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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
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16-Bit

40 MIPs
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53

128KB (128K x 8)

FLASH

16K x 8

3V ~ 3.6V

A/D 18x10b/12b

Internal

-40°C ~ 125°C (TA)

Surface Mount

64-VFQFN Exposed Pad

64-VQFN (9x9)
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dsPIC33FIXXXGPX06A/X08A/X10A

dsPIC33F PRODUCT FAMILIES The device names, pin counts, memory sizes and
peripheral availability of each family are listed below,
The dsPIC33F General Purpose Family of devices followed by their pinout diagrams.

are ideal for a wide variety of 16-bit MCU embedded
applications. The controllers with codec interfaces are
well-suited for speech and audio processing
applications.

dsPIC33F General Purpose Family Controllers

[} —
= | 2| 3 =
@ a
Program 2 s o 3 3 P
Device pins|  F1ash RAM E g § |88 8 g |f g 22 g
Memory | (Kbyte)® | = o =5 | 3 g < S|o L85 @ S
(Kbyte) S| 2|35 = gl &
— IS 5 o
(@] =
dsPIC33FJ64GP206A | 64 64 8 9 8 8 1 1ADC,18 | 2 | 2 | 1 0 | 53| PT,MR
ch
dsPIC33FJ64GP306A | 64 64 16 9 8 8 1 1ADC,18 | 2 | 2 | 2 0 |53 | PT, MR
ch
dsPIC33FJ64GP310A | 100 64 16 9 8 8 1 1ADC,32 | 2 | 2 | 2 0 |8 | PF,PT
ch
dsPIC33FJ64GP706A | 64 64 16 9 8 8 1 2ADC,18 | 2 | 2 | 2 2 | 53| PT,MR
ch
dsPIC33FJ64GP708A | 80 64 16 9 8 8 1 2ADC,24 | 2 | 2 | 2 2 |69 PT
ch
dsPIC33FJ64GP710A | 100 64 16 9 8 8 1 2ADC,32 | 2 | 2 | 2 2 | 85| PF,PT
ch
dsPIC33FJ128GP206A | 64 128 8 9 8 8 1 1ADC,18 | 2 | 2 | 1 0 | 53| PT,MR
ch
dsPIC33FJ128GP306A | 64 128 16 9 8 8 1 1ADC,18 | 2 | 2 | 2 0 |53 | PT,MR
ch
dsPIC33FJ128GP310A | 100 128 16 9 8 8 1 1ADC,32 | 2 | 2 | 2 0 |8 | PF,PT
ch
dsPIC33FJ128GP706A | 64 128 16 9 8 8 1 2ADC,18 | 2 | 2 | 2 2 | 53| PT,MR
ch
dsPIC33FJ128GP708A | 80 128 16 9 8 8 1 2ADC,24 | 2 | 2 | 2 2 |69 PT
ch
dsPIC33FJ128GP710A | 100 128 16 9 8 8 1 2ADC,32 | 2 | 2 | 2 2 | 85| PF,PT
ch
dsPIC33FJ256GP506A | 64 256 16 9 8 8 1 1ADC,18 | 2 | 2 | 2 1 53 | PT, MR
ch
dsPIC33FJ256GP510A | 100 256 16 9 8 8 1 1ADC,32 | 2 | 2 | 2 1 85 | PF,PT
ch
dsPIC33FJ256GP710A | 100 256 30 9 8 8 1 2ADC,32 | 2 | 2 | 2 2 | 85| PF,PT
ch

Note 1: RAM size is inclusive of 2 Kbytes DMA RAM.
2:  Maximum I/O pin count includes pins shared by the peripheral functions.
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dsPIC33FIXXXGPX06A/X08A/X10A

4.2 Data Address Space

The dsPIC33FJXXXGPX06A/X08A/X10A CPU has a
separate 16-bit wide data memory space. The data
space is accessed using separate Address Generation
Units (AGUs) for read and write operations. Data
memory maps of devices with different RAM sizes are
shown in Figure 4-3 through Figure 4-5.

All Effective Addresses (EAs) in the data memory space
are 16 bits wide and point to bytes within the data space.
This arrangement gives a data space address range of
64 Kbytes or 32K words. The lower half of the data
memory space (that is, when EA<15> = 0) is used for
implemented memory addresses, while the upper half
(EA<15> = 1) is reserved for the Program Space
Visibility area (see Section 4.6.3 “Reading Data from
Program Memory Using Program Space Visibility”).

dsPIC33FJXXXGPX06A/X08A/X10A devices imple-
ment a total of up to 30 Kbytes of data memory. Should
an EA point to a location outside of this area, an all-zero
word or byte will be returned.

