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Description:
SIP-IPMsareintelligentpower
modulesthatintegratepower
devices,drivers,andprotection
circuitryinanultracompact
single-in-linetransfer-mold
packageforuseindrivingsmall
threephasemotors.Useof5th
generationIGBTs,SIPpackaging,
andapplicationspecificHVICs
allowthedesignertoreduce
invertersizeandoveralldesign
time.

Features:
£ CompactPackages

£ SinglePowerSupply

£ IntegratedHVICs

£ DirectConnectiontoCPU

Applications:
£WashingMachines

£ Refrigerators

£ AirConditioners

£ SmallServoMotors

£ SmallMotorControl

OrderingInformation:
PS21661-RZisa600V,
3AmpereSIPIntelligent
PowerModule.

OutlineDrawingandCircuitDiagram

Dimensions Inches Millimeters
 A  1.50 38.0

 B  0.94 24.0

 C  0.16 4.0

 D  1.38 35.0

 E  0.33 8.5

 F  0.61 15.5

 G  0.15 3.8

 H  0.38 9.6

 J 0.57 14.6

 K  0.80 20.4

 L  1.00 25.4

 M 1.23 31.2

 N  0.047 1.2

 P  0.028 0.7

 Q  1.39 35.28

 R  0.048 1.22

 S  0.05 1.27

 T  0.10 2.54

Dimensions Inches Millimeters
 U  0.02 0.5

 V  0.06 1.6

 W 0.07 1.9

 X  0.03 0.8

 Y 0.11 2.7

 Z  0.90 22.8

 AA  0.75 19.0

 AB  0.17 4.2

 AC 0.20 5.2

 AD 0.09 2.4

 AE  0.15 3.81

 AF  0.05 1.27

 AG 0.20 5.08

 AH 0.016 0.4

 AJ  0.13 3.3

 AK  0.14 3.6

 AL  0.28 0.7
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AbsoluteMaximumRatings,Tj=25°Cunlessotherwisespecified

Characteristics Symbol PS21661-RZ/-FR Units

PowerDeviceJunctionTemperature* Tj -20to125 °C

HeatsinkOperationTemperature(SeeTfMeasurementPointIllustration) Tf -20to100 °C

StorageTemperature Tstg -40to125 °C

MountingTorque,M3MountingScrews — 7 in-lb

ModuleWeight(Typical) — 10 Grams

Self-protectionSupplyVoltageLimit(ShortCircuitProtectionCapability)** VCC(prot.) 400 Volts

IsolationVoltage,AC1minute,60HzSinusoidal,ConnectionPinstoHeatsinkPlate VISO 2500 Volts

*ThemaximumjunctiontemperatureratingofthepowerchipsintegratedwithintheSIP-IPMis150°C(@Tf≤100°C).However,toensuresafeoperationoftheSIP-IPM,
theaveragejunctiontemperatureshouldbelimitedtoTj(avg)≤125°C(@Tf≤100°C).
**VD=13.5~16.5V,InverterPart,Tj=125°C,Non-repetitive,Lessthan2µs

IGBTInverterSector
Collector-EmitterVoltage VCES 600 Volts

CollectorCurrent(Tf=25°C) ±IC 3 Amperes

PeakCollectorCurrent(Tf=25°C,tw≤1ms) ±ICP 6 Amperes

SupplyVoltage(AppliedbetweenP-N) VCC 450 Volts

SupplyVoltage,Surge(AppliedbetweenP-N) VCC(surge) 500 Volts

CollectorDissipation(Tf=25°C,per1Chip) PC 11.1 Watts

ControlSector
SupplyVoltage(AppliedbetweenVN1-VNC) VD 20 Volts

SupplyVoltage(AppliedbetweenVUFB-U(VUFS),VVFB-V(VVFS),VWFB-W(VWFS)) VDB 20 Volts

InputVoltage(AppliedbetweenUP,VP,WP-VNC,UN,VN,WN-VNC) VIN -0.5~VD Volts

FaultOutputSupplyVoltage(AppliedbetweenFO-VNC) VFO -0.5~VD Volts

FaultOutputCurrent(SinkCurrentatFOTerminal) IFO 10 mA

CurrentSensingInputVoltage(AppliedbetweenCIN-VNC) VSC -0.5~VD Volts

TfMeasurementPoint

FWDiCHIP

CONTROLTERMINALS

IGBTCHIP

AlBOARD

SIP-IPM

TEMPERATURE
MEASUREMENTPOINT
(INSIDETHEAlBOARD)

