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Super Mini DIP-IPM Ver.4 INTRODUCTION

CHAPTER 1

1.1 Target Applications

Super Mini DIP-IPM Ver.4 INTRODUCTION

Motor drives for household electric appliances, such as air conditioners, washing machines, refrigerators.
Low power industrial motor drives with 1500V isolation voltage except automotive applications.

1.2 Product Line-up

Table 1-1. Super Mini DIP-IPM Ver.4 Line-up

Type Name M7 IGBT Rating | Motor Rating ™% Isolation Voltage
PS21961-4/-4A/-AC[-4S/-4W 3A/600V 0.2kW/220V ac
PS21962-4/-4AI-4C/-4S/-4W 5A/600V 0.4KW/220V ac Vi, = 1500Vims
PS21963-4E/-4AE/-4CE/-4ES/-4EW 8A/600V 0.75KW/220Vac (Sine 60Hz, 1min
PS21963-4/-4A/-4C/[-4S/-4W 10A/600V 0.75kW/220V ac All shorted
PS21964-4/-4A/-4C[-4S/-4W 15A/600V 0.75kW/220V ¢ pins-heat sink)
PS21965-4/-4A/-4C/-4S/-4W 20A/600V 1.5kW/220V ¢

Table 1-2. Super Mini DIP-IPM Ver.4 Line-up with over temperature protection function type

Type Name "¢V IGBT Rating | Motor Rating ™% Isolation Voltage
PS21961-T/-AT/-CT/-TW/-ST 3A/600V 0.2kW/220V ac
PS21962-T/-AT/-CT/-TW/-ST 5A/600V 0.4kW/220V ac Vi, = 1500Vims
PS21963-ET/-AET/-CET /-ETW/-EST 8A/600V 0.75KW/220Vac (Sine 60Hz, 1min
PS21963-T/-AT/-CT/-TW/-ST 10A/600V 0.75kW/220V ac All shorted
PS21964-T/-AT/-CT/-TW/-ST 15A/600V 0.75kW/220V ¢ pins-heat sink)
PS21965-T/-AT/-CT/-TW/-ST 20A/600V 1.5kW/220V ac

Note 1: Type name suffixed by ‘-A’ indicates the option for long pin type, ‘-C’ for zigzag pin type, ‘-S’ for N-side open
emitter type, ‘-W’ for both sides zigzag pin type and ‘-T’ with over temperature protect. Please refer to chapter

2 for details.
Note 2: The motor ratings are simulation results under following conditions: Vac=220V, Vp=Vpg=15V, Tc=100°C,
Tj=125°C, fpwm=5kHz, P.F=0.8, motor efficiency=0.75, current ripple ratio=1.05, motor over load 150% 1min.

1.3 Functions and Features

Super Mini DIP-IPM Ver.4 is an ultra-small compact intelligent power module with transfer mold package
favorable for larger mass production. Power chips, drive and protection circuits are integrated in the module,
which makes it easy for AC100-200V class low power motor inverter control. Fig.1-1, Fig.1-2 and Fig.1-3 show
the photograph, internal cross-section structure and the circuit block diagram respectively.

One of the most important features of Super Mini DIP-IPM Ver.4 is that it realized higher thermal dissipation
by incorporating thermal structure with high thermal conductive isolating sheet, due to which, the chip shrink
becomes possible and therefore achieved super-small package with lower temperature rise than previous

DIP-IPM Ver.3.
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Super Mini DIP-IPM Ver.4 INTRODUCTION
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Fig.1-2 Internal cross-section structure
(except for PS21961)
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Fig.1-3 Internal circuit schematic (except for type *-S’)
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Super Mini DIP-IPM Ver.4 INTRODUCTION

Features:

@ For P-side IGBTSs:

-Drive circuit;

-High voltage level shift circuit;

-Control supply under voltage (UV) lockout circuit (without fault signal output).
@® For N-side IGBTs:

-Drive circuit;

-Short circuit (SC) protection circuit (by using external shunt resistor)

-Control supply under voltage (UV) lockout circuit (with fault signal output)

-Over temperature (OT) protection (by monitoring LVIC temp). (-T series only)
@ Fault Signal Output

-Corresponding to N-side IGBT SC protection, N-side UV protection and OT.
@ IGBT Drive Supply

-Single DC15V power supply.
@ Control Input Interface

-Schmitt-triggered 3V,5V input compatible, high active logic.

1.4 The differences between previous series (PS2196X-XXX) and this series (PS2196X-4,-T)

(1) Terminal frame change
The terminal frame is changed. This change intends to increase the insulation distance between terminals
with high voltage potential so as to ensure the electric space meet the Japanese PSE (Product Safety of
Electric home appliance and materials) standard requirements of clearance and creepage distances. For
more detail, refer section 2.3.1~6 and 2.4.1.

(2) Change into internal connection between Vo and V¢ terminals
In the previous series(PS2196X-XXX), the Vo terminal (17pin) needs to be connected externally to the Ve
terminal (16pin) on the PCB. But in these series, the Vo terminal is changed to connect with V¢ terminal inside
the module. So, the external wiring connection becomes no more needed.
For more detail, refer section 2.3.8 and 3.1.2~5.

