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Full-featured starter kit for low voltage ceiling fan motor drive design

About this document

Scope and purpose

This user guide provides a detailed description of the reference board REF-SHA35IMD111TSYS including its
main features, design guidelines, and test results.

REF-SHA35IMD111TSYS is a turnkey solution for low-voltage brushless direct current (BLDC) motor drive for
ceiling fan applications with high efficiency, high power factor (PF), and excellent motor control performance.

Based on the highly integrated iMOTION™ driver IMD111T-6F040 that includes the advanced motion control
engine (MCE 2.0) technology, and the newly promoted integrated motor control development tool iMOTION™
Solution Designer (iSD), the REF-SHA35IMD111TSYS provides an easy-to-use design reference that helps
decrease time-to-market by eliminating the need for developing own motor control software.

Note: Please note that this product is not qualified according to the AEC Q100 or AEC Q101 documents
from the Automotive Electronics Council.

Intended audience

This user guide is intended for all technical specialists who are familiar with low-voltage ceiling fan control and
inverters. The reference design is intended to be used under laboratory conditions only by trained specialists.
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Important notice

Important notice

“Evaluation Boards and Reference Boards” shall mean products embedded on a printed circuit board
(PCB) for demonstration and/or evaluation purposes, which include, without limitation, demonstration,
reference and evaluation boards, kits and design (collectively referred to as “Reference Board”).

Environmental conditions have been considered in the design of the Evaluation Boards and Reference
Boards provided by Infineon Technologies. The design of the Evaluation Boards and Reference Boards
has been tested by Infineon Technologies only as described in this document. The design is not qualified
in terms of safety requirements, manufacturing and operation over the entire operating temperature
range or lifetime.

The Evaluation Boards and Reference Boards provided by Infineon Technologies are subject to functional
testing only under typical load conditions. Evaluation Boards and Reference Boards are not subject to the
same procedures as regular products regarding returned material analysis (RMA), process change
notification (PCN) and product discontinuation (PD).

Evaluation Boards and Reference Boards are not commercialized products, and are solely intended for
evaluation and testing purposes. In particular, they shall not be used for reliability testing or production.
The Evaluation Boards and Reference Boards may therefore not comply with CE or similar standards
(including but not limited to the EMC Directive 2004/EC/108 and the EMC Act) and may not fulfill other
requirements of the country in which they are operated by the customer. The customer shall ensure that
all Evaluation Boards and Reference Boards will be handled in a way which is compliant with the relevant
requirements and standards of the country in which they are operated.

The Evaluation Boards and Reference Boards as well as the information provided in this document are
addressed only to qualified and skilled technical staff, for laboratory usage, and shall be used and
managed according to the terms and conditions set forth in this document and in other related
documentation supplied with the respective Evaluation Board or Reference Board.

It is the responsibility of the customer’s technical departments to evaluate the suitability of the
Evaluation Boards and Reference Boards for the intended application, and to evaluate the completeness
and correctness of the information provided in this document with respect to such application.

The customer is obliged to ensure that the use of the Evaluation Boards and Reference Boards does not
cause any harm to persons or third party property.

The Evaluation Boards and Reference Boards and any information in this document is provided "as is"
and Infineon Technologies disclaims any warranties, express or implied, including but not limited to
warranties of non-infringement of third party rights and implied warranties of fitness for any purpose, or
for merchantability.

Infineon Technologies shall not be responsible for any damages resulting from the use of the Evaluation
Boards and Reference Boards and/or from any information provided in this document. The customer is
obliged to defend, indemnify and hold Infineon Technologies harmless from and against any claims or
damages arising out of or resulting from any use thereof.

Infineon Technologies reserves the right to modify this document and/or any information provided
herein at any time without further notice.
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Safety precautions

Note: Please note the following warnings regarding the hazards associated with development systems.

Table1 Safety precautions

Warning: The DC link potential of this board is up to 600 VDC. When measuring voltage
waveforms by oscilloscope, high voltage differential probes must be used. Failure to do
so may result in personal injury or death.

Warning: The evaluation or reference board contains DC bus capacitors which take
time to discharge after removal of the main supply. Before working on the drive
system, wait five minutes for capacitors to discharge to safe voltage levels. Failure to
do so may result in personal injury or death. Darkened display LEDs are not an
indication that capacitors have discharged to safe voltage levels.

Warning: The evaluation or reference board is connected to the grid input during
testing. Hence, high-voltage differential probes must be used when measuring voltage
waveforms by oscilloscope. Failure to do so may result in personal injury or death.
Darkened display LEDs are not an indication that capacitors have discharged to safe
voltage levels.

Warning: Remove or disconnect power from the drive before you disconnect or
reconnect wires, or perform maintenance work. Wait five minutes after removing
power to discharge the bus capacitors. Do not attempt to service the drive until the bus
capacitors have discharged to zero. Failure to do so may result in personal injury or
death.

Caution: The heat sink and device surfaces of the evaluation or reference board may
become hot during testing. Hence, necessary precautions are required while handling
the board. Failure to comply may cause injury.

Caution: Only personnel familiar with the drive, power electronics and associated
machinery should plan, install, commission and subsequently service the system.
Failure to comply may result in personal injury and/or equipment damage.

Caution: The evaluation or reference board contains parts and assemblies sensitive to
electrostatic discharge (ESD). Electrostatic control precautions are required when
installing, testing, servicing or repairing the assembly. Component damage may result
if ESD control procedures are not followed. If you are not familiar with electrostatic
control procedures, refer to the applicable ESD protection handbooks and guidelines.

Caution: A drive that is incorrectly applied or installed can lead to component damage
or reduction in product lifetime. Wiring or application errors such as undersizing the
motor, supplying an incorrect or inadequate AC supply, or excessive ambient
temperatures may result in system malfunction.

Caution: The evaluation or reference board is shipped with packing materials that
need to be removed prior to installation. Failure to remove all packing materials that
are unnecessary for system installation may result in overheating or abnormal
operating conditions.
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The board at a glance

1 The board at a glance

Note: Environmental conditions have been considered in the design of REF- SHA35IMD111TSYS. The
design was tested as described in this document, but not qualified in terms of safety requirements
or manufacturing and operation over the whole operating temperature range or lifetime. The
boards provided by Infineon are subject to functional testing only. The boards are not subject to
the same procedures as regular products in terms of returned material analysis (RMA), process
change notification (PCN) and product discontinuation (PD).

1.1 Main features
The kit includes the following main features:

e Wide ACinput range of 90~300 Vims

High PF value of > 0.95 with total harmonic distortion (THD) < 10% at maximum load

e High efficiency of >85% at maximum load

e Standby power<1W

e 4 kVL-N surge test compliant according to IEC61000-4-5

e Excellent motor control performance based on the iIMOTION™ MCE 2.0 technology

¢ Infrared remote control with Save-last-speed-setting feature

e Protections including input brown-in/out, overvoltage, and overcurrent (DC bus and motor)
¢ Single-layer printed circuit board (PCB) for a compact and low-cost design

e RoHS compliant

1.2 Delivery content

The reference board REF-SHA35IMD111TSYS is delivered with a companion board containing an infrared (IR)
interface.

The delivery content is listed in Table 2.

Table 2 Delivery content
Base part number Package [Standard pack Orderable part number
Form Quantity
REF-SHA35IMD111TSYS Boxed 1
IR companion board Boxed 1 REFSHA35IMD111TSYSTOBO1
Cable Boxed 1
Infrared remote controller Boxed 1
User guide 6 V1.0
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1.3 Block diagram

REF-SHA35IMD111TSYS consists of a front-end AC/DC converter and a 3-phase inverter. The AC/DC partis a
flyback converter using ICL8810 with power factor correction (PFC) to generate 28 V DC bus voltage. The 3-
phase inverter is controlled by the iIMOTION™ IMD111T-6F040 that combines a motor control engine (MCE) 2.0
and a 3-phase gate driver in one package.

The block diagram of REF-SHA35IMD111TSYS is shown in Figure 1. The pin VSP is configured to receive the IR
data stream.

REF-SHA35IMD111TSYS

AC/DC
Flyback-PFC

ICL8810 28V

12v

Gate driver

3-Phase
inverter
IRLMLO040

IMD111T
setting A
Current sensing
Figure 1 Block diagram of REF-SHA35IMD111TSYS
User guide 7 V1.0
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The functional groups of the main board REF-SHA35IMD111TSYS and IR companion board are shown in Figure 2
to Figure 5.

1. AC power input including EMI filter

2. AC/DC converter including
IPA8OR1K4PT and transformer

3.DC bus E-cap

4. Connector (J2) for the IR data stream
and 5V power supply connection

5.iIMOTION™ link connector (J1)

6. 3-phase output connector (X11) to the
ceiling fan

REF-SHA35IMDL11TSYS
2022-05-20 V1.0

Figure 2 REF-SHA35IMD111TSYS - top side

1. AC/DC converter including ICL8810

2. 3-phase inverter including IRLML0040
3.IMD111T iMOTION™ driver

4.LDO regulator

Figure 3 REF-SHA35IMD111TSYS - bottom side

User guide 8 V1.0
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1. Infrared signal receiver
2. Connector (J3) for the IR data stream
and 5V power supply connection

XrFILIIUU-IRRL
V1.0
Figure 4 IR companion board - top side
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Figure 5 IR companion board -bottom side
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1.4 Board specification

The specifications of REF-SHA35IMD111TSYS are listed in Table 3. All the data is tested in 25°C ambient
temperature.

Table 3 board specification
Parameter Symbol | Conditions Value Unit
Min Nom Max
AC input
Input voltage Vac Normal work, at maximum load 90 230 300 Vims
Input overvoltage, at no load 300
Input overvoltage, at maximum 340
load
Brown-in 85
Brown-out 75
Maximum Input power | Piq_max Vac=230 Vims 35 w
Power factor PF Vac=230 Vims, Pin=35W 0.95
Total harmonic iTHD 10%
current distortion
Efficiency n 85 %
Standby power Pstandby Vac= 230 Vims, N0 load 0.94 W
DC output
DC bus average Vbus Vac=230 Vims 28 v
voltage
Current feedback
Flyback shunt 0.3 0
resistance
Inverter shunt 0.25
resistance
Auxiliary power supply
Supply to the IMD111T |VCC From low voltage dropout (LDO) 12 v
device
Protections
Motor over-current ltrip Motor overcurrent threshold set 2.5 A
iniSD based on a tested LV
ceiling fan motor
DC bus Vbus Overvoltage threshold setin iSD 31 Y
Overvoltage threshold set by 32.5
ICL8810
Undervoltage threshold set in 20
iSD
System environment
Ambient temperature | T, ’ 25 ‘ °C
User guide 10 V1.0
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Parameter Symbol | Conditions Value Unit
Min Nom Max
PCB characteristics
Size Main board Diameter =97, height =25 mm
IR Companion board Diameter =22, height =5
Material Main board, IR companion board FR-4, 1.6 mm thickness,
10z, single layer

User guide 11 V1.0
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Schematics

The complete schematics are shown in Figure 6, Figure 7, and Figure 8.

