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1.2 EVM Motor Introduction

1.3 About this Manual

Evaluation Motor Board

Motorola s evaluation motor board (EVM motor board) is a 12-volt, 4-amp
power stage that is an integral part of Motorola's embedded motion control
series of development tools. It is supplied in kit number ECMTREVAL, along
with asmall brushless dc motor, an encoder, an encoder cable, a40-pin ribbon
cable, and mounting hardware. In combination with one of the embedded
motion control series control or evaluation boards, it provides a ready-made
software development platform for small brushless dc motors. The motor is
capable of being controlled with either Hall sensors, an optical encoder, or with
sensorlesstechniques. Anillustration of the systems' configurationsisshownin
Figure 1-1. Figure 1-2 isan illustration of the board.

Key items can be found in the following locations in this manual:

Setup instructions are found in 1.5 Setup Guide.
Schematics are found in 4.3 Schematics.

Pin assignments are shown in Figure 3-1. 40-Pin I nput Connector J1,
and a pin-by-pin description is contained in 3.3 Signal Descriptions.

For those interested in the reference design aspects of the board's
circuitry, adescriptionisprovided in Section 5. Design Consider ations.
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1.4 Warnings
The EVM motor board kit includes a rotating machine and power transistors.
Both can reach temperatures hot enough to cause burns. To facilitate safe
operation, 12-volt input power should come from adc |aboratory power supply
that is current limited to no more than 6 amps.
The user should be aware that:

» Before moving scope probes, making connections, etc., it isgeneraly
advisable to power down the 12-volt supply.

* Operationin lab setupsthat have grounded tables and/or chairs should be
avoided.

*  Wearing safety glasses, avoiding ties and jewelry, using shields, and
operation by personnel trained in power electronics lab techniques are
also advisable.

User’s Manual Evaluation Motor Board
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1.5 Setup Guide

Introduction and Setup
Setup Guide

Setup and connectionsfor the EVM motor board are straightforward. TheEVM
motor board connects to a Motorola embedded motion control series control
board via a 40-pin ribbon cable. The motor’s power leads plug into output
connector J2, and its Hall sensors plug into the control board s Hall
sensor/encoder input connector. Figur e 1-3 depicts a completed setup.

Follow these stepsto set up the board:

1

Mount four standoffs to the EVM motor board at the locations indicated
in Figure 1-3. Standoffs, screws, and washers are included in the kit.
This step and step 3 are optional when making connections with DSP
control boards such as the DSP56F805EV M. The DSP boards may be
placed flat on a bench, next to the EVM motor board.

Plug one end of the 40-pin ribbon cable that is supplied with Motorola
embedded motion control series control boards into input connector J1,
located on the right-hand side of the board. The other end of this cable
goes to the control board’ s 40-pin output connector.

Mount the control board on top of the standoffswith screws and washers
from the ECMTREVAL kit. This step is optional with DSP control
boards.

Plug the free end of the cable connected to input connector J1 into the
control board’ s 40-pin connector.

Connect a 12-Vdc power supply either to connector J3, labeled * Power
12V,” or power jack J4. Either one, but not both, may be used. These
connectors are located on the front right-hand corner of the board. The
12-volt power supply should be rated for at least 4 amps and haveits
current limit set between 4 and 6 amps.

If protection features are desired, set the control board’s overcurrent
detection comparator to 2.8 V and its undervoltage detection comparator
to 1.24V. Thesevalueslimit dc buscurrent to 2.8 ampsand turn off drive
signalsif bus voltage falls below 6 volts.

Apply power to the EVM motor board. The green power-on LED lights
when power is present. Note that the EVM motor board powers the
control board, making only one power supply necessary to run a
complete system.

CAUTION:  Sincethecontrol board is powered by the EVM motor board, it isimperative
that only one power supply is used.

Evaluation Motor Board
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2.1 Contents

2.2 Introduction

Evaluation Motor Board

Section 2. Operational Description

2.2 INEFOAUCLION. . . . . e e e e e e e e e e e e e e e e e e e 17
2.3 Electrical CharacteristiCs . . ... .o oo e 18
2.4 Motor CharaCteristiCs . . . o oo e e e e e e e e e e e e e 19

Motorola s embedded motion control series EVM motor board is a 12-volt,
4-amp, surface-mount power stage that is shipped with an MCG 1B23810-H1
brushless dc motor. In combination with one of the embedded motion control
series control boards, it provides a software development platform that allows
algorithmsto be written and tested without the need to design and build a power
stage. It supports algorithms that use Hall sensors, encoder feedback, and back
EMF (electromotive force) signals for sensorless control.

