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FIGURE 1-1: dsPIC33FIXXXMCX06A/X08A/X10A GENERAL BLOCK DIAGRAM
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Note: Not all pins or features are implemented on all device pinout configurations. See pinout diagrams for the specific pins

and features present on each device.

DS70594D-page 14 © 2009-2012 Microchip Technology Inc.




dsPIC33FIXXXMCXO06A/X08A/X10A

3.0 CPU

Note 1. This data sheet summarizes the features
of the dsPIC33FJXXXMCX06A/X08A/
X10A family of devices. However, it is not
intended to be a comprehensive refer-
ence source. To complement the infor-
mation in this data sheet, refer to Section
2. “CPU” (DS70204) 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 dsPIC33FJXXXMCX06A/X08A/X10A CPU module
has a 16-bit (data) modified Harvard architecture with
an enhanced instruction set, including significant sup-
port for DSP. The CPU has a 24-bit instruction word
with a variable length opcode field. The Program Coun-
ter (PC) is 23 bits wide and addresses up to
4M x 24 bits of user program memory space. The actual
amount of program memory implemented varies by
device. A single-cycle instruction prefetch mechanism is
used to help maintain throughput and provides predict-
able execution. All instructions execute in a single cycle,
with the exception of instructions that change the pro-
gram flow, the double word move (MOV. D) instruction
and the table instructions. Overhead-free program loop
constructs are supported using the DO and REPEAT
instructions, both of which are interruptible at any point.

The dsPIC33FJXXXMCX06A/X08A/X10A  devices
have sixteen, 16-bit working registers in the program-
mer’s model. Each of the working registers can serve
as a data, address or address offset register. The 16th
working register (W15) operates as a software Stack
Pointer (SP) for interrupts and calls.

The dsPIC33FJXXXMCX06A/X08A/X10A instruction
set has two classes of instructions: MCU and DSP.
These two instruction classes are seamlessly inte-
grated into a single CPU. The instruction set includes
many addressing modes and is designed for optimum
‘C’ compiler efficiency. For most instructions, the
dsPIC33FJXXXMCX06A/X08A/X10A  devices are
capable of executing a data (or program data) memory
read, a working register (data) read, a data memory
write and a program (instruction) memory read per
instruction cycle. As a result, three parameter instruc-
tions can be supported, allowing A + B = C operations
to be executed in a single cycle.

A block diagram of the CPU is shown in Figure 3-1
and the programmer’s model for the
dsPIC33FJXXXMCX06A/X08A/X10A is shown in
Figure 3-2.

3.1 Data Addressing Overview

The data space can be addressed as 32K words or
64 Kbytes, and is split into two blocks referred to as X
and Y data memory. Each memory block has its own
independent Address Generation Unit (AGU). The
MCU class of instructions operates solely through the
X memory AGU, which accesses the entire memory
map as one linear data space. Certain DSP instructions
operate through the X and Y AGUs to support dual
operand reads, which splits the data address space
into two parts. The X and Y data space boundary is
device-specific.

Overhead-free circular buffers (Modulo Addressing
mode) are supported in both X and Y address spaces.
The Modulo Addressing removes the software bound-
ary checking overhead for DSP algorithms. Further-
more, the X AGU circular addressing can be used with
any of the MCU class of instructions. The X AGU also
supports Bit-Reversed Addressing to greatly simplify
input or output data reordering for radix-2 FFT
algorithms.

The upper 32 Kbytes of the data space memory map
can optionally be mapped into program space at any
16K program word boundary defined by the 8-bit
Program Space Visibility Page register (PSVPAG). The
program to data space mapping feature lets any
instruction access program space as if it were data
space.

The data space also includes 2 Kbytes of DMA RAM,
which is primarily used for DMA data transfers but may
be used as general purpose RAM.

