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Disclaimer:

The information in this document is given as an indication for the purpose of implementation only and
shall not be regarded as any description or warranty of a certain functionality, condition or quality.
The statements contained herein, including any recommendation, suggestion or methodology, are to
be verified by the user before implementation, as operating conditions and environmental factors may
vary. It shall be the sole responsibility of the recipient of this document to verify any function
described herein in the given practical application. Vincotech GmbH hereby disclaims any and all
warranties and liabilities of any kind (including without limitation warranties of noninfringement of
intellectual property rights of any third party) with respect to any and all information given in this

document.

Safety Information

The board described is an evaluation board (EVA board) dedicated for laboratory
environment only.

It operates at high voltages. This board must be operated by qualified and skilled
personnel familiar with all applicable safety standards.

This EVA board can endanger life by exposure to rotating machinery and high voltages.
The ground potential of the EVA board is not floating it is biased to the negative DC-Link
voltage potential. In order to be able to measure by non-floating instrument (oscilloscope)
use isolation transformer at the AC input.

Allow at least 2 minutes for the DC-Link capacitor to discharge to safe voltage levels

(< 50 V).

Failure to follow these guidelines result personal injury or death and/or equipment

damage.
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1 Abstract

This application note is intended to demonstrate the performances of the Vincotech
flowPIM 1 + PFC modules in flow 1 housing.

The targeted market for the new topology is the air conditioner application for example: fans,
pumps, COmpressors.

As the power module is not equipped with an input rectifier, the intended application can
decide to use one or three-phase rectification. It is even possible to use a common rectifier
instead of separate rectifiers for each motor inverter. The PFC booster has three legs which
can be used in parallel or interleaved configuration for smaller ripple and inductor size.
Integrated capacitors decrease the loop inductance thus enabling even higher switching
frequencies. The three-phase inverter uses new generation high-speed 600 V IGBTs. An
integrated NTC provides accurate temperature measurements of the power stage. The power
module has reduced ceramic thickness for better thermal performance. For the different power
levels different rated power modules are available. With the different semiconductor choices a

component level multisource is possible.

e U
- Features of flowPIM + PFC topology: U e ) j
 Three-leg interleaved PFC with High-Speed IGBT sl i
e Three-phase inverter '!‘.:‘: @

,/V

e Thermistor

- Features of flow 1 housing

e Convex shaped substrate for superior thermal contact
e Thermo-mechanical push-and-pull force relief

e 0.38 mm ceramic

e Reliable cold welding connection to PCB

e Convex shaped baseplate for superior thermal contact

For more information about Vincotech modules please visit www.vincotech.com. This board

provides a plug and play solution identifying the switching behavior and efficiency of this

module family.

Reference Design for flowPIM 1 + PFC Modules Rev. 01 page 4
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2 Introduction to LH9*-EOST family
Members of the family: Table 1:
Part.-No. Voltage | Current Technology
10-PGO6PPA050S]02- TRENCHSTOP™ PERFORMANCE IGBT3.1
600 V 50 A
LH94EQ8T High speed 5 FAST IGBT + Stealth™ Diode
10-PGO6PPA030S]02- TRENCHSTOP™ PERFORMANCE IGBT3.1
600 V 30 A
LHO92EOST High speed 5 FAST IGBT + Stealth™ Diode

1,2
DC+Inv

Ti2 Ti4 Tio
D11 D13 D15
G12 G14 % G16 .—I
11 8 [ 35 [
40 Ph1l
9,10
4 Ph2
6,7
—— Ph3
3,4
T1 Ti3 1 Tis 1
D12 D14 D16
G11 -—1 G13 -J G15 -—I
37 41 45
] ) ]
PFC-1 PFC-2 PFC-3 DC-1 bDc-2 DC-3
30,31 28,29 22,23 35,36 39,40 43,44
Rt i
Therml Therm2
32 33
General features of the module:
e Highly integrated PIM with interleaved PFC circuit
e High switching frequency PFC circuit
e On-board capacitors
e New generation high speed IGBTs in the inverter
Reference Design for flowPIM 1 + PFC Modules Rev. 01 page 5
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Figure 1: Simplified PFC-INVERTER block diagram
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Pin table

Pin X Y Function
1 52,5 2,7 DC+Inv
2 52,5 0 DC+Inv
3 46,2 0 Ph3
4 43,5 0 Ph3
5 43,5 3 G16
6 37,2 0 Ph2
7 34,5 0 Ph2
8 34,5 3 G14
9 28,2 0 Ph1
10 25,5 0 Ph1
11 22,5 0 G12
12 0 0 PFC1
13 0 6,1 PFC2
14 Not assembled

15 Not assembled

16 25,5 8,3 S25
17 25,5 | 11,3 G25
18 Not assembled

19 Not assembled

20 0 22,5 G29
21 0 25,5 S29
22 0 28,5 PFC-3
23 2,7 28,5 PFC-3
24 9,8 25,8 PFC+
25 9,8 28,5 PFC+
26 20,7 16,5 S27
27 20,7 19,5 G27
28 16,9 @ 23,5 PFC-2
29 16,9 @ 26,5 PFC-2
30 20,7 28,5 PFC-1
31 23,4 | 28,5 PFC-1
32 22 25,5 Therml
33 22 22,5 Therm2
34 Not assembled

35 33,5 28,5 DC-1
36 33,5 25,5 DC-1
37 33,5 22,5 G11
38 Not assembled

39 43 28,5 DC-2
40 43 25,5 DC-2
41 43 22,5 G13
42 Not assembled

43 52,5 28,5 DC-3
44 52,5 | 25,5 DC-3
45 52,5 | 22,5 G15
46 0 12,2 PFC3

V5

center of press-fit pinhead
for connertion parameter see the handling instruction
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3 Introduction of the EVA board

The evaluation board includes the power supply electronics of a typical air conditioning unit.
From the single phase input to the variable frequency output functional and safety aspects are
implemented. After the input filter and rectification an industry standard PFC controller IC is
responsible for the clean power factor at the input. The FAN9673 is a 3 channel interleaved
continuous conduction mode (CCM) controller for boost type power factor correction. The
channel management is disabled, output frequency is set to 40 kHz and output voltage to

385 V. Under voltage, brownout, current limit functions are operational. The output inverter
control is realized with Texas Instrument’s C2000 family 32-bit Piccolo™ Microcontroller. The
C2000 family is intended for real time digital signal processing for motor drives among others.
For more information on the utilized parts please visit the manufacturer’s website. The output

voltage and current of each phase is monitored and regulated by the control loop.

The main controller is also monitoring the status of the whole device. The power module’s

temperature, PFC currents, input, DC-link voltage and fault status is monitored.

AC:180-265V

L
Input
N Rectifier

e Single-phase 180 Vac — 265 Vac input voltage

e Onboard EMI filter, fuse, PTC inrush protection

e Complete solution for a 5 kW to 7 kW 3 phase motor drive application

e Discrete CCM PFC controller (no software needed)

e Adjustable motor parameters and speed

e On board auxiliary power supply for logic and protection

e Isolated RS485 communication with MODBUS protocol

e Labeled test points for easy evaluation and debugging

¢ Demagnetization, DC-link over voltage, gate under voltage protection and
current limit

Reference Design for flowPIM 1 + PFC Modules Rev. 01\/ page 8
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4 Design goals

This application note illustrates the design process and component selection for a continuous

current mode power factor correction boost converter utilizing the FAN9673.
The three-phase inverter is controlled by TI's C2000 MCU and driven by FAN73711MX gate
drivers. For the power stages the Vincotech’s 10-PGO6PPA050S302-LH94EO8T power module

is used.

Table 2: Technical specification

Parameter Symbol Test Min. Typ. Max. Unit Remarks
condition

PFC Characteristics

AC input voltage Vac,In 180 220 265 VrMs fin=47-63 Hz
Input frequency fLIng 47 63 Hz
DC-Link voltage Vbc 385 Vbc
PFC switching frequency fsw,prc fsw,prc 40 kHz

Inverter Characteristics

Inverter AC output Vour,ac 220 Vac 385V DC-Link
voltage SPWM modulation
AC output current Tout,ac Vac,in= -55 55 Apk

Vac,IN(Typ)

5 Circuit description

5.1 Line input

The AC line input side comprises the input AC terminals (CN1), fuses (F1, F2) as over-
current protection and a varistor (VR1) for over voltage protection. Two stage common and
differential mode filtering is done by common mode chokes (L1, L2), X-capacitors (C1, C2 and
C3) and Y-capacitors (C38, C10, C11, C12, C13, C14, C15 and C16).