4.2.1 DATA SPACE WIDTH

The data memory space is organized in byte
addressable, 16-bit wide blocks. Data is aligned in data
memory and registers as 16-bit words, but all data
space EAs resolve to bytes. The Least Significant
Bytes (LSBs) of each word have even addresses, while
the Most Significant Bytes (MSBs) have odd
addresses.

422 DATA MEMORY ORGANIZATION
AND ALIGNMENT

To maintain backward compatibility with PIC® MCU
devices and improve data space memory usage
efficiency, the dsPIC33FJXXXGPX06A/X08A/X10A
instruction set supports both word and byte operations.
As a consequence of byte accessibility, all effective
address calculations are internally scaled to step
through word-aligned memory. For example, the core
recognizes that Post-Modified Register Indirect
Addressing mode [Ws++] will result in a value of Ws + 1
for byte operations and Ws + 2 for word operations.

Data byte reads will read the complete word that
contains the byte, using the LSb of any EA to determine
which byte to select. The selected byte is placed onto
the LSb of the data path. That is, data memory and
registers are organized as two parallel byte-wide
entites with shared (word) address decode but
separate write lines. Data byte writes only write to the
corresponding side of the array or register which
matches the byte address.

All word accesses must be aligned to an even address.
Misaligned word data fetches are not supported, so
care must be taken when mixing byte and word
operations, or translating from 8-bit MCU code. If a
misaligned read or write is attempted, an address error
trap is generated. If the error occurred on a read, the
instruction underway is completed; if it occurred on a
write, the instruction will be executed but the write does
not occur. In either case, a trap is then executed,
allowing the system and/or user to examine the
machine state prior to execution of the address Fault.

All byte loads into any W register are loaded into the
Least Significant Byte. The Most Significant Byte is not
modified.

A sign-extend instruction (SE) is provided to allow
users to translate 8-bit signed data to 16-bit signed
values. Alternatively, for 16-bit unsigned data, users
can clear the MSb of any W register by executing a
zero-extend (ZE) instruction on the appropriate
address.

423 SFR SPACE

The first 2 Kbytes of the Near Data Space, from 0x0000
to OxQ7FF, is primarily occupied by Special Function
Registers (SFRs). These are used by the
dsPIC33FJXXXGPX06A/X08A/X10A core and periph-
eral modules for controlling the operation of the device.

SFRs are distributed among the modules that they
control, and are generally grouped together by module.
Much of the SFR space contains unused addresses;
these are read as ‘0’. A complete listing of implemented
SFRs, including their addresses, is shown in Table 4-1
through Table 4-34.

Note:  The actual set of peripheral features and
interrupts varies by the device. Please
refer to the corresponding device tables
and pinout diagrams for device-specific
information.

424 NEAR DATA SPACE

The 8-Kbyte area between 0x0000 and Ox1FFF is
referred to as the Near Data Space. Locations in this
space are directly addressable via a 13-bit absolute
address field within all memory direct instructions.
Additionally, the whole data space is addressable using
MOV instructions, which support Memory Direct
Addressing mode with a 16-bit address field, or by
using Indirect Addressing mode using a working
register as an Address Pointer.

© 2009-2012 Microchip Technology Inc.
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4.2.5 X AND Y DATA SPACES

The core has two data spaces, X and Y. These data
spaces can be considered either separate (for some
DSP instructions), or as one unified linear address
range (for MCU instructions). The data spaces are
accessed using two Address Generation Units (AGUs)
and separate data paths. This feature allows certain
instructions to concurrently fetch two words from RAM,
thereby enabling efficient execution of DSP algorithms
such as Finite Impulse Response (FIR) filtering and
Fast Fourier Transform (FFT).

The X data space is used by all instructions and
supports all addressing modes. There are separate
read and write data buses for X data space. The X read
data bus is the read data path for all instructions that
view data space as combined X and Y address space.
It is also the X data prefetch path for the dual operand
DSP instructions (MAC class).

The Y data space is used in concert with the X data
space by the MAC class of instructions (CLR, ED,
EDAC, MAC, MOVSAC, MPY, MPY. N and M5C) to provide
two concurrent data read paths.

Both the X and Y data spaces support Modulo
Addressing mode for all instructions, subject to
addressing mode restrictions. Bit-Reversed Addressing
mode is only supported for writes to X data space.