(3) Addition over temperature protection function (-T series only)
PS2196X-T series have over temperature (OT) protection function that the previous series (PS2196X-XXX)
didn't have. For more detail, refer section 2.2.3.
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SPECIFICATIONS AND CHARACTERISTICS

CHAPTER 2 SPECIFICATIONS AND CHARACTERISTICS

2.1 Super Mini DIP-IPM Ver.4 Specifications

The Super Mini DIP-IPM Ver.4 specifications are described below by using PS21964-4/-4A/-4C/-4W
(15A/600V) as an example. Please refer to respective datasheet for the detailed description of other types.

2.1.1 Maximum Ratings
The maximum ratings of PS21964-4/-4A/-4C/-4W are shown in Table 2-1.

Table 2-1 Maximum Ratings of PS21964-4/-4A/-4C/-4W

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

Item Symbol Condition Rating Unit
Supply voltage Ve |Applied belween P-N 450 VvV | e— (1)
Supply voltage (surge) Vocurgey |APplied between P-N 500 V |e— (2
Collector-emitter voltage Vees 600 v < 53;
Each IGBT collector cument il ITc=25°C 15 A ¢ (4)
Each IGBT collector cument (peak) ilgp Tc=25°C, less than 1ms 30 A
Collector dissipation Pe ITc=25°C, per 1 chip 333 w
Junction temperature Ti (Note 1)] -20~ +125 °C |¢—— (5)

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

Control (Protection) Part

Item Symbol Condition Rating Unit
Control supply voltage Vo  |Applied between Ves-Vie.Vii-Vac 20 v
Applied between Virg-U,
Control supply voltage Vi 20 v
pply 9 P& WyrgV, VinegW
Applied between Up, Ve, Wp-Vie,
Input voltage Vin Une. Vit Wh-Vine 0.5~Vp+05 v
Fault output supply voltage Vro  |Applied between Fo-Vyg 05~VptD5 v
Fault output current Iro Sink current at Fo terminal 1 mA
Current sensing input voltage Vsc Applied between CIN-Vyc “0.5~Vp+0.5 Vv
Total System
Item Symbol Condition Rating Unit
: i Vp=13.5~16.5V, Inverter part
Supply voltage self protection Mt | y,;.po:, (Tj=125°C, non-repetitive 400 v |e—(B)
(short circuit protection capability)
less than 2us
Module case operation temperature Tc (Note2) -20~+100 | =°C
Storage temperature Tstg -40~+125| e°C
: 60Hz, Sinusoidal, AC 1 minutes,
Isolation vollage ViSO Al connected pins to heatsink plate| 00 | Vms
{Note2) Tc measurement posifion
Control terminals ST
K
AR | ()
: 4
IGBT chip position /D Tepokit
-

FWD chip position
Heat sink side

Power terminals

Item explanation:

(1) Vcc

(2) Vce(surge)
(3) Vces

(4) +/-Ic

() Tj

(6) Vcc(prot)

(7) Tc position

The maximum P-N voltage in no switching state. A voltage suppressing circuit such as a brake

circuit is necessary if P-N voltage exceeds this value.

The maximum P-N surge voltage in no switching state. A snubber circuit is necessary if P-N voltage
exceeds Vcc(surge).

The maximum sustained collector-emitter voltage of built-in IGBT and FWDi.

The allowable DC current continuously flowing at collect electrode (Tc=25°C)
Power cycles are ensured no less than 10 millions under the condition of Tf=100°C and Tj<125°C. The
rating value becomes low when temperature rises high.
The maximum supply voltage for IGBT turning off safely in case of an SC fault. The power chip might be
damaged if supply voltage exceeds this specification.

Tc (case temperature) is defined to be the temperature just underneath the specified power chip.
Please mount a thermistor in a heat sink surface at the defined position so as to get accurate
temperature information.

‘ MITSUBISHI 6 Jan. 2008
AN ELECTRIC



Mitsubishi DIP-IPM Ver.4 Application Note

SPECIFICATIONS AND CHARACTERISTICS

2.1.2 Thermal Resistance
Table 2-2 shows the thermal resistance of PS21964-4/-4A/-4C/-4W.

Table 2-2. Thermal resistance of PS21964-4/-4A/-4C/-4W

Thermal Resistance

Item Symbol Condition Min. Typ. Max. Unit
Junction to case thermal Ringga [Inverter IGBT part (per 1/6 module) - - 3.0 W
resistance (Note3) RingoF |Inverter FWD part (per 1/6 module) - - 3.9

(Note3) Grease with good thermal conductivity and long-term quality should be applied evenly with +100pm~+200um on the
contacting surface of DIP-IPM and heat-sink. The contacting thermal resistance between DIP-IPM case and heat sink
(Rthen) is determined by the thickness and the thermal conductivity of the applied grease. For reference, R (per 1/6
module) is about 0.3°C/W when the grease thickness is 20pum and the thermal conductivity is 1.0W/mk

The above data shows the thermal resistance between chip junction and case at steady state. The
thermal resistance goes into saturation in about 10 seconds. The thermal resistance under 10sec is called as
transient thermal impedance which is shown in Fig.2-1.

1.00

FWDi
A/ IGBT

Thermal impedance Zth(j-c)*

//
/|
0.10

0.01 0.1 Time (sec.) 1 10

Fig.2-1 Typical transient thermal impedance

Zin) is the normalized value of the transient thermal impedance

Zinic) = Zingo)| Rinicman
for example, the IGBT transient thermal impedance of PS21964 in 0.3sec is 3.0x0.8=2.4°C/W.