The EVM motor board does not have overcurrent protection that isindependent
of the control board, so some carein its setup and useisrequired if alower
impedance motor is used. With the motor that is supplied in the kit, the power
output stage will withstand a full-stall condition without the need for
overcurrent protection. Current measuring circuitry is set up for 4 amps full
scale. In a 25°C ambient operation at up to 6 amps continuous RM S output
current is within the board’ s thermal limits.

Input connections are made via 40-pin ribbon cable connector J1. Pin
assignments for the input connector are shown in Figure 3-1. 40-Pin | nput
Connector J1. Power connections to the motor are made on output connector
J2. Phase A, phase B, and phase C arelabeled on the board. Power requirements
are met with asingle external 12-Vdc, 4-amp power supply. Two connectors,
labeled J3 and M4, are provided for the 12-volt power supply. J3 and M are
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Operational Description

located on the front edge of the board. Power is supplied to one or the other, but
not both.

A summary of theinformation needed to usethe EVM motor board follows. For
design information, see Section 5. Design Consider ations.

2.3 Electrical Characteristics

The electrical characteristicsin Table 2-1 apply to operation at 25°C and a

12-Vdc power supply voltage.

Table 2-1. Electrical Characteristics

Characteristic Symbol Min Typ Max Units
Power Supply Voltage Vdc 10 12 16 \%
Quiescent Current e — 50 — mA
Min Logic 1 Input Voltage V4 2.4 — —
Max Logic 0 Input Voltage VL — — 0.8
Input Resistance Rin — 10 — kQ
Analog Output Range Vout 0 — 3.3 Y
Bus Current Sense Voltage Isense — 412 — mV/A
Bus Voltage Sense Voltage Vaus — 206 — mv/V
Power MOSFET On Resistance Rbs(on) — 32 40 MQ
RMS Output Current Im — — 6 A
Total Power Dissipation Pgiss — — 5

User’'s Manual
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2.4 Motor Characteristics

Operational Description
Motor Characteristics

The motor characteristicsin Table 2-2 apply to operation at 25°C.

Table 2-2. Motor Characteristics

Characteristic Symbol Min Typ Max Units
Terminal Voltage \2 — — 60 \Y
Speed @ V; — 5000 — RPM
Torque Constant K¢ — 0.08 — Nm/A
Voltage Constant Ke — 8.4 — V/KRPM
Winding Resistance Ry — 2.8 — Q
Winding Inductance L — 8.6 — mH
Continuous Current les — — 2 A
Peak Current Ips — — 5.9 A
Inertia Im — 0.075 — kgcm?
Thermal Resistance — — 3.6 °C/w

Evaluation Motor Board
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3.1 Contents

3.2 Introduction

Evaluation Motor Board

Section 3. Pin Descriptions

3.2 Introduction. . . ... i 21
3.3  Signa DesCriptions. . . ... 23
3.3.1 EVM Motor Board Power ConnectorsJ3and M. ............. 23
3.3.2 EVM Motor Board 40-Pin Ribbon Connector J1 ............. 23
3.33 EVM Motor Board Output Connector J2. . .. ................ 26
3.34 Motor Power CONnector. . ...t 26
3.35 Motor Hall Sensor Connector ............ciiiiennnn.. 26
3.3.6 Motor Encoder Connector . ...t 27
3.3.7 Motor Encoder CableConnectors . . ...........coiinon. .. 27
3.38 TeSt POINtS . .o 27

Inputs and outputs are |ocated on eight connectors:
* Three connectors are located on the board.
e Three connectors are associated with the motor.

* Two connectors are attached to a cable for the encoder.

In addition, six test points are located on the right-hand side of the EVM motor
board’ s breadboard area.