All data memory writes, including in DSP instructions,
view data space as combined X and Y address space.
The boundary between the X and Y data spaces is
device-dependent and is not user-programmable.

All effective addresses are 16 bits wide and point to
bytes within the data space. Therefore, the data space
address range is 64 Kbytes, or 32K words, though the
implemented memory locations vary by device.

4.2.6 DMA RAM

Every dsPIC33FJXXXGPX06A/X08A/X10A  device
contains 2 Kbytes of dual ported DMA RAM located at
the end of Y data space. Memory locations is part of Y
data RAM and is in the DMA RAM space are accessible
simultaneously by the CPU and the DMA controller
module. DMA RAM is utilized by the DMA controller to
store data to be transferred to various peripherals using
DMA, as well as data transferred from various
peripherals using DMA. The DMA RAM can be
accessed by the DMA controller without having to steal
cycles from the CPU.

When the CPU and the DMA controller attempt to
concurrently write to the same DMA RAM location, the
hardware ensures that the CPU is given precedence in
accessing the DMA RAM location. Therefore, the DMA
RAM provides a reliable means of transferring DMA
data without ever having to stall the CPU.

Note: DMA RAM can be used for general
purpose data storage if the DMA function
is not required in an application.

© 2009-2012 Microchip Technology Inc.
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FIGURE 4-8:

BIT-REVERSED ADDRESS EXAMPLE

Sequential Address
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Y Around Center of Binary Value
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b7 | b6

b5

b1

b2 | b3 |b4| 0

Pivot Point

Bit-Reversed Address

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

TABLE 4-36: BIT-REVERSED ADDRESS SEQUENCE (16-ENTRY)
Normal Address Bit-Reversed Address
A3 A2 Al A0 Decimal A3 A2 Al 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

DS70593D-page 72
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5.2 RTSP Operation

The dsPIC33FJXXXGPX06A/X08A/X10A Flash pro-
gram memory array is organized into rows of 64
instructions or 192 bytes. RTSP allows the user to
erase a page of memory, which consists of eight rows
(512 instructions) at a time, and to program one row or
one word at a time. Table 25-12 illustrates typical erase
and programming times. The 8-row erase pages and
single row write rows are edge-aligned, from the begin-
ning of program memory, on boundaries of 1536 bytes
and 192 bytes, respectively.

The program memory implements holding buffers that
can contain 64 instructions of programming data. Prior
to the actual programming operation, the write data
must be loaded into the buffers in sequential order. The
instruction words loaded must always be from a group
of 64 boundary.

The basic sequence for RTSP programming is to set up
a Table Pointer, then do a series of TBLW instructions
to load the buffers. Programming is performed by
setting the control bits in the NVMCON register. A total
of 64 TBLWIL and TBLWI'H instructions are required
to load the instructions.

All of the table write operations are single-word writes
(two instruction cycles) because only the buffers are
written. A programming cycle is required for
programming each row.

5.3 Programming Operations

A complete programming sequence is necessary for
programming or erasing the internal Flash in RTSP
mode. The processor stalls (waits) until the
programming operation is finished.

The programming time depends on the FRC accuracy
(see Table 25-19) and the value of the FRC Oscillator
Tuning register (see Register 9-4). Use the following
formula to calculate the minimum and maximum values
for the Row Write Time, Page Erase Time and Word
Write Cycle Time parameters (see Table 25-12).

PROGRAMMING TIME

T
7.37 MHz x (FRC Accuracy)% x (FRC Tuning)%

EQUATION 5-1:

For example, if the device is operating at +125°C, the
FRC accuracy will be +5%. If the TUN<5:0> bits (see
Register 9-4) are set to * b111111, the minimum row
write time is equal to Equation 5-2.

EQUATION 5-2: MINIMUM ROW WRITE
TIME

_ 11064 Cycles _
TRW = 737 Mz x (1+ 0.05) x (1= 0.00375) - +°omS

The maximum row write time is equal to Equation 5-3.

EQUATION 5-3: MAXIMUM ROW WRITE

TIME

11064 Cycles

TRW = 737 MHZx (1-0.05) x (1-000375) _ -20Ms

Setting the WR bit (NVMCON<15>) starts the
operation, and the WR bit is automatically cleared
when the operation is finished.

54 Control Registers

The two SFRs that are used to read and write the
program Flash memory are:

*« NVMCON: Flash Memory Control Register
« NVMKEY: Non-Volatile Memory Key Register
The NVMCON register (Register 5-1) controls which

blocks are to be erased, which memory type is to be
programmed and the start of the programming cycle.