3.2 DSP Engine Overview

The DSP engine features a high-speed, 17-bit by 17-bit
multiplier, a 40-bit ALU, two 40-bit saturating accumu-
lators and a 40-bit bidirectional barrel shifter. The barrel
shifter is capable of shifting a 40-bit value up to 16 bits
right or left in a single cycle. The DSP instructions oper-
ate seamlessly with all other instructions and have
been designed for optimal real-time performance. The
MAC instruction and other associated instructions can
concurrently fetch two data operands from memory
while multiplying two W registers, and accumulating
and optionally saturating the result in the same cycle.
This instruction functionality requires that the RAM
memory data space be split for these instructions and
linear for all others. Data space partitioning is achieved
in a transparent and flexible manner through dedicating
certain working registers to each address space.
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TABLE 4-9: 8-OUTPUT PWM REGISTER MAP
SFR Name | Addr. Bit 14 Bit 12 Bit 10 Bit 9 Bit 8 Bit7 | Bit 6 | Bit5 | Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

P1TCON 01Co — — — — — PTOPS<3:0> PTCKPS<1:0> PTMOD<1:0> 0000
P1TMR 01C2 PWM Timer Count Value Register 0000
P1TPER 01C4 PWM Time Base Period Register 0000
P1SECMP | 01C6 PWM Special Event Compare Register 0000
PWM1CON1| 01C8 — — PMOD4 | PMOD3 | PMOD2 | PMOD1 | PEN4H | PEN3H | PEN2H | PEN1H | PEN4L | PEN3L | PEN2L | PEN1L | 0000
PWM1CON2|01CA — — SEVOPS<3:0> — — — — — IUE OSYNC | UDIS | 0000
P1DTCON1 [01CC DTBPS<1:0> DTB<5:0> DTAPS<1:0> DTA<5:0> 0000
P1DTCON2 |01CE — — — — — DTS4A | DTS4l | DTS3A | DTS3I | DTS2A | DTS2l | DTS1A | DTS1l | 0000
P1FLTACON | 01DO FAOV4L FAOV3L FAOV2L | FAOV1H | FAOVIL | FLTAM — — — FAEN4 | FAEN3 | FAEN2 | FAEN1 | 0000
P1FLTBCON| 01D2 FBOV4L FBOV3L FBOV2L | FBOV1H | FBOVIL | FLTBM — — — FBEN4 | FBEN3 | FBEN2 | FBEN1 | 0000
P10OVDCON | 01D4 POVD4L POVD3L POVD2L | POVD1H | POVD1L | POUT4H | POUTAL | POUT3H | POUT3L | POUT2H | POUT2L | POUT1H [ POUT1L | 1111
P1DCA1 01D6 PWM Duty Cycle #1 Register 0000
P1DC2 01D8 PWM Duty Cycle #2 Register 0000
P1DC3 01DA PWM Duty Cycle #3 Register 0000
P1DC4 01DC PWM Duty Cycle #4 Register 0000
Legend: u = uninitialized bit, — = unimplemented, read as ‘0’

VOTX/VBOX/VIOXIINXXXHEEDIASP
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TABLE 7-1: INTERRUPT VECTORS (CONTINUED)
Vector Interrupt
Number Request (IRQ) IVT Address AIVT Address Interrupt Source
Number
54 46 0x000070 0x000170 DMA4 — DMA Channel 4
55 47 0x000072 0x000172 T6 — Timer6
56 48 0x000074 0x000174 T7 — Timer7
57 49 0x000076 0x000176 SI12C2 - 12C2 Slave Events
58 50 0x000078 0x000178 MI2C2 — 12C2 Master Events
59 51 0x00007A 0x00017A T8 — Timer8
60 52 0x00007C 0x00017C T9 — Timer9
61 53 0x00007E 0x00017E INT3 — External Interrupt 3
62 54 0x000080 0x000180 INT4 — External Interrupt 4
63 55 0x000082 0x000182 C2RX — ECAN2 Receive Data Ready
64 56 0x000084 0x000184 C2 — ECAN2 Event
65 57 0x000086 0x000186 PWM — PWM Period Match
66 58 0x000088 0x000188 QEI - Position Counter Compare
69 61 0x00008E 0x00018E DMAS5 — DMA Channel 5
70 62 0x000090 0x000190 Reserved
71 63 0x000092 0x000192 FLTA — MCPWM Fault A
72 64 0x000094 0x000194 FLTB — MCPWM Fault B
73 65 0x000096 0x000196 U1E — UART1 Error
74 66 0x000098 0x000198 U2E — UART2 Error
75 67 0x00009A 0x00019A Reserved
76 68 0x00009C 0x00019C DMAG6 — DMA Channel 6
77 69 0x00009E 0x00019E DMA?7 — DMA Channel 7
78 70 0x0000A0 0x0001A0 C1TX — ECAN1 Transmit Data Request
79 71 0x0000A2 0x0001A2 C2TX — ECAN2 Transmit Data Request
80-125 72-117 0x0000A4- 0x0001A4- Reserved
0x0000FE 0x0001FE
TABLE 7-2: TRAP VECTORS
Vector Number IVT Address AIVT Address Trap Source
0 0x000004 0x000104 Reserved
1 0x000006 0x000106 Oscillator Failure
2 0x000008 0x000108 Address Error
3 0x00000A 0x00010A Stack Error
4 0x00000C 0x00010C Math Error
5 0x00000E 0x00010E DMA Error Trap
6 0x000010 0x000110 Reserved
7 0x000012 0x000112 Reserved

