.25V.)

It can be programmed in four ways:

• In-Circuit Serial Programming™ (ICSP™)

• Run-Time Self-Programming (RTSP)

• Enhanced In-Circuit Serial Programming 
(Enhanced ICSP)

ICSP allows a PIC24FJ64GB004 family device to be
serially programmed while in the end application circuit.
This is simply done with two lines for the programming
clock and programming data (which are named PGECx
and PGEDx, respectively), and three other lines for
power (VDD), ground (VSS) and Master Clear (MCLR).
This allows customers to manufacture boards with
unprogrammed devices and then program the micro-
controller just before shipping the product. This also
allows the most recent firmware or a custom firmware
to be programmed.

RTSP is accomplished using TBLRD (table read) and
TBLWT (table write) instructions. With RTSP, the user
may write program memory data in blocks of 64 instruc-
tions (192 bytes) at a time and erase program memory
in blocks of 512 instructions (1536 bytes) at a time.

5.1 Table Instructions and Flash 
Programming

Regardless of the method used, all programming of
Flash memory is done with the table read and table
write instructions. These allow direct read and write
access to the program memory space from the data
memory while the device is in normal operating mode.
The 24-bit target address in the program memory is
formed using the TBLPAG<7:0> bits and the Effective
Address (EA) from a W register specified in the table
instruction, as shown in Figure 5-1.

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
both Word and Byte modes.

The TBLRDH and TBLWTH instructions are used to read
or write to bits<23:16> of program memory. TBLRDH
and TBLWTH can also access program memory in Word
or Byte mode.

FIGURE 5-1: ADDRESSING FOR TABLE REGISTERS 

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual”,
Section 4. “Program Memory”
(DS39715).

0Program Counter

24 Bits

Program

TBLPAG Reg

8 Bits

Working Reg EA

16 Bits

Using

Byte
24-Bit EA

0

1/0

Select

Table
Instruction

Counter

Using

User/Configuration
Space Select
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PIC24FJ64GB004 FAMILY
REGISTER 6-1: RCON: RESET CONTROL REGISTER(1)

R/W-0, HS R/W-0, HS U-0 U-0 U-0 R/CO-0, HS R/W-0, HS R/W-0

TRAPR IOPUWR — — — DPSLP CM PMSLP

bit 15 bit 8

R/W-0, HS R/W-0, HS R/W-0 R/W-0, HS R/W-0, HS R/W-0, HS R/W-1, HS R/W-1, HS

EXTR SWR SWDTEN(2) WDTO SLEEP IDLE BOR POR

bit 7 bit 0

Legend: CO = Clearable Only bit HS = Hardware Settable bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15 TRAPR: Trap Reset Flag bit
1 = A Trap Conflict Reset has occurred
0 = A Trap Conflict Reset has not occurred

bit 14 IOPUWR: Illegal Opcode or Uninitialized W Access Reset Flag bit
1 = An illegal opcode detection, an illegal address mode or uninitialized W register used as an Address

Pointer caused a Reset
0 = An illegal opcode or uninitialized W Reset has not occurred

bit 13-11 Unimplemented: Read as ‘0’

bit 10 DPSLP: Deep Sleep Mode Flag bit
1 = Deep Sleep has occurred
0 = Deep Sleep has not occurred

bit 9 CM: Configuration Word Mismatch Reset Flag bit
1 = A Configuration Word Mismatch Reset has occurred
0 = A Configuration Word Mismatch Reset has not occurred

bit 8 PMSLP: Program Memory Power During Sleep bit
1 = Program memory bias voltage remains powered during Sleep
0 = Program memory bias voltage is powered down during Sleep and the voltage regulator enters Standby

mode

bit 7 EXTR: External Reset (MCLR) Pin bit
1 = A Master Clear (pin) Reset has occurred
0 = A Master Clear (pin) Reset has not occurred

bit 6 SWR: Software Reset (Instruction) Flag bit
1 = A RESET instruction has been executed
0 = A RESET instruction has not been executed

bit 5 SWDTEN: Software Enable/Disable of WDT bit(2)

1 = WDT is enabled
0 = WDT is disabled

bit 4 WDTO: Watchdog Timer Time-out Flag bit
1 = WDT time-out has occurred
0 = WDT time-out has not occurred

bit 3 SLEEP: Wake From Sleep Flag bit
1 = Device has been in Sleep mode
0 = Device has not been in Sleep mode

bit 2 IDLE: Wake-up From Idle Flag bit
1 = Device has been in Idle mode
0 = Device has not been in Idle mode

Note 1: All of the Reset status bits may be set or cleared in software. Setting one of these bits in software does not 
cause a device Reset.