Pin descriptionsfor each of these connectors and thetest pointsareidentifiedin
the following information. Pin assignmentsfor the input and output connectors
areshownin Figure 3-1. Signal descriptionsare provided in Table 3-1 through
Table 3-5.
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Pin Descriptions
Signal Descriptions

3.3 Signal Descriptions

Pin descriptions are identified in this subsection.

3.3.1 EVM Motor Board Power Connectors J3 and J4

Two connectors, labeled J3 and J4, are provided for the 12-volt power supply.
J3 and M are located on the bottom right-hand corner of the board. Connector
J3isa2.1-mm power jack for plug-in type 12-volt power supply connections.
Connector M has screw terminal inputs labeled + (plus) and — (minus), for
accepting wire inputs. Power is supplied to one or the other, but not both. The
power supply should be ableto deliver at least 3.5 amps. For power suppliesthat
can supply larger currents, 4 amps is the default current limit setting.

3.3.2 EVM Motor Board 40-Pin Ribbon Connector J1

Signal inputs are grouped together on 40-pin ribbon cable connector J1, located
on the right side of the board. Pin assignments are shown in Figure 3-1. Pin
descriptions are listed in Table 3-1.

Table 3-1. Connector J1 Signal Descriptions (Sheet 1 of 3)

Pin Signal Name Description
No.

PWM_AT is the gate drive signal for the top half-bridge of phase A. A logic high at

1 PWM_AT . .

- input connector J1 turns on the phase A top switch.

2 Shielding Pin 2 is connected to a shield wire in the ribbon cable, and ground on the board.
PWM_AB is the gate drive signal for the bottom half-bridge of phase A. A logic high

3 PWM_AB . .
at input connector J1 turns on the phase A bottom switch.

4 Shielding Pin 4 is connected to a shield wire in the ribbon cable, and ground on the board.
PWM_BT is the gate drive signal for the top half-bridge of phase B. A logic high at

5 PWM_BT . .
input connector J1 turns on the phase B top switch.

6 Shielding Pin 6 is connected to a shield wire in the ribbon cable, and ground on the board.
PWM_BB is the gate drive signal for the bottom half-bridge of phase B. A logic high

7 PWM_BB ; .
at input connector J1 turns on the phase B bottom switch.

8 Shielding Pin 8 is connected to a shield wire in the ribbon cable, and ground on the board.

Evaluation Motor Board User’s Manual
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Table 3-1. Connector J1 Signal Descriptions (Sheet 2 of 3)

Pin Signal Name Description
No.
PWM_CT is the gate drive signal for the top half-bridge of phase C. A logic high at
9 PWM_CT . .
input connector J1 turns on the phase C top switch.
10 Shielding Pin 10 is connected to a shield wire in the ribbon cable, and ground on the board.
PWM_CB is the gate drive signal for the bottom half-bridge of phase C. A logic high
11 PWM_CB ; .
- at input connector J1 turns on the phase C bottom switch.
12 GND Digital power supply ground
13 GND Digital power supply ground, redundant connection
14 +5V_D Digital +5-volt power supply
15 +5V_D Digital +5-volt power supply, redundant connection
16 +3.3V_A Analog +3.3-volt power supply
17 GNDA Analog power supply ground
18 GNDA Analog power supply ground, redundant connection
19 +12V +12-volt power supply
20 — No connection
21 V sense DCB V_sense_DCB is an analog sense signal that measures dc bus voltage. It is scaled
- - at 0.206 volts per volt of dc bus voltage.
|_sense_DCB is an analog sense signal that measures dc bus current. It is scaled
22 |_sense_DCB
- - at 0.412 volts per amp of dc bus current.
23 — No connection
24 — No connection
25 — No connection
26 — No connection
27 — No connection
28 Shielding Pin 28 is connected to a shield wire in the ribbon cable, and ground on the board.
29 — No connection
. Serial_Con is an identification signal that lets the controller know which power
30 Serial_Con - ) .
stage is present. It is nominally a 600-Hz square wave.
31 — No connection
32 — No connection
33 — No connection

User’'s Manual
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Table 3-1. Connector J1 Signal Descriptions (Sheet 3 of 3)

Z'c? Signal Name Description
34 Zero_cross A Zero__cross_A is a digital signal that is used for sensing phase A back-EMF zero
crossing events.