NVMKEY (Register 5-2) is a write-only register that is
used for write protection. To start a programming or
erase sequence, the user must consecutively write 0x55
and 0xAA to the NVMKEY register. Refer to Section 5.3
“Programming Operations” for further details.

DS70593D-page 78
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REGISTER 7-18: IPC3: INTERRUPT PRIORITY CONTROL REGISTER 3

u-0 uU-0 U-0 uU-0 uU-0 R/W-1 R/W-0 R/W-0
— — — — — DMA1IP<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
— AD11P<2:0> — U1TXIP<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 15-11 Unimplemented: Read as ‘0’
bit 10-8 DMA1IP<2:0>: DMA Channel 1 Data Transfer Complete Interrupt Priority bits

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

bit 7 Unimplemented: Read as ‘0’

bit 6-4 AD1IP<2:0>: ADC1 Conversion Complete Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3 Unimplemented: Read as ‘0’

bit 2-0 U1TXIP<2:0>: UART1 Transmitter Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

© 2009-2012 Microchip Technology Inc. DS70593D-page 117
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REGISTER 7-21: IPC6: INTERRUPT PRIORITY CONTROL REGISTER 6

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— T4lP<2:0> — OC41P<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
— OC3IP<2:0> — DMA2IP<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 Unimplemented: Read as ‘0’
bit 14-12 T4I1P<2:0>: Timer4 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 11 Unimplemented: Read as ‘0’
bit 10-8 OC41P<2:0>: Output Compare Channel 4 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 7 Unimplemented: Read as ‘0’
bit 6-4 OC3IP<2:0>: Output Compare Channel 3 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3 Unimplemented: Read as ‘0’

bit 2-0 DMA2IP<2:0>: DMA Channel 2 Data Transfer Complete Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

DS70593D-page 120 © 2009-2012 Microchip Technology Inc.
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NOTES:
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NOTES:
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13.0 TIMERZ2/3, TIMERA4/5, TIMERG6/7
AND TIMERS/9

Note 1: This data sheet summarizes the fea-
tures of the dsPIC33FJXXXGPX06A/
XO08A/X10A family of devices. How-
ever, it is not intended to be a compre-
hensive reference source. To
complement the information in this data
sheet, refer to Section 11. “Timers”
(DS70205) 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 Timer2/3, Timer4/5, Timer6/7 and Timer8/9
modules are 32-bit timers, which can also be
configured as four independent 16-bit timers with
selectable operating modes.

As a 32-bit timer, Timer2/3, Timer4/5, Timer6/7 and
Timer8/9 operate in three modes:

» Two Independent 16-bit Timers (e.g., Timer2 and
Timer3) with all 16-bit operating modes (except
Asynchronous Counter mode)

» Single 32-bit Timer

» Single 32-bit Synchronous Counter

They also support these features:

» Timer Gate Operation

» Selectable Prescaler Settings

» Timer Operation during Idle and Sleep modes
« Interrupt on a 32-bit Period Register Match

» Time Base for Input Capture and Output Compare
Modules (Timer2 and Timer3 only)

» ADC1 Event Trigger (Timer2/3 only)
« ADC2 Event Trigger (Timer4/5 only)

Individually, all eight of the 16-bit timers can function as
synchronous timers or counters. They also offer the
features listed above, except for the event trigger; this
is implemented only with Timer2/3. The operating
modes and enabled features are determined by setting
the appropriate bit(s) in the T2CON, T3CON, T4CON,
T5CON, T6CON, T7CON, T8CON and T9CON
registers. T2CON, T4CON, T6CON and T8CON are
shown in generic form in Register 13-1. T3CON,
T5CON, T7CON and T9CON are shown in
Register 13-2.

For 32-bit timer/counter operation, Timer2, Timer4,
Timer6 or Timer8 is the least significant word; Timer3,
Timer5, Timer7 or Timer9 is the most significant word
of the 32-bit timers.

Note: For 32-bit operation, T3CON, T5CON,
T7CON and T9CON control bits are
ignored. Only T2CON, T4CON, T6CON
and T8CON control bits are used for setup
and control. Timer2, Timer4, Timer6 and
Timer8 clock and gate inputs are utilized
for the 32-bit timer modules, but an
interrupt is generated with the Timer3,
Timer5, Ttimer7 and Timer9 interrupt
flags.

