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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 e200z0h

Core Size 32-Bit Single-Core

Speed 64MHz

Connectivity CANbus, I²C, LINbus, SCI, SPI

Peripherals DMA, POR, PWM, WDT

Number of I/O 79

Program Memory Size 512KB (512K x 8)

Program Memory Type FLASH

EEPROM Size 64K x 8

RAM Size 32K x 8

Voltage - Supply (Vcc/Vdd) 3V ~ 5.5V

Data Converters A/D 28x10b

Oscillator Type Internal

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

Mounting Type Surface Mount

Package / Case 100-LQFP

Supplier Device Package 100-LQFP (14x14)
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Table 1. MPC5604B/C device comparison1

Feature

Device

MPC56
02BxLH

MPC56
02BxLL

MPC56
02BxLQ

MPC56
02CxLH

MPC56
02CxLL

MPC56
03BxLH

MPC56
03BxLL

MPC56
03BxLQ

MPC56
03CxLH

MPC56
03CxLL

MPC56
04BxLH

MPC56
04BxLL

MPC56
04BxLQ

MPC56
04CxLH

MPC56
04CxLL

MPC5604
BxMG

CPU e200z0h

Execution 
speed2

Static – up to 64 MHz

Code Flash 256 KB 384 KB 512 KB

Data Flash 64 KB (4 × 16 KB)

RAM 24 KB 32 KB 28 KB 40 KB 32 KB 48 KB

MPU 8-entry

ADC (10-bit) 12 ch 28 ch 36 ch 8 ch 28 ch 12 ch 28 ch 36 ch 8 ch 28 ch 12 ch 28 ch 36 ch 8 ch 28 ch 36 ch

CTU Yes

Total timer
I/O3 eMIOS

12 ch, 
16-bit

28 ch, 
16-bit

56 ch, 
16-bit

12 ch, 
16-bit

28 ch, 
16-bit

12 ch, 
16-bit

28 ch, 
16-bit

56 ch, 
16-bit

12 ch, 
16-bit

28 ch, 
16-bit

12 ch, 
16-bit

28 ch, 
16-bit

56 ch, 
16-bit

12 ch, 
16-bit

28 ch,
16-bit

56 ch,
16-bit

 • PWM + MC 
+ IC/OC4

2 ch 5 ch 10 ch 2 ch 5 ch 2 ch 5 ch 10 ch 2 ch 5 ch 2 ch 5 ch 10 ch 2 ch 5 ch 10 ch

 • PWM + 
IC/OC4

10 ch 20 ch 40 ch 10 ch 20 ch 10 ch 20 ch 40 ch 10 ch 20 ch 10 ch 20 ch 40 ch 10 ch 20 ch 40 ch

 • IC/OC4 — 3 ch 6 ch — 3 ch — 3 ch 6 ch — 3 ch — 3 ch 6 ch — 3 ch 6 ch

SCI (LINFlex) 35 4

SPI (DSPI) 2 3 2 3 2 3 2 3 2 3 2 3

CAN 
(FlexCAN)

26 5 6 37 5 6 37 5 6

I2C 1

32 kHz 
oscillator

Yes

GPIO8 45 79 123 45 79 45 79 123 45 79 45 79 123 45 79 123

Debug JTAG Nexus2+

Package 64
LQFP

100
LQFP

144
LQFP

64
LQFP

100
LQFP

64
LQFP

100
LQFP

144
LQFP

64
LQFP

100
LQFP

64
LQFP

100
LQFP

144
LQFP

64
LQFP

100
LQFP

208
MAPBGA9
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Table 2. MPC5604B/C device comparison1

1 Feature set dependent on selected peripheral multiplexing—table shows example implementation

Feature

Device

SPC560B
40L1

SPC560B
40L3

SPC560B
40L5

SPC560C
40L1

SPC560C
40L3

SPC560B
50L1

SPC560B
50L3

SPC560B
50L5

SPC560C
50L1

SPC560C
50L3

SPC560B
50B2

CPU e200z0h

Execution speed2

2 Based on 125 °C ambient operating temperature

Static – up to 64 MHz

Code Flash 256 KB 512 KB

Data Flash 64 KB (4 × 16 KB)

