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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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RAM Size 8K x 8

Voltage - Supply (Vcc/Vdd) 3V ~ 3.6V

Data Converters A/D 12x12b; D/A 1x12b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)
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dsPIC33EPXXGS50X FAMILY
FIGURE 4-4: PROGRAM MEMORY MAP FOR dsPIC33EP64GS50X DEVICES (DUAL PARTITION) 

Reset Address

0x000000

0x000002

Active Program
Flash Memory

0x005780
0x00577E

(10,944 instructions)

GOTO Instruction

0x000004

0x000200
0x0001FEInterrupt Vector Table
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Device Configuration

0x005800
0x0057FE

Note: Memory areas are not shown to scale.

Unimplemented

(Read ‘0’s)

Flash Memory
(10,944 instructions)

Inactive Program

Device Configuration

Unimplemented

(Read ‘0’s)

0x400000
0x3FFFFE

0x405800
0x4057FE

0x405780
0x40577E

Reserved
0x800000
0x7FFFFE

Calibration Data
0x800E48
0x800E46

GOTO Instruction

Reset Address

Interrupt Vector Table

0x400002

0x400200

0x400004

0x4001FE

Active Partition

Inactive Partition

Write Latches
0xFA0000

0xFA0002
0xFA0004

DEVID

0xFEFFFE
0xFF0000

0xFFFFFE

0xF9FFFE
Reserved

Reserved

Reserved

0xFF0002
0xFF0004

0x800F80
0x800F7E

User OTP Memory

Reserved
0x800E7A

0x801000
0x800FFC

0x800EFE
0x800F00

0x800F08
0x800F0A

UDID

Reserved

0x800E78
 2013-2017 Microchip Technology Inc. DS70005127D-page 35




 2

0
1

3
-2

0
1

7
 M

icro
ch

ip
 T

e
ch

n
o

lo
g

y In
c.

D
S

7
0

0
0

5
1

2
7

D
-p

a
g

e
 4

5

d
sP

IC
33E

P
X

X
G

S
50X

 F
A

M
IL

Y

IPC1 — — — — 0440

IPC1 — — — — 0400

IPC1 — — — — 0040

IPC1 — — — — 0440

IPC1 — — — — 0040

IPC2 — — — — 4400

IPC2 — PWM3IP2 PWM3IP1 PWM3IP0 0444

IPC2 — — — — 4000

IPC2 — AC3IP2 AC3IP1 AC3IP0 0044

IPC2 — — — — 4400

IPC2 — ADCAN2IP2 ADCAN2IP1 ADCAN2IP0 4444

IPC2 — ADCAN6IP2 ADCAN6IP1 ADCAN6IP0 0044

IPC3 — — — — 4400

IPC3 — — — — 4000

IPC3 — ADCAN9IP2(2) ADCAN9IP1(2) ADCAN9IP0(2) 4444

IPC3 — ADCAN13IP2(1) ADCAN13IP1 ADCAN13IP0 4444

IPC4 — ADCAN17IP2(2) ADCAN17IP1(2) ADCAN17IP0(2) 4444

IPC4 — ADCAN21IP2 ADCAN21IP1 ADCAN21IP0 0004

IPC4 — — — — 0440

IPC4 — — — — 4440

IPC4 — ADFLTR1IP2 ADFLTR1IP1 ADFLTR1IP0 0004

INTC DRERR STKERR OSCFAIL — 0000

INTC — INT2EP INT1EP INT0EP 8000

INTC — — — APLL 0000

INTC — — — SGHT 0000

INTT CNUM3 VECNUM2 VECNUM1 VECNUM0 0000

TA

SF
Na

Bit 3 Bit 2 Bit 1 Bit 0
All

Resets

Lege
Note
2 0858 — — — — — MI2C2IP2 MI2C2IP1 MI2C2IP0 — SI2C2IP2 SI2C2IP1 SI2C2IP0

3 085A — — — — — INT4IP2 INT4IP1 INT4IP0 — — — —

4 085C — — — — — — — — — PSEMIP2 PSEMIP1 PSEMIP0

6 0860 — — — — — U2EIP2 U2EIP1 U2EIP0 — U1EIP2 U1EIP1 U1EIP0

8 0864 — — — — — — — — — PSESIP2 PSESIP1 PSESIP0

3 086E — PWM2IP2 PWM2IP1 PWM2IP0 — PWM1IP2 PWM1IP1 PWM1IP0 — — — —

4 0870 — — — — — PWM5IP2 PWM5IP1 PWM5IP0 — PWM4IP2 PWM4IP1 PWM4IP0

5 0872 — AC2IP2 AC2IP1 AC2IP0 — — — — — — — —

6 0874 — — — — — — — — — AC4IP2 AC4IP1 AC4IP0

7 0876 — ADCAN1IP2 ADCAN1IP1 ADCAN1IP0 — ADCAN0IP2 ADCAN0IP1 ADCAN0IP0 — — — —

8 0878 — ADCAN5IP2 ADCAN5IP1 ADCAN5IP0 — ADCAN4IP2 ADCAN4IP1 ADCAN4IP0 — ADCAN3IP2 ADCAN3IP1 ADCAN3IP0

9 087A — — — — — — — — — ADCAN7IP2 ADCAN7IP1 ADCAN7IP0

5 0886 — JTAGIP2 JTAGIP1 JTAGIP0 — ICDIP2 ICDIP1 ICDIP0 — — — —

7 088A — ADCAN8IP2(2) ADCAN8IP1(2) ADCAN8IP0(2) — — — — — — — —

8 088C — ADCAN12IP2(2) ADCAN12IP1(2) ADCAN12IP0(2) — ADCAN11IP2(2) ADCAN11IP1(2) ADCAN11IP0(2) — ADCAN10IP2(2) ADCAN10IP1(2) ADCAN10IP0(2)

