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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
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Figure 5. LQFP 144-pin configuration
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Note:

Availability of port pin alternate functions depends on product selection.
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2.5 System pins
The system pins are listed in Table 4.

2.6 Functional ports
The functional port pins are listed in Table 5.

Table 4. System pin descriptions
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P
1

1 Pin numbers apply to both the MPC560xB and MPC560xC packages.
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0

L
Q

F
P

14
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L
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M
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P
B

G
A

2

2 208 MAPBGA available only as development package for Nexus2+

RESET Bidirectional reset with Schmitt-Trigger characteristics 
and noise filter.

I/O M Input, weak 
pull-up only 

after PHASE2

9 17 21 J1

EXTAL Analog output of the oscillator amplifier circuit, when the 
oscillator is not in bypass mode.
Analog input for the clock generator when the oscillator is 
in bypass mode.3

3 See the relevant section of the datasheet 

I/O X Tristate 27 36 50 N8

XTAL Analog input of the oscillator amplifier circuit. Needs to be 
grounded if oscillator is used in bypass mode.3

I X Tristate 25 34 48 P8

Table 5. Functional port pin descriptions

P
o

rt
 p

in

P
C

R

A
lt

e
rn

at
e 

fu
n

ct
io

n
1

F
u

n
c

ti
o

n

P
er

ip
h

er
al

I/O
 d

ir
ec

ti
o

n
2

P
ad

 t
yp

e

R
E

S
E

T
 c

o
n

fi
g

u
ra

ti
o

n Pin number

M
P

C
56

0x
B

 6
4

L
Q

F
P

M
P

C
56

0x
C

 6
4

L
Q

F
P

1
00

L
Q

F
P

1
44

L
Q

F
P

20
8

M
A

P
B

G
A

3

PA[0] PCR[0] AF0
AF1
AF2
AF3
—

GPIO[0]
E0UC[0]
CLKOUT

—
WKPU[19]4

SIUL
eMIOS_0

CGL
—

WKPU

I/O
I/O
O
—
I

M Tristate 5 5 12 16 G4

PA[1] PCR[1] AF0
AF1
AF2
AF3
—
—

GPIO[1]
E0UC[1]

—
—

NMI5

WKPU[2]4

SIUL
eMIOS_0

—
—

WKPU
WKPU

I/O
I/O
—
—
I
I

S Tristate 4 4 7 11 F3
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PA[10] PCR[10] AF0
AF1
AF2
AF3

GPIO[10]
E0UC[10]

SDA
—

SIUL
eMIOS_0

I2C_0
—

I/O
I/O
I/O
—

S Tristate 47 47 74 107 B16

PA[11] PCR[11] AF0
AF1
AF2
AF3

GPIO[11]
E0UC[11]

SCL
—

SIUL
eMIOS_0

I2C_0
—

I/O
I/O
I/O
—

S Tristate 48 48 75 108 B15

PA[12] PCR[12] AF0
AF1
AF2
AF3
—

GPIO[12]
—
—
—

SIN_0

SIUL
—
—
—

DSPI0

I/O
—
—
—
I

S Tristate 22 22 31 45 T7

PA[13] PCR[13] AF0
AF1
AF2
AF3

GPIO[13]
SOUT_0

—
—

SIUL
DSPI_0

—
—

I/O
O
—
—

M Tristate 21 21 30 44 R7

PA[14] PCR[14] AF0
AF1
AF2
AF3
—

GPIO[14]
SCK_0
CS0_0

—
EIRQ[4]