DS70594D-page 88
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REGISTER 7-27:

IPC12: INTERRUPT PRIORITY CONTROL REGISTER 12

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— T8IP<2:0> — MI2C2IP<2:0>
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— SI2C2IP<2:0> — T71P<2:0>
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
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3
bit 2-0

Unimplemented: Read as ‘0’

T8IP<2:0>: Timer8 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’

MI2C21P<2:0>: I12C2 Master Events 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’

SI2C2IP<2:0>: 12C2 Slave Events 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’

T7I1P<2:0>: Timer7 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1

000 = Interrupt source is disabled

DS70594D-page 124
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11.6 1/O Helpful Tips

1.

In some cases, certain pins as defined in TABLE
26-9: “DC Characteristics: I/O Pin Input Speci-
fications” under “Injection Current”, have internal
protection diodes to VDD and Vss. The term
“Injection Current” is also referred to as “Clamp
Current”’. On designated pins, with sufficient exter-
nal current limiting precautions by the user, 1/0 pin
input voltages are allowed to be greater or less
than the data sheet absolute maximum ratings
with nominal VDD with respect to the Vss and VDD
supplies. Note that when the user application for-
ward biases either of the high or low side internal
input clamp diodes, that the resulting current being
injected into the device that is clamped internally
by the VDD and Vss power rails, may affect the
ADC accuracy by four to six counts.

I/O pins that are shared with any analog input pin,
(i.e., ANx), are always analog pins by default after
any reset. Consequently, any pin(s) configured as
an analog input pin, automatically disables the dig-
ital input pin buffer. As such, any attempt to read a
digital input pin will always return a ‘0’ regardless
of the digital logic level on the pin if the analog pin
is configured. To use a pin as a digital I/O pinon a
shared ANX pin, the user application needs to con-
figure the analog pin configuration registers in the
ADC module, (i.e., ADxPCFGL, AD1PCFGH), by
setting the appropriate bit that corresponds to that
I/O port pinto a ‘1’. On devices with more than one
ADC, both analog pin configurations for both ADC
modules must be configured as a digital 1/0O pin for
that pin to function as a digital 1/O pin.

Note: Although it is not possible to use a digital
input pin when its analog function is
enabled, it is possible to use the digital I/O
output function, TRISx = 0x0, while the
analog function is also enabled. However,
this is not recommended, particularly if the
analog input is connected to an external
analog voltage source, which would cre-
ate signal contention between the analog
signal and the output pin driver.

4. Each CN pin has a configurable internal weak
pull-up resistor. The pull-ups act as a current
source connected to the pin, and eliminates the
need for external resistors in certain applica-
tions. The internal pull-up is to ~(VDD-0.8) not
VDD. This is still above the minimum ViH of
CMOS and TTL devices.

5.  When driving LEDs directly, the I/O pin can source
or sink more current than what is specified in the
VoH/IoH and VoL/loL DC characteristic specifica-
tion. The respective IoH and loL current rating only
applies to maintaining the corresponding output at
or above the VOH and at or below the VoL levels.
However, for LEDs unlike digital inputs of an exter-
nally connected device, they are not governed by
the same minimum VIH/VIL levels. An |/O pin out-
put can safely sink or source any current less than
that listed in the absolute maximum rating section
of the data sheet. For example:

VOH = 2.4v @ IOoH = -8 mA and VDD = 3.3V

The maximum output current sourced by any 8 mA
I/O pin = 12 mA.

