Application Note

TENTATIVE

Mitsubishi Semiconductors <Dual-In-l.ine Package Intelligent Power Module>

PS21067

Transfer-Mold Type
insulated Type

Pre. S‘/L'im.,%)ﬁé?&g, W%‘IW Rev. A'
Aor 5 Giosanfle 70 Mo, 04

Applications : AC100~200V three-phase motor variable speed inverter drive.

Integrated Power Functions :

B00V/30A low-loss 5™ generation planar gate IGBT inverter bridge with N-side open emitter structure for

DC-to-AC power conversion

Integrated drive, protection and system confrol functions :

—For upper-leg IGBTs : Drive circuit, High voltage isolated high-speed level shifting,
Contro! supply under-voltage (UV) protection.

—For lower-leg IGBTs

Short circuit protection (SC).

—Fauit signaling : Corresponding to an SC fault (Lower-side IGBT) or a UV fault (Lower-side supply).
—Input interface : &V line CMOS/TTL compatible, Schmitt Trigger receiver circuit (High Active).

: Drive circuit, Control supply under-voltage protection (UV),

Fig. 1 Package Outlines

30x2.54{=76.2)

Heat sink side

=~ N

2]
@@mmmrvm! =

] T
g1 18 5213151518 1715152021

18.50.5

16,1203
=
]

1

44 0.5
48.60.8

1

e}

]

27.4\54\

34 0.5
42.64.%

0.40.5]

e il
Y

_—

(1'.71
(o3} }

Note 1: Package ouilines are subjected to change in the development.
2: All lead terminals are treated by Pb-free solder (ingredient: Sn-Cu) plating.

1.VUFS
2VUFB
3.VP1
4.UP
BVVFES
6. VVFB
1VP1
8.VP
9.VWFS
10.VWFB
11.VP1
12VPC
13.WP
14.VN1
15.VNC
16.CIN
17.CFO
18.FO
19.UN
20.VN
21.WN

22P
23U
24V
25W
26.NU
27NV
28.NW
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Application Note Mitsubishi Semiconductors <Dual-In-Line Package Intelligent Power Module>

PS21067
TENTATIVE Transfer-Mold Type

Insulated Type

Maximum Ratings (Tj=25°C, unless otherwise noted):

Inverter Part:

ltem Symbol Condition Rating Unit
Supply voltage Vee Applied between P-NU,NV,NW 450 \
Supply voltage (surge) Veesurge)y |[Applied between P-NU,NV,NW 500 \Y,
Collector-emitter voltage VcEs 600 \Y
Each IGBT collector current +lc Tc=25°C 30 A
Each IGBT collector current (peak) *lcp Tc=25°C, less than 1ms 60 A
Collector dissipation Pc Tc=25°C, per 1 chip 60.6 w
Junction temperature T, (Note 1) | -20~+125 °C

(Note 1) The maximum junction temperature rating of the power chips integrated within the DIP-IPM is 150°C(@Tc<100°C). However,
in order to ensure safe operation of the DIP-IPM, the average junction temperature should be limited to
Tj(ave)<125°C(@Tc<100°C).

Control (Protection) Part

ltem Symbol Condition Rating Unit

Control supply voltage Vb Applied between Vp1-Vpc,Vni-Vine 20 \Y
Applied between Vygg-Virs,
Control [ It Vv 20 \Y,
ontrot supply voltage DB VVFB'VVFS !VWFB_VWFS
Applled between Up,Vp,Wp-Vpc, -

Input voltage VN Un. Vi, W-Vie -0.5~Vp+0.5
Fault output supply voltage VEeo Applied between Fo-Vyc -0.5~Vp+0.5 Vv
Fault output current IFo Sink current at Fo terminal 1 mA
Current sensing input voltage Vsc Applied between CIN-V\c -0.5~Vp+0.5 \Y
Total System

Item Symbol Condition Rating Unit
Self tecti | it limit Vp=13.5~16.5V, Inverter part

ell protection supply voltage fimi Veepror) |Tj=125°C, non-repetitive 400 Y
(short circuit protection capability)
less than 2us
Module case operation temperature Tc (Note 2) | -20~+100 °C
Storage temperature Tstg -40~+125 °C
Isolation voltage viso  |60Hz Sinusoidal, AC 1 minutes, 2500 | Vrms
connection pins to heat-sink plate

(Note 2) Tc measurement position

Control terminals
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Application Note

TENTATIVE

Mitsubishi Semiconductors <Dual-In-Line

Package Intelligent Power Module>

PS21067

Transfer-Mold Type
Insulated Type

Thermal Resistance :

ltem Symbol Condition Min. Typ. Max. Unit
Junction to case thermal | Ri.c)q |Inverter IGBT part (per 1/6 module) — — 1.65
resistance Ring-cF [Inverter FWD part (per 1/6 module) — — 2.55 °C /W
Contact thermal resistance R Between case and fin with grease _ _ 0.047
(Note 3) applied (per 1 module)

(Note 3) Grease with good thermal conductivity and long-term endurance should be applied evenly with about +100um~+200um on
the contacting surface of DIP-IPM and heat-sink.