SIUL
DSPI_0
DSPI_0

—
SIUL

I/O
I/O
I/O
—
I

M Tristate 19 19 28 42 P6

PA[15] PCR[15] AF0
AF1
AF2
AF3
—

GPIO[15]
CS0_0
SCK_0

—
WKPU[10]4

SIUL
DSPI_0
DSPI_0

—
WKPU

I/O
I/O
I/O
—
I

M Tristate 18 18 27 40 R6

PB[0] PCR[16] AF0
AF1
AF2
AF3

GPIO[16]
CAN0TX

—
—

SIUL
FlexCAN_0

—
—

I/O
O
—
—

M Tristate 14 14 23 31 N3

PB[1] PCR[17] AF0
AF1
AF2
AF3
—
—

GPIO[17]
—
—
—

WKPU[4]4

CAN0RX

SIUL
—
—
—

WKPU
FlexCAN_0

I/O
—
—
—
I
I

S Tristate 15 15 24 32 N1

PB[2] PCR[18] AF0
AF1
AF2
AF3

GPIO[18]
LIN0TX

SDA
—

SIUL
LINFlex_0

I2C_0
—

I/O
O
I/O
—

M Tristate 64 64 100 144 B2

Table 5. Functional port pin descriptions (continued)
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PF[10] PCR[90] AF0
AF1
AF2
AF3

GPIO[90]
—
—
—

SIUL
—
—
—

I/O
—
—
—

M Tristate — — — 38 R3

PF[11] PCR[91] AF0
AF1
AF2
AF3
—

GPIO[91]
—
—
—

WKPU[15]4

SIUL
—
—
—

WKPU

I/O
—
—
—
I

S Tristate — — — 39 R4

PF[12] PCR[92] AF0
AF1
AF2
AF3

GPIO[92]
E1UC[25]

—
—

SIUL
eMIOS_1

—
—

I/O
I/O
—
—

M Tristate — — — 35 R1

PF[13] PCR[93] AF0
AF1
AF2
AF3
—

GPIO[93]
E1UC[26]

—
—

WKPU[16]4

SIUL
eMIOS_1

—
—

WKPU

I/O
I/O
—
—
I

S Tristate — — — 41 T6

PF[14] PCR[94] AF0
AF1
AF2
AF3

GPIO[94]
CAN4TX11

E1UC[27]
CAN1TX

SIUL
FlexCAN_4
eMIOS_1

FlexCAN_4

I/O
O
I/O
O

M Tristate — 43 — 102 D14

PF[15] PCR[95] AF0
AF1
AF2
AF3
—
—
—

GPIO[95]
—
—
—

CAN1RX
CAN4RX11

EIRQ[13]

SIUL
—
—
—

FlexCAN_1
FlexCAN_4

SIUL

I/O
—
—
—
I
I
I

S Tristate — 42 — 101 E15

PG[0] PCR[96] AF0
AF1
AF2
AF3

GPIO[96]
CAN5TX11

E1UC[23]
—

SIUL
FlexCAN_5
eMIOS_1

—

I/O
O
I/O
—

M Tristate — 41 — 98 E14

PG[1] PCR[97] AF0
AF1
AF2
AF3
—
—

GPIO[97]
—

E1UC[24]
—

CAN5RX11

EIRQ[14]

SIUL
—

eMIOS_1
—

FlexCAN_5
SIUL

I/O
—
I/O
—
I
I

S Tristate — 40 — 97 E13

Table 5. Functional port pin descriptions (continued)
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PG[2] PCR[98] AF0
AF1
AF2
AF3

GPIO[98]
E1UC[11]

—
—

SIUL
eMIOS_1

—
—

I/O
I/O
—
—

M Tristate — — — 8 E4

PG[3] PCR[99] AF0
AF1
AF2
AF3
—

GPIO[99]
E1UC[12]

—
—

WKPU[17]4

SIUL
eMIOS_1

—
—

WKPU

I/O
I/O
—
—
I

S Tristate — — — 7 E3

PG[4] PCR[100] AF0
AF1
AF2
AF3

GPIO[100]
E1UC[13]

—
—

SIUL
eMIOS_1

—
—

I/O
I/O
—
—

M Tristate — — — 6 E1

PG[5] PCR[101] AF0
AF1
AF2
AF3
—

GPIO[101]
E1UC[14]

—
—

WKPU[18]4

SIUL
eMIOS_1

—
—

WKPU

I/O
I/O
—
—
I

S Tristate — — — 5 E2

PG[6] PCR[102] AF0
AF1
AF2
AF3

GPIO[102]
E1UC[15]

