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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"

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
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FIG
URE 3-1: dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X 
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REGISTER 7-2: CORCON: CORE CONTROL REGISTER(1)

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-0
VAR � US1 US0 EDT DL2 DL1 DL0

bit 15 bit 

R/W-0 R/W-0 R/W-1 R/W-0 R/C-0 R-0 R/W-0 R/W-0
SATA SATB SATDW ACCSAT IPL3(2) SFA RND IF

bit 7 bit 

Legend: C = Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as �0�
-n = Value at POR �1�= Bit is set �0� = Bit is cleared x = Bit is unknown

bit 15 VAR:  Variable Exception Processing Latency Control bit
1 = Variable exception processing is enabled
0 = Fixed exception processing is enabled

bit 3 IPL3:  CPU Interrupt Priority Level Status bit 3(2)

1 = CPU Interrupt Priority Level is greater than 7
0 = CPU Interrupt Priority Level is 7 or less

Note 1: For complete register details, see Register 3-2.
2: 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 133
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GISTER 10-1: PMD1: PERIPHERAL MO DULE 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 T1MD QEI1MD(1) PWMMD(1) �

t 15 bit 8

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0
I2C1MD U2MD U1MD SPI2MD SPI1MD � C1MD (2) AD1MD

t 7 bit 0

gend:
 = Readable bit W = Writable bit U = Unimplemented bit, read as �0�
 = Value at POR �1� = Bit is set �0� = Bit is cleared x = Bit is unknown

t 15 T5MD: Timer5 Module Disable bit
1 = Timer5 module is disabled
0 = Timer5 module is enabled

t 14 T4MD: Timer4 Module Disable bit
1 = Timer4 module is disabled
0 = Timer4 module is enabled

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

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

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

t 10 QEI1MD: QEI1 Module Disable bit(1)

1 = QEI1 module is disabled
0 = QEI1 module is enabled

t 9 PWMMD: PWM Module Disable bit(1)

1 = PWM module is disabled
0 = PWM module is enabled

t 8 Unimplemented:  Read as �0�
t 7 I2C1MD: I2C1 Module Disable bit

1 = I2C1 module is disabled
0 = I2C1 module is enabled

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

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

t 4 SPI2MD: SPI2 Module Disable bit
1 = SPI2 module is disabled
0 = SPI2 module is enabled

ote 1: This bit is available on dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices only.
2: This bit is available on dsPIC33EPXXXGP50X and dsPIC33EPXXXMC50X devices only.
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REGISTER 11-8: RPINR14: PERIPHERAL PIN SELECT INPUT REGISTER 14 
(dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X DEVICES ONLY)

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
� QEB1R<6:0>

bit 15 bit 

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
� QEA1R<6:0>

bit 7 bit 

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 14-8 QEB1R<6:0>: Assign B (QEB) 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

bit 7 Unimplemented:  Read as �0� 
bit 6-0 QEA1R<6:0>:  Assign A (QEA) 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. DS70000657H-page 189
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REGISTER 11-13: RPINR23: PERIPHERAL PIN SELECT INPUT REGISTER 23

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
� � � � � � � �

bit 15 bit 

U-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 

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 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 RPI121
.
.
.
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 U-0 U-0 U-0 U-0 U-0
� � � � � � � �

bit 15 bit 

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 

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. DS70000657H-page 193
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FIGURE 13-3: TYPE B/TYPE C TIMER PAIR BLOCK DIAGRAM (32-BIT TIMER)

13.1 Timerx/y 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.

13.1.1 KEY RESOURCES
� �Timers�  (DS70362) 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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Note 1: The ADC trigger is available on the TMR3:TMR2 andTMR5:TMR4 32-bit timer pairs.
2: Timerx is a Type B timer (x = 2 and 4).
3: Timery is a Type C timer (y = 3 and 5).
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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?d
DocName=en555464
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17.1 QEI 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.

