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Package The CIPOB module family offers the chance for
T Dual InLine molded module integrating various power and control components
1 Leadfree terminal plating; RoOHS compliant to increase reliability, optimize PCB size and system
1 Very low thermal resistance due to DCB costs.

It is designed to control three phase AC motors and
Inverter permanent magnet motors with single phase PFC in
- variable speed drives for applications like an air
T TRENCHSTGPIGBT conditioning and low power motor drives.The
f Rugged SOI gate driver technology with stability  package concept is specially adapted to power

against transient and negative voltage applications, which need good thermal conduction
1 Allowable negative VS potential up tellV for and electrical isolation, but also EMiave control
signal transmission at VBS=15V and overload protecton.

Integrated bootstrap functionality
Over current shutdown

Temperature monitor

Undervoltage lockout at all channels
Low side common emitter

Crossconduction prevention 3SMN?G #1 H@CAOL: NCI H

All of 6 svitches turn off during protection

TRENCHST@PIGBB and anti-parallel diodes are

combined with an optimized SOl gate driver for
excellent electrical performance.

= =4 =4 4 -8 -8 -

1 3 half bridges with TRENCHSTORGBB and
anti parallel diodes

PFC i _
N I 3¢ SOl gate driver
1 TRENCHST@PS5 )
1 Rapid switching emitter controlled diode T Single phase PF@ith TRENCHST@&PS and

Rapid switching emitter controlled diode

Thermistor

4; LA2N-A=; NCI HM

1 Home appliances

Pin-to-heatsinkclearancedistance typ. 1.6mm

1 Low power motor drives

Datasheet 30f18 V2.2
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Bottom View

& NS o evox
1) vsu) oT———— =
(@) VB() =g @®

:l | T (23)NX
3)Vs(v) m—
(4) VB(V) l:!:::j B @)
(B)VS(W) T————
(6) VB(W) g ::EJ 1) P
(D HINU) T
(8) HIN(V) (= — 20) U
(9 HIN(W) T——— P @0
(10) LIN(U) [ —
(11) LIN(V) O——— 19 v
(12) LIN(W) - -
(13)vDb ~T——
(14) VFO o i ::E; (18) W
(15) ITRIP  T——— ®)
(16) VSS S

@ éj‘/ \tﬁ ) :E] (17)N

Figure 1  Pin configuration

) HN? LH; 327G ,N\NC—=; F

T& GX (24)
o "

D NX(23)

(1) VS(U)
(2) vB(U)

VB1
RBS1]

D X (22)

HO1 1

(3) VS(V)
(4) VB(V)

VS1

g VB2
R;ﬁ HO {‘i}—< LS5 P
(5) VS(W) g: VS2!
(6) VB(W) VB3
t HO3 |
RBS3|
y |

VS3

(7) HIN(U) HIN1 Lo1
(8) HIN(V) HIN2
—O v
(9) HIN(W) HIN3
(10) LIN(U) LIN1
(11) LIN(V) LIN2 LOZH
(12) LIN(W) LIN3 | S was)
(13) VDD vDD—

(14) VFO VFO
Lo3———]
(15) ITRIP ITRIP
(16) VSS VSS N (17)

Q Thermistor T

Figure 2 Internal schematic
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Pin Number Pin Name Pin Description
1 VS(U) U-phase high side floating IC supply offset voltage
2 VRU) U-phase hgh side floating IC supply voltage
3 VS(V) V-phase high siddloating IC supply offset voltage
4 VBYV) V-phase high side floating IC supply voltage
5 VS(W) Wphase high side floating IC supply offset voltage
6 VBW) Wphase hgh side floating IC supply voltage
7 HIN(U) U-phase high sideyate driverinput
8 HIN(V) \-phase high sidegjate driverinput
9 HIN(W) W-phase high sidgyate driverinput
10 LIN(V) U-phase low sidegate driverinput
11 LIN(V) \-phase low sidegate driverinput
12 LIN(W) W-phase low sidegate driverinput
13 VDD Low side controkupply
14 VFO Fault output / Temperature monitor
15 ITRIP Over current shutdown input
16 VSS Low side controhegative supply
17 N Low side emitter
18 w Motor Wphaseoutput
19 Y, Motor \f{phaseoutput
20 U Motor U-phaseoutput
21 P Positive output voltage Positive bus input voltage
22 X PFC IGBT collector
23 NX PFC IGBT emitter
24 GX PFC IGBT gate

