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1 About This Book

This document describes the design of MPC5604P
Controller Board, which is targeted for rapid
development of motor control applications.

To locate any published updates for this document, refer
to the world-wide web at: http://www.freescale.com/.

2 Introduction

Freescale MPC5604P Controller Board is a controller
board integrated to Freescale embedded motion-control
series of development tools. It is supplied with universal
interface interconnecting with, among others, one of the
embedded motion-power stages or evaluation boards,
providing a ready-made software-development platform
for a various electrical motors, DC converters.

The MPC5604P Controller Board is an
evaluation-module type of board which includes an
MPC5604P device, a various position sensing interfaces,
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Introduction

communications options, digital and analog power supplies, and peripheral expansion connectors. The
expansion connectors are intended for signal monitoring and user expandability. Test pads are provided for
monitoring critical signals and voltage levels.

The MPC5604P Controller Board facilitates the evaluation of various features present in the MPC5604P.
It can be used to develop real-time software and hardware products based on MPC5604P in TQFP144
package. It provides the features necessary for the user to write and debug software, demonstrate the
functionality of that software, and to interface with the customer’s application specific device(s). The
MPC5604P Controller Board is flexible enough to allow the users to fully exploit the MPC5604P features
to optimize the performance of their product, as shown in Figure 1.

2.1 Features

The MPC5604P Controller Board facilitates the evaluation of various features present in the MPC5604P.
Following are the board features:

*  MPC5604P microcontroller, TQFP144 package
+ JTAG/NEXUS interfaces for MCU code download and debugging
* System-basis chip MCZ33905D
* Motor control interface:

— UNI-3

— MC33937A predriver

— Resolver

— two Encoder/Hall sensors
» Connectivity interface:

— LIN

— CAN

— FlexRay

— USB interface
« LEDs:

— Power-supply indicators

— PWM control signals

— Faults monitoring

— SBC safe mode

— User application
* Two push buttons and switch for application control
* MCU pins accessible via pin headers
* Power plug 2.1mm connector.

MPC5604P Controller Board User’s Guide, Rev. 0
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Introduction

2.2 MPC5604P Controller Board Architecture

The MPC5604P Controller Board is flexible enough to allow the user to fully exploit the MPC5604P
features to optimize a performance of their product. Its basic building blocks are depicted in Figure 1. The
block color differentiates a block function.

* Blue - MCU and application software download and the debug interface
» Green - Motor control related hardware

* Red - Board power supply and connectivity

* Violet - Application control

N/ R S —— MPC5604P
NEXUS <

USB - SCI0

< isolated

Interface

S— R
Switch

Figure 1. MPC5604P Controller Board Block Diagram

The board can be supplied by VBAT voltage in the range of 8V to 18V. The MC33905 provides two
independent voltage sources, one for supplying MCU and second for auxiliary logic. Both sources
provides either 3.3V or 5V, depending on the assembled SBC version.

The UNI-3 expansion interface enables MCU to direct control of the electrical motor or DC/DC
converters.

The Fault logic triggers several important system faults as described in a particular chapter. The circuitry
behavior depends on the selected configuration. For more info, see Section 3, “Interface Description.

The user can control the application using the rotary switch, USB interface (RS232), CAN and LIN buses.
The JTAG/NEXUS interfaces is present on-board to enable download and debugging of MCU code.

For the on-board block location, see Figure 2.

MPC5604P Controller Board User’s Guide, Rev. 0
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Figure 2. MPC5604P Controller Board Block Location

2.3

See Table 1 and Figure 3 for proper jumper configuration.

Board Jumper Configuration

MPC5604P Controller Board User’s Guide, Rev. 0
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Table 1. MPC5604P Controller Board Jumper Options

Introduction

Selector Function Connections
JP1, JP2 CAN Terminate CAN bus node. |closed
JP104 MC33905 Enter SBC driver MC33905 |closed
debug mode to debug mode.
JP105 MC33905 Enter SBC driver MC33905 |closed
save mode to safe mode.
JP200 Resolver Enable Resolver reference input open
signal from MCU disabled.
Resolver reference input closed
signal from MCU enabled
J203 Resolver REFSIN input Positive input for SIN OPAM |1-2
is DC offset voltage set up by
trimmer R209.
Positive input for SIN OPAM |2-3
is REFSIN input of resolver.
J204 Resolver COS input Positive input for COS OPAM |1-2
is DC offset voltage set up by
trimmer R209.
Positive input for COS OPAM |2-3
is REFCOS input of resolver.
J205 Phase A Resolver Phase A signal is |1-2
digital signal connected to GPIO F[13].
SIN/COS Phase A signalis [2-3
connected to GPIO F[13].
J206 Phase B Resolver Phase A signal is |1-2
digital signal connected to GPIO A[5].
SIN/COS Phase A signalis [2-3
connected to GPIO A[5].
J2 Resolver Resolver reference signal is |2—3
input signal generated by GPIO C[11].
Resolver reference signal is |1-2
generated by GPIO C[12].
J301 FAULT1 selection UNI-3 Phase A over-current |1-2
signal is connected to
FAULT1 input G[9].
UNI-3 DC-bus over-current |2—-3
signal is connected to
FAULT1 input G[9].
J312 BOQT selection MPC5604P boot from closed
internal Flash.
MPC5604P Controller Board User’s Guide, Rev. 0
Freescale 5



Introduction

Table 1. MPC5604P Controller Board Jumper Options (continued)

Selector

Function

Connections

J500

Encoder 0 Phase A

Encoder0 JP500 pin three
PHASE A input signal is
connected to GPIO A[Q].

—_
|
N

UNI-3 BEMFZCA input
signal is connected to GPIO
Al0].

2-3

J501

Encoder 0 Phase B

Encoder0 JP500 pin four
PHASE B input signal is
connected to GPIO A[1].

UNI-3 BEMFZCB input
signal is connected to GPIO
Al1].

J502

Encoder 0 Index

Encoder0 JP500 pin five
INDEX input signal is
connected to GPIO A[2].

UNI-3 BEMFZCC input
signal is connected to GPIO
Al2].

J503

Encoder 0 Home

Encoder0 JP500 pin six
HOME input signal is
connected to GPIO A[3].

closed

DC BUS Voltage

DC BSUS Voltage signal
from UNI-3 is connected to
GPIO B[13], ADC 1 input
zero.

R315 populated

DC BUS Current

DC BUS Current signal from
UNI-3 is connected to GPIO
B[15], ADC 1 input two.

R316 populated

Analog input 11

UNI-3 Phase A current is
connected to GPIO BJ[9],
ADC 0/1 input 11.

R318 populated

UNI-3 Phase A Back-EMF
Voltage is connected to
GPIO B[9]m ADC 0/1 input
11.

R320 populated

Analog input 12

UNI-3 Phase B current is
connected to GPIO B[10],
ADC 0/1 input 12

R322 populated

UNI-3 Phase B Back-EMF
Voltage is connected to
GPIO B[10]m ADC 0/1 input
12.

R324 populated

MPC5604P Controller Board User’s Guide, Rev. 0
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Table 1. MPC5604P Controller Board Jumper Options (continued)

Introduction

Selector

Function

Connections

Analog input 13

UNI-3 Phase C current is
connected to GPIO B[11],
ADC 0/1 input 13.

R325 populated

UNI-3 Phase C Back-EMF
Voltage is connected to
GPIO B[11]m ADC 0/1 input
13.

R326 populated

signal is connected to GPIO
G[5] (PWMXS3).

TEMP UNI-3 Temperature signal is |R328 populated
connected to ADCO input
zero.

SERIAL UNI-3 Serial signal is R330 populated
connected to GPIO D[5].

BRAKE UNI-3 Brake output signal is |R333 populated
connected to GPIO C[3].

PFC UNI-3 PFC output signal is |R334 populated
connected to GPIO G[6]
(PWMAB3).

PFC_EN UNI-3 PFC Enable signal is |R335 populated
connected to GPIO G[7]
(PWMBS3).

PFC_zC UNI-3 PFC zero current R336 populated

MPC5604P Controller Board User’s Guide, Rev. 0
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Figure 3. MPC5604P Controller Board Jumper Position

2.4 Board LEDs

The Table 2 displays the on-board LEDs. For on-board LED locations, see Figure 2.
Table 2. On-board LEDs

LED Signal Name Description

D114 /SAFE MCZ33905 safe pin state
(ON - SBC in safe mode)

D14 +3.3Vdc + 3.3V AUX power supply

D1 PWMO AO Motor 1 Phase A bottom
switch signal

D2 PWMO BO Motor 1 Phase B bottom
switch signal

D3 PWMO A1 Motor 1 Phase C bottom
switch signal

MPC5604P Controller Board User’s Guide, Rev. 0
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Interface Description

Table 2. On-board LEDs (continued)

LED Signal Name Description

D4 PWMO B1 Motor 1 Phase C top switch
signal

D5 PWMO A2 Motor 1 Phase B top switch
signal

D6 PWMO B2 Motor 1 Phase A top switch
signal

D7 FAULTBO Motor 1 FAULTBO signal

D8 FAULTB1 Motor 1 FAULTB1 signal

D9 FAULTB2 Motor 1 FAULTB2 signal

D10 FAULTB3 Motor 1 FAULTBS signal

D11 A12 User LED 1

D12 PHASEAO Encoder 1 input A signal

D15 PHASEBO Encoder 1 input B signal

D17 INDEXO Encoder 1 input INDEX
signal

D13 PWMO A3 PWM module 0, A3 output

D16 PWMO B3 PWM module 0, B3 output

D18 A13 User LED 1

3 Interface Description

The following chapters summarize the on-board connectors and headers pin-outs, signal meanings and
MCU pins assignments.