35 7610 cross B Zero__cross_B is a digital signal that is used for sensing phase B back-EMF zero
- - crossing events.

36 7610 cross C Zero__cross_C is a digital signal that is used for sensing phase C back-EMF zero
- - crossing events.

37 Shielding Pin 37 is connected to a shield wire in the ribbon cable, and ground on the board.

BEMF_sense_A is an analog sense signal that measures phase A back EMF. It is

38 BEMF_sense_A scaled at 0.206 volts per volt of dc bus voltage.

BEMF_sense_B is an analog sense signal that measures phase B back EMF. It is

39 BEMF_sense_B scaled at 0.206 volts per volt of dc bus voltage.

BEMF_sense_A is an analog sense signal that measures phase C back EMF. It is

40 BEMF_sense_C scaled at 0.206 volts per volt of dc bus voltage.

Evaluation Motor Board User’'s Manual
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Pin Descriptions

3.3.3 EVM Motor Board Output Connector J2

Power outputs to the motor are located on connector J2, labeled “Motor
Connector.” Pin assignments are described in Table 3-2.

Table 3-2. Connector J2 Signal Descriptions

Zion. Signal Name Description
1 Phase A Phase_A supplies power to motor phase A. The motor wire color is white/red.
2 Phase_B Phase_B supplies power to motor phase B. The motor wire color is white/yellow.
3 Phase C Phase_C supplies power to motor phase C. The motor wire color is white/black.

3.3.4 Motor Power Connector

Motor power connections are grouped into aconnector that plugsinto the EVM
motor board’ smotor connector, J2. Pin assignmentsareidentical to EVM motor

board output connector J2.

3.3.5 Motor Hall Sensor Connector

Hall sensor connections are made with a connector that plugs into the control
board’ s Hall sensor/encoder connector. Pin assignments are described in

Table 3-3.
Table 3-3. Motor Hall Sensor Connector
Pin : -
Signal Name Description
No.
1 L5V +5V supplies power from the control board to the Hall sensors. The wire color is
red.
2 GND GND is the Hall sensor ground. The wire color is black.
3 Hall A Hall A is an open collector output from Hall sensor A. The wire color is green.
4 Hall B Hall B is an open collector output from Hall sensor B. The wire color is white.
5 Hall C Hall C is an open collector output from Hall sensor C. The wire color is blue.

User’'s Manual Evaluation Motor Board
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Signal Descriptions

3.3.6 Motor Encoder Connector

The encoder connector has five pins. Pin 1 orientation is shown in Figur e 4-6.
Encoder Connector — Physical View. Pin assignments are described in

Table 3-4.

Table 3-4. Motor Encoder Connector

Zic?. Signal Name Description
1 GND Pin 1 is the encoder’s ground.
2 Index Pin 2 is the index output.
3 Channel A Pin 3 is the channel A output.
4 +5V Pin 4 supplies +5 volts from the control board to the encoder.
5 Channel B Pin 5 is the channel B output.

3.3.7 Motor Encoder Cable Connectors

The encoder cable has two connectors, one at each end. They assume the pin
assignments of their respective mating connectors, one on the EVM motor
board and the other on the control board.

3.3.8 Test Points

Six test points provide easy access to power supply and ground voltages. They
arelisted in Table 3-5 as they appear from top to bottom on the board.

Table 3-5. Test Points

IF\)lIc:] Signal Name Description

1 DCB_POS Test point DCB_POS is connected to the +12-volt motor bus.

2 GND Test point GND is connected to the 12-volt power supply and motor bus ground.

3 +3.3V_A Test point +3.3V_A is connected to the 3.3-volt analog power supply voltage.

4 GNDA Test point GNDA is connected to analog ground.

5 +5V_D Test point +5V_D is connected to the 5-volt digital power supply voltage.

6 GND Test point GND is an additional connection to the 12-volt power supply and motor

bus ground.

Evaluation Motor Board User’s Manual
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A set of schematics for the EVM motor board appearsin Figur e 4-1 through
Figure 4-5. An overview of the whole board is shown in Figure 4-1. The
3-phase H-bridge, including gate drivers, appearsin Figure 4-2. Bus current
feedback isshownin Figure 4-3. Back EMF signals appear in Figure 4-4. The
brushless dc motor is shown in Figure 4-5.