—
—

SIUL
eMIOS_1

—
—

I/O
I/O
—
—

M Tristate — — — 30 M2

PG[7] PCR[103] AF0
AF1
AF2
AF3

GPIO[103]
E1UC[16]

—
—

SIUL
eMIOS_1

—
—

I/O
I/O
—
—

M Tristate — — — 29 M1

PG[8] PCR[104] AF0
AF1
AF2
AF3
—

GPIO[104]
E1UC[17]

—
CS0_2

EIRQ[15]

SIUL
eMIOS_1

—
DSPI_2

SIUL

I/O
I/O
—
I/O
I

S Tristate — — — 26 L2

PG[9] PCR[105] AF0
AF1
AF2
AF3

GPIO[105]
E1UC[18]

—
SCK_2

SIUL
eMIOS_1

—
DSPI_2

I/O
I/O
—
I/O

S Tristate — — — 25 L1

PG[10] PCR[106] AF0
AF1
AF2
AF3

GPIO[106]
E0UC[24]

—
—

SIUL
eMIOS_0

—
—

I/O
I/O
—
—

S Tristate — — — 114 D13

Table 5. Functional port pin descriptions (continued)
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2.13 Recommended operating conditions
Table 12. Recommended operating conditions (3.3 V)

Symbol Parameter Conditions
Value

Unit
Min Max

VSS SR Digital ground on VSS_HV pins — 0 0 V

VDD
1

1 100 nF capacitance needs to be provided between each VDD/VSS pair

SR Voltage on VDD_HV pins with respect to ground 
(VSS)

— 3.0 3.6 V

VSS_LV
2

2 330 nF capacitance needs to be provided between each VDD_LV/VSS_LV supply pair.

SR Voltage on VSS_LV (low voltage digital supply) 
pins with respect to ground (VSS)

— VSS−0.1 VSS+0.1 V

VDD_BV
3

3 400 nF capacitance needs to be provided between VDD_BV and the nearest VSS_LV (higher value may be needed 
depending on external regulator characteristics).

SR Voltage on VDD_BV pin (regulator supply) with 
respect to ground (VSS)

— 3.0 3.6 V

Relative to VDD VDD−0.1 VDD+0.1

VSS_ADC SR Voltage on VSS_HV_ADC (ADC reference) pin 
with respect to ground (VSS)

— VSS−0.1 VSS+0.1 V

VDD_ADC
4

4 100 nF capacitance needs to be provided between VDD_ADC/VSS_ADC pair.

SR Voltage on VDD_HV_ADC pin (ADC reference) 
with respect to ground (VSS)

— 3.05

5 Full electrical specification cannot be guaranteed when voltage drops below 3.0 V. In particular, ADC electrical 
characteristics and I/Os DC electrical specification may not be guaranteed. When voltage drops below VLVDHVL, 
device is reset.

3.6 V

Relative to VDD VDD−0.1 VDD+0.1

VIN SR Voltage on any GPIO pin with respect to ground 
(VSS)

— VSS−0.1 — V

Relative to VDD — VDD+0.1

IINJPAD SR Injected input current on any pin during overload 
condition

— −5 5 mA

IINJSUM SR Absolute sum of all injected input currents during 
overload condition

— −50 50

TVDD SR VDD slope to ensure correct power up6

6 Guaranteed by device validation.

— — 0.25 V/µs

TA C-Grade Part SR Ambient temperature under bias fCPU ≤ 64 MHz −40 85 °C

TJ C-Grade Part SR Junction temperature under bias −40 110

TA V-Grade Part SR Ambient temperature under bias −40 105

TJ V-Grade Part SR Junction temperature under bias −40 130

TA M-Grade Part SR Ambient temperature under bias −40 125

TJ M-Grade Part SR Junction temperature under bias −40 150
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2.14 Thermal characteristics