3.1 Power Supply J100

The MPC5604P Controller Board can be supplied either by using the 2.1 mm DC power plug J100 or the
UNI-3 connector (J300, pin 19).

The controller board is powered from two independent voltage regulators which provides 5V for a
auxiliary logic and 5V for MCU and debugger logic. Both voltages are generated by the MC33905 SBC
integrated circuit. Proper operation is monitored by LED D114 for the AUX 3.3V line, see Table 2.

The board is designed to operate in the voltage range from 8V to 18V. The board is protected against a
reverse battery.

3.2 UNI3 Interface J300

The UNI-3 interface (connector J300) defines the interface between the MPC5604P Controller Board and
a 3 phase electrical motor power stages.

The list of UNI-3 signals follows:

MPC5604P Controller Board User’s Guide, Rev. 0
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Interface Description

» Control signals:
— PWM phase A, B, C top and bottom switches control
— Brake signal control

— Power Factor Correction (PFC)

*  Monitor signals

— DC-bus voltage

— DC-bus current
— Phase A, B, C current
— Zero-cross signals
— Back-EMF phase A, B, C
— Temperature monitoring

* Power Supply 12V

» Serial line - a bidirectional communication line between the Controller Board and Power Stage

The Table 3 defines the UNI-3 pin-out and pin assignment to the MCU.
Table 3. Motor 1 — UNI-3 Signal Description

Interface Pin Signal Name MCU Signal Description Direction

1 PWM_AT PWM_AO Phase A top switch Digital output
control (H -> Turn OFF)

3 PWM_AB PWM_BO Phase A bottom switch Digital output
control (H -> Turn ON)

5 PWM_BT PWM_A1 Phase B top switch Digital output
control (H -> Turn OFF)

7 PWM_BB PWM_B1 Phase B bottom switch Digital output
control (H -> Turn ON)

9 PWM_CT PWM_A2 Phase C top switch Digital output
control (H -> Turn OFF)

11 PWM_CB PWM_B2 Phase C bottom switch Digital output
control (H -> Turn ON)

2,4,6,8,10 Shield — PWM signals shield —
(grounded on the power

stage side only)
12,13 GND_D — Digital power supply —
ground
14,15 +5V DC — +5V digital power supply —
17,18 AGND — Analog power supply —
ground

19 +12/+15V DC — Analog power supply —

16,20,27,28,37 NC — Not connected —

21 VpcBUS B[13] DC-bus voltage Analog input

sensing, OV — 3.3V,
ADC1 channel 0
MPC5604P Controller Board User’s Guide, Rev. 0
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Table 3. Motor 1 — UNI-3 Signal Description (continued)

Interface Description

Interface Pin Signal Name MCU Signal Description Direction
22 IpcBUS B[15] DC-bus current sensing, Analog input
0-3.3V,
ADC1 channel 2
23 Ia B[9] Phase A current Analog input
sensing, 0-3.3V,
ADCx channel 11
24 Ig B[10] Phase B current Analog input
sensing, 0-3.3 V,
ADCx channel 12
25 Ic B[11] Phase C current Analog input
sensing, 0-3.3V,
ADCx channel 13
26 TEMP B[7] Analog temperature Analog input
0-3.3V,
ADCO channel 0
29 BRAKE_CONT EIRQ#22 DC-bus brake control Digital output
30 SERIAL D[5] Serial interface Digital bi-directional
31 PFC PWM_A3 Power factor correction Digital output
PWM
32 PFCEN PWM_B3 Power factor correction Digital output
enable
33 PFCZC PWM_X3 Power factor correction Digital input
Zero-cross
34 ZCA D[9] or A[0] Phase A Back-EMF Digital input
zero crossing
35 ZCB D[12] or A[1] Phase B Back-EMF Digital input
zero crossing
36 ZCC G[2] or A[2] Phase C Back-EMF Digital input
zero crossing
38 Back-EMF_A B[9] Phase A Back-EMF Analog input
voltage sensing
39 Back-EMF_B B[10] Phase B Back-EMF Analog input
voltage sensing
40 Back-EMF_C B[11] Phase C Back-EMF Analog input
voltage sensing

3.3 MC33937A Interface J302

When using a Freescale 3-phase power stages, the electrical inverter switches are controlled by the
MC33937A pre-driver. The device behavior is configured by this interface, see Table 4.

MPC5604P Controller Board User’s Guide, Rev. 0
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Interface Description

Table 4. Motor 1 — MC33937A Signal Description

Interface Pin Signal Name MCU Signal Description Direction

1 NC — Not connected. —

2 NC — Not connected. —

3 33937_EN G[0] Motor 1 device-enable |Digital output
output.

4 33937_0C C[8] Over-current input. Digital input

5 33937_/RST C[10] Reset output. Active in |Digital output
low.

6 33937_INT C[9] Interrupt pin. Digital input

7 33937_SOUT DSPI3_SIN Input data from Digital input
MC33937 SPI port.
Tri-state until CS
becomes low.

8 33937_SCK DSPI3_SCK Clock for SPI port. Digital output
Output.

9 33937_CS DSPI3_/CSO Chip-select 0 output. It |Digital output
frames SPl command
and enables SPI port.

10 33937_SIN DSPI3_SOUT Output data for Digital output
MC33937 SPI port.
Clocked on the falling
edge of SCLK, MSB
first.

3.4 Resolver Connector J207

The controller board is able to calculate motor rotor position from resolver or SIN/COS sensor. They are
connected to the board through connectors J207, Table 5 shows pin description.

Table 5. Resolver Signal Description

Interface Pin

Signal Name

MCU Signal

Description

Direction

RES_GEN

Positive sinusoidal
reference signal for
resolver

Signal output range
fromOVupto+12V

OQutput

GNDP

Ground for reference
signal

SIN

SIN input signal

Differential analog input

REFSIN

SIN reference input
signal

Differential analog input

MPC5604P Controller Board User’s Guide, Rev. 0
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Table 5. Resolver Signal Description (continued)

Interface Description

Interface Pin Signal Name MCU Signal Description Direction
5 COS COS input signal Differential analog input
6 REFCOS COS reference input | Differential analog input
signal
7 GNDA Analog ground —
8 +5VA +5V Analog Power —
supply

3.5 Encoder/Hall Connector J500 and J501

The motor rotor position can be transformed from encoder or Hall rotor position sensor. They can be
connected to the board through connector J500 and J501. For proper signal connection, see Table 6.

Table 6. Encoder/Hall Signal Description

Interface Pin Signal Name MCU Port Description Direction
1 +5Vdc — +5V sensor supply —
voltage
2 GND — Ground —
3 ENC1_PhaseA/ A[0] Digital input signal phase |Digital input
HALLO C[13] A or Hall 0 input signal
ENC2_PhaseA /
HALLO
4 ENC1_PhaseB/ A[1] Digital input signals Digital input
HALLA C[14] phase B or Hall 1 input
ENC2_PhaseB / signal
HALL1
5 ENC1_INDEX/ Al2] Digital input signals Digital input
HALL2 F[12] INDEX or Hall 2 input
ENC2_INDEX/ signal
HALL2
6 ENC1_HOME A[3] Digital input signals Digital input
HOME
Table 7. J6 Header Signal Description
Interface Pin Signal Name MCU Port Description Direction
1 PHASEBO A[1] Encoder 1 digital input signal | Digital input
phase B.
2 PHASEAO A[0] Encoder 1 digital input signal | Digital input
phase A.
3 HOMEO A[3] Encoder 1 digital input signal | Digital input
Home.
4 INDEXO Al2] Encoder 1 digital input signal | Digital input
Index.