Reference Design for flowPIM 1 + PFC Modules Rev. 01 page 9



F1

0325030MXP

In1 2

0325030MXP

[Cn2

VRL

820423211

Q)

2.2nF/300V/10/20%

2.2nF/300V/10/20%

V/10/20%
(o]
&

—=C10

2.2nF/30(

—C12

1uFIBOﬂ/IZ7.5/10%

PE

LT38-4P-014/2.5mH-30A

v

—C14

2.2n| F/BOHV/lO/ZO%

2.2nF/30(

—=C16

R.2nF/300V/10/20%

\V/10/20%
(e}
]

g
1uF/305V/27.5/10%

Vincotech
1 L2 2
ST AAAANS 3 outl >
—_— 1uF/305V/27.5/10%
R e ' ) T o
LT38-4P-014/2.5mH-30A

2.2nF/30|)\//10/20%
Q
&

The input inrush current caused by the charging current of the DC link capacitors is limited with
PTCs (PTC1, PTC2, and PTC3). If the capacitors are fully charged, the PTCs introduce unwanted

losses to the circuit. Therefore, the PTCs are bridged over with relay RY1. The relay is capable

to carry the current of the inverter (up to 50 A). The relay’s coil operates from 15 V supply.
Level shifting is done with an NPN digital transistor (Q1) which is connected to GP1029.

‘ Designator Designator
. CN1 Filter.schDoc AC-L Rectifier.schDoc
bl > Inl outl 1 ack Rect+
| 2 w
|3 a et AEN
| T > In2 Out2 1 T >N Rect-
MZ-100R
PTC2
MZ-100R
PE PTC3
% DCP % MZ-100R
3 3 '
8 lcolcss B
@ @ l 4 3
L e 15V-FB}
= o
N N
« N RY1
AZ21501-1AET-15DEF
SODE1D-SH -
X N @
& Q o1 g
S S FTCCON DTDG23YP 8/_'/%'
> > N o
8 S 2]
@ @ 1
T DCN = GND-FB

5.2 Rectifier

The AC input is rectified with a full bridge rectifier. The rectifier is realized with two diode

bridge modules (DN1, DN2) connected in parallel. The current rating is doubled from 25 A to

Reference Design for flowPIM 1 + PFC Modules
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50 A. The output of the rectifier is the input of the boost PFC stage. The output of the rectifier
is filtered with capacitors (C4, C5, and C17).

Rect+ >

——=C5 & ==C17

%0T/S'C2/N0EY/ANTC
%0T/SC2/IN0EY/ANTC
%0T/S'¢2/N0EY/ANTC

Rect- >

5.3 PFC

5.3.1 Interleaved converters

Interleaved DC-DC switching converters are constructed from multiple instances of paralleled
elementary converters (e.g. boost converter). The switch-on/-off events of each converter leg
is equally distributed in one switching period. The input and output capacitors are common and
each leg has its own inductor.

Out+
-

D1 D2 D3

IN+ L3
L2

thyvv\ = Cout

- Cin
L T G2 T2 Gz T3
IN- out-

This arrangement enables much lower RMS current value on the capacitors, lowering the

required capacitor size and/or voltage ripple. This configuration results also in better EMI
performance thanks to lower ripple and higher frequency. Due to smaller capacitor values the

dynamics of the converter can be enhanced.

Reference Design for flowPIM 1 + PFC Modules Rev. 01 page 11
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Gate signals of interleaved boost converter

The output power of the converter is distributed on the elementary legs of the interleaved

converter. This way the serial elements (inductors, semiconductors) will require lower current
capability.

5.3.2 PFC design

PFC is a CCM (continuous conduction mode) boost type interleaved converter. Boost
inductors CHOKE1, CHOKEZ2, CHOKE3, output capacitor C18, C19 (4.4 uF) and DC-link buffer

capacitors E1-E4 (3.28 mF). The capacitance is sized to reduce the output voltage ripple

Refe wPIM 1 + PFC Modules Rev. 01 page 12
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(100Hz) to an acceptable level and to meet the holdup time requirements.

LEDS
Designator Ll

AC-L Rectifier.schDoc e R1 470k/1%/1206 R28 oen
. D D
acL — TTORAN1206 7,7 ATORAN1206 e
pTc1 AN Dfp
{ >N Rect- [ . ° o ° ° .
1Z-100R < §
PTC2 g g
3 3
1Z-100R 8 g 2 2 2 3
PTC3 S S|,.8 1,8 2 2
<] ) E1X E2Y _|+E3Y _[+E4Y
J—m@ J—mﬁ ] 5 E 5
1Z-100R 2 2 E E E E
3 3 S 8 8 S
~ A2
: T
DCN
2 L[] oo
<@
N N
RY1 | il
1AET-15DEF / o - \ ,
SH 1 CHOKEL 3 12 56 22 1
.I‘m_. % :FW—M PFCL 3z s -
< 2 | RC20NISRI 4 EET g8 O mem
Y 1
N Q 9
48 1_CHOKE2 3 PFEC-PWM PFC3 ';:i o)
o SAAIN i 7
GNDFB ) 4 PWM-PFCL G25 g L8
P RC20N15RJ Vs 16 7
Designator PFC1-VS S25 PH2
PFC.SchDoc 1 CHOKE3 3 I ov |2
DcP 2 ppttttt 4 % pHa -4 {l
PFC2-VS s27
RC20N15RJ e |SL
pwm-PFC3 221 G2g 613 [l
27 G15 -
Eeg REO7 PFC3-VS s29 35
©_ 222 0.01/5W 30 DC1- |—35
gEnonn DCN — ] 31| PFCL- DC1-
TWh e — PFC1-
DOOO0O 0.01/5W pc2- 3
caaaa R609 70
0.01/5W 28 DC2-
(YY) i =t m— e oea. L3
0.01/5W )
[ R61L I
en 0.01/5W 2| e, T L2
- — 3
Designator | | ——Re12 123 33
InverterGateDrivers.SchDoc — PFC3 TH2

0.01/5W' \ g /
DEMAG

Ul
m_ Vincotech flow 1 power module

R20

100k/1%/0603] |

The PWM control of the boost converter is made with FAN9673. This is a three-channel
interleaved CCM controller for wide range line input applications from 180 to 265 VAC. The

switching frequency is programmed to 40 kHz with R187.

The IC is equipped with various protection features to ensure safe operating condition for both
the system and device. The PFC switching frequency can be programmed by R187 and DC-Link
voltage with R150, R210, R206, R147, C161 divider network.

Channel management and output voltage programming functions are disabled. The ready-signal
is not forwarded to the microcontroller. However, the PFC state can be predicted from the DC-

link voltage.

Reference Design for flowPIM 1 + PFC Modules Rev. 01 page 13
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PFC2-VS < o g
e UUU U sl
Designator PWM-PFC3 sl &)z 3 2 g
PfcDriver.schdoc PFC3-VS @ @ @ 2 3 33
. T 3 3
2 ol2 ala < g T
e, 8 8|8 8|8 g STOE v
GND-FB
E
L OO0 010
15V-F8 Iryeey R155 R174
220F10%16VI0603 3| =l & =| g <o 10k/1%/0603 < 10k/196/0603
TP10
15VFB o+« . . Test Point
R I -
G 8 6 868 w o o o4
*E19 Q KRC2465 KRC2465 KRC2465
C162 100uF/25V cM3 BE PFC-EN
GND-FB Ng
100nF/: cM2 = T
GND-FB
CcmL 100pF/10%/25V//0603
€99
1EAs (12 {}———¢-cnD-FB
1EA2 L R161 75k/196/0603
10 C102 — i
|EAL 100pF/10%/25V/0603 DSB-PFC=HIGH, PFC is blocked
o 9 100pF/10%/25V//0603
= £ —
98 ¢ £ rov——x || Cia3 PFC-EN=Low Allow PFC to start
52208z & 325 "
RI75 75k/19%/0603

1C25
FAN673Q

1
2
3
4
5
6
7
8

Cla
100pF/10%/25V/0603
100pF/10%/25V/0603
C145

i
1T

R176 75k/1%/0603

GND-FB!

c147
100pF/10%/25V/0603

R186 R185
12K/1%/0603 5.1K/1%/0603

10nF/f10%/25V/0603 | 10nF/fl0%/25V/0603

10nF/10%/25V/0603
jad
g =
<4
13{7K/1%/0603
Q=

470pF:

GND-FB

4TnF/109%/100V/0805

GND-FB

The CM pins are used to disable the operation of the controller. The microcontroller and the
hardware over voltage protection circuit can disable the operation of the PFC. The protection trip
point is at 440 V (this will be described in the hardware protection section). Q2-Q4 transistors
and ZD6 Zener diode with R155, R174 realize an OR gate to combine and level shift the two

signals.

The voltage control loop error amplifier is referenced to 2.5 V. The feedback resistor network

results in 385 V DC link voltage.
Let
Rip = Ryay = 19,6kQ
Rout = Ryso + Ra10 + Ra06 = IMQ + 1MQ + 1MQ = 3MQ

Then

2,5V

19.6k (19,6k + 1M + 1M + 1M) = 385V

v,
f
Vour = I;‘e (Rin + Rout) =
in

The PFC gate drivers are FAN73711 gate drive ICs with 22 Q turn-on and 18 Q turn-off
resistance. The driver has high frequency filtering. Since the PFC shunts are connected to the
exact same ground as the control, it is necessary to isolate the driver output from the control.

The bootstrap circuit decouples the emitter from the ground of the control.