17.1.1 KEY RESOURCES
� �Quadrature Encoder Interface�  (DS70601) in 

the “dsPIC33/PIC24 Family Reference Manual”
� Code Samples
� Application Notes
� Software Libraries
� Webinars
� All Related “dsPIC33/PIC24 Family Reference 

Manual” Sections
� Development Tools

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
�⁄  2011-2013 Microchip Technology Inc. DS70000657H-page 251
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FIG
URE 18-1: SPIx MODULE BLOCK DIAGRAM
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REGISTER 21-7: CxINTE: ECANx INTERRUPT ENABLE REGISTER

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
� � � � � � � �

bit 15 bit 

R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
IVRIE WAKIE ERRIE � FIFOIE RBOVIE RBIE TBIE

bit 7 bit 

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 IVRIE: Invalid Message Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 6 WAKIE:  Bus Wake-up Activity Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 5 ERRIE: Error Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 4 Unimplemented:  Read as �0�
bit 3 FIFOIE: FIFO Almost Full Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 2 RBOVIE:  RX Buffer Overflow Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 1 RBIE:  RX Buffer Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 0 TBIE:  TX Buffer Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
�⁄  2011-2013 Microchip Technology Inc. DS70000657H-page 297
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REGISTER 23-7: AD1CSSH: ADC1 INPUT SCAN SELECT REGISTER HIGH (1)

R/W-0 R/W-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0
CSS31 CSS30 � � � CSS26 (2) CSS25(2) CSS24(2)

bit 15 bit 

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
� � � � � � � �

bit 7 bit 

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 CSS31: ADC1 Input Scan Selection bit
1 = Selects CTMU capacitive and time measurement for input scan (Open)
0 = Skips CTMU capacitive and time measurement for input scan (Open)

bit 14 CSS30: ADC1 Input Scan Selection bit
1 = Selects CTMU on-chip temperature measurement for input scan (CTMU TEMP)
0 = Skips CTMU on-chip temperature measurement for input scan (CTMU TEMP)

bit 13-11 Unimplemented:  Read as �0�
bit 10 CSS26: ADC1 Input Scan Selection bit(2)

1 = Selects OA3/AN6 for input scan
0 = Skips OA3/AN6 for input scan

bit 9 CSS25: ADC1 Input Scan Selection bit(2)

1 = Selects OA2/AN0 for input scan
0 = Skips OA2/AN0 for input scan

bit 8 CSS24: ADC1 Input Scan Selection bit(2)

1 = Selects OA1/AN3 for input scan
0 = Skips OA1/AN3 for input scan

bit 7-0 Unimplemented:  Read as �0�

Note 1: All AD1CSSH bits can be selected by user software. However, inputs selected for scan, without a 
corresponding input on the device, convert VREFL.

2: The OAx input is used if the corresponding op amp is selected (OPMODE (CMxCON<10>) = 1); 
otherwise, the ANx input is used.
�⁄  2011-2013 Microchip Technology Inc. DS70000657H-page 335
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24.0 PERIPHERAL TRIGGER 
GENERATOR (PTG) MODULE

24.1 Module Introduction

The Peripheral Trigger Generator (PTG) provides a
means to schedule complex high-speed peripheral
operations that would be difficult to achieve using soft-
ware. The PTG module uses 8-bit commands, called
�Steps�, that the user writes to the PTG Queue
registers (PTGQUE0-PTGQUE7), which perform oper-
ations, such as wait for input signal, generate output
trigger and wait for timer.

The PTG module has the following major features:

� Multiple clock sources
� Two 16-bit general purpose timers
� Two 16-bit general limit counters
� Configurable for rising or falling edge triggering
� Generates processor interrupts to include:

- Four configurable processor interrupts
- Interrupt on a Step event in Single-Step mode
- Interrupt on a PTG Watchdog Timer time-out

� Able to receive trigger signals from these 
peripherals:
- ADC
- PWM
- Output Compare 
- Input Capture
- Op Amp/Comparator
- INT2

� Able to trigger or synchronize to these 
peripherals:
- Watchdog Timer
- Output Compare
- Input Capture
- ADC
- PWM 
- Op Amp/Comparator

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
complement the information in this data
sheet, refer to �Peripheral Trigger
Generator (PTG)�  (DS70669) in the
“dsPIC33/PIC24 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.
�⁄  2011-2013 Microchip Technology Inc. DS70000657H-page 337
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GISTER 25-2: CMxCON: COMPARATOR x CO NTROL REGISTER (x = 1, 2 OR 3)

R/W-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0
CON COE(2) CPOL � � OPMODE CEVT COUT

t 15 bit 8

R/W-0 R/W-0 U-0 R/W-0 U-0 U-0 R/W-0 R/W-0
EVPOL1 EVPOL0 � CREF (1) � � CCH1 (1) CCH0(1)

t 7 bit 0

gend:
 = Readable bit W = Writable bit U = Unimplemented bit, read as �0�
 = Value at POR �1� = Bit is set �0� = Bit is cleared x = Bit is unknown

t 15 CON: Op Amp/Comparator Enable bit
1 = Op amp/comparator is enabled
0 = Op amp/comparator is disabled

t 14 COE: Comparator Output Enable bit(2)

