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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"

Active

dsPIC

16-Bit

40 MIPs

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
35

16KB (16K x 8)

FLASH

2K'x 8

3V ~ 3.6V

A/D 24x10b; D/A 4x10b

Internal

-40°C ~ 150°C (TA)

Surface Mount

44-VQFN Exposed Pad

44-QFN (8x8)
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TABLE 4-29: HIGH-SPEED 10-BIT ADC REGISTER MAP FOR dsPIC33FJ16GS502 DEVICES ONLY
wle | SR Bit1s | Bit1a | Bit1s | Bit12 | Bitw | Bit10 Bt Bits8 | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | A

ADCON 0300 | ADON | — | ADSIDL | SLOWCLK — GSWTRG — FORM EIE |ORDER |SEQSAMP|ASYNCSAMP — ADCS2 ADCS1 ADCSO | 0003
ADPCFG |0302| — — — — — — — — PCFG7 | PCFG6 | PCFG5 PCFG4 PCFG3 PCFG2 PCFG1 PCFGO | 0000
ADSTAT 0306 | — — — — — — — — — P6RDY — — P3RDY P2RDY P1RDY PORDY | 0000
ADBASE | 0308 ADBASE<15:1> — 0000
ADCPCO | 030A |IRQEN1|PEND1|SWTRG1 | TRGSRC14 | TRGSRC13| TRGSRC12| TRGSRC11 | TRGSRC10 [ IRQENO | PENDO | SWTRGO | TRGSRC04 |TRGSRC03|TRGSRC02| TRGSRCO01|TRGSRCO00| 0000
ADCPC1 | 030C |IRQEN3|PEND3|SWTRG3| TRGSRC34 | TRGSRC33| TRGSRC32| TRGSRC31 | TRGSRC30 | IRQEN2 | PEND2 | SWTRG2 | TRGSRC24 |TRGSRC23|TRGSRC22| TRGSRC21|TRGSRC20| 0000
ADCPC3 |0310| — — — — — — — — IRQENSG | PEND6 | SWTRG6 | TRGSRC64 | TRGSRC63| TRGSRC62| TRGSRC61 | TRGSRC60| 0000
ADCBUFO | 0320 ADC Data Buffer 0 XXXX
ADCBUF1 | 0322 ADC Data Buffer 1 XXXX
ADCBUF2 | 0324 ADC Data Buffer 2 XXXX
ADCBUF3 | 0326 ADC Data Buffer 3 XXXX
ADCBUF4 | 0328 ADC Data Buffer 4 XXXX
ADCBUF5 | 032A ADC Data Buffer 5 XXXX
ADCBUF6 | 032C ADC Data Buffer 6 XXXX
ADCBUF7 | 032E ADC Data Buffer 7 XXXX
ADCBUF12 | 0338 ADC Data Buffer 12 XXXX
ADCBUF13 | 033A ADC Data Buffer 13 XXXX
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

YOX/COXSOITJEEDIASP pue COX/TOTSO90C4EEDIASP
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TABLE 4-30: HIGH-SPEED 10-BIT ADC REGISTER MAP FOR dsPIC33FJ16GS504 DEVICES ONLY
e | SPR| git1s | Bit1a | Bit13 | Bit12 Bit 11 Bit 10 Bit9 Bits8 | Bit7 | Bit6 | Bit5 Bit4 Bit3 Bit 2 Bit 1 BItO [l

