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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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Table 1. MPC5668G/MPC5668E Comparison

Feature MPC5668G MPC5668E

Package 208 MAPBGA 256 MAPBGA 208 MAPBGA 256 MAPBGA

RAM with ECC 592 KB 128 KB

MPU No 16 entry
DMA 16-channel 32-channel

Ethernet (FEC) Yes No

MediaLB (MLB-DIM) Yes No
FlexRay Yes (128 Message Buffers) No

ADC (10-bit) 36 internal channels
Supports 32 external channels

64 internal channels
Supports 32 external channels

Total Timer I/O (eMIOS200) 24 channels, 16-bit 32 channels, 16-bit 

Cross Trigger Unit (CTU) No Yes
SCI (eSCI) 6 12

SPI (DSPI) 4 4

CAN (FlexCAN) 6 5
I2C 4 4

Nexus3 Debug (e200Z6)
Nexus2+ Debug (e200Z0) —

Supported on 256BGA 
emulation package —

Supported on 256BGA 
emulation package
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PE3 PE[3]
RXD_D
eMIOS[28]

67 00
01
10
11

Port E GPIO
eSCI_D Receive
eMIOS Channel
—

I/O
I

I/O

VDDE2 SH — — F3 F3

PE4 PE[4]
TXD_E
eMIOS[27]

68 00
01
10
11

Port E GPIO
eSCI_E Transmit
eMIOS Channel
—

I/O
O

I/O

VDDE2 SH — — G3 G3

PE5 PE[5]
RXD_E
eMIOS[26]

69 00
01
10
11

Port E GPIO
eSCI_E Receive
eMIOS Channel
—

I/O
I

I/O

VDDE2 SH — — H3 H3

PE6 PE[6]
TXD_F
eMIOS[25]

70 00
01
10
11

Port E GPIO
eSCI_F Transmit
eMIOS Channel
—

I/O
O

I/O

VDDE2 SH — — M2 M2

PE7 PE[7]
RXD_F
eMIOS[24]

71 00
01
10
11

Port E GPIO
eSCI_F Receive
eMIOS Channel
—

I/O
I

I/O

VDDE2 SH — — L2 L2

PE8 PE[8]
TXD_G
PCS_A[1]

72 00
01
10
11

Port E GPIO
eSCI_G Transmit
DSPI_A Peripheral Chip Select
—

I/O
O
O

VDDE2 SH — — J4 J4

PE9 PE[9]
RXD_G
PCS_A[4]

73 00
01
10
11

Port E GPIO
eSCI_G Receive
DSPI_A Peripheral Chip Select
—

I/O
I
O

VDDE2 SH — — M4 M4

PE10 PE[10]
TXD_H
PCS_B[3]

74 00
01
10
11

Port E GPIO
eSCI_H Transmit
DSPI_B Peripheral Chip Select
—

I/O
O
O

VDDE2 SH — — N3 N3

PE11 PE[11]
RXD_H
PCS_B[2]

75 00
01
10
11

Port E GPIO
eSCI_H Receive
DSPI_B Peripheral Chip Select
—

I/O
I
O

VDDE2 SH — — N4 N4

PE12 PE[12]
TXD_J
PCS_C[5]

76 00
01
10
11

Port E GPIO
eSCI_J Transmit
DSPI_C Peripheral Chip Select
—

I/O
O
O

VDDE2 SH — — P4 P4

PE13 PE[13]
RXD_J
PCS_C[3]

77 00
01
10
11

Port E GPIO
eSCI_J Receive
DSPI_C Peripheral Chip Select
—

I/O
I
O

VDDE2 SH — — P5 P5

Table 2. MPC5668x Signal Properties (continued)

Pin
Name1

Supported
Functions2

GPIO
(PCR)
Num3

PA4 Description
I/O

Type
Volt- 
age

Pad
Type5

Status 
Package Pin

Locations

During
Reset6

After
Reset7

208
BGA

256
BGA
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PE14 PE[14]
SCL_A
PCS_D[2]

78 00
01
10
11

Port E GPIO
I2C_A Serial Clock
DSPI_D Peripheral Chip Select
—

I/O
I/O
O
—

VDDE2 SH — — N7 N7

PE15 PE[15]
SDA_A
PCS_D[5]

79 00
01
10
11

Port E GPIO
I2C_A Serial Data
DSPI_D Peripheral Chip Select
—

I/O
I/O
O
—

VDDE2 SH — — N6 N6

Port F (16)