9 088E — ADCAN16IP2(1) ADCAN16IP1(1) ADCAN16IP0(1) — ADCAN15IP2(1) ADCAN15IP1(1) ADCAN15IP0(1) — ADCAN14IP2(2) ADCAN14IP1(2) ADCAN14IP0(2)

0 0890 — ADCAN20IP2 ADCAN20IP1 ADCAN20IP0 — ADCAN19IP2 ADCAN19IP1 ADCAN19IP0 — ADCAN18IP2 ADCAN18IP1 ADCAN18IP0

1 0892 — — — — — — — — — — — —

3 0896 — — — — — I2C2BCIP2 I2C2BCIP1 I2C2BCIP0 — I2C1BCIP2 I2C1BCIP1 I2C1BCIP0

4 0898 — ADFLTR0IP2 ADFLTR0IP1 ADFLTR0IP0 — ADCMP1IP2 ADCMP1IP1 ADCMP1IP0 — ADCMP0IP2 ADCMP0IP1 ADCMP0IP0

5 089A — — — — — — — — — — — —

ON1 08C0 NSTDIS OVAERR OVBERR COVAERR COVBERR OVATE OVBTE COVTE SFTACERR DIV0ERR — MATHERR AD

ON2 08C2 GIE DISI SWTRAP — — — — AIVTEN — — — INT4EP

ON3 08C4 — — — — — — — NAE — — — DOOVR

ON4 08C6 — — — — — — — — — — — —

REG 08C8 — — — — ILR3 ILR2 ILR1 ILR0 VECNUM7 VECNUM6 VECNUM5 VECNUM4 VE

BLE 4-3: INTERRUPT CONTROLLER REGISTER MAP (CONTINUED)

R 
me

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

nd: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
1: Only available on dsPIC33EPXXGS506 devices.
2: Only available on dsPIC33EPXXGS504/505 and dsPIC33EPXXGS506 devices.
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Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