ADCON 0300 ADON | — | ADSIDL | SLOWCLK — GSWTRG — FORM EIE |ORDER [ SEQSAMP|ASYNCSAMP — ADCS2 ADCS1 ADCSO | 0003
ADPCFG |0302| — — — — PCFG11 PCFG10 PCFG9 PCFG8 | PCFG7 | PCFG6 | PCFG5 PCFG4 PCFG3 PCFG2 PCFG1 PCFGO | 0000
ADSTAT |0306| — — — — — — — — — | P6RDY | P5RDY P4RDY P3RDY P2RDY P1RDY PORDY | 0000
ADBASE |0308 ADBASE<15:1> — 0000
ADCPCO |030A|IRQEN1|PEND1|SWTRG1| TRGSRC14 [TRGSRC13| TRGSRC12 | TRGSRC11 | TRGSRC10 | IRQENO| PENDO | SWTRGO | TRGSRC04 | TRGSRCO03|TRGSRC02| TRGSRCO01 | TRGSRC00| 0000
ADCPC1 |030C|IRQEN3|PEND3|SWTRG3| TRGSRC34 [ TRGSRC33| TRGSRC32 | TRGSRC31| TRGSRC30 |IRQEN2| PEND2 | SWTRG2 | TRGSRC24 | TRGSRC23|TRGSRC22| TRGSRC21|TRGSRC20| 0000
ADCPC2 |030E |IRQEN5|PEND5 | SWTRG5| TRGSRC54 [ TRGSRC53| TRGSRC52 | TRGSRC51 | TRGSRC50 | IRQEN4| PEND4 | SWTRG4 | TRGSRC44 | TRGSRC43 | TRGSRC42| TRGSRC41 | TRGSRC40| 0000
ADCPC3 |0310| — — — — — — — — IRQEN6 | PEND6 | SWTRG6 | TRGSRC64 | TRGSRC63 | TRGSRC62| TRGSRC61 | TRGSRC60| 0000
ADCBUFO | 0320 ADC Data Buffer 0 XXXX
ADCBUF1 | 0322 ADC Data Buffer 1 XXXX
ADCBUF2 | 0324 ADC Data Buffer 2 XXXX
ADCBUF3 | 0326 ADC Data Buffer 3 XXXX
ADCBUF4 | 0328 ADC Data Buffer 4 XXXX
ADCBUF5 |032A ADC Data Buffer 5 XXXX
ADCBUF6 |032C ADC Data Buffer 6 XXXX
ADCBUF7 |032E ADC Data Buffer 7 XXXX
ADCBUF8 | 0330 ADC Data Buffer 8 XXXX
ADCBUF9 | 0332 ADC Data Buffer 9 XXXX
ADCBUF10| 0334 ADC Data Buffer 10 XXXX
ADCBUF11 | 0336 ADC Data Buffer 11 XXXX
ADCBUF12| 0338 ADC Data Buffer 12 XXXX
ADCBUF13|033A ADC Data Buffer 13 XXXX
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

YOX/COXSO9TLJEEDIASP PUE COX/TOTSDO904EEDIASP



"oul ABojouyoa diyooldlN #T02-8002 @

T/ 8bed-981£0000.SA

TABLE 4-41: SYSTEM CONTROL REGISTER MAP
File SFR . . . . . . . . . . . . . . ) . All
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 2 Bit 1 Bit 0 Resets
RCON 0740 | TRAPR [IOPUWR — — — — CM VREGS EXTR SWR SWDTEN | WDTO | SLEEP IDLE BOR POR |xxxx®
OSCCON | 0742 — COSC2 | COSsC1 |cosco| — NOSC2 NOSC1 NOSCO |[CLKLOCK | IOLOCK LOCK — CF — — OSWEN |0300?
CLKDIV 0744 | ROI DOZE2 | DOZE1 |DOZEO|DOZEN | FRCDIV2 FRCDIV1 FRCDIVO |PLLPOST1|PLLPOSTO — PLLPRE4| PLLPRE3 | PLLPRE2 | PLLPRE1 | PLLPREO| 3040
PLLFBD 0746 — — — — — — — PLLDIV<8:0> 0030
REFOCON|074E| ROON | — [RossLP [ROSEL|RoODIV3| RoDIV2 | RoDIVI | RODIVO — — — | = 1T = 1T =1 = 1 = TJoooo
OSCTUN | 0748 — — — — — — — — — — TUN<5:0> 0000
ACLKCON | 0750 | ENAPLL [ APLLCK | SELACLK — — APSTSCLR2 | APSTSCLR1 [ APSTSCLRO| ASRCSEL | FRCSEL — | — | — | — | — | — 2300
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: The RCON register Reset values are dependent on the type of Reset.
2:  The OSCCON register Reset values are dependent on the FOSCx Configuration bits and on type of Reset.
TABLE 4-42: NVM REGISTER MAP
File SFR ) . . . . . . . . . . . ) . . ) All
Name Addr Bit 15 Bit 14 Bit13 |Bit12| Bit1l Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Resets
NVMCON 0760 WR WREN | WRERR — — — — — — ERASE — — NVMOP3 | NVMOP2 | NVMOP1 | NVMOPO | 0000
NVMKEY 0766 — — — — — — — — NVMKEY<7:0> 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: Resetvalue shown is for POR only. The value on other Reset states is dependent on the state of memory write or erase operations at the time of Reset.
TABLE 4-43: PMD REGISTER MAP FOR dsPIC33FJ06GS101 DEVICES ONLY
File | SFR | 15 | Bit14 | Bit13 | Bit12 | Bitll Bit 10 Bit 9 Bit8 |Bit7 | Bit6 | Bit5 | Bit4 Bita |Bit2 | Bit1 | sito | A
Name | Addr Resets
PMD1 0770 — — — T2MD TiMD — PWMMD — 12C1MD — UiMD — SPI1IMD — — ADCMD | 0000
PMD2 0772 — — — — — — IC2MD ICIMD — — — — — — OC2MD | OC1IMD | 0000
PMD3 0774 — — — — — CMPMD — — — — — — — — — — 0000
PMD4 0776 — — — — — — — — — — — — REFOMD — — — 0000
PMD6 077A — — — — PWM4MD — — PWM1MD — — — — — — — — 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-44: PMD REGISTER MAP FOR dsPIC33FJ06GS102 DEVICES ONLY
File SFR ) ) . . . . . . . . . . ) ) . . All
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 2 Bit 1 Bit 0 Resets
PMD1 0770 — — — T2MD TiMD — PWMMD — I2CIMD | — UiMD — SPI1IMD — — ADCMD | 0000
PMD2 0772 — — — — — — IC2MD ICIMD — — — — — — | OC2MD | OC1IMD | 0000
PMD3 0774 — — — — — CMPMD — — — — — — — — — — 0000
PMD4 0776 — — — — — — — — — — — — REFOMD | — — — 0000
PMD6 077A — — — — — — PWM2MD | PWM1MD — — — — — — — — 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