OCH $?M=LCJNCI H

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

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

The Schmitttrigger input thresholds of them are Hin |ﬂ INPUTNOISEL
such to guarantee LSTTL and CMOS compatibility oskf] ¥ vty lswwm LEVEL

down to 3.3V controller outputs. Puiown 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 2

Figure 3  Input pin structure

— ten — b) — trn —
Schmitt-trigger and noise filter provide beneficial - : i - 1 1
noise rejection to short input pulses. LIN_,_\_l— LIN !

high

The noise filter suppresses control pulses which are HO o HO

below the filter timetrun The filter acts according - - — -

to Figure 4 Figure 4 Input filter timing diagram

Datasheet 50f18 V2.2
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It is recommended for proper work ahis product
not to provide input pulsewidth lower than 15us.
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 activatedone is activated so that the
leg is kept steadily in a safe state.

A minimum deadtime insertion of tyjgally 380ns is
also providedby driver IC in order to reduce cross
conduction of the external power switches.

VFO Fault-output and NTC, Pin14)

The VFOpin 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 to bias the NTC.

VDD CIPOS
From ITRIP - Latch
VFO ¢
/<

VSS From UV detection

Thermistor

Figure 5 Internal circuit at pin VFO

The samepin provides direct access to the NTC,
which is referenced to VSS. An external puyil
resistor connected to +5V ensures that the resulting
voltage can be directly connected to the
microcontroller.

ITRIP (Oveturrent detection function, Pinl5)

CIPO%& provides an over current detection
function by connecting the ITRIP input with the
motor current feedback. The ITRIP comparator
threshold (typ. 0.47V) is referenced to VSS ground.
An input noise filter (typ:trriemin=530NS) prevents
the driver to detect false overcurrent events.

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

VDD, VS34w side control supply and reference,
Pin 13, 16)

VDD is the low si& supply and it provides power
both to input logic and to low side output power
stage. Input logic is referenced to VSS ground.

Datasheet

60f18

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

The IC shuts down all the gate drivékpower
outputs, when the YD supply voltage is below
Vbouv = 104V. This prevents the external power
switches from critically low gate voltage levels
during onstate and therefore from excessavpower
dissipation.

VHU,V,W)and V$U,V,W)(High side supplies, Pifh-
6)

VB to VS is the high side supply voltage. The high
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 stageis supplied by integrated bootstrap
circuit.

The undervoltage detection operates with a rising
supply threshold of typicalVesuv+= 12.1V and a
falling threshold ofVeg,v = 104V.

V]U,V,W) provide a high robustness against
negative \‘oltage in respect of VSS of50V
transiently. This ensures very stable designs even
under rough conditions.

N (Low side emitter, PirlL7)

The low side emitters are availabldor current
measurements It is recommenéd to keep the
connection to pin VSS as short as possible in order
to avoid unnecessary inductive voltage drops.

W, V,U (Highside emitterand low side collector
Pin18-20)

These pins are motor U, V, W input pins

P (Positive bus input voltage, Pi@1)

The high side IGBTand PFC diodecathode are
connected to the bus voltage. It inoted that the
bus voltage does not exceetbOV.

X, NX, GiSingle boost PF(Pirs 22-24)

These pins are emitter, collector and gate of IGBT
for single boost PFC

V22
2017#09-06
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(VMoo= 15V and’; = 25, if not stated otherwise)

-1 >0F? 3?=NCIH

- " Value )
Description Condition Symbol - Unit
min max
Storage temperature range Tetg -40 125 T
Isolation test voltage RMS, f 80Hz, t =1min VisoL 2000 - V
Operating case temperature range | Refer to Figuré Tec -40 125 T
) HP 23L?N=?N.C | H
. . Value .
Description Condition Symbol - Unit
min max
Max. blocking voltage lc=25QuA Veces 600 - \%
DC link supply voltagef P-N Appliedbetween RN Ven - 450 Vv
DC linksupplyvoltage (surge) of PN | Applied between PN Ven(surge) - 500 \%
Output current Tc=25C, T,<150C lc -15 15 A
Maximum peak outputurrent less than 1ms lopeak) -30 30 A
Short circuit withstand timé Voc Y400V T;= 150C tsc - 5 us
Power dissipation per IGBT Prot - 49.8 \
Operating junction temperature T, 40 150 C
range
_SlngI.eIGBTthermal resistance, Ruc i 551 K/W
junction-case
_Slnglledlodethermal resistance, Risco i 467 K/W
junction-case
#1 HNLI F 3?=NCI H
e " Value )
Description Condition Symbol - Unit
min max
Module supply voltage Voo -1 20 \%
High side floating supply voltagé/B vs. VS] Ves -1 20 Y,
Vin -1 10
| t volt LIN, HIN, ITRIP V
nput voltage Vireas 1 10
Inverter switching frequency fowm - 20 kHz
PFCswitching frequency fewnerc) - 60 kHz