Reference Design for flowPIM 1 + PFC Modules Rev. 01 page 14
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Bootstrap under voltage protection (UVLO) is utilized to avoid desaturation due to insufficient

gate voltage. When the bootstrap capacitor’s voltage is under 8.3 V (typical) the gate driver will
stop operating.

0 5o00v/ @ s500v/ @ so00v/ @ s 00s  10.00%/ Stop £ 2.23V

nh|‘[’|r'||r'|-"w'-ﬂ'""

Print Configuration Menu

44 Print to
<None>

PFC gate and current waveforms

The interleaved gate signals result a phase shifted current waveform. The 2" channel gate signal

(blue) was measured directly with a differential probe 1:10 and the two current waveforms on

Reference Design for flowPIM 1 + PFC Modules Rev. 01 page 15
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their corresponding test point. The current of the measured transistor (green) is rising when the
transistor is open, and zero when it is commutated to the boost diode. The output current of the
PFC stage is 10 A (3.3 A for each leg). Please note the high noise levels at the test points. This
is the result of the large ground loop created by probing the test points in the proximity of the
switching components. These points are primarily designed for the debugging of the

microcontroller without the high EMI from the power stage.

0 500w/ @ 100v/ @ 5.00v/ @ 2.00v/ 84328 12808/ Stop t E 1.9V

I ",ﬂl

F\{, o
IL'-\.-' I'-'-"'-'-'-"'-"'v'-"n mjl u m'-'ﬁr'il i) o [ P

| 1/AX = coHz | AY(1) = -256.25mV

Source X Y Y1 4D Y2 Y1 Y2
Normal 1 v 2.95000V 2.69375V

PFC start-up

After the system has been connected to the input AC power the DC link voltage (yellow) reaches
the peak of the input voltage. After the relay bridges the PTCs the PFC controller can be enabled
on PFC-EN (blue). At this time the controller synchronizes with the AC input voltage (purple) and
increase the current reference in phase with the input in order to raise the DC link voltage to the
desired level. The current can be observed on IPFC1 test point (green). After a slight overshoot

(Y1 cursor) the voltage settles at the set voltage (Y2 cursor).

Reference Design for flowPIM 1 + PFC Modules Rev. 01 page 16
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5.4 Protection circuit

The EVA board is equipped with protection circuits such as over-voltage and
demagnetization protection. The protection latch stores the fault condition and prevents

further operation. The microcontroller can reset the latches on GPIO7.

5.4.1 DEMAG protection

The permanent magnets of a motor exhibits a demagnetizing field whenever current
flows in the motor armature. This effect is known as “armature reaction” and will have a
negligible effect during normal operation. At high load the magnet saturates and the flux will
not rise proportional to the applied field. After this “knee” point of the B-H curve the magnet
will not return to its original state i.e. the dipoles change orientation. As a result of this, above
a certain level of current, the field magnets will become permanently demagnetized. Therefore,
it is important not to exceed the maximum pulse current rating of the motor. This can be
achieved by limiting the output current of the inverter. Both the positive and negative current
direction are compared (IC9, IC18) with a pre-set level (R214, R221 and R226, R227). If it is
exceeded, then the inverter gate drivers are disabled. The comparing voltage levels can be
measured on test points HWINVH-TD (TP27) -> 3 V and HWINVL-TD (TP28) -> 0.3 V.

INV-FAULL

-

R191

DEMAG TNV-FAULT
) 1K/1%/0603
DSB-PFC Blocking PFC  DEMAG compressor demagnetization protection DSB-PFC |
HWINVH-TD positive half cycle protection point threshold=3V=+55A-PEAK 33VFB D15 o |GND-FB
HWINVL-TD Negative half cycle protection point threshold=0.3V=-55A-PEAK L1SS355T1G

!

o ~

N74HC74MPWREP
IC16A

1 ==c116
[ 133vFB 100nF/10%/25V/0603

VCCEISND

R198 Ico
7

7 1IN+ OUT1 B
10k/1%/0603 2IN-  OUT2 3
R38
10 0ouT3 13

4IN- - OUT4
Ix-CMP 10K/1%/0603 L2 31N+

IU-CMP 3

cP

—{3.3V-FB

o
o]
=

E09FAE/0T/AUT| | O
3
14
|

3.3V-FB

c124
ND-FB )k

GND-|
100nF/10%/25V/0603

11
vcc A4IN+
2N+ 1
6

3IN-
1IN-

<_Ix-CMP > IV-.CMP
IW-CMP

GND

R212
20k/1%/0603
C128
-110%/25V/060:

LM2901AVQPWR TP27
3.3V-FB HWINVH-TD GND-FB &
IC18 il
GND-FB z 1IN+ OUT1 ﬁ(;
3.3V-FB 2IN- ouT2 7(
R0 10 LIS 13
9 4IN- ouT4
L0Ko65803 2] aine
3 1 8
3.3V-FB vce 4IN+ ; g
c133 ZS'I’;‘J {1GND-FB g
ND-FBF2 GND  1IN- ——{33v-FB g 100nF/1096/25V/0603
GN

100nF/10%/25V/0603

LM2901AVQPWR D-FB

3.3V-FB TP28
HWINVL-TD
R226 -
10k/1%/0603

HWINVL-TD

R227

1k/1%/0603 135
100nF/10%/25V/0603

GND-FB

The current transfer ratio is 25 mV/A + 1.65 V (as will be described), therefore the

comparator is set to trip at 54 A.
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Imax can be calculated:
3V = 2577 - Ipayx + 1,65V

3V—-165V
[max = - v = 54

25—
A

The fault latch (IC16) output can be observed on test point DEMAG (TP21), negated
output on test point INV-FAULT (TP19). The later signal also can be processed in the

microcontroller in GPIO28.

g so00v/ g 100v/ @ ¥ 30008 10008/ Stop £ @ 118V

Trigger Mode and Coupling Menu

42 Mode Coupling Noise Rej HF Reject Holdoff
Normal DC | | 60.000ns

Over current protection trip

When the simulated over current input (yellow) reaches the threshold, the
demagnetization protection output (blue) is triggered and holds the error until the RST signal

clears the flip-flop’s content.

5.4.2 DC-link over voltage protection
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On the output of the PFC stage there are several electrolytic capacitors. The voltage rating of
them is 450 V, which must not be exceeded under any condition. The Power module’s
switching transitions also create voltage overshoot; depending on various parameters
(switched current, transition speed, temperature etc.). The overshoot is added on top of the

DC link voltage.

For safety measure an over voltage protection circuit is added. Consisting of a hysteresis
comparator (IC12) and a latch (IC17). The comparator output is at HIGH level if the DC link
voltage exceeds 440V (3.1V on the input) and unless the voltage drops below 400V at the DC
link (2.83V at the input).

The comparison levels are:

v, = v X R __ kX0 ooy o3y
Y~ Rye+ Rgy X Ryy 1k + 15k x 10k 7" — @
Rg; 15k
Vy 3,3V = 3,11V

= V =
Rgy + Ryg X Ry7 15k + 1k x 10k

The input of the hysteresis comparator originates from an amplifier described in the analog
section. The transfer ratio of the amplifier is 7.04 mV/V. Considering this, the VL and V4 values

referenced to the following DCP values:

Ve =— Vi _a00v
Vo= oy
Lref = 04 mV/V -

This signal is then latched into IC17, which can be reset by the microcontroller GPIO7 pin. The
reset signal can be observed at RST (TP18), the output of the latch with negative logic at VDC-
FAULT (TP30).

TP20  TP29 TP30.
DSB-PFC DSB-PFC Test Point

- -
DSB-PFC

DSB-PFC D20 RL

L1SS355T14 11410603

GND-FB

7

C69
100nF/10%/25V/0603

Q

VCCghND

IC17A
SN74HC74MPWREP RST

cpP

3.3V-FB

o 1K/19/0603| 10K/196/0603
1005F10%/25V1060 (128
TLV2316IPWR
5
15id19/0603, z
[t

2k/19%/060;
00pF/10%/25V/0603
C68

2D(6|Q5
3
4
1

GND-FB; 3.3V-FB

15k/1%/0603
R89

R90

1M/1%/0603
R93
527 20k/1%/0603
o]
T
C70
1nF/10%/25V/0603

GND-FB

Hysteresis comparison voltage 3.1V=440VDC hardware protection
Regression voltage 2.83V=400VDC return
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g 5000/ g soow/ @ 5. 4980r 10008/ Stop £ 0.0V

Cursors Menu

2 | o |

Voltage hysteresis of the over voltage comparator

The simulated DC link voltage (yellow) trips the comparator output (blue) and resets it at a
different voltage level.