YOX/COXSOITJEEDIASP pue COX/TOTSO90C4EEDIASP



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

FIGURE 4-9:

DATA ACCESS FROM PROGRAM SPACE ADDRESS GENERATION

Program Counter(?)
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(Remapping)
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Note 1: The Least Significant bit (LSb) of program space addresses is always fixed as ‘0’ to
maintain word alignment of data in the program and data spaces.

2. Table operations are not required to be word-aligned. Table Read operations are permitted
in the configuration memory space.

—

Byte Select
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

5.0 FLASH PROGRAM MEMORY

Note 1: This data sheet summarizes the features
of the dsPIC33FJ06GS101/X02 and
dsPIC33FJ16GSX02/X04 families of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to “Flash Programming”
(DS70191) in the “dsPIC33F/PIC24H
Family Reference Manual”, which is avail-
able from the Microchip web site
(Www.microchip.com).

Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

The dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/
X04 devices contain internal Flash program memory for
storing and executing application code. The memory is
readable, writable and erasable during normal operation
over the entire VDD range.

Flash memory can be programmed in two ways:

« In-Circuit Serial Programming™ (ICSP™)
programming capability
¢ Run-Time Self-Programming (RTSP)

ICSP allows a dsPIC33FJ06GS101/X02 and
dsPIC33FJ16GSX02/X04 device to be serially
programmed while in the end application circuit. This is
done with two lines for programming clock and
programming data (one of the alternate programming
pin pairs: PGECx/PGEDx, 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 Digital
Signal 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
TBLWI (Table Write) instructions. With RTSP, the user
application can write program memory data, either in
blocks or ‘rows’ of 64 instructions (192 bytes) at a time,
or a single program memory word, and erase program
memory in blocks or ‘pages’ of 512 instructions
(1536 bytes) at a time.

51 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 bits<7:0> of the TBLPAG register and the
Effective Address (EA) from a W register specified in
the table instruction, as shown in Figure 5-1.

The TBLRDL and the TBLWI'L instructions are used to
read or write to bits<15:0> of program memory.
TBLRDL and TBLWIL can access program memory in
both Word and Byte modes.

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

FIGURE 5-1: ADDRESSING FOR TABLE REGISTERS
b 24 Bits bl
L N
Using
Program Counter | 0 | Program Counter |O |
[ : [
| | ||
| l |
[ | [
| | | Working Reg EA | |
Using [
Table Instruction 1/0] TBLPAG Reg [ |
| | 8Bis o 16 Bits I
LA |4}
User/Confi i | | ¢ !
ser/Configuration Byte
Space Select | 24-Bit EA l Select
| | | |
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

7.0 INTERRUPT CONTROLLER

Note 1: This data sheet summarizes the features
of the dsPIC33FJ06GS101/X02 and
dsPIC33FJ16GSX02/X04 families of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to “Interrupts (Part V)"
(DS70300) in the “dsPIC33F/PIC24H
Family Reference Manual”, which is
available on the Microchip web site
(www.microchip.com).

2. Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

The dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/
X04 interrupt controller reduces the numerous
peripheral interrupt request signals to a single interrupt
request signal to the dsPIC33FJ06GS101/X02 and
dsPIC33FJ16GSX02/X04 CPU. It has the following
features:

« Up to eight processor exceptions and software
traps

e Seven user-selectable priority levels

« Interrupt Vector Table (IVT) with up to 118 vectors

« A unique vector for each interrupt or exception
source

» Fixed priority within a specified user priority level

« Alternate Interrupt Vector Table (AIVT) for debug
support

« Fixed interrupt entry and return latencies

7.1 Interrupt Vector Table

The Interrupt Vector Table (IVT) is shown in Figure 7-1.
The IVT resides in program memory, starting at location
000004h. The IVT contains 126 vectors, consisting of
eight nonmaskable trap vectors, plus up to 118 sources
of interrupt. In general, each interrupt source has its own
vector. Each interrupt vector contains a 24-bit-wide
address. The value programmed into each interrupt
vector location is the starting address of the associated
Interrupt Service Routine (ISR).