1 = Comparator output is present on the CxOUT pin
0 = Comparator output is internal only

t 13 CPOL:  Comparator Output Polarity Select bit
1 = Comparator output is inverted
0 = Comparator output is not inverted

t 12-11 Unimplemented:  Read as �0�
t 10 OPMODE: Op Amp/Comparator Operation Mode Select bit

1 = Circuit operates as an op amp
0 = Circuit operates as a comparator

t 9 CEVT: Comparator Event bit
1 = Comparator event according to the EVPOL<1:0> settings occurred; disables future triggers and

interrupts until the bit is cleared
0 = Comparator event did not occur

t 8 COUT: Comparator Output bit
When CPOL = 0 (non-inverted polarity):
1 = VIN+ > VIN-
0 = VIN+ < VIN-
When CPOL = 1 (inverted polarity):
1 = VIN+ < VIN-
0 = VIN+ > VIN-

ote 1: Inputs that are selected and not available will be tied to VSS. See the �Pin Diagrams�  section for available 
inputs for each package.

2: This output is not available when OPMODE (CMxCON<10>) = 1.
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.2 User ID Words

PIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X
d PIC24EPXXXGP/MC20X devices contain four
er ID Words, located at addresses, 0x800FF8
ough 0x800FFE. The User ID Words can be used for
ring product information such as serial numbers,
tem manufacturing dates, manufacturing lot

mbers and other application-specific information. 

e User ID Words register map is shown in
ble 27-3.

BLE 27-3: USER ID WORDS REGISTER 
MAP

.3 On-Chip Voltage Regulator

 of the dsPIC33EPXXXGP50X,
PIC33EPXXXMC20X/50X and PIC24EPXXXGP/
20X devices power their core digital logic at a

minal 1.8V. This can create a conflict for designs that
 required to operate at a higher typical voltage, such

 3.3V. To simplify system design, all devices in the
PIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X
d PIC24EPXXXGP/MC20X family incorporate an on-
ip regulator that allows the device to run its core logic
m VDD.

e regulator provides power to the core from the other
D pins. A low-ESR (less than 1 Ohm) capacitor (such
 tantalum or ceramic) must be connected to the VCAP
 (Figure 27-1). This helps to maintain the stability of
 regulator. The recommended value for the filter

pacitor is provided in Table 30-5 located in
ction 30.0 �Electrical Characteristics� . 

FIGURE 27-1: CONNECTIONS FOR THE 
ON-CHIP VOLTAGE 
REGULATOR(1,2,3)

27.4 Brown-out Reset (BOR)

The Brown-out Reset (BOR) module is based on an
internal voltage reference circuit that monitors the reg-
ulated supply voltage, VCAP. The main purpose of the
BOR module is to generate a device Reset when a
brown-out condition occurs. Brown-out conditions are
generally caused by glitches on the AC mains (for
example, missing portions of the AC cycle waveform
due to bad power transmission lines or voltage sags
due to excessive current draw when a large inductive
load is turned on).

A BOR generates a Reset pulse, which resets the
device. The BOR selects the clock source, based on
the device Configuration bit values (FNOSC<2:0> and
POSCMD<1:0>).

If an oscillator mode is selected, the BOR activates the
Oscillator Start-up Timer (OST). The system clock is
held until OST expires. If the PLL is used, the clock is
held until the LOCK bit (OSCCON<5>) is �1�.

Concurrently, the PWRT Time-out (TPWRT) is applied
before the internal Reset is released. If TPWRT = 0 and
a crystal oscillator is being used, then a nominal delay
of TFSCM is applied. The total delay in this case is
TFSCM. Refer to Parameter SY35 in Table 30-22 of
Section 30.0 �Electrical Characteristics�  for specific
TFSCM values.

The BOR status bit (RCON<1>) is set to indicate that a
BOR has occurred. The BOR circuit continues to oper-
ate while in Sleep or Idle modes and resets the device
should VDD fall below the BOR threshold voltage.

ile Name Address Bits 23-16 Bits 15-0

ID0 0x800FF8 � UID0
ID1 0x800FFA � UID1
ID2 0x800FFC � UID2
ID3 0x800FFE � UID3
gend: � = unimplemented, read as � 1�.

ote: It is important for the low-ESR capacitor to
be placed as close as possible to the VCAP
pin.