5.5 Three-Phase inverter

The three-phase inverter contains the FAN73711MX gate drivers for each IGBT. The
SN74LVC540APWR buffer is used to disable the inverter in case of DEMAG protection. The
FAN73711MX is a high current high side gate driver. It is configured as a high side driver for the
inverter’s upper IGBTs and as a low side for the lower IGBTs. The driver has built-in level shifter,
noise filtering and under voltage lockout. All three phases have low side emitter shunts in order

to measure the current for the MCU (further description in the MCU section).
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PWM Active low
Harness , 1c21 s o
uLL — AL Y1 D
UHL A2 Y2 oHE—rs
" GateSignals > VL1 5 A3 Y3 O—Vhs
_GateSignals > Vi i v Py
WL1 > A5 Y5 013w
WHI ¢ £ A6 Y6 045
GND-FB A7 Y7 o3¢
o 152) 152) ™ o o |_E A8 Y8 O—&
=3 [=3 o [=3 o [
8 8 8 8 (8 <8 1 ) 33V-FB
Sedsed8el3 203 9ls oL vee -2
RS RCER(CEBCERCERIR ci1
EOSElSES RS RS RS 19 N
3.3V-FBI El S =] = g g . OE2  GND
a —
. I SN74LVC540APWR ~ GND-FB
TP2l 100nF/10%/25V/0603
Test Point
[ DEMAG _L
€109 <R183

10k/19%/0603 &

GND-FB

1nF/10%/25V/0603

The DEMAG protection is presented in the previous chapter and its output can be observed
at DEMAG test point (TP21). The gate signals are connected to the corresponding gate driver
ICs.

Cdc - 15V-FB
GND-FB—]|
1UF/10%/50V//0805 ICqd
L vob've -8
) . Ron "33R/1206  BLM31PG121SZ11100pF/10%/25V/0603
[ I IN HO o L 5o} G
) o Roff (51R/1206 FBout B
Rin 3 6 G |‘ e
w31 Ne Vs <
100R/1%/0603 SODE1D-SH Doff =3 |5
GND-FBj6— 4 GND NG 2 ez |3
Cin 2 ¢ E >

1nF/10%/25V/0603 FAN73711MX

Filtering on the input is done with an RC filter. Each Driver IC has its own decoupling
capacitor. The diodes on the output of the gate driver ICs set the turn-on and turn-off gate
resistance to different values. The output current from the IC (turn-on event) is blocked by the
diode therefore only the Ron resistor is in the gate loop. The Rgon is 33 Q. During turn-off the on
and off resistors are connected in parallel and the resulting resistance of 20 Q turns off the
transistor. On the output a ferrite bead is used. In combination with the capacitor it creates a
LC filter.
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6.39A

O to0v/ @ 100v/ @ 100v/ @ 1004/ ¥ 2560s 20008/ Stop t [@

Save to file = scope_16 J

Save Recall Default Press to Quick Print
~ ~f- Setup Save |

Inverter output waveforms

With SPWM modulation a sine output voltage average can be achieved on the output of the
inverter. This measurement was done with differential probes on the three-line voltage which
is provided to a permanent magnet motor (LAFERT HPS 71 3600 72) with no load. The phase
current (purple) is measured at the u phase. The voltage measurements are the following

order: Vvw (yellow), Vuv (green), Vwu (blue). 3 harmonic modulation was used.
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0 toov/ @ 100v/ @ 100v/ @ 1.004/ 10008 2000% Stop t @@ 639A

Channel 3 Menu

4+ Coupling Imped BW Limit Vernier Invert Probe
DC 1M Ohm _ _ _ ~i

switching waves

The switching events of the previous setup can be seen above.

5.6 Interface to the MCU

The TMS320F28027FPTT microcontroller is driven by an external ceramic resonator (CT1)
CSTCE10M0G15C99-R0. It provides a stable 10 MHz clock signal for the MCU.

The JTAG is disabled for normal operation on TRST by pin a pull-down resistor (R301).
The pin can be pulled high externally on pin2 of CN5 connector. All other pins of the JTAG
interface can be accessed on the connector including two emulation references. The connector

is compliant to TI's design recommendation and IEEE 1149.1 standard.
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C C
2 ke
B ©
5 £ £ S
[N a a [
T™MS 1 2 TRST
TDI 3 4 GND
3.3V 5 6 NC
TDO 7 8 GND
TCK 9 10 GND
TCK 11 12 GND
EMUO 13 14 EMU1

Figure 2: Pin mapping of CN5 connector

The reset pin (XRS) is pulled to 3.3 V with an RC circuit (C113 and R199).

The internal voltage regulator is enabled (VREGENZ). The analog channels measure the

AC input voltage, PFC current for each leg, DC-link voltage, output phase voltage, current and

NTC voltage.

Channel

Symbol | Description

A0
Al
A2
A3
A4
A6
A7
B1
B2
B3
B4
B6
B7

All gate drivers are connected to an enhanced PWM unit.

3,3V 3,3V rail

Vout-V V phase output voltage

Vout-U U phase output voltage

Vout-W | W phase output voltage

IPFC2 PFC leg2 current
IPFC1 PFC legl current
IPFC3 PFC leg3 current

W W phase current

v V phase current

1) U phase current

VvDC DC-link voltage

NTC PIM thermistor voltage
VAC AC input voltage

EPWM Ch | Gate
EPWM1A UH1
EPWM1B ULl
EPWM2A VH1
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EPWM2B VL1
EPWM3A = WH1
EPWM3B WL1

The parameters (32K x 8bit) can be stored in an external I2C EEPROM BR24T256FVT-W
(IC24). The serial communication and the EEPROM can be reached thru the built-in hardware
serial interfaces.

Interface | Device

12C EEPROM
SCi RS485 COMMUNICATION

The general inputs and outputs are connected to the remaining pins of the controller. Input pins

can be assigned to trip zones to react to their state changes in real time.

GPIO Function 1/0 TripZone
GPIO6 DSB-PFC IN

GPI07 RST ouT

GPIO12 | VDC-FAULT | IN TZ1
GPIO16 LED ouT

GPI017 RDE ouT

GPIO28 | INV-FAULT IN TZ2
GPIO29 | PTC-CON ouT
GPIO34 | PFC-EN ouT

5.6.1 Analog measurement

For controlling the inverter analog signals have to be measured by the MCU’s ADC. The analog
channels, to which the signals are connected, were described in the previous chapter. This

chapter gives a deep explanation on the different channel’s transfer functions.
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p=s
Transfer 1A-CMS=50mV/
TA-CMS=1A*0.005Q%10+1.65
PFC Current sampling, software for unbalar

TP12 P22

IPFC1 Y GND-FB
R70 R73
Designator Designetar 1nF/L0%/25V/0603 | C60 10K/19/0603  20K/1%/0603
PicCurrentieas schdoc InvClirentMess schdoc .3V-FB
470k/1%/1206 R75  470k/1%/1206 T Re3 P26
PFCI-SHUNT—> SH OUT [ TPFCT TUSHUNTD— > SH  OUT [t AC-L| GND-FB Tont 2oint
R71  470k/1%1206 R72 20K119/0603 20K/19/0603
DN SH- P13 DCN}{ SH- IxCMP [t res L1SS355T1G R4 |cup
IPFC2 100pF/10%/25V/0603 D18 = TLV23161PWR
Designator - Designator o ¥ > 7, 21910603
PicCurentias schdoc IvClirentMeas.schdoc Ao 470K/1%/1206 R78  470k/19%/1206 | R79 -
PFC2-SHUNT - > SH OUT [ TPFCZ R8L  470K/1%/1206 RS2 20K/1%/0603 p1g g
o2 L1SS355T1G 2
DCNH{ SH- =5 1nF/109%/25V/0603 R84 10k/194/0603 T
g3
o 220V-RMS=220*1.414*5/1430+1.65V mid-point  GND-FB R86" 10K/196/0603
Des:gnawr Des:gnalor [=5/1430 Cutoff frequency=113Hz 100pF/10%/25V/0603
PicCurrentMeas.schdoc invCurrentileas.schdoc Transfer 1V-CMS=3.5mV/
C64 100pF/10%/25V/0603
PFC3-SHUNT—_ > SH OUT [t TPFC3 4
DCNH_ SH-
§
8%
-3}
g
{_Ix-CMP - g
P
Voltage Measurement g &
TP15 2 fest Point
Vit 82 D21y y L1SS355T1G
IS
— 5
cn Designator
33V-FB T00NF/10%/25V/0603 OutputDevider schDoc g
> — VOUT-U m§
2
&g
] 8
P16
5 100pF/10%/25V/0603
VOUT-V NP GND-FB
Designator Transfer IVDC=TmV/
OutputDevider schDoc 380VDC=380*10K/1420K=2.676V
€65 P17
33V-FB VOUT-W

GND-FB
100n+/10%/25V/0603
IcuA Designator

LV2SIEIPWR OutputDevider schDoc

The input AC voltage, PFC leg current, DC-link voltage, output phase voltage and inverter

phase DC- current are measured.

The input AC voltage is measured by a differential amplifier circuit. The non-inverting input is
referenced to mid voltage of the 3.3 V rail (R70, R73 and R74). This creates an offset to the
output in order to be able to measure negative voltage on the input. Given that

R79 X (R73 X R74) = Rgq X Rge and Ry1 + Ry5 + Ry + Rgz = Rgy + R7g + Rgy + Ry
the output can be calculated with the following calculation.

