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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

70 MIPs

CANbus, I2C, IrDA, LINbus, QEI, SPI, UART/USART
Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, WDT
21

64KB (22K x 24)

FLASH

4K x 16

3V ~ 3.6V

A/D 6x10b/12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

28-SOIC (0.295", 7.50mm Width)

28-S0IC
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

Pin Diagrams (Continued)

44-Pin QFN(:2:3)

Note 1:

to Vss externally.
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RP54/RC6 [ 2 32
rrss/Re7 ] 3 31 ]
rPs6/RCs [ 4 30[ ]
rRPs7/RCO [ 5 29[ ]
ves [ 16 dsPIC33EPXXXGP504 28]
PIC24EPXXXGP204
vear [ |7 27 ]
Rr42/RB10 [l 8 26 |
RP43/RB11 ] 9 25 |
rPi44/RB12 [ 10 24 |
RPI45/CTPLS/RB13 ] 11 23[ |

15 16 17 18 19 20 21 22

MCLR

AVss
AVDD
ANO/OA20UT/RAO

TDI/RA7

TDO/RA10
RPI46/T3CK/RB14

AN1/C2IN1+/RA1

RP147/T5CK/RB15
PGED3/VREF-/AN2/C2IN1-/SS1/RPI32/CTED2/RBO

PGEC3/VREF+/AN3/OA1OUT/RPI33/CTED1/RB1

Il = Pins are up to 5V tolerant

SCL2/RP36/RB4
SDA2/RPI24/RA8
OSC2/CLKO/RA3
OSC1/CLKI/RA2

Vss

VDD
ANB8/C3IN1+/U1RTS/BCLK1/RC2
AN7/C3IN1-/C4IN1-/RCA1
ANG/OA30UT/C4IN1+/OCFB/RCO
PGED1/AN5/C1IN1-/RP35/RB3
PGEC1/AN4/C1IN1+/RPI34/RB2

The RPn/RPIn pins can be used by any remappable peripheral with some limitation. See Section 11.4

“Peripheral Pin Select (PPS)” for available peripherals and for information on limitations.

2:  Every I/O port pin (RAx-RGx) can be used as a Change Notification pin (CNAx-CNGx). See Section 11.0 “1/O
Ports” for more information.

3:  The metal pad at the bottom of the device is not connected to any pins and is recommended to be connected

4: There is an internal pull-up resistor connected to the TMS pin when the JTAG interface is active. See the
JTAGEN bit field in Table 27-2.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

FIGURE 4-15: DATA MEMORY MAP FOR PIC24EP256GP/MC20X/50X DEVICES

MSB LSB
Address 16 Bits Address
- -
MSB LSB
— 0x0001 ' 0x0000
é—llz%)yste SFR Space
pace L OxOFFF | OxOFFE ohbyte
- 0x1000 ear
0x1001 | Data Space
|
Ox1FFF 0x1FFE
0x2001 [ — — -XDa@RAM(X)— — — 1 4 5000
|
32-Kbyte |
SRAM Space |
Ox7FFF OX7FFE
0x8001[ — — — T === = =7 0x8000
|
|
. Ox8FFF | OX8FFE
0x9001 | 0x9000
|
|
|
| Optionally
| Mapped
| into Program
Memory Space
X Data (PSV)
Unimplemented (X)
|
|
|
|
|
|
OxFFFF | OxFFFE
|

Note:  Memory areas are not shown to scale.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

4.2.5 X AND Y DATA SPACES

The dsPIC33EPXXXMC20X/50X and
dsPIC33EPXXXGP50X 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. X Data Space has
separate read and write data buses. 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 MSC) 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.
Modulo Addressing and Bit-Reversed Addressing are
not present in PIC24EPXXXGP/MC20X devices.

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.

