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

PS21565-P

Transfer-Mold Type
Insulated Type
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COMPANY PROPRIETARY
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' WRITTEN PERMISSION OF MITSUBISHI ELECTRIC CORPCRATION
(THIS IS A RED INK STAMP)

Applications : AC100V~200V three-phase inverter drive for small power motor control.

Integrated Power Functions :
600V/20A low-loss CSTBT™ inverter bridge for 3 phase DC-to-AC power conversion

Integrated drive, protection and system control functions :
For upper-leg IGBTs: Drive circuit, High voltage isolated high-speed level shifting,
Control supply under-voltage (UV) protection.
For lower-leg IGBTs : Drive circuit, Control supply under-voltage protection (UV),
Short circuit protection (SC).
Fault signaling: Corresponding to an SC fault (Lower-side IGBT) or a UV fault (Lower-side supply).
Input interface: 5V line CMOS/TTL compatible.(High Active)

UL Approved : Yellow Card No. E80276
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Note: All outer lead terminals are with Pb-free solder plating.
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Application Note MitsubisILi Semiconductors <Dual-In-Line Package Intelligent Power Module>

TENTATIVE PS21565-P

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-N 450 \%
Supply voltage (surge) Veceurgey |Applied between P-N 500 \%
Collector-emitter voltage * Vecgs 600 \%
Each IGBT collector current *lec  [Tf=25°C v 20 A
Each IGBT collector current (peak) *lgp  |TF=25°C, less than 1ms 40 A
Collector dissipation ' Pc Tf=25°C, per 1 chip (25.0) W
Junction temperature Tj (Note1) o 20~+125 °C

(Note1) The maximum junction temperature rating of the power chips integrated within the DIP-IPM is 150°C(@Ti<100°C).
However, to ensure safe operation of the DIP-IPM, the average junction temperature should be limited to
Tj(ave)<125°C (@Tf<100°C).

Control (Protection) Part

‘ item Symbol : Condition ‘ Rating Unit
Control supply voltage Vp Applied between Vpi-Vine,Vni-Vie 20 Y
. ' Applied between Vyre-Vurs
trol I It \/ : '
Control supply voltage DB Virs-Virs Vives-Visrs 20 VvV
) . APPIIEd between Up,Vp,WP-VNc, ) ‘
Input voltage Vin Un Vo, WiV -0.5~Vp+0.5 V
Fault output supply voltage : Vro Applied between Fo-Vic -0.5~Vp+0.5 V
Fault output current ‘ lFo Sink current at Fo terminal _ 1 mA
Current sensing input voltage Vsc Applied between CIN-Vyc -0.5~Vp+0.5 V
Total System : : ‘
item Symbol Condition Rating Unit
, } o 1Vp=13.5~16.5V, Inverter part
Self protection supply voltage limit | v genqr  (Tj=125°C, non-repetitive 400 v
(short circuit protection capability) } less than 2u s
Module case operation temperature Tf  |(Note2) -20~+100| °C
Storage temperature Tstg . -40~+125 °C
. ' . 60Hz, Sinusoidal, AC 1 minutes,
Isolation voltage . Viso connecting pins to heat-sink plate 2500 . , vrms

{Note2) Tf measurement location

Al Board Specification:
Dimensions: 100 % 100 % 10mm, Finishing: 12s, Warp: -50~100um
Control

FWDi Chi
P IGBT/FWDi Chip .

O Al Board 1
} N
Y.
Groove
Chi
IGBT Chip Temperature measurement

Temperature N w v U P point (inside the Al board)
measurement point . .
(inside the Al board) ~Power Termingls

18mm

Silicon-grease should be applied evenlywith a thickness of 100~200pm 4

DIP-IPM . DPH—5461e—
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Application Note Mitsubishi Semiconductors <Dual-In-Line Package Intelligent Power Module>

TENTATIVE | | PS21565-P

Transfer-Mold Type

- Insulated Type
Thermal Resistance : :
_ ltem Symbol Condition Min. Typ. Max. Unit
Junction to case thermal | Rugna |Inverter IGBT part (per 1/6 module) — - (4.0) [°Ccw
resistance (Note3d) Rugor [Inverter FWD part (per 1/6 module) — - (6.5)

(Note3)Grease with good thermal conductivity should be applied evenly with about +100 g m~+2001 m on the contacting
surface of DIP-IPM and heat-sink.