Unless otherwise specified, resistor values are in ohms, resistors are specified
as 1/8 watt £5%, and interrupted lines coded with the same letters are
electrically connected.

The schematics for the evaluation motor board appear on the following pages.
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MOTOROLA MOTOROLA
EMBEDDED MOTION CONTROL EMBEDDED MOTION CONTROL
SERIES SERIES
56800 EVALUATION MODULE EVM MOTOR BOARD
OR r—
HCO08 CONTROL BOARD | -
| = +12Vdc
- |I:>
L4 =
40-PIN
RIBBONCABLE | J1 r;
WHITE/BLACK BRUSHLESS
Phase_C | 3 MOTOR
| WHITE/YELLOW. Y
Phase B! 2 ]
WHITE/RED
Phase_A | 1
L —
HALL/ENCODER
CONNECTOR
"1 2 3 4 5!
[ 1
HALL C (BLUE)
HALL B (WHITE)
HALL A (GREEN)
GND (BLACK)
+5V (RED)

Figure 4-5. Brushless dc Motor Connections — Schematic View

4.4 Encoder Connector

The encoder is shown in Figure 4-6. The mark on the motor in this view
indicates pin 1 on the encoder’ s 5-pin connector.
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The EVM motor board’ s parts content is described in the following parts list.

Table 4-1. Parts List (Sheet 1 of 3)

