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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade

Details

Product Status Active

Core Processor dsPIC

Core Size 16-Bit

Speed 70 MIPs

Connectivity CANbus, I²C, IrDA, LINbus, QEI, SPI, UART/USART

Peripherals Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, WDT

Number of I/O 35

Program Memory Size 64KB (22K x 24)

Program Memory Type FLASH

EEPROM Size -

RAM Size 4K x 16

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

Data Converters A/D 9x10b/12b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 44-VQFN Exposed Pad

Supplier Device Package 44-QFN (8x8)

Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/dspic33ep64mc504t-i-ml

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/dspic33ep64mc504t-i-ml-4406876
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
dsPIC33EPXXXGP50X, 
dsPIC33EPXXXMC20X/50X AND 
PIC24EPXXXGP/MC20X PRODUCT 
FAMILIES

The device names, pin counts, memory sizes and
peripheral availability of each device are listed in
Table 1 (General Purpose Families) and Table 2 (Motor
Control Families). Their pinout diagrams appear on the
following pages.

TABLE 1: dsPIC33EPXXXGP50X and PIC24EPXXXGP20X GENERAL PURPOSE FAMILIES
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PIC24EP32GP202 512 32 4

5 4 4 2 2 — 3 2 1 6 2/3(1) Yes Yes 21 28

SPDIP,
SOIC, 

SSOP(4), 
QFN-S

PIC24EP64GP202 1024 64 8

PIC24EP128GP202 1024 128 16

PIC24EP256GP202 1024 256 32

PIC24EP512GP202 1024 512 48

PIC24EP32GP203 512 32 4
5 4 4 2 2 — 3 2 1 8 3/4 Yes Yes 25 36 VTLA

PIC24EP64GP203 1024 64 8

PIC24EP32GP204 512 32 4

5 4 4 2 2 — 3 2 1 9 3/4 Yes Yes 35
44/
48

VTLA(4),
TQFP, 
QFN, 
UQFN

PIC24EP64GP204 1024 64 8

PIC24EP128GP204 1024 128 16

PIC24EP256GP204 1024 256 32

PIC24EP512GP204 1024 512 48

PIC24EP64GP206 1024 64 8

5 4 4 2 2 — 3 2 1 16 3/4 Yes Yes 53 64
TQFP,
QFN

PIC24EP128GP206 1024 128 16

PIC24EP256GP206 1024 256 32

PIC24EP512GP206 1024 512 48

dsPIC33EP32GP502 512 32 4

5 4 4 2 2 1 3 2 1 6 2/3(1) Yes Yes 21 28

SPDIP,
SOIC, 

SSOP(4), 
QFN-S

dsPIC33EP64GP502 1024 64 8

dsPIC33EP128GP502 1024 128 16

dsPIC33EP256GP502 1024 256 32

dsPIC33EP512GP502 1024 512 48

dsPIC33EP32GP503 512 32 4
5 4 4 2 2 1 3 2 1 8 3/4 Yes Yes 25 36 VTLA

dsPIC33EP64GP503 1024 64 8

dsPIC33EP32GP504 512 32 4

5 4 4 2 2 1 3 2 1 9 3/4 Yes Yes 35
44/
48

VTLA(4),
TQFP, 
QFN, 
UQFN

dsPIC33EP64GP504 1024 64 8

dsPIC33EP128GP504 1024 128 16

dsPIC33EP256GP504 1024 256 32

dsPIC33EP512GP504 1024 512 48

dsPIC33EP64GP506 1024 64 8

5 4 4 2 2 1 3 2 1 16 3/4 Yes Yes 53 64
TQFP,
QFN

dsPIC33EP128GP506 1024 128 16

dsPIC33EP256GP506 1024 256 32

dsPIC33EP512GP506 1024 512 48

Note 1: On 28-pin devices, Comparator 4 does not have external connections. Refer to Section 25.0 “Op Amp/Comparator Module” for details.
2: Only SPI2 is remappable.
3: INT0 is not remappable.
4: The SSOP and VTLA packages are not available for devices with 512 Kbytes of memory.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
Pin Diagrams (Continued) 
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dsPIC33EP64GP506

PIC24EP64GP206
PIC24EP128GP206
PIC24EP256GP206

dsPIC33EP128GP506
dsPIC33EP256GP506
dsPIC33EP512GP506

PIC24EP512GP206

Note 1: 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 “I/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 
to VSS externally.