2.14.1 Package thermal characteristics

Table 14. LQFP thermal characteristics1 

1 Thermal characteristics are based on simulation.

Symbol C Parameter Conditions2 Pin count Value Unit

RθJA CC D Thermal resistance, 
junction-to-ambient natural 
convection3

Single-layer board - 1s 64 60 °C/W

100 64

144 64

Four-layer board - 2s2p 64 42

100 51

144 49

RθJB CC D Thermal resistance, 
junction-to-board4

Single-layer board - 1s 64 24 °C/W

100 36

144 37

Four-layer board - 2s2p 64 24

100 34

144 35

RθJC CC D Thermal resistance, 
junction-to-case5

Single-layer board - 1s 64 11 °C/W

100 22

144 22

Four-layer board - 2s2p 64 11

100 22

144 22

ΨJB CC D Junction-to-board thermal 
characterization parameter, 
natural convection

Single-layer board - 1s 64 TBD °C/W

100 33

144 34

Four-layer board - 2s2p 64 TBD

100 34

144 35

ΨJC CC D Junction-to-case thermal 
characterization parameter, 
natural convection

Single-layer board - 1s 64 TBD °C/W

100 9

144 10

Four-layer board - 2s2p 64 TBD

100 9

144 10
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Table 18. MEDIUM configuration output buffer electrical characteristics

Symbol C Parameter Conditions1

1 VDD = 3.3 V ± 10% / 5.0 V ± 10%, TA = −40 to 125 °C, unless otherwise specified

Value
Unit

Min Typ Max

VOH CC C Output high level
MEDIUM configuration

Push Pull IOH = −3.8 mA,
VDD = 5.0 V ± 10%, PAD3V5V = 0

0.8VDD — — V

P IOH = −2 mA,
VDD = 5.0 V ± 10%, PAD3V5V = 0
(recommended)

0.8VDD — —

C IOH = −1 mA,
VDD = 5.0 V ± 10%, PAD3V5V = 12

2 The configuration PAD3V5 = 1 when VDD = 5 V is only a transient configuration during power-up. All pads but 
RESET and Nexus output (MDOx, EVTO, MCKO) are configured in input or in high impedance state.

0.8VDD — —

C IOH = −1 mA,
VDD = 3.3 V ± 10%, PAD3V5V = 1 
(recommended)

VDD−0.8 — —

C IOH = −100 µA,
VDD = 5.0 V ± 10%, PAD3V5V = 0

0.8VDD — —

VOL CC C Output low level
MEDIUM configuration

Push Pull IOL = 3.8 mA,
VDD = 5.0 V ± 10%, PAD3V5V = 0

— — 0.2VDD V

P IOL = 2 mA,
VDD = 5.0 V ± 10%, PAD3V5V = 0
(recommended)

— — 0.1VDD

C IOL = 1 mA,
VDD = 5.0 V ± 10%, PAD3V5V = 12

— — 0.1VDD

C IOL = 1 mA,
VDD = 3.3 V ± 10%, PAD3V5V = 1 
(recommended)

— — 0.5

C IOL = 100 µA,
VDD = 5.0 V ± 10%, PAD3V5V = 0

— — 0.1VDD

Table 19. FAST configuration output buffer electrical characteristics

Symbol C Parameter Conditions1
Value

Unit
Min Typ Max

VOH CC P Output high level
FAST configuration

Push Pull IOH = −14mA,
VDD = 5.0 V ± 10%, PAD3V5V = 0
(recommended)

0.8VDD — — V

C IOH = −7mA,
VDD = 5.0 V ± 10%, PAD3V5V = 12

0.8VDD — —

C IOH = −11mA,
VDD = 3.3 V ± 10%, PAD3V5V = 1 
(recommended)

VDD−0.8 — —
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2.17 Power management electrical characteristics

2.17.1 Voltage regulator electrical characteristics
The device implements an internal voltage regulator to generate the low voltage core supply VDD_LV from the high voltage 
ballast supply VDD_BV. The regulator itself is supplied by the common I/O supply VDD. The following supplies are involved:

VIL SR P Input low Level CMOS 
(Schmitt Trigger)

— −0.4 — 0.35VDD V

VHYS CC C Input hysteresis CMOS 
(Schmitt Trigger)