MPC5604P Controller Board User’s Guide, Rev. 0
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Interface Description

Table 7. J6 Header Signal Description (continued)

Interface Pin Signal Name MCU Port Description Direction
5 ETO_4 C[11] eTimer0 channel 4 Digital I/0
output/input
6 ETO_5 C[12] eTimer0 channel 5 Digital 1/0
output/input
7 +3.3Vdc — +3.3Vdc power supply —
8 GND — Ground —
Table 8. J8 Header Signal Description
Interface Pin Signal Name MCU Port Description Direction

1 PHASEBH1 C[14] Encoder 2 digital input Digital input
signal phase B.

2 PHASEA1 C[13] Encoder 2 digital input Digital input
signal phase A.

3 NC — — —

4 INDEX1 F[12] Encoder 2 digital input Digital input
signal Index.

5 PHASE_A F[13] eTimer1 channel 4 Digital 1/0
output/input

6 PHASE_B A[5] eTimer1 channel 5 Digital 1/0
output/input

7 +3.3Vdc — +3.3Vdc power supply —

8 GND — Ground —

3.6 LIN Connector J101

The MC33905 LIN transceiver is used as an on-board LIN hardware interface. The LIN node can be
configured to either the Master or Slave mode, see Table 1.

A Table 9 shows the LIN connector pin-out and pin assignment to the MCU.

Table 9. LIN Signal Description

Interface Pin Signal Name MCU Signal Description Direction
1 GND — Ground —
2 VSUP — Power Supply —
3 GND — Ground —
4 LIN LIN1_RXD /LIN1_TXD LIN bus Digital bi-directional

MPC5604P Controller Board User’s Guide, Rev. 0
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Table 10. Header J14 Signal Description

Interface Description

Interface Pin Signal Name MCU Port Description Direction

1 GPIOA13 A[13] Digital input / output Digital I/0

2 GPIOA12 A[12] Digital input / output Digital I/0

3 LIN1_TXD F[14] LIN module 1 transmit |Digital output
output

4 LIN1_RXD F[15] LIN module 1 receive |Digital input
input

5 GND — Ground —

6 +3.3Vdc — +3.3Vdc power supply —

3.7 CAN Connector J103

The system basis chip MC33905 CAN transceiver is used as the CAN hardware interface. An on-board
jumpers JP1, JP2 enable node termination, impedance of 120R, see Table 1.

Table 11 shows the CAN connector pin-out and pin assignment to the MCU.
Table 11. CAN Signal Description

Interface Pin Signal Name MCU Signal Description Direction

1 CANH CANO_RXD / CAN bus H Differential bidirectional
CANO_TXD

2 CANL CANO_RXD/ CAN bus L Differential bidirectional
CANO_TXD

3 GND — Ground —

4 NC — Not connected —

Table 12. Header J11 Signal Description

Interface Pin Signal Name MCU Port Description Direction

1 CANO_RX_PHY

2 CANO_TX_PHY

3 CANO_RXD B[1] CAN module 0 receive Digital input
input

4 CANO_TXD B[O] CAN module 0 receive Digital output
output

5 GND — Ground —

6 GND — Ground —

7 +5Vdc — +5Vdc power supply —

8 +3.3Vdc — +3.3Vdc power supply —

MPC5604P Controller Board User’s Guide, Rev. 0
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Interface Description

3.8

USB Connector J311

The USB line is used for board communication with the PC, when using for example, Freescale
FreeMASTER tool to control and visualize the user application.

The interface uses a A type connector and it is isolated from the board environment. See Table

pin description and pin assignment to the MCU.
Table 13. USB Signal Description

13 for the

Interface Pin

Signal Name

MCU Signal

Description

Direction

1 VBUS — USB Power Supply —
2 D- LINO_RXD / LINO_TXD |Data- Dig. bidirectional
3 D+ LINO_RXD / LINO_TXD |Data+ Dig. bidirectional
4 GNDB — USB Ground —

3.9

Header J10 and J15

Monitoring the PWM signals is possible using J10. Table 14 summarizes the header pinout.

Table 14. J10- Signal Description

Interface Pin Signal Name MCU Signal Description Direction

1 PWMAO D[10] Motor 1 — Phase A top Digital output
switch control

2 PWMBO D[11] Motor 1 — Phase A bottom | Digital output
switch control

3 PWMAT1 D[13] Motor 1 — Phase B top Digital output
switch control

4 PWMBH1 D[14] Motor 1 — Phase B bottom |Digital output
switch control

5 PWMA2 G[3] Motor 1 — Phase C top  |Digital output
switch control

6 PWMB2 G[4] Motor 1 — Phase C bottom |Digital output
switch control

7 FAULTBO G[8] PWM module fault input 0 |Digital input

8 FAULTB1 G[9] PWM module fault input 1 |Digital input

9 FAULTB2 G[10] PWM module fault input 2 |Digital input

10 FAULTB3 G[11] PWM module fault input 3 |Digital input

11 PWM_XO0 D[9] PWM module 0 auxiliary |Digital input/output
PWM signal 0

12 PWM_X1 D[12] PWM module 0 auxiliary |Digital input/output
PWM signal 1

13 PWM_X2 G[2] PWM module 0 auxiliary |Digital input/output
PWM signal 2

14 GND — Ground —

MPC5604P Controller Board User’s Guide, Rev. 0
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Table 15. J15 Signal Description

Interface Description

Interface Pin Signal Name MCU Port Description Direction
1 PWMA3 G[6] Digital input/output Digital I/0
2 PWMB3 G[7] Digital input/output Digital 1/0
3 PWM_X3 G[4] Digital input/output Digital I/0
4 NCs — — —
5 +3.3Vdc — +3.3V voltage —
6 GND — Ground —

3.10 Header J4, J7, and J9

Headers J4, J6, and J7 allows monitoring the analog-to-digital converter signals, see Table 16.

Table 16. Header J4 Signal Description

Interface Pin Signal Name MCU Signal Description Direction

1 ADCO_ANO B[7] ADC module 0 channel |Analog input
0 input

2 ADCO_ANT1 B[8] ADC module 0 channel |Analog input
1 input

3 ADCO_AN2 C[1] ADC module 0 channel |Analog input
2 input

4 ADCO_AN3 Cl2] ADC module 0 channel |Analog input
3 input

5 ADCO_AN4 E[1] ADC module 0 channel |Analog input
4 input

6 ADCO_AN5 E[2] ADC module 0 channel |Analog input
5 input

7 ADCO_ANG6 E[3] ADC module 0 channel |Analog input
6 input

8 ADCO_AN7 E[4] ADC module 0 channel |Analog input
7 input

9 ADCO_ANS8 E[5] ADC module 0 channel |Analog input
8 input

10 ADCO_AN9 E[6] ADC module 0 channel |Analog input
9 input

11 ADCO_AN10 E[7] ADC module 0 channel |Analog input
10 input

12 NC — — —

13 GNDA — Analog ground —

14 +3.3VA2 — +3.3V analog voltage —

MPC5604P Controller Board User’s Guide, Rev. 0
Freescale 17



Interface Description

Table 17. Header J7 Signal Description

Intirif:ce Signal Name MCU Signal Description Direction
1 ADC1_ANO B[13] ADC module 1 Analog input
channel 0 input
2 ADC1_AN1 B[14] ADC module 1 Analog input
channel 1 input
3 ADC1_AN2 B[15] ADC module 1 Analog input
channel 2 input
4 ADC1_ANS3 C[0] ADC module 1 Analog input
channel 3 input
5 ADC1_AN4 D[15] ADC module 1 Analog input
channel 4 input
6 ADC1_AN5 E[0] ADC module 1 Analog input
channel 5 input
7 ADC1_ANG6 E[8] ADC module 1 Analog input
channel 6 input
8 ADC1_AN7 E[9] ADC module 1 Analog input
channel 7 input
9 ADC1_AN8 E[10] ADC module 1 Analog input
channel 8 input
10 ADC1_AN9 E[11] ADC module 1 Analog input
channel 9 input
11 ADC1_AN10 E[12] ADC module 1 Analog input
channel 10 input
12 NC — — —
13 GNDA — Analog ground —
14 +3.3VA2 — +3.3V analogue —
voltage
Table 18. Header J9 Signal Description
Interface Pin Signal Name MCU Signal Description Direction
ADCO/1_AN11 B[9] ADC module 0/1 Analog input
channel 11 input
ADCO/1_AN12 B[10] ADC module 0/1 Analog input
channel 12 input
ADCO/1_AN13 B[11] ADC module 0/1 Analog input
channel 13 input
ADCO/1_AN14 B[12] ADC module 0/1 Analog input
channel 14 input
+3.3VA2 — +3.3V analogue voltage —
GNDA — Analog ground —
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3.11 Header J3

Headers J3 allows monitoring the miscellaneous digital signals, see Table 19.

Table 19. Header J12 Signal Description

Interface Pin Signal Name MCU Port Description Direction
1 SCI0_TX B[2] Digital input/output Digital /0
2 SCI0O_RX B[3] Digital input/output Digital I/0
3 SPI3_SCK E[13] Digital input/output Digital I/0
4 SPI3_SOUT E[14] Digital input/output Digital I/0
5 SPI3_SIN E[15] Digital input/output Digital I/0
6 SPI3_CS0 F[3] Digital input/output Digital /0
7 GND — Ground —
8 +3.3Vdc — +3.3V voltage —

4 Design Consideration

The MPC5604P Controller Board is designed for demonstration of the ability of Freescale MPC5604P
device to control various electrical motors and for easier development of the motor-control applications.
In addition to the hardware needed to run a motor, a variety of feedback signals that facilitate
control-algorithm development are provided. A set of schematics for the controller board appears in the
following section.