Infineon

anod

uo0T

020

%}

IBAOENYS
—

1
B

Ty T
wwoEsdwing

3 — — o M axn
3 g2 52 S8 g5
S i=2o) %m %H <
(2] (2]
-
ol
g £
|
ol
1 2 %,&{‘
3
3 -
B 2%
S |- -
® g
8
B < NN
=2 sg 7 2 4
= - i B N N
NS %\\}—{
3 o
1584
o Lo (ST ()
5
o
gd 5 =
@ g
e e T
28 RE 25 5; B - "
8 2R
3 ¥ por=} bl
3 L gw»
°
N <
5
S S
c‘%w\ " —
l—‘;ﬁl—[ s g 38 an
53 88 2 S
]
2 N1
8“‘\ Vs 3 Z2 9
2if . ga | &
2 z
= @
[ ~2% 5
3 - g;, %
= ow\ 3VTRT 2
s g gﬁ L]
&
g g
|

178QI8TEr1L

sed
30N

V,

ur 110

SNEA

S

-
<
S
3
2
3
8 2
1l 2
g
cle
A I~}
‘\}J
[a}
o

anos

B

nLy

El
Z
D
4W00T

b
s

N

w
S
g

g zl 100020THEN
010 7]
N

|

v

o

#
B

Uoﬂlljnll WN
913T913T Azt

a0

wuworeduwng =

OMHLADZTBLON

Snen

Figure 6

User guide

Schematic of the AC/DC converter

12

V1.0
2023-09-28



Infineon

Full-featured starter kit for low voltage ceiling fan motor designs

REF-SHA35IMD111TSYS User guide
Schematics

Jumper-10mm +5V IMD111T-6F040
12 u2
[ vcc 4 +5V Power Supply
{5V e—e I 5 | vbD vss -8
_ 2| e vas |7 +5V
° 8 23 =
\Woo% Mr sl s SGND o
Cc2 Co | C36_[c12 _| C18 Motor Control JP3 +5V_DB
10uF lﬁ lﬁpoo%lpocﬂv S:ﬂﬁ 100nF vpC 36 VDG Hol 20 WH «/Jumperémm T
c13 21 2.2uF || _CI19 ¢ 2
¢ ¢ 1 cu 2 N w JL_iMOTION LINK 4
= 47 52| REFW/AHALLL_PIAINL Vs1 . K
—  47nF 3 TXDO 8 7 RXD0 3
S35 IWIAHALLL N/AIN2 R3
SGND Hop b7 VH .6 5 2
0 _
+5V 1 w REFV/AHALL2 P Vi wm 2.20F || C26 Y R \{mﬂ TR signal 1
SGND WWM IVIAHALL2_N Vs2 . TEsa
2 39 1 UH c25 b
REFU Ho3
Jumper6mm LgoR k 15 2.00F || _C27 HE_” =
IP6 VB3 i*
com—12 T 4 o Ol Iss/u vs3 [ 13 U SGND
| Eﬁmmvmoa_ﬁ
TXDO 27 | 1v0 Lop b12 170 WL =
c29 c28 <2 N il T 2 VL SGND
2.2nF 00nF EXUZINIUGRIGE w% 10 L UL
RXDO 26 RX0 Jumper-10mm
L 4] RX1/AINI0/GPIO7 com F2—jcom
R13 SGND Hall Sensor Inputs
IR_signal _— IR RXy 3Lt VSPIAINO NTC/AING (233
T20R o1 el PARAMIAING
1ni Digital 1/0
2! PGOUT/GPIOL DIR/GPIO6 Aﬁwf
L HALL1/GPIO2 GPIOO (s
= DUTYFREQ/HALL2/GPIC3 GPIO10 [
SGND  SB0.] HALL3/GRIOA
o o VBUS |
R84 8
BAS3005A-02V BAS3005A-02V R BAS3005A-02V | Jumpersmm
D12 D14 D15
1 , R 1 2 RIS 1 , Res
o 5 o
|RLMLO040 |RLMLO040 |RLMLO040
WH mwa R 1|05 VH mﬁw R 1| Q6 UH mxﬁ R 1 Q7
1= [l 1=
200R Ris 200R ris 200R Ra7
10k [0k [0k
691102710003 L . .
X11
3 W
2V
1_U
BAS3005A-02V BAS3005A-02V BAS3005A-02V
1 D16 , RA9 1 b1 , RS0 1 D18 , RSl
@ ™ ™
|RLMLO0040 |RLMLO040 |RLML0040
WL mmmm R 1 =18 VL mmmm R 1 =1Q9 uL mmﬂ R 1 = 1010
200R Ros 200R rs7 200R Ros
10k [0k [0k
> > b
L
com

V1.0
2023-09-28

13

Schematic of the 3-phase inverter

Figure 7
User guide



o~ _.
REF-SHA35IMD111TSYS User guide Infineon
Full-featured starter kit for low voltage ceiling fan motor designs '

Schematics
+5V_DB
JCSI 112554P
1uF % 4
SGND 2
IR _signal 1
SGT\ID
R65
| S
NA
R73
v oB>——_J » N
IR69 |l c37 INA NA  _| C33
[10k T NA T NA
C32
D6 10uF
3 P2 2 T LED2 LED3
vcc % GND L
L N, NA
1 = 10 9 = 2 §
OuUT p——=9 - VDD/VDDP VSS R
SGND \VSSP EP 25 SGND
IRM-3638T =
4 LED1_P10 User LED
g P Cn empru Buzzer
S = 2 SWCLK_ P12
PO_6 P12 (T SWD P13 —
P0O_7 P13 m——— SGT\ID
P0_8
P0_9 P20
PO_12 P21
P0_13 P22 @3
P0_14 P26 <z
P0_15 P2_7/P2 8 <X
P29 <77%<
P2_10 <l§9<
P2 11 kX
u4
NA
N
1
SWCLK P12 2
SWD P13 3
4 -
= A
SGND iMOTION LINK
Figure 8 Schematic of the IR companion board
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3 Layout
Both REF-SHA35IMD111TSYS and the IR companion board are single-layer boards.
The layout of the two boards is shown in Figure 9 and Figure 10.
General layout guidelines are as follows:

e Thedrive loop for switches should be as small as possible, while putting the gate resistors close to the
switches.

e The trace for the 28 V DC bus should be as large as possible for a smaller parasitic inductance.

e The trace linking the high-side and low-side switches of the inverter should be as large as possible to
dissipate heat as well as decreasing the parasitic inductance.

e The secondary ground (SGND) should be as large as possible to dissipate heat of the LDO, shunt resistors,
and IMD111T-6F040.

K

- e o
Uuwu

%)US « (lnfineon

JPg
REF-SHA3SINDLILTSYS
2022-05-20 UL.0

[*1]
L
®

M

\a
|®
|

Figure 9 Top layer of the main and companion board
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Figure 10 Bottom layer of the main and companion board
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4 Bill of material

The complete bill of material (BOM) is listed in Table 4.

Table4 Bill of material
Manufacturer Order
Designator Description Manufacturer Number
+5V, PGND,
PVCC, SGND,
VBUS, VCC Test Pin, PCB, Black, THT, 1.00mm drill Multicomp TEST-1(BK)
C1,C14, C51, CAP/CERA/1nF/25V/20% / X7TR (EIA) / -
C54 55°C to 125°C / 0603(1608) / SMD / - MuRata GRM188R71E102MA01
C2,C13,C32, CAP /CERA/10uF/10V/20% / XTT (EIA) /
C36 -55°C to 125°C / 0603(1608) / SMD / - MuRata GRM188D71A106MAT73D
CAP /FILM / 150nF / 630V / 10% / MKP
(Metallized Polypropylene) / -40°C to
105°C/10.00mm C X 0.60mm W 13.00mm
C3 LX7.00mmTX12.50mmH/-/- Wurth Elektronik | 890334023025CS
CAP /CERA/2.2nF / 630V / 10% / X7R (EIA)
C4 /-55°Cto 125°C/ 1206(3216) / SMD / - MuRata GRM31BR72J222KW01
CAP/ELCO/47uF /35V/20% /
Aluminiumelectrolytic / -40°C to 105°C/
2.00mm C X 0.50mm W 5.00mm Dia X
C5 12.50mmH/-/- Wurth Elektronik | 860020572006
CAP /CERA/100nF / 50V /20% / X7R (EIA)
Ce, C7 /-55°C to 125°C / 0805(2012) / SMD/ - MuRata GRM21BR71H104MA01
CAP /CERA/10uF /50V/10% /XTR (EIA) /
C8,(C41 -55°Ct0 125°C/ 1206(3216) / SMD / - TDK Corporation | CGA5L1X7R1H106K160AC
C9, C12,C18, CAP /CERA/100nF / 25V /20% / X7R (EIA)
C20,C23,C28 /-55°C to 125°C / 0603(1608) / SMD / - MuRata GRM188R71E104MA01
CAP/ELCO/2.2mF/35V/20% /
Aluminiumelectrolytic / -40°C to 85°C /
7.50mm C X 0.80mm W 16.00mm Dia X
C10 26.50mmH/-/- Wurth Elektronik | 860010580021
CAP / CERA /220pF / 50V / 20% / X7R (EIA)
Cl11 /-55°C to 125°C / 0805(2012) / SMD / - MuRata GRM216R71H221MA01
CAP /CERA/1uF /50V/20% /X7R (EIA) /-
C15 55°C to 125°C/ 1206(3216) / SMD / - MuRata GRM31CR71H105MA61
CAP /CERA/100nF / 50V /20% / X7R (EIA)
Cle6 /-55°Cto 125°C/ 1206(3216) / SMD/ - MuRata GCM31MR71H104MA37
CAP /CERA/1nF/20% /E (JIS) /-40°C to
125°C /10.00mm C X 0.60mm W 7.00mm L
C1v X4.00mm T X 10.00mmH /THT /- MuRata DE1E3RA102MA4BPO1F
CAP /CERA/2.2uF / 25V /20% / X7R (EIA) /
C19, C26, C27 -55°C to 125°C / 0805(2012) / SMD / - MuRata GCM21BR71E225MA73
CAP/CERA/4.7nF / 50V /20% / X7R (EIA) /
C24 -55°C to 125°C / 0603(1608) / SMD / - MuRata GRM188R71H472MA01
C25, C30, C31, CAP /CERA/1uF /25V/20% / X7TR (EIA) / -
C52 55°C to 125°C/ 0603(1608) / SMD / - MuRata GRM188R71E105MA12
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CAP / CERA/2.2nF / 25V / 20% / XTR (EIA) /