To configure Timer2/3, Timer4/5, Timer6/7 or Timer8/9
for 32-bit operation:

1. Set the corresponding T32 control bit.

2. Select the prescaler ratio for Timer2, Timer4,
Timer6 or Timer8 using the TCKPS<1:0> bits.

3. Set the Clock and Gating modes using the
corresponding TCS and TGATE bits.

4. Load the timer period value. PR3, PR5, PR7 or
PR9 contains the most significant word of the
value, while PR2, PR4, PR6 or PR8 contains the
least significant word.

5. [Ifinterrupts are required, set the interrupt enable
bit, T3IE, T5IE, T7IE or T9IE. Use the priority
bits, T3IP<2:0>, T5IP<2:0>, T7IP<2:0> or
T9IP<2:0>, to set the interrupt priority. While
Timer2, Timer4, Timer6 or Timer8 control the
timer, the interrupt appears as a Timer3, Timer5,
Timer7 or Timer9 interrupt.

6. Set the corresponding TON bit.

The timer value at any point is stored in the register
pair, TMR3:TMR2, TMR5:TMR4, TMR7:TMR6 or
TMR9:TMR8. TMR3, TMR5, TMR7 or TMR9 always
contains the most significant word of the count, while
TMR2, TMR4, TMR6 or TMR8 contains the least
significant word.

To configure any of the timers for individual 16-bit
operation:

1. Clear the T32 bit corresponding to that timer.

2. Select the timer prescaler ratio using the
TCKPS<1:0> bits.

3. Set the Clock and Gating modes using the TCS
and TGATE bits.

4. Load the timer period value into the PRx
register.

5. Ifinterrupts are required, set the interrupt enable
bit, TXIE. Use the priority bits, TxIP<2:0>, to set
the interrupt priority.

6. Setthe TON bit.

A block diagram for a 32-bit timer pair (Timer4/5)
example is shown in Figure 13-1 and a timer (Timer4)
operating in 16-bit mode example is shown in
Figure 13-2.

Note:  Only Timer2 and Timer3 can trigger a
DMA data transfer.

© 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 O
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
bit 13

bit 12-7
bit 6

bit 5-4

bit 3

bit 2
bit 1

bit 0

Note 1:

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
Unimplemented: Read as ‘0’
TSIDL: Stop in Idle Mode bit

1 = Discontinue module operation when device enters Idle mode

0 = Continue module operation in Idle mode
Unimplemented: Read as ‘0’
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

TCKPS<1:0>: Timerx Input Clock Prescale Select bits
11 =1:256

10 = 1:64

01=1:8

00=1:1

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
Unimplemented: Read as ‘0’

TCS: Timerx Clock Source Select bit™®

1 = External clock from pin TxCK (on the rising edge)
0 = Internal clock (FcY)

Unimplemented: Read as ‘0’

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

DS70593D-page 172
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20.0 DATA CONVERTER
INTERFACE (DCl) MODULE

Note 1: This data sheet summarizes the features
of the dsPIC33FJXXXGPX06A/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
20. “Data Converter Interface (DCI)”
(DS70288) 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.

20.1 Module Introduction

The dsPIC33FJXXXGPX06A/X08A/X10A Data Con-
verter Interface (DCI) module allows simple interfacing
of devices, such as audio coder/decoders (Codecs),
ADC and D/A converters. The following interfaces are
supported:

* Framed Synchronous Serial Transfer (Single or
Multi-Channel)

« Inter-IC Sound (I%S) Interface

* AC-Link Compliant mode

The DCI module provides the following general

features:

* Programmable word size up to 16 bits

» Supports up to 16 time slots, for a maximum
frame size of 256 bits

» Data buffering for up to 4 samples without CPU
overhead

20.2 Module I/O Pins

There are four 1/0 pins associated with the module.
When enabled, the module controls the data direction
of each of the four pins.

20.2.1 CSCKPIN

The CSCK pin provides the serial clock for the DCI
module. The CSCK pin may be configured as an input
or output using the CSCKD control bit in the DCICON1
SFR. When configured as an output, the serial clock is
provided by the dsPIC33FJXXXGPX06A/X08A/X10A.
When configured as an input, the serial clock must be
provided by an external device.

20.2.2 CSDO PIN

The Serial Data Output (CSDO) pin is configured as an
output only pin when the module is enabled. The
CSDO pin drives the serial bus whenever data is to be

transmitted. The CSDO pin is tri-stated, or driven to ‘0’,
during CSCK periods when data is not transmitted
depending on the state of the CSDOM control bit. This
allows other devices to place data on the serial bus
during transmission periods not used by the DCI
module.

20.2.3 CSDI PIN

The Serial Data Input (CSDI) pin is configured as an
input only pin when the module is enabled.