Rgy X Rgg LV (R73 X R74)
Rgq + Ryg + Rgy + Ryg 33V (R73 X R74) + Ry

Vac = (Vac-1 = Vac—n)

The transfer function of the amplifier:

ok +33 10k = Vi 65y
"1430k T 10k + 20k x 20k~ 286 =

Vour =V;
The PFC current to voltage ratio is 3.5 mV/V offset by 1.65 V. The input differential voltage is
clamped with a pair of antiparallel diodes. To reject high frequency noise a filter is utilized. The
input divider’s resistors in combination with C60 and C62 form a low pass filter with a cutoff

frequency of 133 Hz.

Each output phase voltage is measured directly via a voltage divider.
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Rinl
470k/1%/1206

Rin2
470k/1%/1206

Rin3
470k/1%/1206

ouT

Cout
1nF/10%/25V/0603

GND-FB

The output voltage to ADC ratio can be calculated with the following equation and relative to
FB-GND:

Rout 10k 10

V. = V = V.
S Rin+ Rowe  "3-470k + 10k ™1420

Vour = =Vin-7m

The transfer is 1 V/7 mV. Consider 380 V DC link voltage

10
Vour = 380V + o0 = 2676 V

The output phase voltage feedback Vout-u, Vout-v, Vout-w can be measured on (TP15, TP16, and
TP17). The DC-link voltage is measured similarly and buffered with a voltage follower amplifier

and clamped to the 3.3 V rail. It can be measured on TP25.

Inverter and PFC shunt current measurement is done by a differential amplifier.

200k/1%/0603 200k/1%/0603
Rgnd R3:3V

GND-FB 3.3V-FB

10k/1%/0603
2K/1%/0603

ouT
100pF/10%/25V/0603 Rout _Lg
q ICoaB o

Rn
10K/19/0603 TLV43161PWR

1M/1%/0603

Rf (100k/1%/0603| GND-FB
N9 100pF/10%/25V/0603

|
Cf 1T "100pF/10%/25V/0603

The non-inverting input is referenced to mid voltage of the 3.3 V rail (Rgnd,R3.3v). It offsets the
output in order to measure negative current on the shunt with a single-ended input. Given that
Rgnd X R3.3V = Rf and Rn = Rp

the output can be calculated with the following calculation:
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R R

f gnd
Vv = Ve — Very Y=+ V. R Lt —
out ( SH SH ) Rn 3.3V Rgnd R3.3

The voltage drop on the shunt is:
Vshunt = Repune " I = 0.005Q -1

Finally, the transfer function of the amplifier (PFC):

Ve = (0.005-1) 10k +33 200k
out = A= 100k =~ 200k + 200k

= 0.05] + 1.65V
The PFC current to voltage ratio is 50 mV/A offset by 1.65 V The Inverter current to voltage

ratio is 25 mV/A offset by 1.65 V.

5.6.2 Communication

Fully isolated serial communication is used to control the inverter externally (e.g. HMI /
service). This interface is realized with a RS485 line driver (IC23) and opto couplers for
isolation. The secondary side of the communications section has its own isolated power supply
(see in aux power supply chapter). The receiver, transmitter and direction signals are

galvanically isolated from the MCU which is referenced to the high voltage ground.

Y%
Communication maximum baud rate 9600Bps

R138 33V-FB
10k/19/0603 TP8

R142
10k/196/0603
]

o A X0
&, AorLeiseE RLs4 060
TPS R156 sV
RS485A 1K/19/0603 o
FB10 BLM31PG121SZ1L 5 4 R139 3.3V-FB
CN4 gy matPGI2ISZIL , com GND D 10119610603 ™ ™9
1 ———5v FB1L 6 3 g DRE
2 R1g4 SNot assembled A DE R4 60 PC3 g
B 3 e =2 y 4 O] 1 =] -
4 FB12 BLM31PG121SZ1L TV ZovI080 N I3
[BLm31PGI21SZIL , 8 1 LSMBO Svioegs A 2 ES
XH4A om svt vee R DRE
R195 L] R145
6 1190603 ;0 SNESLBC184D! o HepLeL-sel 1k/1%10603
RS485B FDnF/lO%/ZEV/DBOS 33v-FB
com TP7_RXD
com R146
10k/1%/0603
R172
10k/1%/0603, R213
R149 1110603

3.3K/1%/0603 | nF/10%/25V/0603
HCPL-817-50BE
GND-FB

The opto isolators PC2, PC3 and PC4 (HCPL-817-50BE) offer 5000 V isolation. The line driver is
a differential transceiver SN65LBC184DR, which is compliant with the RS-485 specification. It
also has built-in voltage suppression, thermal protection and power-rail glitch protection. All
lines has ferrite beads for noise cancelling. The output of the RS-485 communication can be
connected via CN4, which has also the 5 V power and GND reference. The output signal can be
measured at TP5 (A) and TP6 (B) and must be referenced to the isolated ground at TP3 (COM).
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C
S
B
£ S
I & Z
1 COM
2 4858
3 485A
I 4 +5V

Figure 3: Pin mapping of CN4 connector

The connection to the MCU is an ordinary duplex serial line communications by a direction
input (DRE). In case of DRE is on a high level the data direction is set to output and data can
be transmitted on TxD line. When the DRE is low, the differential transceiver is set to receive
data to RxD line on the MCU. These signals can be observed on TP7 (RxD), TP8 (TxD) and
TP9 (RDE) and must referenced to the MCU’s ground at TP2 (GND-FB).

These points are at 3.3 V voltage level.

5.7 Auxiliary Power supply

For the control circuitry several voltage rails have to be supplied. The DC link voltage have to
be lowered, and regulated. The rail for the communication have to be isolated from the high

voltage.
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DeN| GND-FB

HCPL-817-50BE
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100nF/10%/25V/0603

Ic14
KiA431AF

15K/196/0603

L5
0630CDMCCDS-8R2MC

603

}W‘

122
3N sw

10R/0603 Cf 3
RI51
100nF/10%/25V/0

100K/196/0603

ENVBST

- | o e
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TPS54202DDCR

S
)
RI73  3.3K/1%/0603

10k/1%/0603  R153

3K/196/0603

GND-FB

The TNY278 flyback controller (IC20) regulates and switches the current on the T1

transformer. The two windings on the secondary side of the transformer create two separate

voltage rails: One for the control circuitry and one for the isolated side of the communication.
The feedback of the converter is referenced to the 15 V rail (15V-FB) and feeds back on PC1
opto-coupler. The 15 V rail can be measured on TP11. A 3.3 V rail is created from the 15V

supply for the control circuitry. The TPS54202DDCR buck regulator is a 500 kHz synchronous

buck converter. It needs few complementary parts. The feedback resistors R94, R97 and R100

set the desired 3.3 V output voltage for the converter.

TPL
3.3V-FB
-~
L3
0630CDMCCDS-8R2MC |
15V-FB L 2 R94 el S S o
o L w8 RS ©SY 22 2
~ S a8 Ol © O] fw|+ duwf+
o) (8] %) o 2R > > [ [
g IC13 S 3 S T8—T 3T 32
g |8¢ ) | w88 g 2 g2l S| S
a2 o2 S VIN SW g> 8y 2|3 2 S
5 2 > 2 xc S|l d = =
T} b o 6 S o — L S =}
] S S ENVBST =S ISy Q N
= N ™ S
o o o 4 —
SN 8 VFB
L NI 3<S - GND-FB
S 8 ®¢3 1 =S8
= ] S GND 528
o S
& TPS54202DDCR GND-FB )
GND-FB 4
§ —
S8
S x
3
o
—
GND-FB
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_ Vig - (R94 + R97 + R100)

out = R97 + R100
0,596 (100k + 12k + 10k) 23y
out ™ 12k + 10k o

For the inductor (L3) a 8.2 pH inductor is used. Its peak current value is well below the

saturation current.

