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Application note

STEVAL-IFP028V1 evaluation board for single high-side driver IPS160H

Introduction
The STEVAL-IFP028V1 is an evaluation board designed to analyze all IPS160H functionality.

It is designed to meet the application requirements in terms of:

*  Galvanic isolation between user interface and power interface. This requirement is satisfied by an optical isolation
implemented through optocouplers OPTO1 for signal forward to the device and OPTO2 for the feedback diagnostic signal.

*  Compliant with IEC 61000-4-2, IEC61000-4-4, IEC 61000-4-5 requirements. These requirements are satisfied by IPS160H
itself and by the component U1 (the external TVS between V¢ supply rail and power ground).

To provide a user friendly interface to test IPS160H functionality, a dedicated GUI interface has been developed. In order to use
the GUI, the STEVAL-IFP028V1 is connected to the STEVAL-PCC009V2 through a 30-way flat cable and then the STEVAL-
PCCO009V2 is connected through an USB cable to the PC with the GUI.

The GUI lets you drive the STEVAL-IFP028V1 and monitor the status of the output on the power side, receiving fault information
from the IPS160H DIAG pin.

Finally, the STEVAL-IFP028V1 optimizes thermal performance through a careful layout with a dedicated copper area connecting
the exposed pad of the PSSO12 package and acting as a heat-sink.
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Features

1 Features

. Operating voltage from 8 to 60 V
. Operating current up to 2.5 A
. Programmable cut-off delay time
. Reverse polarity protection
. Galvanic isolation
. Input pins compatible with V¢ rails
. Green LED for channel ON/OFF status
. Red LED for common diagnostic on:
—  Open load in OFF state
—  Cut-off
—  Thermal protection
—  Red LED functionality on DIAG pin guaranteed from Voo = 12V

. Microcontroller interface
. IEC 61000-4-2, IEC61000-4-4 and IEC 61000-4-5 compliant
. RoHS compliant

Figure 1. STEVAL-IFP028V1 evaluation board
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2 Board description

Table 1. STEVAL-IFP028V1 connectors and jumpers

B =

J1 must be open in case of tests with Vg >
OPEN (default): disconnect U1 ViR of U1.

J1 JUMPER -
CLOSE: connect U1 External TVS is necessary to improve surge test
requirements on V¢ pin.
Open: disable the on board
optocouplers
J2 JUMPER
CLOSE (default): enables the on-board
optocouplers
PIN1: Ve
3-way screw . .
J3 connector PIN2: LOAD Power section connector
PIN3: GND
OPEN (default): see J5, J6, J7 .
J4 JUMPER CLOSE: cutoff enabled with tcopr = 5 If J4 is closed then J5, J6 and J7 must be left
OPEN.
ms + 35%
OPEN: see J4, J6, J7
If J5 is closed then J4, J6 and J7 must be left
J5 JUMPER CLOSE (default): CUTOFF enabled  opgN.
with tcopr = 500 ps £35%
56 JUMPER OPEN (default): see J4, J5, J7 If J6 is closed then J4, J5 and J7 must be left
CLOSE: CUTOFF disabled OPEN.
OPEN (default): see J4, J5, J6 .
J7 JUMPER CLOSE: cutoff enabled with teopr = If J7 is closed then J4, J5 and J6 must be left
OPEN.
2.5ms + 35%
TP1 Test point Ve (Supply voltage of U2)
OUTPUT of OPTO1
TP2 Test Point
(driving signal of U2)
. EARTH connection (common node) C2 and C4 are used for surge test in common
TP3 Test Point . )
between C2 and C4 mode configuration
TP4 Test Point Ground of user interface
TP5 Test Point Diagnostic pin of U2
TP6 Test Point Ground of power interface
CN1 30-way Connection for digital interface and See Table 2. STEVAL-IFP028V1 30-way signal
GUI connector

Table 2. STEVAL-IFP028V1 30-way signal connector

I

1 NC

2 MCU_GND

3,4,5,6 NC

7 Digital Input IN1/PWM1
8 NC
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9,10, 11,12 NC
13 MCU_GND
14 MCU_Vdd
15, 16, 17, 18, 19 NC
DIAG_FAULT
20 (common fault for open load in OFF state, cutoff and thermal events)
21,22, 23 NC
24,25 Digital acknowledge (proprietary)
26, 27 NC
28 MCU_GND
29, 30 NC

Figure 2. STEVAL-IFP028V1 schematic diagram
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Table 3. STEVAL-IFP028V1 Bill of material

