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(0 <LC>A?¢s iIFBHAF? 0B:2M=NK@CR2L "LC>A"

&?; NOL? M $?M=LCJINCI H

Fully isolatedDualIn-Line molded module The CIPOS module family offers the chance for

f Reverse conducting IGBTs witmonolithic body integrating various power and control components

diode to increase reliability, optimize PCB size and system
1 Optimized diodes for single phase diode bridge COStS:
rectifier It is designed to controthree phaseAC motorsand

Rugged SOI gate driver technology with stability
against transient and negativgoltage

permanent magnet motorsin variable speed drives
for applications likearefrigeratorand adish washer

The package concept is specially adapted to power
applications, which need good thermal conduction
and electrical isolation, but also EMiave ontrol
and overload protection.

1 Allowable negative VS potential up tellV for
signal transmission at VBS=15V

Integrated bootstrap functionality

Overcurrent shutdown

Undervoltage lockout at all channels

Low sidecommon emitter

Crossconduction prevention

All of 6 switches turmff during protection
Leadfree terminal plating; ROHS compliant

The everse conducting IGBsTare combined with an
optimized SOl gate driver for excellent electrical
performance.

= =4 =4 a8 —a -8 9

3SMN?G #1 H@CAOL; NCI H
1 3 halfbridges withreverse conducting IGBTs

4; LAI2ZNFA=; NCI HM
1 Single phase diode bridge rectifier
9 Dish washes
] 1 30 SOl gate driver
1 Refrigeratos
i Pin-to-heatsink clearancedistancetyp. 16mm
1 Fans
1 Low power motor drives
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OCH #I1 H@QCAOL; NCI H

Bottom View
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Figure 1  Pin configuration

) HN?LH; F %F?=NLC=; F 3=B?G; NC=
%NR(ZA)

L R (23)
(1) Vs()
(2) VB(U) vm‘ﬁ HO1 |
RBS1 s(22)

VS1

(3) VS(V) ?:7
(4) VB(V) VB2 HO2 |

VS2

|
VB3 HO3 K?
Ras;t y O U@

(5) VS(W)
(6) vB(W)

VS3

(7) HIN(U) HINI Lo1—
(8) HIN(V) HIN2
. Vv (19)
(9) HIN(W) HIN3
(10) LIN(U) LIN1
(11) LIN(V) LIN2 Lo2—
(12) LIN(W) LIN3 ) W (18)
(13) VDD vDD —
(14) VFO VFO
(15) ITRIP ITRIP Los K}
(16) VSS VSS N (17)

Figure 2 Internal schematic
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Pin Number Pin Name Pin Description
1 VS U-phase high side floating IC supply offset voltage
2 VB(U) U-phase high side floating IC supply voltage
3 VS(V) V-phase high side floating IC supply offset voltage
4 VB(V) V-phase high side floating IC supply voltage
5 VS(W) Wi phase high side floatingC supply offset voltage
6 VB(W) Wrphase high side floating IC supply voltage
7 HIN(U) U-phase high side gate driver input
8 HIN(V) V-phase high side gate driver input
9 HIN(W) Wtphase high side gate driver input
10 LIN(V) U-phase low side gatériver input
11 LIN(V) \-phase low side gate driver input
12 LIN(W) W-phase low side gate driver input
13 VDD Low side control supply
14 VFO Fault output

15 ITRIP Over current shutdown input

16 VSS Low side control negative supply

17 N Low sidecommonemitter

18 W Motor Wphase output

19 \% Motor V-phase output

20 U Motor U-phase output

21 P Paositive bus input voltage

22 S Single phase diode bridge rectifieinput
23 R Single phase diode bridge rectifiRinput
24 NR Negaive busvoltage

OCH $?M=LCJNCI H

HIN(U,V, W) and LIN(UY, W) (Low side and high
side control pins, Pin 712)

These pins are positive logic and they are ClIPOS™
responsible for the control of the integrated IGBT Schmitt-Trigger

The Schmitttrigger input thresholds of them are v 1 |_ﬂ' INPUTNOISEL
such to guarantee LSTTL and CMOS compatibility o5 Oy TCH LEVEL

down to 3.3V controller outputs. Puliown resistor ves Vi Vi

of about 5kW is internally provided to prebias
inputs during supply starfup and a zener clamp is
provided for pin protection purposes. Input O b) )t e
Schmitt-trigger and noise filter provide beneficial | |

. . . . HIN
noise rejection to short input pulses. m_,_\_‘_ LIN |_|

high

Figure 3  Input pin structure

The noise filter suppresses control pulses which are HO HO

below the flter time trun The filter acts according © o o

to Figure 4 Figure 4  Input filter timing diagram
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It is not recommended for proper worko provide
input pulse-width lower than Jus

The integrated gate drive provides additionally a
shoot through prevention capability which avoids
the simultaneous onrstate of two gate drivers of the

same leg (i.e. HO1 and LO1, HO2 and LO2, HO3 and

LO3). When two inputs of a same leg are activated,
only former activated one is activated so that the
leg is kept steadily in a safe state.