Vour (VIN(MAX) - VOUT)

I =1
L(pK) = fOUT(MAX) T 1 6. Vinwaxy * Lour * fsw

,_33:(15-33)
1,6 -15-8,2u - 500k

IL(PK) = 0,5 = 892mA

6 Schematic

Reference Design for flowPIM 1 + PFC Modules Rev. 01 page 31



Vincotech

2

BTB750-01-3-1

Designator Designator
CN1 Filter.schDoc >|0th Rectifier.schDoc
AC-L
! i Int Out} L L Designator
2 5 ner PowerSupply.SchDoc
ot A
> 2 Out2 N Re DC-
. o
BE
“ -
AELIRRRN
PE 2 2 lmE _Itp¥ ¥ lrm?
. . C163 c198 ] ] 5 ] Output oN2
& nep = % 2 ] ] ]
] & a % % % 3 [ w 1
mx&b : . e Quiputh= ¥ %
= z % u 3
8 leo_lc3s 8 DeN ~
2 2 ssvil 4 3 BTB750-01-3-1
sv-FB}
a a
1 _CHOKE1 3 \
. Lﬂ. Lﬂu 117 g e ] L v
R 36 7 ] PE M 2 RC20N15RY 4 13 PFC2
2 s 2
= = a 46
g E g 2 1_CHOKE2 ~PICPWN PFC3
m_ BCN m GND-FB 2 | PwaeprCL T G2
9 3 DCp — RC20N15RI PFC1.VS 16 ] 535
PFC.SchDo¢ n 1 O-EOE PWM-PFC2 27 G277
DCP  RECT+
= PFC2.VS —28 537
RC20N15RJ
PWM-PFC | PwWM-PFC3 —22 G29
W W m — J PFC3.vS —2L ] 529
mmmmm
Designator : 0.01/5W 2
HuwProtection SchDoc Designator _ onyrﬁ S TP Cl m
i InverterGateDrivers.SchDoe 0.01/5W // £ \ 2
DEMAC Designator 2 57 Ul W
e MisroContiollerSchDoc Vincotech flow 1 power module 2 PIM-TEMP
INV-FAULT [ - 20
WUGM 100nF/10%/25V/0603
Ix-CMP
U " GND-FB
L -
HighSid -
DCP| s > DCP
PIM.TEMPF————— > PIM-TEMP  -SHUNT

1U-SHUNT
IV-SHUNT
IW-SHUNT

Rev. 01\/ page 32

Reference Design for flowPIM 1 + PFC Modules




v

Vincotech

ad

ad

dXIN0E0SZED

VRI
820423211

=
=
=
=)
5

()
N,
22nF/300V/10/20%  2.2nF/300V/10/20%

aQ
o
=

aQ
o
=]

8€D!

1uF/30ﬂ//27.5/10%

|_.

2.2nF/300V/10/20%

s

VOCHWS /P T0-db-8€LT
T

w =

R.2nF/300V/10/20%

aQ aQ
= =
=

o
2.2nF/30P\7/10/20% 710/20%
1

<

2.2nF/300V/10/20%

£10=

I
Mg
1uF/305V/27.5/10%

IS =

w

VOE-HWS T/ 10-db-8€LT

e

%0T/SLTYASOELNT _L

ano
o

Reference

Design for flowPIM 1 + PFC Modules

Rev. 01\/ page 33



v

Vincotech

o (o] o
B
)
5
vl
o
2
N
%%01/S TT/ A0EY/ANT T
11
(e}
¢
%01/$ TT/A0EY/ANT T
I}
@
o
%0T/S TTA0E9/ANT T
I
11
(@]
a
2
g »
. g
g
£
5 | . | -

Reference Design for flowPIM 1 + PFC Modules

Rev. 01\/ page 34



Vincotech

Designator
PfeDriver.schdoc PFCPWM S CPECL-SHUNI
H o NG[ i PWM-PFC1 | mm <_PFC2-SHUNIC
g
7 E g = =
D EECIeYS DCN = _PFC3-SHUN]
PfcDriver.schdoc PWM-PFC2 GND-FB  GND-FB
NG S PWM-PFC) { g 2
[ PFC2Vs s . . - S - 2
= PWM-PFC3 U UTUUTU U g 5 Z g
: & : : : g
Designator : i|: 4|& & . K mm %3 )
PfeDriver.schdoc PFC3.VS Ea CM = 5 =1
=4 + |+ , |+ " (233 2, e 5
me g gglo gl gl ~T ¢ STPE vm
GND-FB
= SR il v v (0] vl
{reren) R15S R174
22ur10%/16v0603 7| «| o = gl o = = 10k/19%/0603  10k/1%/0603 oo
15V-FB Test Point
+ L L (Y
2g88888"° -]
25 5 5] 5] 16 - @ o
*E19 OFFC3 IR a KRC2468 KRC246S
cie ] Y 26 | oprc2 o 12 8% ( DSBFFC_] FFCEN ]
SHDAHD, 27 14 8
00nF/10%/25V/0603 OPFC1 o ¥
28 13 GND-FB
VDD CHL 100pF/10%/25V /0603
RI50 1M/1%/1206 R206 - 29 12 112
Z FBPFC IEA3 2 1t |GND-FB
IM/1%/1206  R210 E\G..\:o&lo_@ .,
g 30 | vEa Eay L RI161 75k/1%/0603
= _I.
470pF/10%25V/0603| & 31 10 C102 s :
B 88 o 100pF/10%/25V /0603 DSB-PFC=HIGH, PFC is blocked
32 = 8 9 100pF/10%/25V /060 -
g ged - IRl e PFC-EN=Low Allow PFC to start
19
s e B Z A B R A B 8 10
% 1C25 RI175 75k/1%/0603
3 - wf o] W o o FAN9673Q L~
s C144
= 100pF/10%/25V/0603
| 100pF/10%/25V /060
2 || Cl45
FB 1T
GND-FB R176 75k/1%/0603
VN cla7
4.8NTT%1206 100pF/10%/25V/0603
&
1M/1%/1206 g =3 g8 8
= RS g Zrig7 R186 RISS
Q gz SIS 12K/19%/0603 5.1K/1%/0603
e F=—c15K =8 ==c15 ——c151 —=c10
2 R159 5T Bs m 10nFf0%/25V/0603 | 10nFfl0%/25V/0603
= 200k/1%/0805 & X
3 El 2
= =i 5
) <
S GND-FB
5 R160 | C157
g 4700F/10%/16V /0603

GND-FB

Rev. 01\/ page 35

Reference Design for flowPIM 1 + PFC Modules




Vincotech

Cde 15V-FB

Rbst

Dbst

1uF/10%/50V /0805

HSIM

ICgd 101

I
GND-FBI—]
" T 51”206
1uF/10%/50V /080
1

S

Rin

100R/1%/0603 x
4
GND-FB| Cin

N

NC

<UvV|\<w

HO

vs

GND NC

! Chbst
1
uF/25 + ‘mitter
8 Ebst

Ron 22R/1206 BLM31PG121SZ1N00pF/10%/25V /0603

3
g
3

52

i

2

¢ G >
5
H
o
F

1nF/10%/25V /0603 FANT3711MX

Rev. 01\/ page 36

Reference Design for flowPIM 1 + PFC Modules




Vincotech

2.2nF/10%/25V /0603

Rev. 01\/ page 37

Reference Design for flowPIM 1 + PFC Modules



Vincotech

Rev. 01\/ page 38

JTAG test reset
01, 2.2K/1%/0603
Device Reset GND:B Lite ool v24
Rige, LK1%/0603 — i
33V-FB GPIO29/SCITXDA/SCLATTZ3 GPIO28/SCIRXDA/SDAATTZS
n:,\u ¥ €110 ' 100nF/10%/25V 0603 TRST RS e Ly ;q
GNp-FBf | xRS x2 8 1 GND-FB
100nF/10%/25V /0603 I_ ADCINAG/AIO8 X1 —=—X1 122
%L ADCINA4/COMP2AP/ATO4 vss T 2.2uE/10%016V/0603
" PFC2-SHUNTIPEC2 [ ADCINAT VDD
= PRC3.SHUNTIPFC3 [ | ADCINA3 GPIO7/EPWM4B/SCIRXDA — RST
= w vourw 5| ADCINAL GPIO6/EPWM4A/EPWMSYNCI/EPWMS YNCO [— DSB-PEC
= voury ADCINA2/COMPLA/AIO2 GPIOS/EPWMBB/ECAP] o
v ot 3.3V-FB} ADCINAO/VREFHI GPIO4/EPWM3BA 5o
cus | =— VDDA GPIO3/EPWM2B/COMP20UT 3= T Harness
2.2uF/10%/16V/0603 VSSA/VREFLO GPIOY/EPWM2A (—2 3.3V-FB WLL
GND-FB 1 ADCINBL GPIO33/SCLA/EPWMSYNCO/ADCSOCBO 52— CLK c117 WHI1 _
5 ADCINB2/COMP1B/AIO10 VDDIO —= 2.2uF/10%(16V/0603 VI \ ey
buog 5| ADCINE3 VREGENZ | 53¢ |GND-FB VH1 /o =eans)
v =— ADCINB4/COMP2B/AIO12 vSs 35 L ctro UHL
W 41 ADCINBG/AIO14 VDD (7 T 2.2uF/10%/16V/0603 ULL
i pep Ve [ 5| ADCINB7 GPLO32/SDAA/EPWMSYNCI/ADCSOCAO —55—{SDA -
5~ GPIO34/COMP20UT TEST (55
VAC =>— GPIO35(TDI) GPIOO/EPWM1A ”
w| GPIO36(TMS) GPIO1/EPWMI1B/COMPLOUT ww R170 LED . SaMIDIIEY
Designator (PR 5 GPIO37(IDO) GPIO16/SPISIMOA/TZ) —5¢ x {33V-FB
Analog.SchDoc & 55 GPIO38/XCLKIN(ICK) GPIO17/SPISOMIATTZ3 (—52 IKN%0603 )
CTECEN ] GPIO18/SPICLK A/SCITXDA/XCLRERI@19/XCLKIN/SPISTEA/SCIRXDA/ECAPL CREEN N3
TMS320F28027FPTT GND-FB| 4
Ve 4
U_Communication 2
> TxD RxD .Cfa_lﬂ 1
DRE | XHAA
Communication.SchDoc
CNS5.
™S |—1
TRST—5
IDI—
GND-FB—
33V-FBI—¢
33V-FB 3.3V-FB — o
GND-FB
o1t EEPROM mzuuamm 10 |
51 | CSTCEL0MOG15C99-RO T R197 R302 ToR|—1L ]
5 T T 100nE710%/25 /0603 4.7K/1%/0603  § 4.7k/1%/0603 GND.FB
g _E 1 |8 T Cl14 3 4
m 2| = —GND-FB a0 —ce B g
2
gsl 2la1 we S (8 254 pitch double row pin header
= Ny
X 3 a2 scL E W
4 s
GND $DA ail
GND-FB  BR24T256FVT-W SDA
1 2 3 4