2.1.3 Electric Characteristics (Power Part)
Table 2-3 shows the typical static characteristics and switching characteristics of PS21964-4/-4A/-4C/-4W.

Table 2-3. Static characteristics and switching characteristics of PS21964-4/-4A/-4C/-4W

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

item Symboi Condition Min. | Typ. | Max. | Unit
Collector-emitter Vegsay | Vo=Vpe=15V Tj=25°C - 1.70 220 v
saturation voltage lc=158A, V=5V Tj=125°C - 1.80 230
FWD forward voltage Vec -lg=15A, V=0V - 1.70 220 v
ton V=300V, Vp=Vpe=18V 070 1.30 190
tr lc=15A - 0.30 -
Switching times feemy  |Ti=125°C = 030 | 075 us
ter  |Inductive load = 160 | 220
Teom  [Vin=0<> 5V = 050 | 080
Collector-emitter lces  [Vee=Vees Tj=25°C - - 1
cut-off current Tj=125°C - - 10 mA
¢ wmiTsuBiSH ! Jan. 2008
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Switching time definition and performance test method are shown in Fig.2-2 and 2-3.

—Vee

P-Side IGBT
Vp1 VB
L
Vewe) — > IN  ouT i’—‘
dcom VS A .
P-Side Input Signal o
q 5’
JY Vi
pe out —1
Ve —»O IN Vo L
o Ve N N-Side IGBT
N-Side Input Signal —
Fig.2-2 Switching time definition Fig.2-3 Evaluation circuit (inductive load)
Short A for N-side IGBT, and short B for P-side IGBT evaluation
TR T TN
MY T W
Turn on Turn off
I & O R A YoE
- ;.l ! 5 4 i S Aok sh s b, '*.Tll_: 100Y A div
| W ) 1
- | I?\
1™
. |I k
e VCE F L T /1 i IS Io
+-200ns./ div 1 Dl i 5 0/ i

L 1 a1 Y

Fig.2-4 Typical switching waveform (PS21964-4)
Conditions : V=300V, Vp=Vpe=15V, Tj=125°C, Ic=15A, Inductive load half-bridge circuit

2.1.4 Electric Characteristics (Control Part)
Table 2-4 Control (Protection) characteristics of PS21964-4/-4A/-4C/-4W
Control (Protection) Part:

Item Symbol Condition Min. Typ. Max. | Unit
Vp=Vpe=15V Total of Ve1-Vie, Vn1-Vie == — 2.80
Circuit current Ip V=5V Vues-U, Vvrs-V, Viwes-W - — 0.55 i
Vp=Vpe=15V | Total of Vp1-Vie,Vni-Vine = = 2.80
V=0V Vurs-U, Vves-V, Vwrs-W = = 0.55
Fo output voltage Veon | Vse=0V,Fo terminal pull-up to 5V by 10kQ 49 - —
VeoL | Vse=1V, Ipg=TmA — — 0.95 ¥
Input _current lin Vin=5V 070 1.00 1.50 mA
Short circuit trip level | Vscgren | Vo=15V (Noted) 0.43 0.48 0.53 Vv
UVpg: | Tj<125°C Trip level 100 — 120
Supply circuit under- UVpg: Reset level 10.5 — 125
voltage protection UVt Trip level 103 — 125 i
UVpr Reset level 10.8 - 13.0
Fault output pulse width tro (Note) | 20 — — us
ON threshold voltage Vinton) _| Applied between Up Ve Wp-Vie, — 21 26
OFF threshold voltage Viniort) | Up, Vi Wii-Vine 0.8 13 — v
hystoresis voltage | Voo 035 | 065

(Noted) Short circuit protection is functioning only for the lower-arms. Please select the external shunt resistance such that

the SC trip-level is less than 1.7 times of the cument rating.
(Note5) Fault signal is asserted corresponding to a short circuit or lower side control supply under-voitage failure.
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2.1.5 Recommended Operating Conditions

The recommended operating conditions of PS21964-4/-4A/-4C/-4W are given in Table 2-5.

Although these conditions are the recommended but not the necessary ones, it is highly recommended to
operate the modules within these conditions so as to ensure DIP-IPM safe operation.

Table 2-5 Recommended operating conditions of PS21964-4/-4A/-4C/-4W
Recommended Operation Conditions:

Item Symbol Condition Recommended Unit
Min. | Typ. | Max.
Supply voltage Vec  |Applied between P-N 0 | 300 | 400 Vv
Control supply voltage Vg Applied between Ve -VucVni-Vae | 135 | 150 | 165 | V
lied between
Control supply voltage Vs cﬂ II—')B‘U, VirnV, Vi W 130 | 150 | 185 \
Control supply variation AVp, AVpg -1 - 1 V/us
Arm-shoot-through blocking time taead For each input signal, Tc<100°C 15 - — us
VCC=SODV,
Vp=Vpe=19V, fewn=0kHZ - - 75
Output rms. current i (EFD8 Arms
sinusoidal PWM,
Tj<125°C, Tes100°C  |fayn=15kHz | — - | a5
(Note 8)
Allowable minimum input PWIN(on) 0.5 — =
pulse width PWIN(of) MNoteoy[ 05 | — | — | V*°
Ve voltage variation Ve between Vyc-N (including surge) | 50 | — 5.0 v

(Note 8) The allowable r.m.s. cumrent value depends on the actual application conditons.
(Note @) IPM might not work propery or make response if the Input signal pulse width is less than the recommended
minimum value.