1.5mm

10mm

15mm

25mm

10.5mm

TEMPERATURE
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(INSIDETHEAlBOARD)



PS21661-RZ/-FR
Intellimod™Module
Single-In-LineIntelligentPowerModule
3Amperes/600Volts

4

Powerex,Inc.,200E.HillisStreet,Youngwood,Pennsylvania15697-1800(724)925-7272

5

PS21661-RZ/-FR
Intellimod™Module
Single-In-LineIntelligentPowerModule
3Amperes/600Volts

Powerex,Inc.,200E.HillisStreet,Youngwood,Pennsylvania15697-1800(724)925-7272

ElectricalandMechanicalCharacteristics,Tj=25°Cunlessotherwisespecified

Characteristics SymbolTestConditions Min.Typ. Max.  Units

IGBTInverterSector
CollectorCutoffCurrentICES VCE=VCES,Tj=25°C—  — 1.0 mA

 VCE=VCES,Tj=125°C —  —  10mA

DiodeForwardVoltage VEC Tj=25°C,-IC=3A,VIN=0V — 1.55 2.00 Volts

Collector-EmitterSaturationVoltageVCE(sat)  IC=3A,Tj=25°C,VD=VDB=15V,VIN=5V — 1.60 2.15 Volts

 IC=3A,Tj=125°C,VD=VDB=15V,VIN=5V — 1.70 2.30 Volts

InductiveLoadSwitchingTimes  ton    0.500.85 1.25 µs

trr VCC=300V,VD=VDB=15V, — 0.20  —µs

tC(on)  IC=3A,Tj=125°C,VIN=0⇔5V, — 0.35 0.55 µs

 toff  InductiveLoad(Upper-LowerArm)— 1.00 1.50 µs

tC(off) — 0.55 1.10 µs

ControlSector
SupplyVoltageVD AppliedbetweenVN1-VNC  13.515.0 16.5 Volts

VDB  AppliedbetweenVUFB-VUFS,  13.015.0 18.5 Volts

 VVFB-VVFS,VWFB-VWFS

CircuitCurrent IDVD=15V,VIN=0V, —  — 3.60 mA

TotalofVN1-VNC(U,V,W)

 VD=15V,VIN=5V,—  — 3.60 mA

TotalofVN1-VNC(U,V,W)

IDB  VDB=15V,VIN=0V, —  — 0.35 mA

 VUFB-U(VUFS),VVFB-V(VVFS),VWFB-W(VWFS)

VDB=15V,VIN=5V,—  — 0.35 mA

 VUFB-U(VUFS),VVFB-V(VVFS),VWFB-W(VWFS)

FaultOutputVoltage VFOH VSC=0V,FOCircuit:1kΩto5VPull-up  4.9 —  —Volts

VFOL  VSC=1V,IFO=-10mA—  — 0.95 Volts

InputCurrent IINVIN=5V  0.701.06 1.50 mA

Short-CircuitTripLevel* VSC(ref) Tj=25°C,VD=15V  0.430.48 0.53 Volts

SupplyCircuitUndervoltage UVDBt TripLevel,Tj≤125°C  10.0 — 12.0 Volts

 UVDBr  ResetLevel,Tj≤125°C  10.5 — 12.5 Volts

 UVDtTripLevel,Tj≤125°C  10.3 — 12.5 Volts

 UVDr  ResetLevel,Tj≤125°C  10.8 — 13.0 Volts

FaultOutputPulseWidth** tFO 20  40  —µs

ONThresholdVoltageVth(on) AppliedbetweenUP,VP,WP-VNC,  2.102.35 2.60 Volts

OFFThresholdVoltageVth(off)  UN,VN,WN-VNC  1.101.40 1.80 Volts

ThermalCharacteristics

CharacteristicSymbolConditionMin.Typ. Max.  Units

JunctiontoFin Rth(j-f)Q  IGBTPart(Per1/6Module) —  — 9.0  °C/Watt

ThermalResistance  Rth(j-f)D FWDiPart(Per1/6Module) —  — 9.0  °C/Watt

*Short-Circuitprotectionisfunctioningonlyatthelower-arms.PleaseselectthevalueoftheexternalshuntresistorsuchthattheSCtriplevelislessthan5.1A.
**FOsignalisonlyassertedwhentheSCorUVprotectionisactivatedonthelowside.
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RecommendedConditionsforUse