4.3 Memory Resources

Many useful resources are provided on the main prod-
uct 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=en555464

431 KEY RESOURCES

* “Program Memory” (DS70613) in the “dsPIC33/
PIC24 Family Reference Manual”

* Code Samples

* Application Notes

» Software Libraries

* Webinars

» All Related “dsPIC33/PIC24 Family Reference
Manual” Sections

* Development Tools

DS70000657H-page 62
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TABLE 4-7: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33EPXXXMC50X DEVICES ONLY

e |Addr| Bit1s | Bitia | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bit8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 [t
IFSO 0800] — |DMAMIF| AD1IF | UTTXIF | UIRXIF | SPHIF | SPHEIF | T3IF T2IF OC2IF | IC2F | DMAOIF | T1IF OC1IF IC1IF INTOIF | 0000
IFS1 0802 | U2TXIF | U2RXIF | INT2F | T5IF T4F | OC4IF | OC3IF | DMA2IF —_ —_ —_ INTIIF | CNIF CMIF MI2C1IF | SI2C1IF | 0000
IFS2 0804| — —_ —_ —_ —_ —_ —_ —_ —_ IC4IF IC3IF | DMA3IF | C1FF CIRXIF | SPI2IF | SPI2EIF | 0000
IFS3 0806| — —_ —_ —_ — | cEMF|PSEMF| — —_ —_ —_ —_ —_ MI2C2IF | SI2C2IF — | oooo
IFs4 0808| — — | cMmurF —_ —_ —_ —_ —_ —_ CATXIF —_ —_ CRCIF | U2EIF UIEIF — | oooo
IFS5 080A | PWM2IF | PWMIIF | — —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ — | oooo
IFS6 osoc| — —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ PWM3IF | 0000
IFS8 0810 | JTAGIF | ICDIF —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ — | oooo
IFS9 0812| — —_ —_ —_ —_ —_ —_ —_ —_ PTG3IF | PTG2F | PTGIIF | PTGOIF |PTGWDTIF|PTGSTEPIF| — | 0000
IECO |o0820] — |DMANE| ADIE | U1TXE | UIRXE | SPMIE |SPMEE| T3IE T2IE OC2E | IC2E | DMAOE | TIE OC1IE IC1IE | INTOIE | 0000
IEC1 0822 | U2TXIE | U2RXIE | INT2IE | T5IE T4E | OC4IE | OC3IE | DMA2IE —_ —_ —_ INTIE | CNIE CMIE MI2C1IE | SI2C1IE | 0000
IEC2  |os24| — —_ —_ —_ —_ —_ —_ —_ —_ IC4IE IC3E | DMA3IE | C1E | CIRXIE | SPI2IE | SPI2EIE | 0000
IEC3  |o0826| — —_ —_ —_ —  |aEnE|PsEME| — —_ —_ —_ —_ —_ MI2C2IE | SI2C2IE — | oooo
IEC4 |os28| — — |emmue| — —_ —_ —_ —_ —_ CATXIE —_ —_ CRCIE | UZ2EE UIEIE — | oooo
IEC5 | 082A|PWM2IE | PWMIE| — —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ — | oooo
lEC6  |os2c| — —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ PWMSIE | 0000
IECT  |082E| — —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ — | oooo
IEC8 | 0830| JTAGIE | ICDIE —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ — | oooo
IECO |o832| — —_ —_ —_ —_ —_ —_ —_ —_ PTG3IE | PTG2[E | PTGIEE | PTGOIE |PTGWDTIE|PTGSTEPIE| — | 0000
Pco  |os40| — T1IP<2:0> _ OC1IP<2:0> _ IC11P<2:0> — INTOIP<2:0> 4444
IPC1 os42| — T2IP<2:0> _ 0C2IP<2:0> _ IC2IP<2:0> _ DMAOIP<2:0> 4444
Pc2  |os4a| — U1RXIP<2:0> _ SPIIP<2:0> —_ SPIEIP<2:0> —_ T3IP<2:0> 4444
IPC3 0846| — — = [ = — DMA1IP<2:0> _ AD1IP<2:0> —_ U1TXIP<2:0> 0444
IPc4  |os48| — CNIP<2:0> _ CMIP<2:0> _ MI2C1IP<2:0> —_ SI2C1IP<2:0> 4444
Pc5  |os4a| — — = [ = —_ — [ =T = —_ —_ —_ —_ —_ INT1IP<2:0> 0004
IPce  |osic| — T4IP<2:0> _ 0C4IP<2:0> _ 0C3IP<2:0> _ DMA2IP<2:0> 4444
Pc7  |0s4E| — U2TXIP<2:0> —_ U2RXIP<2:0> —_ INT2IP<2:0> —_ T5IP<2:0> 4444
IPcs  |o08s0| — C1IP<2:0> —_ C1RXIP<2:0> —_ SPI2IP<2:0> —_ SPI2EIP<2:0> 4444
Pco  |oss2| — —_ —_ —_ —_ IC4IP<2:0> _ IC3IP<2:0> _ DMA3IP<2:0> 0444
IPC12  |o8s8| — —_ —_ —_ — MI2C2IP<2:0> _ SI2C2IP<2:0> _ _ — — | o440
IPC14 |ossc| — —_ —_ —_ —_ QENIP<2:0> —_ PSEMIP<2:0> —_ —_ —_ — | o440
IPC16  |o0860| — CRCIP<2:0> _ U2EIP<2:0> —_ U1EIP<2:0> —_ —_ —_ — | 4440
Pc17  |ose2| — —_ —_ —_ — CATXIP<2:0> — _ _ _ _ — — — | o400
IPC19 | o0866| — —_ —_ —_ —_ — [ =T = — CTMUIP<2:0> — _ — — | o040
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 10-1: PMD1: PERIPHERAL MODULE DISABLE CONTROL REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0
T5MD T4MD T3MD T2MD T1IMD QeMMD® | pwMMDD

bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
12C1MD U2MD U1MD SPI12MD SPIMMD — C1MD®@ AD1MD

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 T5MD: Timer5 Module Disable bit

1 = Timer5 module is disabled
0 = Timer5 module is enabled

bit 14 T4AMD: Timer4 Module Disable bit
1 = Timer4 module is disabled
0 = Timer4 module is enabled

bit 13 T3MD: Timer3 Module Disable bit
1 = Timer3 module is disabled
0 = Timer3 module is enabled

bit 12 T2MD: Timer2 Module Disable bit
1 = Timer2 module is disabled
0 = Timer2 module is enabled

bit 11 T1MD: Timer1 Module Disable bit
1 = Timer1 module is disabled
0 = Timer1 module is enabled

bit 10 QEI1MD: QEI1 Module Disable bit®
1 = QEI1 module is disabled
0 = QEI1 module is enabled

bit 9 PWMMD: PWM Module Disable bit®
1 = PWM module is disabled
0 = PWM module is enabled

bit 8 Unimplemented: Read as ‘0’

bit 7 12C1MD: 12C1 Module Disable bit
1 =12C1 module is disabled
0 =12C1 module is enabled

bit 6 U2MD: UART2 Module Disable bit
1 = UART2 module is disabled
0 = UART2 module is enabled

bit 5 U1MD: UART1 Module Disable bit
1 = UART1 module is disabled
0 = UART1 module is enabled

bit 4 SPI2MD: SPI2 Module Disable bit

1 = SPI2 module is disabled
0 = SPI2 module is enabled

Note 1: This bit is available on dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices only.
2: This bit is available on dsPIC33EPXXXGP50X and dsPIC33EPXXXMC50X devices only.

DS70000657H-page 166 © 2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

11.5 1/O Helpful Tips

In some cases, certain pins, as defined in
Table 30-11, under “Injection Current”, have inter-
nal 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 respect to the Vss and VDD supplies. Note
that when the user application forward 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/0 pins that are shared with any analog input pin
(i.e., ANx) are always analog pins by default after
any Reset. Consequently, configuring a pin as an
analog input pin automatically disables the digital
input pin buffer and any attempt to read the digital
input level by reading PORTx or LATx will always
return a ‘0’, regardless of the digital logic level on
the pin. To use a pin as a digital I/O pin on a shared
ANX pin, the user application needs to configure the
Analog Pin Configuration registers in the I/O ports
module (i.e., ANSELX) by setting the appropriate bit
that corresponds to that I/O port pinto a ‘0.

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
create signal contention between the
analog signal and the output pin driver.

Most 1/0O pins have multiple functions. Referring to
the device pin diagrams in this data sheet, the prior-
ities of the functions allocated to any pins are
indicated by reading the pin name from left-to-right.
The left most function name takes precedence over
any function to its right in the naming convention.
For example: AN16/T2CK/T7CK/RC1. This indi-
cates 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.

Each pin has an internal weak pull-up resistor and
pull-down resistor that can be configured using the
CNPUx and CNPDx registers, respectively. These
resistors eliminate the need for external resistors
in certain applications. The internal pull-up is up to
~(VDD — 0.8), not VDD. This value is still above the
minimum VIH of CMOS and TTL devices.

When driving LEDs directly, the 1/0 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 IoL 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
externally connected device, they are not gov-
erned by the same minimum VIH/VIL levels. An /O
pin output can safely sink or source any current
less than that listed in the absolute maximum
rating section of this data sheet. For example:

VOH =2.4V @ IOH = -8 mA and VDD = 3.3V

The maximum output current sourced by any 8 mA

I/0 pin = 12 mA.