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.

64-Pin TQFP(1,2,3) = Pins are up to 5V tolerant 
DS70000657H-page 18  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
2.7 Oscillator Value Conditions on 
Device Start-up

If the PLL of the target device is enabled and
configured for the device start-up oscillator, the
maximum oscillator source frequency must be limited
to 3 MHz < FIN < 5.5 MHz to comply with device PLL
start-up conditions. This means that if the external
oscillator frequency is outside this range, the
application must start-up in the FRC mode first. The
default PLL settings after a POR with an oscillator
frequency outside this range will violate the device
operating speed.

Once the device powers up, the application firmware
can initialize the PLL SFRs, CLKDIV and PLLFBD, to a
suitable value, and then perform a clock switch to the
Oscillator + PLL clock source. Note that clock switching
must be enabled in the device Configuration Word. 

2.8 Unused I/Os 

Unused I/O pins should be configured as outputs and
driven to a logic low state.

Alternatively, connect a 1k to 10k resistor between VSS

and unused pins, and drive the output to logic low.

2.9 Application Examples

• Induction heating
• Uninterruptable Power Supplies (UPS)

• DC/AC inverters
• Compressor motor control
• Washing machine 3-phase motor control 
• BLDC motor control
• Automotive HVAC, cooling fans, fuel pumps
• Stepper motor control

• Audio and fluid sensor monitoring
• Camera lens focus and stability control
• Speech (playback, hands-free kits, answering 

machines, VoIP)

• Consumer audio
• Industrial and building control (security systems 

and access control)
• Barcode reading

• Networking: LAN switches, gateways
• Data storage device management
• Smart cards and smart card readers

Examples of typical application connections are shown
in Figure 2-4 through Figure 2-8.

FIGURE 2-4: BOOST CONVERTER IMPLEMENTATION
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
bit 2 SFA: Stack Frame Active Status bit

1 = Stack frame is active; W14 and W15 address 0x0000 to 0xFFFF, regardless of DSRPAG and
DSWPAG values

0 = Stack frame is not active; W14 and W15 address of EDS or Base Data Space

bit 1 RND: Rounding Mode Select bit(1)

1 = Biased (conventional) rounding is enabled
0 = Unbiased (convergent) rounding is enabled

bit 0 IF: Integer or Fractional Multiplier Mode Select bit(1)

1 = Integer mode is enabled for DSP multiply
0 = Fractional mode is enabled for DSP multiply

REGISTER 3-2: CORCON: CORE CONTROL REGISTER (CONTINUED)

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

2: This bit is always read as ‘0’.

3: The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU Interrupt Priority Level.
 2011-2013 Microchip Technology Inc. DS70000657H-page 43



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 4-11: DATA MEMORY MAP FOR dsPIC33EP512MC20X/50X AND dsPIC33EP512GP50X 
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 4-13: DATA MEMORY MAP FOR PIC24EP64GP/MC20X/50X DEVICES
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 11-2: RPINR1: PERIPHERAL PIN SELECT INPUT REGISTER 1

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

— INT2R<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 INT2R<6:0>: Assign External Interrupt 2 (INT2) 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

REGISTER 11-3: RPINR3: PERIPHERAL PIN SELECT INPUT REGISTER 3

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

— T2CKR<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 T2CKR<6:0>: Assign Timer2 External Clock (T2CK) 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
DS70000657H-page 184  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 13-1: TYPE B TIMER BLOCK DIAGRAM (x = 2 AND 4)

FIGURE 13-2: TYPE C TIMER BLOCK DIAGRAM (x = 3 AND 5) 

Note 1: FP is the peripheral clock.
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Note 1: FP is the peripheral clock.
2: The ADC trigger is available on TMR3 and TMR5 only.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
NOTES:
DS70000657H-page 218  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
16.1.2 WRITE-PROTECTED REGISTERS

On dsPIC33EPXXXMC20X/50X and
PIC24EPXXXMC20X devices, write protection is
implemented for the IOCONx and FCLCONx registers.
The write protection feature prevents any inadvertent
writes to these registers. This protection feature can be
controlled by the PWMLOCK Configuration bit
(FOSCSEL<6>). The default state of the write
protection feature is enabled (PWMLOCK = 1). The
write protection feature can be disabled by configuring,
PWMLOCK = 0.