4.1 MPC5604P Features

The MPC5604P is the first member of family of microcontrollers based on Power Architecture®, targeted
at chassis and safety market segment, specifically at lower-end Electrical Power Steering and
airbag-application market space. The used core is the Harvard-bus interface version of the €200z0.

The MPC5604P has a single level of memory hierarchy consisting of 40 KB on-chip SRAM, 512+64 KB
of on-chip Flash memory. Both SRAM and Flash memory can hold instruction and data.

The timer functions of MPC5604P are performed by the eTimer — Modular Timer System and FlexPWM.
The two eTimer modules implement enhanced timer features (six channels each for a total of 12) including
dedicated motor-control quadrature-decode functionality and DMA support; FlexPWM module consists
of four submodules controlling a pair of PWM channels each; three submodules may be used to control
the three phases of a motor and the additional pair to support DC-DC converter width modulation control.

Off-chip communication is performed by a suite of serial protocols including FlexRay, CANs, enhanced
SPIs (DSPI), and SClIs (LinFlex).

The System Integration Unit Lite (SIUL) performs several chip-wide configuration functions. Pad
configuration and General-Purpose Input and Output (GPIO) are controlled from SIUL. External
interrupts and reset control are also found in the SIUL. The internal Multiplexer sub-block (IOMUX)
provides multiplexing of daisy chaining the DSPIs and external interrupt signal.

MPC5604P Controller Board User’s Guide, Rev. 0
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You can find detailed description of the MCU in the datasheet or reference manual.
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CRC Cyclic redundancy check MC_ME  Mode entry module
CTU Cross triggering unit MC_PCU Power control unit
DSPI Deserial serial peripheral interface MC_RGM Reset generation module
ECSM Error correction status module PIT Periodic interrupt timer
eDMA Enhanced direct memory access SIUL System integration unit Lite
eTimer Enhanced timer SRAM Static random-access memory
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FlexCAN  Controller area network SWT Software watchdog timer
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Figure 4. MPC5604P Block Diagram
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4.2 Clock Source

The MPC5604P uses external 8.00 MHz crystal oscillator mounted on the board and internal PLLO to
multiply the input frequency, to achieve its 64 MHz maximum operating frequency. The second PLL1 is
used to achieve suitable frequency (120MHz) for internal Motor control, SWG, and communication
modules. The MPC5604P can also use internal 16 MHz RC oscillator as clock source, in this mode
FlexRAY protocol clock does not support IRCOSC as a clock source.
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Figure 5. MPC5604P Block Diagram

MPC5604P Controller Board User’s Guide, Rev. 0

22 Freescale



b -

Design Consideration

4.3 UNI3 Interfaces and External Fault Management

The motor power stages are controlled by microcontroller boards through two UNI3 and MC33937
connectors. The connector pin description was mentioned before in Section 3, “Interface Description.
Analog or digital signals from the power stage M1 can be processed by hardware to maintain fault
management. The MPC5604P has four fault inputs and switch off PWM output signals in module.

The FAULTO signal can be set up as under- or over-voltage. Whether the output signals from Phase A or
DCBUS over-current comparator can be asserted to the input FAULT1, depends on jumper position J301.
The FAULT2 and FAULT3 inputs can be used as over-current signals from phase B and C. The phase OC
level is set up by trimmer R300, as given in Figure 6.
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Figure 6. FAULT Management
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Table 20. Header J301 — FAULT1 Signal Assighment

Jumper Position Description
1-2 Phase A over-current
2-3 DC-bus-over current

4.4 Encoder/Hall Sensor Interface

The motor control application can read position or speed from up to two independent encoders or HALL
sensors. The on-board interfaces provides the 5V power supply voltage to supply the sensors. The Hall
interface inputs are designed to support an open collector as well as push-pull Hall sensors outputs, see

Figure 7. A single pole RC low pass filter is present to reduce a signal noise.
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Figure 7. Encoder/Hall Sensor Interface Circuit

4.5 Resolver and SinCos Sensor Interface

The resolver or SinCos interface is present on the board to observe actual motor rotor position.The board
is populated with hardware interface to allow measurement of motor rotor position and speed. Figure 8
shows resolver hardware circuitry. The resolver sensor can be connected through J207 connector. The
jumpers J203 and J204 provide selection of the positive input signal for differential amplifiers. In case of
use a resolver sensor, pins two and three should be shorted. The excitation signal output level (terminals

MPC5604P Controller Board User’s Guide, Rev. 0
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RES GEN and GNDP) is set up by trimmer R221. The resolver excitation signal for resolver circuitry can
be selected by J2, the source signals are outputs from eTimer(.channel4 and eTimer(.channel5.

For detailed J207 connector signal description, see Table 8.
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Figure 8. Resolver Interface Schematic
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The resolver is an electro-mechanical transformer whose analog output voltages are a function of shaft
angle. It is, therefore, an absolute position transducer, providing true angular information at any time. The
reference winding (R1 and R2 terminals) is excited by an alternating signal Vref and output is taken from
the two stator windings, as is depicted in Figure 9. The two stator windings fixed at right (90°) angles to
each other on the stator, produce a sine and co-sine feedback voltages Vsin, Vcos, respectively. However,
their amplitudes are modulated by sine and cosine as the shaft rotates, see Figure 10 in other words, the
voltages induced into the stator winding will be Vsin=K*sin(®)*sin(wt) and Vsin=K*cos(®)*sin(mt),
where K is the transformation ratio, ® is the shaft rotation from reference zero-degree position, and ® =2rf
carrier frequency.

Usin

Rotor shaft Ucos

Figure 9. Resolver Basics

These outputs are modified by a differential amplifiers and fed to an analog-to-digital converter. The rotor
angle ® can be extracted from these voltages using a digital approach. For detailed description, see
application note AN1942.
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Sinusoidal Voltage
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4.6 Analog Signal Sensing

The MPC5604P can sample up to 2x16 analog signals. External 2x11 channels are connected through RC

filters directly to ADC converters zero and one, next four channels are common and can be internally

switched between both converters. They can be used to sample phase motor currents. The ADCO channel

15 is dedicated for internal 1.2 V rail, and ADCI channel 15 for the temperature sensor.

The time constant of RC filter should be set according to system requirements. The default time constant

was set to approximately 1.2 ps on the inputs zero to ten, and shared inputs are set to approximately 50 ns.
R6

120

ANAO >4 JL »

+

Figure 11. Analog Sensing Circuit

4.7 Power Supplies and Voltage Reference

The MPC5604P Controller Board can be supplied from three main power supply inputs. The first one uses
a 2.1 mm coaxial power jack and other one uses UNI-3 connector. Which one is more suitable depends on
application type. The controller board provides a +5 V DC-voltage regulation for the resolver, encoder,
and FlexRAY driver, a +3.3 V DC-voltage regulation for MCU and supporting logic, and it provides
reference voltage for ADC module. The block diagram is shown in Figure 12.
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Pin 14 N

Pin 19

Figure 12. Power Supply

4.8 UNI-3 PFC-PWM Signal (Power Factor Correction)

The PFC-PWM signal is used to additionally control the power stage circuit like PFC or power DC-DC
converter. These signals are connected to the MPC5604P controller pins GPIO G[6], and G[7].

4.9 UNI-3 Brake Signal

The brake signal is used to control the DC-bus resistor switch on connected power stage. It is accessible
via GPIO C[3].

4.10 CAN Bus

The FlexCAN module is a communication controller implementing the CAN protocol according to the
CAN 2.0B protocol specification, which supports both standard and extended message frames. A number
of Message Buffers (32) is also supported. Please refer to MPC5604P reference manual for detailed
description. Freescale system basis chip MC33905S with one CAN and one LIN interface is used as the

hardware interface for FlexCAN module. Jumpers JP1 and JP2 define middle or end node. The Safety
CAN module (Safety Port) doesn’t have a physical interface populated on the board but the signals are
accessible via header J13.

4.11 FlexRAY Interface

The FlexRAY module implements the FlexRay Communications System Protocol Specification, Version
2.1 Rev A. The hardware interface consists of two TJA1080 ICs.

5 Electrical Characteristics

The electrical characteristics in Table 21 apply to an operation at 25 °C.
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Table 21. Electrical Characteristics

Characteristic Symbol Min Typ Max Units
Power supply VvDC 8 12 18 \Y,
Voltage
Current ICC — TBD — mA
consumption’

Minimum Logic  |VIH — — — mA
one Input Voltage

Maximum Logic |VIL — — — mA
zero Input Voltage

Input Logic RIN — 47 — KQ
Resistance

Analog Input 0 — 3.3 \
Range

T 12v power supply, MCU without software

6 Board Set-Up Guide

The board is designed to be supplied either by the UNI-3 interface or by using the on-board J100 connector,
with a power supply voltage from 8 to 18V. When using the board as a standalone EVB, connect the power
supply to J100. In the case of board operation with the power stage is strongly recommended to supply the
board using the UNI-3 interface.