RAM 24 KB 32 KB 32 KB 48 KB

MPU 8-entry

ADC (10-bit) 12 ch 28 ch 36 ch 8 ch 28 ch 12 ch 28 ch 36 ch 8 ch 28 ch 36 ch

CTU Yes

Total timer I/O3

eMIOS

3 See the eMIOS section of the device reference manual for information on the channel configuration and functions.

12 ch,
16-bit

28 ch,
16-bit

56 ch,
16-bit

12 ch,
16-bit

28 ch,
16-bit

12 ch,
16-bit

28 ch,
16-bit

56 ch,
16-bit

12 ch,
16-bit

28 ch,
16-bit

56 ch,
16-bit

 • PWM + MC + 
IC/OC4

4 IC – Input Capture; OC – Output Compare; PWM – Pulse Width Modulation; MC – Modulus counter

2 ch 5 ch 10 ch 2 ch 5 ch 2 ch 5 ch 10 ch 2 ch 5 ch 10 ch

 • PWM + IC/OC4 10 ch 20 ch 40 ch 10 ch 20 ch 10 ch 20 ch 40 ch 10 ch 20 ch 40 ch

 • IC/OC4 — 3 ch 6 ch — 3 ch — 3 ch 6 ch — 3 ch 6 ch

SCI (LINFlex) 35

5 SCI0, SCI1 and SCI2 are available. SCI3 is not available.

4

SPI (DSPI) 2 3 2 3 2 3 2 3

CAN (FlexCAN) 26 5 6 37 5 6

I2C 1

32 kHz oscillator Yes

GPIO8 45 79 123 45 79 45 79 123 45 79 123

Debug JTAG Nexus2+

Package LQFP649 LQFP100 LQFP144 LQFP649 LQFP100 LQFP649 LQFP100 LQFP144 LQFP649 LQFP100 LBGA20810
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Table 3 summarizes the functions of all blocks present in the MPC5604B/C series of microcontrollers. Please note that the 
presence and number of blocks vary by device and package.

Table 3. MPC5604B/C series block summary

Block Function

Analog-to-digital converter (ADC) Multi-channel, 10-bit analog-to-digital converter

Boot assist module (BAM) A block of read-only memory containing VLE code which is executed according 
to the boot mode of the device

Clock monitor unit (CMU) Monitors clock source (internal and external) integrity

Cross triggering unit (CTU) Enables synchronization of ADC conversions with a timer event from the eMIOS 
or from the PIT

Deserial serial peripheral interface 
(DSPI)

Provides a synchronous serial interface for communication with external devices

Error Correction Status Module 
(ECSM)

Provides a myriad of miscellaneous control functions for the device including 
program-visible information about configuration and revision levels, a reset 
status register, wakeup control for exiting sleep modes, and optional features 
such as information on memory errors reported by error-correcting codes

Enhanced Direct Memory Access 
(eDMA)

Performs complex data transfers with minimal intervention from a host processor 
via “n” programmable channels.

Enhanced modular input output 
system (eMIOS)

Provides the functionality to generate or measure events

Flash memory Provides non-volatile storage for program code, constants and variables

FlexCAN (controller area network) Supports the standard CAN communications protocol

Frequency-modulated 
phase-locked loop (FMPLL)

Generates high-speed system clocks and supports programmable frequency 
modulation

Internal multiplexer (IMUX) SIU 
subblock

Allows flexible mapping of peripheral interface on the different pins of the device

Inter-integrated circuit (I2C™) bus A two wire bidirectional serial bus that provides a simple and efficient method of 
data exchange between devices

Interrupt controller (INTC) Provides priority-based preemptive scheduling of interrupt requests

JTAG controller Provides the means to test chip functionality and connectivity while remaining 
transparent to system logic when not in test mode

LINFlex controller Manages a high number of LIN (Local Interconnect Network protocol) messages 
efficiently with a minimum of CPU load

Clock generation module 
(MC_CGM)

Provides logic and control required for the generation of system and peripheral 
clocks

Mode entry module (MC_ME) Provides a mechanism for controlling the device operational mode and mode 
transition sequences in all functional states; also manages the power control unit, 
reset generation module and clock generation module, and holds the 
configuration, control and status registers accessible for applications

Power control unit (MC_PCU) Reduces the overall power consumption by disconnecting parts of the device 
from the power supply via a power switching device; device components are 
grouped into sections called “power domains” which are controlled by the PCU

Reset generation module 
(MC_RGM)

Centralizes reset sources and manages the device reset sequence of the device



MPC5604B/C Microcontroller Data Sheet, Rev. 11

Package pinouts and signal descriptions

Freescale Semiconductor14

3.3 Voltage supply pins
Voltage supply pins are used to provide power to the device. Three dedicated VDD_LV/VSS_LV supply pairs are used for 1.2 
V regulator stabilization.