2.1.6 Mechanical Characteristics and Ratings
The mechanical characteristics and ratings are shown in Table 2-6
Please refer to Section 2.4 for the detailed mounting instruction of Super Mini DIP-IPM Ver.4.

Table 2-6 Mechanical characteristics and ratings of PS21964-4/-4A/-4C/-4\W
Mechanical Characteristics and Ratings

item Condition Min_ | Typ. | Max | Unt
Mounting torque | Mounting 5“91::0::'1} Recommended: 069N-m | 059 | _ | 078 |N-m
Weight = 10 = g
Heat-sink flatness (Note 7| —50 — | +100 | pm

(Note 6) Plain washers (ISO 7089 ~7094) are recommended.
(Note 7) Flainess measurement position:

OO0 L0

1
Measurement position

4+ |- L 4.6mm
A

\DIP-IPM

<~ g

Heat sink side
{ = )

Heat sink side
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2.2 Protective Functions and Operating Sequence

There are SC protection, UV protection and OT protection (-T only) in the Super Mini DIP-IPM Ver.4. The
operating principle and sequence are described below.

2.2.1 Short Circuit Protection

Super Mini DIP-IPM Ver.4 uses external shunt resistor for the current detection as shown in Fig.2-4. The
internal protection circuit inside the IC captures the excessive large current by comparing the CIN voltage
feedback from the shunt with the referenced SC trip voltage, and perform protection automatically. The threshold
voltage trip level of the SC protection is 0.48V(typ.), according to which the shunt resistance should be correctly
selected.

In case of SC protection happens, all the gates of N-side three phase IGBTs will be interrupted together with
a fault signal output.

To prevent DIP-IPM erroneous protection due to normal switching noise and/or recovery current, it is
necessary to set an RC filter(time constant: 1.5p ~ 2us) to the CIN terminal input (Fig.2-4, 2-5). Also, please
make the pattern wiring around the shunt resistor as short as possible.

DIP-IPM

‘ Drive circuit ‘
p

’ / SC protective level
‘3 : :
H-side IGBT: e e

L-side IGBTs! b b
SC Protection External Parts J J J
N1 Shunt resistor N
L * *
c R Ve, i ‘ Collector current
Drive circuit waveform
\ ) CIN

0 2
Input pulse width tw (us)

Fig.2-4 SC protecting circuit Fig.2-5 Filter time constant setting

s<c
Collect current  Ic (A

SC protection (Lower-side only with the external shunt resistor and RC filter)
a1. Normal operation: IGBT ON and carrying current.
a2. Short circuit detection (SC trigger).
a3. IGBT gate hard interruption.
a4. IGBT turns OFF.
a5. Fo outputs (tFO(min)=20us).
a6. Input = “L”. IGBT OFF.
a7. Input = “H”.
a8. IGBT OFF in spite of “H” input.

‘ MITSUBISHI 10 Jan. 2008
AN ELECTRIC



Mitsubishi DIP-IPM Ver.4 Application Note

SPECIFICATIONS AND CHARACTERISTICS

pS—
N-side control input a7

Protection circuit state SET RESET

Internal IGBT gate

a2

SC a4

a1l
Output current Ic(A) 3 a8 /\4—
TC

\ - SC reference voltage

\
Sense voltage of the [ \ /\/\-
Shunt resistor N ”

CR circuit time constant delay

Fault output (Fo) a5

b))
144

Fig.2-6 SC protection timing chart

2.2.2 Control Supply UV Protection
The UV protection is designed to prevent unexpected operating behavior as described in Table 2-7.
Both P-side and N-side have UV protecting function. However, fault signal (Fo) output only corresponds to
N-side UV protection. Fo output continuously during UV state.
In addition, there is a noise filter (typ. 10us) integrated in the UV protection circuit to prevent instantaneous
UV erroneous trip. Therefore, the control signals are still transferred in the initial 10us after UV happened.

Table 2-7 DIP-IPM operating behavior versus control supply voltage
Control supply voltage Operating behavior

Equivalent to zero power supply.
UV function is inactive, no Fo output.
0-4.0V (P, N) Normally IGBT does not work. But, external noise may cause
DIP-IPM malfunction (turns ON), so DC-link voltage need to turn on
after control supply turning on.
UV function become active and output Fo (N-side only).
Even if control signals are applied, IGBT does not work
12 IGBT can work. However, conducting loss and switching loss will
.5-13.5V (P, N) ; . .

increase, and result extra temperature rise at this state,.
13.5-16.5V (N), 13.0-18.5V (P) | Recommended conditions.

IGBT works. However, switching speed becomes fast and saturation
16.5-20.0V (N),18.5-20.0V (P) current becomes large at this state, increasing SC broken risk.
20.0V- (P, N) The control circuit will be destroyed.

4.0-12.5V (P, N)

Ripple Voltage Limitation of Control Supply
If high frequency noise superimposed to the control supply line, IC malfunction might happen and cause
DIP-IPM erroneous operation. To avoid such problem happens, line ripple voltage should meet the following
specifications:

dV/dt< +/-1V/us, Vripple<2Vp-p

‘ MITSUBISHI 11 Jan. 2008
AN ELECTRIC
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SPECIFICATIONS AND CHARACTERISTICS

N-side UV Protection Sequence

al.

a2.
a3.
a4.
ab.
ab.
ar.