20.2.3.1 COFS Pin

The Codec Frame Synchronization (COFS) pin is used
to synchronize data transfers that occur on the CSDO
and CSDI pins. The COFS pin may be configured as an
input or an output. The data direction for the COFS pin
is determined by the COFSD control bit in the
DCICONT1 register.

The DCI module accesses the shadow registers while
the CPU is in the process of accessing the memory
mapped buffer registers.

20.2.4 BUFFER DATA ALIGNMENT

Data values are always stored left justified in the
buffers since most Codec data is represented as a
signed 2’'s complement fractional number. If the
received word length is less than 16 bits, the unused
Least Significant bits in the Receive Buffer registers are
set to ‘0’ by the module. If the transmitted word length
is less than 16 bits, the unused LSbs in the Transmit
Buffer register are ignored by the module. The word
length setup is described in subsequent sections of this
document.

20.2.5 TRANSMIT/RECEIVE SHIFT
REGISTER

The DCI module has a 16-bit shift register for shifting
serial data in and out of the module. Data is shifted in/
out of the shift register, MSb first, since audio PCM data
is transmitted in signed 2’s complement format.

20.2.6 DCI BUFFER CONTROL

The DCI module contains a buffer control unit for
transferring data between the shadow buffer memory
and the Serial Shift register. The buffer control unit is a
simple 2-bit address counter that points to word loca-
tions in the shadow buffer memory. For the receive
memory space (high address portion of DCI buffer
memory), the address counter is concatenated with a
‘0’ in the MSb location to form a 3-bit address. For the
transmit memory space (high portion of DCI buffer
memory), the address counter is concatenated with a
‘1’ in the MSb location.

Note:  The DCI buffer control unit always
accesses the same relative location in the
transmit and receive buffers, so only one

address counter is provided.
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21.4 ADC Helpful Tips

1.

The SMPI<3:0> (AD1CON2<5:2>) control bits:

a) Determine when the ADC interrupt flag is
set and an interrupt is generated if enabled.

b) When the CSCNA bit (AD1CON2<10>) is
set to ‘1’, determines when the ADC analog
scan channel list defined in the AD1CSSL/
AD1CSSH registers starts over from the
beginning.

c) On devices without a DMA peripheral,
determines when ADC result buffer pointer
to ADC1BUF0-ADC1BUFF, gets reset back
to the beginning at ADC1BUFO.

On devices without a DMA module, the ADC has

16 result buffers. ADC conversion results are

stored sequentially in ADC1BUF0-ADC1BUFF

regardless of which analog inputs are being
used subject to the SMPI<3:0> Dbits

(AD1CON2<5:2>) and the condition described

in 1c above. There is no relationship between

the ANx input being measured and which ADC
buffer (ADC1BUFO0-ADC1BUFF) that the
conversion results will be placed in.

On devices with a DMA module, the ADC mod-
ule has only 1 ADC result buffer, (i.e.,
ADC1BUFO), per ADC peripheral and the ADC
conversion result must be read either by the
CPU or DMA controller before the next ADC
conversion is complete to avoid overwriting the
previous value.

The DONE bit (AD1CON1<0>) is only cleared at
the start of each conversion and is set at the
completion of the conversion, but remains set
indefinitely even through the next sample phase
until the next conversion begins. If application
code is monitoring the DONE bit in any kind of
software loop, the user must consider this
behavior because the CPU code execution is
faster than the ADC. As a result, in manual sam-
ple mode, particularly where the users code is
setting the SAMP bit (AD1CON1<1>), the
DONE bit should also be cleared by the user
application just before setting the SAMP bit.

On devices with two ADC modules, the
ADCxPCFG registers for both ADC modules
must be set to a logic ‘1’ to configure a target
I/O pin as a digital /0O pin. Failure to do so
means that any alternate digital input function
will always see only a logic ‘0’ as the digital
input buffer is held in Disable mode.

21.5 ADC Resources

Many useful resources related to ADC 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=en546064

21.5.1

KEY RESOURCES

» Section 16. “Analog-to-Digital Converter
(ADC)” (DS70183)

* Code Samples
» Application Notes
» Software Libraries

* Webinars

* All related dsPIC33F/PIC24H Family Reference
Manuals Sections

* Development Tools
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TABLE 25-11: ELECTRICAL CHARACTERISTICS: BOR

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. | Symbol Characteristic® Min® | Typ |Max® | uUnits Conditions
BO10 VBOR BOR Event on VDD transition high-to-low | 2.40 — 2.55 V | VDD
Note 1: Parameters are for design guidance only and are not tested in manufacturing.