LED source current < 12 mA is technically

permitted. Refer to the VOH/IOH graphs in

Section 30.0 “Electrical Characteristics” for

additional information.

The Peripheral Pin Select (PPS) pin mapping rules

are as follows:

a) Only one “output” function can be active on a
given pin at any time, regardless if it is a ded-
icated or remappable function (one pin, one
output).

b) It is possible to assign a “remappable output”
function to multiple pins and externally short or
tie them together for increased current drive.

c) If any “dedicated output” function is enabled
on a pin, it will take precedence over any
remappable “output” function.

d) If any “dedicated digital” (input or output) func-
tion is enabled on a pin, any number of “input”
remappable functions can be mapped to the
same pin.

e) If any “dedicated analog” function(s) are
enabled on a given pin, “digital input(s)” of any
kind will all be disabled, although a single “dig-
ital output”, at the user’s cautionary discretion,
can be enabled and active as long as there is
no signal contention with an external analog
input signal. For example, it is possible for the
ADC to convert the digital output logic level, or
to toggle a digital output on a comparator or
ADC input provided there is no external
analog input, such as for a built-in self-test.

f)  Any number of “input” remappable functions
can be mapped to the same pin(s) at the same
time, including to any pin with a single output
from either a dedicated or remappable “output”.

© 2011-2013 Microchip Technology Inc.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

9)

The TRISx registers control only the digital 1/0
output buffer. Any other dedicated or remappa-
ble active “output” will automatically override
the TRIS setting. The TRISx register does not
control the digital logic “input” buffer. Remap-
pable digital “inputs” do not automatically
override TRIS settings, which means that the
TRISx bit must be set to input for pins with only
remappable input function(s) assigned

All analog pins are enabled by default after any
Reset and the corresponding digital input
buffer on the pin has been disabled. Only the
Analog Pin Select registers control the digital
input buffer, not the TRISx register. The user
must disable the analog function on a pin using
the Analog Pin Select registers in order to use
any “digital input(s)” on a corresponding pin, no
exceptions.

11.6 1/O Ports Resources

Many useful resources are provided on the main prod-
uct 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=en555464

11.6.1 KEY RESOURCES

* “I/O Ports” (DS70598) in the “dsPIC33/PIC24
Family Reference Manual”

+ Code Samples

 Application Notes

» Software Libraries

* Webinars

» All Related “dsPIC33/PIC24 Family Reference
Manual” Sections

« Development Tools
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 11-13: RPINR23: PERIPHERAL PIN SELECT INPUT REGISTER 23

U-0 u-0 uU-0 u-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— SS2R<6:0>
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’ = Bitis cleared x = Bit is unknown
bit 15-7 Unimplemented: Read as ‘0’
bit 6-0 SS2R<6:0>: Assign SPI2 Slave Select (SS2) to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)
1111001 = Input tied to RP1121
0000001 = Input tied to CMP1
0000000 = Input tied to Vss
REGISTER 11-14: RPINR26: PERIPHERAL PIN SELECT INPUT REGISTER 26
(dsPIC33EPXXXGP/MC50X DEVICES ONLY)
U-0 u-0 U-0 uU-0 U-0 U-0 u-0 uU-0
bit 15 bit 8
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— C1RXR<6:0>
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 15-7 Unimplemented: Read as ‘0’
bit 6-0 C1RXR<6:0>: Assign CAN1 RX Input (CRX1) to the Corresponding RPn Pin bits

(see Table 11-2 for input pin selection numbers)
1111001 = Input tied to RPI121

0000001 = Input tied to CMP1
0000000 = Input tied to Vss

© 2011-2013 Microchip Technology Inc.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

12.0 TIMER1

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a
comprehensive reference source. To com-
plement the information in this data sheet,
refer to “Timers” (DS70362) in the
“dsPIC33/PIC24 Family Reference Man-
ual”, 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 Timer1 module is a 16-bit timer that can operate as
a free-running interval timer/counter.

The Timer1 module can operate in one of the following
modes:

» Timer mode

* Gated Timer mode

» Synchronous Counter mode

» Asynchronous Counter mode

In Timer and Gated Timer modes, the input clock is
derived from the internal instruction cycle clock (Fcy).
In Synchronous and Asynchronous Counter modes,

the input clock is derived from the external clock input
at the T1CK pin.