LED source current < 12 mA is technically
permitted. Refer to the VOH/IOH graphs in
Section 26.0 “Electrical Characteristics” for
additional information.

11.7 1/O Resources

Many useful resources related to 1/O are provided on
the main product page of the Microchip web site for the
devices listed in this data sheet. This product page,
which can be accessed using this link, contains the
latest updates and additional information.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/

Devices.aspx?dDocName=en546066

Most I/O pins have multiple functions. Referring to
the device pin diagrams in the data sheet, the pri-
orities of the functions allocated to any pins are
indicated by reading the pin name from
left-to-right. The left most function name takes pre-
cedence over any function to its right in the naming
convention. For example: AN16/T2CK/T7CK/RCA1.
This indicates that AN16 is the highest priority in
this example and will supersede all other functions
to its right in the list. Those other functions to its
right, even if enabled, would not work as long as
any other function to its left was enabled. This rule
applies to all of the functions listed for a given pin.

11.7.1 KEY RESOURCES

» Section 10. “I/O Ports” (DS70193)
* Code Samples

* Application Notes

» Software Libraries

* Webinars

» All related dsPIC33F/PIC24H Family Reference
Manuals Sections

» Development Tools

© 2009-2012 Microchip Technology Inc.
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REGISTER 13-1: TxCON (T2CON, T4CON, T6CON OR T8CON) CONTROL REGISTER

R/W-0 U-0 R/W-0 U-0 u-0 u-0 U-0 U-0
TON — | TsibL — - [ = — —
bit 15 bit 8
u-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 U-0
— TGATE TCKPS<1:0> T32 — Tcs® —
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 TON: Timerx On bit
When T32 =1.:

1 = Starts 32-bit Timerx/y
0 = Stops 32-bit Timerx/y
When T32 =0:
1 = Starts 16-bit Timerx
0 = Stops 16-bit Timerx
bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Stop in Idle Mode bit

1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode

bit 12-7 Unimplemented: Read as ‘0’

bit 6 TGATE: Timerx Gated Time Accumulation Enable bit
When TCS = 1:
This bit is ignored.
When TCS = 0:

1 = Gated time accumulation enabled
0 = Gated time accumulation disabled

bit 5-4 TCKPS<1:0>: Timerx Input Clock Prescale Select bits
11 =1:256
10 = 1:64
01=1:8
00=1:1
bit 3 T32: 32-Bit Timer Mode Select bit
1 = Timerx and Timery form a single 32-bit timer
0 = Timerx and Timery act as two 16-bit timers
bit 2 Unimplemented: Read as ‘0’
bit 1 TCS: Timerx Clock Source Select bit(®)
1 = External clock from TxCK pin (on the rising edge)
0 = Internal clock (FcY)
bit 0 Unimplemented: Read as ‘0’

Note 1. The TxCK pin is not available on all timers. Refer to the “Pin Diagrams” section for the available pins.

DS70594D-page 170 © 2009-2012 Microchip Technology Inc.
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18.1 SPI Helpful Tips

1. In Frame mode, if there is a possibility that the
master may not be initialized before the slave:
a) If FRMPOL (SPIXCON2<13>) = 1, use a
pull-down resistor on SSx.
b) If FRMPOL = 0, use a pull-up resistor on
SSx.

18.2 SPI Resources

Many useful resources related to SPI are provided on
the main product page of the Microchip web site for the
devices listed in this data sheet. This product page,
which can be accessed using this link, contains the
latest updates and additional information.

Note: This insures that the first frame
transmission after initialization is not
shifted or corrupted.

2. In non-framed 3-wire mode, (i.e., not using SSx
from a master):
a) If CKP (SPIXCON1<6>) = 1, always place a
pull-up resistor on SSx.
b) If CKP = 0, always place a pull-down
resistor on SSx.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en546066

Note:  This will insure that during power-up and
initialization the master/slave will not lose
sync due to an errant SCK transition that
would cause the slave to accumulate data
shift errors for both transmit and receive
appearing as corrupted data.