TABLE 25-12: DC CHARACTERISTICS: PROGRAM MEMORY

Standard Operating Conditions: 3.0V to 3.6V
unless otherwise stated
DC CHARACTERISTICS (Operating temperature -)40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Param. | Symbol Characteristic®® Min | Typ® | Max | Units Conditions
Program Flash Memory
D130 EpP Cell Endurance 10,000 | — — E/W
D131 VPR VDD for Read VMIN — 3.6 V  |VMIN = Minimum operating
voltage
D132b |VPEw |VDD for Self-Timed Write VMIN — 3.6 V  |VMIN = Minimum operating
voltage
D134 TRETD |Characteristic Retention 20 — — Year |Provided no other specifications
are violated
D135 IDDP Supply Current during — 10 — mA
Programming
D136a |TRw Row Write Time 1.32 — 1.74 ms |TRw = 11064 FRC cycles,
TA = +85°C, See Note 2
D136b |TRw Row Write Time 1.28 — 1.79 ms |TRw = 11064 FRC cycles,
TA = +150°C, See Note 2
D137a |TPE Page Erase Time 201 — 26.5 ms |TPE = 168517 FRC cycles,
TA = +85°C, See Note 2
D137b |TPE Page Erase Time 19.5 — 27.3 ms |TPE = 168517 FRC cycles,
TAa = +150°C, See Note 2
D138a |Tww Word Write Cycle Time 42.3 — 55.9 us | Tww = 355 FRC cycles,
TA = +85°C, See Note 2
D138b |Tww Word Write Cycle Time 411 — 57.6 us | Tww = 355 FRC cycles,
TAa = +150°C, See Note 2
Note 1: Datain “Typ” column is at 3.3V, 25°C unless otherwise stated.
2:  Other conditions: FRC = 7.37 MHz, TUN<5:0>=b' 011111 (for Min), TUN<5:0> = b' 100000 (for Max).
This parameter depends on the FRC accuracy (see Table 25-19) and the value of the FRC Oscillator
Tuning register (see Register 9-4). For complete details on calculating the Minimum and Maximum time
see Section 5.3 “Programming Operations”.
3: These parameters are assured by design, but are not characterized or tested in manufacturing.
TABLE 25-13: INTERNAL VOLTAGE REGULATOR SPECIFICATIONS

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. | Symbol Characteristics Min Typ Max | Units Comments
— |Cerc  |External Filter Capacitor Value®™ | 4.7 10 — uF | Capacitor must be low
series resistance (< 5 ohms)
Note 1: Typical VCORE voltage = 2.5V when VDD > VDDMIN.
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TABLE 25-37:

12Cx BUS DATA TIMING REQUIREMENTS (SLAVE MODE)

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
-40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

Operating temperature

PaNr:m Symbol Characteristic Min Max | Units Conditions
1S10 TLo:scL | Clock Low Time | 100 kHz mode 4.7 — us | Device must operate at a
minimum of 1.5 MHz
400 kHz mode 1.3 — us | Device must operate at a
minimum of 10 MHz
1 MHz mode® 0.5 — us —
1S11 THi:scL | Clock High Time | 100 kHz mode 4.0 — us | Device must operate at a
minimum of 1.5 MHz
400 kHz mode 0.6 — us | Device must operate at a
minimum of 10 MHz
1 MHz mode® 0.5 — us —
1S20 Tr:scL | SDAx and SCLx | 100 kHz mode — 300 ns |Csis specified to be from
Fall Time 400 kHz mode | 20+0.1CB | 300 | ns |10to400pF
1 MHz mode® — 100 | ns
1S21 TrR:scL |SDAx and SCLx | 100 kHz mode — 1000 ns |CBis specified to be from
Rise Time 400 kHz mode | 20+0.1Cs | 300 | ns |10to 400 pF
1 MHz mode™® — 300 | ns
1S25 Tsu:DAT | Data Input 100 kHz mode 250 — ns —
Setup Time 400 kHz mode 100 — ns
1 MHz mode® 100 — ns
1S26 THD:DAT | Data Input 100 kHz mode 0 — us —
Hold Time 400 kHz mode 0 0.9 ps
1 MHz mode® 0 0.3 us
1S30 Tsu:STA | Start Condition 100 kHz mode 4.7 — ps | Only relevant for Repeated
Setup Time 400 kHz mode 06 — us Start condition
1 MHz mode® 0.25 — us
1S31 THD:STA | Start Condition 100 kHz mode 4.0 — pus | After this period, the first
Hold Time 400 kHz mode 0.6 — ps | clock pulse is generated
1 MHz mode® 0.25 — us
1S33 Tsu:sTo | Stop Condition 100 kHz mode 4.7 — us —
Setup Time 400 kHz mode 0.6 — us
1 MHz mode® 0.6 — us
1S34 THD:STO | Stop Condition 100 kHz mode 4000 — ns —
Hold Time 400 kHz mode 600 — ns
1 MHz mode™® 250 ns
1S40 TaA:scL | Output Valid 100 kHz mode 0 3500 ns —
From Clock 400 kHz mode 0 1000 | ns
1 MHz mode® 0 350 | ns
1S45 TBF:SDA | Bus Free Time 100 kHz mode 4.7 — us | Time the bus must be free
400 kHz mode 1.3 — ps | before a new transmission
1 MHz mode® 05 — | us |canstart
1IS50 Cs Bus Capacitive Loading — 400 pF —
Note 1: Maximum pin capacitance = 10 pF for all 12Cx pins (for 1 MHz mode only).
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TABLE 25-38: DCI MODULE (MULTI-CHANNEL, 1°s MODES) TIMING REQUIREMENTS