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

Inverter Part
ltem Symbol Condition Min. Typ. Max. Unit
Collector-emitter Veegaty | Vo=Voe=15V | 1c=20A; Tj=25°C — (1.40) | (1.90) v
saturation voltage - Vin=8V  [1g=20A, Tj=125°C — (1.50) | (2.00)
FWD forward voltage Vec |[|Tj=25°C, -Ic=20A, V=0V — (1.70) | (2.20) V.
Switching times ton ce=300V, Vp=Vpg=15V (0.70) | (1.30) | (1.90)
tr . [l=20A — (0.30) —
teony |Ti=125°C : - (0.40) | (0.60) LS
tor  |Inductive load (upper-lower arm) - (1.50) | (2.10)
to(o) N=0e5V - (0.50) | (0.80)
Collector-emitter lces ce=Vees . ' Tj=25°C — — 1
cut-off current ' Tj=125°C — — 10 mA
Contro! (Protection) Part : ,
ltem Symbol ‘ - Condition , Min. Typ. Max. | Unit
Circuit current : Ip Vp=Vps=15V | Total of Vp1-Vne,Vii-Vne - - 7.00 mA
Vin=pV Vurs-Vurs, Vvrs-Vvrs, Viwrs-Vivrs — — 0.55 | mA
Vp=Vps=15V | Total of Vp-Vie,Vni-Vine — — 7.00 | mA
Vin=0V Vure-Vurs, Vurs-Vvrs, Viwes-Vivrs — — 0.55 | mA
Fo output voltage Veon | VscS0V, Fo circuit pull-up to 5V with10kQ 4.9 — — |V
» VioL | Vsca1V, lro=1mA — — 0.95 | V
input current v | Vin=pV_ : 1.0 1.5 20 - | mA
short circuit trip level | Vscgen | Tf=-20~100°C, Vp=15V (Note4) |.0.45 — 0.52 V.
' UVpe | Tjg125°C Trip level | 10.0 — | 120 | V
Supply circuit under- | UVpg, Reset level 10.5 - 12.5 \
voltage protection UVpy ' Trip level 10.3 — 12.5 \Y
UVp;, ) Reset level | 108 - 13.0 Y
Fault output pulse width tro | Cro=22nF (Noteb) 1.0 1.8 — ms
ON threshold voltage | vth(on) | Applied between Up,Vp,Wp-Vig, 2.1 2.3 26 v
OFF threshoid voltage | vth(off) | Un, Vv, Win-Vine 0.8 1.4 2.1
(Note4) Short circuit protectioh is functioning only ‘at the low-arms. Please select the value of the external shunt resistor
such that the SC trip-level is less| than 40A .
(Note5) Fault signal is output when the low-arms short circuit or control supply under-voltage protective functions operate.
The fault output pulse-width tro depends on the capacitance value of Cro
according to the following approximate equation : Ceo= 12.2 x 10° x tro [F]

DIP-IPM DPH—5461e—
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Applicatioh Note Mitsubishi Semiconductors <Dual-In-Line Package Intelligent Power Module>

PS21565-P

Transfer-Mold Type
Insulated Type

TENTATIVE

Mechanical Characteristics and Ratings ':

ltem ' Condition Min. Typ. Max. | Unit
Mounting torque Mounting screw: M3 | Recommended: 0.78N-m 0.59 - 0.98 N'm
Weight ’ - 20 - g
Heat-sink flatness (Noteb) -50 - 100 Lm

(Notes) -
COCLEE e e

%% CD Measurement location

Heat-sink side

H3mm

oo o

Heat-sink side

Recommended Operation Conditions |:

ltem Sympol : Condition Recommended Unit
: Min. | Typ. | Max.
Supply voliage Vac Applied between P-N 0 300 | 400 \
Control supply voltage Vb Applied between Vpi-Vine,Vni-Vne | 13.5 | 15.0 | 16.5 vV
Applied between '
Control supply voltage Vs Voure-Vurs Vurs-Vurs, Vivrs-Vivrs 13.0 | 150 | 18.5 V
Control supply variation AVp,AVpg ‘ -1 — 1 V/ius
Arm-shoot-through blocking time tgehd For each .input signal, Tf£100°C 2.0 —_ _ us
PWM input frequency frvm Tf<100°C, Tj<125°C — — 20 kHz
VCC=300V, .
Vp=Vpe=15V, fenwn=5kHz — — 1 (10.0)
P.F=0.8, , ,
Allowable r.m.s. current lo Sinusoidal PVWM, Arms
Tj<125°C, Ti<100°C|fpyyw=15kHz - — | (6.4)
(Note7) :
| PWIN(on) : (Note8) 03 | .~ | -
200=Vcc =350V, |Below rated (14| — _
13.55Vp=16.5V, |current '
13-0§VDB§18-5V, Between rated
20°C <Tf<100°C. |currentand 1.7 5| — _
. . . : L " ltimes of rated ) :
Minimum input pulse width N-line wiring _ us
PWIN(off) |. current :
inductance less
than 10nH Between 1.7
(Note9) times of rated
currentand 2.0 { (3.0) | — | —
times of rated
current
Ve variation Vic between Vne-N (including surge) -5.0 — | 5.0 \Y

(Note7) The allowable r.m.s. current value| depends on the actual application conditons.