Qty. Reference Part Value Description Mfg. Mfg. Part No.
Tantalum capacitor, D,
1 |C1 22 uF/i25Vv 22 uF/25 V, £10%, AVX TPSD226K025R0200
ESR 0.2
Electrolytic Capacitor
1 |C2 220 yF/10 Vv 220 UF/10 V, Type RE2 ELNA RE2-10V221MMA
Tantalum Capacitor, A, |, ,.
2 |C3,C4 3.3uF/ 20V 3.3 uF/20 V, +10% Vishay Sprague |293D335X_010A2
Electrolytic Capacitor
3 |C101, C102,C103 |330 uF/35V 330 F/35 V, Type RE2 ELNA RE2-35V331MMA
Tantalum Capacitor, D, |, .
3 |[C104,C105,C106 4.7 uF/35 Vv 4. TuF/35 V, +10% Vishay Sprague |293D475X_035D2
C107, C108, C109, Capacitor, 805,
7 |C203, C206, 100 nF Ceramic 100 nF/25V, |Vishay Vitramon [VJ0805U104MXXA
C301, C303 Z5U, +20%
Ceramic capacitor, . .
3 |C201, C202, C204 100 pF 0805, 100 pF, +5% Vishay Vitramon |VJ0805A101JXA
Ceramic capacitor, . .
1 |[C205 22 pF 0805, 22 pF, +5% Vishay Vitramon |VJ0805A220JXA
Tantalum capacitor, A, .
1 |C302 3.3uF/10V 3.3 uF/10 V, +10% Vishay Sprague |293D335X_010A2
1 |b1 P6SMB18AT3 | lransient voltage ON P6SMB18AT3
suppressor 18 V Semiconductor
Low VF Shottky ON
1 |Pb2 MBRD835L Rectifiers 35V, 8 A Semiconductor MBRD835L
LED diode, 3mm, . .
1 (D3 LED Green 10 mA, green Kingbright L-934GT
D4, D101, D102, N
7 |D103, D104, D105, |MBRM140T3  |ShOUkyRectifiers 40V, JON MBRM140T3
1A Semiconductor
D106
1 |D5 BZX84C5V6LT1 |Zener diode 5.6 V ON . BZX84C5V6LT1
Semiconductor
1 |F1 RUE400 Resetable fuse Raychem RUE400
1 | CONJ/40 Header 40 pins Fischer _ ASLG40G
breakaway connector |Elektronik
1 (J2 AMP 640387-3 |Header 3 pins AMP 640387-3
RE Power Jack | ower Jack type CUI Stack PJ-002A
connector 2.1 mm
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Parts List
Table 4-1. Parts List (Sheet 2 of 3)
Qty. Reference Part Value Description Mfg. Mfg. Part No.
KL CON/2screws | 2Screws PCBterminal, 1, )\~ 237-132
200 mils
1 | 330 pH Inductor 330 uH, 0.5A, g\ RLB0914-331K
thruhole, d = 9mm
) P+ N MOSFET . )
3 |Q101, Q102, Q103 |Si4558DY wansistor 30V, 6 A |Vishay Si4558DY
i 0,
1 |R1 680 5863'5“” 680 Q, 5%, lyishay Dale  |CRCW0805-681
Sensing resistor with
1 |R101 PMA-A-R075-1 |[Kelvin terminals, Isabellenhutte PMA-A-R0O75-1
75 MQ, 1%
i 0,
3 |R201, R208, R216 |10 k-1% 5863'5“” 10kQ 1%, |\jishay Dale | CRCWO0805-1002F
i 0,
3 |R203, R210, R217  |2.67 k-1% (Ffseg';tor 267 KO 1%, 1\/ichay Dale | CRCW0805-2671F
i 0,
1 |R104 118-1% 5863'5“” 18O.1%,  \\ishay Dale  |CRCW0805-1180F
R105, R106, R108,
R109, R112, R113 .
t 1 1 0
14 |R204, R205, R211, |10k (Ffseg';tor 10kQ, 5%, \/ichay Dale | CRCW0805-103J
R212, R218, R219,
R222, R223
i 0,
1 |R107 182-1% 5863'5“” 1820.1%,  \\ishay Dale  |CRCW0805-1820F
i 0,
1 |R110 1.82 k-1% (Ffseg';tor 1.82KkQ, 1%, |\/ichay Dale  |CRCWO0805-1821F
i 0,
1 |R111 1.18 k-1% 5863'5“” 118K 1%, |\/ishay Dale  |CRCWO0805-1181F
i 0,
3 |R202, R209, R215 |1 M (Ffseg';tor I1MQ 5%, |\ishay Dale  |CRCWO0805-105
i 0,
3 |R206, R213, R220 |5.6k ggg';tor 5.6 kQ, 5%, |\ishay Dale  |CRCW0805-5624
i 0,
3 |R207, R214,R221  [3.32 k-1% (Ffseg';tor 3.32kQ 1%, 1\/ichay Dale  |CRCWO0805-3321F
i 0,
3 |R224, R225,R226 |33k 5863'5“” 33kQ, 5%, l\ishay Dale  |CRCWO0805-333J
i 0,
2 |R301, R304 105 k-1% (Ffseg';tor 105kQ, 1%, |\/ichay Dale | CRCWO0805-1053F
i 0,
2 |R302, R303 21 k-1% 5863'5“” 21KQ, 1%, |\jishay Dale | CRCWO0805-2102F
i 0,
1 |R305 390 (Ffseg';tor 390Q, 5%, l\ishay Dale  |CRCWO0805-391J
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Table 4-1. Parts List (Sheet 3 of 3)

Qty. Reference Part Value Description Mfg. Mfg. Part No.
i 0,
1 |R306 100 k-1% ggg';tor 100kQ, 1%, |\/ichay Dale  |CRCWO0805-1003F
i 0,
1 |R307 33.2 k-1% ggeg'SStor 33.2KQ 1%, |\/chay Dale  |CRCWO0805-3322F
R114, R116, R118, Resistor 330 Q, 5%, .
6 |Ri20 R122 R124  |330 0805 Vishay Dale CRCW0805-331J
R115, R117, R119, Resistor 100 Q, 5%, :
6 R121 R123 R125 100 0805 Vishay Dale CRCW0805-101J
1 |u2 MC78PC33NTR |Linear voltage ON MC78PC33NTR
regulator Semiconductor
1 |us LM2574N-005 | >Witching voltage ON LM2574N-5
regulator Semiconductor
3 |U101, U102, U103 |MAX628CSA  |MOSFET driver Maxim MAX4428CSA
1 |u201 LM339D Comparator ON . LM339D
Semiconductor
1 |u3o1 MC33502D Operational amplifier, |ON MC33502D
rail to rail Semiconductor
1 |uso2 LM285M Adujstable voltage Nathnal LM285M
reference Semiconductor
i 0,
1 |R103 2.0 k-1% ggg';tor 20kQ 1%, 1\ichay Dale | CRCW0805-2001F
i 0,
1 |R102 10.7 k-1% ggeg'SStor 10. 7k 1%, |\/ishay Dale | CRCWO0805-1071F
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Section 5. Design Considerations

