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Introduction

The STEVAL-IEM003V1 demonstration board is designed to drive a low voltage/high current
3-phase brushless synchronous or asynchronous motor up to 3 kW. This kit can be typically
used for battery powered traction system applications or high power tools.

The demonstration board is made up of two stacked boards:

m Power board where the power devices are mounted on a dedicated IMS layer

m Board with gate driving, current sensing, and power supply sections

It provides a compact solution in terms of size and efficient power dissipation thanks to the
power MOSFET mounted on the dedicated IMS layer.

Thanks to the onboard MC-connector, the STEVAL-IEM0O03V1 can be easily interfaced with
any ST MCU control board equipped with a dedicated connector (MC connector) in order to
control several kinds of 3-phase motors (asynchronous, PMSM brushless DC, brushless
AC).

This document describes the features of the STEVAL-IEM003V1 demonstration board and
gives information on using it.

The demonstration board, shown in Figure 1, can be ordered using the STEVAL-IEM003V1
order code.

Figure 1. Low voltage 3-phase power stage for electric traction demonstration
platform
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1.1

Note:

4/18

STEVAL-IEM003V1 main features

BUS voltage up to 48 V and up to 3 kW

3-phase full bridge inverter topology

Efficient power dissipation with power MOSFETs mounted on a dedicated IMS layer
Motor current feedback via ICS

Security functions:

—  Bus overcurrent detection

—  Bus voltage monitoring

— Power stage temperature sensing

Main devices

The main onboard devices are:

Power MOSFETSs in PowerSO (automotive grade):
—  STV240N75F3: MOSFET N-channel 75 V- 2.3 mQ - 240 A, for applications up to

48V

—  STV250N55F3: MOSFET N-channel 55 V- 1.5 mQ - 250 A, for applications up to
24V

—  STV270N4F3: MOSFET N-channel 40 V- 1.25 mQ - 270 A, for applications up to
12 V.

Refer to the relevant datasheets on ST.com for more information

The board is equipped by default with STV250N55F3, other devices can be easily mounted
with no additional changes to the board

L4976D: the L4976D is a step-down switching regulator capable of deliveringup to 1 A
at output voltages from 0.5 V to 50 V.

Refer to the L4976D datasheet for more information.
L6388E: the L6388E is a high-voltage high side and low side driver.
Refer to the L6388 datasheet for more information.

STS01DTPO6: The STS01DTPO6 is a dual NPN-PNP complementary bipolar
transistor.
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Getting started

2

Getting started

This section gives information on system architecture and hardware configuration to power
up the board.

2.1 System architecture
The STEVAL-IEM003V1 demonstration board consists of 2 separate boards:
® Gate driving, sensing, and power supply board
® Power board
Note that, for a complete platform, a control board with an MCU and an MC-connector is
requested in order to perform the motor control.
Figure 2. Block diagram
— — :‘ ST 3 ST g 3 STVZ:DNM:
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AMO06344v1
2.2 Power up
The system is powered by a battery voltage ranging from 12 V up to 48 V (note that the
actual maximum voltage rate depends on the power MOSFETs mounted). The battery
connector is described in the following section.
17 Doc ID 17061 Rev 2 5/18
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3 Hardware and connectors

3.1 Driving board

The main blocks of the driving board are:

Power supply

Motor connections

Battery connector

Overcurrent and voltage monitoring sections
® Gate drivers

In Figure 3 and 4 the top and the bottom view of the gate driving, sensing, and power supply

board layout are shown.

Figure 3. Gate driving, sensing, and power supply board layout description (top

view)
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Figure 4. Gate driving, sensing, and power supply board layout description
(bottom view mirrored)
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3.1.1 Power supply

The whole system requires an input voltage from 17 V up to 55 V (note that the actual
maximum voltage rate depends on the power MOSFETs mounted) that can be provided by
a battery voltage. The battery input is labeled -VBATTERY+ (refer to Figure 3). Because
different voltage levels are needed for the whole system a power supply section has been
designed on the board.

The gate driver section requires a 15 V power supply, which is generated by the IC L4976D
step-down switching regulator, fed by the battery voltage. The L4976D is a step-down
monolithic power switching regulator capable of delivering up to 1 A at output voltages from
3.3 V to 50 V. In this application it is configured to deliver a 15 V output voltage.