C29 -55°C to 125°C / 0603(1608) / SMD / - MuRata GRM188R71E222MA01
CAP /CERA/220nF / 50V /20% / X7R (EIA)
C39 /-55°C to 125°C / 0805(2012) / SMD / - MuRata GRM21BR71H224MA01
CAP /ELCO /22uF / 350V /20% /
Aluminiumelectrolytic / -40°C to 105°C /
5.00mm C X 0.60mm W 10.50mm Dia X
C42,C43 21.50mmH/-/- Nichicon UCY2V220MPD9
CAP /CERA/3.3uF / 25V /20% / X7R (EIA) /
C55 -55°C to 125°C / 0805(2012) / SMD / - MuRata GRM21BR71E335MAT73
CAP /FILM / 100nF / 630V /10% / - / -40°C
t0105°C/10.00mm C X 0.60mm W
13.00mmLX7.00mmTX 13.50mmH /
CX1 THT /- Wurth Elektronik | 890334023023CS
CAP / FILM /220nF / 630V / 10% / MKP
(Metallized Polypropylene) / -40°C to
105°C/10.00mm C X 0.60mm W 13.00mm
CX2 LX8.00mmTX14.50mmH/-/- Wurth Elektronik | 890334023028CS
Diodes
D1 3.0A, Glass Passivated Bridge Rectifier Incorporated KBP310G
Diodes
D2 Fast Recovery Rectifier, 1A Incorporated RS1MB-13-F
Surface Mount Ultrafast Plastic Rectifier, Taiwan
D3 Temp Range (-55 to 150°C) semiconductor ES1BHE3_A/H
Silicon Epitaxial Planar Zener Diode, Vz ROHM
D4 22.470V Max, Iz 5mA Semiconductors | UDZVTE-1722B
D5 Schottky Barrier Rectifier, 200V Littelfuse MBRF10200CT
Infrared Receiver Module Remote Receiver
D6 Sensor Everlight IRM-3638T
D12, D14, D15, Infineon
D16,D17,D18 Low VF Schottky Diode Technologies BAS3005A-02V
ON
D13 Zener Diode 22V 5% 500 mW Semiconductor MMSZ22T1G
ON
D33,D34 General Purpose Rectifier Semiconductor S1M
Texas
D35 Precision Programmable Reference Instruments TL431BIDBZT
D36 Fast Response Rectifier Chip Diode Bourns CD214B-FS3G
RES/STD/-/-/-/-/-40°Cto 125°C/
7.50mm CX0.60mmW 12.40mm L X
F1 6.40mmTX9.80mmH/-/- Littelfuse 80715000000
ON
Gl Voltage Regulators Semiconductor MC7812CDTRKG
Heatsink 11x15mm for
HS1 Heatsink 11x15mm for TO220AB - TO220AB
J1 WR-PHD Dual Pin Header Wurth Elektronik | 61300421121_Custom
DIP Grove Female Header-White;4P-2.0, Shenzhen NS-
J2,J3 Straight Tech Co. Ltd 1125S-4P
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JP1, JP4, JP5,
JP7,JP13,JP15 | 10 MM General Jumper - Jumper-10mm
JP2, JP16 20 MM General Jumper - Jumper-20mm
JP3, JP6, JP8 6MM General Jumper - Jumper-6mm
IND/STD /22mH / 500mA / - / -25 % to
105 % / 1.5R / Radial / Inductor, THT;
13.00 mm pitch, 4 pin, 17 mm LX22 mm W
L1 X23.50 mmHbody/-/- QVYET LB0522
IND/STD /820uH /700mA/10% /-40°C to
125°C/1.2R/ THT, 5mm pitch, 9.5
diameter / Inductor, Radial;5.00mm C X
0.65mm W 9.50mm Dia X 13.50mmH / THT
L2 /- Wurth Elektronik | 7447452821
RES/NTC/4.7R/2.1W/-/-/-55°Cto
170°C /5.00mm C X 0.60mm W 11.50mm L
NTC1 X6.00mmTX16.00mmH/THT/- TDK Corporation | B5723650479M000
Infineon IPABOR1K4P7-bend drain
Q2 IPASBOR1K4P7-bend drain lead Technologies lead
Infineon
Q3 NPN Silicon AF Transistor Technologies BC847A
SIPMOS Small-Signal-Transistor, VDS Infineon
Q4 600V, IDSS min 0.007A Technologies BSS126i
Q5,0Q6,Q7,Q8, | HEXFET Power MOSFET, DC Motor Drive Infineon
Q9, Q10 Applications Technologies IRLML0040
RES/STD/ 820k /250mW /1% /
100ppm/K /-55°C to 155°C / 1206(3216) /
R1, R22 SMD /- Vishay CRCW1206820KFK
RES/STD/2k/100mW /1% /100ppm/K/
R2, R88 -55°C to 155°C / 0603(1608) / SMD / - Yageo ACO0603FR-072KL
RES/STD/OR/125mW /OR/Oppm/K/ -
R3, R93 55°C to 155°C / 0805(2012) / SMD / - Yageo RC0805JR-070RL
RES/STD/100R/100mW /1% /
100ppm/K/-55°C to 155°C / 0603(1608) /
R4 SMD/ - Yageo RC0603FR-07100RL
R5, R11, R15,
R28,R49,R50, | RES/STD/OR/100mW /OR/Oppm/K /-
R51, R72 55°C to 155°C / 0603(1608) / SMD / - Yageo RC0603JR-070RL
RES/STD /4.7k / 250mW / 1% / 100ppm/K
/-55°C to 155°C / 1206(3216) / SMD / -, RES
/STD / 4.7k / 250mW / 1% / 100ppm/K / -
R7,R76,RT7 55°Cto 155°C /1206 /SMD /- Vishay CRCW12064K70FK
RES /STD / 200k / 250mW /1% /
R8, R9 100ppm/K/-55°C to 155°C /1206 /SMD /- | Vishay CRCW1206200KFK
RES/STD /10R/250mW /1% / 200ppm/K
R10 /-55°Cto 155°C /1206 / SMD / - Yageo RC1206FR-0710RL
RES/STD/2.2R/250mW /1% / 100ppm/K
R12 /-55°C to 155°C / 1206 / SMD / - Vishay CRCW12062R20FK
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RES/STD/120R/125mW /1% /
100ppm/K/-55°C to 155°C / 0805(2012) /

R13,R73 SMD /- Vishay CRCWO0805120RFK
RES/STD/2.7MEG / 250mW / 1% /

R18,R21 100ppm/K/-55°C to 155°C /1206 /SMD /- | Vishay CRCW12062M70FK
RES/STD/ 620k /250mW /1% /
100ppm/K /-55°C to 155°C / 1206(3216) /

R19 SMD /- Vishay CRCW1206620KFK
RES/STD/39k / 100mW / 1% / 100ppm/K

R20 /-55°C to 155°C / 0603(1608) / SMD / - Yageo RC0603FR-0739KL
RES/STD /39k /125mW /1% / 100ppm/K

R27 /-55°C to 155°C /0805 / SMD / - Vishay CRCWO080539K0FK
RES/STD/15R/100mW /1% / 100ppm/K

R29 /-55°C to 155°C /0603 / SMD / - Vishay CRCWO060315R0FK
RES/STD/2.7k / 100mW / 1% / 100ppm/K

R30 /-55°C to 155°C / 0603(1608) / SMD / - Vishay CRCWO06032K70FK
RES /STD / 20k / 100mW /1% / 100ppm/K
/-55°C to 155°C /0603 /SMD /-, RES / STD
/ 20k / 100mW / 1% / 100ppm/K / -55°C to

R31, R38, R55 155°C / 0603(1608) / SMD / - Vishay CRCWO060320K0FK

R32, R33, R74, RES/STD/1.2R/250mW /1% / 100ppm/K

R75 /-55°C to 155°C / 1206(3216) / SMD / - Vishay CRCW12061R20FK
RES/STD/200R/100mW /1% /

R34, R43, R44, 100ppm/K /-55°C to 155°C / 0603(1608) /

R52, R53, R54 SMD/ - Vishay CRCWO0603200RFK
RES/STD/ 47k / 100mW / 1% / 100ppm/K

R35 /-55°C to 155°C /0603 / SMD / - Vishay CRCWO060347KOFK
RES/STD /1k/100mW /1% / 100ppm/K/

R36 -55°C to 155°C /0603 / SMD / - Yageo RC0603FR-071KL
RES/STD /22k /100mW /1% / 100ppm/K

R37 /-55°C to 155°C / 0603(1608) / SMD / - Yageo RC0603FR-0722KL
RES/STD/ 56k / 100mW / 1% / 100ppm/K

R39 /-55°C to 155°C /0603 /SMD / - Vishay CRCWO060356KO0FK
RES/ STD/ 30k / 250mW / 1% / 100ppm/K

R40, R41, R42 /-55°C to 155°C/ 1206(3216) / SMD / - Vishay CRCW120630KO0OFK
RES/STD / 10k /100mW /1% / 100ppm/K

R45, R46, R47, /-55°C to 155°C /0603 /SMD /-, RES / STD

R56, R57, R58, / 10k / 100mW /1% / 100ppm/K / -55°C to

R69 155°C / 0603(1608) / SMD / - Yageo RC0603FR-0710KL
RES/STD/ 150k /125mW /1% /
100ppm/K /-55°C to 155°C / 0805(2012) /

R48 SMD /- Vishay CRCWO0805150KFK

R59,R60,R62, | RES/STD/1R/250mW /1% /100ppm/K/

R63 -55°C to 155°C/ 1206(3216) / SMD / - Vishay CRCW12061R00FKEA
RES/STD/OR/-/0%/-/-55°Cto 155°C/

R64, R84 1206(3216) / SMD/ - Vishay CRCW12060000Z0EA
RES/STD/1k/100mW /1% / 100ppm/K/

R83 -55°C to 155°C / 0603(1608) / SMD / - Vishay CRCWO06031K00FK
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RES/STD/ 7.5k /100mW /1% / 100ppm/K

R85 /-55°C to 155°C /0603 / SMD / - Vishay CRCWO06037K50FK
RES/STD/ 4.3k /100mW / 1% / 100ppm/K