Interrupt vectors are prioritized in terms of their natural
priority. This priority is linked to their position in the
vector table. Lower addresses generally have a higher
natural priority. For example, the interrupt associated
with Vector 0 will take priority over interrupts at any
other vector address.

The dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/
X04 devices implement up to 35 unique interrupts and
4 non-maskable traps. These are summarized in
Table 7-1.

7.1.1 ALTERNATE INTERRUPT VECTOR
TABLE

The Alternate Interrupt Vector Table (AIVT) is located
after the IVT, as shown in Figure 7-1. Access to the
AIVT is provided by the ALTIVT control bit
(INTCON2<15>). If the ALTIVT bit is set, all interrupt
and exception processes use the alternate vectors
instead of the default vectors. The alternate vectors are
organized in the same manner as the default vectors.

The AIVT supports debugging by providing a means to
switch between an application and a support environ-
ment without requiring the interrupt vectors to be
reprogrammed. This feature also enables switching
between applications for evaluation of different
software algorithms at run time. If the AIVT is not
needed, the AIVT should be programmed with the
same addresses used in the IVT.

7.2 Reset Sequence

A device Reset is not a true exception because the
interrupt controller is not involved in the Reset process.
The dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/
X04 devices clear their registers in response to a Reset,
which forces the PC to zero. The Digital Signal Controller
then begins program execution at location, 0x000000. A
QOTO instruction at the Reset address can redirect
program execution to the appropriate start-up routine.

Note: Any unimplemented or unused vector
locations in the IVT and AIVT should be
programmed with the address of a default
interrupt handler routine that contains a
RESET instruction.

© 2008-2014 Microchip Technology Inc.
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

REGISTER 7-5: IFSO: INTERRUPT FLAG STATUS REGISTER 0 (CONTINUED)

bit 1 IC1IF: Input Capture Channel 1 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 0 INTOIF: External Interrupt 0 Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

DS70000318G-page 106 © 2008-2014 Microchip Technology Inc.



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

REGISTER 7-32:

IPC27: INTERRUPT PRIORITY CONTROL REGISTER 27

u-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0

— ADCP1IP2 | ADCP1IP1 | ADCP1IPO — ADCPOIP2 | ADCPOIP1 | ADCPOIPO
bit 15 bit 8

uU-0 uU-0 uU-0 uU-0 u-0 uU-0 uU-0 uU-0
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown

bit 15
bit 14-12

bit 11
bit 10-8

bit 7-0

Unimplemented: Read as ‘0’

ADCP1IP<2:0>: ADC Pair 1 Conversion Done Interrupt Priority bits

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

Unimplemented: Read as ‘0’

ADCPO0IP<2:0>: ADC Pair 0 Conversion Done Interrupt Priority bits

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

Unimplemented: Read as ‘0’

DS70000318G-page 130
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

9.0 POWER-SAVING FEATURES

Note 1: This data sheet summarizes the features
of the dsPIC33FJ06GS101/X02 and
dsPIC33FJ16GSX02/X04 families of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to “Watchdog Timer and
Power-Saving Modes” (DS70196) in
the “dsPIC33F/PIC24H Family Reference
Manual”, which is available from the
Microchip web site (www.microchip.com).

2. Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

The dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/
X04 devices provide the ability to manage power
consumption by selectively managing clocking to the
CPU and the peripherals. In general, a lower clock
frequency and a reduction in the number of circuits
being clocked constitutes lower consumed power.
dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/
X04 devices can manage power consumption in four
different ways:

» Clock Frequency

« Instruction-Based Sleep and Idle modes
» Software-Controlled Doze mode

« Selective Peripheral Control in Software

Combinations of these methods can be used to
selectively tailor an application’s power consumption
while still maintaining critical application features, such
as timing-sensitive communications.

9.1 Clock Frequency and Clock
Switching

The dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/
X04 devices allow a wide range of clock frequencies to
be selected under application control. If the system
clock configuration is not locked, users can choose
low-power or high-precision oscillators by simply
changing the NOSC<2:0> bits (OSCCON<10:8>).
The process of changing a system clock during
operation, as well as limitations to the process, are
discussed in more detail in Section 8.0 “Oscillator
Configuration”.