Electrical Characteristics ( Tj=25°C, unless otherwise noted ) :

Inverter Part
Item Symbol Condition Min. Typ. Max. Unit
Collector-emitter Vceat) | Vo=Voe=15V Tj=25°C — 1.60 2.10
saturation voltage Vin=5V, Ic=30A, Ti=125°C — 1.70 2.20
FWD forward voltage Vec T;=25°C, V=0V, -1c=30A - 1.50 2.00
Switching time ton Vee=300V, Vp=Vpg=15V 0.70 1.30 1.90
tr Vin=0& 5V, [c=30A — 0.30 —
teon) |Tj=125°C — 0.40 0.60 us
torf Inductive load (upper-lower arm) — 1.70 2.40
te(of) — 0.50 0.80
Collector-emitter lces  [Vce=Vces Tj=25°C - - 1
cut-off current Tj=125°C — — 10 mA
Control (Protection) Part :
Item Symbol Condition Min. Typ. | Max. | Unit
Circuit current I Vp=Vps=15V | Total of Vpi-Vpc,VNi-Vie — — 7.00
Vin=5V Vurs-Vurs,Vvre-Vvrs, Vwre-Vwrs - - 0.55 mA
VD=VDB=15V Total of Vp1-Vpc,VN1-VNC - — 7.00
Vin=0V Vurs-Vurs;Vvrs-Vvrs, Vwrs-Vwrs - - 0.55
Fo output voltage Veou | Vsc=0V, Fo circuit:10kQ to 5V pull-up 4.9 — —
V|=0|_ Vsc=1V, |Fo=1mA — — 0.95
Input current Iin Vin=5V 1.0 1.5 2.0 mA
short circuit trip level | Vscgen | Ti=25°C, Vp=15V (Note 4) | 0.43 0.48 0.53 V
UVpg: | Tj<125°C Trip level 10.0 - 12.0
Control supply under- | UVpg; Reset level 10.5 — 12.5
voltage protection UVt Trip level 10.3 — 12.5 v
UVp, Reset level 10.8 — 13.0
Fault output pulse width tro Cro=22nF (Note 5) 1.0 1.8 — ms
ON threshold voltage | Vth(on) | Applied between Up,Vp,Wp-Vpc, 2.1 2.3 2.6 vV
OFF threshold voltage | Vth(off) | Un,VN,Wn-Vie 0.8 1.4 2.1
(Note 4) Short circuit protection is functioning only for N-side IGBTs. Please select the external shunt resistance such that the SC
trip-level is less than 1.7 times of the rated current.
(Note 5) Fault signal is output when the lower arms short circuit or control supply under-voltage protective functions operate. The
fault output pulse-width tro depends on the capacitance value of Cgg (Cpo= 12.2 x 10 x teo [F])
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Application Note

TENTATIVE

Mitsubishi Semiconductors <Dual-In-Line Package Intelligent Power Module>

PS21067

Transfer-Mold Type
Insulated Type

Mechanical Characteristics and Ratings:

Item Condition Min. Typ. Max. Unit
Mounting torque Mounting screw: (M4) | Recommended: 1.18N'm 0.98 - 1.47 N-m
Weight 77 - g
Heat-sink flatness (Note 6) -50 - 100 um
(Note 6)

nnnn nn
; N $ 3.25mm
_. Measurement position Q)
] ] ] ] O O 0O
Heat-sink side
N R —
: J
Heat-sink side
Recommended Operation Conditions :
Item Symbol Condition Recommended Unit
Min. | Typ. | Max.
Supply voltage Vee Applied between P-NU,NV,NW 0 300 | 400 V
Control supply voltage Vb Applied between Vp1-Vpe,Vni-Vie 13.5 | 1560 | 16.5 V
Applied between
trol I It 13. 15. 18.
Control supply voltage Vbe Vire-Vurs, Vors-Vyrs, Vivrs-Vines 3.0 5.0 8.5 \%
Control supply variation AVp,AVpg -1 — +1 V/us
Arm-shoot-through blocking time tdead For each input signal, Tc<100°C 2.0 — — V&S
PWM input frequency frwm Tc<100°C, Tj<125°C — — 20 kHz
PWIN(on) (Note 7) 0.3 — —
200<V <350V,
13.5<Vp<16.5V, Ic<30A 15 | — —
Minimum input pulse width PWIN(off) 13.0<Vpp<18.5V, us
-20<T100°C,
N line wiring inductance |30<Ic<51A | 3.0 | — —
less than 10nH (Note 8)
I Potential difference between _
Ve variation VNG |y -NUNV,NW including surge voltage | -0 501V

(Note 7) DIP-IPM might make no response to the input on signal with pulse width less than PWIN(on).