M -

CON30 2.54 mm 30 pins

(15x2rows)
2 1 C1 22 uF 100 V Electrolytic +-20% | TH Rubycon
3 2 C2,C4 (DNM)  4.7nF 4KV Single layer TH VISHAY
capacitor
5 1 c3 1 WF 100 V CERAMIC, X7TR  +-10% 1210 KEMET
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6 10 pF 100 V CERAMIC +-5% 0603 VISHAY
7 0 C6 DNM 0603
8 1 co 10 nF 16V Ceramic +-5% 0603 MURATA
9 1 cs 47 nF 16V Ceramic +-10% 0603 AVX
10 1 c7 100 nF 16V Ceramic +-10% 0603 MURATA
"1 Cc10 2.2 uF 100 V X7R +-10% 1210 TDK
12 1 D1 STPS1H100U 100V, 1A SMB ST™
13 1 D2 GreenLED 22V GaP 0805 \?v%il'm
14 1 D3 Red LED 18V GaAlAs 0805 %ﬁi@“ﬂ
15 1 J1 Drop Jumper 0603

1 J2 Drop Jumper 0603
16 3 J4, J6, J7 Drop Jumper 0603
19 1 J5 0Q 100 mwW 1% 0603 VISHAY
20 1 RI0 15k 125 mw 1% 0805 e

Connectivity
21 1 R1 68 k 125 mw 1% 0805 BOURNS
2 1 R7 47k 125 mw 1% 0805 BOURNS
23 2  R2,R5 270R 100 mW 5% 0603 Panasonic
L R9 47 125 mwW 1% 0805 BOURNS
2% 1 R3 00 125 mw 5% 0805 BOURNS
27 1 R4 00 100 mW 1% 0603 VISHAY
28 2 oprot,optoz 10 o 80V TLP293-S04  Toshiba
30 1 R6 27 k 125 mW 0.5% 0805 Panasonic
31 2 R12, R14 1k 100 mW 0.1% 0603 Panasonic
33 1 RS 1k 100 mw 1% 0603 L
Connectivity
341 R11 3k3 125 mwW 1% 0805 Bourns
3B 1 R13 10k 100 mW 0.1% 0603 Panasonic
36 1 R15 1k78 100 mW 0.1%  SMDO0603  Panasonic
37 6 iEJ{ EZ? ﬁg' TEST POINT Ring test point
™7 1 mm

43 3 U3 20‘;:%;2?"" 5_08 mm TH, 5.08 mm ggﬁ’f:c"t‘
46 1 u2 IPS160H PWSSO12 ST
47 1 U1 TVS Var=2V SMCJ40CA ST

21 Supply voltage section

The STEVAL-IFP028V1 is supplied from pin 1 of connector J3, which is directly connected to the V¢ supply of
IPS160H (operating between 8 V and 60 V).
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If jumper J1 is closed, the TVS U1 is active and the supply range of the board is limited to 40 V by the breakdown
voltage of U1. When enabled (J1 closed), U1 improves the immunity to surge pulses from the V¢ pin of the
IPS160H.

A red LED is connected on the DIAG (common diagnostics) pin of the IPS160H; the red LED signaling of open
load (off state) is guaranteed from Vgc = 12 V. For different operating ranges the user may act on R1 and/or R6
(see Section 2.6 Open load).

2.2 Communication

As already discussed, outputs can be driven by connecting the PC to the STEVAL-IFP028V1 board via the
STEVAL-PCC009V2 communication board. The galvanic isolation between process side and control side is
implemented through optocouplers OPTO1 and OPTO2.

The evaluation board STEVAL-IFP028V1 CN1 30-way connector provides the interface for the STEVAL-
PCC009V2, thus allowing the use of the dedicated GUI interface. Instead of the STEVAL-PCC009V2, the input
signal can be provided through the pins 2 (MCU_GND) and 7 (input of OPTO1) of CN1.

Once the STEVAL-IFP028V1 and STEVAL-PCC009V2 boards are connected, communication begins with board
recognition: the ADC integrated in the STEVAL-PCCO009V2 reads the voltage on the resistor network R1, R13,
R14 and R15 and, if recognition is successful, the graphical interface is started.

Following acknowledgment, it is possible to select from the modalities:

. Steady driving

. PWM driving

In the first configuration, you can drive the output always ON or always OFF, whereas in the second, you can
drive the output in PWM mode after configuring the frequency and duty cycle.

2.3 Operating current

The IPS160H mounted on the STEVAL-IFP028V1 is designed to supply all kinds of loads (resistive, inductive and
capacitive) connected between OUTPUT and process ground and requiring up to 2.5 A. In case of overload, the
IPS160H regulates its internal impedance, limiting the output current to I 1 (see the IPS160H datasheet of for

details). For an inductive load, the maximum demagnetization energy (Epemac(max)) manageable by the
IPS1060H is limited by its internal thermal dissipation capacity. Please refer to the datasheet of IPS160H for
EpEMAG(MAX) VS. ILOAD-

2.4 Cutoff

Whenever the overcurrent threshold (I ) is triggered and the IPS160H cut-off protection feature is activated (J4,
J5 or J7 closed and J6 open), the OUTPUT is driven ON for at least time tcorr (set by the selected capacitance
on pin 4). The output is only allowed to turn on again after the cut-off restart time (trgs)-

In case of overheating (see Section 2.5 Overheating and thermal protection), the tcopr is overridden.