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
Pilrg\m Symbol Characteristic( Min Typ®@ |  Max Units Conditions
CS10 |TcsckL CSCK Input Low Time Tcy/2 + 20 — — ns —
(CSCK pin is an input)
CSCK Output Low Time® 30 — — ns —
(CSCK pin is an output)
CS11 | TcsckH CSCK Input High Time Tcy/2 + 20 — — ns —
(CSCK pin is an input)
CSCK Output High Time®) 30 — — ns —
(CSCK pin is an output)
CS20 |TcsckF | CSCK Output Fall Time®) — 10 25 ns —
(CSCK pin is an output)
CS21 |TcsckrR | CSCK Output Rise Time™® — 10 25 ns —
(CSCK pin is an output)
CS30 |TcspoF | CSDO Data Output Fall Time®) — 10 25 ns —
CS31 |Tcsbor | CSDO Data Output Rise Time® — 10 25 ns —
CS35 |Tov Clock Edge to CSDO Data Valid — — 10 ns —
CS36 |Toiv Clock Edge to CSDO Tri-Stated 10 — 20 ns —
CS40 |Tcsbi Setup Time of CSDI Data Input 20 — — ns —
to
CSCK Edge (CSCK pin is input
or output)
CS41 | THesDI Hold Time of CSDI Data Input to 20 — — ns —
CSCK Edge (CSCK pin is input
or output)
CS50 |TcorsF COFS Fall Time — 10 25 ns Note 1
(COFS pin is output)
CS51 |TcorsrR | COFS Rise Time — 10 25 ns Note 1
(COFS pin is output)
CS55 |Tscors Setup Time of COFS Data Input 20 — — ns —
to CSCK Edge (COFS pin is
input)
CS56 | THCOFS Hold Time of COFS Data Input to 20 — — ns —
CSCK Edge (COFS pin is input)

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

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

3:  The minimum clock period for CSCK is 100 ns. Therefore, the clock generated in Master mode must not
violate this specification.

4:  Assumes 50 pF load on all DCI pins.
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NOTES:
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Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature  -40°C < TA < +150°C for High Temperature

DC CHARACTERISTICS

Parzrgeter Typical Max Units Conditions
Power-Down Current (IPD)
HDC61c | 3 ‘ 5 pA +150°C | 3.3V ‘ Watchdog Timer Current: Alwpt(24)

Note 1: Base IPD is measured with all peripherals and clocks shut down. All I/Os are configured as inputs and

pulled to Vss. WDT, etc., are all switched off, and VREGS (RCON<8>) = 1.

2. The A current is the additional current consumed when the module is enabled. This current should be
added to the base IPD current.

3:  These currents are measured on the device containing the most memory in this family.

4: These parameters are characterized, but are not tested in manufacturing.

DC CHARACTERISTICS: DOZE CURRENT (IDOzE)

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature  -40°C < TA < +150°C for High Temperature

TABLE 26-5:

DC CHARACTERISTICS

Parﬁrg'eter Typical(l) Max ggtzis Units Conditions

HDC72a 39 45 1:2 mA

HDC72f 18 25 1:64 mA +150°C 3.3V 20 MIPS
HDC72g 18 25 1:128 mA

Note 1: Parameters with Doze ratios of 1:2 and 1:64 are characterized, but are not tested in manufacturing.
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