(Note 8) DIP-IPM might make no response to the input off signal with pulse width less than PWIN(off), or P-side only the turn on
time becomes long as shown in Fig.2. However, off-latch will not happen for next input on signal in this case. For the
wiring inductance of N line, please refer to Fig.6.

Fig.2 Output behavior under short input off signal with pulse width less than PWIN(off)

P-side control input

IGBT gate

[ 1

i

Real line:

Output current

hY

]

= ———
1

(P-side only)

off pulse width larger than PW IN(off)
= turn on time is t1 (conventional value)

Broken line: off pulse width less than PW IN(off)

= turn on time is t2 (t2 > t1)
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Application Note Mitsubishi Semiconductors <Dual-In-Line Package Intelligent Power Module>

PS21067
TENTATIVE Transfer-Mold Type

Insulated Type

Fig.3 DIP-IPM Internal Circuit
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Application Note Mitsubishi Semiconductors <Dual-In-Line Package Intelligent Power Module>

PS21067
TENTATIVE Transfer-Mold Type

Insulated Type

Fig.4 Timing Charts of the DIP-IPM Protective Functions

[A] Short-Circuit Protection ( N-side only )
(with external shunt resistor and CR filter)
al. Normal operation: IGBT turn on and carry current.
a2. Short circuit current detected (SC trigger).
a3. IGBT gate hard interrupted.
a4. IGBT turn off.
a5. Fo output: Fo output pulse width is determined by the external capacitance Cego.
a6. Input “L” : IGBT off.
a7. Input “H” : IGBT on, but during the Fo output period the IGBT will not turn on.
a8. IGBT keep in off state.

Lower-arms control inputJ a6 ar SS_|
V
N

Protection circuit state SET | @ RESETl

A
Internal IGBT gate _|—| % &
I

a2
SC -

I

|

v

|

| |

| |

] |

al : ad : \l/
Output current Ic 4/\/\ i ) /\/\
| X

Sense voltage of O\ T ! ““I[}\
the shunt resistance 3 S ! 3

Error output Fo

]

[B] Under- Voltage Protection ( N-side, UVp )

b1. Control supply voltage rise: After the voltage level reaches UVyp,, the drive circuit begins to work at the
rising edge of the next input signal.

b2. Normal operation : IGBT turn on and carry current.

b3. Under voltage trip (UVpy).

b4. IGBT turn off regardless of the control input level.

b5. Fo output.

b6. Under voltage reset (UVp,).

b7. Normal operation: IGBT turn on and carry current.

Control input | | I
1 T
I

Protective circuit state FESET ' SE SEESEj
[]
I

Control supply Vp

Output current Ic

Fault output Fo
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Application Note Mitsubishi Semiconductors <Dual-In-Line Package Intelligent Power Module>

PS21067
TENTATIVE Transfer-Mold Type

Insulated Type

[C] Under- Voltage Protection ( P-side, UVpg )

c1. Control supply voltage rises: After the voltage reaches UVpg,, the drive circuit begins to work.
c2. Normal operation : IGBT turn on and carry current.

¢3. Under voltage trip (UVpgy).

c4. IGBT keep off regardless of the control input level, but there is no Fo signal output.

¢5. Under voltage reset (UVpg).

c6. Normal operation: IGBT turn on and carry current.

Control input | | I
I
I
Protective circuit state IRESET ' SE SEESEj
[]
I

Control supply Vps

Output current Ic

High level output (=no Fo output) )8

Fault output Fo ¢

Fig.5 Recommended MCU I/O interface circuit

5V line
NG

Note) RC coupling at each input
g 10kO (parts shown dotted) may change

DIP-IPM depending on the PWM control
scheme used in the application
Up,Ve,Wp,Vx,Vn, Wi and the wiring impedance of the
° (> application’s printed circuit board.
The DIP-IPM input signal section
2.5k (min) integrates a 2.5k Q2 (min) pull-down
resistor. Therefore, when using a
external filtering resistor, care must
0T ) be taken to satisfy the turn-on
717- 0— Vnc(Logic) threshold voltage requirement.

A A
MCU YA

Fo

A A
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Fig.6 Wiring method of shunt resistor circuit

DIP-IPM
Wiring inductance should less than 10nH
—"—— Shunt resistor -
NU Recommend to use
chip type resistor.
NV
)
N Vie NW \
This GND wiring from V¢ should be as
close to the shunt resistors as possible.
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