3.4 Pad types
In the device the following types of pads are available for system pins and functional port pins:

S = Slow1

M = Medium1 2

F = Fast1 2

I = Input only with analog feature1

J = Input/Output (‘S’ pad) with analog feature
X = Oscillator

Table 4. Voltage supply pin descriptions

Port pin Function

Pin number

64 LQFP1

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

100 LQFP 144 LQFP
208 

MAPBGA2

2 208 MAPBGA available only as development package for Nexus2+

VDD_HV Digital supply voltage 7, 28, 56 15, 37, 70, 84 19, 51, 100, 
123

C2, D9, E16, 
G13, H3, N9, 

R5

VSS_HV Digital ground 6, 8, 26, 55 14, 16, 35, 
69, 83

18, 20, 49, 
99, 122

G7, G8, G9, 
G10, H1, H7, 
H8, H9, H10, 

J7, J8, J9, 
J10, K7, K8, 

K9, K10

VDD_LV 1.2V decoupling pins. Decoupling 
capacitor must be connected between 
these pins and the nearest VSS_LV pin.3

3 A decoupling capacitor must be placed between each of the three VDD_LV/VSS_LV supply pairs to ensure stable 
voltage (see the recommended operating conditions in the device datasheet for details).

11, 23, 57 19, 32, 85 23, 46, 124 D8, K4, P7

VSS_LV 1.2V decoupling pins. Decoupling 
capacitor must be connected between 
these pins and the nearest VDD_LV pin.3

10, 24, 58 18, 33, 86 22, 47, 125 C8, J2, N7

VDD_BV Internal regulator supply voltage 12 20 24 K3

VSS_HV_ADC Reference ground and analog ground for 
the ADC

33 51 73 R15

VDD_HV_ADC Reference voltage and analog supply for 
the ADC

34 52 74 P14

1. See the I/O pad electrical characteristics in the device datasheet for details.
2. All medium and fast pads are in slow configuration by default at reset and can be configured as fast or medium (see PCR.SRC 
in section Pad Configuration Registers (PCR0–PCR122) in the device reference manual).
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3.5 System pins
The system pins are listed in Table 5.

3.6 Functional ports
The functional port pins are listed in Table 6.

Table 5. System pin descriptions

S
y

st
em

 p
in

Function

I/O
 d

ir
ec

ti
o

n

P
ad

 t
yp

e

R
E

S
E

T
 c

o
n

fi
g

u
ra

ti
o

n Pin number

64
L

Q
F

P
1

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

10
0

L
Q

F
P

14
4

L
Q

F
P

20
8

M
A

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 6. Functional port pin descriptions
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 d
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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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PD[1] PCR[49] AF0
AF1
AF2
AF3
—

GPIO[49]
—
—
—

GPI[5]

SIUL
—
—
—

ADC

I
—
—
—
I

I Tristate — — 42 64 T12

PD[2] PCR[50] AF0
AF1
AF2
AF3
—

GPIO[50]
—
—
—

GPI[6]

SIUL
—
—
—

ADC

I
—
—
—
I

I Tristate — — 43 65 R12

PD[3] PCR[51] AF0
AF1
AF2
AF3
—

GPIO[51]
—
—
—

GPI[7]

SIUL
—
—
—

ADC

I
—
—
—
I

I Tristate — — 44 66 P13

PD[4] PCR[52] AF0
AF1
AF2
AF3
—

GPIO[52]
—
—
—

GPI[8]

SIUL
—
—
—

ADC

I
—
—
—
I

I Tristate — — 45 67 R13

PD[5] PCR[53] AF0
AF1
AF2
AF3
—

GPIO[53]
—
—
—

GPI[9]

SIUL
—
—
—

ADC

I
—
—
—
I

I Tristate — — 46 68 T13

PD[6] PCR[54] AF0
AF1
AF2
AF3
—

GPIO[54]
—
—
—

GPI[10]

SIUL
—
—
—

ADC

I
—
—
—
I

I Tristate — — 47 69 T14

PD[7] PCR[55] AF0
AF1
AF2
AF3
—

GPIO[55]
—
—
—

GPI[11]