EXAMPLE 9-1:

PWRSAV INSTRUCTION SYNTAX

9.2 Instruction-Based Power-Saving
Modes

The dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/
X04 devices have two special power-saving modes that
are entered through the execution of a special PWRSAV
instruction. Sleep mode stops clock operation and halts all
code execution. Idle mode halts the CPU and code
execution, but allows peripheral modules to continue
operation. The assembler syntax of the PWRSAV
instruction is shown in Example 9-1.

Note: SLEEP_ MODE and |DLE MODE are
constants defined in the assembler
include file for the selected device.

Sleep and Idle modes can be exited as a result of an
enabled interrupt, WDT time-out or a device Reset. When
the device exits these modes, it is said to wake-up.

9.2.1 SLEEP MODE
The following occur in Sleep mode:

e The system clock source is shut down. If an
on-chip oscillator is used, it is turned off

e The device current consumption is reduced to a
minimum, provided that no 1/O pin is sourcing
current

e The Fail-Safe Clock Monitor does not operate,
since the system clock source is disabled

e The LPRC clock continues to run in Sleep mode if
the WDT is enabled

e The WDT, if enabled, is automatically cleared
prior to entering Sleep mode

« Some device features or peripherals may continue
to operate. This includes the items such as the
Input Change Notification on the I/O ports or
peripherals that use an external clock input.

» Any peripheral that requires the system clock
source for its operation is disabled

The device will wake-up from Sleep mode on any of
these events:

« Any interrupt source that is individually enabled
« Any form of device Reset
* AWDT time-out

On wake-up from Sleep mode, the processor restarts
with the same clock source that was active when Sleep
mode was entered.

PWRSAV  #SLEEP_MODE

Put the device into SLEEP node
PWRSAV #| DLE_MODE ; Put the device into | DLE node

© 2008-2014 Microchip Technology Inc.

DS70000318G-page 147


http://www.microchip.com

dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

FIGURE 12-3:
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

FIGURE 17-1: I2Cx BLOCK DIAGRAM (x=1)
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

TABLE 21-2:

dsPIC33F CONFIGURATION BITS DESCRIPTION

Bit Field

Register

RTSP Effect

Description

BWRP

FBS

Immediate

Boot Segment Program Flash Write Protection bit

1 = Boot segment can be written
0 = Boot segment is write-protected

BSS<2:0>

FBS

Immediate

Boot Segment Program Flash Code Protection Size bits
x11 = No boot program Flash segment

Boot Space is 256 Instruction Words (except interrupt vectors):

110 = Standard security; boot program Flash segment ends at
0x0003FE

010 = High security; boot program Flash segment ends at
0x0003FE

Boot Space is 768 Instruction Words (except interrupt vectors):

101 = Standard security; boot program Flash segment ends at
0x0007FE

001 = High security; boot program Flash segment ends at
0x0007FE

Boot Space is 1792 Instruction Words (except interrupt vectors):

100 = Standard security; boot program Flash segment ends at
0x000FFE

000 = High security; boot program Flash segment ends at
0x000FFE

GSS<1:.0>

FGS

Immediate

General Segment Code-Protect bits

11 = User program memory is not code-protected
10 = Standard security

0x = High security

GWRP

FGS

Immediate

General Segment Write-Protect bit

1 = User program memory is not write-protected
0 = User program memory is write-protected

IESO

FOSCSEL

Immediate

Two-speed Oscillator Start-up Enable bit

1 = Start-up device with FRC, then automatically switch to the
user-selected oscillator source when ready

0 = Start-up device with user-selected oscillator source

FNOSC<2:0>

FOSCSEL

If clock switch
is enabled,
RTSP effect

is on any
device Reset;

otherwise,

Immediate

Initial Oscillator Source Selection bits

111 = Internal Fast RC (FRC) Oscillator with Postscaler
110 = Internal Fast RC (FRC) Oscillator with Divide-by-16
101 = LPRC Oscillator

100 = Reserved

011 = Primary (XT, HS, EC) Oscillator with PLL

010 = Primary (XT, HS, EC) Oscillator

001 = Internal Fast RC (FRC) Oscillator with PLL

000 = FRC Oscillator

FCKSM<1:0>

FOSC

Immediate

Clock Switching Mode bits

1x = Clock switching is disabled, Fail-Safe Clock Monitor is disabled
01 = Clock switching is enabled, Fail-Safe Clock Monitor is disabled
00 = Clock switching is enabled, Fail-Safe Clock Monitor is enabled

IOL1IWAY

FOSC

Immediate

Peripheral Pin Select Configuration bit

1 = Allows only one reconfiguration
0 = Allows multiple reconfigurations

OSCIOFNC

FOSC

Immediate

OSC2 Pin Function bit (except in XT and HS modes)