CharacteristicSymbolConditionMin. Typ. Value Units

SupplyVoltageVCC AppliedbetweenP-NTerminals 0  300  400Volts

ControlSupplyVoltage VD AppliedbetweenVN1-VNC  13.515.0 16.5 Volts

VDB Appliedbetween13.015.0 18.5 Volts

 VUFB-U(VUFS),VVFB-V(VVFS),VWFB-W(VWFS)

ControlSupplyVariation ΔVD,ΔVDB -1 —  1V/µs

PWMInputFrequency fPWM  Tf≤100°C,Tj≤125°C —  15  — kHz

AllowableRMSCurrent* IO  VCC=300V,VD=15V,fc=5kHz, —  — 3.0  Arms

PF=0.8Sinusoidal,Tj≤125°C,Tf≤100°C

VCC=300V,VD=15V,fc=15kHz, —  — 2.1  Arms

PF=0.8Sinusoidal,Tj≤125°C,Tf≤100°C

VNCTerminalVoltage VNC AppliedbetweenVNC-N(IncludeSurgeVoltage) -5 —  5Volts

MinimumInputPulseWidth** PWIN ON/OFF  0.3 —  —µs

ArmShoot-throughBlockingTime tDEADForEachInputSignal  2.0 —  —µs

*TheallowableRMScurrentvaluedependsontheactualapplicationconditions.
**TheremightbenooutputwhentheinputsignalwidthislessthanPWIN.

REVERSERECOVERYCHARACTERISTICS
(TYPICAL)

REVERSERECOVERYCHARACTERISTICS
(TYPICAL)

COLLECTORCURRENT,IC,(AMPERES)

C
O
LL
E
C
T
O
R
-E
M
IT
T
E
R

S
A
T
U
R
A
T
IO
N
V
O
LT
A
G
E
,V
C
E
(s
at
),
(V
O
LT
S
)

COLLECTOR-EMITTER
SATURATIONVOLTAGECHARACTERISTICS

(TYPICAL)

2.5

2.0

1.5

0 1 54

1.0

0.5

0
6

VD=VDB=15V
VIN=5V

Tj=25ϒC
Tj=125ϒC

VCC=300V
VD=VDB=15V
VIN=0V↔5V

Tj=25ϒC
Tj=125ϒC

32
EMITTERCURRENT,IE,(AMPERES)


E
M
IT
T
E
R
-C
O
LL
E
C
T
O
R
V
O
LT
A
G
E
,V
E
C
,(
V
O
LT
S
)

FREE-WHEELDIODE
FORWARDCHARACTERISTICS

(TYPICAL)

2.5

2.0

1.5

0 1 54

1.0

0.5

0
6

VIN=0V
Tj=25ϒC
Tj=125ϒC

32
EMITTERCURRENT,IE,(AMPERES)

R
E
V
E
R
S
E
R
E
C
O
V
E
R
Y
C
U
R
R
E
N
T
,I
rr
,(
A
M
P
E
R
E
S
) 101

100

100

10-1
101

VCC=300V
VD=VDB=15V
VIN=0V↔5V

Tj=25ϒC
Tj=125ϒC

EMITTERCURRENT,IE,(AMPERES)

R
E
V
E
R
S
E
R
E
C
O
V
E
R
Y
T
IM
E
,t
rr
,(
ns
)

103

100

102

101
101

COLLECTORCURRENT,IC,(AMPERES)

S
W
IT
C
H
IN
G
L
O
S
S
,E
S
W
(o
n)
,
(m
J/
P
U
LS
E
)

100

100

10-1

10-2
101

SWITCHINGLOSS(ON)VS.
COLLECTORCURRENT(TYPICAL)

Tj=25ϒC
Tj=125ϒC

VCC=300V
VD=VDB=15V
VIN=0V↔5V

COLLECTORCURRENT,IC,(AMPERES)

S
W
IT
C
H
IN
G
L
O
S
S
,E
S
W
(o
ff)
,(
m
J/
P
U
LS
E
)

100

100

10-1

10-2
101

SWITCHINGLOSS(OFF)VS.
COLLECTORCURRENT(TYPICAL)