SIUL
—
—
—

ADC

I
—
—
—
I

I Tristate — — 48 70 R14

PD[8] PCR[56] AF0
AF1
AF2
AF3
—

GPIO[56]
—
—
—

GPI[12]

SIUL
—
—
—

ADC

I
—
—
—
I

I Tristate — — 49 71 T15

Table 6. Functional port pin descriptions (continued)
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P
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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 6. Functional port pin descriptions (continued)
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PG[11] PCR[107] AF0
AF1
AF2
AF3

GPIO[107]
E0UC[25]

—
—

SIUL
eMIOS_0

—
—

I/O
I/O
—
—

M Tristate — — — 115 B12

PG[12] PCR[108] AF0
AF1
AF2
AF3

GPIO[108]
E0UC[26]

—
—

SIUL
eMIOS_0

—
—

I/O
I/O
—
—

M Tristate — — — 92 K14

PG[13] PCR[109] AF0
AF1
AF2
AF3

GPIO[109]
E0UC[27]

—
—

SIUL
eMIOS_0

—
—

I/O
I/O
—
—

M Tristate — — — 91 K16

PG[14] PCR[110] AF0
AF1
AF2
AF3

GPIO[110]
E1UC[0]

—
—

SIUL
eMIOS_1

—
—

I/O
I/O
—
—

S Tristate — — — 110 B14

PG[15] PCR[111] AF0
AF1
AF2
AF3

GPIO[111]
E1UC[1]

—
—

SIUL
eMIOS_1

—
—

I/O
I/O
—
—

M Tristate — — — 111 B13

PH[0] PCR[112] AF0
AF1
AF2
AF3
—

GPIO[112]
E1UC[2]

—
—

SIN1

SIUL
eMIOS_1

—
—

DSPI_1

I/O
I/O
—
—
I

M Tristate — — — 93 F13

PH[1] PCR[113] AF0
AF1
AF2
AF3

GPIO[113]
E1UC[3]
SOUT1

—

SIUL
eMIOS_1
DSPI_1

—

I/O
I/O
O
—

M Tristate — — — 94 F14

PH[2] PCR[114] AF0
AF1
AF2
AF3

GPIO[114]
E1UC[4]
SCK_1

—

SIUL
eMIOS_1
DSPI_1

—

I/O
I/O
I/O
—

M Tristate — — — 95 F16

PH[3] PCR[115] AF0
AF1
AF2
AF3

GPIO[115]
E1UC[5]
CS0_1

—

SIUL
eMIOS_1
DSPI_1

—

I/O
I/O
I/O
—

M Tristate — — — 96 F15

Table 6. Functional port pin descriptions (continued)
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This product contains devices to protect the inputs against damage due to high static voltages. However, it is advisable to take 
precautions to avoid applying any voltage higher than the specified maximum rated voltages.

To enhance reliability, unused inputs can be driven to an appropriate logic voltage level (VDD or VSS). This could be done by 
the internal pull-up and pull-down, which is provided by the product for most general purpose pins.

The parameters listed in the following tables represent the characteristics of the device and its demands on the system.

In the tables where the device logic provides signals with their respective timing characteristics, the symbol “CC” for Controller 
Characteristics is included in the Symbol column.

In the tables where the external system must provide signals with their respective timing characteristics to the device, the symbol 
“SR” for System Requirement is included in the Symbol column.

3.10 Parameter classification
The electrical parameters shown in this supplement are guaranteed by various methods. To give the customer a better 
understanding, the classifications listed in Table 8 are used and the parameters are tagged accordingly in the tables where 
appropriate.

NOTE
The classification is shown in the column labeled “C” in the parameter tables where 
appropriate.

3.11 NVUSRO register
Bit values in the Non-Volatile User Options (NVUSRO) Register control portions of the device configuration, namely electrical 
parameters such as high voltage supply and oscillator margin, as well as digital functionality (watchdog enable/disable after 
reset).

For a detailed description of the NVUSRO register, please refer to the device reference manual.

3.11.1 NVUSRO[PAD3V5V] field description
The DC electrical characteristics are dependent on the PAD3V5V bit value. Table 9 shows how NVUSRO[PAD3V5V] controls 
the device configuration.

Table 8. Parameter classifications

Classification tag Tag description

P Those parameters are guaranteed during production testing on each individual device.

C Those parameters are achieved by the design characterization by measuring a statistically 
relevant sample size across process variations.