The MPC5604P Controller Board is designed for operation with the Freescale MC33937A based 3-Phase

low voltage power stage, see Figure 13 Development Kit can be ordered at. The complete 3-phase

BLDC/PMSM Sensor/Sensorless http://www.freescale.com.

>“ freescale

semiconductor

Figure 13. 3-Phase Single PMSM Development Kit
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7 MPC5604P Controller Board Schematics

MPC5604P Controller Board User’s Guide, Rev. 0

32 Freescale



MPC5604P Controller Board Schematics

L I

Z
(13 0 1 weus | Z10¢ 61 AInr_Aepsany e

% §.v/2-4dS '4Qd S.¥22-HOS [ad
ADY JQWINN jJuswnooq 2215
SNOISIATY
oL abeg
pieogq .19jjo5uod dv0950dIN
v ‘oL Bumesg
X:1and "onid — do4 TUONEOISSEID dVOI

o ‘opgnd ray .
SO e %0 N sl s ~OJBISODIY , 2
-

‘0°r's exlqndai BS8) 80IPOAC|Od 8|E0SeRI
-

NS 9/v12
L oai1a Sl¥.T
JUCTTEYN # 91IBY

9|qe} JueLeA

an Zl Inr-61 Siedwini Jo pesjsul siapeay gX} v
Ad cl uer-/¢ 9//9¢ Wojj uelleA g Y
50140 Sieg _._o_wm:owmn_ A5y | 8oz
SNOISIATY

MPC5604P Controller Board User’s Guide, Rev. 0

33

Freescale



MPC5604P Controller Board Schematics

|

vi

s
ATddNS ¥3mod

LBz weus | 2102 61 AnT Repsinul__ ored
v SLb1Z-4dS *40d SLPIZHOS & Xl
Aoy Joquin ewnooq
M3IA [B21YDIRIBIH
o obeg
pleog 19]jo5uo) di70953dIN 59
sop1) Bumelg
XTand oni ] TONEIRISSERD AVl
KopnpuUoNIES
adoing ‘ayandey yezo “'d Aouzoy ‘L9gsL -
6001 ol L !@ﬁ“ﬂhﬂ“&h o
“0'r's eyyandes eXSeD S0IPOADIod BEIsBRI bc
-
AEE NOW
AEE ¥IdO—T
VAS+ AT+
ZUAEE+ LYATE+AEE NOW 9PAG+
Pl
o
£IND
N3~ LE6E€
1SY/ /€66
| INI_ 2€66€
20 168E
0SO_EldS
MOS_€IdS:
1NOS_€ldS £
NIS €IdS | LNOS Le6E€
danNo dNTL
_ SIOHd
VaNo| XLIOS SigHd VaNo|
XL L0 SivHd
ano| 800 ano|
_ Ag0a
9pAG+<__————CoPAg+ SO 0ldsa opAEes
[»0s Oldsa _
Ae€ NON<__F—————O0Ag'e NoW NIS 0ldsa 07 04d 9PASH
| LNOS Oldsa _
A€ ¥ ———OAe€ ¥ad N3 0dd NG+ EINN
Ny F——ONzh+ 0L 8NY
6_aNY )
2YAE e+ O+ wwmm«
WAE e+ F—————OLVAC e+ 9 8N 667 - 0 sburzsan
S_ANY
VAG<__F———0 v+ v aNY
£ ANV
Ny
L8Ny
SJaAjosaYy 0 anv
NERN%] _
vano HHIN NVO 00Z4N3E_EINN
_ ABLS NYO 907438 EINN
| dOND NIS SOd AHd_X¥_NVO VOZ4W38 EINN
_ [AHd X1 NYO
Y S09 sOd
—— - €INN
VAE €+ AHd_ XY NVO_AL34VS
[AHA XL NVD AL3VS
VAG+ N -
N PN FECRENT
dns™A 83SVHd 8-3SVHd
V 3SVHd vV 3SVHd S¥3AOON3
O
- 00Z4W38_EINN ——!
NG Reypeld LX3aNI LX3aNI 80Z4N3g EINN
o o 1g3SYHd VOZIW3E EINN
aNo N3 XL 6 M RN 3SVHd
Xei_6 ¥4 O]
PG+ _XUg X178 ¥4 03NOH
w NIXLY ¥ NS XLV O0X3ANI
dns™A XYV dd XYV ¥4
XLV ¥4 XLV ¥4
Tegxa|
el now SY¥30OON3

MPC5604P Controller Board User’s Guide, Rev. 0

Freescale

34



MPC5604P Controller Board Schematics

|

€ eeus | 2102 6L AInr_Repsinul___o1eq

v SLV12-4dS ‘40d SLVLZHOS
oy Joquiny uswnosog
NoW
oy ebeg
pieog J9jjo53u0) di70950dIN
-op! m:_?sn
XTEna onE "Tod TOTEISSETD dvoT

Y| adoing ‘oyandey uoszo “y'd Aouzoy *1995L y
oo ok OJEISOOY , 2

'S exjfandos S0 201pOAOI 21e0saRL

)

-
-
14504915
oLer
srovivorss
“nows e 7
LONNOYO |
1_0a0d |-9¢ dNOOT
SrREeer B ]
i [
dEBB TL80 %|  £09%d I
acoma 41999 5 v-000d (€ coan
Qoosia  saod o s-0aod (¢
a007i0 110 28 97000d oan
QQ0La  £400d 4E 2"0a0d |-9¢
Qoonid  c1aod 0 o ha0d |2 Loan
Q0080 11004 &2 R
Q0060 oldod 82 17100d -£¢
L £000d L2 Z_1aod
& e neape
50004 ¢ -
aaora +-000d ¥Z ¥_laod oLl
Gaota  £.0804 & §7100d TS ATk
aaoza 2000d 22 9_1aod OXON
Gaooa  vogod o | b k90d g
N3Adod 0200d 6} Qao . 3 o3sW
NanEa  faod ot 0zaod
22004 1
NIAZQ  czaod o 12004 | 8% laL
NIAHA  edod st aed [ee
NIAZA 52004 bl & T WL
NaABA  Gva0d 61 €7zaod [}
N3A3Q 2-200d Zh v_zaod MOL
NIAZEQ  0€0d 1h 6 zaod |-S*
NIABO 16004 OF ovaod 2+
NIAJOLG  2€C0d 6 - -
Nonand eedod § L-zdod |4 ACENON
NIA3eId  reaod L 0£00d oaL
Noria  fegd -edod [ el
NIAIPIG  9€d0d S Z sa04g |0k <
AJSLA 1€00d 1 8 L3s3
NIAZ S0 00N € wwmmwm [
¢ J\/\,¢|AA LvaSYHd
dH o HEL NG 5 eaod W\A NOM1D
9 €00d (=
- L 2d0d fp oo
N3AI M104—=
e €
o | -
oty posbaunu s vas | NS NON
s e 003SI
Jorouue sy ol o1 [8
20000
22222
5555
88882

JOVAUILNI SNX3AN

an 1o 4nze 4n vo %Nm
3841 e
3900 GOA , ..ja AT Qan
89408 3|
1o

AEE NOW

LINDYUID AlddNS JH0D

VANO
ane
.e>AA1 EEETY
oPAE eR—prer L PPAES+
9PAGHK—5pre L PPAG+
e e—gamer L vACEr
Nkl hers
At NN e s L Ae e Now

8_3SVHd| 9 3ISVHd
1X30N EaNT LX3NI <|mw<:nw%w ~3SVHd
1E3SVH R 83SVHd -
LV3SVH v V3SYHd XM
2X WM
03WO 03IWOH X WM
0X3aN 0X3aNI OX W]
083SVH 83SVHd
OvaSYH VISYHd SHNM aNmd
OvasvHd VWM LOHM ViNMd
2N T ANMd
Y SO WA
£8170V: TIRITE a1INv4 L8N =T L8N
281NV Z811NV4 LYW Y LYW
La11nv: TR OBM Sani SNMd
081NV SaTIv aLINv4 OVIM S WMd
ano
7
%
S¢
350 AH SSA 5
ddze ddez |
1= 0 T 6
I
i)
WVIXE T 06
R r 2
1
75
ZHNG VN VSSA 15
LA Wo'
EY
"~ THIo8
’ TIX
3500 00A
JoIn
LINDYUID XD0T1D JOIN
Tid AT GOA
EXCRNC v
ENCRNY
W00 QUA
E
ATE TN

