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Introduction

1 Introduction

1.1 Document overview

This document describes the features of the family and options available within the family members, and highlights important
electrical and physical characteristics of the device. To ensure a complete understanding of the device functionality, refer also
to the device reference manual and errata sheet.

1.2  Description

The MPC5604B/C is a family of next generation microcontrollers built on the Power Architecture® embedded category.

The MPC5604B/C family of 32-bit microcontrollers is the latest achievement in integrated automotive application controllers.
It belongs to an expanding family of automotive-focused products designed to address the next wave of body electronics
applications within the vehicle. The advanced and cost-efficient host processor core of this automotive controller family
complies with the Power Architecture embedded category and only implements the VLE (variable-length encoding) APU,
providing improved code density. It operates at speeds of up to 64 MHz and offers high performance processing optimized for
low power consumption. It capitalizes on the available development infrastructure of current Power Architecture devices and
is supported with software drivers, operating systems and configuration code to assist with users implementations.
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Package pinouts and signal descriptions
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Figure 2. MPC560xB LQFP 64-pin configuration
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Figure 3. MPC560xC LQFP 64-pin configuration
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Table 6. Functional port pin descriptions (continued)
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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 (Vpp or Vgg). 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.

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.

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 9. PAD3V5V field description

Value' Description
0 High voltage supply is 5.0 V
1 High voltage supply is 3.3 V
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' Default manufacturing value is ‘1’. Value can be programmed by customer in Shadow Flash.

3.11.2 NVUSRO[OSCILLATOR_MARGIN] field description

The fast external crystal oscillator consumption is dependent on the OSCILLATOR_MARGIN bit value. Table 10 shows how
NVUSRO[OSCILLATOR MARGIN] controls the device configuration.

Table 10. OSCILLATOR_MARGIN field description

Value' Description
0 Low consumption configuration (4 MHz/8 MHz)
1 High margin configuration (4 MHz/16 MHz)

' Default manufacturing value is ‘1’. Value can be programmed by customer in Shadow Flash.

3.11.3 NVUSRO[WATCHDOG_EN] field description

The watchdog enable/disable configuration after reset is dependent on the WATCHDOG_EN bit value. Table 11 shows how
NVUSRO[WATCHDOG _EN] controls the device configuration.

Table 11. WATCHDOG_EN field description

Value' Description
0 Disable after reset
1 Enable after reset

' Default manufacturing value is ‘1’. Value can be programmed by customer in Shadow Flash.
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2 Vpp=3.3V£10%/5.0V +10%, Ty =—-40to 125 °C
3 Junction-to-ambient thermal resistance determined per JEDEC JESD51-3 and JESD51-6. Thermal test
board meets JEDEC specification for this package.

4 Junction-to-board thermal resistance determined per JEDEC JESD51-8. Thermal test board meets JEDEC
specification for the specified package.

5 Junction-to-case at the top of the package determined using MIL-STD 883 Method 1012.1. The cold plate
temperature is used for the case temperature. Reported value includes the thermal resistance of the interface
layer.

3.14.2 Power considerations

The average chip-junction temperature, Ty, in degrees Celsius, may be calculated using Equation 1:
TJ=TA+(PDXR9JA) Eqgn. 1

Where:
Ty is the ambient temperature in °C.
Rgja is the package junction-to-ambient thermal resistance, in °C/W.
Pp is the sum of Pyt and Py (Pp = Pint + Prio)-
PN is the product of Ipp and Vpp, expressed in watts. This is the chip internal power.
Pyo represents the power dissipation on input and output pins; user determined.

Most of the time for the applications, P}, <Ppyrand may be neglected. On the other hand, P/ may be significant, if the device
is configured to continuously drive external modules and/or memories.

An approximate relationship between Py and T; (if Py/q is neglected) is given by:
Pp =K/ (T, + 273 °C) Eqn. 2

Therefore, solving equations 1 and 2:

K = Pp x (Ta + 273 °C) + Ry a X Pp? Eqn. 3

Where:

K is a constant for the particular part, which may be determined from Equation 3 by measuring P, (at equilibrium)
for a known T,_Using this value of K, the values of Pp and T; may be obtained by solving equations 1 and 2
iteratively for any value of Ty4.

3.15 /O pad electrical characteristics

3.15.1 1/O pad types

The device provides four main I/O pad types depending on the associated alternate functions:
»  Slow pads—These pads are the most common pads, providing a good compromise between transition time and low
electromagnetic emission.

¢ Medium pads—These pads provide transition fast enough for the serial communication channels with controlled
current to reduce electromagnetic emission.

»  Fast pads—These pads provide maximum speed. There are used for improved Nexus debugging capability.

» Input only pads—These pads are associated to ADC channels and the external 32 kHz crystal oscillator (SXOSC)
providing low input leakage.

Medium and Fast pads can use slow configuration to reduce electromagnetic emission, at the cost of reducing AC performance.
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3.15.3 1/0O output DC characteristics

The following tables provide DC characteristics for bidirectional pads:
»  Table 17 provides weak pull figures. Both pull-up and pull-down resistances are supported.
*  Table 18 provides output driver characteristics for I/O pads when in SLOW configuration.
« Table 19 provides output driver characteristics for I/O pads when in MEDIUM configuration.
»  Table 20 provides output driver characteristics for I/O pads when in FAST configuration.