(Note8) Input signal with ON pulse width less than PWIN(on) might make no response.

(Note9) IPM might not work properly or make response for the Input signal with OFF pulse width less than PWIN(off).
Please refer to Fig. 5 for recomimjended- wiring method.

}
DIP-IPM DPH—5461e—
(4.9)




Application Note Mitsubis+ Semiconductors <Dual-In-Line Packége Intelligent Power Module>|

PS21565-P

Transfer-Mold Type
Insulated Type

TENTATIVE

‘Fig.2 Current output when input|signal is less than allowable minimum input pulse width
PWIN(off) (P side only) '

P Side Control Input ' l T

e
Internal IGBT Gate :

v |
]
Output Current ¢ / \ 2] u /
. I

Real line:--off pulse width>PWIN(off); turn on time t1
Broken line:-off pulse width <<PWIN(off); turn on time t2

DIP-IPM DPH—5461e—
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Application Note Mitsubishi Semiconductors <Dual-In-Line Package lntelligeht Power Module>
TENTATIVE Transfer-Mold Type
Insulated Type
Fig.3 DIP-IPM Internal Circuit :
VUF% ’ - DIP-IPM
Vi ¢ O
e HVICT i
Vpy O——— Ve Vg IGBT1 Di1
Up 0—"‘—— IN HO |
N ¢
COM Vs b - —® QU
Vvre O
VVFS‘EIJ .
HvIC2
Ve, Q Vee Ve IGBT2 Di2
Ve Q IN  HO |
®— COM Vs ® o—— Qv
Vwre O
VWFSi/
HVIC3
Ve O Vec Vg | IGBT3 Di3
Wp © IN HO |
®— COM Vs o —0owW
LVIC
Uour
Vi @ Ve
Vour
UG UN
VN I VN
WG W Wout
Fo @ Fo Vo
VNC?_—._F GND  CFO ON
5 &
CFO CIN
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Application Note | Mitsubisl‘{i Semiconductors <Dual-In-Line Package Intellig'ent' Power Module>

TENTATIVE | PS21565-P

Transfer-Mold Type
Insulated Type

Fig.4 Timing Charts of the DIP-IPM Protective Functions
[A] Short-Circuit Protection ( Lower-arms only ) '
(with the external shunt resistor and CR connection)
at1. Normal operation : IGBT ON and carrying current.
a2. Short circuit current detection (SC trigger).
a3. Hard IGBT gate interrupts.
a4. IGBT turns OFF. : ,
ab. Fo timer operation starts : The pulse width of the Fo signal is set by the external capacitor Cro.
a6. Input “L" : IGBT OFF state. .
a7. Input “H” : IGBT ON state, but during the Fo active signal period the IGBT doesn’t turn ON.
a8. IGBT OFF state.

Lower-arms control input . | | [ = [ ¥ SS—I
vV |
- |
Protection circuit state SET | (g :
NV
[}
Internal IGBT gate 2 :
I i
A
i [}
. a4 : \1/
Output current ic a8 j /\/\
1
]
]

N

____________ Wl _SQ.r.eieLe_n@.e_vglLage_g(_____ —_——— .
Sense voltage of | i -
the shunt resistance § 5 L i

(4 |
CR circuit time constant DELAY (I'the)

2l

Error output Fo.

[B] Under- Voltage Protection ( Lower-arm, UVp ) _
b1. Control supply voltage rises : After the voltage level reaches UVp,, the circuits start to operate when
next input is applied. : ‘ '
b2. Normal operation : IGBT ON and carrying current.
b3. Under voltage trip (UVpy).
b4. IGBT OFF in spite of control input condition.
b5. Fo operation starts. :
b6. Under voltage reset (UVp).
b7. Normal operation : IGBT ON and carrying current.