RIGMODE OCM2 OCM1 OCM0 0000

YNCSEL3 SYNCSEL2 SYNCSEL1 SYNCSEL0 000C

xxxx

xxxx

xxxx

RIGMODE OCM2 OCM1 OCM0 0000

YNCSEL3 SYNCSEL2 SYNCSEL1 SYNCSEL0 000C

xxxx

xxxx

xxxx

RIGMODE OCM2 OCM1 OCM0 0000

YNCSEL3 SYNCSEL2 SYNCSEL1 SYNCSEL0 000C

xxxx

xxxx

xxxx

RIGMODE OCM2 OCM1 OCM0 0000

YNCSEL3 SYNCSEL2 SYNCSEL1 SYNCSEL0 000C

xxxx

xxxx

xxxx
TABLE 4-6: OUTPUT COMPARE 1 THROUGH OUTPUT COMPARE 4 REGISTER MAP

SFR 
Name

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

OC1CON1 0900 — — OCSIDL OCTSEL2 OCTSEL1 OCTSEL0 — — ENFLTA — — OCFLTA T

OC1CON2 0902 FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS SYNCSEL4 S

OC1RS 0904 Output Compare 1 Secondary Register

OC1R 0906 Output Compare 1 Register

OC1TMR 0908 Timer Value 1 Register

OC2CON1 090A — — OCSIDL OCTSEL2 OCTSEL1 OCTSEL0 — — ENFLTA — — OCFLTA T

OC2CON2 090C FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS SYNCSEL4 S

OC2RS 090E Output Compare 2 Secondary Register

OC2R 0910 Output Compare 2 Register

OC2TMR 0912 Timer Value 2 Register

OC3CON1 0914 — — OCSIDL OCTSEL2 OCTSEL1 OCTSEL0 — — ENFLTA — — OCFLTA T

OC3CON2 0916 FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS SYNCSEL4 S

OC3RS 0918 Output Compare 3 Secondary Register

OC3R 091A Output Compare 3 Register

OC3TMR 091C Timer Value 3 Register

OC4CON1 091E — — OCSIDL OCTSEL2 OCTSEL1 OCTSEL0 — — ENFLTA — — OCFLTA T

OC4CON2 0920 FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS SYNCSEL4 S

OC4RS 0922 Output Compare 4 Secondary Register

OC4R 0924 Output Compare 4 Register

OC4TMR 0926 Timer Value 4 Register

Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TA

TA

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

NV NVMOP3 NVMOP2 NVMOP1 NVMOP0 0000

NV 0000

NV <23:16> 0000

NV Y<7:0> 0000

NV 0000

NV , Upper Byte (NVMSRCADR<23:16> 0000

Leg

N
Bit 3 Bit 2 Bit 1 Bit 0

All 
Resets

RC SLEEP IDLE BOR POR Note 1

OS CF — — OSWEN Note 2

CLK PLLPRE3 PLLPRE2 PLLPRE1 PLLPRE0 3040

PLL 0030

OS TUN<5:0> 0000

LFS 0000

RE — — — — 0000

AC — — — — 2740

Leg

No
BLE 4-21: NVM REGISTER MAP

BLE 4-22: SYSTEM CONTROL REGISTER MAP

SFR 
Name

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

MCON 0728 WR WREN WRERR NVMSIDL SFTSWP P2ACTIV RPDF URERR — — — —

MADR 072A NVMADR<15:0>

MADRU 072C — — — — — — — — NVMADR

MKEY 072E — — — — — — — — NVMKE

MSRCADR 0730 NVM Source Data Address Register, Lower Word (NVMSRCADR<15:0>)

MSRCADRH 0732 — — — — — — — — NVM Source Data Address Register

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

SFR 
ame

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

ON 0740 TRAPR IOPUWR — — VREGSF — CM VREGS EXTR SWR SWDTEN WDTO

CCON 0742 — COSC2 COSC1 COSC0 — NOSC2 NOSC1 NOSC0 CLKLOCK IOLOCK LOCK —

DIV 0744 ROI DOZE2 DOZE1 DOZE0 DOZEN FRCDIV2 FRCDIV1 FRCDIV0 PLLPOST1 PLLPOST0 — PLLPRE4

FBD 0746 — — — — — — — PLLDIV<8:0>

CTUN 0748 — — — — — — — — — —

R 074C — LFSR<14:0>

FOCON 074E ROON — ROSSLP ROSEL RODIV3 RODIV2 RODIV1 RODIV0 — — — —

LKCON 0750 ENAPLL APLLCK SELACLK — — APSTSCLR2 APSTSCLR1 APSTSCLR0 ASRCSEL FRCSEL — —

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

te 1: RCON register Reset values are dependent on the type of Reset.

2: OSCCON register Reset values are dependent on the Configuration fuses.



dsPIC33EPXXGS50X FAMILY
FIGURE 4-13: BIT-REVERSED ADDRESSING EXAMPLE

TABLE 4-39: BIT-REVERSED ADDRESSING SEQUENCE (16-ENTRY)

Normal Address Bit-Reversed Address

A3 A2 A1 A0 Decimal A3 A2 A1 A0 Decimal

0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 0 0 0 8

0 0 1 0 2 0 1 0 0 4

0 0 1 1 3 1 1 0 0 12

0 1 0 0 4 0 0 1 0 2

0 1 0 1 5 1 0 1 0 10

0 1 1 0 6 0 1 1 0 6

0 1 1 1 7 1 1 1 0 14

1 0 0 0 8 0 0 0 1 1

1 0 0 1 9 1 0 0 1 9

1 0 1 0 10 0 1 0 1 5

1 0 1 1 11 1 1 0 1 13

1 1 0 0 12 0 0 1 1 3

1 1 0 1 13 1 0 1 1 11

1 1 1 0 14 0 1 1 1 7

1 1 1 1 15 1 1 1 1 15

b3   b2   b1    0

b2   b3   b4    0

Bit Locations Swapped Left-to-Right
Around Center of Binary Value

Bit-Reversed Address

XB = 0x0008 for a 16-Word Bit-Reversed Buffer

b7   b6   b5   b1

b7   b6   b5   b4b11  b10   b9   b8

b11  b10  b9   b8

b15 b14 b13  b12

b15 b14 b13  b12

Sequential Address

Pivot Point
DS70005127D-page 74  2013-2017 Microchip Technology Inc.



dsPIC33EPXXGS50X FAMILY
8.5 Oscillator Control Registers

REGISTER 8-1: OSCCON: OSCILLATOR CONTROL REGISTER(1)

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

— COSC2 COSC1 COSC0 — NOSC2(2) NOSC1(2) NOSC0(2)

bit 15 bit 8

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

CLKLOCK IOLOCK LOCK — CF(3) — — OSWEN

bit 7 bit 0

Legend: y = Value set from Configuration bits on POR

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 COSC<2:0>: Current Oscillator Selection bits (read-only) 

111 = Fast RC Oscillator (FRC) with Divide-by-n
110 = Fast RC Oscillator (FRC) with Divide-by-16
101 = Low-Power RC Oscillator (LPRC)
100 = Reserved
011 = Primary Oscillator (XT, HS, EC) with PLL 
010 = Primary Oscillator (XT, HS, EC)
001 = Fast RC Oscillator (FRC) with Divide-by-N and PLL (FRCPLL) 
000 = Fast RC Oscillator (FRC)

bit 11 Unimplemented: Read as ‘0’

bit 10-8 NOSC<2:0>: New Oscillator Selection bits(2)