Control supply voltage rising: After the voltage level reaches UVp,, the circuits start to operate when
next input is applied.

Normal operation : IGBT ON and carrying current.
Under voltage trip (UVpy).
IGBT OFF in spite of control input condition.

Fo outputs(tFO >20us and Fo outputs continuously during UV period.)
Under voltage reset (UVpy).

Normal operation : IGBT ON and carrying current.

comrms [ 1 LT L, LT

Protection circuit state RESET

Control supply voltage Vp al UVor

a2 a4 a7

Output current Ic(A) /\/\_/\/\_/\/ ?_i/\/\_/\/\;

Keeping high-level output

a5

Fault output (Fo)

Fig.2-7 Timing chart of N-side UV protection

P-side UV Protection Sequence

al.

a2.
ad.
a4.
ab.
ab.

Control supply voltage rising : After the voltage reaches UVpg,, the circuits start to operate when
next input is applied.

Normal operation : IGBT ON and carrying current.
Under voltage trip (UVpgt).

IGBT OFF in spite of control input condition, but there is no Fo signal outputs.
Under voltage reset (UVpg).

Normal operation : IGBT ON and carrying current.

Control input | | | | J | | | | |

.

Y
Protection circuit state RESET SET RESET

Control supply voltage Vpg

a1l UVDB r

a2 a4 a6

Output current Ic(A) [ \ [V \

Keeping high-level output (No Fo output) 5
Fault output (Fo) =

Fig.2-8 Timing Chart of P-side UV protection
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SPECIFICATIONS AND CHARACTERISTICS

2.2.3 OT Protection

PS2196X-T series have OT (over temperature) protection function by monitoring LVIC temperature rise.

While LVIC temp go over and keeps over OT trip temperature, error signal Fo outputs and all N-side IGBTs are shut
down without reference to input signal. (P-side IGBTs are not shut down)

The specification of OT trip temp.and its sequence are described in Table 2-8 and Fig.2-9.

Table 2-8 OT trip temp. specification

ltem Symbol Condition Min. Typ. Max. Unit
Over temperature OT; Vp=15V, Trip level 100 120 140 oc
protection (Note5) OT. | Attemperature of LVIC Trip/reset hysteresis - 10 -

OT Protection Sequence

a1. Normal operation : IGBT ON and carrying current

a2. LVIC temperature exceeds over temperature trip level(OT).

a3. IGBT OFF in spite of control input condition.

a4. Fo outputs during over temperature period, however, the minimum pulse width is 20us.
a5. LVIC temperature becomes under over temperature reset level.

a6. Circuits start to operate normally when next input is applied.

Control input [ ]

|
Protection circuit state M&Esg
N

|
]
i i A . |
' ' OTtmmaZ o 2 : |
LVIC temperature MS@.\;/_‘
| | : 4 ! ;
| | | OTrh 1 |
P | o
! i 2! @3 ! ! a6
Output current Ic | 7\/\ [‘/‘ i \]‘/\ /\/
Vi ». !
[(¢ :
}
}

4
Fault output Fo |_ae()_l

Fig.2-9 Timing Chart of OT protection

Precaution about this OT protection function

(1)This OT protection will not work effectively in the case of rapid temperature rise like motor lock or over
current . (This protection monitors LVIC temperature, so it cannot respond to rapid temperature rise of
power chips.)

(2)If the cooling system is abnormal state (e.g. heat sink comes off, fixed loosely, or cooling fun stops)
when OT protection works, can't reuse the DIP-IPM . (Because the junction temperature of power chips
will exceeded the maximum rating of Tj(150°C).)
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SPECIFICATIONS AND CHARACTERISTICS

2.3 Package Outlines

Super Mini DIP-IPM Ver.4 packages are developed with 5 types terminal shapes optional for different
mounting requirement. There are short pin type (standard type), long pin type, control pin zigzag type, N-side
IGBT open emitter type and both sides zigzag type with same size package.

2.3.1 Terminal frame change from previous series (PS2196X-XXX)

The terminal frame is changed to the shape shown in Fig.2-10. This change intends to increase the insulation
distance between terminals with high voltage potential so as to ensure the electric space meet the Japanese PSE
(Product Safety of Electric home appliance and materials) standard requirements of 2.5mm(min) for clearance
and 3.0mm(min.) for creepage distance. Table 2-9 shows the location of the changes in terminal frame, and Table
2-10 shows a comparison of the insulation distance before and after change. However, there is no change in the
pin assignment and pin pitch.

Table 2-9 Location of the change in terminal frame for Super Mini DIP-IPM Ver.4

Changed location Changed pins
(a) | Root shape of stopper terminal Pin number 2, 3, 17, 18, 25
(b) | Space between roots of power terminals Between pins of 21-22, 22-23 and 23-24

Table 2-10 Insulation distance between each pair terminals of Super Mini DIP-IPM Ver.4
Clearance distance Creepage distance

Previous New Previous New
Between control terminals with high potential .
(Between pins of 2-3,3-4,4-5) 2.256mm(typ) | 2.5mm(min)
Between power terminals . .
(Between pins of 21-22, 22-23, 23-24) 2.88mm(min) | 3.0mm(min)

The insulation distances except for stated above already meet the PSE standard.