3. FRMEN (SPIXCON2<15>) = 1 and SSEN
(SPIXCON1<7>) = 1 are exclusive and invalid.
In Frame mode, SCKXx is continuous and the
Frame sync pulse is active on the SSx pin,
which indicates the start of a data frame.

Note:  Not all third-party devices support Frame
mode timing. Refer to the SPI electrical
characteristics for details.

4. In Master mode only, set the SMP bit
(SPIXCON1<9>) to a ‘1’ for the fastest SPI data
rate possible. The SMP bit can only be set at the
same time or after the MSTEN bit
(SPIXCON1<5>) is set.

5. To avoid invalid slave read data to the master,
the user’'s master software must guarantee
enough time for slave software to fill its write buf-
fer before the user application initiates a master
write/read cycle. It is always advisable to pre-
load the SPIXBUF transmit register in advance
of the next master transaction cycle. SPIXBUF is
transferred to the SPI shift register and is empty
once the data transmission begins.

18.2.1 KEY RESOURCES

+ Section 18. “Serial Peripheral Interface (SPI)
(DS70206)

+ Code Samples

 Application Notes

» Software Libraries

* Webinars

 All related dsPIC33F/PIC24H Family Reference
Manuals Sections

* Development Tools

”
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18.3 SPI Control Registers
REGISTER 18-1: SPIXSTAT: SPIx STATUS AND CONTROL REGISTER
R/W-0 uU-0 R/W-0 u-0 uU-0 uU-0 uU-0 u-0
SPIEN — | sPisiDL — — — — —
bit 15 bit 8
uU-0 R/C-0 uU-0 uU-0 uU-0 uU-0 R-0 R-0
— SPIROV — — — — SPITBF SPIRBF
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’ = Bitis cleared x = Bit is unknown
bit 15 SPIEN: SPIx Enable bit
1 = Enables module and configures SCKx, SDOx, SDIx and SSx as serial port pins
0 = Disables module
bit 14 Unimplemented: Read as ‘0’
bit 13 SPISIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12-7 Unimplemented: Read as ‘0’
bit 6 SPIROV: Receive Overflow Flag bit
1 = A new byte/word is completely received and discarded. The user software has not read the
previous data in the SPIXBUF register.
0 = No overflow has occurred
bit 5-2 Unimplemented: Read as ‘0’
bit 1 SPITBF: SPIx Transmit Buffer Full Status bit
1 = Transmit not yet started; SPIXTXB is full
0 = Transmit started; SPIXTXB is empty
Automatically set in hardware when CPU writes SPIXBUF location, loading SPIXTXB. Automatically
cleared in hardware when SPIx module transfers data from SPIXTXB to SPIXSR.
bit 0 SPIRBF: SPIx Receive Buffer Full Status bit

1 = Receive complete; SPIXRXB is full

0 = Receive is not complete; SPIXRXB is empty

Automatically set in hardware when SPIx transfers data from SPIxSR to SPIXRXB. Automatically
cleared in hardware when core reads SPIXBUF location, reading SPIXRXB.

© 2009-2012 Microchip Technology Inc. DS70594D-page 199



dsPIC33FIXXXMCXO06A/X08A/X10A

TABLE 24-1: SYMBOLS USED IN OPCODE DESCRIPTIONS (CONTINUED)

Field Description

Wm*Wm Multiplicand and Multiplier working register pair for Square instructions e
{W4 * W4,W5 * W5,W6 * W6,W7 * W7}

Wm*Wn Multiplicand and Multiplier working register pair for DSP instructions e
{W4 * W5,W4 * W6,W4 * W7,W5 * We,W5 * W7,W6 * W7}

Wn One of 16 working registers € {W0..W15}

Wnd One of 16 destination working registers € {W0...W15}

Wns One of 16 source working registers e {W0...\W15}

WREG WO (working register used in file register instructions)

Ws Source W register € {Ws, [Ws], [Ws++], [Ws--], [++Ws], [--WSs]}

Wso Source W register e
{Wns, [Wns], [Wns++], [Wns--], [++Wns], [--Wns], [Wns+Wb]}