T Those parameters are achieved by design characterization on a small sample size from typical 
devices under typical conditions unless otherwise noted. All values shown in the typical column 
are within this category.

D Those parameters are derived mainly from simulations.

Table 9. PAD3V5V field description

Value1 Description

0 High voltage supply is 5.0 V

1 High voltage supply is 3.3 V



Package pinouts and signal descriptions

 MPC5604B/C Microcontroller Data Sheet, Rev. 11

Freescale Semiconductor 43

3.15.5 I/O pad current specification
The I/O pads are distributed across the I/O supply segment. Each I/O supply segment is associated to a VDD/VSS supply pair as 
described in Table 22.

Table 23 provides I/O consumption figures.

In order to ensure device reliability, the average current of the I/O on a single segment should remain below the IAVGSEG 
maximum value.

2 CL includes device and package capacitances (CPKG < 5 pF).

Table 22. I/O supply segment

Package
Supply segment

1 2 3 4 5 6

208 MAPBGA1

1 208 MAPBGA available only as development package for Nexus2+

Equivalent to 144 LQFP segment pad distribution MCKO MDOn/MSEO

144 LQFP pin20–pin49 pin51–pin99 pin100–pin122 pin 123–pin19 — —

100 LQFP pin16–pin35 pin37–pin69 pin70–pin83 pin 84–pin15 — —

64 LQFP pin8–pin26 pin28–pin55 pin56–pin7 — — —

Table 23. I/O consumption

Symbol C Parameter Conditions1
Value

Unit
Min Typ Max

ISWTSLW
,2 CC D Dynamic I/O current for 

SLOW configuration
CL = 25 pF VDD = 5.0 V ± 10%,

PAD3V5V = 0
— — 20 mA

VDD = 3.3 V ± 10%,
PAD3V5V = 1

— — 16

ISWTMED
2 CC D Dynamic I/O current for 

MEDIUM configuration
CL = 25 pF VDD = 5.0 V ± 10%,

PAD3V5V = 0
— — 29 mA

VDD = 3.3 V ± 10%,
PAD3V5V = 1

— — 17

ISWTFST
2 CC D Dynamic I/O current for 

FAST configuration
CL = 25 pF VDD = 5.0 V ± 10%,

PAD3V5V = 0
— — 110 mA

VDD = 3.3 V ± 10%,
PAD3V5V = 1

— — 50

IRMSSLW CC D Root mean square I/O 
current for SLOW 
configuration

CL = 25 pF, 2 MHz VDD = 5.0 V ± 10%,
PAD3V5V = 0

— — 2.3 mA

CL = 25 pF, 4 MHz — — 3.2

CL = 100 pF, 2 MHz — — 6.6

CL = 25 pF, 2 MHz VDD = 3.3 V ± 10%,
PAD3V5V = 1

— — 1.6

CL = 25 pF, 4 MHz — — 2.3

CL = 100 pF, 2 MHz — — 4.7
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Figure 8. Start-up reset requirements

Figure 9. Noise filtering on reset signal

Table 25. Reset electrical characteristics

Symbol C Parameter Conditions1
Value

Unit
Min Typ Max

VIH SR P Input High Level CMOS 
(Schmitt Trigger)

— 0.65VDD — VDD+0.4 V

VIL

VDD

device reset forced by RESET

VDDMIN

RESET

VIH

device start-up phase 

VRESET

VIL

VIH

VDD

filtered by
 hysteresis

filtered by
 lowpass filter

WFRST

WNFRST

hw_rst

‘1’

‘0’
filtered by
 lowpass filter

WFRST

unknown reset
state device under hardware reset
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Table 28. Power consumption on VDD_BV and VDD_HV

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

IDDMAX
2

2 IDDMAX is drawn only from the VDD_BV pin. Running consumption does not include I/Os toggling which is highly 
dependent on the application. The given value is thought to be a worst case value with all peripherals running, and 
code fetched from code flash while modify operation ongoing on data flash. Notice that this value can be significantly 
reduced by application: switch off not used peripherals (default), reduce peripheral frequency through internal 
prescaler, fetch from RAM most used functions, use low power mode when possible.

CC D RUN mode maximum 
average current

— — 115 1403

3 Higher current may be sinked by device during power-up and standby exit. Please refer to in rush current on Table 26.

mA

IDDRUN
4

4 IDDRUN is drawn only from the VDD_BV pin. RUN current measured with typical application with accesses on both flash 
and RAM.