The Timer modes are determined by the following bits:

» Timer Clock Source Control bit (TCS): TICON<1>

» Timer Synchronization Control bit (TSYNC):
T1CON<2>

» Timer Gate Control bit (TGATE): T1CON<6>

Timer control bit setting for different operating modes
are given in the Table 12-1.

TABLE 12-1: TIMER MODE SETTINGS
The Timer1 module has the following unique features
over other timers: Mode TCS TGATE TSYNC
* Can be operated in Asynchronous Counter mode Timer 0 0 X
from an external cllock source . Gated Timer 0 1
* The exterlnal clock |n_put (T1CK).can optionally be Synchronous 1 " 1
synchronized to the internal device clock and the Counter
clock synchronization is performed after the prescaler
. ) . — Asynchronous 1 X 0
A block diagram of Timer1 is shown in Figure 12-1. Counter
FIGURE 12-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM
.| Gate Falling Edge
Sync Detect Set T1IF Flag
_>
FP® | prescaler f}} T1CLK
(m) TGATE
ﬁ Reset Data
» 00 TMR1 |« Latch
TCKPS<1:0>
» 0 A CLK
T1CK x1
& ™~ > Prescaler > sync >l 1 Comparator Equal i -
L (i) CTMU
Edge Control
ﬁ TGATE Logic
TSYNC
TCKPS<1:0> PR1
Note 1: Fpis the peripheral clock.
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REGISTER 16-16: LEBCONx: PWMx LEADING-EDGE BLANKING CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0 uU-0
PHR PHF PLR PLF FLTLEBEN | CLLEBEN — —
bit 15 bit 8
u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — BCHY BCLW BPHH BPHL BPLH BPLL
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 PHR: PWMxH Rising Edge Trigger Enable bit
1 = Rising edge of PWMxH will trigger Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores rising edge of PWMxH
bit 14 PHF: PWMxH Falling Edge Trigger Enable bit
1 = Falling edge of PWMxH will trigger Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores falling edge of PWMxH
bit 13 PLR: PWMNxL Rising Edge Trigger Enable bit
1 = Rising edge of PWMxL will trigger Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores rising edge of PWMXxL
bit 12 PLF: PWMxL Falling Edge Trigger Enable bit
1 = Falling edge of PWMXxL will trigger Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores falling edge of PWMxL
bit 11 FLTLEBEN: Fault Input Leading-Edge Blanking Enable bit
1 = Leading-Edge Blanking is applied to selected Fault input
0 = Leading-Edge Blanking is not applied to selected Fault input
bit 10 CLLEBEN: Current-Limit Leading-Edge Blanking Enable bit
1 = Leading-Edge Blanking is applied to selected current-limit input
0 = Leading-Edge Blanking is not applied to selected current-limit input
bit 9-6 Unimplemented: Read as ‘0’
bit 5 BCH: Blanking in Selected Blanking Signal High Enable bit(})
1 = State blanking (of current-limit and/or Fault input signals) when selected blanking signal is high
0 = No blanking when selected blanking signal is high
bit 4 BCL: Blanking in Selected Blanking Signal Low Enable bit(!)
1 = State blanking (of current-limit and/or Fault input signals) when selected blanking signal is low
0 = No blanking when selected blanking signal is low
bit 3 BPHH: Blanking in PWMxH High Enable bit
1 = State blanking (of current-limit and/or Fault input signals) when PWMxH output is high
0 = No blanking when PWMxH output is high
bit 2 BPHL: Blanking in PWMxH Low Enable bit
1 = State blanking (of current-limit and/or Fault input signals) when PWMxH output is low
0 = No blanking when PWMxH output is low
bit 1 BPLH: Blanking in PWMxL High Enable bit
1 = State blanking (of current-limit and/or Fault input signals) when PWMxL output is high
0 = No blanking when PWMXxL output is high
bit 0 BPLL: Blanking in PWMxL Low Enable bit

Note 1:

1 = State blanking (of current-limit and/or Fault input signals) when PWMxL output is low