PF0 PF[0]
SCK_A

80 00
01
10
11

Port F GPIO
DSPI_A Serial Clock 
—
—

I/O
I/O
—
—

VDDE2 MH — — H2 H2

PF1 PF[1]
SOUT_A

81 00
01
10
11

Port F GPIO
DSPI_A Serial Data Out
—
—

I/O
O
—
—

VDDE2 MH — — J1 J1

PF2 PF[2]
SIN_A

82 00
01
10
11

Port F GPIO
DSPI_A Serial Data In
—
—

I/O
I

—
—

VDDE2 SH — — J2 J2

PF3 PF[3]
PCS_A[0]
PCS_B[5]
PCS_C[4]

83 00
01
10
11

Port F GPIO
DSPI_A Peripheral Chip Select
DSPI_B Peripheral Chip Select
DSPI_C Peripheral Chip Select

I/O
I/O
O
O

VDDE2 SH — — N2 N2

PF4 PF[4]
SCK_B
PCS_A[1]
PCS_C[2]

84 00
01
10
11

Port F GPIO
DSPI_B Serial Clock 
DSPI_A Peripheral Chip Select
DSPI_C Peripheral Chip Select

I/O
I/O
O
O

VDDE2 MH — — M1 M1

PF5 PF[5]
SOUT_B
PCS_A[2]
PCS_C[3]

85 00
01
10
11

Port F GPIO
DSPI_B Serial Data Out
DSPI_A Peripheral Chip Select
DSPI_C Peripheral Chip Select

I/O
O
O
O

VDDE2 MH — — P2 P2

PF6 PF[6]
SIN_B
PCS_A[3]
PCS_C[5]

86 00
01
10
11

Port F GPIO
DSPI_B Serial Data In
DSPI_A Peripheral Chip Select
DSPI_C Peripheral Chip Select

I/O
I
O
O

VDDE2 SH — — N1 N1

PF7 PF[7]
PCS_B[0]
PCS_C[5]
PCS_D[4]

87 00
01
10
11

Port F GPIO
DSPI_B Peripheral Chip Select
DSPI_C Peripheral Chip Select
DSPI_D Peripheral Chip Select

I/O
I/O
O
O

VDDE2 SH — — R2 R2

Table 2. MPC5668x Signal Properties (continued)

Pin
Name1

Supported
Functions2

GPIO
(PCR)
Num3

PA4 Description
I/O

Type
Volt- 
age

Pad
Type5

Status 
Package Pin

Locations

During
Reset6

After
Reset7

208
BGA

256
BGA
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PG13 PG[13]
eMIOS[2]
FEC_TXD[1]
AN[61]

109 00
01
10
11

Port G GPIO
eMIOS Channel
Ethernet Transmit Data
ADC Analog Input

I/O
I/O
O
I

VDDE3 MHA — — L16 L16

PG14 PG[14]
eMIOS[1]
FEC_TXD[2]
AN[62]

110 00
01
10
11

Port G GPIO
eMIOS Channel
Ethernet Transmit Data
ADC Analog Input

I/O
I/O
O
I

VDDE3 MHA — — M16 M16

PG15 PG[15]
eMIOS[0]
FEC_TXD[3]
AN[63]

111 00
01
10
11

Port G GPIO
eMIOS Channel
Ethernet Transmit Data
ADC Analog Input

I/O
I/O
O
I

VDDE3 MHA — — N16 N16

Port H (16)

PH0 PH[0]
eMIOS[31]
FEC_COL

112 00
01
10
11

Port H GPIO
eMIOS Channel
Ethernet Collision 
—

I/O
I/O
I

—

VDDE3 SH — — T14 T14

PH1 PH[1]
eMIOS[30]
FEC_RX_DV

113 00
01
10
11

Port H GPIO
eMIOS Channel
Ethernet Receive Data Valid
—

I/O
I/O
I

—

VDDE3 SH — — P16 P16

PH2 PH[2]
eMIOS[29]
FEC_TX_EN

114 00
01
10
11

Port H GPIO
eMIOS Channel
Ethernet Transmit Enable
—

I/O
I/O
O
—

VDDE3 MH — — R16 R16

PH3 PH[3]
eMIOS[28]
FEC_RX_ER

115 00
01
10
11

Port H GPIO
eMIOS Channel
Ethernet Receive Error
—

I/O
I/O
I

—

VDDE3 SH — — N15 N15

PH4 PH[4]
eMIOS[27]
FEC_RXD[0]

116 00
01
10
11

Port H GPIO
eMIOS Channel
Ethernet Receive Data
—

I/O
I/O
I

—

VDDE3 SH — — P15 P15

PH5 PH[5]
eMIOS[26]
FEC_RXD[1]