! Allowed number of short circuits: <1000; time between short circuitds>
Datasheet 70f18 V2.2
20170906
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(Vee= 15V and;; = 25C, if not stated otherwise)

. . Value .
Description Condition Symbol - Unit
min max
Max. blocking voltage lc=250QuA Veces 650 - \%
Repetitive peak reverse voltage Ir=25QuA VkrM 650 - \%
Gateemitter voltage Vee -20 20 \%
Input RMScurrent T,Y150C, Tc=25C l; - 30 A
T;Y150C, Tc=25C
Maximum peak inputurrent less than 1msnon lipeak) - 60 A
repetitive
Power dissipation Prot - 85.6 W
Operatingjunction temperature T 40 150 C
range
_Slngl_eIGB'IThermal resistance, Riuc ) 1.46 K/W
junction-case
_Slngl_edlodethermal resistance, Risco i 276 K/W
junction-case

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

All voltages are absolute voltages referenctm\kss-potential unless otherwise specified.

Description Symbol - Value Unit
min typ max
DC link supply voltage of-R Ven 0 - 450 \%
High side floating supply voltage £Vs. ) Vas 135 - 18.5 \%
Low side supplyoltage A 145 16 18.5 \%
Controlsupply variation 2 2‘2 i - i V/us
Logic input voltages LIN,HIN,ITRIP V\::ua 8 - g \%
Between VSSN and NX(including surge) Vss -5 - 5 \%
PFAGBT gateemitter voltage Vee 14 - 18 \%
Re - 10 - b)
PFC IGB&xternal gate parameters Cee - 4.7 - nF
Ree - 10 - kd
Datasheet 80f18 V22
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(VMoo= 15V and;= 25C, if not stated otherwise)

. . Value .
Description Condition Symbol - Unit
min typ max
|c= 10A
Collector-Emitter saturation voltage | T,= 25C Veegsa - 155 | 2.05 Vv
150C - 1.8 -
|F= 10A
Emitter-Collector forward voltage Ty;= 25C Ve - 1.75 | 2.45 \%
150C - 1.8 -
Collector-Emitter leakage current Vee=600V lews - - 1 mA
Logic "1" input voltage (LIN,HIN) Viu - 2.1 25 \%
Logic"0" input voltage (LIN,HIN) Vi 0.7 09 - \%
ITRIP positive going threshold M Th+ 400 470 540 mV
ITRIP input hysteresis Vit hys 40 70 - mV
VDD _and\/B_S supply undevoltage Vobuv+ 108 | 121 | 130 Vv
positive going threshold Vesuv+
VDD a}no\/BS supplyundervoltage Vbbuv 95 104 | 112 Vv
negative going threshold Vesuv
VDDand \BS supply undevoltage Vbbuvk
. 1.0 1.7 - V
lockout hysteresis Vasuv
Quiescent VBsupply current _ i
(VB(Oﬂly) Hn=0V |Q$ 300 500 l.lA
QuiescentvDD supply current _ _ i
(VDDonly) Ln=0V, H»=5V loop 370 900 HA
Input bias current Vin= 5V Iin+ - 1 15 mA
Input bias current Vin= 0V Iin - 2 - HA
ITRIP input bias current Virrip= 5V litrip+ - 65 150 HA
VFO input bias current VFO = 5Wrrip=0V lro - 60 - MA
VFO)UtpUt voltage leo= 10mAV|TR|p= 1V Veo - 0.5 - V
Datasheet 90f18 V2.2
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(Vee= 15V and;; = 25C, if not stated otherwise)