2: If the FWDTEN Configuration bit is ‘1’ (unprogrammed), the WDT is always enabled, regardless of the 
SWDTEN bit setting.
DS39940D-page 64 Preliminary  2010 Microchip Technology Inc.



PIC24FJ64GB004 FAMILY
REGISTER 7-1: SR: ALU STATUS REGISTER (IN CPU)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 R-0

— — — — — — — DC(1)

bit 15 bit 8

R/W-0 R/W-0 R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0

IPL2(2,3) IPL1(2,3) IPL0(2,3) RA(1) N(1) OV(1) Z(1) C(1)

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits(2,3)

111 = CPU interrupt priority level is 7 (15). User interrupts disabled.
110 = CPU interrupt priority level is 6 (14)
101 = CPU interrupt priority level is 5 (13)
100 = CPU interrupt priority level is 4 (12)
011 = CPU interrupt priority level is 3 (11)
010 = CPU interrupt priority level is 2 (10)
001 = CPU interrupt priority level is 1 (9)
000 = CPU interrupt priority level is 0 (8)

Note 1: See Register 3-1 for the description of the remaining bit(s) that are not dedicated to interrupt control 
functions.

2: The IPL bits are concatenated with the IPL3 bit (CORCON<3>) to form the CPU interrupt priority level. 
The value in parentheses indicates the interrupt priority level if IPL3 = 1.

3: The IPL Status bits are read-only when NSTDIS (INTCON1<15>) = 1.

REGISTER 7-2: CORCON: CPU CONTROL REGISTER

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

U-0 U-0 U-0 U-0 R/C-0 R/W-0 U-0 U-0

— — — — IPL3(2) PSV(1) — —

bit 7 bit 0

Legend: C = Clearable bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 3 IPL3: CPU Interrupt Priority Level Status bit(2)

1 = CPU interrupt priority level is greater than 7
0 = CPU interrupt priority level is 7 or less

Note 1: See Register 3-2 for the description of the remaining bit(s) that are not dedicated to interrupt control 
functions.

2: The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU interrupt priority level. 
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REGISTER 7-13: IEC2: INTERRUPT ENABLE CONTROL REGISTER 2

U-0 U-0 R/W-0 U-0 U-0 U-0 R/W-0 U-0

— — PMPIE — — — OC5IE —

bit 15 bit 8

R/W-0 R/W-0 R/W-0 U-0 U-0 U-0 R/W-0 R/W-0

IC5IE IC4IE IC3IE — — — SPI2IE SPF2IE

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-14 Unimplemented: Read as ‘0’ 

bit 13 PMPIE: Parallel Master Port Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 12-10 Unimplemented: Read as ‘0’ 

bit 9 OC5IE: Output Compare Channel 5 Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 8 Unimplemented: Read as ‘0’ 

bit 7 IC5IE: Input Capture Channel 5 Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 6 IC4IE: Input Capture Channel 4 Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 5 IC3IE: Input Capture Channel 3 Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 4-2 Unimplemented: Read as ‘0’ 

bit 1 SPI2IE: SPI2 Event Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 0 SPF2IE: SPI2 Fault Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled
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REGISTER 7-23: IPC6: INTERRUPT PRIORITY CONTROL REGISTER 6 