117 00
01
10
11

Port H GPIO
eMIOS Channel
Ethernet Receive Data
—

I/O
I/O
I

—

VDDE3 SH — — R14 R14

PH6 PH[6]
eMIOS[25]
FEC_RXD[2]

118 00
01
10
11

Port H GPIO
eMIOS Channel
Ethernet Receive Data
—

I/O
I/O
I

—

VDDE3 SH — — R15 R15

Table 2. MPC5668x Signal Properties (continued)

Pin
Name1

Supported
Functions2

GPIO
(PCR)
Num3

PA4 Description
I/O

Type
Volt- 
age

Pad
Type5

Status 
Package Pin

Locations

During
Reset6

After
Reset7

208
BGA

256
BGA
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PK6 PK[6]
FR_B_RX
PCS_B[1]
PCS_C[4]

150 00
01
10
11

Port K GPIO
FlexRay B Receive Data
DSPI_B Peripheral Chip Select
DSPI_C Peripheral Chip Select

I/O
I
O
O

VDDE2 SH — — R5 R5

PK7 PK[7]
FR_B_TX
PCS_B[2]
PCS_C[5]

151 00
01
10
11

Port K GPIO
FlexRay B Transmit Data
DSPI_B Peripheral Chip Select
DSPI_C Peripheral Chip Select

I/O
O
O
O

VDDE2 MH — — T5 T5

PK8 PK[8]
FR_B_TX_EN
PCS_B[3]
PCS_A[1]

152 00
01
10
11

Port K GPIO
FlexRay B Transmit Enable
DSPI_B Peripheral Chip Select
DSPI_A Peripheral Chip Select

I/O
O
O
O

VDDE2 MH — — R6 R6

PK9 PK[9]
CLKOUT
PCS_D[1]
PCS_A[2]
BOOTCFG

153 00
01
10
11

Port K GPIO
CLKOUT (User mode)
DSPI_D Peripheral Chip Select
DSPI_A Peripheral Chip Select
Boot Configuration

I/O
O
O
O
I

VDDE2 MH BOOT
CFG 
(Pull-
down)

GPIO T6 T6

PK10 PK[10]
PCS_B[5]
PCS_D[2]
PCS_A[3]

154 00
01
10
11

Port K GPIO
DSPI_B Peripheral Chip Select
DSPI_D Peripheral Chip Select
DSPI_A Peripheral Chip Select

I/O
O
O
O

VDDE2 SH — — P6 P6

Nexus Pins (17)

EVTI EVTI — — Nexus Event In I VDDENEX F — — — M11

EVTO EVTO — — Nexus Event Out O VDDENEX F — — — M12

MSEO0 MSEO[0] — — Nexus Message Start/End Out O VDDENEX F — — — M9

MSEO1 MSEO[1] — — Nexus Message Start/End Out O VDDENEX F — — — M8

MCKO MCKO — — Nexus Message Clock Out O VDDENEX F — — — M10

MDO0 MDO[0] — — Nexus Message Data Out O VDDENEX F — — — E5

MDO1 MDO[1] — — Nexus Message Data Out O VDDENEX F — — — F5

MDO2 MDO[2] — — Nexus Message Data Out O VDDENEX F — — — G5

MDO3 MDO[3] — — Nexus Message Data Out O VDDENEX F — — — H5

MDO4 MDO[4] — — Nexus Message Data Out O VDDENEX F — — — H6

MDO5 MDO[5] — — Nexus Message Data Out O VDDENEX F — — — J6

MDO6 MDO[6] — — Nexus Message Data Out O VDDENEX F — — — J5

MDO7 MDO[7] — — Nexus Message Data Out O VDDENEX F — — — K5

MDO8 MDO[8] — — Nexus Message Data Out O VDDENEX F — — — L5

MDO9 MDO[9] — — Nexus Message Data Out O VDDENEX F — — — M5

MDO10 MDO[10] — — Nexus Message Data Out O VDDENEX F — — — M6

Table 2. MPC5668x Signal Properties (continued)

Pin
Name1

Supported
Functions2

GPIO
(PCR)
Num3

PA4 Description
I/O

Type
Volt- 
age

Pad
Type5

Status 
Package Pin

Locations

During
Reset6

After
Reset7

208
BGA

256
BGA
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4 Electrical Characteristics
This section contains detailed information on power considerations, DC/AC electrical characteristics, and AC timing 
specifications for the MPC5668x.