R87 /-55°C to 155°C / 0603(1608) / SMD / - Vishay CRCWO06034K30FK
RES/STD /49.9k / 100mW /1% /

R89 100ppm/K/-55°C to 155°C /0603 /SMD /- | Vishay CRCWO060349K9FK
RES/STD/5.1k /100mW /1% / 100ppm/K

R90 /-55°C to 155°C / 0603(1608) / SMD / - Vishay CRCWO06035K10FK
RES/STD/ 12k /250mW / 1% / 100ppm/K

R92 /-55°C to 155°C /1206 / SMD / - Vishay CRCW120612K0FK
RES/STD/5.1k /125mW /1% / 100ppm/K

R111 /-55°C to 155°C /0805 / SMD / - Vishay CRCWO08055K10FK
RES/VDR/620V/-/-/-/-55°Cto 85°C/
Varistor, THT, 7.50 mm pitch, 2 pin, 17.00

RV1 mm LX7.30 mmW X20.50 mmbody/-/- | Littelfuse VV385LA20AP

Tl PQ2620, 11 pins
ICL88xx family of single stage flyback Infineon

Ul (SSR) controllers Technologies ICL8810
Motor controller with integrated high- Infineon

U2 voltage gate driver Technologies IMD111T-6F040
XMC1000 Industrial Microcontrollers ARM® | Infineon

U4 Cortex™-MO0 32-bit processor core Technologies XMC1100-Q024F0064
Optocoupler, Phototransistor Qutput,

U6 High Reliability, 5300 VRMS, 110 °C Rated | Vishay SFH617A-3X007T
Terminal Block, 3Pins, 5.00mm Pitch,

X11 Board to Cable Wurth Elektronik | 691102710003
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5 Connectors
5.1 Main board connectors
Table5 AC input pads
PIN Label Function
L AC line input
N AC neutral input
Table 6 J1-iMOTION™ link connector
PIN Label Function
5 GND Ground
6 +5V On-board 5V supply
7 RXDO Serial communication
8 TXDO Serial communication
Table7 J2 - Connector to the IR companion board
PIN Label Function
1 IR command IR command from companion board
2 GND Ground
3 +5V On-board 5V supply
4 Reserved Reserved
5.2 IR companion board connectors
Table 8 J3 - Connector to the main board
PIN Label Function
1 IR command IR command signal to main board
2 GND Ground
3 +5V On-board 5V supply
4 Reserved Reserved
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6 Design description
6.1 AC/DC converter
Note: The detailed design process of the AC/DC converter with ICL8810 is not illustrated in this

document. Users can read the references [1][2][3][4] for more design tips.

6.1.1 EMI filter and surge protection
The electromagnetic interference (EMI) filter and surge protection circuit are shown in Figure 11.

The EMI stage consists of two X capacitors CX1 and CX2, one common-mode (CM) choke L1, and one differential
mode (DM) choke L2.

Note: The EMI performance is not tested on this board. The components can be customized to pass any
specific EMI criteria.

It is challenging for a single-stage PFC converter to pass the 4 kV L-N surge test due to no electrolytic capacitors
(E-cap) behind the bridge [4].

The surge protection circuit includes a metal oxide varistor (MOV) RV1 in front and an additional surge absorber
(comprising of D36, C42, and C43) just behind the bridge. The two E-caps C42 and C43 work as a tank to absorb
the surge energy without impacting the power factor, as the D36 blocks the E-caps from discharging to the AC
input current path.

R7
F1 E";k \fec Jumper-10mm
L} — 1o 2 § 13P55
5A/300Vac 820uH D36
CD214B-FS3G
R76 o N4
—{ 1+—
= A KBP314G
2Ll 3 _lcx2 4|/ N
RV1 dcxt 11 —T220nF
620V | N> T 100nF A 5
22mH | c3
LB0522 ~ —150nF
47R ) R77 | =
NTC1 TR PGND
N
oAy

Figure 11 EMI filter and surge protection

6.1.2 Transformer design

The transformer has been designed as per the following guidelines [2]:

e Assuming 80% efficiency at 90 Vims input with maximum load, the transformer should be capable of
transferring 38 W power at 90 Vims. The magnetic core PQ2620 is a good choice for balancing the thermal
performance and cost.
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e Setting the turns ratio to 4:1 so that at 300 Vims input the primary MOSFET drain-source voltage stress (V) is
less than 650 V including 20% spike. To pass the 4 kV L-N surge test, it is not recommended to set the turns
ratio at 5:1 or above.

e Trimming the primary inductance to 430 uH, as a result of which the switching frequency is 65 kHz at 90 Vims
and will go up to 95 kHz at 230 Vims. The maximum magnetic flux density (Bma) is less than 0.25T.

The transformer datasheet is detailed in Chapter 9.

6.1.3 ICL8810 configuration

ICL8810 is a single-stage flyback controller for constant voltage output including PFC function. The peripheral
circuit of ICL8810 is shown in Figure 12.

The component values are selected as following [1][2][3]:

e R21,R18,R19, and R20 set the AC input brown-in and overvoltage protection (OVP) threshold. With the
resistor values setting in Figure 22, the brown-in threshold is 85 Vims, while the OVP threshold is in the range
of 300 Vims to 340 Vims for different load conditions.

e R27 affects the on-time of ICL8810 and the valley number at which the converter turns on the main MOSFET.
39 kQ is the optimized value for the best trade-off between THD, power limitation, and performance.

e R30is calculated for the output OVP threshold based on the selection of R27. Here, R30 is selected with 2.2
kQ to set the output OVP threshold at 32.5 V.

e The shuntresistor is set to 0.3 Q above which the DC bus will drop to 90 Vims input with maximum load. The
shunt consists of four 1.2 Q/0.25 W surface-mounted-device (SMD) resistors in parallel to dissipate the 0.17
W power loss and endure the large current in the 4 kV surge test.

e The maximum total power loss of the P7 MOSFET is around 1 W. Users must trim the gate resistor R29 to
meet the EMI requirements.

R21 IPASOR1K4P7
7TMEG
R18
7TMEG
o T ——J
20k c23

ul 100nF

8 I'vec oD i“l-PGND

33
2R

81 vn cs k2
R27
VS o 2 vs zcD ke[ F+—zcD
20 R20 cs1 _L 4 g Sk
100nF T~ 9k 1nF e GD
ICL8810 =
PGND =
= R37 PGND
PGND 7k
PGND

Figure 12 Peripheral circuit of ICL8810
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6.1.4 Power supply to ICL8810

The power supply to ICL8810 (PVCC) is from an auxiliary winding of the transformer with an extra active startup
circuit [1][2][3] as shown in Figure 13.

As a depletion mode MOSFET, Q4 BSS126i is normally ON when its gate-source is zero. At the beginning, the
PVCC is charged through R40, R41, R42 and Q4 from the AC rectified voltage. After the PVCC reaches the turn-on
threshold of ICL8810, the main MOSFET Q2 switches ON, and the auxiliary winding takes over the PVCC supply.
During normal work, the TD pin of ICL8810 stays high to turn on the Q3, so the gate-source voltage of Q4 is
negative-biased. As a result, the Q4 turns OFF to disconnect the PVCC from the AC rectified voltage.

Itis recommended that the TD pin be pulled down by a 27 kQ to 68 kQ resistor. Here the R37, R35, and Q3 form
an equivalent 33 kQ pull-down resistor for better THD performance.

IPABORIKAPT
Fa &
£ ‘ PQ2620
BRO R Lﬁg QTl
20k ®
| yl 9
23 gz
o
B pvee 3 10
R75 [ R74
1R 142R ; ;
ul Toon VCCaux zcb
81 vec oD j—“ l?
30y, cs L8 PGND
vsﬂ;—z,\ Vs zcp <1—t§|—{zco
b 4o 1D 6D pb
I ICL8810
PGND
1nF Vrec
csa
I o -
. P16
. R35 Jurqpl%rllgmm o/ Jumper-20mm
a7
B R0
K
25
PGND‘\” 2 73 2 kit y 14 2 L
w~ A K
b1 R 470F
22v 1
4 20k “lpssi26i Ra2 =
K
- 4% 2 Th 3 PGND
B Re4 E?J PVCC VCC
R
PvCC
(a) Startup circuit (b) Auxiliary winding supply

Figure 13 Power supply to ICL8810

6.1.5 Feedback loop

The main output voltage is set to 28 V, to accommodate a variety of low voltage ceiling fan motors.

Atype Il feedback compensation network is used, as shown in Figure 14. The bandwidth has been set to 3 Hz to
achieve high PFC and low THD values.
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Figure 14 The feedback loop setup
6.2 3-phase inverter and control
6.2.1 3-phase inverter

The 3-phase inverter is shown in Figure 15.

Since the IRLML0040 is a logic MOSFET with smaller gate-source turn-on threshold (Vg) than the power
MOSFET, its drive circuit should be well designed. The key guidelines to follow are [7][8]:

e Each MOSFET should have a 10 kQ pull-down resistor at the gate-source to avoid any gate-source voltage
(Vgs) bumping during the bus voltage rising period.

e The turn-on resistor (Rgn) should be as large and the turn-off resistor (Rg) as small as possible to avoid the
Vg voltage bumping due to Miller effect. In this design, the Rgon selected is 200 Q whereas the Rgorr is 0 Q for
the best trade-off between reliability and power loss of the MOSFET.

e The Vg should be as low as possible when the IRLML0040 in OFF state. The Schottky diode like D12 is

preferred in the gate drive turn-off loop.

e Thefilter cap C41 is essential to remove the ripple and noise of the DC bus voltage in the inverter if it is

placed far from the bus E-cap.
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Figure 15 3-phase inverter

6.2.2 DC bus voltage sensing

The DC bus voltage (Vac) sensing is used for overvoltage protection (OVP), undervoltage protection (UVP), and
DC bus compensation in the firmware.

From Figure 16, R48 and R55 set the bus voltage sensing range from 0V to 42.5 V. The low-pass filter comprised
with R48, R55 and C24 is usually necessary to remove noise at the sensed voltage. C24 should be placed as close
as possible to the controller IMD111T-6F040.

Assuming the bandwidth of the low-pass filter is 20 times of the bus voltage fluctuation frequency, here is 100
Hz. The C24 can be calculated as the follows:

1

R48 * R55 .
R48 + R55

Input R48=150 k Q , R55=20 k Q , yield C24=4.5 nF, herein select 4.7 nF.