In the next stage an L7805, linear voltage regulator, is necessary to obtain a 5 V input
voltage and in the last stage an LF33, low drop linear voltage regulator, is necessary to
obtain a 3.3 V input voltage.

On the board there is the possibility to disconnect the system powered by 15V, 5V, and 3.3
V respectively (see Table 1 below).

Table 1. Control board jumper configuration
Jumper configuration Description

W1 If fitted the 5 V is delivered to the MC-connector
Ww2le B
ws(o m w2 If fitted the 3.3 V is delivered to the MC-connector
wile H W3 If fitted the 15 V is delivered to the related system
Wil @ W4 If fitted the 5 V is delivered to the related system
WwIile W

w5 If fitted the 3.3 V is delivered to the related system

The W1 and W2 jumpers allow the connecting of 5 V and/or 3.3 V to the MC-connector.

IYI Doc ID 17061 Rev 2 7/18
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3.1.2

3.1.3

8/18

Figure 5 below shows the schematic diagram of the power section:

Figure 5. Power supply section
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Motor connections

Three copper areas, labeled PHASE_U, PHASE_V, and PHASE_W, are placed on the
upper board in order to allow the motor connection by screws. Motor cable ends must have
dedicated crimped terminals.

Heatsink temperature sensing

A hardware temperature sensing has also been implemented on the STEVAL- IEM003V1
demonstration board. As this signal is available on the MC connector, with a proper control
logic, this feature helps to fully protect the switches against damage when power losses
reach a defined value.

The temperature is sensed by an analog temperature sensor (STLM20) placed on the IMS
layer close to the power MOSFET devices. The measured value is fed through MC
connector J5 to the driver MCU part and read with an AD converter.

Doc ID 17061 Rev 2 K‘!I
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3.14 Motor control connector
The STEVAL-IEM003V1 demonstration board supports a 3PH (phase) brushless motor
control via a 34-pin connector J5 (MC_Connector) providing all required control and
feedback signals to and from the motor power-driving board. Available signals include
emergency stop/fault condition, two motor phase currents, bus voltage monitoring, bus
current monitoring, power board heatsink temperature sense, and 6 channels of PWM
control signals going to the motor driving circuit.
Two voltage levels, 5 V and 3.3 V, are available through two jumpers (W1 and W2) to supply
a control board if necessary.
Figure 6. Motor control connector J5
333129 272523 2119171513119 7 5 3 1
OO0O000000o00oo0ooooan
Ooo0oo00o0o00oo0oOoOO0oOoo0ooooaa
34 3230 28 26 24 22201816 14 1210 8 6 4 2
AMO06326v1
Table 2. Motor control connector J6 (top view)
Description Pin number Pin number Description
Emergency stop/fault 1 2 GND
PWM-UH 3 4 GND
PWM-UL 5 6 GND
PWM-VH 7 8 GND
PWM-VL 9 10 GND
PWM-WH 11 12 GND
PWM-WL 13 14 Bus voltage monitor
Phase current U 15 16 GND
Phase current W 17 18 GND
N.C. 19 20 GND
N.C. 21 22 GND
N.C. 23 24 GND
+5 V power 25 26 Heatsink temperature
N.C. 27 28 +3.3 V power
N.C. 29 30 GND
N.C. 31 32 GND
N.C. 33 34 N.C.
KY_I Doc ID 17061 Rev 2 9/18
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3.1.5

3.1.6

3.2

10/18

DC BUS current and voltage monitoring section

The system implements a DC_BUS current and a DC_BUS voltage monitoring section.
Refer to the related section in the schematic of Section 4.

The DC_BUS current monitoring section is designed to detect an overcurrent fault condition
on the DC_BUS. Two voltage thresholds (see lower_limit and upper_limit) are fixed by
setting the R50, R51, and R52 resistor values (they can be changed according to the user
application). When the current overcomes either the upper or the lower limit a dedicated
circuit generates a Fault signal that immediately stops the PWM signals and, at the same
time, sends the fault condition to the microcontroller, through the MC-connector, which
detects the fault as an external interrupt and stops its motor control peripheral.