[E] 901

LA
oL
00:
1O:s
OM:
1oal
za
ch niw
089 SIS — ﬁl
x|
€|
Nis“elds__>—
1nos elds<__—)  NIS EIdS] =
1NOS_€IdS, 6l
MOS €l
oS mi% 0LENV, NM
BANY, S
N o —
LANYR————— g
9ENY,
LYY
YNV
BVYNVY,
HLZX} ¥aH LUNYe
zier 3 SUNYe
T \E] SVNV
PVYNY,
SANV g5 |

NOILD313Ss 1009

HOOOIM AT SSA
14 AH SSA

T1d AT SSA

00SO_AH_SSA

ZOI_AH_SSA
LOI“AHSSA
001 AH SSA
LQY_AH_SSA
00V AHSSA

108 _
0SO AH aan
14 AH QA
40093y AT aaA
1LOY_AH_daA
0QY_AH"daA

00I"AH GaA

[ElL1nv_onmdxa14i Lo
[elnv4_owmdx314/loIo
[Nv4"onmdx 3147610
[olLanv4"onmdx314/8lo
[ela”onmdx314/l2lo
[elv_onmdx314/[9lo
[eX_onmdx314/[S1D
[elg”onmdxandivio
[2IV_onwmdx34/elo

(21X _onwmdxa4/zlo
[14”0no4/Lle
[ol47ono/lolo

axy_INISLId

QXL INIIPLIS
[plo13”1anILI/e ]S
[elo13 13N 3eLld
1LA3 0SNXINILL
OLAF 0SNXaN/oLl4
003SW_0SNX3N/
LOISIN_0SNX3N/l8ld
OMOW 0SNXIN/Z1Y
[loaw“osnxanvigl4
[eloanw”osnxanyisl4
[eloaw osnxanrld
£980_0AVNXT /el
2980 0AVYXI T4zl
1980 0AVNXI 11
0980 0AVEXI 1014

NIS_eldsa/ls]3
1Nos ¢eldsallyiia
YOS eldsa/ler]3
[oUNY " Loavlet]a
[6INV_Loav/li L3
[8INv~10av/l0L]3
[£INv_L0av/l6l3
[9INv”LOaw/(8]3
[oLINV 00av/lZ13

[sINV™Loav/lol3

dP09S0dIN
1 wqb
15317ddA
TN 08
070N | onﬁ
oL H
88
SWL ;
1353y
e wE
WX e
[ RIEE]
(e vDE
Rl i WVIX

_[pINv"LoavilsHa
(118" onmdx3irila
v owmdx3aidderla
LIX_0Nmdx3dlzLia
[olg_onmdx3a14/11la
[0lv_owmdx3a4Mola
[0 onmdxa/lela

2S0_tIdsailgla
2la
9l
sla
N3 41780 0AVdX31/lvIa

XL~80 0AVMX3/gla

X480 0AVMXId/2la

X8 VO_0AVMXITH[1]a

XL7¥D 0Avaixa/ola

N3 ¥L VO 0AVMXI /S|
[l YEWINE DT (4
Eum LYINILFE

SYERWNENTEY

Eom OuINILIL
280 2Idsalll
me\ 1dSall
1SO_tidsall

Ez< 000Vl
[eINv—00avil
[eINv™10avi

SENBIhoREs e S ens
5000000000000 000

[¥INV_10aV_00aV/lc!
[eLINV” 1OV 00av/lL
[eLINv”LOav" 00wl
[LLINVLOav_00av/|

axy_ONII
OXL ONIV
Xy ONVO!
QXL ONYO!

XY 0108
oLt Xg 0108 B
Ew = L0108

4NVO
(L"NVD

8
g
a
8
a
8
8
m i LYNY
8
g
a
8
8
8
8

KX NV ALIAVS

QX4 0140dAL3AVS/IS
QXL 01¥0dALIAVS/IY
NIS_zidsa/le
1nos_zidsalle
%0S_2ldsalll

080" zldsall

150 _2ldsal

NIS  LIdSal
1NOS”LIdSall

SEEBSLEEEs e s
TIIITIIIIIIIIIIT

€L 0V3SVHd

MPC5604P Controller Board User’s Guide, Rev. 0

35

Freescale



MPC5604P Controller Board Schematics

3

Z
2102 61 AInr_AepsingL ‘ejleg

1 ) ¥__1esus |
v §1¥12-4dS '4Qd §L¥22-HOS (a4
ADY J3QWINN jJUsWwnooq 2215
Sy3lnid oav
1L obed
pieog J9jjopuod di709S50dIN
ML Buimesg
X:1and “onid — dod “UCHESUISSED VOl
SOPINPLODNUIBS

‘ors

e)se0

adoun3 ‘ongnday yoezg “y'd Aouzoy ‘199G :
sooLolen . ~OJEISODIY T
d A
: -
-

v
'
MO'L 4Nzzo0
oy == 0£0
.
e N
0
62d
e 4N2z0°0
sz == 920
.
&
vl NV
0
ved MO'L
0cd
.
B‘_>vv|.
o
bdl

a|qissod se diydo 4S@ ay} 0} 9S00 Sk SIa}|l} ade|d

v

4dooze
910

0 Ez<AAP,\/\4\|A Jor"any

v [U43
ey

4d00ze
[4%0)

6aNY AAP,\TA J6~any

ozl
6

v
4doozz
960
wmz<AAP,\/\é|A Js"any
v ozl
9y
4doozz
€0
Ez<AAP,\/\6|O|mz<
v ozl
ey
4d00zz
23]
omz<AAP,\/\4\|A Jo~any
v ozl
zey
4doozz
620!
mmz<AAP,\/\é|A lo"any
v ozl
82y
4doozz
520
qu(AAP,\/\I Jr-anv
v ozl
€2y
4doozz
220
mmz<AAP,\/\é|A Je"any
v ozl
61y
4des
610
Nm_z<AAP,\/\6|A Je_anv
v ozl
91y
4d00zz
510
Ez<AAP,\/\4\|A L any
v ozl
(45|
4doozz
11D
omz<AAP,\/\é|A Jo~any
ozl
8y

v
4doozz
820!
32<AAP,\/\6|A Iri NV
v ozl
12y
4dz8
20
22<AAP,\/\<|A. JeL "NV
v ozl
zey
4dz8
120
sz<AAP,\/\4\|A Je1 "NV
v ozl
8Ly
4des
810
:z<AAP,\/\6|A LITNY
v ozl
sy
4d00zz
[}
942(AAP,\/\4\|A Jor WY
v ozi
S|
4doozz
010!
o<z<AAP,\/\é|A J6vNY
ozl
Y

i
4d00zz
[}
BYNY AAEJZ,«
N ozl
sey
4d00zz
£€0:
N<z<AAP,\/\,T|A J Ny
N ozh
£ey
4d00zz
1€0
o<z<AAP,\/\4\|Q\<z<
Vv ozh
1ey
4d00zz
120
m<z<AAP,\/\é|Q|<z<
N ozh
9y
4d00zz
€20
q<z<AAP,\/\<|A. N
N ozh
12y
4d00zz
02
m<z<AAP,\/\4\|AH_m\<z<
Vv ozl
1Y
4d00zz
210
N<z<AAP,\/\6|AUN|<z<
N ozh
vid
4dooze
€10
F<z<AAP,>\4\|AH_ﬁ<z<
Vv ozh
oLy
4d00zz
60
OVNY AAP,\/\&|Q|<Z<
ozl
9y

MPC5604P Controller Board User’s Guide, Rev. 0

Freescale

36



MPC5604P Controller Board Schematics

P I

Z
2102 61 AInr_AepsingL ejleg

[T G 1esus |
2 SLY12-4dS *4Qd SLvL2-HOS v
Aoy JaquInN Juswnoog o215
aoepioyu| Aeyxal4 aN
oL abeg
pieog 19]|03uU0d dr09SIdIN R
oL Bumelg
X1and "onia =404 TUOREIYISSED Vol dns N>
adoung ‘oljgndey Yooz “y'd AOUZOY *|99G/ JPNPUOIRLIBE
‘ors da1 exse0 mmgw._mi.—. !@ﬁmummmhh‘ “
b ano aNo
-
T >xigus
N/SLO80LVIL
oon |3
@
5 INVM fe—
NIXY sk
ddiy Iy 20| Noj3 N3
6090  L09Y 1001-dZ-108-ZESYINOVY el | gwy NELS
1091 I 398
6120-192€5 4dse and—4 T AT yTm N mmw.%zm bl
Lo9r T 8090—== e 8l
z oL 4ANLK00 2 T
ddiv 2 909 1090 z Mnn_ mmwmw oL
9090== 5094 L $5<. o
%585
=3[2™ anLo SEE 9
G090 = +O9Y
1INDYUID g Aeyxald "
dis A ? ’ OPAG+
ano aNo
{ >xuvud
N/SLO80LYIL
009N [
0 o)
B EXLZY S—
NaXY st
ddiv 2 20| Ngug N3
090 £09Y 100L-d2-L08-ZESPINOV L | qwy NELS
0091 z 58
g N3X1 ER AL
6120-192€5 4dee € e i m 5
009" v £090== aN == & | axt XLV ud
[3 0L ANLKO0 2 T
4diy Iy 209Y 2090 4 mnu_ mmmmw oL
1090 109 3 Ss< o
Scos
4T 00
| NEN
R[S|o 4NL°0 Me'e
0090 == 009
1INDYID v Aeyxald
dns A OPAS+