— 0.1VDD — — V

VOL CC P Output low level Push Pull, IOL = 2mA,
VDD = 5.0 V ± 10%, PAD3V5V = 0
(recommended)

— — 0.1VDD V

C Push Pull, IOL = 1mA,
VDD = 5.0 V ± 10%, PAD3V5V = 12

— — 0.1VDD

C Push Pull, IOL = 1mA,
VDD = 3.3 V ± 10%, PAD3V5V = 1 
(recommended)

— — 0.5

ttr CC D Output transition time 
output pin3

CL = 25pF,
VDD = 5.0 V ± 10%, PAD3V5V = 0

— — 10 ns

CL = 50pF,
VDD = 5.0 V ± 10%, PAD3V5V = 0

— — 20

CL = 100pF,
VDD = 5.0 V ± 10%, PAD3V5V = 0

— — 40

CL = 25pF,
VDD = 3.3 V ± 10%, PAD3V5V = 1

— — 12

CL = 50pF,
VDD = 3.3 V ± 10%, PAD3V5V = 1

— — 25

CL = 100pF,
VDD = 3.3 V ± 10%, PAD3V5V = 1

— — 40

WFRST SR P RESET input filtered 
pulse

— — — 40 ns

WNFRST SR P RESET input not filtered 
pulse

— 1000 — — ns

|IWPU| CC P Weak pull-up current 
absolute value

VDD = 3.3 V ± 10%, PAD3V5V = 1 10 — 150 µA

D VDD = 5.0 V ± 10%, PAD3V5V = 0 10 — 150

P VDD = 5.0 V ± 10%, PAD3V5V = 12 10 — 250

1 VDD = 3.3 V ± 10% / 5.0 V ± 10%, TA = −40 to 125 °C, unless otherwise specified
2 This transient configuration does not occurs when device is used in the VDD = 3.3 V ± 10% range.
3 CL includes device and package capacitance (CPKG < 5 pF).

Table 24. Reset electrical characteristics (continued)

Symbol C Parameter Conditions1
Value

Unit
Min Typ Max



MPC5604B/C Microcontroller Data Sheet, Rev. 13

Package pinouts and signal descriptions

Freescale Semiconductor54

2.18 Power consumption
Table 27 provides DC electrical characteristics for significant application modes. These values are indicative values; actual 
consumption depends on the application.

Table 26. Low voltage detector electrical characteristics

Symbol C Parameter Conditions1

1 VDD = 3.3 V ± 10% / 5.0 V ± 10%, TA = −40 to 125 °C, unless otherwise specified

Value
Unit

Min Typ Max

VPORUP SR P Supply for functional POR module — 1.0 — 5.5 V

VPORH CC P Power-on reset threshold TA = 25 °C,
after trimming

1.5 — 2.6

T — 1.5 — 2.6

VLVDHV3H CC T LVDHV3 low voltage detector high threshold — — — 2.95

VLVDHV3L CC P LVDHV3 low voltage detector low threshold 2.6 — 2.9

VLVDHV5H CC T LVDHV5 low voltage detector high threshold — — 4.5

VLVDHV5L CC P LVDHV5 low voltage detector low threshold 3.8 — 4.4

VLVDLVCORL CC P LVDLVCOR low voltage detector low threshold 1.08 — 1.16

VLVDLVBKPL CC P LVDLVBKP low voltage detector low threshold 1.08 — 1.16

Table 27. Power consumption on VDD_BV and VDD_HV

Symbol C Parameter Conditions1
Value

Unit
Min Typ Max

IDDMAX
2 CC D RUN mode maximum 

average current
— — 115 1403 mA

IDDRUN
4 CC T RUN mode typical 

average current5
fCPU = 8 MHz — 7 — mA

T fCPU = 16 MHz — 18 —

T fCPU = 32 MHz — 29 —

P fCPU = 48 MHz — 40 100

P fCPU = 64 MHz — 51 125

IDDHALT CC C HALT mode current6 Slow internal RC oscillator 
(128 kHz) running

TA = 25 °C — 8 15 mA

P TA = 125 °C — 14 25

IDDSTOP CC P STOP mode current7 Slow internal RC oscillator 
(128 kHz) running

TA = 25 °C — 180 7008 µA

D TA = 55 °C — 500 —

D TA = 85 °C — 1 68 mA

D TA = 105 °C — 2 98

P TA = 125 °C — 4.5 128
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2.19 Flash memory electrical characteristics

2.19.1 Program/Erase characteristics
Table 28 shows the program and erase characteristics.

ECC circuitry provides correction of single bit faults and is used to improve further automotive reliability results. Some units 
will experience single bit corrections throughout the life of the product with no impact to product reliability.