A minimum deadtime insertion of typically 380ns is
also provided by driver IC, in order to reduce cress
conduction of the external power switches.

VFO Fault-output, Pin14)

The VFO pin indicates a module failure in case of
under voltage at pin VDD or in case of triggered
over current detection at ITRIP. A pulp resistor is
externally required

cipos™

VDD

Ron Lt From ITRIP - Latch

VFO

VSS From UV detection

Figure 5 Internalcircuit at pin VFO

ITRIP (Oveturrent detection function, Pin )

CIPO%& provides an over current detection
function by connecting the ITRIP input with the
IGBT collector current feedback. The ITRIP
comparator threshold (typ 0.47V) is referenced to
VSSground. An input noise filter €yp.: tiriemin =
53ns) prevents the driver to detect false owver
current events.

Ove current detection generates a shutdown of all
outputs of the gate driver after the shutdown
propagation delay of typicallyl000ns.

The faultclear time is set toninimum 40us.

VDD, VS ¢w side ontrol supply and reference,
Pin13, 1§

VDDis the control supply and it provides power
both to input logic and to output power stage.
Input logic is referenced t& SSround.

Datasheet 6

The undervoltage circuit enables the device to
operate at power on when a supply voltage of at
least a typical voltage o¥bmwv+=12.1V is present.

The IC shuts down all the gate drivers power
outputs, when the VDD supply voltage is below

\Vbruv = 104V. This prevents the external power
switches from critically low gate voltage levels
during ontstate and therefore from excessive power
dissipation.

VB(U,V,W) and VS(W/,W) (High side supplies, Pin
1-6)

VB to VS is the high side supply voltage. Tigh
side circuit can float with respect to VSS following
the external high side power device emitter voltage.

Due to the low power consumption, the floating
driver stage is supplied by integrated bootstrap
circuit.

The undervoltage detection operates wh a rising
supply threshold of typical Msuv+= 12.1V and a
falling threshold of ¥suv= 10.4V.

VS(U,V, W) provide a high robustness against
negative voltage in respect of VSS ob0V
transiently. This ensures very stable designs even
under rough condiions.

N (Low sidecommonemitter, Pin17)

The low side common emitter is available for

current measurement. It is recommended to keep
the connection to pin VSS as short as possible in
order to avoid unnecessary inductive voltage drops.

W, V,U (High side emitter and low side collector
Pin18-20)

These pins are motor U, V, W input pins

P, NR(Positive bus input voltageand negative bus
voltage, Pin21, 29

The high side IGBTare connected to the bus

voltage. It isnoted that the bus voltage does not

exceed450V.The bus voltage is referenced to NR
ground.

R, §(Single phase diode bridge rectifier input pins,
Pin 22, 23)

Rectifier input pins for connecting to the grid line.

<Revision 2.1>
<201608-01>
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l <MI FORCGOG 2; NCHAM

(VMoo= 15V and’; = 25, if not stated otherwise)

Module Section

_ . Value )
Description Condition Symbol - Unit
min max
Storage temperature range Tetg -40 125 T
Isolation test voltage RMS, £60Hz, =1min VisoL 2000 - V
Operatingcase temperature range Refer to Figure 6 Tc -40 100 T
Inverter Section
- " Value )
Description Condition Symbol - Unit
min max
Max. blocking voltage lc= 25QA Vees 600 - Y,
DC link supply voltage of-R Applied between PN Ven - 450 Y,
DC link supplyoltage (surge) of i Applied between PN Ven(surge) - 500 \%
Tc=25TC, T,< 150C -4 4
Output current T.=100C, T,< 150C Ic 25 o5 A
Maximum peak outputurrent less than 1ms lopeak) -8 8 A
Short circuit withstand timé \boc Y400V T;= 150C tsc - 5 us
Power dissipation per IGBT Prot - 187 w
Operating junction temperature range T, -40 150 €
_Slngl_eIGBTthermaI resistance, Riuc i 6.67 K/W
junction-case
Rectifier DiodeSection
_ . Value )
Description Condition Symbol - Unit
min max
Maximum repetitive reverse voltage VkrM 900 - Y,
RMS forward current Tc=100C, T;<150C lerm - 10 A
50Hz, Non repetitive
Peak surge forward current Tc=25TC lesm - 130 A
Tc=125C - 110
tp = 10ms
I’t - value Tc=25C 1t - 84 A’s
Tc=125C - 60
Operating junction temperature range Tiro -40 150 T
SingleDiodethermal resistance Junction-case Rhcro) - 6.0 KW