=20+100Hz

2 % T * C24

Figure 16 DC bus voltage sensing
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6.2.3 Motor Current sensing

The motor current sensing configuration of IMD111T-6F040 based on a single-shunt configuration is shown in
Figure 17. A level-shift circuit together with a low pass filter is usually adopted to achieve both high accuracy
and low noise interference. The filter capacitor C1 in Figure 17 is recommended to be larger than 2 nF.

E 2
MCE Device

Inner Amplifier
*1/3/6/12 confieur ahle

ADC

) U/ 55 | K
” ~ 1 1 | 12bits

0
L L

Figure 17 Motor current-sensing methodology of IMD111T-6F040

The average current flowing through the shunt resistor can be calculated as the follows:

max speed
Vhus * Iavgshunt = 3 * Vpgmr * W * Imotor * COS @

Where:

Vbus: the DC bus voltage, herein 28 V

lavgshunt: the average current flowing through the shunt resistor

Veewe: the line-neutral back electromotive force of the BLDC motor, herein 23.6 V/kpm

Max speed: the maximum speed of the motor, herein 385 rpm

Imotor: the motor maximum phase current, herein 1.3 Ams

cos ®: power factor of the motor, herein 0.9

Input the corresponding data to above function, the calculated average current of shunt resistoris 1.14 A,

Assuming around 1% efficiency loss on the shunt resistor, the 0.3 W power loss for shunt resistor is acceptable.
The shunt resistor value can be calculated as the follows:

R _ P, loss
shunt — I
avg_shunt

Where:
Puss: the allowable power loss of the shunt resistor, herein 0.3 W
lavg_shunt: the maximum average current of the shunt resistor, herein 1.14 Arms

This yields the shunt resistor value to 0.26 Q.
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It’s selected 0.25 Q in this application. As a thumb of rule, one surface-mounted resistor in 1206 package can
dissipate 1/4 of its rated power in natural cooling condition. Herein four resistors of 1.0 Q/0.25 W in 1206
package are in parallel configuration for 0.3 W power dissipation.

Assuming the current sensing range is -1 Ato 5 A, the current gain can be calculated as the follows:

Vref ADC

current_gain =
Rshunt * (Imax - Imin)

Where:

Viet_anc: the reference voltage for ADC, equal to the power supply voltage, herein 5V
Imax: the upper limit of current sensing, herein 5 A

Imin: the lower limit of current sensing, herein -1 A

Rshunt: the shunt resistor value, herein 0.25 Q

This yields the current gain to 3.33. The closest internal ADC current gain setting of the IMD111T-6F040 is 3. So,
the recommended gain of internal ADC is set to 3.

The shunt current is fed back into the controller analogue-to-digital converter (ADC) port. The current sensing
circuitis shown in Figure 18.

+5V
R2 REFU 39 -
Jumper.6mm  100R bk 3
com com| 1 2 1 —o 1SS/1U 40 1SS/TU
C29 l 1 c28
2.2nF 100nF
SGND
Figure 18 Motor current sensing on the board

The offset voltage can be calculated as the follows:

R4 R2

Vofrset = 5V * R2TRA- —Imin * Rshunt * R2TRA

Input Imin=-1 A, Renun=0.25 Q, yields R2=20*R4. Considering the power loss, the pull up resistor R2 is usually in
several kQ range. Herein R2 is selected to 2 kQ and R4 to 100 Q.

A low-pass filter comprised of R2, R4 and C29 is necessary to remove the noise on the current sensing voltage.
Assuming the low-pass filter bandwidth of the current sensing is 40 times of the switching frequency (16 kHz),
the C29 can be calculated as the follows:

1

_R2+R&
T*R2+ R4

Input R2=2 kQ, R4=100 Q, yields C29=2.6 nF, herein select to 2.2 nF.

=40 16kHz

2 * c29
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6.2.4 Motor overcurrent protection (OCP)

The motor OCP methodology of IMD111T-6F040 based on the single-shunt configuration is shown in Figure 19.
The current sensing voltage is compared with the REFU pin inside the controller. This OCP threshold is entered
into the iSD [10].

Inverter

DC Bus J%
- J MCE Device

|
|
|
R2 | REFU| |
|
T
|
|

el =
—o0
PWM(UH) in
—o
PWM(UL) in
gDk
—o0
PWM(VH) in
Digital .
fter [L ST
PWM(VL) in
+—oO
PWM(WH) in

+
REFW ; i‘ : PWM(WL)
+——oO
PWM(WL) in

Figure 19 Motor overcurrent protection topology

|
REF |
|
|

L 1U/Iss

|
Over Current |

uRS R1 c1 J— Protection |
' REFV
h
| v i

Cc2

The pin REFU needs to be connected to a capacitor to improve noise rejection (e.g., a 100 nF/25V capacitor,
such as C28 in Figure 18).

The OCP threshold should be set properly to protect motor and devices. In this board the OCP threshold is
arbitrarily set to 2.5 A.

6.3 IMD111T-6F040

6.3.1 Power supply of IMD111T-6F064

IMD111T-6F064 can work in a VCC range from 12 to 16.5 V [5]. As the inverter MOSFET IRLML0040 has a
maximum gate-source voltage (V) of 16 V, VCC is selected as 12 V to ensure reliability. The 12 VVCCis
generated through an LDO from the main output 28 V as shown in Figure 20. The power dissipation of the LDO
is around 0.25 W considering 15 mA supply current of the IMD111T-6F040.

The 12 VVCC and 5V VDD pass capacitors of IMD111T are necessary and the use of surface-mounted ones with
small parasitic inductances, such as C2, C9, C36, C12, C13, and C18 shown in Figure 20 is recommended.
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Figure 20 Power supply of IMD111T-6F064

6.3.2 Bootstrap capacitors

IMD111T combines a 3-phase gate driver based on the silicon-on-isolator (SOI) technology. The gate driver
integrates the bootstrap resistors and a bootstrap diodes intrinsically. Therefore, only the external bootstrap
capacitors are needed, as shown in Figure 21.

Contrel
HOL 20 2WF C19 WH
i '\1
: i —Q_H_l W
HO? 17 2XnF C6 VH
s 18
B =
503 14 20F Q7 UH
e LI
.{B"-'. 13 )\ U
53 Treemewr . men
Figu re2l BOOtStrap CapaCitorS

The bootstrap capacitors C19, C26, and C27 should be properly scaled such that they are large enough to hold
the VBS above Undervoltage lockout (UVLO) level during the discharge period, whereas not too large to be fully
charged during the pre-charge period.

the minimum bootstrap capacitor is constrained by the follows [11]:

ton ) > Qg + (Ilkgate + IQBS) * toff
Cboot

(VCC — Vi = Viason — VBSUVLO) * (1 — e Rboot*Choot

The maximum bootstrap capacitor is constrained by the follows:

_ tpre—charge

(VCC = Vs = Vason) * (1 —e Rboor*Cb"‘”) > VBSyvio

Where,

VCC: Power supply of the gate driver, 12V

Vi: Forward voltage drop of the boot diode, maximum 1.3V

Vason: Voltage drop of the low-side MOSFET when charging the high-side gate driver, around 0.08 V
VBSuwo: Undervoltage lockout (UVLO) of the high-side gate driver supply, maximum 9.8 V

Ruoot: Bootstrap resistor integrated in the gate driver, maximum 60 Q

Cooot: Bootstrap capacitor of the high-side gate driver power supply
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ton: Maximum turn-on time of the high-side MOSFET, herein 60 uS

tof: Minimum turn-on time of the low-side MOSFET, herein 60 uS

Qq: Total gate charge of the MOSFET, maximum 3.9 nC

likgate: Gate-source leakage current of the MOSFET, maximum 100 nA

loes: Leakage current of the high-side gate driver circuit, maximum 400 uA

tore-charge: the active pre-charge time of the bootstrap capacitor. When setting the pre-charge time to 10 mS, this
value equals 10 mS/3=3.33 mS

Entering data into above equations, the calculated bootstrap capacitor valueis in the range of 51 nF to 22.4 uF.
Herein selects 2.2 uF surface-mounted capacitor in 0805 package.

6.4 Infrared remote control

6.4.1 Infrared signal processing on the companion board

The IR companion board contains the infrared receiver IRM-3638T and a connector J3 for linking to the main
board.

The configuration of the IR receiver IRM-3638T is shown in Figure 22. It’s recommended to add a low-pass filter
(R73 and C32) at the +5 V power supply. An external pull up resistor R69 is necessary to increase the slew rate of
the IRM-3638T output since it’s open-collector.

R73
[+5v DB C *
120R R60
10k
Cc32
D6 10uF
. T onl2 1
vee GND
—|§|~ 1 L
ouT b——9 SGND
IRM-3638T
) I:IR79 IR_in_P05
NA
|:|R72 IR _signal
0R
Figure 22 Configuration of the IR receiver on the companion board

The output of IRM-3638T is invert logic of the received IR data stream.

For example, when pressing the power ON button on the remote control, the IR data stream of 0x01FE807F will
be sent out. The output of the IRM-3638T is shown in Figure 24. After inverting the waveform in Fehler!
Verweisquelle konnte nicht gefunden werden., the user can get the IR data stream of 0x01FE807F which is
compliant with NEC protocol, as shown in Figure 24Errer-Reference-source-notfound-.
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Figure 23 Output of the IRM-3638T when pressing the Power ON button
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Figure 24 The IR data stream of 0x01FE807F when pressing the Power On button
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6.4.2 Infrared signal input on the main board

The IR data stream is input to the VSP pin of the IMD111T. To remove the noise at the VSP pin, a low pass filter
R13 and C14 is recommended and placed close to the controller.

In case of the pull-up resistor as shown in Figure 22, the actual delay time at the rising edge of the pulses
inputting to controller is calculated as below:

taelay = (R69 + R13) * C14 = (10k + 120R) * 1nF = 10.12uS

The delay time is around 10 uS which doesn’t affect the pulse recognition since the minimum pulse width is
526.5 uS.

RI3 Hall Sensor Inputs
IR signal — IR RX _ ;; VSP/AINO
T20R o | 2] PARAM/AIN3
In Digital 1/0
9
—;—;- PGOUT/GPIOI
== <o+ HALLI/GPIO2
= <~ DUTYFREQ/HALL2/GPIO3
e 30 HALL3/GPIO4
Figure 25 Infrared signal input on the main board
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7 System setup

This chapter describes how to get the system working after users have installed the board. Users who are
familiar with the system or have already run the board can skip some of the steps mentioned, depending on the
situation. For in-depth startup requirements, please refer to the MCE reference manual or the corresponding
reference material [9][10].

7.1 System connection
The system connection for driving a low voltage ceiling fan is shown in Figure 26.

The iIMOTION™ link is needed to bridge the PC/debugger and motor drive system (the target iMOTION™ device)
with 1 kV DC galvanic isolation. For more information on the iMOTION™ link, refer to Section 9.3.