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0

— T4IP2 T4IP1 T4IP0 — OC4IP2 OC4IP1 OC4IP0

bit 15 bit 8

U-0 R/W-1 R/W-0 R/W-0 U-0 U-0 U-0 U-0

— OC3IP2 OC3IP1 OC3IP0 — — — —

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15 Unimplemented: Read as ‘0’

bit 14-12 T4IP<2:0>: Timer4 Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 11 Unimplemented: Read as ‘0’

bit 10-8 OC4IP<2:0>: Output Compare Channel 4 Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’

bit 6-4 OC3IP<2:0>: Output Compare Channel 3 Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’ 
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REGISTER 10-7: RPINR9: PERIPHERAL PIN SELECT INPUT REGISTER 9

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

U-0 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — IC5R4 IC5R3 IC5R2 IC5R1 IC5R0

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-5 Unimplemented: Read as ‘0’ 

bit 4-0 IC5R<4:0>: Assign Input Capture 5 (IC5) to Corresponding RPn or RPIn Pin bits

REGISTER 10-8: RPINR11: PERIPHERAL PIN SELECT INPUT REGISTER 11

U-0 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — OCFBR4 OCFBR3 OCFBR2 OCFBR1 OCFBR0

bit 15 bit 8

U-0 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — OCFAR4 OCFAR3 OCFAR2 OCFAR1 OCFAR0

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-13 Unimplemented: Read as ‘0’ 

bit 12-8 OCFBR<4:0>: Assign Output Compare Fault B (OCFB) to Corresponding RPn or RPIn Pin bits

bit 7-5 Unimplemented: Read as ‘0’ 

bit 4-0 OCFAR<4:0>: Assign Output Compare Fault A (OCFA) to Corresponding RPn or RPIn Pin bits
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REGISTER 16-3: I2CxMSK: I2Cx SLAVE MODE ADDRESS MASK REGISTER

U-0 U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0

— — — — — — AMSK9 AMSK8

bit 15 bit 8

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

AMSK7 AMSK6 AMSK5 AMSK4 AMSK3 AMSK2 AMSK1 AMSK0

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-10 Unimplemented: Read as ‘0’

bit 9-0 AMSK<9:0>: Mask for Address Bit x Select bits

1 = Enable masking for bit x of incoming message address; bit match not required in this position
0 = Disable masking for bit x; bit match required in this position
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17.1 UART Baud Rate Generator (BRG)

The UART module includes a dedicated 16-bit Baud
Rate Generator. The UxBRG register controls the
period of a free-running, 16-bit timer. Equation 17-1
shows the formula for computation of the baud rate
with BRGH = 0.

EQUATION 17-1: UART BAUD RATE WITH 
BRGH = 0(1,2)

Example 17-1 shows the calculation of the baud rate
error for the following conditions:

• FCY = 4 MHz 

• Desired Baud Rate = 9600

The maximum baud rate (BRGH = 0) possible is
FCY/16 (for UxBRG = 0) and the minimum baud rate
possible is FCY/(16 * 65536).

Equation 17-2 shows the formula for computation of
the baud rate with BRGH = 1.

EQUATION 17-2: UART BAUD RATE WITH 
BRGH = 1(1,2)

The maximum baud rate (BRGH = 1) possible is FCY/4
(for UxBRG = 0) and the minimum baud rate possible
is FCY/(4 * 65536).

Writing a new value to the UxBRG register causes the
BRG timer to be reset (cleared). This ensures the BRG
does not wait for a timer overflow before generating the
new baud rate.

EXAMPLE 17-1: BAUD RATE ERROR CALCULATION (BRGH = 0)(1)   

Note 1: FCY denotes the instruction cycle clock 
frequency (FOSC/2).

2: Based on FCY = FOSC/2, Doze mode 
and PLL are disabled.

Baud Rate =
FCY

16 • (UxBRG + 1)

FCY

16 • Baud Rate
UxBRG = – 1

Baud Rate =
FCY

4 • (UxBRG + 1)

FCY

4 • Baud Rate
UxBRG = – 1

Note 1: FCY denotes the instruction cycle clock 
frequency.

2: Based on FCY = FOSC/2, Doze mode 
and PLL are disabled.