Reference Design for flowPIM 1 + PFC Modules



Vincotech

1 3 3 4
p=s
Transfer 1A-CM$=50mV
1A-CMS=1A*0.0052*10+1.65V mid-point
PFC Current ling, software for unbal, d i
TP12
IPFC1 GND-FB
R70 RT3
T - T 1nF/10%/25V/0603 | C60 10k/1%/0603  20k/1%/0603
Dss il T CurrentMsassehid BVEFD,
470K/1%/1206 R75  470k/1%/1206
PFC1-SHUNT— > SH OUT [ TPFCL TU-SHUNT— > SH  OUT [ ACAL GND-FB T
—— R71 470k/1%/1206 R72 20k/1%/0603 20k/1%/0603
DCN SH- DCN| SH- Ix-CMP [_+—— R74
Ho IPFC2 H= 100pF/10%125/0603 i &,
; ; 2K/1%/0603
D tmator e Desigoator S 470K/1%/1206 R78  470k/1%/1206 T VAC
AC-N RS0 g
TPFC2 IV-SHUNT — > SH  OUT R81 470k/1%/1206 RS2 20k/1%/0603 p19 8
i B4 . L1SS355T1G 2 &
RN PFC3 DCNH > SH- Ix-CMP [y o 1nF/10%/25V/0603 R4 10k/1%/0603 8 (o3
- 220V-RMS$=220*1.414*5/1430+1.65V mid-point GND-FB oe 1 anosog | AR " il
Designator Designator B=5/1430 Cutoff frequency=113Hz 100pF/10%/25V/0603
Pe tMeas.schdoc TnvCurrentMeas.schdo. Transfer 1V-CMS=3. 5mV
€64 100pF/10%/25V /0603
PFC3-SHUNT— > SH OUT [t TPFC3 W-SHONT— > SH  OUT w > F
DCNH_ 8H- DCNjH_> SH- Ix-CMP _UI_
388 2
2O ]
EZE oM »3
< g3
- ]
—_— g
{ x-CMP 5 ©
g
52
&
Voltage Measurement g B
3 TP25,
TP15 Q8 Test Point
VAELE 53 L1SS355T1G
Designat =
c77 CREPIOL 2K/1%/0603
3.3V-FB 100nF/10%/25V /0603 OutputDevider.schDoc 8
8
-FB oD 8
B %
g= IC15D S
IGND-FB & TLV4316IPWR s
il zuLco m\_zofﬁﬁo%u 3 =
1019 e oDTB omwomwao,\..\aio%ul
; P!
TINASIOIEWR Designator Transfer IVDC=7TmV
OutputDevider.schDoc 380VDC=380*10K/1420K=2.676V
65
3.3V-FB GND-FB
100nE/10%/23V /0603
ICILA Desianat
gnator
GND-FB TINV2SLGIEWR, OutputDevider.schDoc
1 2 3 4

Rev. 01\/ page 39

Reference Design for flowPIM 1 + PFC Modules




Vincotech

Transfer 1A-CMS=50mV
1A-CMS=1A4%0.005Q*10+1.65V mid-point
PFC Current sampling, software for unbalanee detection
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7 Hardware description

The following section gives a description of the hardware.

RS-485 Auxiliary
communication power supply

@ .,

o, llu”““'

A g

it it
) ‘! ft M !,m!m, ‘“
7 I

/ ':’

‘l,l,-n

’/”’”'"f’wg u'v . wEERE="=
MU ’ ' l | %

PFC chokes

Input
terminals

&

Motor connector

EMI filter Inrush current
y protection

Figure 4: The EVA board
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@

Rectifier cooling Power module
surface is elevated cooling surface
-
- -

Figure 5: The hole profile and heatsink design ‘

7.1 Dimensions and Board Layout

The board dimensions are 320 mm x 200 mm with four layers of 2 oz copper (70 um) and an

insulator thickness of min 2 mm.
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JILUWATT.MPB191019

.

Document No 3IL.UWATT.MPB.191019 ‘ TG temperature class: 140
verson No. V03 Material: Four la ard | Plate thickness 2mm % 0.1mm CTl: 2600V
Tec kness: ' 20Z ( 70uM + 10% ) RoHS compliant
Fla ant grade: ULO4V - 0 [ FR-4 [1|Plate color: Red

Technical requirement:
1. All pads are made according to PTH 2. The minimum line width / line distance processing capacity meets the requirements of 8mil

3. PTH copper wall thickness of vias and pads shall be no less than 20um without special requirements; 4. For all via with hole size = 0.5mm, make oil cover for via