1. ConnectiMOTION™ link’s 8-pin cable to main board J1 using the default pin order (only pin 5~8 are used)
and connect the PC and iMOTION™ link with a USB wire.

2. Connect AC power supply (L, N) and motor (X11).
3. Connect main board J2 to companion board J3 by the accessory cable provided in the package box.

Figure 26 Hardware connection details

Note: The iMOTION™ link shown in Figure 26 is required for programming and debugging, but it is not
included in the delivery content. It can be ordered separately as per details given in Section 9.3.
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7.2 iMOTION™ development tool

7.2.1 iMOTION™ Solution Designer and SDpak

The iIMOTION™ software tool - iIMOTION Solution Designer (iSD), accompanying with the SDpak is required to
set up the system. The iSD can be downloaded from Infineon’s website—http://www.infineon.com/imotion-
software. Please check this page periodically for the updates. Regarding the use of the iSD, please refer to [9]
[10], available in the installation path of this tool.

Note: This reference board has been tested using iSD v1.1.1 with SDpak version V5.01.18.

7.2.2 Key parameters configuration in iSD

The users have to input the detailed parameters into iSD to control and fine-tune the system performance. The
iSD configuration wizard page is shown in Figure 27.

e Jhmean iMOTION™ Solution Designer () Frogrammer () oashbosrd & s cano & ostioscope @ @
Fle Project  Catalogs  Target  Tools
iMOTION Motor Control Solution | IMD111T-F040 | el =
Explorer IC Configuration Parameters o m
Gobal Confguraton )
¥ g 1C Configuration:
wotracne e —
User Pin Configuration aoc
ADC sample time H Scripting:
aranensse conuraon gusptan 5 =
myFrstParameterset [+ oMM
> Solution Designer COMM port Selaction System Hardware
2 5 Usar/Host COMM part selection uaRTL - onfiguration:
o Configurati
Input Supply UART baud rate 57600 e =
DC Bus Sensing Feedback UART TX delay ams Ee

Motor Control Configuration:
e UART Node Address 1 EHe p—
Gpsens

MOtor CUrTent Sensing
a Class 8 safaty K]

Motor CPU dock compensation Enable @ ;eﬂinn:
Lo Multi-parameter input mode Disable -le
4 otor Contl Cortgrton [ C—l
Motor Control Configuration Standby
e Bk €PU at idie configuration Sleep |- &
o and e Low power mode enable Disable -l @
P Protection
Figure 27 iSD Configuration Wizard page
The key parameters configuration for this reference board are listed in Table 9.
Table 9 Key parameters configuration
Parameter Value Comment
IC CPU atidle configuration Sleep Less controller power
configuration consumption in standby
Input supply 5V The controller supply voltage
System DC bus sensing upper resistor 150 kQ Real value on the board,
hardyvare ) DC bus sensing lower resistor 20 kQ See Figure 16
configuration .
Motor current feedback shunt 250 mQ Single shunt value on the board
Motor feedback circuit voltage offset 238.10 mV Real value on the board,
(voff)
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Parameter Value Comment
Motor feedback circuit current gain 238.10 mV/A See Figure 18
PWM frequency 16.0 kHz Switching frequency of the
inverter
SVPWM over modulation Disable
Motor control |DC bus compensation Enable Itis required to compensate the
configuration fluctuation of the DC bus voltage
Motor starting method Direct For the smooth startup and
Motor angle initialization Initial angle avoiding the reverse rotation at
sensing startup
Direct start maximum speed threshold 125 rpm
Catch spin before start Enable
Protection Overcurrent comparator current trip 2.5A
level (peak)
DC bus critical overvoltage fault level 32V
DC bus overvoltage fault level 31V
DC bus undervoltage fault level 20V
7.3 Script code of the infrared remote control
7.3.1 Infrared remote control and speed setting

The motor speed can be set by the infrared (IR) remote control, which is implemented by the script [9].

The relationship between the remote control, the variables in the script, and the target speed setting for this
design is listed in Table 10.

Table 10 The remote control, IR command, variables in script, and target speed setting
Remote Infrared ‘APP_MOTORO.Command’ | ‘APP_MOTORO.TargetSpeed’ | Target speed
control signal in script (in counts) in script (in counts) (rpm)
Power OFF | OxO1FE8Q7F |0 0 0
Power ON 1 Last speed saved Last speed

saved
1 Ox01FE58A7 5319 125
2 Ox01FE40BF 8085 190
3 Ox01FECO3F 10851 255
4 Ox01FE609F 13617 320
5 Ox01FEAOS5F 16383 385

7.3.2 Description of the script code
Please refer to [12] and section 9.4.

The script mainly implements the ON/OFF function of the motor and different speed commands. It also
supports the saving last speed setting function. The variable TARGET_SPEED_X(X=1,2,3,4,5) in the script can be
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set to the target speed as Table 10, or it can be set to the desired speed according to user needs. At the same
time, the script supports repeated command operations, so it can also be set as an acceleration or deceleration
function. In this example script code, the code is placed in Taskl with execution period of 50ms.
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8 Test results

The system has been tested with a real ceiling fan load. The settings in the iSD have been fine-tuned as per
instructions in Section 7.2.2. Customers should adjust the parameters if using a different motor load.

8.1 System test with IR remote control

With IR remote control, the ceiling fan runs at five different speeds. The system test data are listed in Table 11.
The AC input current under 230 Vims and at maximum speed is sinusoidal as shown in Figure 28.

Tekstop =

E&-.ZSV- L., ]
(@ 2004 Qv @2 @ 500V 5 @ 200V &) [20.0ms ][moms,{s ]F. 5 1.24 A]
@ rRMS 966 mA 20M points

2

A A
CH1: Motor phase current

CH2: AC input current

CH3: AC input voltage

CH4: DC bus voltage

BW: 20 MHz

Figure 28 The AC input current at 230 V,ns and maximum speed

The system test result with IR remote control s listed in Table 11. The real speed is well-regulated with a
variation less than 2%, the PF value is above 0.95, and the iTHD is less than 10% at maximum output power
under 230 Vims AC input.
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Table 11 System test result with IR control
IR Target Measured Speed
Vin remote | speed speed error DC bus Pin Pout Efficiency iTHD
(vrms) | control | (rpm) | (rpm) (%) (vde) W)W | (%) PE | (%)
OFF 0 0 0.93
1 125 126.3 1.0 27.84 3.52 1.99 56.53 | 0.940 5.1
90, 2 190 191.8 0.9 27.84 6.82 5.01 73.46 | 0.982 4.8
50 Hz 3 255 257.5 1.0 27.82 12.81 10.32 80.56 | 0.994 34
4 320 322.6 0.8 27.81 22.37 18.68 83.50 | 0.997 3.4
5 385 387.1 0.5 27.79 35.82 29.58 82.58 | 0.998 3.5
OFF 0 0 27.85 0.94
1 125 126.3 1.0 27.85 3.45 1.97 57.10 | 0.850 6.9
120, 2 190 191.8 0.9 27.84 6.84 4.99 7295 | 0.951 4.6
50 Hz 3 255 257.5 1.0 27.82 12.67 10.32 81.45 | 0.984 3.7
4 320 322.6 0.8 27.81 21.78 18.48 84.85 | 0.993 3.3
5 385 387.1 0.5 27.80 34.84 29.76 85.42 | 0.995 4.8
OFF 0 0 27.84 0.95
1 125 126.3 1.0 27.84 3.46 1.98 57.23 | 0.726 9.3
150, 2 190 191.8 0.9 27.84 6.71 491 73.17 | 0.893 5.8
50 Hz 3 255 257.5 1.0 27.84 12.44 10.38 83.44 | 0.962 4.7
4 320 322.6 0.8 27.82 21.35 18.15 85.01 | 0.985 3.6
5 385 387.1 0.5 27.79 35.04 29.74 84.87 | 0.990 4.7
OFF 0 0 27.84 0.94
1 125 126.3 1.0 27.84 3.45 1.96 56.81 | 0.605 11.8
180, 2 190 191.8 0.9 27.83 6.56 4.57 69.66 | 0.816 7.3
50 Hz 3 255 257.5 1.0 27.82 12.48 10.08 80.77 | 0.928 5.4
4 320 322.6 0.8 27.82 21.33 18.12 84.95 | 0.970 3.9
5 385 387.1 0.5 27.79 34.51 29.66 85.95 | 0.985 4.6
OFF 0 0 27.84 | 094
1 125 126.3 1.0 27.84 3.48 1.96 56.32 | 0.440 14.7
230, 2 190 191.8 0.9 27.84 6.73 4.88 72.51 | 0.668 6.7
50 Hz 3 255 257.5 1.0 27.83 12.43 10.05 80.85 | 0.847 6.4
4 320 322.6 0.8 27.82 21.29 17.87 83.94 | 0.927 5.4
5 385 387.1 0.5 27.79 34.71 29.88 86.08 | 0.966 5.6
OFF 0 0 27.84 0.96
1 125 126.3 1.0 27.84 3.51 1.96 55.84 | 0.363 16.2
264, 2 190 191.8 0.9 27.84 6.79 4.96 73.05 | 0.576 | 12.3
50 Hz 3 255 257.5 1.0 27.83 12.52 10.10 80.67 | 0.775 7.6
4 320 322.6 0.8 27.82 21.53 18.12 84.16 | 0.889 6.2
5 385 387.1 0.5 27.79 34.48 29.66 86.02 | 0.945 6.5
OFF 0 0 27.85 0.97
1 125 126.3 1.0 27.85 3.56 1.95 54.78 | 0.301 17.1
300, 2 190 191.8 0.9 27.84 6.82 4.87 71.41 | 0.485 13.8
50 Hz 3 255 257.5 1.0 27.84 12.47 10.12 81.15 | 0.697 9.5
4 320 322.6 0.8 27.83 21.55 18.16 84.27 | 0.843 6.8
5 385 387.1 0.5 27.81 34.53 29.73 86.10 | 0.916 8.1
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8.2 Voltage stress of the AC/DC MOSFET and rectifier diode

When the input AC voltage reaches 340 Vims at maximum load, the board will trigger the input overvoltage
protection. In this condition primary switch Q2 and secondary rectifier diode D5 of the AC/DC converter have
the largest voltage stress.

As shown in Figure 29, the maximum drain-source voltage (Vas) of Q2 is 700 V, which still has over 10% margin of
its 800 V rating [6]. The maximum reverse voltage (Vi) of the rectifier diode is 158 V, which still has over 20%
margin of its 200 V rating.