Charlge(a) Change(a) 2 556 25 MIN

%A

Change(b)
?UU Wiv vl ? | 12.25¢ 25 MIN
Change(a) Change(a) [Previous : PS2196X-XXX]  [After change: PS2196X-4,-T]

Detail A (Change for clearance)

I
30802 3 MM

[Previous : PS2196X-XXX] [After change: PS2196X-4,-T]

Detail B (Change for creepage)
Fig.2-10 Locations of the change in the terminal frame shape
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2.3.2 Short Pin Type Package Outline Drawing
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Fig.2-11 Short pin type package(-4/-T) outline drawing

QR code®is a registered trademark of DENSO WAVE INCORPORATED in JAPAN and other countries.
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2.3.4 Zigzag Pin Type Package Outline Drawing
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Fig.2-13 Zigzag pin type package(-4C/-CT) outline drawing
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2.3.5 N-side Open Emitter Type Package Outline Drawing
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2.3.6 Both Sides Zigzag Pin Type Package Outline Drawing
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2.3.7 Laser Marking
The laser marking specification of Super Mini DIP-IPM Ver.4 is described in Fig.2-16. Mitsubishi Corporation
mark, Type name, Lot number, and QR code mark are marked in the upper side of module.

2l (24.5)
Marking area {9]
(2.5 4.5
SO i
d 1 g-___ (MITSUB[SHI | -
@ ': .Q‘;m' ! ¢ - ELECTRIC | =
5| o Bl : ELICIRIC T | 1F N
g ™~y i C s g ~
lissrar-rrerrrih pun— [PS2 194 *—*+ o
D /‘_Z_Dfé{\] _________ | [CDAAT =
» L ®
7 o
9/4 u lﬁ LEJ LEJ lEJ ; Marking details (S=3/1)
QR code area L
(12.5) {0.5)
(4] (32}
{38)
Fig.2-16 Laser marking view
2.3.8 Terminal Description
Table 2-11 Terminal description
Pin Except for —S type PS2196X-4S or -ST
Name Description Name Description
1 NC No connection NC Same in the left
2 Vurs U-phase P-side drive supply positive terminal Vurs Same in the left
3 Vvree | V-phase P-side drive supply positive terminal Vvrg Same in the left
4 Vwre | W-phase P-side drive supply positive terminal Vwrs | Same in the left
5 Up U-phase P-side control input terminal Up Same in the left
6 \Vp V-phase P-side control input terminal Vp Same in the left
7 Wp W-phase P-side control input terminal Wp Same in the left
8 Vp1 P-side control supply positive terminal Vp1 Same in the left
9 Vne*' P-side control supply GND terminal Vine*' Same in the left
10 Un U-phase N-side control input terminal Un Same in the left
11 VN V-phase N-side control input terminal VN Same in the left
12 Wy W-phase N-side control input terminal Wy Same in the left
13 VN1 N-side control supply positive terminal VN1 Same in the left
14 Fo Fault signal output terminal Fo Same in the left
15 CIN SC trip voltage detecting terminal CIN Same in the left
16 Vie*' N-side control supply GND terminal Vie*' Same in the left
17 NC* No connection NC* Same in the left
18 NC No connection NW WN-phase IGBT emitter
19 NC No connection NV VVN-phase IGBT emitter
20 N Inverter DC-link negative terminal NU UN-phase IGBT emitter
21 W W-phase output terminal(W-phase drive supply GND) W Same in the left
22 \ V-phase output terminal (V-phase drive supply GND) \ Same in the left
23 U U-phase output terminal (U-phase drive supply GND) U Same in the left
24 P Inverter DC-link positive terminal P Same in the left
25 NC No connection NC Same in the left

*1) Connect only one V¢ terminal to the system GND and leave another one open.

*2) In the previous series, the Vo terminal (17pin) needs to be connected externally to the Ve terminal (16pin) on the
PCB. But in this series, the Vo terminal is changed to connect with V¢ terminal inside the module.
So, the external wiring connection becomes no more needed. Furthermore, because there is no electric connection
of this terminal (17pin) to other circuit inside the module, If the PCB which the 17pin is connected to 16pin(Vnc) is
used, there is no any problem.
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Table 2-12 Detailed description of input and output terminals