MPC5604P Controller Board User’s Guide, Rev. 0

37

Freescale



MPC5604P Controller Board Schematics

|

vi

T 9 weus | 2102 61 Ay epsini_—— oeq
~ an o ano 410 4n Lo 410 4ANL0 4N 10
v SLb1Z-4dS *40d SLPIZHOS & X2 NOO
oy Joquiny wewnoog | eme. Sore oeio AR Tyein €610 Nm_ohmb 0810 6210 8210
ano ano
nsd oL 6 dane SELD 3%} R N R N
o obeg g L = == = == == = == == ==
S
pleog 19]jonuod d¥709SOdIN VD x|qgm|x TNV VaNo
o bumeig | ¢ b ane -0 IXLHOH IXLMGH  IXLNOH  IXL ¥aH
XTand EE] "Tod TGOREOUISSED dWOI opAgH E6ENT ACENON av09soan oy Lo Ba b A
WOLDANNOD SNE NYO NIVHO ASIVA
KopnpuUoNIES
adoung ‘oyandey yoezo “y'd AuZoY 199GL -
o 9[BIS90dY 2
'S exliandas exsaQ 201poAs|od 2e9sad1 -
- 4dozz
1915
e
4n o anez
[T = © v
LLyL6aSNN
3SSEG06EEZON (e o €11 oLy
0L ano Qo g
m @
= 2
o o 4d00Ly | ddiv | ddiy
3 2 8010=% 8HOZ— 02105— ¥9N1d NOD
z NI €oLr
N AL
_ INVO 12
Taxy 1nds (£
TaxL HNvo [0k
axy L
L 09 709
EONR Y
N 0N f— >
NVO NS m\m““ ¥4 ALY OLLZABZSWN
(D sk stia AR NR
1NOXAW HL2XL aH
soidr o HLZX1 ¥aH HL 2X1 ¥aH
NN Ldr zdr
30E
FSNISA ¥z oLy AIUNIWIEL
ANe—Op,
280 o NR L+
b HLZX1 ¥aH
< < N% S yoidr
S 3 Z
g g nshe 0oL
x x IR
ae @ -k
o
) anez | x| oz10-swsH
mmﬁuﬂwl[ anv | 2= X yiia
san TQv/aND
an
- ngedes Jndino oo}, “xew >
e non__} ACE NOW 2 B an Lo
YaNg ACE NOW 4n Lo 4n00L 2010
ACE NOW & 1210 9210 =
zdL OFELaB9ZELON T oeLoon |
N R WHOOS za
MEE oYW S0
butrdnoosp 3e1p v P o z018 1a [© New_} ] T AT 5 Qv
we W N 9ELLO0VVHN HAL Ack+
loLa oL VI
b N 5 NV
ddosy | Ano | 9€L1007VIN
STLO= £210= L iz v0l0  gND
T [ eoTTe 1oLy o an Lo ANLp00
8710 anozy | 4oy
4ano 010 611D 4ano
soin__} £oLa Te e o=
i o0t
55 -
TE555 e, 004 ! s L 5 K v T Jasi"eNn
YON9  YOND  YaNg gND £LI00PVHN
@ dnsp Lo1a
PN d
4o | danvo | dnio | anwo . RN
ZL0T 0LOT= €O 0LOTe == M0k 9ELL00VVHIN
e rav/ans 201y €0La
WHOO0S
€011 oA NI
anees<__} TAAAS T z]Lno 3
—
WHOOS OFELaBsZErON i, an o
1017 o 1010
AZC —-— 7 MAAAT OELLO0YVHN e
— 010
ACE¥3d< v x 5 AN T ASTEINN
WHO0S —
vas<} W o
3 L 0011
—
9PAGHT H
Sdl vdl €edL LdL 9dL

MPC5604P Controller Board User’s Guide, Rev. 0

Freescale

38



MPC5604P Controller Board Schematics

L I

z
o L wsuS 2102 61 AINT_Repsing L 9eg

v Sv/2-3dS :30d SLvLTHOS iad

Aoy Jaquinp juswnooq 9zIS
SY3AOON3

:opL abed

ozoﬂ.gﬁ

pieog J3jjos3uo0) d0950dN R — 3PASF
oL Bumeig
X1and "onia "dod TUONEYISSEID dv Ol
. . . 4dy
edoing ‘oliandey 4oezD “y'd Aouzoy ‘L 9ggs  DIMPuUCINLSS 0150
woron s RIS =
-0'1's eyjliqndas BYS8D 89IPOA0|Od B[edSaal - . .
., LX3ANI_>—— o=}
38'L v
£25Y 225y 9X} ¥3AVaH
30'L
1z58 @
Jdzy S
6050 °
OPAG+ o
183SVHd[___>— & & SPTGT o}
58'L v 105dr
0zsy 615y
30'L
815y @
4dy
8050
OPAG+
LVASVHA[__ >—— AN ¢
8'L v 4nLo 4nze
115¥ 915y 2080 9050
30'L
sisy @
4dy
5050
oPAG+ oPAG+
03WOH[__> & &
S 8L vz
HLZX1 ¥aH visy €15y
€051 0'L
38'L zisy @
115y 4dy
- $050
————AN—{_>0074W38 €INN
oPAG+
oxaan[__> . . ano
3g'L v
B 1™ oGy 606 9X 1 ¥3AVaH
€X17HaH MO'L °
zosr OO0 Mgl 8054 @ o
£08Y 4dLy °
————A—{ >g074W3g EINN £050 e]
093SVHd[___> OPAS+ ’e)
" "
3OAGT °
R 38'L vz 005dr
B ™ 906y 506y
€X17HaH ML
losr | 00O Mgl $05Y
€05y 4dLy
- 2050
————AN—{_>v0z4nag eINn
ovaASYHd[ > OPAS+
" "
anLo 4nze
R 38'L vz 1050 0050
_ 1™ z0sy LosY
€X17HaH MO'L
oosr | QOO 005y
oPAGH
oPAGH
I | [ € 2 | S

MPC5604P Controller Board User’s Guide, Rev. 0

39

Freescale



MPC5604P Controller Board Schematics

L I

z
2102 61 AINT_Repsing L 9eg

O CEl
T 7 T 10005 | P 4gND agne
v SLpL2-4dS H40d SLv12-HOS w 4nLo
Aoy Joquiny uewnoog | ezis . 1220
4nLo ano
2oeud)uU| SOJUIS 9220 dnee ]
o) obed 8220 ank o|| MO0k MO0l daNS
YeO=w  gzzy Y
pieog J19]|013U0) d¥095IdIN 2 ez 2 oo e
v o) Bumeig vezu Somazzeovol §eeo - VAEEr
X1and onia ] TUONEIYISSETD vl * avoen OMAZLEOVOL —erL___WAs+
vhozn VA
REGIEED] ARG z . 6 ~
NWHO——_JnsA
. . . 4not I M4 ol B " AL+
R T 2% T Y-V B - | (IR o1
0''s ByjIlgndey B)S9D 82IPOAOIOd 3JBoSeal - iﬁ EW —Q Iy ceed Mol
T Ll T 1zzy
My MLy
L Uz 612y nekx -
e o
ZIESTaE I . 3dooge 4dooee uﬁwwnw
B ag0en 022, eeeo|, i
g 3SYHd > & EENCEN]
e I 7 EESLEE] i Il 06°€ I o=
1dz8 sied HLZX) 4aH
6120 00zdr
O 0O daNo i
XL aaH q 4dozz Lhdl
a . 8120 .
9oer LVZMIZIN 0oL MP0'9 Mg’ ﬁ
Y o | gL0zn _. sizy 1124 . zeey
veozn ] Zg3svAd g ¥ _.m ® ® b4 SO0
v 3svHd[__> QA e ©0205££0N oezy MOk
I N N 9 bV 3SVHd _ azozn 5 z'8 gL 12y
S007s0d 622y L2y
- e o °
4nLo S he
O O O S120 O ldl
N e uan | 6dl 09 4de8 4doze T [13s430
sozr . . E L S =L %)
4 VAL €+O z1ed O z
VAS'S+ e €XLTHaH o
J— [y w— yoer € s00439
B VeI~ g .[—«ozo
vgnp IS SOd T B . Jdz8 adoce oY
z oS = eled = o T 135430
N ¢ N O
2
90205E£0N 8dL o | gzzy - ¢
5] 6020 £X1THAH
~ A cozr | OT ¢ Triesaw
LLZMIZIN 00l
ol vi0zn \_. 12y
602y ¢
ZvasvAd g 9 v L o
vldL /_.
v 4dozz Zidl
o P09
) o 8020
VAES+
i 4 ! :
) NIS
] N
5 anvo dde8 E
vASes 202D 9020 Leed S0ed
oLdL
4n2200 . ; 8XL ¥aH
4oL 4NLo
5020 _ Jane L1020
¥0Z0 €020 T
o VASHD>—5
MLzl NI 4ng 4nLo
s 202 L0zy 10204 2020 SORFER
00
NiSTEY ¥
VAGHO—S ° 9 wo S 3SvAd o IS
N VAE'E+ Y1 oo+ ano
TV 35vAd o [3 | VAGH N39 s3d
exe HaH 10}09UU0Y) JOA|OSAY O} SO JUNO
L | z | € 2 | S