Tek Prevu M 4.00ms

i Sy, o e TRy,

jl
S

|§/Vd5 ........... : : o
(@ 2.00A & @2 @ 250V & ][sooms,{s ][ @ 5 SUUmA]
(@ RMS 1.00 AV 20M points

2
[ Max 700V 30 Jun 2022
@ Vax 1.60 V 06:08:35

CH1: Motor phase current
CH2: Reverse voltage of the rectifier diode
CH3: Drain-source voltage of the P7 MOSFET

BW: 20 MHz
Figure 29 Waveforms of the AC/DC converter at 340 V,,; with maximum load
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8.3 DC bus, VCC, and VDD regulation at power ON/OFF

As shown in Figure 30, the 28 V DC bus has an overshoot at startup and motor-stop due to slow feedback loop
response to achieve a high PF value. It is stable when the motor running. VCC (12 V) and VDD (5 V) are well-
regulated under any work conditions.

Tekprevw =

Cfsvemms - © Lo

Epf28VvEESR . . . . L

(@ 200A & @ @ 500v &% @ 100V Bw][Z.UUS ][1.00[\45{5 ]F. I SUUmA]
@ rMs 783mA 20M points
2

S B
CH1: Motor phase current

CH2: 5V (VDD)

CH3:12V (VCQC)

CH4:28V DC bus

BW: 20 MHz

Figure 30 28V,12V, and 5 Vregulations at 230 V,,s power ON/OFF at maximum speed
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8.4 Gate drive and voltage stress of the inverter MOSFET

The gate-source voltage (V) of the inverter MOSFET (like Q8) is limited to 0.55 V, which is far below the
minimum turn-on threshold (1 V), as the cursor marked in Figure 31. The maximum drain-source voltage (Vds) is
30.2V, which has over 20% margin of its 40 V rating.

Tek Stop M 4.00ms

1

G

Zo_om F_act_or_: 4_kX_ _ Zoom P05|t|0n 189}15
: 1=Y0) . . b : : :
' WMMWMW [1€& 186.4us 0.000 V

A410.0ns A550.0mY

: : TN

[4vdsL e i O )
(@ 2.00A & @ @ 250V 5% @ 5.00V &) [z 1.00ps ][soomsz_s ]F. 5 1.64 A]
@ rMs 999mA 20M points

S iV
CH1: Motor phase current

CH2: Gate-source voltage of the inverter high-side MOSFET

CH3: Gate-source voltage of the inverter low-side MOSFET

CH4: Drain-source voltage of the inverter low-side MOSFET

BW: 20 MHz
Figure 31 The inverter MOSFET voltage stress at 230 V., at maximum speed
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8.5 Motor running performance

8.5.1 Motor startup from zero-speed

If the catch-spin function is enabled in the iSD, the motor will enter the catch-spin stage at each startup to
detect the motor’s current speed and spinning direction [10].

When starting from speed zero, the motor will execute the zero-speed catch-spin mechanism and then enter
the initial angle sensing stage as the current speed is zero. After startup, the motor runs to the target speed
with the ramp rate limit which can be preset in the iSD [10].

The motor startup behavior from zero speed is shown in Figure 32.

TelkPrevu = 1

Z Z . . o Close-loop
.. ...... L T . |n|t|al

angle _ :
sensing S ]

@ Max 1.96 A [ ][ZUM DointS][ ]
2

@ Max 7.00mv 4 Sep 2022
& Max 600my
CH1: Motor phase current

BW: 20 MHz

Figure 32 The motor phase current at startup

V1.0
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8.5.2 Motor forward catch-spin

If the catch-spin function is enabled in the ISD, the motor will enter the catch-spin stage at each startup to
detect the motor’s current speed and spinning direction [10].

When a stop command is received, the gate drives shut off and thus, the motor speeds down.

When starting from a non-zero speed, the forward catch-spin mechanism will be executed to check the motor
speed and spinning direction. For ceiling fan application, the forward catch-spin is usually required.

The forward catch-spin behavior is shown in Figure 33.

TekPrevu =

Close-loop

(@ 2.00a & I(1.00s 2.00MS/s @ - 320mA
20M points

@ Max 1.80 A
2

@ Max 7.00mv 4 Sep 2022
@ Vax 1.00 V 06:23:48

CH1: Motor phase current

BW: 20 MHz
Figure 33 The motor phase current of the forward catch-spin
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8.6 Protections

The protections in REF-SHA35IMD111TSYS at system level are listed in Table 12.

Table 12 Protections
Protection type Protection behavior
AC input brown-out ICL8810 enters brown-out protection, then the DC bus voltage falls, then the motor

stops by triggering the DC bus undervoltage fault

AC input overvoltage ICL8810 enters input overvoltage protection, then the DC bus voltage falls, then
the motor stops by triggering the DC bus undervoltage fault

8.7 Thermal performance

The board has been tested at both 230 Vims and 90 Vims input voltages at room temperature. The motor speed is
set to 385 rpm at which the input power is 35 W under 230 Vims and 36.5 W under 90 V.s input. The temperature
of the key components is shown in Figure 34 and Figure 35, with temperature rise calculated in Table 13.

72.0C

284°C

281°C
(@) Topview (b) Bottom view
Figure 34 Thermal test at 230 V,ns, input power 35 W, room temperature
994°C

PCB: 712
=5 TRF.-core: 58.4,

- 80

TRF-winding: 83.2

- 60

- 40

(@) Topview (b) Bottom view

Figure 35 Thermal test at 90 V..., input power 36.5 W, room temperature
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Table 13 Thermalresult at 230 Vrms, 90 V,,s, maximum load, ambient room temperature
Component AT (°C) AT (°C) Remark
@230 Vs input (@90 Vs input
Rectifier bridge 19.6 43.8 Case temperature
AC/DC transformer 30.1 34.5 Core/winding which has the
higher temperature
AC/DC MOSFET IPASOR1K4P7 38.2 71.5 Case temperature
Flyback controller ICL8810 25.1 39.0 Case temperature
AC/DC rectifier diode MBF10200CT 43.4 43.9 Case temperature
Motor controller IMD111T-6F040 39.0 39.5 Case temperature
Inverter MOSFET IRLML0O040 27.8 27.4 Case temperature
Inverter shunt resistor 37.5 38.0 Case temperature
8.8 Surge protection

The board passes criteria A of 1.2/50 uS 4 kV surge test compliance with IEC 61000-4-5: 2005. The test method is
shownin Table 14.

Table 14 Surge test method
Input Time
Fan speed i . V . Inj i
voltage P Irn Ject Polarity | Number | Angle oltage interval nject Ccfmp'lled
(rpm) line (kv) method | criteria
(V) (seconds)
0
230Vac, |385 90 _
L-N + 5 4.0 60 Direct A
50 Hz 180
270
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9.2 Abbreviations and definitions
Table 15 Abbreviations

Abbreviation Meaning

CE Conformité Européenne

EMI Electromagnetic interference

UL Underwriters Laboratories

9.3 Additional information

To initiate testing, customers are advised to order the iIMOTION™ link; detailed information is provided in Table
16.

Infineon components on the board are listed in Table 16 as well. Customers can visit the corresponding
webpage for more information.

Table 16 Additional information on tools and Infineon components

Base part number Package Standard pack Orderable part number
Form Quantity

iMOTIONTM link Container 1 IMOTIONLINK
ICL8810 PG-DSO-8 Tape and reel | 2500 ICL8810XUMA1
IPASOR1KA4APT PG-T0O220-3 Tube 500 IPASOR1K4PTXKSA1
BSS126i PG-S0OT23-3 Tape and reel | 3000 BSS126IXTSAl
IRLML0040 SOT23 Tape and reel | 3000 IRLMLOO40TRPBF
IMD111T-6F040 PG-LQFP-40 Tape andreel | 1500 IMD111T6F040XUMAL
BAS3005A-02V SC79 Tape and reel | 3000 BAS3005A02VH6327XTSAL
9.4 Script code

Code Listing 1 Global variables

OOl /**************************************************************
*******************************************************/

002 /*Global variables*/

003 /**************************************************************
*******************************************************/

004 /* status variables */

005 int32 t IR status;

006 int32 t IR DriverStatus;

007 uint8 t protocol;

008 uint8 t RawDataAvailable;

009 uint8 t RawDataValid;

010 uint8 t DataValid;

011 uint8 t Receiving;

012 uint8 t AddressError;

013

014 /* data and address variables */

015 uint8 t FaultClearCount;
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Code Listing 1 Global variables

016 uint8 t address;

017 uint8 t command;

018 int32 t buffer;

019 uint8 t address buffer;

020 uint8 t command buffer;

021 uint8 t Repeating;

022 int32 t Repeats;

023 uint8 t mask cnt;

024 int32 t CMD STATE;

025

026 uint8 t FlashWriteFlag;

027 uint8 t BrownOut Flag;

028 uint8 t CmdUpdate Flag;

029

030 uint8 t DCabnormal count;

031 uint8 t DCnormal count;

032 uint8 t FlashWrite Flag;

033 uint8 t FlashStatus;

034 uint8 t FlashEmpty;

035 uint8 t FlashInvalid;

036 uint8 t FlashWriteError;

037

038 CONST int CMD_SPEED 1 = 26;

039 CONST int CMD_SPEED 2 = 2;

040 CONST int CMD SPEED 3 = 3;

041 CONST int CMD SPEED 4 = 6;

042 CONST int CMD SPEED 5 = 5;

043 CONST int CMD ON OFF = 1;

044 CONST int TARGET SPEED 1 = 5319;
045 CONST int TARGET SPEED 2 = 8085;
046 CONST int TARGET SPEED 3 = 10851;
047 CONST int TARGET SPEED 4 = 13617;
048 CONST int TARGET SPEED 5 = 16383;
049 CONST int VDC THRESHOLD = 2313;

24v/42.5V*4096

//5319 = 125rpm/385rpm*16383

//Vdc Max 42.5V 2313 =

050 CONST int VDC_ Hysteresis = 144; //1.5V 2313 =
1.5V/42.5V*4096
051
052 CONST int STOP State = 1;
053 CONST int FAULT State = 5;
054
055 CONST int MASK = 0;
056 CONST int READY = 1;
057 CONST int MASK TIME OUT = 50;
058 CONST int STOP = 1; //Motor SequencerState
059 CONST int POWER ON = 1;
060 CONST int POWER OFF = 0;
06l CONST int DC Time Out = 10;
062 CONST int CMD_FAULT CLEAR = 1; //CLEARE FAULT
063
064
065 flash uintl6 t Power state; // Flash storage data
066 flash uintl6é_t Speed state; // Flash storage data
067 flash uintl6 t Power Previous;
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Code Listing 1 Global variables