1 = 0SC2 is the clock output
0 = OSC2 is the general purpose digital /O pin
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TABLE 22-2: INSTRUCTION SET OVERVIEW (CONTINUED)

lI?’njs;stf Qiiﬁ?&% Assembly Syntax Description V\fo ?(fjs C)#:c(itfes Stitflfj:c't:éadgs
10 BTSC BTSC f,#bit4 Bit Test f, Skip if Clear 1 1 None
(2 or 3)
BTSC W, #bi t 4 Bit Test Ws, Skip if Clear 1 1 None
(2 or 3)
11 BTSS BTSS f,#bit4 Bit Test f, Skip if Set 1 1 None
(2 or3)
BTSS W, #bi t 4 Bit Test Ws, Skip if Set 1 1 None
(2 or 3)
12 BTST BTST f,#bit4 Bit Test f 1 1 z
BTST.C W, #bit4 Bit Test Ws to C 1 1 C
BTST.Z W, #bit4 Bit Test Ws to Z 1 1 z
BTST.C W, W Bit Test Ws<Wb> to C 1 1 (3
BTST.Z W, Wb Bit Test Ws<Whb> to Z 1 1 z
13 BTSTS BTSTS f,#bit4 Bit Test then Set f 1 1 z
BTSTS.C W, #bit4 Bit Test Ws to C, then Set 1 1 C
BTSTS.Z W, #bit4 Bit Test Ws to Z, then Set 1 1 z
14 CALL CALL 1it23 Call Subroutine 2 2 None
CALL Wh Call Indirect Subroutine 1 2 None
15 CLR CLR f f = 0x0000 1 1 None
CLR WREG WREG = 0x0000 1 1 None
CLR \U' Ws = 0x0000 1 1 None
CLR Acc, W, Wd, W, Wd, AVWB Clear Accumulator 1 1 OA,0OB,SA,SB
16 CLRWDT CLRWDT Clear Watchdog Timer 1 1 WDTO,Sleep
17 com com f f=f 1 1 N,z
oM f, WVREG WREG = f 1 1 N,Z
oM Vs, Wi wd = Ws 1 1 N,Z
18 CcP CcP f Compare f with WREG 1 1 C,DC,N,0V,Z
cP Wb, #lit5 Compare Wb with lit5 1 1 C,DC,N,0V,Z
cP W, W Compare Wb with Ws (Wb — Ws) 1 1 C,DC,N,0V,Z
19 CPO CPO f Compare f with 0x0000 1 1 C,DC,N,0V,Z
CPO 03 Compare Ws with 0x0000 1 1 C,DC,N,0V,Z
20 CPB CPB f Compare f with WREG, with Borrow 1 1 C,DC,N,0V,Z
CPB Wb, #lit5 Compare Wb with lit5, with Borrow 1 1 C,DC,N,0V,Z
CPB W, W& Compare Wb with Ws, with Borrow 1 1 C,DC,N,0V,Z
(Wb - Ws -C)
21 CPSEQ CPSEQ W, Wh Compare Wb with Wn, Skip if = 1 1 None
(2 or 3)
22 CPSGT CPSGT Wb, W Compare Wb with Wn, Skip if > 1 1 None
(2 or3)
23 CPSLT CPSLT W, Wh Compare Wb with Wn, Skip if < 1 1 None
(2 or 3)
24 CPSNE CPSNE Wb, W Compare Wb with Wn, Skip if # 1 1 None
(2 or 3)
25 DAW DAW Wh Whn = Decimal Adjust Wn 1 1 C
26 DEC DEC f f=f-1 1 1 C,DC,N,0V,Z
DEC f, WREG WREG =f-1 1 1 C,DC,N,0V,Z
DEC W, Wi Wd=Ws-1 1 1 C,DC,N,0V,Z
27 DEC2 DEC2 f f=f-2 1 1 C,DC,N,0V,Z
DEC2 f, WREG WREG =f-2 1 1 C,DC,N,0V,Z
DEC2 W, Wi Wd =Ws -2 1 1 C,DC,N,0V,Z
28 DI Sl DI Sl #litl4a Disable Interrupts for k Instruction Cycles 1 1 None
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24.0 ELECTRICAL CHARACTERISTICS

This section provides an overview of dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04 electrical characteristics.
Additional information will be provided in future revisions of this document as it becomes available.

Absolute maximum ratings for the dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04 family are listed below.
Exposure to these maximum rating conditions for extended periods may affect device reliability. Functional operation of
the device at these or any other conditions above the parameters indicated in the operation listings of this specification
is not implied.