The DC BUS voltage monitoring is implemented by using an external voltage divider
connected across the DC BUS of the 3-phase full bridge inverter. One end of the R55 is
connected at pin 14 (HV bus) to the MC-connector, so the voltage drop of R55 can be read
by the ADC peripheral of a microcontroller. This voltage value can be elaborated by the
microcontroller in order to implement certain protections like undervoltage lockout,
overvoltage protection, and so on. Of course the R55 value must be chosen according to the
DC BUS voltage and input range voltage of the microcontroller's ADC.

Gate driving

Figure 7 shows the solution utilized for driving the power MOSFET.

The gate driver IC L6388 offers both dead time and interlocking function in order to prevent
undesired simultaneous turn-on of both power switches. A push-pull configuration has been
adopted in order to increase the gate driver current capability.

Figure 7. Gate driving network
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Power board

The power board is based on a power MOSFET configured in 3-phase full bridge topology.
The power MOSFETSs used by default are the STV250N55s but it can accommodate
different power MOSFET devices in the Power SO10 package according to the battery
voltage (refer to the main devices in Section 1.1). The board provides a compact solution in
terms of size and efficient power dissipation with power MOSFETs mounted on the
dedicated IMS layer.
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Hardware and connectors

The board layout is shown in Figure 8:

Figure 8. Power board layout
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The insulated metal substrate (IMS) minimizes the thermal impedance and conducts heat

more effectively.

The power board is connected with the gate driving, sensing, and power supply board by
five power taps for the high current connections (battery and motor connections) and
standard connectors for gate driver and temperature sensing signals.
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4 Schematic diagrams and BOM

This section gives the design schematics for the STEVAL-IEM0O03V1 board key features, to
help implement these features in applications. Schematics are provided for:

@ Driving board: gate driving, sensing, and power supply board
® Power board on IMS layer

4.1 Gate driving, sensing, and power supply section

Figure 9. Gate driving, sensing, and power supply section
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Schematic diagrams and BOM
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Power section

4.2

Power section

Figure 10.

WeuNY"SNE 00 Yiemmesng5a

M oseyd
€184

]

OaA-

HOSN3S™1vaH

€
2
3

A 9seyd
21sd

[l

|Z8MOZWTLS
anNo
ON .aND
vw 1NOA O0A IWA
SN
v
NG+
NG+
N eseyd
1S4

[

1]
I
3

er - o >
01 o N ST e0un0g
T z
H ﬁ ﬁ e M -Nzoo
HIMOZ AND u M_. . u M_. —— mM_. 55
< M ST 81D ASTeRD v n ST oD )
A08/4U00k @
hosrant oo 2aNOSZALS nos/auoor|rosant | ghssnoszaly vo Aog/4uoot| Aos/n: |esfenoseATS |20 [ w__ [ w__ <
A0g/4uo0k == M SH e01nog = ATSH e0In0g >~ ~SH eoInog o) 3 3 W
e g
oo o » 81 9o 8 g » 2 g2 s
0 0k 2NOD g g d
oy 2NOO
++ o Iy 17
1 1 €a ' u = I
] _| > u [ mM_. anLo
M SH eren N"SH e’ 9€0
¢ £495NOSZAL
=S W7o} gdsonoszLs | eo - S0 iUsInosNg 0a AGH
TIVEAT
« o O %
Lvan+ s 3 nM
-dl €—dll
9 v
0aA _H_ €80
M
01184 7
SELvEA 4:4d-080-80 Y5280V oan+