5.1 Contents

5.2 OVEIVIBW. . .ot 39
53 3-PhaseH-Bridge...........co i 39
54 BusVoltageand Current Feedback .......................... 41
55 BackEMFSIgnals ... 42

5.2 Overview

From asystems point of view, the EVM motor board kit fitsinto an architecture
that isdesigned for code development. In addition to the hardware that is needed
to run amotor, a variety of feedback signals that facilitate control algorithm
development are provided.

The EVM motor board’ s power output stage is a complementary MOS field
effect transistor (MOSFET) 3-phase bridge that is capable of supplying and
sensing 4 amps of continuous current. Feedback signals include bus voltage,
buscurrent, back EMF (el ectromotiveforce), and zero crossing. Descriptions of
each of these blocks are contained in 5.3 3-Phase H-Bridge, 5.4 Bus Voltage
and Current Feedback, and 5.5 Back EMF Signals.

5.3 3-Phase H-Bridge

The output stage is configured as a 3-phase H-bridge with complementary
MOSFET output transistors. It is simplified considerably by dual integrated
gate drivers that each have one inverting and one non-inverting driver. A
simplified schematic that shows one phaseisillustrated in Figure 5-1.

Evaluation Motor Board User’'s Manual
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DCB_Pos MBRM140T3
D101
U101 3
R105 6 000
| 8
VDD |
e R4 ~ R115 Q101
2 |INA OUTA | 7 H> 7
PWM_AT D> ‘
;} S A
R116 R117 5 Phase_A
PWM_AB T S 00 T 0o L
R108 GND
1 si4s58DY
D102
10k 3| MAX628CSA MBRM140T3
DCB_Neg [

User’'s Manual

Figure 5-1. Phase A Output

At theinput, pulldown resistors, R105 and R108, set alogic low in the absence
of asignal. Open input pulldown isimportant, since it is desirable to keep the
power transistors off in case of either abroken connection or absence of power
on the control board. Gate drive is supplied by a Maxim MAX628CSA. This
part has aminimum logic 1 input voltage of 2.4 volts and maximum logic O
input voltage of 0.8 volts. The EVM motor board will, therefore, accept inputs
for either 3.3- or 5-volt logic. Under voltage lockout is not included in the gate
drive. If thisfeature is desired, the control board’ s under-voltage detection
comparator can be set for 1.24 volts.

One of the more important design decisionsin amotor driveis selection of gate
driveimpedancefor the output transistors. In Figure 5-1, resistorsR116, R117,
and diode D102 determine gate drive impedance for the lower half-bridge
transistor. A similar network is used on the upper half-bridge. These networks
set turn-on gate driveimpedance at approximately 430 Q and turn-off gatedrive
impedance at approximately 100 Q. These values produce transition times of
approximately 60 ns.

Transition times of this length represent a carefully weighed compromise
between power dissipation and noise generation. Generally speaking, transition
times longer than 250 ns tend to get power hungry at non-audible PWM rates;
and transition times under 50 ns create di/dt’ s so large that proper operation is
difficult to achieve. The EVM motor board is designed with switching times at
the lower end of this range to minimize power dissipation.

Evaluation Motor Board
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Design Considerations
Bus Voltage and Current Feedback

5.4 Bus Voltage and Current Feedback

|_sense_ DCBL [___|

Evaluation Motor Board

R302 21 k-1%

Feedback signals proportional to bus voltage and bus current are provided by
the circuitry shown in Figure 5-2. Bus voltage is scaled down by a voltage
divider consisting of R102, R103, R104, R107, R110, and R111. Thevaluesare
chosen such that a 16-volt maximum bus voltage corresponds to a 3.3-volt
maximum analog-to-digital (A/D) input. Bus current is sampled by resistor
R101 in Figure 4-2 and amplified by the circuit in Figure 5-2. This circuit
provides avoltage output suitable for sampling with A/D inputs. An MC33502
isused for the differential amplifier. The gain is given by:

A = R301/R302

The output voltage is shifted up by 1.65 V, to accommodate both positive and
negative current swings. A +300-mV voltage drop across the shunt resistor
corresponds to a measured current range of +4.0 amps.