Figure 6: Top layer and overlay
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Figure 7: Mid1 layer
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Figure 8: Mid2 layer
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Item Name Brand Type Parameter Reference Qty
Power VINCOTECH 10- 50A/600V power Ul 1
Module PGO6PPAO50 module, PFC-INV
S102-
1 LHO4E08T
Res_SMD Yageo 1206 470k/1%/1206 R1, R24, R28, R58, R60, 21
R61, R62, R64, R65, R66,
R67, R68, R71, R72, R75,
R78, R81, R82, R238, R240,
2 R243
Res_SMD Yageo 0603 100R/1%/0603 R6, R11, R15, R19, R37, 9
3 R46, R51, R56, R275
Res_SMD Yageo 0603 33k/1%/0603 R7, R12, R25, R34, R35, 9
4 R47, R52, R57, R111
5 Res_SMD Yageo 0603 47R/1%/0603 R16 1
Res_SMD Yageo 0603 100k/1%/0603 R20, R33, R94, R96, R152, 8
6 R201, R211, R225
Res_SMD Yageo 0603 1k/1%/0603 R22, R41, R76, R91, R124, 19
R126, R140, R141, R144,
R145, R156, R170, R191,
R195, R199, R213, R214,
7 R227,R303
Res_SMD Yageo 0603 10k/1%/0603 R23, R38, R40, R59, R63, 37
R70, R77, R84, R86, R100,
R120, R121, R122,R138,
R139, R142, R143, R146,
R155, R162, R172, R173,
R174, R177, R178, R179,
R180, R181, R182, R183,
R184, R198, R209, R221,
8 R226, R254,R185
Res_SMD Yageo 0603 200k/1%/0603 R26, R27, R189, R190, 6
9 R207, R208
Res_SMD Yageo 0603 20k/1%/0603 R29, R31, R39, R69, R73, 23
10 R74, R79, R83, R93, R99,
R101, R102, R103, R104,
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R105, R106,R154, R187,
R193, R212, R215, R223,
R255
Res_SMD Yageo 0603 2K/1%/0603 R30, R80, R88, 15
R107,R108,R109,R110,
R112, R113,R114, R115,
11 R116, R196, R218, R252
Res_SMD Yageo 0603 1M/1%/0603 R32, R42, R85, R90, R117, 11
R118, R119, R163, R200,
12 R224, R256
13 Res_SMD Yageo 0603 15k/1%/0603 R87, R89, R125 3
14 Res_SMD Yageo 0603 12k/1%/0603 R97, R186 2
15 Res_SMD Yageo 0603 3k/1%/0603 R127 1
16 Res_SMD Yageo 1206 100K/1%/1206 R129, R130, R131, R132 4
Res_SMD Yageo 1206 1M/1%/1206 R134, R135, R136, R137, 9
R150, R157, R158, R206,
17 R210
18 Res_SMD Yageo 0603 19.6k/1%/0603 R147 1
19 Res_SMD Yageo 0603 470k/1%/0603 R148 1
20 Res_SMD Yageo 0603 3.3k/1%/0603 R149, R153 2
21 Res_SMD Yageo 0805 200k/1%/0805 R159 1
22 Res_SMD Yageo 0603 16.2k/1%/0603 R160 1
23 Res_SMD Yageo 0603 75k/1%/0603 R161, R175, R176 3
Res_SMD Yageo 0603 470R/1%/0603 R164, R165, R166, R167, 6
24 R168, R169
25 Res_SMD Yageo 0603 36K/1%/0603 R171,R192 2
26 Res_SMD Yageo 0603 39K/1%/0603 R188 1
27 Res_SMD Yageo N/A Not assembled R194 1
28 Res_SMD Yageo 0603 4.7k/1%/0603 R197, R302,R205 3
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29 Res_SMD Yageo 1206 4.02M/1%/1206 | R202, R203, R204 3
30 Res_SMD Yageo 0603 2.2k/1%/0603 R301 1
31 Res_SMD Yageo 1206 51R/1206 R2, R5, R10, R14, R18, R36 | 6
32 Res_SMD Yageo 1206 5.1R/1206 R3, R8, R43, R48, R53, R92 | 6
33 Res_SMD Yageo 1206 33R/1206 R4, R9, R13, R17, R21,R98 | 6
34 Res_SMD Yageo 1206 22R/1206 R44, R49, R54 3
35 Res_SMD Yageo 1206 100R/1206 R45, R50, R55 3
36 Res_SMD Yageo 0603 10R/0603 R95, R151 2
37 Res_SMD Yageo 1206 750R/1206 R123 1
38 Res_SMD Yageo 0805 22R/0805 R128, R133 2
Cap_SMD MURATA 0603 47pF/10%/100V/ | C118,C126,C131,C137,C39, | 6
39 0603/X7R ca1
Cap_SMD MURATA 0805 470pF/10%/100V | C92, C96 2
40 /0805/X7R
Cap_SMD MURATA 0805 47nF/10%/100V/ | C98 1
41 0805/X7R
Cap_SMD MURATA 0603 470pF/10%/200V | C141,C152, C161 3
42 /0603/X7R
Cap_SMD MURATA 0603 100nF/10%/50V/ | C20, C65, C66, C69, C72, | 25
0603/X7R C73, C77, C89, C93, C95,
C103, C108, C110, C111,
C112, C113, C114, C116,
C124, C129, C133, C135,
43 C150, C162,C160
Cap_SMD MURATA 0603 1nF/10%/50V/06 | C56, C57, C59, C60, C62, 14
03/C0G C70, C109, C121, C128,
C142, C148, C154,
44 C156,C172
Cap_SMD MURATA 0603 100pF/10%/50V/ | C24, C27, C30, C33,C40, 36
0603/C0G C42, C45, C49, C54, C58,
C61, C63, C64, C67, C68,
45 C74, C78, C79, C80, C81,
C82, C83, C84, C85, C86,
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C104,C120, C134,C146,
C149, C99, C143, C145,
C102,C144,C147
Cap_SMD MURATA 0805 1uF/10%/50V/08 | C6, C7, C8, C22, C23,C26, | 17
05/X7R C29, C32, C43, C44, C47,
C48, C51, C52, C53,
46 €97,C100
Cap_SMD MURATA 1206 10uUF/10%/25V/1 | C71, C101 2
47 206/X7R
Cap_SMD MURATA 1206 22UF/10%/10V/1 | C75, C76, C106, C153 4
48 206/X7R
Cap_SMD MURATA 0603 10nF/10%/100V/ | C105, C151, C155 3
49 0603/X7R
Cap_SMD MURATA 0805 10UF/10%/16V/0 | C107 1
50 805/X7S
Cap_SMD MURATA 0603 2.2uF/10%/16V/0 | C115, C117, C119, C122, 6
51 603/X7S C171, C158
Cap_SMD MURATA 0603 2.2nF/10%/100V/ | C123, C125, C127, C130, 9
0603/X7R C132, C136, C138, C139,
52 C140
Cap_SMD MURATA 0603 470nF/10%/25V/ | C157 1
53 0603/X7R
X2 Cap EPCOS B32934B310 | 1uF/305V/27.5/1 | C1, C2, C3 3
54 5K 0%
Film EPCOS B326732622 | 2.2uF/630V/22.5/ | C4, C5, C17, C18, C19 5
55 Capacitor 5 10%
Y2 Cap EPCOS B32021A322 | 2.2nF/300V/10/2 | C9, C10, C11, C12, C13, 16
2M 0% C14, C15, C16, C35, C36,
C37, €38, C87, C90, C91,
56 C94
Film Cap EPCOS B32672Z615 | 0.15uF/630V/15/ | C88 1
57 4K 10%
Elec_Cap_S | RUBYCON 25TRV100M | 100uF/25V ES, E6, E7, E8, E9, E10, 12
MD 6.3X8 E11, E12, E13, E17, E18,
58 E19
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Elec_Cap_S RUBYCON 25TRV330M 330uF/25V E14, E15, E16 3
59 MD 10X10.5

Bead_SMD MURATA BLM31PG12 120Q/3500mA FB1, FB2, FB3, FB4, FB5, 13

1SZ1L FB6, FB7, FB8, FB9, FB10,

60 FB11, FB12, FB13

IC ON FAN73711M 3A High-side IC1, IC2, IC3, IC4, IC5, IC6, | 9
61 X driver IC7, IC8, IC10

Comp Ti LM2901AVQ 4 Channel IC9, IC18 2
62 PWR comparator

Amp. Ti TLV9062IPW | Dual Operational IC11, IC12 2
63 R Amplifier

Amp. Ti TLV4316IPW | Quad Operational | IC15, IC19 2
64 R Amplifier

Amp. Ti SN74HC74M | D flip-flop IC16, IC17 2
65 PWREP

DC/DC Ti TPS54202DD | Synchronous IC13, IC22 2
66 CR rectifier

tristate logic | Ti SN74LVC540 | Octal Buffers with | IC21 1
67 inverter APWR 3-State Outputs

485 Ti SN65LBC184 | 485-232 I1C23 1
68 Converter DR

EEPROM Atmel AT24C04B- Memory 1C24 1
69 TH-T

PFC ON FAN9673Q CCM-PFC IC25 1
70 Controller Controller

IC PI TNY278GN- Integrated MOS I1C20 1
71 TL Off-Line Switcher

Inductor Onsemi 0630CDMCC | inductor L3, L4, L5 3
72 SMD DS-8R2MC

LDO KEC KIA431AF 2.5V Precision IC14 1
73 voltage regulator
74 LED ROHM SML-D13FW LED green 0603 LED1 1

LED EVERLIGHT 17- LED red 0805 LED5S 1

21SURCS53
75 0-A3TR8
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Opto SMD AVAGO HCPL-817- 5000VAC-817 PC1, PC2, PC3, PC4 4
76 50BE

Transistor ROHM DTDG23YP Digital transistor Q1 1
77 SMD /SOT-89

Transistor KEC KRC246S Digital transistor Q2, Q3, Q4 3
78 SMD /SOT-23

Relay ZETTLER AZ21501- 15VDC-50A RY1 1
79 GROUP 1AET-15DEF | Monostable

DSP Ti TMS320F280 | DSP u24 1
80 27FPTT
81 TVS LRC SODJ16A-SH | TVS ZD1 1

Zener Diode LRC UDZ5V1BF ZENER ZD6 1
82 SMD
83 Diode SMD DIODES ES1B 100V/1A D23 1
84 Diode SMD DIODES ES2B 100V/2A D22 1

Diode SMD LRC L1SS355T1G | 75/100mA/SOD- D15, D18, D19, D20, D21 5
85 323

Diode SMD Good-ark HS1M 1000V/1A/D0O214 D2, D4, D9, D11, D13, D16, 7
86 A D24

Diode SMD LRC SODE1D-SH 200V/1A/SOD- D1, D3, D5, D6, D7, DS, 10
87 123 D10, D12, D14, D17

Rectifier ShinDengen D25XB80 25A/800V DN1, DN2 2
88 Bridge

Osc. MURATA CSTCE10MO 10M CT1 1
89 G15C99-RO

Varistor Wurth 820423211 320VAC diameter | VR1 1
90 20mm

PTC Dandong MZ-100R 100Q PTC1, PTC2, PTC3 3
91 Guotong
92 Fuse Littlefuse 0325030MXP | 250VAC/30A F1, F2 2
93 Terminal JST XH-4A 4pin CN3, CN4 2

Terminal JITE BTB750-01- Barrier terminal CN1, CN2 2
94 3-1 3Pin
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95 PFC Choke Qingdao RC20N15RJ] 20A/150uH CHOKE1, CHOKE2, CHOKE3 3
Pin_ DSP Generic 2.54 Double CN5 1
Programmin row See note 1)

9% |4
Common Qingdao LT38-4P- 30A/2.5mH L1, L2 2
Mode Choke 014/2.5mH-

97 30A
Transformer Generic EE25-13W- 13W-EE25 T1 1

98 RI See note 2)

Cement KOA BPR58CF10L | 10mQ/5W R601, R602, R603, R604, 6

99 Resistor 3 R605, R606
Cement KOA BPR58CF22L | 22mQ/5W R607, R608, R609, R610, 6

100 | Resistor K R611, R612
Capacitor Jianghai ECS2WKC82 | 820uF/450V El, E2, E3, E4 4

1MLP350065 | CD296 3000h
Housing height
10mm 6.3mm pin
101 length
102 Test Pin KeyStone 5000 Red TEST POINTS TP1~TP30 30
Notes:

1) Remove the 6™ pin in production

2) Custom made
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