4.1 Maximum Ratings
Table 4. Absolute Maximum Ratings1 

1 Functional operating conditions are given in the DC electrical specifications. Absolute maximum ratings are stress ratings 
only, and functional operation at the maxima is not guaranteed. Stress beyond the listed maxima may affect device reliability 
or cause permanent damage to the device.

Spec Characteristic Symbol Min Max Unit

1 1.2 V Core Supply Voltage2

2 Voltage overshoots during a high-to-low or low-to-high transition must not exceed 10 seconds per instance.

VDD –0.3 1.323

3 2.0 V for 10 hours cumulative time, 1.2 V +10% for time remaining. 

V

2 3.3 V Clock Synthesizer Voltage2, 4

4 5.3 V for 10 hours cumulative time, 3.3 V +10% for time remaining.

VDDSYN –0.3 3.6 V

3 3.3 V I/O Buffer Voltage 2, 4 VDD33 –0.3 3.6 V

4 3.3–5.0 V Voltage Regulator Control Voltage 2, 5, 6

5 6.4 V for 10 hours cumulative time, 5.0 V +10% for time remaining.
6 VRC cannot be 100mV higher than VDDA. VDDSYN and VDD33 cannot be 100mV higher than VRC.

VRC –0.3 5.5 V

5 3.3–5.0 V Analog Supply Voltage (reference to VSSA) 2, 5 VDDA –0.3 5.5 V

6 3.3–5.0 V External I/O Supply Voltage 2, 5, 7 VDDE1
8

VDDE2
8

VDDE3
8

VDDE4
8

–0.3
–0.3
–0.3
–0.3

5.5
5.5
5.5
5.5

V

7 2.5–3.3 V External I/O Supply Voltage (MLB) 2, 4 VDDEMLB
8 –0.3 3.6 V

8 3.3 V External I/O Supply Voltage (Nexus) 2, 4 VDDENEX
8 –0.3 3.6 V

9 DC Input Voltage9

VDDE1, VDDE2, VDDE3, VDDE4
VDDEMLB, VDDENEX

VIN
–1.010

–1.09
VDDEx + 0.3 V11

VDDEx + 0.3 V10

V

10 Analog Reference High Voltage VRH –0.3 Minimum of
5.5
or

VDDA + 0.3

V

11 Analog Reference Low Voltage VRL –0.3 5.5 V

12 VSS to VSSA Differential Voltage VSS – VSSA –100 100 mV

13 VSS to VSSSYN Differential Voltage VSS – VSSSYN –100 100 mV

14 Maximum DC Digital Input Current12 (per pin, applies to all 
digital F, MH, SH, and IH pins)

IMAXD –2 2 mA

15 Maximum DC Analog Input Current13 (per pin, applies to all 
analog AE and A pins)

IMAXA –3 3 mA

16 Storage Temperature Range TSTG –55.0 150.0 oC

17 Maximum Solder Temperature14 TSDR — 235.0 oC

18 Moisture Sensitivity Level15 MSL — 3
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4.2 Thermal Characteristics

4.2.1 General Notes for Specifications at Maximum Junction Temperature
An estimation of the chip junction temperature, T

J
, can be obtained from the equation:

7 All functional non-supply I/O pins are clamped to VSS and VDDEx.
8 VDDEx are separate power segments and may be powered independently with no differential voltage constraints between 

the power segments.
9 AC signal over and undershoot of the input voltages of up to ±2.0 V is permitted for a cumulative duration of 60 hours over 

the complete lifetime of the device (injection current does not need to be limited for this duration).
10 Internal structures will hold the input voltage above –1.0 V if the injection current limit of 2 mA is met.
11 Internal structures hold the input voltage below this maximum voltage on all pads powered by VDDE supplies, if the 

maximum injection current specification is met (25 mA for all pins) and VDDE is within Operating Voltage specifications.
12 Total injection current for all pins (including both digital and analog) must not exceed 25 mA.
13 Total injection current for all analog input pins must not exceed 15 mA.
14 Solder profile per CDF-AEC-Q100.
15 Moisture sensitivity per JEDEC test method A112.

Table 5. Thermal Characteristics

Spec Characteristic Symbol Unit
Value

208 MAPBGA 256 MAPBGA

1 Junction to Ambient1, 2

Natural Convection
(Single layer board)

1 Junction temperature is a function of on-chip power dissipation, package thermal resistance, mounting site (board) 
temperature, ambient temperature, air flow, power dissipation of other components on the board, and board thermal 
resistance.