CC T RUN mode typical 
average current5

5 Only for the “P” classification: Data and Code Flash in Normal Power. Code fetched from RAM: Serial IPs CAN and 
LIN in loop back mode, DSPI as Master, PLL as system Clock (4 x Multiplier) peripherals on (eMIOS/CTU/ADC) and 
running at max frequency, periodic SW/WDG timer reset enabled.

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

IDDSTDBY2 CC P STANDBY2 mode 
current9

Slow internal RC oscillator 
(128 kHz) running

TA = 25 °C — 30 100 µA

D TA = 55 °C — 75 —

D TA = 85 °C — 180 700

D TA = 105 °C — 315 1000

P TA = 125 °C — 560 1700

IDDSTDBY1 CC T STANDBY1 mode 
current10

Slow internal RC oscillator 
(128 kHz) running

TA = 25 °C — 20 60 µA

D TA = 55 °C — 45 —

D TA = 85 °C — 100 350

D TA = 105 °C — 165 500

D TA = 125 °C — 280 900
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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.

3.19.2 Flash power supply DC characteristics
Table 32 shows the power supply DC characteristics on external supply.

Table 30. 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 — —

Table 31. Flash read access timing

Symbol C Parameter Conditions1

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

Max Unit

fREAD CC P Maximum frequency for Flash reading 2 wait states 64 MHz

C 1 wait state 40

C 0 wait states 20

Table 32. Flash memory power supply DC electrical characteristics

Symbol C Parameter Conditions1
Value

Unit
Min Typ Max

IFREAD
2 CC D Sum of the current consumption on 

VDD_HV and VDD_BV on read access
Code flash memory module read
fCPU = 64 MHz3

— 15 33 mA

Data flash memory module read
fCPU = 64 MHz3

— 15 33

IFMOD
2 CC D Sum of the current consumption on 

VDD_HV and VDD_BV on matrix 
modification (program/erase)

Program/Erase ongoing while 
reading code flash memory 
registers fCPU = 64 MHz3

— 15 33 mA

Program/Erase ongoing while 
reading data flash memory 
registers fCPU = 64 MHz3

— 15 33



Package pinouts and signal descriptions

 MPC5604B/C Microcontroller Data Sheet, Rev. 11

Freescale Semiconductor 71

3.26 ADC electrical characteristics

3.26.1 Introduction
The device provides a 10-bit Successive Approximation Register (SAR) analog-to-digital converter.

Figure 19. ADC characteristic and error definitions

3.26.2 Input impedance and ADC accuracy
In the following analysis, the input circuit corresponding to the precise channels is considered.

To preserve the accuracy of the A/D converter, it is necessary that analog input pins have low AC impedance. Placing a capacitor 
with good high frequency characteristics at the input pin of the device can be effective: the capacitor should be as large as 

(2)

(1)

(3)

(4)

(5)

Offset error (EO)

Offset error (EO)

Gain error (EG)

1 LSB (ideal)

1023

1022

1021

1020

1019

1018

5

4

3

2

1

0

7

6

1 2 3 4 5 6 7 1017 1018 1019 1020 1021 1022 1023

(1) Example of an actual transfer curve

(2) The ideal transfer curve

(3) Differential non-linearity error (DNL)

(4) Integral non-linearity error (INL)

(5) Center of a step of the actual transfer curve

1 LSB ideal = VDD_ADC / 1024

Vin(A) (LSBideal)

code out
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possible, ideally infinite. This capacitor contributes to attenuating the noise present on the input pin; furthermore, it sources 
charge during the sampling phase, when the analog signal source is a high-impedance source.

A real filter can typically be obtained by using a series resistance with a capacitor on the input pin (simple RC filter). The RC 
filtering may be limited according to the value of source impedance of the transducer or circuit supplying the analog signal to 
be measured. The filter at the input pins must be designed taking into account the dynamic characteristics of the input signal 
(bandwidth) and the equivalent input impedance of the ADC itself.

In fact a current sink contributor is represented by the charge sharing effects with the sampling capacitance: being CS and Cp2 
substantially two switched capacitances, with a frequency equal to the conversion rate of the ADC, it can be seen as a resistive 
path to ground. For instance, assuming a conversion rate of 1 MHz, with CS+Cp2 equal to 3 pF, a resistance of 330 k is 
obtained (REQ = 1 / (fc × (CS+Cp2)), where fc represents the conversion rate at the considered channel). To minimize the error 
induced by the voltage partitioning between this resistance (sampled voltage on CS+Cp2) and the sum of RS + RF, the external 
circuit must be designed to respect the Equation 4:

Eqn. 4

Equation 4 generates a constraint for external network design, in particular on a resistive path.