2.5 Overheating and thermal protection

In case of overheating during operation, the whole application is protected by the thermal protection integrated by
the IPS160H: once its junction temperature triggers the T gp threshold (170 °C, typical) the OUTPUT is forced

OFF until the temperature drops back to Tgp - ThysT (155 °C, typical).

2.6 Open load

The IPS160H integrates the open load detection (in OFF state) feature that is activated on the STEVAL-IFP028V1
board by the R1 pull-up resistor between V¢ rail and the OUTPUT pin of IPS160H. When the input is forced low
and the load is disconnected, the voltage on OUTPUT pin is pulled up by R1, the open load detection threshold
(VoLoff) is triggered and the diagnostic pin is consequently forced low, causing the red LED to turn on.

The STEVAL-IFP028V1 pull-up resistor R1 (68 kQ) is suitable for signaling open load in the OFF state in the
supply range from Vcc = 12 V and I pap > 10 mA. For applications without a LED on the output pin, the design
rules for R1 are provided in the IPS160H datasheet.
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Open load

A LED connected through a polarization resistor between output and ground affects the output voltage in the OFF
state and therefore impacts the functionality of the open load in OFF state signaling.

Figure 3. Circuit schematic for typical application case
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2.7 Reverse polarity protection
The STEVAL-IFP028V1 implements reverse polarity protection on the process side through diode D1. In fact, if

the V¢ and process GND are swapped, diode D1 blocks any current flow and consequently protects the
IPS160H and the rest of the application components.
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3 Board layout

The PCB is designed with varying device operating conditions in mind.

During normal operation, the IPS160H may be subject to conditions that have an adverse impact on device
performance, such as:

. wrong supply cable connection
. overheating
. EMC phenomena associated with atmospheric events

The STEVAL-IFP028V1 layout is designed to avoid any such conditions that may hamper device operation.

Figure 4. STEVAL-IFP028V1 top and component placement layout view
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STEVAL-IFP028V1 bottom layout view

Board layout
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4 Reference documents

. IPS160H datasheet
. STEVAL-IFP028V1 data brief
. IEC-61131-2
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Table 4. Document revision history

02-May-2016 1 Initial release.
16-May-2019 2 Updated Figure 2. STEVAL-IFP028V1 schematic diagram

AN4781 - Rev 2 page 12/16



m AN4781

Contents

Contents
1 Features. ... .. i 2
2 Board descCription . ... ... i i i i e e e i i e a e 3
21 Supply voltage SeCtion . .. ... ... 5
2.2 CommUNICAtION . . . .o 6
2.3 Operating CUMENt . . ... 6
2.4 CUOff L 6
2.5 Overheating and thermal protection . ............ ... e 6
2.6 OpeNn 0ad. . . ... 6
2.7 Reverse polarity protection . ....... ... 7
3 Board layout. .. ..o e 9
4 Reference doCUmMENtS ... ...t it it ees s eana s ranas s 1"
ReViSioN NiStory ... i it ittt ees s easraaa s s rnnaanaaannan 12
L0 o 11 11 13
Listof tables ... i i 14
List Of figUIres. . ..o i 15

AN4781 - Rev 2 page 13/16



m AN4781

List of tables
List of tables
Table 1. STEVAL-IFP028V1 connectors and JUMPErs . . . . ... ... ... .. e 3
Table 2. STEVAL-IFP028V1 30-way signal connector . . . . . . . . .. .. e e e 3
Table 3. STEVAL-IFP028V1 Billof material . . . . . . . ... 4
Table 4. Documentrevision history . . . . . .. .. 12

AN4781 - Rev 2 page 14/16



m AN4781

List of figures
List of figures
Figure 1. STEVAL-IFP028V1 evaluation board. . . . .. . .. .. . e 2
Figure 2. STEVAL-IFP028V1 schematic diagram . . . . . . . . ... . e 4
Figure 3. Circuit schematic for typical applicationcase . ... ... ... ... . .. . 7
Figure 4. STEVAL-IFP028V1 top and component placement layoutview . . . ... ... ... ... .. .. . .. .. . 9
Figure 5. STEVAL-IFP028V1 bottom layout View . . . . . . ... e 10

AN4781 - Rev 2 page 15/16



m AN4781

IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, please refer to www.st.com/trademarks. All other product or service
names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2019 STMicroelectronics — All rights reserved
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