" Control input

Protection circuit state

Control supply voitage Vp

Ofﬁput current-ic

Error output Fe

DIP-IPM | DPH—54616—
(7.,79)




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

TENTATIVE | : PS21565-P

Transfer-Mold Type
Insulated Type

[C] Under- Voltage Protection ( Upper-arm, UVpg )
c1. Control supply voltage rises : After the voltage reaches UVpg,, the circuits start to work when the next input is
applied. \
c2. Normal operation : IGBT turns|on and carries current.
c3. Under voltage trip (UVpgy).
c4. IGBT turns off in spite of .control input signal, but there is no Fo signal output.
c5. Under voltage reset (UVpg). ’
¢6. Normal operation : IGBT turns|on and carries current.

Control input

Protection circuit state

Control supply voltage Vpg

Output current Ic

High-level (no fault output) >8

Error output Fo (

Fig.5 Recommended CPU 1/O interface circuit :

5V line
=

Note) RC coupling at each input
‘(parts shown dotted) may change
10k DIP-1PM depending on the PWM control
scheme used in the application

“Up, Ve, Wp, Vi, Vi, Wy {> ' -and the wiring impedance of the

. application’s printed circuit board.
The DIP-IPM input signal section
2.5k (min) integrates a 2.5k 2 (min) pull-down
’ resistor. - Therefore, when using a
. external filtering resistor, care must
. be taken to satisfy the turn-on
Vie(Logic) -threshold voltage requirement.

CPU vV

Fo

I
T VYWY
—L.
—y-

!

[N
—— pe———=0

[

Fig.é Recommended wiring of shunt resistor :

DIP-IRM :
. Wiring inductance should be less than 10nH.

width=3mm, thickness=100 ¢t m, length=17mm
in.copper pattern (rough standard)

/ Shunt resistor
O Ve N O NN\ O

"

Please make the connection point
as close as possible to the terminal
of shunt resistor.

DIP-IPM , DPH—5461e—
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Application Note Mitsubish

TENT/

ATIVE

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

PS21565-P

Transfer-Mold Type
Insulated Type

Fig.7 An Example of Typical

DIP-IPM Application Circuit:

: Tight tolerance temp-compensated electrolytic type

Cc2
C2,C3: 0.22~2pFR-category ceramic capacitor for noise filtering .
{Npte: The capacitance value depends on the PWM control used in the applied system)
ChAAA I Vurg DIP-IPM
Vurs| P
Cc1 HVIC1
S Vi
- Bl Vee Vg —
% I u | A
= IN HO Ny
c2 j U
R‘? — COM Vs 5
—t- Vyea
Vvrs|
C1 HVIC?
f Vei
Vee Ve
G 1 v |
= IN  HO
c2 ) v
R{q t— COM Vs >
~;i—W Ve
Vw: .
Ci HVIC3
(@) Vpr
C3ie
c .3~ 1 We
C | w
z /74
- -
Vi
&Vline |C3:
X
Un
Ly ~
Tl |
W Too long wiring here might
1 W Wour '/ [cause short-cireuit.
Fo
Fo Vo ‘—‘—‘ } J
CIN e ...___._____rN
v .
"4 eND  CFO ‘
c
L CFO CIN
l C4(Cro) L B
15V line = 7;‘;' l R1
_ X c5 Shunt
A T resistor

noise to input

fong GND wi
malfunction

and cause |IGBT fluctuation might be large a

ing here might generate]
SC malfunction

[lfthis wiring is too long, the

Note1) To prevent the‘input signals oscilla
Note2) By virtue of integrating an applicatio

IN1
SC level]
nd cause

any opto-coupler or transformer isolation is possible.

Note3) Fo output is open collector type. This
approximately 10kQ resistor.
Note4) Fo output pulse width is determine
' (Example: Cro =22nF — tro =1.8m
Note5) The logic of .input signal is high-acti
Therefore, when using external filter
Note6) To prevent malfunction of protectio
Note7) Please set the R1C5 time constant
Note8) Each capacitor should be located 3
Note9) To prevent surge destruction, the wi
possible. Approximately a 0.1~0.22 |

> (typ:))

n, the wiring of A, B, C should be as short
in the range 1.5~2u s, ‘

as possible.

s nearby the pins of the DIP-IPM as possible.
ring between the smoothing capacitor and the P&N1 pins should be as short as
I F snubber capacitor between the P&N1 pins is.recommended.

tion, the wiring of each input should be as short as possible (Less than 2cm)
n specific type HVIC inside the module, direct coupling to CPU terminals without

signal line should be pulled up to the positive side of the 5V power supply with

i by the external capacitor between CFO and Vic terminais (Cro).

ve. The DIP-IPM input signal section integrates a 2.5k (min) pull-down resistor.
ng resistor, care must be taken to satisfy the turn-on threshold voltage requirement.

DIP-IPM
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