Figure 20. Input equivalent circuit (precise channels)

VA

RS RF+

REQ
--------------------- 1

2
--- LSB

RF

CF

RS RL RSW1

CP2 CS

VDD

Sampling
Source Filter Current Limiter

EXTERNAL CIRCUIT INTERNAL CIRCUIT SCHEME

CP1

RAD

Channel
Selection

VA

RS: Source impedance
RF: Filter resistance
CF: Filter capacitance
RL: Current limiter resistance
RSW1: Channel selection switch impedance
RAD: Sampling switch impedance
CP: Pin capacitance (two contributions, CP1 and CP2)
CS: Sampling capacitance
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3 During the conversion, the total current consumption is given from the sum of the static and dynamic consumption, 
i.e., (41 + 5) * fperiph.
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5 Ordering information
Figure 45. Commercial product code structure

1 208 MAPBGA available only as development package for Nexus2+

6 Document revision history
Table 50 summarizes revisions to this document.

Table 50. Revision history

Revision Date Description of Changes

1 04-Apr-2008 Initial release.

Qualification Status

PowerPC Core

Automotive Platform

Core Version

Flash Size (core dependent)

Product

Temperature spec.

M PC 56 B M LL 4Example code: 0 4

Package Code

Frequency

Qualification Status
M = MC status
S = Auto qualified
P = PC status

Automotive Platform
56 = PPC in 90nm

Core Version
0 = e200z0

Flash Size (z0 core)
2 = 256 KB
3 = 384 KB
4 = 512 KB

Product
B = Body
C = Gateway

Fab and Mask Indicator
F = ATMC
1 = Maskset Revision

R = Tape & Reel (blank if Tray)

R

Temperature spec.
C = 40 to 85 °C
V = 40 to 105 °C
M = 40 to 125 °C

Package Code
LH = 64 LQFP
LL = 100 LQFP
LQ = 144 LQFP
MG = 208 MAPBGA1

Frequency
4 = Up to 48 MHz
6 = Up to 64 MHz

Fab and Mask Indicator

F1
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4 06-Aug-2009 Updated Figure 6
Table 12
 • VDD_ADC: changed min value for “relative to VDD” condition
 • VIN: changed min value for “relative to VDD” condition
 • ICORELV: added new row
Table 14
 • TA C-Grade Part, TJ C-Grade Part, TA V-Grade Part, TJ V-Grade Part, TA M-Grade Part, TJ M-Grade Part: 

added new rows
 • Changed capacitance value in footnote
Table 21
 • MEDIUM configuration: added condition for PAD3V5V = 0
Updated Figure 10
Table 26
 • CDEC1: changed min value
 • IMREG: changed max value
 • IDD_BV: added max value footnote
Table 27
 • VLVDHV3H: changed max value
 • VLVDHV3L: added max value
 • VLVDHV5H: changed max value
 • VLVDHV5L: added max value
Updated Table 28
Table 30
 • Retention: deleted min value footnote for “Blocks with 100,000 P/E cycles“
Table 38
 • IFXOSC: added typ value
Table 40
 • VSXOSC: changed typ value
 • TSXOSCSU: added max value footnote
Table 41
 • tLTJIT: added max value
Updated Figure 38

Table 50. Revision history (continued)
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6 15-Mar-2010 In the “Introduction” section, relocated a note.
In the “MPC5604B/C device comparison” table, added footnote regarding SCI and CAN.
In the “Absolute maximum ratings” table, removed the min value of VIN relative to VDD.
In the “Recommended operating conditions (3.3 V)” table:
 • TA C-Grade Part, TJ C-Grade Part, TA V-Grade Part, TJ V-Grade Part, TA M-Grade Part, TJ M-Grade Part: 