2 Per SEMI G38-87 and JEDEC JESD51-2 with the single layer board horizontal.

RJA °C/W 39 39

2 Junction to Ambient1, 3

Natural Convection
(Four layer board 2s2p)

3 Per JEDEC JESD51-6 with the board horizontal.

RJA °C/W 24 24

3 Junction to Ambient1, 3

(@200 ft./min., Single layer board)
RJMA °C/W 31 31

4 Junction to Ambient1, 3

(@200 ft./min., Four layer board 2s2p)
RJMA °C/W 20 20

5 Junction to Board4

4 Thermal resistance between the die and the printed circuit board per JEDEC JESD51-8. Board temperature is measured on 
the top surface of the board near the package.

RJB °C/W 13 13

6 Junction to Case5

5 Indicates the average thermal resistance between the die and the case top surface as measured by the cold plate method (MIL 
SPEC-883 Method 1012.1) with the cold plate temperature used for the case temperature.

RJC °C/W 6 6

7 Junction to Package Top6

Natural Convection

6 Thermal characterization parameter indicating the temperature difference between package top and the junction temperature 
per JEDEC JESD51-2.

JT °C/W 2 2
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4.3 ESD Characteristics

4.4 VRC Electrical Specifications

4.5 DC Electrical Specifications

Table 6. ESD Ratings1, 2

1 All ESD testing is in conformity with CDF-AEC-Q100 Stress Test Qualification for Automotive Grade Integrated Circuits.
2 A device will be defined as a failure if after exposure to ESD pulses the device no longer meets the device specification 

requirements. Complete DC parametric and functional testing shall be performed per applicable device specification at room 
temperature followed by hot temperature, unless specified otherwise in the device specification.

Characteristic Symbol Value Unit

ESD for Human Body Model (HBM) 2000 V

HBM Circuit Description R1 1500 Ohm

C 100 pF

ESD for Field Induced Charge Model (FDCM) 750 (corner pins)
V250 (all other pins)

Number of Pulses per pin:
Positive Pulses (HBM)
Negative Pulses (HBM)

 
—
—

1
1

—
—

Interval of Pulses — 1 second

Table 7. VRC Electrical Specifications

Spec Characteristic Symbol Min Max Units

1 Current which can be sourced by VRCCTL I_VRCCTL 6.25 µA 20 mA —

2

 Minimum Required Gain from external circuit: 
 IDD / I_VRCCTL (@VDD = 1.32 V)1

–40C
25C
150C

1 Assumes “typical usage” currents which will vary with application.

BETA 50
50
50 500

Table 8. DC Electrical Specifications

Spec Characteristic Symbol Min Max Unit

1 Maximum Operating Temperature Range — Die Junction Temperature TJ –40.0 150.0 oC

2 3.3 V Clock Synthesizer Voltage1 VDDSYN 3.0 3.6 V

3 3.3 V I/O Buffer Voltage1 VDD33 3.0 3.6 V

4 3.3–5.0 V Voltage Regulator Reference Voltage1

VRCSEL = VSSA 
VRCSEL = VDDA 

VVRC
3.0
4.5

3.6
5.5

V

5 3.3–5.0 V Analog Supply Voltage VDDA maximum of 
3.0 V or 

VVRC – 0.1

5.5 V
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6 3.3–5.0 V External I/O Supply Voltage2

VDDE1
VDDE2
VDDE3
VDDE4

3.0
3.0
3.0
3.0

5.5 

5.5
5.5
5.5

V

7 2.5 V – 3.3 V External I/O Supply Voltage (MLB) VDDEMLB
3 2.375 3.6 V

8 3.3 V External I/O Supply Voltage (Nexus) VDDENEX 3.0 3.6 V

9 Pad Input High Voltage
Hysteresis enabled 
Hysteresis disabled (IHA/SH/SHA/MH/MHA)4, 5

Hysteresis disabled (F) 

VIH
0.65  VDDE
0.55  VDDE
0.55  VDDE

VDDE + 0.3 V

10 Pad Input Low Voltage
Hysteresis enabled 
Hysteresis disabled (IHA/SH/SHA/MH/MHA)4, 5

Hysteresis disabled (F) 