111 = Fast RC Oscillator (FRC) with Divide-by-n
110 = Fast RC Oscillator (FRC) with Divide-by-16
101 = Low-Power RC Oscillator (LPRC)
100 = Reserved
011 = Primary Oscillator (XT, HS, EC) with PLL
010 = Primary Oscillator (XT, HS, EC)
001 = Fast RC Oscillator (FRC) with Divide-by-N and PLL (FRCPLL)
000 = Fast RC Oscillator (FRC)

bit 7 CLKLOCK: Clock Lock Enable bit 

1 = If (FCKSM0 = 1), then clock and PLL configurations are locked; if (FCKSM0 = 0), then clock and
PLL configurations may be modified

0 = Clock and PLL selections are not locked, configurations may be modified

bit 6 IOLOCK: I/O Lock Enable bit

1 = I/O lock is active
0 = I/O lock is not active

bit 5 LOCK: PLL Lock Status bit (read-only) 

1 = Indicates that PLL is in lock or PLL start-up timer is satisfied
0 = Indicates that PLL is out of lock, start-up timer is in progress or PLL is disabled

Note 1: Writes to this register require an unlock sequence. 

2: Direct clock switches between any primary oscillator mode with PLL and FRCPLL mode are not permitted. 
This applies to clock switches in either direction. In these instances, the application must switch to FRC 
mode as a transitional clock source between the two PLL modes.

3: This bit should only be cleared in software. Setting the bit in software (= 1) will have the same effect as an 
actual oscillator failure and will trigger an oscillator failure trap.
 2013-2017 Microchip Technology Inc. DS70005127D-page 107



dsPIC33EPXXGS50X FAMILY
REGISTER 9-3: PMD3: PERIPHERAL MODULE DISABLE CONTROL REGISTER 3

REGISTER 9-4: PMD4: PERIPHERAL MODULE DISABLE CONTROL REGISTER 4

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

— — — — — CMPMD — —

bit 15 bit 8

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

— — — — — — I2C2MD —

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 15-11 Unimplemented: Read as ‘0’

bit 10 CMPMD: Comparator Module Disable bit

1 = Comparator module is disabled
0 = Comparator module is enabled

bit 9-2 Unimplemented: Read as ‘0’

bit 1 I2C2MD: I2C2 Module Disable bit

1 = I2C2 module is disabled
0 = I2C2 module is enabled

bit 0 Unimplemented: Read as ‘0’

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

— — — — REFOMD — — —

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 15-4 Unimplemented: Read as ‘0’

bit 3 REFOMD: Reference Clock Module Disable bit

1 = Reference clock module is disabled
0 = Reference clock module is enabled

bit 2-0 Unimplemented: Read as ‘0’
DS70005127D-page 120  2013-2017 Microchip Technology Inc.



dsPIC33EPXXGS50X FAMILY
REGISTER 10-17: RPINR38: PERIPHERAL PIN SELECT INPUT REGISTER 38 

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

— — — — — — — —

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

SYNCI2R7 SYNCI2R6 SYNCI2R5 SYNCI2R4 SYNCI2R3 SYNCI2R2 SYNCI2R1 SYNCI2R0

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 15-8 Unimplemented: Read as ‘0’ 

bit 7-0 SYNCI2R<7:0>: Assign PWM Synchronization Input 2 to the Corresponding RPn Pin bits

10110101 = Input tied to RP181
10110100 = Input tied to RP180
•
•
•
00000001 = Input tied to RP1
00000000 = Input tied to VSS
 2013-2017 Microchip Technology Inc. DS70005127D-page 149



dsPIC33EPXXGS50X FAMILY
13.2 Input Capture Registers 

REGISTER 13-1: ICxCON1: INPUT CAPTURE x CONTROL REGISTER 1

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

— — ICSIDL ICTSEL2 ICTSEL1 ICTSEL0 — —

bit 15 bit 8

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

— ICI1 ICI0 ICOV ICBNE ICM2 ICM1 ICM0

bit 7 bit 0

Legend: HC = Hardware Clearable 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 15-14 Unimplemented: Read as ‘0’

bit 13 ICSIDL: Input Capture x Stop in Idle Control bit 

1 = Input capture will halt in CPU Idle mode
0 = Input capture will continue to operate in CPU Idle mode

bit 12-10 ICTSEL<2:0>: Input Capture x Timer Select bits

111 = Peripheral clock (FP) is the clock source of the ICx
110 = Reserved
101 = Reserved
100 = T1CLK is the clock source of the ICx (only the synchronous clock is supported)
011 = T5CLK is the clock source of the ICx
010 = T4CLK is the clock source of the ICx
001 = T2CLK is the clock source of the ICx
000 = T3CLK is the clock source of the ICx

bit 9-7 Unimplemented: Read as ‘0’

bit 6-5 ICI<1:0>: Number of Captures per Interrupt Select bits (this field is not used if ICM<2:0> = 001 or 111)

11 = Interrupt on every fourth capture event
10 = Interrupt on every third capture event
01 = Interrupt on every second capture event
00 = Interrupt on every capture event

bit 4 ICOV: Input Capture x Overflow Status Flag bit (read-only)

1 = Input capture buffer overflow has occurred
0 = No input capture buffer overflow has occurred

bit 3 ICBNE: Input Capture x Buffer Not Empty Status bit (read-only)