0 = No blanking when PWMXxL output is low

The blanking signal is selected via the BLANKSELX bits in the AUXCONX register.
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REGISTER 17-3: QEILSTAT: QEI1 STATUS REGISTER

uU-0 u-0 HS, R/C-0 R/W-0 HS, R/C-0 R/W-0 HS, R/C-0 R/W-0
— | — ‘ PCHEQIRQ ‘ PCHEQIEN | PCLEQIRQ | PCLEQIEN | POSOVIRQ | POSOVIEN
bit 15 bit 8
HS, R/C-0 R/W-0 HS, R/C-0 R/W-0 HS, R/C-0 R/W-0 HS, R/C-0 R/W-0
PCIIRQ®M PCIIEN VELOVIRQ | VELOVIEN | HOMIRQ HOMIEN IDXIRQ IDXIEN
bit 7 bit 0
Legend: HS = Hardware Settable bit 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 15-14 Unimplemented: Read as ‘0’
bit 13 PCHEQIRQ: Position Counter Greater Than or Equal Compare Status bit

1 =POS1CNT 2 QEIMGEC
0 =POS1CNT < QEI1GEC
bit 12 PCHEQIEN: Position Counter Greater Than or Equal Compare Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 11 PCLEQIRQ: Position Counter Less Than or Equal Compare Status bit
1 =POS1CNT < QEI1LEC
0 =POS1CNT > QEI1LEC
bit 10 PCLEQIEN: Position Counter Less Than or Equal Compare Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 9 POSOVIRQ: Position Counter Overflow Status bit

1 = Overflow has occurred
0 = No overflow has occurred

bit 8 POSOVIEN: Position Counter Overflow Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 7 PCIIRQ: Position Counter (Homing) Initialization Process Complete Status bit(!)
1 = POS1CNT was reinitialized
0 = POS1CNT was not reinitialized
bit 6 PCIIEN: Position Counter (Homing) Initialization Process Complete interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 5 VELOVIRQ: Velocity Counter Overflow Status bit

1 = Overflow has occurred
0 = No overflow has not occurred

bit 4 VELOVIEN: Velocity Counter Overflow Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 3 HOMIRQ: Status Flag for Home Event Status bit

1 = Home event has occurred
0 = No Home event has occurred

Note 1: This status bit is only applicable to PIMOD<2:0> modes, ‘011’ and ‘100’.
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REGISTER 17-4: POSI1CNTH: POSITION COUNTER 1 HIGH WORD REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
POSCNT<31:24>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
POSCNT<23:16>
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’ = Bitis cleared x = Bit is unknown
bit 15-0 POSCNT<31:16>: High Word Used to Form 32-Bit Position Counter Register (POS1CNT) bits

REGISTER 17-5: POSI1CNTL: POSITION COUNTER 1 LOW WORD REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
POSCNT<15:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
POSCNT<7:0>
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’ = Bitis cleared x = Bit is unknown
bit 15-0 POSCNT<15:0>: Low Word Used to Form 32-Bit Position Counter Register (POS1CNT) bits

REGISTER 17-6: POSI1HLD: POSITION COUNTER 1 HOLD REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
POSHLD<15:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
POSHLD<7:0>
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 15-0 POSHLD<15:0>: Hold Register for Reading and Writing POS1CNTH bits
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FIGURE 19-1: 12Cx BLOCK DIAGRAM (x=10R2)
Internal
Data Bus
| ™~
12CxRCV ’
| l L Read
X >
= shitt
SCLx/ASCLx Clock Y
| 12cxRsR
I LSb
>

SDAX/ASDAX Address Match .
‘ | Match Detect }7 Write

* : [2CxMSK }4—' 3
Write Read

‘ | 12CxADD H
[ Read

Start and Stop
Bit Detect

A 4

\i

Write
<|I<
Start and Stop .
N Bit Generation | €|  2cxsTAT
< o
— g Read
— Collision - :o' Write
— Detect ‘E
[ <}
©l@p  r2cxcon
,{F Acknowledge |
Generation - Read
> Clock -
~J Stretching Wit
— rite
~<]<——| I2CXTRN |4 N
I s —K >
l/\ Shift Clock Read
-z
™S Reload
If/ Control Write
*<]<7 BRG Down Counter 12CxBRG
* Read
FpP/2
v

DS70000657H-page 274 © 2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

22.0 CHARGE TIME
MEASUREMENT UNIT (CTMU)

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X  family  of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to “Charge Time Measure-
ment Unit (CTMU)” (DS70661) in the
“dsPIC33/PIC24 Family Reference Man-
ual’, 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 Charge Time Measurement Unit is a flexible analog
module that provides accurate differential time measure-
ment between pulse sources, as well as asynchronous
pulse generation. Its key features include:

» Four Edge Input Trigger Sources

» Polarity Control for Each Edge Source

+ Control of Edge Sequence

+ Control of Response to Edges

» Precise Time Measurement Resolution of 1 ns

» Accurate Current Source Suitable for Capacitive
Measurement

* On-Chip Temperature Measurement using a
Built-in Diode

Together with other on-chip analog modules, the CTMU
can be used to precisely measure time, measure
capacitance, measure relative changes in capacitance
or generate output pulses that are independent of the
system clock.