Table 28. Program and erase specifications

Symbol C Parameter

Value

Unit
Min Typ1

1 Typical program and erase times assume nominal supply values and operation at 25 °C.

Initial 
max2

2 Initial factory condition: < 100 program/erase cycles, 25 °C, typical supply voltage.

Max3

3 The maximum program and erase times occur after the specified number of program/erase cycles. These maximum 
values are characterized but not guaranteed.

Tdwprogram CC C Double word (64 bits) program time4

4 Actual hardware programming times. This does not include software overhead.

— 22 50 500 µs

T16Kpperase 16 KB block preprogram and erase time — 300 500 5000 ms

T32Kpperase 32 KB block preprogram and erase time — 400 600 5000 ms

T128Kpperase 128 KB block preprogram and erase time — 800 1300 7500 ms

Tesus CC D Erase suspend latency — — 30 30 µs

Table 29. Flash module life

Symbol C Parameter Conditions
Value

Unit
Min Typ Max

P/E CC C Number of program/erase cycles 
per block over the operating 
temperature range (TJ)

16 KB blocks 100,000 — — cycles

32 KB blocks 10,000 100,000 —

128 KB blocks 1,000 100,000 —

Retention CC C Minimum data retention at 85 °C 
average ambient temperature1

1 Ambient temperature averaged over duration of application, not to exceed recommended product operating 
temperature range.

Blocks with
0–1,000 P/E cycles

20 — — years

Blocks with
1,001–10,000 P/E cycles

10 — —

Blocks with
10,001–100,000 P/E cycles

5 — —
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2.19.3 Start-up/Switch-off timings

2.20 Electromagnetic compatibility (EMC) characteristics
Susceptibility tests are performed on a sample basis during product characterization.

2.20.1 Designing hardened software to avoid noise problems
EMC characterization and optimization are performed at component level with a typical application environment and simplified 
MCU software. It should be noted that good EMC performance is highly dependent on the user application and the software in 
particular.

Therefore it is recommended that the user apply EMC software optimization and prequalification tests in relation with the EMC 
level requested for his application.

• Software recommendations: The software flowchart must include the management of runaway conditions such as:

— Corrupted program counter

— Unexpected reset

— Critical data corruption (control registers...)

• Prequalification trials: Most of the common failures (unexpected reset and program counter corruption) can be 
reproduced by manually forcing a low state on the reset pin or the oscillator pins for 1 second.

To complete these trials, ESD stress can be applied directly on the device. When unexpected behavior is detected, the 
software can be hardened to prevent unrecoverable errors occurring.

2.20.2 Electromagnetic interference (EMI)
The product is monitored in terms of emission based on a typical application. This emission test conforms to the IEC 61967-1 
standard, which specifies the general conditions for EMI measurements.

Table 32. Start-up time/Switch-off time

Symbol C Parameter Conditions1

1 VDD = 3.3 V ± 10% / 5.0 V ± 10%, TA = −40 to 125 °C, unless otherwise specified

Value
Unit

Min Typ Max

TFLARSTEXIT CC T Delay for Flash module to exit reset mode Code Flash — — 125 µs

T Data Flash — — 125

TFLALPEXIT CC T Delay for Flash module to exit low-power 
mode

Code Flash — — 0.5

T Data Flash — — 0.5

TFLAPDEXIT CC T Delay for Flash module to exit power-down 
mode

Code Flash — — 30

T Data Flash — — 30

TFLALPENTRY CC T Delay for Flash module to enter low-power 
mode

Code Flash — — 0.5

T Data Flash — — 0.5

TFLAPDENTRY CC T Delay for Flash module to enter power-down 
mode

Code Flash — — 1.5

T Data Flash — — 1.5
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Figure 18. Slow external crystal oscillator (32 kHz) timing diagram

2.23 FMPLL electrical characteristics
The device provides a frequency-modulated phase-locked loop (FMPLL) module to generate a fast system clock from the main 
oscillator driver.