1 = Input capture buffer is not empty, at least one more capture value can be read
0 = Input capture buffer is empty

bit 2-0 ICM<2:0>: Input Capture x Mode Select bits

111 = Input Capture x functions as an interrupt pin only in CPU Sleep and Idle modes (rising edge
detect only, all other control bits are not applicable)

110 = Unused (module is disabled)
101 = Capture mode, every 16th rising edge (Prescaler Capture mode)
100 = Capture mode, every 4th rising edge (Prescaler Capture mode)
011 = Capture mode, every rising edge (Simple Capture mode)
010 = Capture mode, every falling edge (Simple Capture mode)
001 = Capture mode, every rising and falling edge (Edge Detect mode, ICI<1:0>, is not used in this mode)
000 = Input Capture x is turned off
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REGISTER 15-24: LEBCONx: PWMx LEADING-EDGE BLANKING (LEB) CONTROL REGISTER
(x = 1 to 5)

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

PHR PHF PLR PLF FLTLEBEN CLLEBEN — —

bit 15 bit 8

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

— — BCH(1) BCL(1) BPHH BPHL BPLH BPLL

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 PHR: PWMxH Rising Edge Trigger Enable bit

1 = Rising edge of PWMxH will trigger the Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores the rising edge of PWMxH

bit 14 PHF: PWMxH Falling Edge Trigger Enable bit

1 = Falling edge of PWMxH will trigger the Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores the falling edge of PWMxH

bit 13 PLR: PWMxL Rising Edge Trigger Enable bit

1 = Rising edge of PWMxL will trigger the Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores the rising edge of PWMxL

bit 12 PLF: PWMxL Falling Edge Trigger Enable bit

1 = Falling edge of PWMxL will trigger the Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores the falling edge of PWMxL

bit 11 FLTLEBEN: Fault Input Leading-Edge Blanking Enable bit

1 = Leading-Edge Blanking is applied to the selected Fault input
0 = Leading-Edge Blanking is not applied to the selected Fault input

bit 10 CLLEBEN: Current-Limit Leading-Edge Blanking Enable bit

1 = Leading-Edge Blanking is applied to the selected current-limit input
0 = Leading-Edge Blanking is not applied to the selected current-limit input

bit 9-6 Unimplemented: Read as ‘0’

bit 5 BCH: Blanking in Selected Blanking Signal High Enable bit(1)

1 = State blanking (of current-limit and/or Fault input signals) when the selected blanking signal is high
0 = No blanking when the selected blanking signal is high

bit 4 BCL: Blanking in Selected Blanking Signal Low Enable bit(1)

1 = State blanking (of current-limit and/or Fault input signals) when the selected blanking signal is low
0 = No blanking when the selected blanking signal is low

bit 3 BPHH: Blanking in PWMxH High Enable bit

1 = State blanking (of current-limit and/or Fault input signals) when the PWMxH output is high
0 = No blanking when the PWMxH output is high

bit 2 BPHL: Blanking in PWMxH Low Enable bit

1 = State blanking (of current-limit and/or Fault input signals) when the PWMxH output is low
0 = No blanking when the PWMxH output is low

Note 1: The blanking signal is selected via the BLANKSEL<3:0> bits in the AUXCONx register.
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REGISTER 19-5: ADCON3L: ADC CONTROL REGISTER 3 LOW

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0, HSC R/W-0 R-0, HSC

REFSEL2 REFSEL1 REFSEL0 SUSPEND SUSPCIE SUSPRDY SHRSAMP CNVRTCH

bit 15 bit 8

R/W-0 R/W-0, HSC R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

SWLCTRG SWCTRG CNVCHSEL5 CNVCHSEL4 CNVCHSEL3 CNVCHSEL2 CNVCHSEL1 CNVCHSEL0

bit 7 bit 0

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

R = Readable bit W = Writable bit HSC = Hardware Settable/Clearable bit

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

bit 15-13 REFSEL<2:0>: ADC Reference Voltage Selection bits

001-111 = Unimplemented: Do not use

bit 12 SUSPEND: All ADC Cores Triggers Disable bit

1 = All new trigger events for all ADC cores are disabled
0 = All ADC cores can be triggered

bit 11 SUSPCIE: Suspend All ADC Cores Common Interrupt Enable bit

1 = Common interrupt will be generated when ADC core triggers are suspended (SUSPEND bit = 1) 
and all previous conversions are finished (SUSPRDY bit becomes set)

0 = Common interrupt is not generated for suspend ADC cores event

bit 10 SUSPRDY: All ADC Cores Suspended Flag bit

1 = All ADC cores are suspended (SUSPEND bit = 1) and have no conversions in progress
0 = ADC cores have previous conversions in progress

bit 9 SHRSAMP: Shared ADC Core Sampling Direct Control bit

This bit should be used with the individual channel conversion trigger controlled by the CNVRTCH bit.
It connects an analog input, specified by the CNVCHSEL<5:0> bits, to the shared ADC core and allows
extending the sampling time. This bit is not controlled by hardware and must be cleared before the
conversion starts (setting CNVRTCH to ‘1’). 
1 = Shared ADC core samples an analog input specified by the CNVCHSEL<5:0> bits
0 = Sampling is controlled by the shared ADC core hardware

bit 8 CNVRTCH: Software Individual Channel Conversion Trigger bit

1 = Single trigger is generated for an analog input specified by the CNVCHSEL<5:0> bits; when the bit
is set, it is automatically cleared by hardware on the next instruction cycle