Note that the EVM motor board measures, but does not limit, current. Current
limiting is performed on the control board, where a 2.8-volt setting for the
overcurrent detection comparator produces a 2.8-amp current limit.

R301

105 k-1%

R102 R103 V_sense_DCB

DCB_Pos
|_sense_DCB _Pos ) 10.7 k-1% 2.0 k-1%

Y U301A
8
R304 MC33502D

105 k-1%

R104
118 Q

R107
182 Q

R110 R111 | V_sense DCB_half

33.2k-1% DCB_Neg

1.82k-1% 1.18 k-1%

Figure 5-2. Bus Feedback
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5.5 Back EMF Signals

Back EMF and zero crossing signals are included to support sensorless
algorithms for brushless dc motors. Referring to Figur e 5-3, which shows
circuitry for phase C, the raw phase voltage is scaled down by avoltage divider
consisting of R216, R217, and R221. One output from this divider produces
back EMF sense voltage BEMF_sense C. Resistor values are chosen such that
a 16-volt maximum phase voltage corresponds to a 3.3-volt maximum A/D
input.

A zero crossing signal is obtained by comparing motor phase voltage with the
motor bus voltage. Comparator U201A performs this function, producing zero
crossing signal Zero _cross C.

Phase_C

e +5V_D
R217 R218 R220 R219
2.67 k-1% 10k 5.6k N 10k
BEMF_sense_C A% + 2
R221 4 —— Zero_cross_C
V_sense_DCB_half ® —~~ U201A
3.32k-1% LM339D
12
C204 C205

100 pF 22 pF
GNDA GNDA

Figure 5-3. Phase C Back EMF Feedback

User’'s Manual Evaluation Motor Board

42 Design Considerations MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding the suitability of its
products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability,
including without limitation consequential or incidental damages. "Typical" parameters which may be provided in Motorola data sheets and/or specifications can and do vary in different
applications and actual performance may vary over time. All operating parameters, including “Typicals" must be validated for each customer application by customer's technical experts.
Motorola does not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in systems
intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a
situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hold
Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of,
directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the
design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution, P.O. Box 5405, Denver, Colorado 80217. 1-303-675-2140
or 1-800-441-2447. Customer Focus Center, 1-800-521-6274

JAPAN: Motorola Japan Ltd.; SPS, Technical Information Center, 3-20-1, Minami-Azabu, Minato-ku, Tokyo 106-8573 Japan.
81-3-3440-8573

ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; Silicon Harbour Centre, 2 Dai King Street, Tai Po Industrial Estate,
Tai Po, N.T., Hong Kong. 852-26668334

HOME PAGE: http://motorola.com/semiconductors/

© Motorola, Inc., 2000

MEMCEVMBUM/D

@ MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



	Section�1. Introduction and Setup
	1.1 Contents
	1.2 EVM Motor Introduction
	1.3 About this Manual
	1.4 Warnings
	1.5 Setup Guide

	Section�2. Operational Description
	2.1 Contents
	2.2 Introduction
	2.3 Electrical Characteristics
	2.4 Motor Characteristics

	Section�3. Pin Descriptions
	3.1 Contents
	3.2 Introduction
	3.3 Signal Descriptions
	3.3.1 EVM Motor Board Power Connectors J3 and J4
	3.3.2 EVM Motor Board 40-Pin Ribbon Connector J1
	3.3.3 EVM Motor Board Output Connector J2
	3.3.4 Motor Power Connector
	3.3.5 Motor Hall Sensor Connector
	3.3.6 Motor Encoder Connector
	3.3.7 Motor Encoder Cable Connectors
	3.3.8 Test Points


	Section�4. Schematics and Parts List
	4.1 Contents
	4.2 Overview
	4.3 Schematics
	4.4 Encoder Connector
	4.5 Parts List

	Section�5. Design Considerations
	5.1 Contents
	5.2 Overview
	5.3 3-Phase H-Bridge
	5.4 Bus Voltage and Current Feedback
	5.5 Back EMF Signals