2 This is the recommended range of load capacitance at OSC32K_XTAL and OSC32K_EXTAL with respect to 
ground. It includes all the parasitics due to board traces, crystal and package.

3 Maximum ESR (Rm) of the crystal is 50 kΩ
4 C0 includes a parasitic capacitance of 2.0 pF between OSC32K_XTAL and OSC32K_EXTAL pins

Table 39. Slow external crystal oscillator (32 kHz) electrical characteristics

Symbol C Parameter Conditions1

1 VDD = 3.3 V ± 10% / 5.0 V ± 10%, TA = −40 to 125 °C, unless otherwise specified. Values are specified for no 
neighbor GPIO pin activity. If oscillator is enabled (OSC32K_XTAL and OSC32K_EXTAL pins), neighboring pins 
should not toggle.

Value
Unit

Min Typ Max

fSXOSC SR — Slow external crystal oscillator frequency — 32 32.768 40 kHz

VSXOSC CC T Oscillation amplitude — — 2.1 — V

ISXOSCBIAS CC T Oscillation bias current — — 2.5 — µA

ISXOSC CC T Slow external crystal oscillator consumption — — — 8 µA

TSXOSCSU CC T Slow external crystal oscillator start-up time — — — 22

2 Start-up time has been measured with EPSON TOYOCOM MC306 crystal. Variation may be seen with other crystal.

s

OSCON bit (OSC_CTL register)

TSXOSCSU

1

VOSC32K_XTAL

VSXOSC

valid internal clock

90%

10%

1/fSXOSC

0
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1 VDD = 3.3 V ± 10% / 5.0 V ± 10%, TA = −40 to 125 °C, unless otherwise specified.
2 This does not include consumption linked to clock tree toggling and peripherals consumption when RC oscillator is 

ON.
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Figure 34. Timing diagram – JTAG boundary scan

3 Package characteristics

3.1 Package mechanical data

INPUT DATA VALID

OUTPUT DATA VALID

DATA INPUTS

DATA OUTPUTS

DATA OUTPUTS

TCK

Note: Numbers shown reference Table 48.

3/52/4

7

6
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Figure 40. 100 LQFP package mechanical drawing (3 of 3)
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Figure 42. 144 LQFP package mechanical drawing (2 of 2)
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5 02-Nov-2009 In the “MPC5604B/C series block summary” table, added a new row.
In the “Absolute maximum ratings” table, changed max value of VDD_BV, VDD_ADC, and 

VIN.
In the “Recommended operating conditions (3.3 V)” table, deleted min value of TVDD.
In the “Reset electrical characteristics” table, changed footnotes 3 and 5.
In the “Voltage regulator electrical characteristics” table:
 • CREGn: changed max value.
 • CDEC1: split into 2 rows.
 • Updated voltage values in footnote 4
In the “Low voltage monitor electrical characteristics” table:
 • Updated column Conditions.
 • VLVDLVCORL, VLVDLVBKPL: changed min/max value.
In the “Program and erase specifications” table, added initial max value of Tdwprogram.
In the “Flash module life” table, changed min value for blocks with 100K P/E cycles
In the “Flash power supply DC electrical characteristics” table:
 • IFREAD, IFMOD: added typ value.
 • Added footnote 1.
Added “NVUSRO[WATCHDOG_EN] field description” section.
Section 4.18: “ADC electrical characteristics” has been moved up in hierarchy (it was 

Section 4.18.5).
In the “ADC conversion characteristics” table, changed initial max value of RAD.
In the “On-chip peripherals current consumption” table:
 • Removed min/max from the heading.
 • Changed unit of measurement and consequently rounded the values.