To gain write access to these locked registers, the user
application must write two consecutive values of
(0xABCD and 0x4321) to the PWMKEY register to
perform the unlock operation. The write access to the
IOCONx or FCLCONx registers must be the next SFR
access following the unlock process. There can be no
other SFR accesses during the unlock process and
subsequent write access. To write to both the IOCONx
and FCLCONx registers requires two unlock operations.

The correct unlocking sequence is described in
Example 16-1.

EXAMPLE 16-1: PWMx WRITE-PROTECTED REGISTER UNLOCK SEQUENCE

; FLT32 pin must be pulled low externally in order to clear and disable the fault
; Writing to FCLCON1 register requires unlock sequence

mov #0xabcd,w10 ; Load first unlock key to w10 register
mov #0x4321,w11 ; Load second unlock key to w11 register
mov #0x0000,w0 ; Load desired value of FCLCON1 register in w0
mov w10, PWMKEY ; Write first unlock key to PWMKEY register
mov w11, PWMKEY ; Write second unlock key to PWMKEY register
mov w0,FCLCON1 ; Write desired value to FCLCON1 register
    
; Set PWM ownership and polarity using the IOCON1 register
; Writing to IOCON1 register requires unlock sequence

mov #0xabcd,w10 ; Load first unlock key to w10 register
mov #0x4321,w11 ; Load second unlock key to w11 register
mov #0xF000,w0 ; Load desired value of IOCON1 register in w0
mov w10, PWMKEY ; Write first unlock key to PWMKEY register
mov w11, PWMKEY ; Write second unlock key to PWMKEY register
mov w0,IOCON1 ; Write desired value to IOCON1 register
DS70000657H-page 226  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
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 U-0 U-0

PHR PHF PLR PLF FLTLEBEN CLLEBEN — —

bit 15 bit 8

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

— — BCH(1) BCL(1) BPHH BPHL BPLH BPLL

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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

bit 15 PHR: PWMxH Rising Edge Trigger Enable bit
1 = Rising edge of PWMxH will trigger 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: PWMxL Rising Edge Trigger Enable bit
1 = Rising edge of PWMxL will trigger Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores rising edge of PWMxL

bit 12 PLF: PWMxL Falling Edge Trigger Enable bit
1 = Falling edge of PWMxL 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)

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)

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 PWMxL output is high

bit 0 BPLL: Blanking in PWMxL Low Enable bit
1 = State blanking (of current-limit and/or Fault input signals) when PWMxL output is low
0 = No blanking when PWMxL output is low

Note 1: The blanking signal is selected via the BLANKSELx bits in the AUXCONx register.
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REGISTER 21-8: CxEC: ECANx TRANSMIT/RECEIVE ERROR COUNT REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

TERRCNT<7:0>

bit 15 bit 8

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

RERRCNT<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 15-8 TERRCNT<7:0>: Transmit Error Count bits

bit 7-0 RERRCNT<7:0>: Receive Error Count bits

REGISTER 21-9: CxCFG1: ECANx BAUD RATE CONFIGURATION REGISTER 1

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

— — — — — — — —

bit 15 bit 8

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

SJW1 SJW0 BRP5 BRP4 BRP3 BRP2 BRP1 BRP0

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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

bit 15-8 Unimplemented: Read as ‘0’

bit 7-6 SJW<1:0>: Synchronization Jump Width bits

11 = Length is 4 x TQ 
10 = Length is 3 x TQ 
01 = Length is 2 x TQ 
00 = Length is 1 x TQ 

bit 5-0 BRP<5:0>: Baud Rate Prescaler bits

11 1111 = TQ = 2 x 64 x 1/FCAN 

•

•

•

00 0010 = TQ = 2 x 3 x 1/FCAN

00 0001 = TQ = 2 x 2 x 1/FCAN 
00 0000 = TQ = 2 x 1 x 1/FCAN
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bit 1 C2OUT: Comparator 2 Output Status bit(2)