Table 17. 1/O pull-up/pull-down DC electrical characteristics

Value

Symbol |C Parameter Conditions’ Unit
Min | Typ | Max

[lwpul | CC | P |Weak pull-up current ViN=ViL, Vpp=5.0V +10% |PAD3V5V =0 10 — | 150 | pA
c|absolute value PAD3V5V = 12| 10 | — | 250
P ViIN=ViL, Vpp =33V 10% |PAD3V5V =1 10 — | 150

[lwepl | CC | P |Weak pull-down current |V|y =V, Vpp = 5.0V £ 10% |PAD3V5V =0 10 — | 150 | pA
¢ |absolute value PAD3V5V=1 | 10 | — | 250
P ViN=Vin, Vpp =3.3V £10% |PAD3V5V =1 10 — | 150

" Vpp=3.3V£10%/5.0V +10%, Ty = —40 to 125 °C, unless otherwise specified.

2 The configuration PAD3V5 = 1 when Vpp = 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.

Table 18. SLOW configuration output buffer electrical characteristics

Value
Symbol |C Parameter Conditions’ Unit
Min Typ Max

Von|CC| P |Output high level Push Pull|lgy = -2 mA, 0.8Vpp — — V
SLOW configuration Vpp=5.0V +10%, PAD3V5V =0
(recommended)

C IOH =-2 mA, 0'8VDD — —
Vpp = 5.0 V + 10%, PAD3V5V = 12

C lOH =-1 mA, VDD—O.8 —_— —_—
Vpp =3.3V +10%, PAD3V5V =1
(recommended)

VoL |CC| P |Output low level Push Pull|lg. =2 mA, — — 01Vpp | V
SLOW configuration Vpp =5.0V +10%, PAD3V5V =0
(recommended)

C lOL =2 mA, —_— —_— 0'1VDD
Vpp = 5.0 V £ 10%, PAD3V5V = 12

C IOL =1 mA, —_— — 0.5
Vpp =3.3V +10%, PAD3V5V = 1
(recommended)

! Vpp=3.3V£10%/5.0V +10%, T =40 to 125 °C, unless otherwise specified

2 The configuration PAD3V5 = 1 when Vpp = 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.
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Figure 15. Fast external crystal oscillator (4 to 16 MHz) timing diagram
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3.26 ADC electrical characteristics

3.26.1 Introduction

Package pinouts and signal descriptions

The device provides a 10-bit Successive Approximation Register (SAR) analog-to-digital converter.
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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
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Figure 30. DSPI modified transfer format timing — slave, CPHA =0
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Figure 31. DSPI modified transfer format timing — slave, CPHA =1
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Figure 34. Timing diagram — JTAG boundary scan

4 Package characteristics

4.1 Package mechanical data
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Figure 36. 64 LQFP package mechanical drawing (2 of 3)
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Figure 37. 64 LQFP package mechanical drawing (3 of 3)
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41.2 100 LQFP
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Figure 38. 100 LQFP package mechanical drawing (1 of 3)
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Figure 39. 100 LQFP package mechanical drawing (2 of 3)
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Package characteristics
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Figure 42. 144 LQFP package mechanical drawing (2 of 2)
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Document revision history

Table 50. Revision history (continued)

Revision Date Description of Changes

4 06-Aug-2009 |Updated Figure 6
Table 12

* Vpp apc: changed min value for “relative to Vpp” condition
+ V|\: changed min value for “relative to Vpp” condition

* lcoreLy: @added new row
Table 14

* TAC-Grade Part, TJ C-Grade Part, TAV-Grade Part, T V-Grade Part, TAM-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

* Cpgcq: changed min value

* ImMreG: changed max value

* Ipp py: @dded max value footnote

Table 27

* V| vDHv3H: changed max value

* V0vDHv3L: added max value

* VivpHvsy: changed max value

* VivpHysL: added max value

Updated Table 28

Table 30

» Retention: deleted min value footnote for “Blocks with 100,000 P/E cycles*
Table 38

* lpxosc: added typ value

Table 40

* Vgxosc: changed typ value

* Tsxoscsu: added max value footnote

Table 41

* At 1y added max value

Updated Figure 38
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Document revision history

Table 50. Revision history (continued)

Revision

Date

Description of Changes

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 (Vpp Hy and Vpp gy maximum slope) (was “VDD and VDD_BV
maximum slope”) B B

Renamed Figure 12 (Vpp py and Vpp gy 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 Typp
and footnote about it.

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

Section 3.17.1, “Voltage regulator electrical characteristics:
replaced “slew rate of Vpp/Vpp gy’ With “slew rate of both Vpp 1y and Vpp gy’
replaced “When STANDBY mode is used, further constraints apply to the Vpp/Vpp gy
in order to guarantee correct regulator functionality during STANDBY exit.” with “When
STANDBY mode is used, further constraints are applied to the both Vpp py and
Vpp gy in order to guarantee correct regulator function during STANDBY exit.”

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

Table 32 (Flash memory power supply DC electrical characteristics), in the paremeter
column replaced Vpp gy and Vpp py 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 I'eSpeCtiVely with VDD_BV, VDD_HV and
VDD_HV_ADC o

Updated Section 3.26.2, “Input impedance and ADC accuracy

Table 47 (DSPI characteristics), modified symbol for tpcgc 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 Typp
and relative footnote.

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