Table 49. Revision history (continued)

Revision Date Description of Changes
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7 05-Jul-2010 Added 64 LQFP package information
Updated the “Features” section.
Figures “LQFP 100-pin configuration” and “LQFP 100-pin configuration”: removed 
alternate function information
Added “Functional port pin descriptions” table
Added eDMA block in the “MPC5604B/C series block diagram” figure
Deleted the “NVUSRO[WATCHDOG_EN] field description” section
In the “Recommended operating conditions (3.3 V)” and “Recommended operating 
conditions (5.0 V)” tables, deleted the conditions of TA C-Grade Part, TA V-Grade Part, TA 

M-Grade Part
In the “LQFP thermal characteristics” table, rounded the values.
In the “RESET electrical characteristics” section, replaced “nRSTIN” with “RESET”.
In the “I/O input DC electrical characteristics” table:
 • WFI: inserted a footnote
 • WNFI: inserted a footnote
In the “Low voltage monitor electrical characteristics” table:
 • changed min value VLVDHV3L, from 2.7 to 2.6
 • Inserted max value of VLVDLVCORL
In the “FMPLL electrical characteristics” table, rounded the values of fVCO.
In the “DSPI characteristics” table:
 • Added ΔtASC row
 • Update values of tA
In the “ADC conversion characteristics” table, added “IADCPWD” and “IADCRUN” rows
Removed “Orderable part number summary” table.

8 25-Nov-2010 Editorial changes and improvements.
In the “MPC5604B/C device comparison” table, changed the temperature value from 105 

to 125 °C, in the footnote regarding “Execution speed”.
In the “Recommended operating conditions (3.3 V)” and “Recommended operating 

conditions (5.0 V)” tables, restored the conditions of TA C-Grade Part, TA V-Grade Part, TA 

M-Grade Part
In the “LQFP thermal characteristics” table, added values concerning 64 LQFP package.
In the “MEDIUM configuration output buffer electrical characteristics” table: fixed a typo in 

last row of conditions column, there was IOH that now is IOL.
In the “Reset electrical characteristics” table, changed the parameter classification tag for 

VOL and |IWPU|.
In the “Low voltage monitor electrical characteristics” table, changed the max value of 
VLVDLVCORL from 1.5V to 1.15V.
In the “Program and erase specifications” table, replaced “Teslat” with “Tesus”.
In the “FMPLL electrical characteristics” table, changed the parameter classification tag 

for fVCO.

Table 49. Revision history (continued)

Revision Date Description of Changes



Document Number: MPC5604BC
Rev. 13
01/2015

Freescale and the Freescale logo are trademarks of Freescale Semiconductor, Inc., 

Reg. U.S. Pat. & Tm. Off. The Power Architecture and Power.org word marks and the 

Power and Power.org logos and related marks are trademarks and service marks 

licensed by Power.org. All other product or service names are the property of their 

respective owners. 

© 2009-2015 Freescale Semiconductor, Inc.

Information in this document is provided solely to enable system and software 

implementers to use Freescale products. There are no express or implied copyright 

licenses granted hereunder to design or fabricate any integrated circuits based on the 

information in this document.

Freescale reserves the right to make changes without further notice to any products 

herein. Freescale makes no warranty, representation, or guarantee regarding the 

suitability of its products for any particular purpose, nor does Freescale assume any 

liability arising out of the application or use of any product or circuit, and specifically 

disclaims any and all liability, including without limitation consequential or incidental 

damages. “Typical” parameters that may be provided in Freescale data sheets and/or 

specifications can and do vary in different applications, and actual performance may 

vary over time. All operating parameters, including “typicals,” must be validated for 

each customer application by customer’s technical experts. Freescale does not convey 

any license under its patent rights nor the rights of others. Freescale sells products 

pursuant to standard terms and conditions of sale, which can be found at the following 

address: http://www.reg.net/v2/webservices/Freescale/Docs/TermsandConditions.htm 

How to Reach Us:
Home Page: 
freescale.com 

Web Support: 
freescale.com/support