VIL VSS – 0.3
0.35  VDDE
0.40  VDDE
0.40  VDDE

V

11 Pad Input Hysteresis VHYS 0.1  VDDE V

12 Analog (IHA) Input Voltage VINDC VSSA – 0.3 VDDA + 0.3 V

13 Pad Output High Voltage6, 7, 8 VOH 0.8  VDDE — V

14 Pad Output Low Voltage8 VOL — 0.2  VDDE V

15 Input Capacitance (Digital Pins: Pad type F, MH, SH)4 CIN — 7 pF

16 Input Capacitance (Analog Pins: Pad type IHA)4, 5 CIN_A — 10 pF

17 Input Capacitance (Shared digital/analog pins: MHA, SHA)4 CIN_M — 12 pF

18 I/O Weak Pull Up/Down Absolute Current4, 9

Pad F: 2.375 V – 3.6 V
Pad SH/MH/IHA: 3.0 V – 3.6 V
Pad SH/MH/IHA: 4.5 V – 5.5 V

IACT
25
10
35

180
95

200

A

19 I/O Input Leakage Current10 IINACT_D –2.5 2.5 A

20 DC Injection Current (per pin) IIC –1.0 1.0 mA

21 Analog Input Current, Channel Off11 (Analog pins IHA)4, 5 IINACT_A –150 150 nA

22 Analog Reference High Voltage VRH VDDA – 500 VDDA mV

23 Analog Reference Low Voltage VRL VSSA VSSA + 500 mV

24 VSS to VSSA Differential Voltage VSS – VSSA –100 100 mV

25 VSSSYN to VSS Differential Voltage VSSSYN – VSS –100 100 mV

26 Slew rate on VDDA, VDDEx, VDDSYN, VDD33, and VRC power supply 
pins

VRamp — 100 V/ms

27 Capacitive Supply Load (VDD) VLoad 8 — µF

28 Capacitive Supply Load (VDD33, VDDSYN) VLoad 1 — µF

1 When VRCSEL = VSSA (low), VDDSYN and VDD33 are externally supplied. When VRCSEL = VDDA (high), VDDSYN and VDD33 are 
generated by internal voltage regulators. When VRCSEL = VSSA (low), VDDSYN and VDD33 cannot be 100 mV higher than VRC.

Table 8. DC Electrical Specifications

Spec Characteristic Symbol Min Max Unit
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8 Crystal manufacturer’s recommended 
capacitive load

CL See crystal 
specification

See crystal 
specification

pF

9 Discrete load capacitance to be connected 
to EXTAL

CL_EXTAL — 2CL – CS_EXTAL –
CPCB_EXTAL

5
pF

10 Discrete load capacitance to be connected 
to XTAL

CL_XTAL — 2CL – CS_XTAL – C

PCB_XTAL
5

pF

11 Startup Time tstartup — 10 ms
1 When PLL frequency modulation is active, reference frequencies less than 8 MHz will distort the modulated waveform and the 

effects of this on emissions is not characterized.
2 This parameter is meant for those who do not use quartz crystals or resonators, but instead use CAN oscillators in crystal 

mode. In that case, Vextal – Vxtal  400 mV criteria has to be met for oscillator’s comparator to produce output clock.
3 This parameter is meant for those who do not use quartz crystals or resonators, but instead use CAN oscillators in crystal 

mode. In that case, Vxtal – Vextal  400 mV criteria has to be met for oscillator’s comparator to produce output clock.
4 Ixtal is the oscillator bias current out of the XTAL pin with both EXTAL and XTAL pins grounded.
5 CPCB_EXTAL and CPCB_XTAL are the measured PCB stray capacitances on EXTAL and XTAL, respectively.

Table 15. 5 V Low Frequency (32 kHz) External Oscillator

Spec Characteristic Symbol Min Max Unit

1 Frequency Range fref32 32 40 kHz

2 Duty Cycle of reference tdc32 40 60 %

3 XTAL32 Current1

1 Ixtal32 is the oscillator bias current out of the XTAL32 pin with both EXTAL32 and XTAL32 pins grounded.

IXTAL32 — 3 A

4 Crystal manufacturer’s recommended 
capacitive load

CL32 See crystal 
specification

See crystal 
specification

pF

5 Startup Time tStartup — 2 s

Table 16. 5 V High Frequency (16 MHz) Internal RC Oscillator

Spec Characteristic Symbol Range Min Typ Max Unit

1 Frequency before trim1

1 Across process, voltage, and temperature.

fut 35% 10.4 16 21.6 MHz

2 Frequency after loading factory trim2

2 Across voltage and temperature.

ft 7% 14.9 16 17.1 MHz

3 Application trim resolution3

3 Fixed voltage and temperature.

ts — — — 05 %

4 Application frequency trim step3 fs — — 300 — kHz

5 Startup Time tStartup — — — 500 ns

Table 14. 3.3 V High Frequency External Oscillator (continued)

Spec Characteristic Symbol Min Max Unit
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4.10 FMPLL Electrical Characteristics