0 = Next individual channel conversion trigger can be generated

bit 7 SWLCTRG: Software Level-Sensitive Common Trigger bit

1 = Triggers are continuously generated for all channels with the software, level-sensitive common
trigger selected as a source in the ADTRIGxL and ADTRIGxH registers

0 = No software, level-sensitive common triggers are generated

bit 6 SWCTRG: Software Common Trigger bit

1 = Single trigger is generated for all channels with the software, common trigger selected as a source
in the ADTRIGxL and ADTRIGxH registers; when the bit is set, it is automatically cleared by
hardware on the next instruction cycle

0 = Ready to generate the next software, common trigger

bit 5-0 CNVCHSEL <5:0>: Channel Number Selection for Software Individual Channel Conversion Trigger bits

These bits define a channel to be converted when the CNVRTCH bit is set.

Value VREFH VREFL

000 AVDD AVSS
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REGISTER 19-8: ADCON4H: ADC CONTROL REGISTER 4 HIGH

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

— — — — — — — —

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

C3CHS1 C3CHS0 C2CHS1 C2CHS0 C1CHS1 C1CHS0 C0CHS1 C0CHS0

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 15-8 Unimplemented: Read as ‘0’

bit 7-6 C3CHS<1:0>: Dedicated ADC Core 3 Input Channel Selection bits

1x = Reserved
01 = AN15 (differential negative input when DIFF3 (ADMOD0L<7>) = 1)
00 = AN3

bit 5-4 C2CHS<1:0>: Dedicated ADC Core 2 Input Channel Selection bits

11 = Reserved
10 = VREF Band Gap
01 = AN11 (differential negative input when DIFF2 (ADMOD0L<5>) = 1)
00 = AN2

bit 3-2 C1CHS<1:0>: Dedicated ADC Core 1 Input Channel Selection bits

11 = AN1ALT 
10 = PGA2
01 = AN18 (differential negative input when DIFF1 (ADMOD0L<3>) = 1)
00 = AN1

bit 1-0 C0CHS<1:0>: Dedicated ADC Core 0 Input Channel Selection bits

11 = AN0ALT
10 = PGA1
01 = AN7 (differential negative input when DIFF0 (ADMOD0L<1>) = 1)
00 = AN0
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REGISTER 19-30: ADCAL1H: ADC CALIBRATION REGISTER 1 HIGH

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

CSHRRDY — — — — CSHRDIFF CSHREN CSHRRUN

bit 15 bit 8

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

— — — — — — — —

bit 7 bit 0

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

R = Readable bit W = Writable bit HS = Hardware Settable bit

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

bit 15 CSHRRDY: Shared ADC Core Calibration Status Flag bit 

1 = Shared ADC core calibration is finished
0 = Shared ADC core calibration is in progress

bit 14-12 Unimplemented: Read as ‘0’

bit 11 Reserved: Must be written as ‘0’

bit 10 CSHRDIFF: Shared ADC Core Differential-Mode Calibration bit

1 = Shared ADC core will be calibrated in Differential Input mode
0 = Shared ADC core will be calibrated in Single-Ended Input mode

bit 9 CSHREN: Shared ADC Core Calibration Enable bit

1 = Shared ADC core calibration bits (CSHRRDY, CSHRDIFF and CSHRRUN) can be accessed by
software

0 = Shared ADC core calibration bits are disabled

bit 8 CSHRRUN: Shared ADC Core Calibration Start bit

1 = If this bit is set by software, the shared ADC core calibration cycle is started; this bit is cleared
automatically by hardware

0 = Software can start the next calibration cycle

bit 7-0 Unimplemented: Read as ‘0’
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21.1 Module Description

The Programmable Gain Amplifiers are used to amplify
small voltages (i.e., voltages across burden/shunt
resistors) to improve the signal-to-noise ratio of the
measured signal. The PGAx output voltage can be
read by any of the four dedicated Sample-and-Hold
circuits on the ADC module. The output voltage can
also be fed to the comparator module for overcurrent/
voltage protection. Figure 21-2 shows a functional
block diagram of the PGAx module. Refer to
Section 19.0 “High-Speed, 12-Bit Analog-to-Digital
Converter (ADC)” and Section 20.0 “High-Speed
Analog Comparator” for more interconnection details.

The gain of the PGAx module is selectable via the
GAIN<2:0> bits in the PGAxCON register. There are
five selectable gains, ranging from 4x to 64x. The
SELPI<2:0> and SELNI<2:0> bits in the PGAxCON
register select one of four positive/negative inputs to
the PGAx module. For single-ended applications, the
SELNI<2:0> bits will select the ground as the negative

input source. To provide an independent ground
reference, PGAxN2 and PGAxN3 pins are available as
the negative input source to the PGAx module. 

The output voltage of the PGAx module can be
connected to the DACOUTx pin by setting the
PGAOEN bit in the PGAxCON register. When the
PGAOEN bit is enabled, the output voltage of PGA1 is
connected to DACOUT1 and PGA2 is connected to
DACOUT2. For devices with a single DACOUTx pin,
the output voltage of PGA2 can be connected to
DACOUT1 by configuring the DBCC Configuration bit
in the FDEVOPT register (FDEVOPT<6>).