- " Value )
Description Condition Symbol - Unit
min typ max
. . |c:30A,
Collector-Emitter saturation
Voltage TJ = 25<C VCE(sat) - 1.7 2.3 \
150°C - 2.0 -
|F:30A,
Diodeforward voltage T,= 25C Ve - 1.75 2.3 \%
150C - 1.65 -
GateEmitter threshold voltage lc=0.3mA, ée=\ee Veeth) 3.2 4.0 4.8 \%
Collector-Emitter leakage current | Vee= B0V, Vee=0V Ices - - mA
GateEmitter leakage current Vee= 0V, ¥e= 20V lces - - 1 MA
Diode reverse leakage current k= 650V Ir - - mA
"1 1 NMNL; J O; L; G?N?LM
(T, =25, if not stated otherwise)
e " Value )
Description Condition Symbol - Unit
min typ max
Repetitive peakreverse voltage VRrM 600 - - \%
Bootstrapdiode resistance Be_tween ¥=4V and Rso - 40 - W
V=5V
Reverse recovery time I-=0.6A, di/dt=80Ais tr B - 50 - ns
"I I NMNL; J >CI >? |Il=0.5mA Ve Bo - 1 - V
Datasheet 100f18 V2.2
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) HP 23L?N=?N.C | H
(VMoo= 15V and; = 25, if not stated otherwise)

- . Value )
Description Condition Symbol - Unit
min typ max
Turn-on propagation delaytime ton - 680 - ns
Turn-on rise time Viwan=5V, t, - 30 - ns
. ) lc=10A
Turn-on switching time Vb= 300V teon) - 220 - ns
Reverse recovery time tre - 60 - ns
Turn-off propagation delaytime Vi b= 0V toft - 950 - ns
Turn-off fall time Ic=10A tf - 55 - ns
Turn-off switching time Vb= 300V t(off) - 120 - ns
ﬁrt:]c;rt circuit propagation delay FromVis mto 10% b teor i 1250 i ns
Input filter time ITRIP Virrip= 1V [ - 530 - ns
Input filter time at LIN HINfor turn
onpand off N Vunan= OV & 5V trLN - 290 - ns
Fault clear time aftetTRIRfault Virrip= 1V trtelr 40 - - us
Deadtime between low side and
high side Dleww | 15 1 - - us
Deadtime of gate drive circuit DTic - 380 - ns
. Vbc=300V, Ic=10A
IGBTturn-on energy (includes TDC_ 25 c E, i 400 i 3
reverse recovery of diode) )T " H
150C - 490 -
Voc=300V, Ic=10A
IGBTturn-off energy T,= 25C Eort - 190 - ud
150C - 290 -
Vbc=300V, Ic=10A
Diode recoverenergy T;= 25C Eec - 55 - ud
150C - 70 -
Datasheet 110f18 V2.2
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(Vee= 15V and;; = 25C, if not stated otherwise)

. . Value .
Description Condition Symbol - Unit
min typ max
Input capacitance Ces - 1800 -
: Vee= 25V, &= 0V,
Output capacitance f = 1MHz Coes - 45 - pF
Reverse transfer capacitance Cees - 7 -
Voc= 5Z)V, &= SOA,
Gate charge V= 15V Qs - 70 - nC
Turn-on delay time taon) - 20 - ns
Turn-on rise time Voc= 400V cl= 30A, t, - 45 - ns
: Rs=10A, Ge= 4.7nF,
Turn-off delay time Ree= 10HA, T,= 25C taorn - 115 - ns
Turn-off fall time ts - 30 - ns
Reverse recovery time tor - 80 - ns
Vbc=400V, Ic=30A, R=10A,
= 4.7nF, &= 10IA
Turn-on energy Coe & Eon - 835 - ud
T,= 25C i 1025 )
150C
Vbc=400V, Ic=30A, R=10A,
= 4.7nF, B= 10A
Turn-off energy Cor & Eort - 315 - pJ
T;= 25C _ 395 _
150C
Vbc=400V, Ic=30A, R=10A,
. = 4.7nF, B= 10IA
Diode recoveryenergy Cor & Erec - 95 - pJd
T,= 25C i 170 )
150C
=
E 25.95mm
e Tc Point
£ PFC IGBT\'
= D Tc Point C
Inverter IGBT sg
0
25.83mm
C 9 = O

Figure 6 Tcmeasurement pant!