Absolute Maximum Ratings®

Ambient temMpPEerature UNAET DIAS...........oiiiiiiiiiie ittt e s e e s e e e e e st be e e e e e sntbe e e e s ensaee s -40°C to +125°C
SEOIAQE tEIMPEIALUIE ... .ttt e e e e e e e e e e e e e e e e e bbb bbbt et bt b et e e eeeeaeaeeeeasaaesaaa e a b nbnbebbbeeaeaeaeeeaeenaans -65°C to +150°C

Voltage 0N VDD With FESPECE 10 VSS .....eiiiiiiiiiiie ettt ettt ettt e et e e e e e st e e e e e e ntbe e e e e e e nneeas -0.3V to +4.0V
Voltage on any pin that is not 5V tolerant, with respect to vss® -0.3V to (VDD + 0.3V)
Voltage on any 5V tolerant pin with respect to Vss, when VDD > B.0VE) e, -0.3V to +5.6V
Voltage on any 5V tolerant pin with respect to Vss, when VDD < B.OVE) e, -0.3V to (VDD + 0.3V)
Maximum CUITENE QUL OF WSS PN w.iiiiiiiiiieie ettt e e e e ettt e e e s et et e e s e st e e e e e e s e ssta e et e e s ssb e et e e s snnsbeeaeeeannnnees 300 mA
Maximum current into VDD pin(z) ........................................................................................................................... 250 mA
Maximum current sourced/sunk by any 4X 1/O PN ........oo it e e e e ee e e 15 mA
Maximum current sourced/sunk by any 8X 1/O PN ........oo it e e e a e 25 mA
Maximum current sourced/sunk by any 16X I/O PiN......coiiiiiiioiiiis e e e e e e e 45 mA
Maximum current SUNK DY @Il POIS .. ..uuuiiiiiiiiiiie ettt s et e e e e et e e e e e s bbb e e e e e s ete e e e esatbaeeeeaasaraeas 200 mA
Maximum current SOUrCed BY all POTESD) ...t e ettt e e, 200mA

Note 1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only, and functional operation of the device at those or any other conditions
above those indicated in the operation listings of this specification is not implied. Exposure to maximum
rating conditions for extended periods may affect device reliability.

Maximum allowable current is a function of device maximum power dissipation (see Table 24-2).

See the “Pin Diagrams” section for 5V tolerant pins.
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24.1 DC Characteristics

TABLE 24-1: OPERATING MIPS VS. VOLTAGE

Max MIPS
ch . VDD Range Temp Range
aracteristic (in Volts) (in °C) dsPIC33FJ06GS101/X02 and
dsPIC33FJ16GSX02/X04
— 3.0-3.6v(D -40°C to +85°C 40
— 3.0-3.6v) -40°C to +125°C 40

Note 1: Overall functional device operation at VBORMIN < VDD < VDDMIN is tested but not characterized. All device
analog modules such as the ADC, etc., will function but with degraded performance below VDDMIN. Refer
to Parameter BO10 in Table 24-11 for BOR values.

TABLE 24-2: THERMAL OPERATING CONDITIONS

Rating Symbol Min Typ Max Unit
Industrial Temperature Devices
Operating Junction Temperature Range TJ -40 — +125 °C
Operating Ambient Temperature Range TA -40 — +85 °C
Extended Temperature Devices
Operating Junction Temperature Range TJ -40 — +140 °C
Operating Ambient Temperature Range TA -40 — +125 °C

Power Dissipation:
Internal chip power dissipation:
PINT = VDD X (IDD — X |0H) PD PINT + Pi/o W

1/0 Pin Power Dissipation:
1/0=% ({VDD—VoH} x IoH) + X (VoL x loL)

Maximum Allowed Power Dissipation Pbmax (Ta—TA)/BIA W

TABLE 24-3: THERMAL PACKAGING CHARACTERISTICS

Characteristic Symbol Typ Max Unit Notes
Package Thermal Resistance, 44-Pin QFN 0JA 28 — °CIW 1
Package Thermal Resistance, 44-Pin TFQP 0JA 39 — °CIW 1
Package Thermal Resistance, 28-Pin SPDIP 0JA 42 — °C/IW 1
Package Thermal Resistance, 28-Pin SOIC 0JA 47 — °CIW 1
Package Thermal Resistance, 28-Pin QFN-S 0JA 34 — °CIW 1
Package Thermal Resistance, 18-Pin SOIC 0JA 57 — °CIW 1
Package Thermal Resistance, 44-Pin VTLA 0JA 25 — °C/IW 1

Note 1. Junction to ambient thermal resistance, Theta-JA (6JA) numbers are achieved by package simulations.
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FIGURE 24-3: 1/0 TIMING CHARACTERISTICS
/0 Pin >§ ><
(Input) Y ;
.~ DI35 -
D140
/O Pin Old Value h% New Value
(Output) A
—. .= D031
D032

Note: Refer to Figure 24-1 for load conditions.