If both the DACx output voltage and PGAx output volt-
age are connected to the DACOUTx pin, the resulting
output voltage would be a combination of signals.
There is no assigned priority between the PGAx
module and the DACx module. 

FIGURE 21-2: PGAx FUNCTIONAL BLOCK DIAGRAM

Note 1: Not all PGA positive/negative inputs are
available on all devices. Refer to the
specific device pinout for available input
source pins.

–

+

PGAxP1(1)

PGAxP2(1)

PGAxP3(1)

PGAxP4(1)

SELPI<2:0>

SELNI<2:0>

GND

PGAxN2(1)

PGAxN3(1,3)

GND

ADC

S&H

PGAxCON(1) PGAxCAL(1)

PGAEN GAIN<2:0>

PGACAL<5:0>

+

–

DACx

CxCHS<1:0>
(ADCON4H)

INSEL<1:0>
(CMPxCON)

To DACOUTx Pin(2)

PGAx(1)

Note 1: x = 1 and 2.
2: The DACOUT2 device pin is only available on 64-pin devices.
3: The PGAxN3 input is not available on 28-pin devices.

PGAOEN
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WDTWIN<1:0> Watchdog Timer Window Select bits

11 = WDT window is 25% of the WDT period
10 = WDT window is 37.5% of the WDT period
01 = WDT window is 50% of the WDT period
00 = WDT window is 75% of the WDT period

ALTI2C1 Alternate I2C1 Pin bit

1 = I2C1 is mapped to the SDA1/SCL1 pins
0 = I2C1 is mapped to the ASDA1/ASCL1 pins

ALTI2C2 Alternate I2C2 Pin bit

1 = I2C2 is mapped to the SDA2/SCL2 pins
0 = I2C2 is mapped to the ASDA2/ASCL2 pins

JTAGEN JTAG Enable bit 

1 = JTAG is enabled
0 = JTAG is disabled

ICS<1:0> ICD Communication Channel Select bits

11 = Communicates on PGEC1 and PGED1
10 = Communicates on PGEC2 and PGED2
01 = Communicates on PGEC3 and PGED3
00 = Reserved, do not use

DBCC DACx Output Cross Connection Select bit

1 = No cross connection between DAC outputs 
0 = Interconnects DACOUT1 and DACOUT2

CTXT1<2:0> Alternate Working Register Set 1 Interrupt Priority Level (IPL) Select bits

111 = Reserved
110 = Assigned to IPL of 7
101 = Assigned to IPL of 6
100 = Assigned to IPL of 5
011 = Assigned to IPL of 4
010 = Assigned to IPL of 3
001 = Assigned to IPL of 2
000 = Assigned to IPL of 1

CTXT2<2:0> Alternate Working Register Set 2 Interrupt Priority Level (IPL) Select bits

111 = Reserved
110 = Assigned to IPL of 7
101 = Assigned to IPL of 6
100 = Assigned to IPL of 5
011 = Assigned to IPL of 4
010 = Assigned to IPL of 3
001 = Assigned to IPL of 2
000 = Assigned to IPL of 1

BTMODE<1:0> Boot Mode Configuration bits

11 = Single Partition mode
10 = Dual Partition mode
01 = Protected Dual Partition mode
00 = Privileged Dual Partition mode

TABLE 23-2: CONFIGURATION BITS DESCRIPTION (CONTINUED)

Bit Field Description

Note 1: The Boot Segment must be present to use the Alternate Interrupt Vector Table.
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25.11 Demonstration/Development 
Boards, Evaluation Kits and 
Starter Kits

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully
functional systems. Most boards include prototyping
areas for adding custom circuitry and provide applica-
tion firmware and source code for examination and
modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™
demonstration/development board series of circuits,
Microchip has a line of evaluation kits and demonstra-
tion software for analog filter design, KEELOQ® security
ICs, CAN, IrDA®, PowerSmart battery management,
SEEVAL® evaluation system, Sigma-Delta ADC, flow
rate sensing, plus many more.

Also available are starter kits that contain everything
needed to experience the specified device. This usually
includes a single application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.

25.12 Third-Party Development Tools

Microchip also offers a great collection of tools from
third-party vendors. These tools are carefully selected
to offer good value and unique functionality.

• Device Programmers and Gang Programmers 
from companies, such as SoftLog and CCS

• Software Tools from companies, such as Gimpel 
and Trace Systems

• Protocol Analyzers from companies, such as 
Saleae and Total Phase

• Demonstration Boards from companies, such as 
MikroElektronika, Digilent® and Olimex

• Embedded Ethernet Solutions from companies, 
such as EZ Web Lynx, WIZnet and IPLogika®
DS70005127D-page 302  2013-2017 Microchip Technology Inc.

http://www.microchip.com


dsPIC33EPXXGS50X FAMILY
IIL Input Leakage Current(2,3)

DI50 I/O Pins 5V Tolerant(4) -1 — +1 A VSS  VPIN  VDD,
pin at high-impedance

DI51 I/O Pins Not 5V Tolerant(4) -1 — +1 A VSS  VPIN  VDD, 
pin at high-impedance, 
-40°C  TA  +85°C