MPC5604P Controller Board User’s Guide, Rev. 0

Freescale

40



MPC5604P Controller Board Schematics

T 6 eus | 2102 6L AN RepsiniL__ e1eq
v SLb1Z-4dS *40d SLPIZHOS &y
roy oquiny ewnooq | ezig
@depa)u] €INN
o obeg
pleog 19]jo5uo) di70953dIN
o1, Bumeg
XTand oni 904 TOHEOUSSE0 vl

vi

edoun3 ‘oyandey yoezo “y'd AOUZOY ‘1995,

HOPNPUCHDES
cooloen L DIPISIDIY

‘0'1's BIlgndes B38) 89IPOACIOd 8[Eoseals

-
-
v
VaN
ano
9PAGH[_>———C0pAGH
9pAg e+ [ >———OopAce+
z
_ IND 9pAGH
INTWEBEWT | Jv
aLoen
anvo N
) V0E0=
9PAg+
oL
z "o 60ed
an
- N aNO
INTWEBEWT anvo
do0en |~ 10£0
9
. A8OT £INA
o'l oL
802y L2084

opAEES 208y

rarnva >—

INTWEBENT
azoen

SIOHd €N
eaLINva[_> M0'SL
zeey
ez
62ex
)
oPAEE+ W'k
Lzed
INWEBENT
vzoen
SiaHd E-TNN
eaLnva[> M0'SL
e2ey
>izz
[t
)
oPAEE+ Ws'L
L1ey PAG+
anio N
_ N S0£0:
INWEBENT Qﬂ
vioen oL
. Z o vied
v
gz
s1ey 4o QN9
884!
. 1900 €-INN
opACEH Wo'L 01 'sL
2iey Liey oLey
anvo
_ 20€0:
INTWEBEWT
vooen
. SIVHd €-INN
0'sL
908y
00Z4W3E_EINI
€XT 90H €08y YOZANIE EIN

Loer

o
oPAEE+

W't
Loey

9PAGH

anLo
00€D

00eY

'9z€Y % +2€Y ‘0zey @jendod jou op suopesydde NS 404
" GzZed 8 Zzey ‘8Ley djendod jou op suoneoydde 5aTg 404

Ayjeuonouny paiinbai ay) uo Buipuadap ‘pasn
8le GzeY @ Z2€Y 81y 10 92€Y ® vZeY ‘0ZeY JauNa

97 03d<_} NSz ad eI

'L
oeey
NT o[> MG
et
seey
i — M BEELEI)
0
veed
ivaa > VN SSE NN
'l
ceey
WS> NS Es ENA
et
ogey

anaL > N T e
0 ezey

SIOHd & INN
dNG 0 SzEM

EELEERG]

ST8Hd €-INN
dNG 0 zzed

NIS /668!

00" e8!

Sivhd SIVRd NN
dNg 0 eiey
100> AN 1850 &INA
0 oley
neoa > N gsaeNn
0 siey
Xz ¥aH
zoer
aToots S0 sg68E
oot? nos z¢6ce
oott Sy Le6es
00+ N
oot

“JSAUP |34 LE6EEDN 104 JO}OBUUOD |0UOD

e
02X2 NOO
o0er
OETIEE] S e EEEERL)
u VT&ENE NN, oot4 <_Jaoz4nag eINn
w £ 0Z9dd
N30dd €-INN o Qd4d
VNS £IN e [g9Ter Divag
dW31 EINN w SIOHd €-INN
SI8Hd €-INN 0 SIVHd €-INN
1890 £-INN | —AH0a §INN
oot vash+ e
i
—arT1° NG+ E-INN
AS+EINN 0ot
° smd
—itoot YA
—toots enmMd
— oot Znmd
—215 WM
—t oot onmd
) aNo

MPC5604P Controller Board User’s Guide, Rev. 0

41

Freescale



MPC5604P Controller Board Schematics

| [ Z € [ [ S
1T ° 01 _e8us | 102 61 AT Aepsinul___o1eq S
9PAGH P——C0pAGH N Eﬂh
W SLb12-4dS '40d SLYLT-HOS w
roul soquiny ewnoog | ez OPAE €+ Pp——O0pAEE+ !
Sy3AvaH £ NON S>——Onge™ Moo
-opiL oBed ASENON NEE NOW Y B ano n10'0 ansy
~ IXZ HaH 6£0: 860 == /€D
pieog J3jjos3uo0) d0950dN st 0
opiL Bumeig £z m%__u anoord ool Y
Xand ESF] 304 TUOREIRSSET) dvOI —th t L N 2
_ s 10015 OopAE'e+ s 3 G SELEN] w
ex _>_>>mw s 00 1A3 o
adoun3 ‘oljgndey yoazy “y'd Aouzoy ‘199G LoAnpuSS Pe Evimd 3 0o 4 K eanmd S Awnnu_w NEE oW
6001 oleW ‘| z@hmumﬂﬁhh P '  @m-E Siar
“0''s Byjligndal eyse) 39| o 9|eosaalq B 2 :
T Eﬂb PXZ HaH h_.ﬂ”
eir
JOV4UILNI DVLIC
oPAG+O— 100 —O%PAEE+
- 00
1 uan ~ |xm|z<o|>mm<mw s loots TNVOTALTAVS Exeuch
AHd XY NVOALTAV oo AHd XL NVO ALIAVS _ — _
- & 3 Kevneer — xf:owMHJ s T9%7Ts OoPAE S+ FIA“m.xmlzom
01_aN I 71 _ X1 108K o015 XdLI0S
g aN G [ NV pXZNaH e1voldads- ootz 2LVl
9 8N “aNY s —
v 8N 5 NV
Z_aN NV 9PAG+O 00 opAE e+ ~
0 8N tlmet | "any - [ 00 = xe Hok
— X¥ z<ow 0 O XLNVO _oir
- AHd XY NV 00 AHd XL NVO 2X_INM
1M ] OX WAL 3 r X Whd
zaLInv. & T a11nv4
_ o o Kevnees 081NV 7 LaLinv
0LTYN I o _ P— 2YINM, 5 ZaNMd
g WN & i VNV o LYIAM 3 2 LGN
9 WN i VNV OVINM e WM
v UN 5 VNV B 5 wm 5 %Wu =
C_VN _VNY €L_N LNV dol Wollog
0N timett LN s zu_ S tloott LN o oLLo
_ YXZT HaH
¥XZ HaH _ 8r
a vxe HoH B 7100 OOpAE e+
_ 00 OOPAE €+ CESTE 5100 VHd
v 013 00 3 B ofe OOPATE+ e TOOT4 L x3ani
03Ol O O XIANI NIS_€IdS; 00 €050 ¢lds 1a3svHd___> Ooot% | VISVHd
083SVH o o2 VISVHd MOS_€ldS 0o <1n0S €lds —
— XL 70108, 00 KQxd 0108
— Jaysel lwoQ| ojul siadwin| g siapeay ||le aoe|d
Jauueg uone|os|
QNO 9OND
LLON
0LON |2
60N [-LC
avd3 8ON [-0¢ N9
6¢ { ano JON |-8L
I N € 90N [-8L
GON |4k
S 2 vZ mwmm mwu vl anzy 4n10  4nLo 4no'L
- 12 €l o~ =12v0 WO == 0¥
Xy 010D 51 80A 8N o 5 mw._m_ FON =5+ e T
- yia
7 VoA VIA f—— XL 0108 o M%m_ ‘0 -
s s } Ll v
L0ZHANQY g 8 ™ snaa S v
an o aN3dsns 8 | v
- Nwm L 1ON3dsns  aan
| Lo mm:un_a>0J\/\/.\|NMw 154 NSEN w|_ e s
P 1 ALy 20ledo sn aan R
4N 1o H [ zn v 3dALTESN
€V€0  AgeTNON : asn aan Lier
i
i
v | z € v I S

MPC5604P Controller Board User’s Guide, Rev. 0

Freescale

42



MPC5604P Controller Board Schematics
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The MPC5604P documentation is available at the web site, http://www.freescale.com. as follows:
* Reference manuals — MPC5604P modules in detail
» Data sheets — information mainly on the device’s AC, DC, thermal characteristics and packages
pinout
* Product briefs — device overview
* Application notes — address specific design issues
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