ltem Symbol Description
. Drive supply terminals for P-side IGBTSs.
. By virtue of applying the bootstrap circuit scheme, individual isolated power
supplies are not needed for the DIP-IPM P-side IGBT drive. Each bootstrap
P-side drive supply capacitor is charged by the N-side Vp supply during ON-state of the
positive terminal Vure-U corresponding N-side IGBT in the loop.
Vves-V . Abnormal operation might happen if the Vp supply is not aptly stabilized or
Vwre-W has insufficient current capability. In order to prevent malfunction caused by
P-side drive supply such unstability as well as noise and ripple in supply voltage, a bypass
GND terminal capacitor with favorable frequency and temperature characteristics should
be mounted very closely to each pair of these terminals.
. Inserting a Zener diode (24V/1W) between each pair of control supply
Note 1 terminals is helpful to prevent control IC from surge destruction.
. Control supply terminals for the built-in HVIC and LVIC.
P-side control . In order to prevent malfunction caused by noise and ripple in the supply
supply terminal Vp1 voltage, a bypass capacitor with favorable frequency characteristics should
VNt be mounted very closely to these terminals.
. Carefully design the supply so that the voltage ripple caused by noise or by
N-side control system operation is within the specified minimum limitation.
supply terminal . It is recommended to insert a Zener diode (24V/1W) between each pair of
Note 1 control supply terminals to prevent surge destruction.
N-side control Ve . Control grounq terminal for the built-in HVI.C a.nd LVIC. _
GND terminal . Ensure that line current of the power circuit does not flow through this
Note 2 i i i ica i
terminal in order to avoid noise influences.
. Control signal input terminals.
Us Vo We |° Voltage input type. These terminals are internally connected to Schmitt
Control input P, VP, YYP trigger circuit.
terminal . The wiring of each input should be as short as possible to protect the
Un, Vi, Wi DIP-IPM from noise interference.
. Use RC coupling in case of signal oscillation.
Short-circuit trip . Current sensing resistor should be connected between this terminal and V¢
voltage detecting CIN to detect short-circuit accidents (short-circuit voltage trip level). Input
terminal impedance for CIN terminal is approximately 600kQ.
. RC filter should be connected for noise immunity.
Fault signal output . Fa_ult signal putput termi_nal. . _
terminal Fo . This output is open drain type. Fo signal line should be pulled up to a 5V
logic supply with approximately 10kQ resistor.
P . DC-link positive power supply terminal.
. Internally connected to the collectors of all P-side IGBTs.
Inverter DC-link . To suppress surge voltage caused by DC-link wiring or PCB pattern
positive terminal inductance, smoothing capacitor should be inserted very closely to the P
and N terminal. It is also effective to add small film capacitor with good
Note 1 frequency characteristics.
N . DC-link negative power supply terminal (power ground) of the inverter.
. (Except Type -S') | « This terminal is connected internally to the emitters of all N-side IGBTs.
Inverter DC-link - . .
negative terminal | NU NV NW | ° Open emitter termmal of each N-side IGBT o
(for ’Typen_s,) . Usually, these terminals are connected to the power GND through individual
shunt resistor.
Inverter power . Inverter output terminals for connection to inverter load (e.g. AC motor).
U,V,W |. Each terminal is internally connected to the intermidiate point of the

output terminal

corresponding IGBT half bridge arm.

Note: 1) Use oscilloscope to check voltage waveform of each power supply terminals and P&N terminals, the time division of OSC
should be set to about 1us/div. Please ensure the voltage (including surge) not exceed the specified limitation.

2) Connect only one V¢ terminal to the system GND, and leave another one open.
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2.4 Mounting Method
This section shows the electric spacing and mounting precautions of Super Mini DIP-IPM Ver.4.

2.4.1 Electric Spacing
The electric spacing specification of Super Mini DIP-IPM Ver.4 is shown in Table 2-13

Table 2-13 Minimum insulation distance of Super Mini DIP-IPM Ver.4

Clearance (mm) Creepage (mm)
Between live terminals with high potential 2.50 3.00
Between terminals and heat sink 1.45 1.50

2.4.2 Mounting Method and Precautions
When installing a module to a heat sink, excessive uneven fastening force might apply stress to inside chips,
which will lead to a broken or degradation of the device. An example of recommended fastening order is shown

in Fig.2-17

Temporary fastening
152

Permanent fastening
152

Fig.2-17 Recommended screw fastening order

Note: Generally, the temporary fastening torque is set to 20-30% of the maximum torque rating.

Table 2-14. Mounting torque and heat sink flatness specifications

ltem Condition Min. Typ. Max. Unit
Mounting torque Recommended 0.69N-m, Screw : M3 0.59 - 0.78 N-m
Heat radiation side of DIP-IPM package and

Flatness of heat

e External heat sink -50 - +100 um
radiation part

Refer Fig.2-18

Note : Recommend to use plain washer (ISO7089-7094) in fastening the screws.

o ONO0ANNNN, 0 0.1, -

?;‘ ............................ Grease applying surface

=] |, Measuremient position | DIP-IPM

o A

> |l L Tl [4.6mm \

5 i 17.5mm N >(——\

2 : S +

o, : ; Edge of package

=X ANVA T e “\DIP-IPM -
gouououtd <

Heat sink flatness area

External heat sink [External heat sink]

Fig.2-18 Measurement point of heat sink flatness

In order to get effective heat dissipation, it is necessary to enlarge the contact area as much as possible to
minimize the contact thermal resistance. Regarding the heat sink flathess (warp/concavity and convexity) on the
module installation surface (refer to Fig.2-18), the surface finishing-treatment should be within Rz12.

Evenly apply thermally-conductive grease with 100u-200um thickness over the contact surface between a
module and a heat sink, which is also useful for preventing corrosion. Furthermore, the grease should be with
stable quality and long-term endurance within wide operating temperature range. Use a torque wrench to fasten
up to the specified torque rating. Exceeding the maximum torque limitation might cause a module damage or
degrade. Also, pay attention not to have any desert remaining on the contact surface between the module and
the heat sink.
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CHAPTER 3 SYSTEM APPLICATION HIGHLIGHT

3.1 Application Guidance

This chapter states the Super Mini DIP-IPM Ver.4 application method and interface circuit design hints.