DI51a I/O Pins Not 5V Tolerant(4) -1 — +1 A Analog pins shared with 
external reference pins, 
-40°C  TA  +85°C

DI51b I/O Pins Not 5V Tolerant(4) -1 — +1 A VSS  VPIN  VDD, 
pin at high-impedance, 
-40°C  TA  +125°C

DI51c I/O Pins Not 5V Tolerant(4) -1 — +1 A Analog pins shared with 
external reference pins, 
-40°C  TA  +125°C

DI55 MCLR -5 — +5 A VSS VPIN VDD

DI56 OSC1 -5 — +5 A VSS VPIN VDD,
XT and HS modes

TABLE 26-11: DC CHARACTERISTICS: I/O PIN INPUT SPECIFICATIONS (CONTINUED)

DC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended

Param
 No.

Symbol Characteristic Min. Typ.(1) Max. Units Conditions

Note 1: Data in “Typ.” column is at 3.3V, +25°C unless otherwise stated.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified 
levels represent normal operating conditions. Higher leakage current can be measured at different input 
voltages.

3: Negative current is defined as current sourced by the pin.

4: See the “Pin Diagrams” section for the 5V tolerant I/O pins.

5: VIL Source < (VSS – 0.3). Characterized but not tested.

6: VIH Source > (VDD + 0.3) for pins that are not 5V tolerant only.

7: Digital 5V tolerant pins do not have internal high-side diodes to VDD and cannot tolerate any “positive” 
input injection current.

8: Injection Currents > | 0 | can affect the ADC results by approximately 4-6 counts. 

9: Any number and/or combination of I/O pins not excluded under IICL or IICH conditions are permitted 
provided the mathematical “absolute instantaneous” sum of the input injection currents from all pins do not 
exceed the specified limit. Characterized but not tested.
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TABLE 26-31: SPIx MAXIMUM DATA/CLOCK RATE SUMMARY

FIGURE 26-11: SPIx MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY, CKE = 0) 
TIMING CHARACTERISTICS

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended

Maximum 
Data Rate

Master 
Transmit Only 
(Half-Duplex)

Master 
Transmit/Receive 

(Full-Duplex)

Slave 
Transmit/Receive 

(Full-Duplex)
CKE CKP SMP

15 MHz Table 26-31 — — 0,1 0,1 0,1

9 MHz — Table 26-32 — 1 0,1 1

9 MHz — Table 26-33 — 0 0,1 1

15 MHz — — Table 26-34 1 0 0

11 MHz — — Table 26-35 1 1 0

15 MHz — — Table 26-36 0 1 0

11 MHz — — Table 26-37 0 0 0

SCKx
(CKP = 0)

SCKx
(CKP = 1)

SDOx

SP10

SP21SP20SP35

SP20SP21

MSb LSbBit 14 - - - - - -1

SP30, SP31SP30, SP31

Note: Refer to Figure 26-1 for load conditions.
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For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Note:

64-Lead Plastic Thin Quad Flatpack (PT)-10x10x1 mm Body, 2.00 mm Footprint [TQFP]

13°12°11°Mold Draft Angle Bottom

13°12°11°Mold Draft Angle Top

0.270.220.17bLead Width

0.20-0.09cLead Thickness

10.00 BSCD1Molded Package Length

10.00 BSCE1Molded Package Width

12.00 BSCDOverall Length

12.00 BSCEOverall Width

7°3.5°0°Foot Angle

0.750.600.45LFoot Length

0.15-0.05A1Standoff

1.051.000.95A2Molded Package Thickness

1.20--AOverall Height

0.50 BSCeLead Pitch

64NNumber of Leads

MAXNOMMINDimension Limits

MILLIMETERSUnits

Footprint L1 1.00 REF

2. Chamfers at corners are optional; size may vary.

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

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.

3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or

protrusions shall not exceed 0.25mm per side.

Notes:

Microchip Technology Drawing  C04-085C Sheet 2 of 2
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SECTION A-A
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Fax: 43-7242-2244-393

Denmark - Copenhagen
Tel: 45-4450-2828 
Fax: 45-4485-2829

Finland - Espoo
Tel: 358-9-4520-820

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

France - Saint Cloud
Tel: 33-1-30-60-70-00 

Germany - Garching
Tel: 49-8931-9700
Germany - Haan
Tel: 49-2129-3766400

Germany - Heilbronn
Tel: 49-7131-67-3636

Germany - Karlsruhe
Tel: 49-721-625370

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

Germany - Rosenheim
Tel: 49-8031-354-560

Israel - Ra’anana 
Tel: 972-9-744-7705

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

Italy - Padova
Tel: 39-049-7625286 

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

Norway - Trondheim
Tel: 47-7289-7561

Poland - Warsaw
Tel: 48-22-3325737 

Romania - Bucharest
Tel: 40-21-407-87-50

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

Sweden - Gothenberg
Tel: 46-31-704-60-40

Sweden - Stockholm
Tel: 46-8-5090-4654

UK - Wokingham
Tel: 44-118-921-5800
Fax: 44-118-921-5820

Worldwide Sales and Service
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