When CPOL = 0:
1 = VIN+ > VIN-
0 = VIN+ < VIN-

When CPOL = 1:
1 = VIN+ < VIN-
0 = VIN+ > VIN-

bit 0 C1OUT: Comparator 1 Output Status bit(2)

When CPOL = 0:
1 = VIN+ > VIN-
0 = VIN+ < VIN-

When CPOL = 1:
1 = VIN+ < VIN-
0 = VIN+ > VIN-

REGISTER 25-1: CMSTAT: OP AMP/COMPARATOR STATUS REGISTER (CONTINUED)

Note 1: Reflects the value of the of the CEVT bit in the respective Op Amp/Comparator Control register, 
CMxCON<9>.

2: Reflects the value of the COUT bit in the respective Op Amp/Comparator Control register, CMxCON<8>. 
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FIGURE 30-25: SPI1 MASTER MODE (FULL-DUPLEX, CKE = 0, CKP = x, SMP = 1) 
TIMING CHARACTERISTICS

TABLE 30-44: SPI1 MASTER MODE (FULL-DUPLEX, CKE = 0, CKP = x, SMP = 1) 
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(1) Min. Typ.(2) Max. Units Conditions

SP10 FscP Maximum SCK1 Frequency — — 10 MHz -40ºC to +125ºC
(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,
TscL2doV

SDO1 Data Output Valid after
SCK1 Edge

— 6 20 ns

SP36 TdoV2scH, 
TdoV2scL

SDO1 Data Output Setup to
First SCK1 Edge

30 — — ns

SP40 TdiV2scH, 
TdiV2scL

Setup Time of SDI1 Data 
Input to SCK1 Edge

30 — — ns

SP41 TscH2diL, 
TscL2diL

Hold Time of SDI1 Data Input
to SCK1 Edge 

30 — — ns

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 100 ns. The clock generated in Master mode must not violate this 
specification.

4: Assumes 50 pF load on all SPI1 pins.

SCK1
(CKP = 0)

SCK1
(CKP = 1)

SDO1

SDI1

SP40 SP41

SP21SP20SP35

SP20SP21

MSb LSbBit 14 - - - - - -1

LSb InBit 14 - - - -1

SP30, SP31SP30, SP31

Note: Refer to Figure 30-1 for load conditions.

SP36

MSb In

SP10
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FIGURE 30-30: I2Cx BUS START/STOP BITS TIMING CHARACTERISTICS (MASTER MODE)   

FIGURE 30-31: I2Cx BUS DATA TIMING CHARACTERISTICS (MASTER MODE)   

SCLx

SDAx

Start
Condition

Stop
Condition

Note: Refer to Figure 30-1 for load conditions.

IM30

IM31

IM33

IM34

IM11
IM10 IM33

IM11

IM10

IM20

IM26

IM25

IM40 IM40 IM45

IM21

SCLx

SDAx
In

SDAx
Out

Note: Refer to Figure 30-1 for load conditions.
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NOTES:
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 

http://www.microchip.com/packaging
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Section 30.0 “Electrical 
Characteristics”

Removed Voltage on VCAP with respect to Vss and added Note 5 in Absolute 
Maximum Ratings(1).

Removed Parameter DC18 (VCORE) and Note 3 from the DC Temperature and 
Voltage Specifications (see Table 30-4).

Updated Note 1 in the DC Characteristics: Operating Current (IDD) (see Table 30-6).

Updated Note 1 in the DC Characteristics: Idle Current (IIDLE) (see Table 30-7).

Changed the Typical values for Parameters DC60a-DC60d and updated Note 1 in the 
DC Characteristics: Power-down Current (IPD) (see Table 30-8).

Updated Note 1 in the DC Characteristics: Doze Current (IDOZE) (see Table 30-9).

Updated Note 2 in the Electrical Characteristics: BOR (see Table 30-12).

Updated Parameters CM20 and CM31, and added Parameters CM44 and CM45 in 
the AC/DC Characteristics: Op amp/Comparator (see Table 30-14).

Added the Op amp/Comparator Reference Voltage Settling Time Specifications (see 
Table 30-15).