Desired Baud Rate = FCY/(16 (UxBRG + 1)) 

Solving for UxBRG Value:

UxBRG = ((FCY/Desired Baud Rate)/16) – 1
UxBRG = ((4000000/9600)/16) – 1 
UxBRG = 25 

Calculated Baud Rate = 4000000/(16 (25 + 1)) 
= 9615    

Error = (Calculated Baud Rate – Desired Baud Rate)
Desired Baud Rate 

= (9615 – 9600)/9600 
= 0.16% 

Note 1: Based on FCY = FOSC/2, Doze mode and PLL are disabled.
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REGISTER 18-17: U1IR: USB INTERRUPT STATUS REGISTER (HOST MODE ONLY)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

R/K-0, HS R/K-0, HS R/K-0, HS R/K-0, HS R/K-0, HS R/K-0, HS R-0 R/K-0, HS

STALLIF ATTACHIF RESUMEIF IDLEIF TRNIF SOFIF UERRIF DETACHIF

bit 7 bit 0

Legend: U = Unimplemented bit, read as ‘0’

R = Readable bit K = Write ‘1’ to clear bit HS = Hardware Settable bit

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8 Unimplemented: Read as ‘0’

bit 7 STALLIF: STALL Handshake Interrupt bit

1 = A STALL handshake was sent by the peripheral device during the handshake phase of the
transaction in Device mode

0 = A STALL handshake has not been sent

bit 6 ATTACHIF: Peripheral Attach Interrupt bit

1 = A peripheral attachment  has been detected by the module; set if the bus state is not SE0 and there
has been no bus activity for 2.5 s

0 = No peripheral attachment is detected

bit 5 RESUMEIF: Resume Interrupt bit

1 = A K-state is observed on the D+ or D- pin for 2.5 s (differential ‘1’ for low speed, differential ‘0’ for
full speed)

0 = No K-state is observed

bit 4 IDLEIF: Idle Detect Interrupt bit

1 = Idle condition is detected (constant Idle state of 3 ms or more)
0 = No Idle condition is detected

bit 3 TRNIF: Token Processing Complete Interrupt bit

1 = Processing of current token is complete; read U1STAT register for endpoint information
0 = Processing of current token is not complete; clear U1STAT register or load next token from U1STAT

bit 2 SOFIF: Start-of-Frame Token Interrupt bit

1 = A Start-of-Frame token is received by the peripheral or the Start-of-Frame threshold reached by
the host

0 = No Start-of-Frame token is received or threshold reached

bit 1 UERRIF: USB Error Condition Interrupt bit

1 = An unmasked error condition has occurred; only error states enabled in the U1EIE register can set
this bit

0 = No unmasked error condition has occurred

bit 0 DETACHIF: Detach Interrupt bit

1 = A peripheral detachment has been detected by the module; Reset state must be cleared before
this bit can be reasserted

0 = No peripheral detachment detected. Individual bits can only be cleared by writing a ‘1’ to the bit
position as part of a word write operation on the entire register. Using Boolean instructions or bit-
wise operations to write to a single bit position will cause all set bits at the moment of the write to
become cleared.

Note: Individual bits can only be cleared by writing a ‘1’ to the bit position as part of a word write operation on the
entire register. Using Boolean instructions or bitwise operations to write to a single bit position will cause
all set bits at the moment of the write to become cleared.
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21.0 32-BIT PROGRAMMABLE 
CYCLIC REDUNDANCY CHECK 
(CRC) GENERATOR

The programmable CRC generator provides a
hardware-implemented method of quickly generating
checksums for various networking and security
applications. It offers the following features:

• User-programmable CRC polynomial equation, 
up to 32 bits

• Programmable shift direction (little or big-endian)

• Independent data and polynomial lengths

• Configurable Interrupt output

• Data FIFO

A simplified block diagram of the CRC generator is
shown in Figure 21-1. A simple version of the CRC shift
engine is shown in Figure 21-2.

FIGURE 21-1: CRC BLOCK DIAGRAM

FIGURE 21-2: CRC SHIFT ENGINE DETAIL

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual”,
Section 41. “32-Bit Programmable
Cyclic Redundancy Check (CRC)”
(DS39729).