Wx X Data Space Prefetch Address register for DSP instructions

e {[W8]+ =6, [W8]+ =4, [W8]+ = 2, [W8], [W8]- =6, [W8]- =4, [W8]- =2,
[WOl+ = 6, [WOl+ = 4, WO+ = 2, [W9], [W9]- =6, W9]- =4, [WI]- =2,
[W9 + W12], none}

Wxd X Data Space Prefetch Destination register for DSP instructions € {W4...W7}

Wy Y Data Space Prefetch Address register for DSP instructions

e {[W10]+ =6, [W10]+ = 4, [W10]+ = 2, [W10], [W10]- = 6, [W10]- = 4, [W10]- = 2,
[W11]+ = 6, [W11]+ = 4, [W11]+ = 2, [W11], [W11]- = 6, [W11]- = 4, [W11]- = 2,
[W11 + W12], none}

Wyd Y Data Space Prefetch Destination register for DSP instructions € {W4...W7}
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25.7 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0O, most peripherals and internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

25.8 MPLAB REAL ICE In-Circuit
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit.

The emulator is connected to the design engineer’'s PC
using a high-speed USB 2.0 interface and is connected
to the target with either a connector compatible with in-
circuit debugger systems (RJ11) or with the new high-
speed, noise tolerant, Low-Voltage Differential Signal
(LVDS) interconnection (CAT5).

The emulator is field upgradable through future firmware
downloads in MPLAB IDE. In upcoming releases of
MPLAB IDE, new devices will be supported, and new
features will be added. MPLAB REAL ICE offers
significant advantages over competitive emulators
including low-cost, full-speed emulation, run-time
variable watches, trace analysis, complex breakpoints, a
ruggedized probe interface and long (up to three meters)
interconnection cables.

25.9 MPLAB ICD 3 In-Circuit Debugger
System

MPLAB ICD 3 In-Circuit Debugger System is Micro-
chip's most cost effective high-speed hardware
debugger/programmer for Microchip Flash Digital Sig-
nal Controller (DSC) and microcontroller (MCU)
devices. It debugs and programs PIC® Flash microcon-
trollers and dsPIC® DSCs with the powerful, yet easy-
to-use graphical user interface of MPLAB Integrated
Development Environment (IDE).

The MPLAB ICD 3 In-Circuit Debugger probe is con-
nected to the design engineer's PC using a high-speed
USB 2.0 interface and is connected to the target with a
connector compatible with the MPLAB ICD 2 or MPLAB
REAL ICE systems (RJ-11). MPLAB ICD 3 supports all
MPLAB ICD 2 headers.

25.10 PICKkit 3 In-Circuit Debugger/
Programmer and
PICkit 3 Debug Express

The MPLAB PICkit 3 allows debugging and program-
ming of PIC® and dsPIC® Flash microcontrollers at a
most affordable price point using the powerful graphical
user interface of the MPLAB Integrated Development
Environment (IDE). The MPLAB PICKkit 3 is connected
to the design engineer's PC using a full speed USB
interface and can be connected to the target via an
Microchip debug (RJ-11) connector (compatible with
MPLAB ICD 3 and MPLAB REAL ICE). The connector
uses two device I/O pins and the reset line to imple-
ment in-circuit debugging and In-Circuit Serial Pro-
gramming™.

The PICkit 3 Debug Express include the PICkit 3, demo
board and microcontroller, hookup cables and CDROM

with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.
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TABLE 26-8: DC CHARACTERISTICS: DOZE CURRENT (IDOzE)
Standard Operating Conditions: 3.0V to 3.6V
unless otherwise stated
DC CHARACTERISTICS (Operating temperature -4)10°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pariln;eter Typical(z) Max Doze Ratio Units Conditions
Doze Current (Ipoze)®
DC73a 11 35 1:2 mA
DC73f 11 30 1:64 mA -40°C 3.3V 40 MIPS
DC73g 11 30 1:128 mA
DC70a 42 50 1:2 mA
DC70f 26 30 1:64 mA +25°C 3.3V 40 MIPS
DC70g 25 30 1:128 mA
DC71a 41 50 1:2 mA
DC71f 25 30 1:64 mA +85°C 3.3V 40 MIPS
DC71g 24 30 1:128 mA
DC72a 42 50 1:2 mA
DC72f 26 30 1:64 mA +125°C 3.3V 40 MIPS
DC72g 25 30 1:128 mA
Note 1: IDOZE is primarily a function of the operating voltage and frequency. Other factors, such as I/O pin loading

and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact
on the current consumption. The test conditions for all IDOZE measurements are as follows:

« Oscillator is configured in EC mode and external clock active, OSC1 is driven with external square

wave from rail-to-rail with overshoot/undershoot < 250 mV

* CLKO is configured as an I/O input pin in the Configuration word
« All I/O pins are configured as inputs and pulled to Vss
+ MCLR = Vbp, WDT and FSCM are disabled
+ CPU, SRAM, program memory and data memory are operational

* No peripheral modules are operating; however, every peripheral is being clocked (defined PMDx bits
are set to zero and unimplemented PMDx bits are set to one)

» CPU executing whi | e( 1) statement

* JTAG is disabled

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

© 2009-2012 Microchip Technology Inc.
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FIGURE 26-11: QEA/QEB INPUT CHARACTERISTICS
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TABLE 26-29: QUADRATURE DECODER 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

Pilrs\m Symbol Characteristic(?) Typ® Max | Units Conditions
TQ30 TaulL Quadrature Input Low Time 6 Tcy — ns —
TQ31 TauH Quadrature Input High Time 6 Tcy — ns —
TQ35 TauIN Quadrature Input Period 12 Tey — ns —
TQ36 TaQuP Quadrature Phase Period 3 Tey — ns —
TQ40 TQuUFL Filter Time to Recognize Low 3*N*Tcy — ns N=1,2 4,16, 32, 64,
with Digital Filter 128 and 256 (Note 3)
TQ41 TQuFH Filter Time to Recognize High 3*N*Tcy — ns N=1,2, 4,16, 32, 64,
with Digital Filter 128 and 256 (Note 3)
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.
3: N =Index Channel Digital Filter Clock Divide Select bits. Refer to Section 15. “Quadrature Encoder

Interface (QEI)” (DS70208) in the “dsPIC33F/PIC24H Family Reference Manual”.
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FIGURE 26-19: SPIx SLAVE MODE (FULL-DUPLEX, CKE =1, CKP =1, SMP = 0) TIMING
CHARACTERISTICS
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Note: Refer to Figure 26-1 for load conditions.
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FIGURE 26-20: SPIx SLAVE MODE (FULL-DUPLEX CKE =0, CKP =1, SMP = 0) TIMING
CHARACTERISTICS
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Note: Refer to Figure 26-1 for load conditions.
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TABLE 26-44: ADC MODULE SPECIFICATIONS (12-BIT MODE)™®

Standard Operating Conditions: 3.0V to 3.6V
unless otherwise stated
AC CHARACTERISTICS éperating temperature -4())°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilr:m Symbol Characteristic Min. Typ Max. | Units Conditions
ADC Accuracy (12-Bit Mode) — Measurements with External VREF+/VREF-
AD20a |Nr Resolution 12 data bits bits —
AD21a |INL Integral Nonlinearity -2 — +2 LSb |VINL = AVSs = VREFL = 0V,
AVDD = VREFH = 3.6V
AD22a |DNL Differential Nonlinearity >-1 — <1 LSb |VINL = AVSs = VREFL = 0V,
AVDD = VREFH = 3.6V
AD23a |GERR Gain Error — 3.4 10 LSb |VINL = AVSs = VREFL = 0V,
AVDD = VREFH = 3.6V
AD24a |EOFF Offset Error Q 0.9 5 LSb |VINL = AVSs = VREFL = 0V,
AVDD = VREFH = 3.6V
AD25a |— Monotonicity — — — — | Guaranteed
ADC Accuracy (12-Bit Mode) — Measurements with Internal VREF+/VREF-
AD20b |Nr Resolution 12 data bits bits —
AD21b |INL Integral Nonlinearity -2 — +2 LSb |VINL = AVsSs =0V, AVDD = 3.6V
AD22b | DNL Differential Nonlinearity >-1 — <1 LSb |VINL = AVss =0V, AVDD = 3.6V
AD23b |GERR Gain Error — 10.5 20 LSb |VINL = AVss =0V, AVDD = 3.6V
AD24b | EOFF Offset Error — 3.8 10 LSb |VINL = AVsSs =0V, AVDD = 3.6V
AD25b |— Monotonicity — — — — | Guaranteed
Dynamic Performance (12-Bit Mode)
AD30a |THD Total Harmonic Distortion — — -75 dB —
AD31a |SINAD | Signal to Noise and 68.5 69.5 — dB —
Distortion
AD32a |SFDR Spurious Free Dynamic 80 — — dB —
Range
AD33a |FNYQ Input Signal Bandwidth — — 250 kHz —
AD34a |ENOB Effective Number of Bits 11.09 11.3 — bits —