068 flash uintl6 t Speed Previous;
flash uintlé_t FlashStorageDataValid; // Flash storage data

Code Listing 2 Script task0

069 /*Task0 init function*/

070 Script TaskO init ()

071 {

072

073 }

074 /**************************************************************

****************************************************/

075 /*Task0 init function*/
076 Script TaskO ()

077 {

078

}

Code Listing 3 Script taskl

079 /*Taskl init function*/
080 Script Taskl init()
081 {
082 IR DriverDelInit () ;
083 /* Initialize IR Interface */
084 /* channel (0-RX0, 1-RX1, 2-VSP), rxinvert, protocol
(0:RC5, 1:NEC, 2:NECextended), address */
085 IR DriverStatus = IR DriverInit(2,1,1,128);
086 FlashStatus = Flash GetStatus();
087 FlashEmpty = FlashStatus & 0x01;
088 FlashInvalid = FlashStatus & 0x02;
089 FlashWriteError = FlashStatus & 0x04;
090
091
092 CMD STATE = READY;
093 mask cnt = 0;
094 APP MOTORO.TargetSpeed = 0;
095
096 //FlashWriteFlag = 1;
097 BrownOut Flag = 0;
098 CmdUpdate Flag = 0;
099 FlashWrite Flag = 0;
100 FaultClearCount = 0;
101
102 APP_MOTORO .FaultClear = CMD_FAULT_CLEAR;
103 //if (FlashEmpty || FlashInvalid || FlashWriteError)
104 if ((Power state !=1) && (Power state !=0))
105 {
106 Power state = POWER OFF;
107 Speed state = TARGET SPEED 1;
108 Power Previous = POWER OFF;
109 Speed Previous = TARGET SPEED 1;
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Code Listing 3 Script taskl

110 }
111 }
112 /**************************************************************
****************************************************/
113 /*Taskl function*/
114 Script Taskl ()
115 {
116 if(APP_MOTORO.SwFaultS)
117 {
118 if (FaultClearCount < 5)
119 {
120 APP_MOTORO.FaultClear = CMD_FAULT_CLEAR;
121 FaultClearCount = FaultClearCount + 1;
122 }
123 }
124 else
125 {
126 FaultClearCount = 0;
127
128 //FlashStorageDataValid = 0;
129 //IR_status = IR GetStatus();
130 IR status = IR RxReceived();
131 Repeating = IR RxRepeating();
132 //DatavValid = (IR status >> 4) & 0x00000001;
// DataValid bit
133 }
134
135 1f (CMD STATE == MASK)
136 {
137 mask cnt = mask cnt + 1;
138 if (mask cnt == MASK TIME OUT)
139 {
140 CMD STATE = READY;
141 mask cnt = 0;
142 }
143 }
144
145 /* Received Data wvalid */
146 //if ((Datavalid || Repeating) && (CMD STATE == READY))
147 if (IR status || Repeating)
148 {
149 command = IR RxCommand () ;
150 if(CMD_STATE == READY)
151 {
152 if (command == CMD ON_OFF)
153 {
154 if (Power state == POWER OFF)
155 {
156 Power state = POWER ON;
157 }
158 else
159 {
160 Power state = POWER OFF;
1ol }
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Code Listing 3 Script taskl

Infineon

162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
Speed state))
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210

211
212
213

}
}
if (Power state == POWER ON)

{
if (command == CMD SPEED 1)

Speed state = TARGET SPEED 1;

}
if (command == CMD_ SPEED 2)

Speed state = TARGET SPEED 2;

}
if (command == CMD SPEED 3)

Speed state = TARGET SPEED 3;

}
if (command == CMD SPEED 4)

Speed state = TARGET SPEED 4;

}
if (command == CMD SPEED 5)

Speed state = TARGET SPEED 5;

}

CMD STATE = MASK;
}

i1f ((Power Previous != Power state) || (Speed Previous!=

{
CmdUpdate Flag = 1;

CmdUpdate Flag

Il
o
~.

}
if (CmdUpdate Flag)
{
FlashWrite Flag = 1;
}

Power Previous = Power state;

Speed Previous = Speed state;

/*

APP MOTORO.Command = Power state;

APP MOTORO.TargetSpeed = Speed state;

*/

if(FB_MEASURE.VdCFilt <= VDC THRESHOLD )

//VDC_THRESHOLD

{
//BrownOut Flag = 1;
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Code Listing 3 Script taskl

214 DCnormal count = 0;

215 DCabnormal count = DCabnormal count + 1 ;

216 if (DCabnormal count >= DC Time Out)

217 {

218 DCabnormal count = 0;

219 BrownOut Flag = 1;

220 }

221

222 }

223

224 if(FB_MEASURE.VdCFilt >= (VDC_THRESHOLD +
VDC Hysteresis))

225 {

226 DCabnormal count = 0;

227 DCnormal count = DCnormal count + 1 ;

228 if (DCnormal count >= DC Time Out)

229 {

230 DCnormal count = 0;

231 BrownOut Flag = 0;

232 }

233 }

234

235 if (BrownOut Flag)

236 {

237 APP MOTORO.Command = POWER OFF;

238 }

239 else

240 {

241 APP MOTORO.Command = Power state;

242 APP MOTORO.TargetSpeed = Speed state;

243 }

244

245 1f (BrownOut Flag && ((MCEOS.Motor SequencerState ==
STOP State) || (MCEOS.Motor SequencerState == FAULT State)))

246 //1if (BrownOut Flag)

247 {

248

249 if (FlashWrite Flag)

250 {

251 //FlashStorageDatavValid = 1; //How to ensure
store successful this time?

252 Flash Write();

253 FlashWrite Flag = 0;

254

255 }

256 }
}
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v Script
#SCRIPT_START_COMMAND 3
#SCRIPT_TASKO_EXECUTION_PERIOD (ms) 50
#SCRIPT_TASKO_EXECUTION_STEP 60
#SCRIPT_TASK1_EXECUTION_PERIOD (10 ms) 5
#SCRIPT_TASK1_EXECUTION_STEP 70
#SCRIPT_USER_VERSION 1.0
Figure 37 Task execution timing configuration of the script
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NCV51752D2PAK3LGEVB [SL81807EVAL1Z AP33772S-EVB EVALM7HVIGBTPFCINV4TOBO1 903-0300-000 902-0173-000 903-
0301-000 ROA1286023/1



https://www.xonelec.com/category/embedded-solutions/engineering-tools/analog-digital-ic-development-tools/power-management-ic-development-tools
https://www.xonelec.com/manufacturer/infineon
https://www.xonelec.com/mpn/enpirion/evbep5348ui
https://www.xonelec.com/mpn/texasinstruments/bq25010evm
https://www.xonelec.com/mpn/renesas/isl80019aeval1z
https://www.xonelec.com/mpn/renesas/islusbi2ckit1z
https://www.xonelec.com/mpn/renesas/isl8002aeval1z
https://www.xonelec.com/mpn/renesas/isl91108iiaevz
https://www.xonelec.com/mpn/analogdevices/max8556evkit
https://www.xonelec.com/mpn/analogdevices/max15005aevkit
https://www.xonelec.com/mpn/renesas/isl28022evkit1z
https://www.xonelec.com/mpn/stmicroelectronics/stevalisa008v1
https://www.xonelec.com/mpn/dfrobot/dri0043
https://www.xonelec.com/mpn/nxp/kitpf8100frdmevm
https://www.xonelec.com/mpn/intel/evben6337qa
https://www.xonelec.com/mpn/infineon/sampleboxild8150tobo1
https://www.xonelec.com/mpn/analogdevices/max18066evkit
https://www.xonelec.com/mpn/diodesincorporated/ap62300wuevm
https://www.xonelec.com/mpn/infineon/kita2gtc387motorctrtobo1
https://www.xonelec.com/mpn/stmicroelectronics/aekmottk200g1
https://www.xonelec.com/mpn/stmicroelectronics/evlone65w
https://www.xonelec.com/mpn/stmicroelectronics/stevalilh006v1
https://www.xonelec.com/mpn/stmicroelectronics/stevalipe008v2
https://www.xonelec.com/mpn/stmicroelectronics/stevalipp001v2
https://www.xonelec.com/mpn/stmicroelectronics/stevalisa013v1
https://www.xonelec.com/mpn/stmicroelectronics/stevalisa067v1
https://www.xonelec.com/mpn/stmicroelectronics/stevalisq002v1
https://www.xonelec.com/mpn/stmicroelectronics/stevalisq002v1
https://www.xonelec.com/mpn/texasinstruments/tps2306evm001
https://www.xonelec.com/mpn/texasinstruments/tps2330evm185
https://www.xonelec.com/mpn/texasinstruments/tps40001evm001
https://www.xonelec.com/mpn/onsemiconductor/secohvdcdc136215wgevb
https://www.xonelec.com/mpn/infineon/bts70302epa
https://www.xonelec.com/mpn/analogdevices/lt8638sjvwpbf
https://www.xonelec.com/mpn/analogdevices/ltc3308aivwtrpbf
https://www.xonelec.com/mpn/infineon/tlt807b0epv
https://www.xonelec.com/mpn/infineon/bts710336esa
https://www.xonelec.com/mpn/microchip/ev13n91a
https://www.xonelec.com/mpn/mikroelektronika/easypicv8overusbc
https://www.xonelec.com/mpn/microchip/ev55w64a
https://www.xonelec.com/mpn/mikroelektronika/clicker4forstm32f4
https://www.xonelec.com/mpn/mikroelektronika/easymxprov7aforstm32
https://www.xonelec.com/mpn/mikroelektronika/clicker4forpic18f
https://www.xonelec.com/mpn/skyworks/si828586v2kit
https://www.xonelec.com/mpn/qorvo/pac52700evk1
https://www.xonelec.com/mpn/onsemiconductor/ncpncv51752d2pak3lgevb
https://www.xonelec.com/mpn/onsemiconductor/ncpncv51752d2pak3lgevb
https://www.xonelec.com/mpn/renesas/isl81807eval1z
https://www.xonelec.com/mpn/diodesincorporated/ap33772sevb
https://www.xonelec.com/mpn/infineon/evalm7hvigbtpfcinv4tobo1
https://www.xonelec.com/mpn/robotis/9030300000
https://www.xonelec.com/mpn/robotis/9020173000
https://www.xonelec.com/mpn/robotis/9030301000
https://www.xonelec.com/mpn/robotis/9030301000
https://www.xonelec.com/mpn/flexpowermodules/roa12860231