Note 1: These are typical operating voltages. 
Refer to Table 30-5 located in 
Section 30.1 �DC Characteristics�  for 
the full operating ranges of VDD and VCAP. 

2: It is important for the low-ESR capacitor 
to be placed as close as possible to the 
VCAP pin.

3: Typical VCAP pin voltage = 1.8V when 
VDD ≥ VDDMIN.

VDD

VCAP

VSS

dsPIC33E/PIC24E
3.3V

CEFC
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No
MUL MUL.SS Wb,Ws,Wnd {Wnd + 1, Wnd} = signed(Wb) * 
signed(Ws)

1 1 None

MUL.SS Wb,Ws,Acc (1) Accumulator = signed(Wb) * signed(Ws) 1 1 None

MUL.SU Wb,Ws,Wnd {Wnd + 1, Wnd} = signed(Wb) * 
unsigned(Ws)

1 1 None

MUL.SU Wb,Ws,Acc(1) Accumulator = signed(Wb) * 
unsigned(Ws)

1 1 None

MUL.SU Wb,#lit5,Acc (1) Accumulator = signed(Wb) * 
unsigned(lit5)

1 1 None

MUL.US Wb,Ws,Wnd {Wnd + 1, Wnd} = unsigned(Wb) * 
signed(Ws)

1 1 None

MUL.US Wb,Ws,Acc(1) Accumulator = unsigned(Wb) * 
signed(Ws)

1 1 None

MUL.UU Wb,Ws,Wnd {Wnd + 1, Wnd} = unsigned(Wb) * 
unsigned(Ws)

1 1 None

MUL.UU Wb,#lit5,Acc (1) Accumulator = unsigned(Wb) * 
unsigned(lit5)

1 1 None

MUL.UU Wb,Ws,Acc(1) Accumulator = unsigned(Wb) * 
unsigned(Ws)

1 1 None

MULW.SS Wb,Ws,Wnd Wnd = signed(Wb) * signed(Ws) 1 1 None

MULW.SU Wb,Ws,Wnd Wnd = signed(Wb) * unsigned(Ws) 1 1 None

MULW.US Wb,Ws,Wnd Wnd = unsigned(Wb) * signed(Ws) 1 1 None

MULW.UU Wb,Ws,Wnd Wnd = unsigned(Wb) * unsigned(Ws) 1 1 None

MUL.SU Wb,#lit5,Wnd {Wnd + 1, Wnd} = signed(Wb) * 
unsigned(lit5)

1 1 None

MUL.SU Wb,#lit5,Wnd Wnd = signed(Wb) * unsigned(lit5) 1 1 None

MUL.UU Wb,#lit5,Wnd {Wnd + 1, Wnd} = unsigned(Wb) * 
unsigned(lit5)

1 1 None

MUL.UU Wb,#lit5,Wnd Wnd = unsigned(Wb) * unsigned(lit5) 1 1 None

MUL f W3:W2 = f * WREG 1 1 None

BLE 28-2: INSTRUCTION SET OVERVIEW (CONTINUED)   
se
str
#

Assembly
Mnemonic Assembly Syntax Description # of 

Words
# of 

Cycles (2)
Status Flags 

Affected

te 1: These instructions are available in dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices only.
2: Read and Read-Modify-Write (e.g., bit operations and logical operations) on non-CPU SFRs incur an additional instruction cycle.
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TA
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N

IICL Input Low Injection Current
I60a 0 � -5 (4,7) mA All pins except VDD, VSS, 

AVDD, AVSS, MCLR, VCAP 
and RB7

IICH Input High Injection Current
I60b 0 � +5 (5,6,7) mA All pins except VDD, VSS, 

AVDD, AVSS, MCLR, VCAP, 
RB7 and all 5V tolerant 
pins(6)

�ƒIICT Total Input Injection Current
I60c (sum of all I/O and control 

pins)
-20(8) � +20 (8) mA Absolute instantaneous sum 

of all – input injection cur-
rents from all I/O pins
( | IICL + | IICH | ) �d �ƒIICT

BLE 30-11: DC CHARACTERISTICS: I/O PI N INPUT SPECIFICATIONS (CONTINUED)

C CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C �dTA �d+85°C for Industrial

-40°C �dTA �d+125°C for Extended

aram
No. Symbol Characteristic Min. Typ. Max. Units Conditions

ote 1: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified 
levels represent normal operating conditions. Higher leakage current can be measured at different input 
voltages.