added new rows.
 • TVDD: made single row.
In the “LQFP thermal characteristics” table, added more rows.
Removed “208 MAPBGA thermal characteristics” table.
In the “I/O consumption” table:
 • Removed IDYNSEG row.
 • Added “I/O weight” table.
In the “Voltage regulator electrical characteristics” table:
 • Updated the values.
 • Removed IVREGREF and IVREDLVD12.
 • Added a note about IDD_BC.
In the “Low voltage monitor electrical characteristics” table:
 • Updated VPORH values.
 • Updated VLVDLVCORL value.
Entirely updated the “Low voltage power domain electrical characteristics” table.
In the “Program and erase specifications” table, inserted Teslat row.
Entirely updated the “Flash power supply DC electrical characteristics” table.
Entirely updated the “Start-up time/Switch-off time” table.
In the “Crystal oscillator and resonator connection scheme” figure, relocated a note.
In the “Slow external crystal oscillator (32 kHz) electrical characteristics” table:
 • Removed gmSXOSC row.
 • Inserted values of ISXOSCBIAS.
Entirely updated the “Fast internal RC oscillator (16 MHz) electrical characteristics” table.
In the “ADC conversion characteristics” table: updated the description of the conditions of 

tADC_PU and tADC_S.
Entirely updated the “DSPI characteristics” table.
In the “Orderable part number summary” table, modified some orderable part number.
Updated the “Commercial product code structure” figure.
Removed the note about the condition from “Flash read access timing” table
Removed the notes that assert the values need to be confirmed before validation
Exchanged the order of “LQFP 100-pin configuration” and “LQFP 144-pin configuration”
Exchanged the order of “LQFP 100-pin package mechanical drawing” and “LQFP 144-pin 

package mechanical drawing”

Table 50. Revision history (continued)
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10 15 Oct 2012 Table 1 (MPC5604B/C device comparison), added footnote for MPC5603BxLH and 
MPC5604BxLH about FlexCAN availability.

Table 3 (MPC5604B/C series block summary), replaced “System watchdog timer” with 
“Software watchdog timer” and specified AUTOSAR (Automotive Open System 
Architecture)

Table 6 (Functional port pin descriptions):
replaced footnote “Available only on MPC560xC versions and MPC5604B 208 
MAPBGA devices” with “Available only on MPC560xC versions, MPC5603B 64 LQFP, 
MPC5604B 64 LQFP and MPC5604B 208 MAPBGA devices”,
replaced VDD with VDD_HV

Figure 10 (Voltage regulator capacitance connection), updated pin name apperence
Renamed Figure 11 (VDD_HV and VDD_BV maximum slope) (was “VDD and VDD_BV 

maximum slope”)
Renamed Figure 12 (VDD_HV and VDD_BV supply constraints during STANDBY mode exit) 

(was “VDD and VDD_BV supply constraints during STANDBY mode exit”)
Table 13 (Recommended operating conditions (3.3 V)), added minimum value of TVDD 

and footnote about it.
Table 14 (Recommended operating conditions (5.0 V)), added minimum value of TVDD 

and footnote about it.
Section 3.17.1, “Voltage regulator electrical characteristics:

replaced “slew rate of VDD/VDD_BV” with “slew rate of both VDD_HV and VDD_BV”
replaced “When STANDBY mode is used, further constraints apply to the VDD/VDD_BV 
in order to guarantee correct regulator functionality during STANDBY exit.” with “When 
STANDBY mode is used, further constraints are applied to the both VDD_HV and 
VDD_BV in order to guarantee correct regulator function during STANDBY exit.”

Table 28 (Power consumption on VDD_BV and VDD_HV), updated footnotes of IDDMAX 
and IDDRUN stating that both currents are drawn only from the VDD_BV pin. 

Table 32 (Flash memory power supply DC electrical characteristics), in the paremeter 
column replaced VDD_BV and VDD_HV respectively with VDD_BV and VDD_HV.

Table 46 (On-chip peripherals current consumption), in the paremeter column replaced 
VDD_BV, VDD_HV and VDD_HV_ADC respectively with VDD_BV, VDD_HV and 
VDD_HV_ADC

Updated Section 3.26.2, “Input impedance and ADC accuracy
Table 47 (DSPI characteristics), modified symbol for tPCSC and tPASC

11 14 Nov 2012 In the cover feature list:
added “and ECC” at the end of “Up to 512 KB on-chip code flash supported with the 
flash controller”
added “with ECC” at the end of “Up to 48 KB on-chip SRAM”

Table 13 (Recommended operating conditions (3.3 V)), removed minimum value of TVDD 
and relative footnote.

Table 14 (Recommended operating conditions (5.0 V)), removed minimum value of TVDD 
and relative footnote.
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