Added Op amp/Comparator Voltage Reference DC Specifications (see Table 30-16).

Updated Internal FRC Accuracy Parameter F20a (see Table 30-21).

Updated the Typical value and Units for Parameter CTMUI1, and added Parameters 
CTMUI4, CTMUFV1, and CTMUFV2 to the CTMU Current Source Specifications (see 
Table 30-55).

Section 31.0 “Packaging 
Information”

Updated packages by replacing references of VLAP with TLA.

“Product Identification 
System”

Changed VLAP to TLA.

TABLE A-1: MAJOR SECTION UPDATES (CONTINUED)

Section Name Update Description
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DMAxSTAH (DMA Channel x 
Start Address A, High) ...................................... 144

DMAxSTAL (DMA Channel x 
Start Address A, Low) ....................................... 144

DMAxSTBH (DMA Channel x 
Start Address B, High) ...................................... 145

DMAxSTBL (DMA Channel x 
Start Address B, Low) ....................................... 145

DSADRH (DMA Most Recent RAM 
High Address) ................................................... 147

DSADRL (DMA Most Recent RAM 
Low Address) .................................................... 147

DTRx (PWMx Dead-Time) ........................................ 238
FCLCONx (PWMx Fault Current-Limit Control) ........ 243
I2CxCON (I2Cx Control) ........................................... 276
I2CxMSK (I2Cx Slave Mode Address Mask) ............ 280
I2CxSTAT (I2Cx Status) ........................................... 278
ICxCON1 (Input Capture x Control 1) ....................... 215
ICxCON2 (Input Capture x Control 2) ....................... 216
INDX1CNTH (Index Counter 1 High Word) .............. 259
INDX1CNTL (Index Counter 1 Low Word) ................ 259
INDX1HLD (Index Counter 1 Hold) ........................... 260
INT1HLDH (Interval 1 Timer Hold High Word).......... 264
INT1HLDL (Interval 1 Timer Hold Low Word) ........... 264
INT1TMRH (Interval 1 Timer High Word).................. 263
INT1TMRL (Interval 1 Timer Low Word) ................... 263
INTCON1 (Interrupt Control 1) .................................. 134
INTCON2 (Interrupt Control 2) .................................. 136
INTCON2 (Interrupt Control 3) .................................. 137
INTCON4 (Interrupt Control 4) .................................. 137
INTTREG (Interrupt Control and Status)................... 138
IOCONx (PWMx I/O Control) .................................... 240
LEBCONx (PWMx Leading-Edge 

Blanking Control) .............................................. 245
LEBDLYx (PWMx Leading-Edge 

Blanking Delay)................................................. 246
MDC (PWMx Master Duty Cycle).............................. 234
NVMADRH (Nonvolatile Memory Address High) ...... 122
NVMADRL (Nonvolatile Memory Address Low)........ 122
NVMCON (Nonvolatile Memory (NVM) Control) ....... 121
NVMKEY (Nonvolatile Memory Key) ........................ 122
OCxCON1 (Output Compare x Control 1) ................ 221
OCxCON2 (Output Compare x Control 2) ................ 223
OSCCON (Oscillator Control) ................................... 156
OSCTUN (FRC Oscillator Tuning) ............................ 161
PDCx (PWMx Generator Duty Cycle) ....................... 237
PHASEx (PWMx Primary Phase-Shift) ..................... 237
PLLFBD (PLL Feedback Divisor) .............................. 160
PMD1 (Peripheral Module Disable Control 1) ........... 166
PMD2 (Peripheral Module Disable Control 2) ........... 168
PMD3 (Peripheral Module Disable Control 3) ........... 169
PMD4 (Peripheral Module Disable Control 4) ........... 169
PMD6 (Peripheral Module Disable Control 6) ........... 170
PMD7 (Peripheral Module Disable Control 7) ........... 171
POS1CNTH (Position Counter 1 High Word) ........... 258
POS1CNTL (Position Counter1 Low Word) .............. 258
POS1HLD (Position Counter 1 Hold) ........................ 258
PTCON (PWMx Time Base Control)......................... 230
PTCON2 (PWMx Primary Master Clock 