wr

1emod

oer

AMO06351v1

13/18

Doc ID 17061 Rev 2

www.BDTIC.com/ST



8Lyl

¢ A\9d 19041 Al v0d

4.3 Bill of material
Table 3. BOM
Value / generic Manufacturer’s ordering Suppliers
Reference g Package Manufacturer code / orderable part Supplier Rp
part number ordering code
number
CS1,C82 ACS75§§£$'1 00B- Allegro ACS756SCA-100B-PFF-T
CSs3 ACS75§'E(F78'050' Allegro ACS754LCB-050-PFF
Cc1,Cc2 4700 uF/63 V CEL25 127-824
C3,C4, 100 nF/63 V SMC1206
C8,C9,C10 100 nF/63 V SMC1206
C5,C6,C7 1 pF/63V SMC1206
C11,C12,C17,C18,C23,
C24,C43 1pF SMCO0805
C13,C19,C25 10nF50V SMCO0805
C14,C31,C33,C34,C36,
C37,C38,
C39,C40,C41,C42,C45, |  100NF SOV SMC0805
C46,C47,C51
C16,C21,C26 10 yF 25V SMC1210 464-9306
C28,C29 100 pyF/10 Vv Tantalio_C 464-7877
C30 220 yF/25V Tantalio_Dii 547-9603
C32 22nF25V SMCO0805
Ca4 100 nF 50 V SMCO0805
C48 220 yF/63 VvV Cel10 191-7943
D1,D2,D3,D4,D5,D6 SM6T18CA sm/do213ab_21 STMicroelectronics SM6T18CA STMicroelectronics
D13 STPS2L40U sm/do213ab_21 STMicroelectronics STPS2L40U STMicroelectronics
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Table 3. BOM (continued)
Value / generic Manufacturer’s ordering Suppliers
Reference g Package Manufacturer code / orderable part Supplier Rp
part number ordering code
number
FST1,FST2,FST3,J1,J2, Distrelec 340676
FST16,FST9,FST5 Distrelec 340676
BLCCON.100/VH/T
J5 2xi7 M20E/W.200/34
J6,J7,J8,J9,J10,J11 SIP/TM/L.200/2
BLCCON.100/VH/T
J12,J14,J16 M20E/W.200/4 528-6322
BLCCON.100/VH/T
J18 2X3 M20E/W.200/6
BLCCON.100/VH/T
J19 2X3 M20E/W.200/6 528-6338
J20 Connector Mor10mm_S 314-9861
L1 100 pH CEL10 233-5140
Q1,Q2,Q3,Q4,Q5,Q6 STV250N55F3 SOG.%E;E/;?QNGSS STMicroelectronics STV250N55F3 STMicroelectronics
Q7,Q8,Q9,Q10,Q11,Q12 STS01DTPO06 SOG'Z/SI? /28é\(l)v G.24 STMicroelectronics STS01DTPO06 STMicroelectronics
R1,R3,R4,R5,R6,R7 10 kQ SMR1206
R49,R55 10 kQ SMRO0805
R9 68 kQ/1 W TRUE Hole
R10,R16,R24,R27,R38,
R56,R58,R59,R60,R61, 47 Q SMR1206
R62,R63
R12,R19,R34,R36,R37,
R39 R57 220 SMRO0805
R13,R29,R35 22 Q SMRO0805
R15,R28 560 Q SMRO0805
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Table 3. BOM (continued)
Value / generic Manufacturer’s ordering ) Supplier's
Reference part number Package Manufacturer code / orderable part Supplier ordering code
number
R18,R31 1.1 kQ SMRO0805
R40 16 kQ SMRO0805
R41 9.1 kQ SMRO0805
R42 4.7 kQ SMRO0805
R43,R44,F;42158,R46,R47, 47 KO SMRO805
R50,R52 2kQ SMRO0805
R51 24 kQ SMRO0805
R53 200 SMRO0805
R54 90 kQ SMRO0805
R64 20 kQ SMR0805
TP15,TP16,TP17,TP18,
TP19,TP_0,TP20,TP26,
TP27,TP28,TP30,TP31,
TP32,TP33,TP34,TP35,
TP22,TP23,TP24,TP25
U1,U4,Us L6388E S0O8 STMicroelectronics L6388E STMicroelectronics
U6 L4978D SO16 STMicroelectronics L4978D STMicroelectronics
u7 L7805CD2 D2PACK STMicroelectronics L7805CD2 STMicroelectronics
us LF33CDT DPACK STMicroelectronics LF33CDT STMicroelectronics
ui2 LM393AD SO8 STMicroelectronics LM393AD STMicroelectronics
(K M74HC367M1R SO16 STMicroelectronics M74HC367M1R STMicroelectronics
u14 74V1G04CTR SOT323-5L STMicroelectronics 74V1G04CTR STMicroelectronics
u15 STLM20W8 SOT323-5L STMicroelectronics STLM20W8 STMicroelectronics
W1,W2,W3,W4,W5 JUMP1 SIP/TM/L.200/2
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Revision history

5 Revision history

Table 4. Document revision history

Date

Revision

Changes

05-Jul-2010

1

Initial release.

02-Aug-2010

2

Minor text changes
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time, without notice.
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