The CTMU module is ideal for interfacing with
capacitive-based sensors.The CTMU is controlled
through three registers: CTMUCON1, CTMUCON2
and CTMUICON. CTMUCON1 and CTMUCON2
enable the module and control edge source selection,
edge source polarity selection and edge sequencing.
The CTMUICON register controls the selection and
trim of the current source.
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REGISTER 23-5:

AD1CHS123: ADC1 INPUT CHANNEL 1, 2, 3 SELECT REGISTER

U-0 u-0 uU-0 U-0 U-0 R/W-0 R/W-0 R/W-0
— — — — — CH123NB1 | CH123NB0O | CH123SB
bit 15 bit 8
U-0 u-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0
— — — — — CH123NA1 | CH123NAO | CH123SA
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
bit 10-9

bit 8

bit 7-3
bit 2-1

Note 1:

Unimplemented: Read as ‘0’
CH123NB<1:0>: Channel 1, 2, 3 Negative Input Select for Sample MUXB bits
In 12-bit mode (AD21B = 1), CH123NB is Unimplemented and is Read as ‘0’:

ADC Channel
Value
CH1 CH2 CH3
11 AN9 AN10 AN11
1042  OA3/ANG AN7 ANS8
0x VREFL VREFL VREFL

CH123SB: Channel 1, 2, 3 Positive Input Select for Sample MUXB bit

In 12-bit mode (AD21B = 1), CH123SB is Unimplemented and is Read as ‘0’:

ADC Channel
Value
CH1 CH2 CH3
1@ OA1/AN3 OA2/ANO OA3/ANG
0.2) OA2/ANO AN1 AN2

Unimplemented: Read as ‘0’
CH123NA<1:0>: Channel 1, 2, 3 Negative Input Select for Sample MUXA bits
In 12-bit mode (AD21B = 1), CH123NA is Unimplemented and is Read as ‘0’:

ADC Channel
Value
CH1 CH2 CH3
11 AN9 AN10 AN11
1042 OA3/ANG AN7 ANS8
0x VREFL VREFL VREFL

ANO through AN7 are repurposed when comparator and op amp functionality is enabled. See Figure 23-1
to determine how enabling a particular op amp or comparator affects selection choices for Channels 1, 2

and 3.

The OAXx input is used if the corresponding op amp is selected (OPMODE (CMxCON<10>) = 1);
otherwise, the ANXx input is used.
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FIGURE 30-17: SPI12 MASTER MODE (FULL-DUPLEX, CKE =0, CKP = x, SMP =1)

TIMING CHARACTERISTICS
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TABLE 30-36: SPI2 MASTER MODE (FULL-DUPLEX, CKE =0, CKP =x, SMP =1)

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
Param. | Symbol Characteristic() Min. Typ.(z) Max. Units Conditions
SP10 FscP Maximum SCK2 Frequency — — 9 MHz |-40°C to +125°C
(Note 3)
SP20 TscF SCK2 OQutput Fall Time — — — ns See Parameter DO32
(Note 4)
SP21 TscR SCK2 Output Rise Time — — — ns See Parameter DO31
(Note 4)
SP30 TdoF SDO2 Data Output Fall Time — — — ns See Parameter DO32
(Note 4)
SP31 TdoR SDO2 Data Output Rise Time — — — ns See Parameter DO31
(Note 4)
SP35 TscH2doV, | SDO2 Data Output Valid after — 6 20 ns
TscL2doV | SCK2 Edge
SP36 TdoV2scH, | SDO2 Data Output Setup to 30 — — ns
TdoV2scL |First SCK2 Edge
SP40 TdiV2scH, | Setup Time of SDI2 Data 30 — — ns
TdiV2scL |Input to SCK2 Edge
SP41 TscH2diL, |Hold Time of SDI2 Data Input 30 — — ns
TscL2diL |to SCK2 Edge
Note 1: These parameters are characterized, but are not tested in manufacturing.
2: Data in “Typical” column is at 3.3V, +25°C unless otherwise stated.
3:  The minimum clock period for SCK2 is 111 ns. The clock generated in Master mode must not violate this
specification.
4: Assumes 50 pF load on all SPI2 pins.
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FIGURE 30-20: SPI2 SLAVE MODE (FULL-DUPLEX, CKE =0, CKP =1, SMP =0)
TIMING CHARACTERISTICS
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Note: Refer to Figure 30-1 for load conditions.
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FIGURE 30-23:  SPI1 MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY, CKE = 1)
TIMING CHARACTERISTICS
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Note: Refer to Figure 30-1 for load conditions.