Tj=25ϒC
Tj=125ϒC

VCC=300V
VD=VDB=15V
VIN=0V↔5V



PS21661-RZ/-FR
Intellimod™Module
Single-In-LineIntelligentPowerModule
3Amperes/600Volts

6

Powerex,Inc.,200E.HillisStreet,Youngwood,Pennsylvania15697-1800(724)925-7272

+

+

ACLINE

W(VWFS)

VWFBC1

+15V

RSHUNT

N
R3

FO

VNC

VN1

WN

WP

C2 C3

R2

R2

C5

C5

+

VN1

UN

UP

C2

R2

R2

C5

C5

VN1

VN

VP

C2

R2

R2

C5

C5

+3.3to+5V

C2

C6

RSF

CSF

C7

P

CIN

HO

CIN

LO

FO

COM

VCC

NIN

PINV
N
OVB

VS

HO

CIN

LO

FO

COM

VCC

NIN

PINV
N
OVB

VS

HO

CIN

LO

FO

COM

VCC

NIN

PINV
N
OVB

VS

D1

R1

+
U(VUFS)

VUFB
C1 C2

D1

R1

+
V(VVFS)

VVFB
C1 C2

D1

R1

Thissymbolindicates
connectiontogroundplane.

MOTOR

C
O
N
T
R
O
LL
E
R

ComponentSelection:

Dsgn. Typ.Value Description

D1 1A,600V Bootstrapsupplydiode–Ultrafastrecovery

C1 10-100uF,50V Bootstrapsupplyreservoir–Electrolytic,longlife,lowImpedance,105°C(Note5)

C2 0.22-2.0uF,50V Localdecoupling/Highfrequencynoisefilters–Multilayerceramic(Note8)

C3 10-100uF,50V Controlpowersupplyfilter–Electrolytic,longlife,lowImpedance,105°C

C5 100pF,50V OptionalInputsignalnoisefilter–Multilayerceramic(Note1)

C6 200-2000uF,450V MainDCbusfiltercapacitor–Electrolytic,longlife,highripplecurrent,105°C

C7 0.1-0.22uF,450V Surgevoltagesuppressioncapacitor–Polyester/Polypropylenefilm(Note9)

CSF 1000pF,50V Shortcircuitdetectionfiltercapacitor–MultilayerCeramic(Note6,Note7)

RSF 1.8kohm Shortcircuitdetectionfilterresistor(Note6,Note7)

RSHUNT 5-100mohm Currentsensingresistor-Non-inductive,temperaturestable,tighttolerance(Note10)

R1 10ohm Bootstrapsupplyinrushlimitingresistor(Note5)

R2 330ohm Optionalcontrolinputpull-upresistor(Note1,Note2)

R3 1kohm Faultoutputsignalpull-upresistor(Note3)

Notes:

1)Topreventinputsignaloscillationsminimizewiringlengthtocontroller(∼2cm).AdditionalRCfiltering(C5etc.)mayberequired.
Iffilteringisaddedbecarefultomaintainproperdeadtimeandvoltagelevels.Seeapplicationnotesfordetails.
2)InternalHVICprovideshighvoltagelevelshiftingallowingdirectconnectionofallsixdrivingsignalstothecontroller.
3)FOoutputisanopencollectortype.Pull-upresistor(R3)shouldbeadjustedtocurrentsinkcapabilityofthemodule.
5)BootstrapsupplycomponentvaluesmustbeadjusteddependingonthePWMfrequencyandtechnique.
6)WiringlengthassociatedwithRSHUNT,RSF,CSFmustbeminimizedtoavoidimproperoperationoftheSCfunction.
7)RSF,CSFsetshortcircuitprotectiontriptime.Recommendtimeconstantis1.5us-2.0us.Seeapplicationnotes.
8)Localdecoupling/highfrequencyfiltercapacitorsmustbeconnectedascloseaspossibletothemodulespins.
9)ThelengthoftheDClinkwiringbetweenC6,C7,theDIP’sPterminalandtheshuntmustbeminimizedtopreventexcessivetransientvoltages.
InparticularC7shouldbemountedasclosetotheDIPaspossible.
10)Usehighquality,tighttolorancecurrentsensingresistor.ConnectresistorascloseaspossibletotheDIP’sNterminal.
Becarefultocheckforproperpowerrating.Seeapplicationnotesforcalculationofresistancevalue.

SIP-IPMApplicationCircuit
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