Table 17. 5V Low Frequency (128 kHz) Internal RC Oscillator

Spec Characteristic Symbol Range Min Typ Max Unit

1 Frequency before trim1

1 Across process, voltage, and temperature.

Fut128 35% 83.2 128 172.8 kHz

2 Frequency after loading factory trim2

2 Across voltage and temperature.

Ft128 7% 119.0 128 137.0 kHz

3 Application trim resolution3

3 Fixed voltage and temperature.

Ts128 — — — 2 %

4 Application frequency trim step3 Fs128 — — 4 — kHz

5 Startup Time St128 — — — 100 s

Table 18. FMPLL Electrical Specifications1

1 VDDSYN = 3.0 V to 3.6 V, VSS = VSSSYN = 0 V, TA = TL to TH.

Spec Characteristic Symbol Min Max Unit

1 System Frequency2 fSYS — 116 MHz

2 PLL Reference Frequency Range fREF 4 40 MHz

3 PLL Frequency fPLL MHz

4 Loss of Reference Frequency 3 fLOR 100 2000 kHz

5 Self Clocked Mode Frequency fSCM 16 64 MHz

6 PLL Lock Time4 tLPLL — 400 s

7 Duty Cycle of Reference tDC 40 60 %

8 Frequency un-LOCK Range fUL –4.0 4.0 % fSYS

9 Frequency LOCK Range fLCK –2.0 2.0 % fSYS

10 CLKOUT Period Jitter,5 Measured at fSYS Max
Cycle-to-cycle Jitter CJitter –5 5

%fSYS

11 CLKOUT Jitter at  50 µs period CJitter –250 250 ns

12 Peak-to-Peak Frequency Modulation Range Limit 6,7 
(fSYSMax must not be exceeded)

Cmod 0 4 %fSYS

13 FM Depth Tolerance8 Cmod_err –0.50 0.50 %fSYS

14 VCO Frequency9 fVCO 192 600 MHz

15 Modulation Rate Limits10 fMOD 0.400 1 MHz

fvco min 
ERFD 1+ 

------------------------------
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4.14 AC Timing

4.14.1 Reset and Boot Configuration Pins

Figure 7. Reset and Boot Configuration Timing

4.14.2 External Interrupt (IRQ) and Non-Maskable Interrupt (NMI) Pins 

Figure 8. IRQ and NMI Timing

Table 24. Reset and Boot Configuration Timing

Spec Characteristic Symbol Min Max Unit

1 RESET Pulse Width tRPW 150 — ns

2 BOOTCFG Setup Time after RESET Valid tRCSU — 100 s

3 BOOTCFG Hold Time from RESET Valid tRCH 0 — s

Table 25. IRQ/NMI Timing

Spec Characteristic Symbol Min Max Unit

1 IRQ/NMI Pulse Width Low tIPWL 3 — tSYS

2 IRQ/NMI Pulse Width High TIPWH 3 — tSYS

3 IRQ/NMI Edge to Edge Time1

1 Applies when IRQ/NMI pins are configured for rising edge or falling edge events, but not both.

tICYC 6 — tSYS

1RESET

3

BOOTCFG

2

IRQ/NMI

1,2 1,2

3
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4.14.4 Nexus Debug Interface

Figure 13. Nexus Output Timing

Table 27. Nexus Debug Port Timing1 

1 JTAG specifications in this table apply when used for debug functionality. All Nexus timing relative to MCKO is measured from 
50% of MCKO and 50% of the respective signal. Nexus timing specified at VDDE = 3.0 – 5.5 V, TA = TL to TH, and CL = 30 pF 
with SRC = 0b11. 

Spec Characteristic Symbol Min Max Unit

1 MCKO Cycle Time tMCYC 15.6 — ns

2 MCKO Duty Cycle tMDC 40 60 %

3 MCKO Low to MDO, MSEO, EVTO Data Valid2

2 MDO, MSEO, and EVTO data is held valid until next MCKO low cycle.

tMDOV –0.1 0.25 tMCYC

4 EVTI Pulse Width tEVTIPW 4.0 — tTCYC

5 EVTO Pulse Width tEVTOPW 1 tMCYC

6 TCK Cycle Time3

3 The system clock frequency needs to be three times faster than the TCK frequency.

tTCYC 40 — ns

7 TCK Duty Cycle tTDC 40 60 %

8 TDI, TMS Data Setup Time tNTDIS, tNTMSS 8 — ns

9 TDI, TMS Data Hold Time tNTDIH, tNTMSH 5 — ns

10 TCK Low to TDO Data Valid tJOV 0 25 ns

1

2

MCKO

MDO
MSEO
EVTO

Output Data Valid

3

EVTI
4

5
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4.14.5 Enhanced Modular I/O Subsystem (eMIOS)

Figure 15. eMIOS Timing

Table 28. eMIOS Timing1

1 eMIOS timing specified at VDDE = 3.0 – 5.5 V, TA = TL to TH, and CL = 30 pF with SRC = 0b11.