TABLE 30-42: SPI1 MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY) 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
Param.| Symbol Characteristic(?) Min. Typ.(z) Max. | Units Conditions
SP10 |FscP Maximum SCK1 Frequency — — 15 MHz | (Note 3)
SP20 |TscF SCK1 Output Fall Time — — — ns |See Parameter DO32
(Note 4)
SP21 |TscR SCK1 Output Rise Time — — — ns |See Parameter DO31
(Note 4)
SP30 |TdoF SDO1 Data Output Fall Time — — — ns |See Parameter DO32
(Note 4)
SP31 TdoR SDO1 Data Output Rise Time — — — ns |See Parameter DO31
(Note 4)
SP35 | TscH2doV, | SDO1 Data Output Valid after — 6 20 ns
TscL2doV |SCK1 Edge
SP36 | TdiV2scH, | SDO1 Data Output Setup to 30 — — ns
TdiV2scL | First SCK1 Edge
Note 1: These parameters are characterized, but are not tested in manufacturing.

2: Data in “Typical” column is at 3.3V, +25°C unless otherwise stated.
3:  The minimum clock period for SCK1 is 66.7 ns. Therefore, the clock generated in Master mode must not

violate this specification.
Assumes 50 pF load on all SPI1 pins.
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TABLE 30-48: SPI1 SLAVE MODE (FULL-DUPLEX, CKE =0, CKP =0, SMP =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

Param.| Symbol Characteristic(t) Min. Typ.®d| Max. | Units Conditions
SP70 |FscP Maximum SCK1 Input Frequency — — 11 MHz | (Note 3)
SP72 | TscF SCK1 Input Fall Time — — — ns | See Parameter DO32
(Note 4)
SP73 |TscR SCK1 Input Rise Time — — — ns | See Parameter DO31
(Note 4)
SP30 |TdoF SDO1 Data Output Fall Time — — — ns | See Parameter DO32
(Note 4)
SP31 |TdoR SDO1 Data Output Rise Time — — — ns | See Parameter DO31
(Note 4)
SP35 |TscH2doV, | SDO1 Data Output Valid after — 6 20 ns
TscL2doV |SCK1 Edge
SP36 |TdoV2scH, | SDO1 Data Output Setup to 30 — — ns
TdoV2scL |First SCK1 Edge
SP40 |TdiV2scH, |Setup Time of SDI1 Data Input 30 — — ns
TdiV2scL |to SCK1 Edge
SP41 TscH2diL, |Hold Time of SDI1 Data Input 30 — — ns
TscL2diL |to SCK1 Edge
SP50 |TssL2scH, |SS1 1 to SCK1 T or SCK1 | 120 — — ns
TssL2scL | Input
SP51 |TssH2doZ |SS1 T to SDO1 Output 10 — 50 ns | (Note 4)
High-Impedance
SP52 |TscH2ssH, | SS1 T after SCK1 Edge 15Tcy +40| — — ns | (Note 4)
TsclL2ssH
Note 1: These parameters are characterized, but are not tested in manufacturing.
2: Data in “Typical” column is at 3.3V, +25°C unless otherwise stated.
3:  The minimum clock period for SCK1 is 91 ns. Therefore, the SCK1 clock generated by the master must
not violate this specification.
4: Assumes 50 pF load on all SPI1 pins.
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28-Lead Plastic Shrink Small Outline (SS) - 5.30 mm Body [SSOP]

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

http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS
Dimension Limits| MIN | NOM [ MAX
Contact Pitch E 0.65 BSC
Contact Pad Spacing C 7.20
Contact Pad Width (X28) X1 0.45
Contact Pad Length (X28) Y1 1.75
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing No. C04-2073A
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