2: Negative current is defined as current sourced by the pin.
3: See the � Pin Diagrams �  section for the 5V tolerant I/O pins.
4: VIL source < (VSS � 0.3). Characterized but not tested.
5: Non-5V tolerant pins VIH source > (VDD + 0.3), 5V tolerant pins VIH source > 5.5V. Characterized but not 

tested.
6: Digital 5V tolerant pins cannot tolerate any �positive� input injection current from input sources > 5.5V.
7: Non-zero injection currents can affect the ADC results by approximately 4-6 counts. 
8: Any number and/or combination of I/O pins not excluded under IICL or IICH conditions are permitted 

provided the mathematical �absolute instantaneous� sum of the input injection currents from all pins do not 
exceed the specified limit. Characterized but not tested.
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TABLE 30-22: RESET, WATCHDOG TIMER, OSCILL ATOR START-UP TIMER, POWER-UP TIMER 
TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  �dTA �d+85°C for Industrial

-40°C  �dTA �d+125°C for Extended

Param
No. Symbol Characteristic (1) Min. Typ. (2) Max. Units Conditions

SY00 TPU Power-up Period � 400 600 �Ps
SY10 TOST Oscillator Start-up Time � 1024 T OSC � � T OSC = OSC1 period
SY12 TWDT Watchdog Timer 

Time-out Period 
0.81 0.98 1.22 ms WDTPRE = 0, 

WDTPOST<3:0> = 0000 , using 
LPRC tolerances indicated in F21
(see Table 30-20) at +85”C

3.26 3.91 4.88 ms WDTPRE = 1, 
WDTPOST<3:0> = 0000 , using 
LPRC tolerances indicated in F21
(see Table 30-20) at +85”C

SY13 TIOZ I/O High-Impedance 
from MCLR Low or 
Watchdog Timer Reset

0.68 0.72 1.2 �Ps

SY20 TMCLR MCLR Pulse Width (low) 2 � � �Ps
SY30 TBOR BOR Pulse Width (low) 1 � � �Ps
SY35 TFSCM Fail-Safe Clock Monitor 

Delay
� 500 900 �Ps -40°C to +85°C

SY36 TVREG Voltage Regulator 
Standby-to-Active mode 
Transition Time

� � 30 �Ps

SY37 TOSCDFRC FRC Oscillator Start-up 
Delay

46 48 54 �Ps

SY38 TOSCDLPRC LPRC Oscillator Start-up 
Delay

� � 70 �Ps

Note 1: These parameters are characterized but not tested in manufacturing.
2: Data in �Typical� column is at 3.3V, +25°C unless otherwise stated.
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FIG
URE 30-26: SPI1 SLAVE MO DE (FULL-DUPLEX, CKE = 1, CKP = 0, SMP = 0) 
TIMING CHARACTERISTICS

SS1

SCK1
(CKP = 0)

SCK1
(CKP = 1)

SDO1

SP60

SDI1

SP30, SP31

MSb Bit 14 - - - - - -1 LSb

SP51

Bit 14 - - - -1 LSb In

SP52

SP73SP72

SP72SP73

SP40

SP41

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

SP36

SP50

SP35

SP70

MSb In
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TABLE 30-47: SPI1 SLAVE MO DE (FULL-DUPLEX, CKE = 0, CKP = 1, SMP = 0) 
TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C �d TA �d +85°C for Industrial

-40°C �dTA �d+125°C for Extended

Param. Symbol Characteristic (1) Min. Typ. (2) Max. Units Conditions

SP70 FscP Maximum SCK1 Input Frequency � � 15 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,

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

SP50 TssL2scH, 
TssL2scL

SS1 �p to SCK1 �n or SCK1 �p��
Input

120 � � ns

SP51 TssH2doZ SS1 �n to SDO1 Output
High-Impedance

10 � 50 ns (Note 4)

SP52 TscH2ssH,
TscL2ssH

SS1 �n��after SCK1 Edge 1.5 TCY + 40 � � ns (Note 4)

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 SCK1 clock generated by the master mus

not violate this specification.
4: Assumes 50 pF load on all SPI1 pins.
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FIG

FIG
URE 30-32: I2Cx BUS START/STOP BITS TIMING CHARACTERISTICS (SLAVE MODE)   

URE 30-33:  I2Cx BUS DATA TIMING  CHARACTERISTICS (SLAVE MODE)   
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