Variable FIFO
(4x32, 8x16 or 16x8)

CRCDATH CRCDATL

Shift Buffer

CRC Shift Engine

CRCWDATH CRCWDATL

LENDIAN10

CRCISEL

1

0

FIFO Empty Event 

Shift Complete Event

Set CRCIF
2 * FCY Shift Clock

CRCWDATH CRCWDATL

Bit 0 Bit 1 Bit n(2)

X(1)(1)

Read/Write Bus

Shift Buffer
Data Bit 2

X(2)(1) X(n)(1)

Note 1: Each XOR stage of the shift engine is programmable. See text for details.

2: Polynomial length n is determined by ([PLEN<3:0>] + 1).
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GOTO GOTO Expr Go to Address 2 2 None

GOTO Wn Go to Indirect 1 2 None

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

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

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

LNK LNK #lit14 Link Frame Pointer 1 1 None

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

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

MOV [Wns+Slit10],Wnd Move [Wns + Slit10] to Wnd 1 1 None

MOV f Move f to f 1 1 N, Z

MOV f,WREG Move f to WREG 1 1 N, Z

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 Wns,[Wns+Slit10] Move Wns to [Wns + Slit10] 1 1

MOV Wso,Wdo Move Ws to Wd 1 1 None

MOV WREG,f Move WREG to f 1 1 N, Z

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

MUL MUL.SS Wb,Ws,Wnd {Wnd + 1, Wnd} = Signed(Wb) * Signed(Ws) 1 1 None

MUL.SU Wb,Ws,Wnd {Wnd + 1, Wnd} = Signed(Wb) * Unsigned(Ws) 1 1 None

MUL.US Wb,Ws,Wnd {Wnd + 1, Wnd} = Unsigned(Wb) * Signed(Ws) 1 1 None

MUL.UU Wb,Ws,Wnd {Wnd + 1, Wnd} = Unsigned(Wb) * Unsigned(Ws) 1 1 None

MUL.SU Wb,#lit5,Wnd {Wnd + 1, Wnd} = Signed(Wb) * Unsigned(lit5) 1 1 None

MUL.UU Wb,#lit5,Wnd {Wnd + 1, Wnd} = Unsigned(Wb) * Unsigned(lit5) 1 1 None

MUL f W3:W2 = f * WREG 1 1 None

NEG NEG f f = f + 1 1 1 C, DC, N, OV, Z

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

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

NOP NOP No Operation 1 1 None

NOPR No Operation 1 1 None

POP POP f Pop f from Top-of-Stack (TOS) 1 1 None

POP Wdo Pop from Top-of-Stack (TOS) to Wdo 1 1 None

POP.D Wnd Pop from Top-of-Stack (TOS) to W(nd):W(nd + 1) 1 2 None

POP.S Pop Shadow Registers 1 1 All

PUSH PUSH f Push f to Top-of-Stack (TOS) 1 1 None

PUSH Wso Push Wso to Top-of-Stack (TOS) 1 1 None

PUSH.D Wns Push W(ns):W(ns + 1) to Top-of-Stack (TOS) 1 2 None

PUSH.S Push Shadow Registers 1 1 None

TABLE 28-2: INSTRUCTION SET OVERVIEW (CONTINUED)   

Assembly
Mnemonic

Assembly Syntax Description
# of 

Words
# of 

Cycles
Status Flags 

Affected
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TABLE 29-17: PLL CLOCK TIMING SPECIFICATIONS (VDD = 2.0V TO 3.6V)  

AC CHARACTERISTICS 
Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended 

Param
No.

Sym Characteristic(1) Min Typ(2) Max Units Conditions

OS50 FPLLI PLL Input Frequency 
Range(2)

4 — 32 MHz ECPLL, HSPLL, XTPLL 
modes

OS51 FSYS PLL Output Frequency 
Range

95.76 — 96.24 MHz

OS52 TLOCK PLL Start-up Time 
(Lock Time)

— 180 — s

OS53 DCLK CLKO Stability (Jitter) -0.25 — 0.25 %

Note 1: These parameters are characterized but not tested in manufacturing.

2: Data in “Typ” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only 
and are not tested.

TABLE 29-18: INTERNAL RC OSCILLATOR SPECIFICATIONS  

AC CHARACTERISTICS 
Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended 

Param
No.