TABLE 24-21:

I/0 TIMING REQUIREMENTS

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

Pzr:m Symbol Characteristic Min | Typ® | Max | Units Conditions
DO31 TIOR Port Output Rise Time:
4x Source Driver Pins — RAO-RA2, — 10 25 ns | Refer to Figure 24-1
RBO0-RB2, RB5-RB10, RB15, RC1, for test conditions
RC2, RC9, RC10
8x Source Driver Pins — RCO, — 8 20 ns
RC3-RC8, RC11-RC13
16x Source Driver Pins — RA3, — 6 15 ns
RA4, RB3, RB4, RB11-RB14
D032 TIOF Port Output Fall Time:
4x Source Driver Pins — RAO-RA2, Refer to Figure 24-1
RB0-RB2, RB5-RB10, RB15, RC1, — 10 25 ns |for test conditions
RC2, RC9, RC10
8x Source Driver Pins — RCO, . 8 20 ns
RC3-RC8, RC11-RC13
16x Source Driver Pins — RA3, L 6 15 ns
RA4, RB3, RB4, RB11-RB14
DI35 TINP INTx Pin High or Low Time (input) 20 — — ns
D140 TRBP CNx High or Low Time (input) 2 — — Tey
Note 1. Datain “Typ” column is at 3.3V, +25°C unless otherwise stated.
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TABLE 24-30: SPIx MAXIMUM DATA/CLOCK RATE SUMMARY

Standard Operating Conditions: 3.0V to 3.6V
unless otherwise stated
AC CHARACTERISTICS (Operating temperature -)40°C < Ta < +85°C for Industrial
-40°C < TA < +125°C for Extended
Maximum Mas_ter Mgster _ Sl_ave _
Data Rate Transmit Only Transmit/Receive | Transmit/Receive CKE CKP SMP
(Half-Duplex) (Full-Duplex) (Full-Duplex)
15 MHz Table 24-31 — — 0,1 0,1 0,1
9 MHz — Table 24-32 — 1 0,1 1
9 MHz — Table 24-33 — 0 0,1 1
15 MHz — — Table 24-34 1 0 0
11 MHz — — Table 24-35 1 1 0
15 MHz — — Table 24-36 0 1 0
11 MHz — — Table 24-37 0 0 0

FIGURE 24-11: SPIx MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY, CKE = 0) TIMING
CHARACTERISTICS

SCKx ' . /
(CKP = 0) : / )
I SP10 f SP21  SP20
(CKP =1) Y -
. SP35 SP20 , SP21
I<_>I '
- « ¥
SDOX X MSb >< Bit 14 - 22 -1 X\_ LSb
SP30, SP31 SP30, SP31
Note: Refer to Figure 24-1 for load conditions.

FIGURE 24-12: SPIX MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY, CKE = 1) TIMING
CHARACTERISTICS

SP36
SCKx = ~ ; .
(CKP =0) : ! \ / :
o f 5 e e
- ! SP10 : SP21 SP20
(CKP =1) ; \ A /o
I 1 SP3% SP20 sp21
: - «
SDOx XK MSb X_ Bit 14 22 ---1 >< LSh
; — .— ))
SP30, SP31
Note: Refer to Figure 24-1 for load conditions.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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Fax: 86-28-8665-7889
China - Chongging
Tel: 86-23-8980-9588
Fax: 86-23-8980-9500

China - Hangzhou
Tel: 86-571-8792-8115
Fax: 86-571-8792-8116

China - Hong Kong SAR
Tel: 852-2943-5100

Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205

China - Shanghai
Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8864-2200
Fax: 86-755-8203-1760

China - Wuhan

Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Xiamen
Tel: 86-592-2388138
Fax: 86-592-2388130
China - Zhuhai

Tel: 86-756-3210040
Fax: 86-756-3210049

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-3090-4444
Fax: 91-80-3090-4123

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-3019-1500

Japan - Osaka
Tel: 81-6-6152-7160
Fax: 81-6-6152-9310

Japan - Tokyo
Tel: 81-3-6880- 3770
Fax: 81-3-6880-3771

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955
Taiwan - Kaohsiung
Tel: 886-7-213-7830
Taiwan - Taipei

Tel: 886-2-2508-8600
Fax: 886-2-2508-0102

Thailand - Bangkok
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 - Dusseldorf
Tel: 49-2129-3766400

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

Germany - Pforzheim
Tel: 49-7231-424750

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

Italy - Venice

Tel: 39-049-7625286
Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340

Poland - Warsaw
Tel: 48-22-3325737
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
Sweden - Stockholm
Tel: 46-8-5090-4654

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

03/25/14

© 2008-2014 Microchip Technology Inc.

DS70000318G-page 398


http://support.microchip.com
http://www.microchip.com