Divider Select 2)................................................ 232
PTGADJ (PTG Adjust) .............................................. 348
PTGBTE (PTG Broadcast Trigger Enable) ............... 343
PTGC0LIM (PTG Counter 0 Limit) ............................ 346
PTGC1LIM (PTG Counter 1 Limit) ............................ 347
PTGCON (PTG Control) ........................................... 342

PTGCST (PTG Control/Status)................................. 340
PTGHOLD (PTG Hold) ............................................. 347
PTGL0 (PTG Literal 0).............................................. 348
PTGQPTR (PTG Step Queue Pointer) ..................... 349
PTGQUEx (PTG Step Queue x) ............................... 349
PTGSDLIM (PTG Step Delay Limit) ......................... 346
PTGT0LIM (PTG Timer0 Limit)................................. 345
PTGT1LIM (PTG Timer1 Limit)................................. 345
PTPER (PWMx Primary Master Time 

Base Period)..................................................... 233
PWMCONx (PWMx Control)..................................... 235
QEI1CON (QEI1 Control) ......................................... 252
QEI1GECH (QEI1 Greater Than or Equal 

Compare High Word)........................................ 262
QEI1GECL (QEI1 Greater Than or Equal 

Compare Low Word) ........................................ 262
QEI1ICH (QEI1 Initialization/Capture 

High Word) ....................................................... 260
QEI1ICL (QEI1 Initialization/Capture 

Low Word) ........................................................ 260
QEI1IOC (QEI1 I/O Control) ..................................... 254
QEI1LECH (QEI1 Less Than or Equal 

Compare High Word)........................................ 261
QEI1LECL (QEI1 Less Than or Equal 

Compare Low Word) ........................................ 261
QEI1STAT (QEI1 Status).......................................... 256
RCON (Reset Control).............................................. 125
REFOCON (Reference Oscillator Control) ............... 162
RPINR0 (Peripheral Pin Select Input 0).................... 183
RPINR1 (Peripheral Pin Select Input 1).................... 184
RPINR11 (Peripheral Pin Select Input 11)................ 187
RPINR12 (Peripheral Pin Select Input 12)................ 188
RPINR14 (Peripheral Pin Select Input 14)................ 189
RPINR15 (Peripheral Pin Select Input 15)................ 190
RPINR18 (Peripheral Pin Select Input 18)................ 191
RPINR19 (Peripheral Pin Select Input 19)................ 191
RPINR22 (Peripheral Pin Select Input 22)................ 192
RPINR23 (Peripheral Pin Select Input 23)................ 193
RPINR26 (Peripheral Pin Select Input 26)................ 193
RPINR3 (Peripheral Pin Select Input 3).................... 184
RPINR37 (Peripheral Pin Select Input 37)................ 194
RPINR38 (Peripheral Pin Select Input 38)................ 195
RPINR39 (Peripheral Pin Select Input 39)................ 196
RPINR7 (Peripheral Pin Select Input 7).................... 185
RPINR8 (Peripheral Pin Select Input 8).................... 186
RPOR0 (Peripheral Pin Select Output 0).................. 197
RPOR1 (Peripheral Pin Select Output 1).................. 197
RPOR2 (Peripheral Pin Select Output 2).................. 198
RPOR3 (Peripheral Pin Select Output 3).................. 198
RPOR4 (Peripheral Pin Select Output 4).................. 199
RPOR5 (Peripheral Pin Select Output 5).................. 199
RPOR6 (Peripheral Pin Select Output 6).................. 200
RPOR7 (Peripheral Pin Select Output 7).................. 200
RPOR8 (Peripheral Pin Select Output 8).................. 201
RPOR9 (Peripheral Pin Select Output 9).................. 201
SEVTCMP (PWMx Primary Special 

Event Compare) ............................................... 233
SPIxCON1 (SPIx Control 1)...................................... 270
SPIxCON2 (SPIx Control 2)...................................... 272
SPIxSTAT (SPIx Status and Control) ....................... 268
SR (CPU STATUS)............................................. 40, 132
T1CON (Timer1 Control) .......................................... 205
TRGCONx (PWMx Trigger Control) ......................... 239
TRIGx (PWMx Primary Trigger Compare Value)...... 242
TxCON (Timer2 and Timer4 Control) ....................... 210
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