! Allowed number of short circuits: <1000; time between short circuits:.>1s
Datasheet 7 <Revision 2.1>
<201608-01>
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Control Section

Value
Description Condition Symbol - Unit
min max
Module supply voltage Vbo -1 20 \%
High side floatingsupply voltage i
(VB vs. VS) Ves 1 20 v
Vin -1 10
Input volt LIN, HIN, ITRIP \
nput voltage Vi 1 10
Switching frequency fowm - 20 kHz

2?2=1 GG?H>?> [/ J?L; NCIH #1 H>CNCI HM

All voltages are absolute voltages referenced tgypotential unless otherwise specified.

o Value )
Description Symbol 5 Unit
min typ max
DC link supply voltage of-R Ven 0 - 400 \Y
High side floating supply voltage £Vs. ) Vss 13.5 - 18.5 \%
Low side supplyoltage A 14.0 16 18.5 \%
i S Bs -1 - 1
Control supplyvariation VIus
ppiyv S 6 1 ) 1 H
Logic input voltages LINHIN,ITRIP Vin 0 i ° Y,
\/ITRIP 0 = 5
Between VSSN (including surge) Vss -5 - 5 \%

oo oaonnnin
Tc Point

0 C

8.4mm

Figure 6 Tcmeasurement pant!

'Any measurement excepior the specified pointin figure 6is not relevant for the temperature verification and

brings wrong or differeninformation.
Datasheet 8 <Revision 2.1>
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3N; NC= 0, L; G?N?LM

(VMoo= 15V and’; = 25, if not stated otherwise)

Value
Description Condition Symbol - Unit
min typ max
|c= 2.5A
CollectorEmitter saturation voltage | T;= 25C Veesay) - 16 20 \%
150C - 18 -
||== 2.5A
Emitter-Collector forward voltage T,= 25C Ve - 175 22 \%
150C - 18 -
le= 10A
Rectifier diode forward voltage T,= 25C Ver - 1 14 Vv
150C - 0.95 -
Collector-Emitter leakage current Vee=600V les - - 1 mA
Logic "1" input voltage (LINHIN) ViH - 2.1 2.5
Logic"0" input voltage (LINHIN) Vi 0.7 09 -
ITRIP positive going threshold Mt Th+ 400 470 540 mV
ITRIP input hysteresis Mt Hys 40 70 - mV
\/D[_) _ande_S supply undevoltage Vbbuv+ 108 121 13.0 Vv
positive going threshold Vesuv+
DD a}no\/Bs supply undevoltage Vbbuv 95 104 112 Vv
negative goinghreshold Vesuv
VDDand VBS supply undevoltage Vobuvh
. 1.0 1.7 - \Y
lockout hysteresis VesuvH
Input clamp voltage(HIN, LIN, ITRIP] lin=4mA Vinctawe | 9.0 10.1 12.5 \%
Quiescent VBsupply current _ )
(VI3 only) Hin= ov |QBs 300 500 |.1A
QuiescentvDD supply current _ _ )
(VDD only) Lin=0V, hhx= 5V loop 370 900 HA
Input bias current Vin= 5V Iin+ - 1 15 mA
Input bias current Vin= 0V Iine - 2 - HA
ITRIRANput bias current Virrip= 5V IiTriP+ - 65 150 HA
VFO input bias current VFO = 5Wrrip=0V Iro - 2 - nA
VFO Output voltage leo= 10mA,V|TR|p= 1V Veo - 0.5 - V
Datasheet 9 <Revision 2.1>
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$SH; GC= 0:L: G?N?LM

(VMoo= 15V and’; = 25, if not stated otherwise)