Note 1. Injection currents > | 0 | can affect the ADC results by approximately 4-6 counts.
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ADC CONVERSION (10-BIT MODE) TIMING CHARACTERISTICS (CHPS<1:0>

SIMSAM =0, ASAM =1, SSRC<2:0>

FIGURE 26-29:
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@ — Convert bit 0.

cc

— Sample for time specified by SAMC<4:0>.

(® — One TAD for end of conversion.
(@ - Begin conversion of next channel.

PODO®

ph)
ph)

° o

® @

@ — Software sets ADxCON. ADON to start AD operation.

Section 16. “10/12-bit ADC with DMA” in the “dsPIC33F

Family Reference Manual”.

@ — Convert bit 9.

Buffer(0)

Buffer(1)
@ — Sampling starts after discharge period. TSAMP is described in

@ — Convert bit 8.
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29.1

Package Marking Information (Continued)

100-Lead TQFP (12x12x1 mm) Example
MICROCHIP MICROCHIP
XOXXXXXXXXXX dsPIC33FJ256
XXXXXXXXXXXX MC710A-I/PTE3
YYWWNNN 0910017
O O
100-Lead TQFP (14x14x1mm) Example
MICROCHIP MICROCHIP
XOXOXXXXXXXXX dsPIC33FJ256
XOXOXXXXXXXXX MC710A-I/PFe3
YYWWNNN 0910017
O O

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
Www Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code
Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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29.2 Package Details

64-Lead Plastic Quad Flat, No Lead Package (MR) — 9x9x0.9 mm Body
with 5.40 x 5.40 Exposed Pad [QFN]

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

http://www.microchip.com/packaging
[ |
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TABLE B-2: MAJOR SECTION UPDATES (CONTINUED)

Section Name Update Description

Section 26.0 “Electrical Characteristics” Removed Note 4 from the DC Temperature and Voltage
Specifications (see Table 26-4).

Updated the maximum value for parameter DI19 and added
parameters D128, DI29, DI60a, DI60b, and DI60c to the I/O Pin Input
Specifications (see Table 26-9).

Removed Note 2 from the AC Characteristics: Internal RC Accuracy
(see Table 26-18).

Updated the characteristic description for parameter DI35 in the I/O
Timing Requirements (see Table 26-20).

Updated the ADC Module Specification minimum values for
parameters AD05 and ADQ7, and updated the maximum value for
parameter ADO6 (see Table 26-43).

Added Note 1 to the ADC Module Specifications (12-bit Mode) (see
Table 26-44).

Added Note 1 to the ADC Module Specifications (10-bit Mode) (see
Table 26-45).

Added DMA Read/Write Timing Requirements (see Table 26-48).

Section 27.0 “High Temperature Electrical |Updated all ambient temperature end range values to +150°C
Characteristics” throughout the chapter.

Updated the storage temperature end range to +160°C.
Updated the maximum junction temperature from +145°C to +155°C.

Updated the maximum values for High Temperature Devices in the
Thermal Operating Conditions (see Table 27-2).

Updated the ADC Module Specifications (12-bit Mode), removing all
parameters with the exception of HAD33a (see Table 27-14).

Updated the ADC Module Specifications (10-bit Mode), removing all
parameters with the exception of HAD33b (see Table 27-16).
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