Sym Characteristic(1) Min Typ Max Units Conditions

TFRC FRC Start-up Time — 15 — s

TLPRC LPRC Start-up Time — 500 — s

TABLE 29-19: INTERNAL RC OSCILLATOR ACCURACY

AC CHARACTERISTICS
Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
Operating temperature -40°C  TA +85°C for Industrial

-40°C  TA  +125°C for Extended 

Param 
No.

Characteristic Min Typ Max Units Conditions

F20 FRC Accuracy @ 8 MHz(1,3) -1.25 +0.25 1.0 % -40°C  TA +85°C, 3.0V  VDD 3.6V

F21 LPRC Accuracy @ 31 kHz(2) -15 — 15 % -40°C  TA +85°C, 3.0V  VDD 3.6V

Note 1: Frequency calibrated at 25°C and 3.3V. OSCTUN bits can be used to compensate for temperature drift.

2: Change of LPRC frequency as VDD changes.

3: To achieve this accuracy, physical stress applied to the microcontroller package (ex: by flexing the PCB) 
must be kept to a minimum. 
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RTCC
Alarm Configuration .................................................. 250
Alarm Mask Settings (figure)..................................... 251
Calibration................................................................. 250
Register Mapping...................................................... 242
Selecting Clock Source............................................. 242
Source Clock............................................................. 241
Write Lock ................................................................. 242

S
Selective Peripheral Power Control .................................. 125
Serial Peripheral Interface. See SPI.
SFR Space.......................................................................... 34
Software Simulator (MPLAB SIM)..................................... 295
Software Stack.................................................................... 50
Special Features ................................................................. 10
SPI

T
Timer1............................................................................... 149
Timer2/3 and Timer4/5...................................................... 151
Timing Diagrams

CLKO and I/O Timing................................................ 322
External Clock........................................................... 320

Trap Service Routine (TSR).............................................. 106
Triple Comparator ............................................................. 269

U
UART ................................................................................ 189

Baud Rate Generator (BRG)..................................... 190
IrDA Support ............................................................. 191
Operation of UxCTS and UxRTS Pins ...................... 191
Receiving

8-Bit or 9-Bit Data Mode ................................... 191
Transmitting

8-Bit Data Mode................................................ 191
9-Bit Data Mode................................................ 191
Break and Sync Sequence ............................... 191

Universal Asynchronous Receiver Transmitter. See UART.
Universal Serial Bus

Buffer Descriptors
Assignment in Different Buffering Modes ......... 203

Interrupts
and USB Transactions...................................... 207

Universal Serial Bus. See USB OTG.
USB On-The-Go (OTG) ...................................................... 10
USB OTG

Buffer Descriptors and BDT...................................... 202
Device Mode Operation............................................ 207
DMA Interface........................................................... 203
Hardware Configuration

Device Mode..................................................... 199
External Interface ............................................. 201
Host and OTG Modes....................................... 200
Transceiver Power Requirements .................... 201
VBUS Voltage Generation ................................. 201

Host Mode Operation ............................................... 208
Interrupts .................................................................. 206
OTG Operation ......................................................... 210
Registers .......................................................... 212–230
VBUS Voltage Generation ......................................... 201

V
VDDCORE/VCAP Pin ........................................................... 287

W
Watchdog Timer (WDT).................................................... 288

Control Register........................................................ 289
Windowed Operation ................................................ 289

WWW Address ................................................................. 348
WWW, On-Line Support ....................................................... 8
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Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE
Austria - Wels
Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828 
Fax: 45-4485-2829

France - Paris
Tel: 33-1-69-53-63-20  
Fax: 33-1-69-30-90-79

Germany - Munich
Tel: 49-89-627-144-0 
Fax: 49-89-627-144-44

Italy - Milan 
Tel: 39-0331-742611  
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399 
Fax: 31-416-690340

Spain - Madrid
Tel: 34-91-708-08-90
Fax: 34-91-708-08-91

UK - Wokingham
Tel: 44-118-921-5869
Fax: 44-118-921-5820

WORLDWIDE SALES AND SERVICE
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