Spec Characteristic Symbol Min Max Unit

1 eMIOS Input Pulse Width tMIPW 4 — tCYC

2 eMIOS Output Pulse Width tMOPW 12

2 This specification does not include the rise and fall times. When calculating the minimum eMIOS pulse width, include the rise 
and fall times defined in the slew rate control fields (SRC) of the pad configuration registers (PCR).

— tCYC

D_CLKOUT

1

2

eMIOS output

eMIOS input
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4.14.6 Deserial Serial Peripheral Interface (DSPI) 
   

Table 29. DSPI Timing

Spec Characteristic Symbol
116 MHz1

1 116 MHz timing specified at CL = 50 pF with SRC = 0b11.

Unit
Min. Value Max. Value

1 DSPI Cycle Time
Master (MTFE = 0)
Slave   (MTFE = 0)
Master (MTFE = 1)
Slave   (MTFE = 1)

tSCK
100
100
50
50

—
—
—
—

ns
ns
ns
ns

2 PCS to SCK Delay2

2 The maximum value is programmable in DSPI_CTARn[PSSCK] and DSPI_CTARn[CSSCK].

tCSC 7 — ns

3 After SCK Delay3

3 The maximum value is programmable in DSPI_CTARn[PASC] and DSPI_CTARn[ASC].

tASC 14 — ns

4 SCK Duty Cycle tSDC 0.4  tSCK 0.6  tSCK ns

5 Slave Access Time
(SS active to SOUT valid)

tA — 25 ns

6 Slave SOUT Disable Time
(SS inactive to SOUT High-Z or invalid)

tDIS — 25 ns

7 PCSx to PCSS time tPCSC 0 — ns

8 PCSS to PCSx time tPASC 0 — ns

9 Data Setup Time for Inputs
Master (MTFE = 0)
Slave
Master (MTFE = 1, CPHA = 0)4

Master (MTFE = 1, CPHA = 1)

4 This number is calculated assuming the SMPL_PT bit field in DSPI_MCR is set to 0b10.

tSUI
25
5

10
25

—
—
—
—

ns
ns
ns
ns

10 Data Hold Time for Inputs
Master (MTFE = 0)
Slave
Master (MTFE = 1, CPHA = 0)4

Master (MTFE = 1, CPHA = 1)

tHI
–4
7

12
–4

—
—
—
—

ns
ns
ns
ns

11 Data Valid (after SCK edge) 
Master (MTFE = 0)
Slave
Master (MTFE = 1, CPHA = 0)
Master (MTFE = 1, CPHA = 1)

tSUO
—
—
—
—

8
28
15
8

ns
ns
ns
ns

12 Data Hold Time for Outputs
Master (MTFE = 0)
Slave
Master (MTFE = 1, CPHA = 0)
Master (MTFE = 1, CPHA = 1)

tHO
–7
2
 1
–7

—
—
—
—

ns
ns
ns
ns
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Figure 16. DSPI Classic SPI Timing — Master, CPHA = 0      

Figure 17. DSPI Classic SPI Timing — Master, CPHA = 1
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Figure 18. DSPI Classic SPI Timing — Slave, CPHA = 0

Figure 19. DSPI Classic SPI Timing — Slave, CPHA = 1
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4.14.8.3 MII Async Inputs Signal Timing (CRS and COL)

Figure 28. MII Async Inputs Timing Diagram

4.14.8.4 MII Serial Management Channel Timing (MDIO and MDC)
The FEC functions correctly with a maximum MDC frequency of 2.5 MHz.

Table 35. MII Async Inputs Signal Timing1

1 Output pads configured with SRC = 0b11.

Spec Characteristic Min Max Unit

M9 CRS, COL minimum pulse width 1.5 — TX_CLK period

Table 36. MII Serial Management Channel Timing1

1 Output pads configured with SRC = 0b11.

Spec Characteristic Min Max Unit

M10 MDC falling edge to MDIO output invalid (minimum propagation delay) 0 — ns

M11 MDC falling edge to MDIO output valid (max prop delay) — 25 ns

M12 MDIO (input) to MDC rising edge setup 10 — ns

M13 MDIO (input) to MDC rising edge hold 0 — ns

M14 MDC pulse width high 40% 60% MDC period

M15 MDC pulse width low 40% 60% MDC period

CRS, COL

M9
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Figure 33. 256 MAPBGA Package Detail
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