! Any measurement exceplor the specified pointin figure6is not relevant for the temperature verification and

brings wrong or different information

Datasheet 120f 18 V2.2
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. . Value .
Description Condition Symbol - Unit
min typ max
Resistor Thte= 25C Rute - 85 N kW
B-constant of NTC
) . B(25/100) - 4092 - K
(Negative temperature coefficient)
3500
' . — TPC] | Rmin. [k Riyp. [ka)] Rmax. [kQ)]
, HaoL\ S, l 50 28,400 29972 31545
el ] - zs% | —— Max.
2500 A S NG L T 60 19.517 20515 21514
\ g N T 70 13670 14315 14.960
g 200 = h | 80 9.745 10.169 10593
é \ % 10 ‘ \\ ik ERE ! - - :
g 150 ES b e e e e e 90 7.062 7345 7628
5 \ o R RS 100 5.199 5.388 5576
Q 1000 (| 050 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130
§ : \\ Thermistor temperature [ ] 110 3.856 4.009 4163
[J]
£ 50 \-\ 120 2,900 3.024 3.149
F\\Qh i e SR 125 2527 2639 2751

0
40 30 20 10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Thermistor temperature [ ]

Figure 7 Thermistor resistancektemperature curve and table

(For more information, please refer to the application noi&N CIPOS-Mini 1 Technical descriptioA

-?=B;, HC=N? LLCBMNIC=M ,; H> 2,; NCHAM

o . Value .
Description Condition - Unit
min typ max
Mounting torque M3 screw and washer 0.49 - 0.78 Nm
Flatness Refer to Figurs -50 - 100 um
Weight - 6.83 - g
I+
W
\ \
Ao aonnoam
el Tg|_
s praal
I 27
J T C (o))
| - N |
| /// o \\\ |
® Lﬁﬁ ,,,,,,,, 5 - @l
Figure 8 Flatness measurement position
Datasheet 130f18 V2.2
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#CL=OCN I @ ; 4SJC=;F 1'JJFC=; NCI H

ox (ZA)J\ Re PFC
o T gate T o 5 VDDline
»t 1 diver [ | L,
Ree 7T Coe c T IT
@9
A g A4

z
o
%
5
|
Il
Pt %
Ll
-
»
Ll

Ll
»!
Ll

HO: I @ - L

ZEW
Is
o=

AC
— WLC) HINL
. #57 il
Micro — I & HINY N2 o —_ ==
Controller — Domw | L vag 3ph AC
— ): (20) LINU) i Motor
— I (11) LIN(V) e
— o % (12) LINW) e Lo2]
e i~ i was)
(13 VDD
VDD line O——2 —— wo |
T T I (14O o
T D“:'J = _L): (15) ITRIP . Los _|
50r33Vline TE (16)vss Nap Lot
e ——— A I NG T Vss O—¢ 1
#3 ~ A #6 # == ~
< Signal for protection >
#2 Current sensing ¢ —
" - Input surge voltage sensing |--———
< Signal for protection > 1 =

Figure 9  Application circuit

BecausePFC IGBT inside this produbtias very high speed switching characteristiocspnsiderable large surge voltage
between P and Xterminals and switching noise on signaling path agenerated easilyPlease pay attention to thebelow
items for optimized application circuit design.

1.  Input circuit
- Toreduce input signal noise by high speed switching, the RIN andfii&M circuit should be mounted. (108, 1nF)
- Gnshould be placed as close to VSS pin as possible.

2. ltrip circuit
- To prevent protection function errors, Geshould be placed as close titrip and VSS pisas possible.

3. VFCeircuit
- VFOoutput is an open drain output. This signal line should be pulled up to the positive side of the 5V/3.3V logic power sufiply proper
resistor Ru. It is recommended that RC filter be placed as close to the contra@tepossible

4.  VBVS circuit
- Capadtor 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 be as short as possible.

6.  Shunt resistor
- Each shuntesistor of SMD type should be used for reducirgsitray inductance.

7.  Ground pattern
- Each gound pattern should be separated at only one poiof shunt resistoras short as possible.
- Power ground pattern between PFC and Inverter should be connecteshast as possible.

8.  Anti parallel diode
- ) NAM G; H>; NI L-garalkldiode (2K, Motagdrating-higi@r than 650V) to PFC IGBT.

9.  Input surge voltage protection circuit

- This protection circuit is necessary for PFC IGBT to be protected groessive surge voltage.
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Figure 10 Switching times definitionof inverter
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