Description Condition Symbol - Value Unit
min typ max
Turn-on propagation delaytime ton - 605 - ns
Turn-on rise time Mo =5V, t, - 15 - ns
Turn-on switching time jo=2-54 teion) - 60 - ns
Vbc=300V
Reverse recovery time tor - 70 - ns
Turn-off propagation delaytime Vi iin=0V, Lot - 685 - ns
Turn-off fall time lc=2.5A ts - 180 - ns
Turn-off switching time \bc=300V teof) - 200 - ns
Short circuit propagation delay time | FromVir tu:to 10% &c tscp - 1450 - ns
Input filter time ITRIP Virrip= 1V [ - 530 - ns
:)nnp:;gl'ff; time at LIN HIN for turn Vin = OV & 5V teun i 290 i ns
Fault clear time after ITRHRult Virrip= 1V trLtelr 40 65 200 us
g((ejzdtime between low side and high DToun 10 i ) 1S
Deadtime of gate drive circuit DT - 380 - ns
IGBTturn-on energy (includes reverse VD°_= 300V le=2.5A
recovery of diode) = 25T Bon ) 20 ) HJ
150C - 35 -
Voc=300V, Ic=2.5A
IGBTturn-off energy T,= 25C Eorr - 40 - pJ
150C - 70 -
Vbc=300V, Ic=2.5A
Diode recoverenergy T;= 256C Eec - 10 - uJ
150C - 25 -
"1 1 NMNL;J O; L; G?N?LM
(T, =25, if not stated otherwise)
e " Value i
Description Condition Symbol - Unit
min typ max
Repetitive peak reverse voltage VRrm 600 - - \%
63F | L 63y fup 35
Bootstrapdioderesistance of |6 3 F ; H> &s3 fF put 40 .
U-phasé 63F I L 63w ruF| o ] 50 ] :
63F ; H> a3+ Fu 65
Reverse recovery time l[e= 0.6A, di/dt = 805 tr s - 50 - ns
&1 LQ; L>>PI FN; AlkuF GILF3FH> 63f| 6am-s - FnodA - 6

! Rsspand Risshave same values togg.
Datasheet 10 <Revision 2.1>
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-?=B;, HC=;, F #B;, L; =N?LCMNC=M

c H> 2:; NC

- . Value i
Description Condition - Unit
min typ max
Mounting torque M3 screw and washer 0.59 0.69 0.78 Nm
Flatness Refer to Figur& -50 - 100 pm
Weight - 6.15 - g
— I
&ﬁ
.00 400071010
r:/) ‘\\E -+
E e

i

Figure 7 Flatness measurement position

3QCN=BCHA 4CG?M $? @CHCNCI H

HINX -/2.1v
LINX /
0.9v -

trr
toff 1:on
. 10%
Icx
90%
f
10% 10%
VcEx [~
te(of)
Figure 8  Switching times definition
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#CL=OCN I @ ; 4SJC=;F !'JJFC=; NCIH

NR (24) 1
% (1) VS(u) L<R @ .
Mavew

s@2)
4 ]

SAENES

P 121):

F3
8

#1 | #5.

3-ph AC
Motor

#7

(7) HINW)

— (&) HINY) N2

— (©) HINW) HING
(10) LINU)

& ): LINL
Micro — (11) LINV) e
Controller — <= Leoen |, L°2
=

VDD line O——¢—— VoD voo

(14) VFO VEO

%: = = e o —
5or

3.3Vline | T e vss vss

) w(s)

N @7 3

: ower
£ | ! GND line

#3

<Signal for protection>

Ul AND === ™
|05u0D

#2 U, V, W phase current sensing| -

< Signal for protection> —_—

Figure 9 Typical gplication circuit

1. Input circuit

- Toreduce input signal noise by high speed switching, the&d GG@CFN?L =CL=0OCN MBI OF >
- Gwshould be placed as close tasdpin as possible.

2. ltrip circuit
- To prevent protection function errors, gieshould be placed as close ttrip and \4spins as possible.
3. VFO circuit

- VFO output is an open drain output. This signal line should be pulled up to the positive side of the 5V/3.3V logic
power supply with a proper resistordg
- Itis recommended that RC filter be placed as closéhe controller as possible.

4. VBVS circuit

- Capacitor for high side floating supply voltage should be placed as close to VB and VS pins as possible.
5. Snubber capacitor

- The wiring between CIP@SMini and snubber capacitor including shunt resistor should bestsort as possible.
6. Shunt resistor

- The shunt resistor of SMD type should be used for reducing its stray inductance.

7. Ground pattern

- Ground pattern should be separated at only one point of shunt resistor as short as possible.
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%F?=NLC=; F =B, L; =N?LCMNC-=

Typ. CollectonkEmitter saturation voltage Typ. CollectorkEmitter saturation voltage Typ. EmittenkCollector forward voltage
Typ. Turn on switching energy loss Typ. Turn off switching energy loss Typ. Reverse recovery energy loss
Typ. Turn on propagation delay time Typ. Turn on switching time Typ. Turn off propagation delay time
Typ. Turn off switching time Typ.Reverse recovertime IGBT transient thermal resistancat all six IGBTs
operation
Datasheet 13 <Revision 2.1>
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