3.1.1 System connection

0 00 00 o
@ WW Ww g
55553
P-side input(PWM) (3V,5V) Note 1), 2) nh Hh Akc
C1: Electrolytic type with good temperatreand frequencycharacterisics 7 — = - T T T T TG T RN R R A
Note: the capacitance also depends on the PWM control !;| Input signal ” Input5|gnal || Input 5|gnal |'l Poe PHLP PIPNOLe 7)
S ! i
strategy of the application system :! condmomng condltlonlng condmonlng | 1€ AV‘VA
C2:022u-2uF ceramic capacitor with good temperature, frequency and DC T evel shift ][ Level shift ][ Level shift ||, €y
bias characteristics. i — J—A\g Vo )
ol UV lockout] o
N circuit n
[N 'I
o i+ [ Drive circuit | [ Drive circuit ][ Drive circuit |l‘l
Inrush limiting circuit I!_ P Py Ep———— e e T =
Pl : DIP-IPM
P-side IGBT:
E side s /
! i
U i i s
AC line input | :
i !
Y | £
ay T Nes | I (M
/ . i o \
! *
i A
i Note 8) AC output
- | | |
I
NL lN i
M N-side IGBTs !
Note G)VNc 1
= Nt i
) memem = Gl L (O R [ A,
Z : Surge absorber . :; BN| Drive circuit | : !
C : AC filter(ceramic capacitor 2.2n -6.5nF) N |_ A —y ,l\ ! i
(common-mode noise filter) j1[Input signal conditioning | [ Fo Logic Iél— Protection R
0 circuit (sc)|| UV lockout <
:; /l\ /[ T \L /l\ circuit !
! I
L RS S T S L L L I N I I I N L L L L m 4= leen
N-side input(PWM Fo ) L 8
(3V.,5V) l?lot(e 1)2)) Fo output(5V line) — —
Note 3) N

Wwed N5 v
(15V line)

Fig.3-1 Application System block diagram of Super Mini DIP-IPM Ver.4 (except for type *-S’)

Note 1) Input signal is high active logic. A 3.3kQ(min.) pull down resistor is built-in each input circuit. If
external RC filter is used for noise immunity, pay attention to the variation of the input signal
level.

Note 2) By virtue of integrating HVIC inside the module, direct coupling to MCU/DSP without any
opto-coupler or transformer for electric isolation is possible.

Note 3) Fo output is open drain type. This signal line should be pulled up to the positive side of a 5V
supply with an approximate 10k resistor.

Note 4) The wiring between the power DC-link capacitor and the P/N1 terminals should be as short as
possible to protect DIP-IPM against catastrophic high surge voltage. For extra precaution, a
small film type snubber capacitor (0.1u~0.22uF, high voltage type) is recommended to mount
closely to the P and N1 terminals.

Note 5) Use high-voltage (over 600V) and high-speed recovery diode for the bootstrap circuit.

Note 6) To prevent HVIC from surge destruction, it is recommended to insert a Zener diode (24V, 1W)
between each control supply terminals.

Note 7) To prevent unexpected floating potential variation generated by extra wiring inductance and
motor current, the negative electrodes of bootstrap supplies should be connected directly to
DIP-IPM U, V, W terminals and separated from the main inverter output wires.
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3.1.2 Interface Circuit (Direct Coupling Interface example except for type ‘-S’)

Fig.3-2 shows a typical application circuit of interface schematic, in which control signals are transfered

directly from a controller (MCU or DSP).

G2[C1 c2lc1 c2 c1
{? A\ A\ SR\

WYV 7] Bootstrap negative electrodes
oYY should be connected to UV,W
M terminals dlyec&ly and separated
Vurs Vues Vwrs DIP-IPM J\ z from the main output wires
P

Yyy
A

w_\

Ve

Ve Vour
We  Wour
IVNC

COM  Vws
LviC _ ; 2 ;
Uour
Vi
Vee
5Viine |c3i:
X
Vour |
Un
Un

Long wiring here might cause short
circuit failure

NJW

F
° Fo CIN /
Vo N

}
|

GND
(o}
CIN
B
15V line =~ l R1
[eZ3 Shunt resistor
; I
r \ / INl
Long GND wiring here might generate noise Long wiring here might cause SC level
to input and cause IGBT malfunction. fluctuation and malfunction.

Fig.3-2 Interface circuit example except for type ‘-S’

Note:

@

)
®3)
4
®)
6
O
®)
(9)

Input drive is High-Active type. There is a 3.3kQ(min.) pull-down resistor integrated in the IC input circuit. To prevent malfunction, the wiring of
each input should be as short as possible. When using RC coupling circuit, make sure the input signal level meet the turn-on and turn-off
threshold voltage.

Thanks to HVIC inside the module, direct coupling to MCU without any opto-coupler or transformer isolation is possible.

Fo output is open drain type. It should be pulled up to the positive side of a 5V power supply by a resistor of about 10kQ.

To prevent erroneous protection, the wiring of A, B, C should be as short as possible.

The time constant R1C4 of the protection circuit should be selected in the range of 1.5u~2us. SC interrupting time might vary due to the
wiring pattern. Tight tolerance, temp-compensated type is recommended for R1,C4

All capacitors should be mounted as close to the terminals of the DIP-IPM as possible. (C1: good temperature, frequency characteristic
electrolytic type, and C2, C3 : good temperature, frequency and DC bias characteristic ceramic type are recommended.)

To prevent surge destruction, the wiring between the smoothing capacitor and the P,N1 terminals should be as short as possible. Generally a
0.1u~0.22uF snubber between the P-N1 terminals is recommended.

Two VNC terminals (9 & 16 pin) are connected inside DIP-IPM, please connect either one to the 15V power supply GND outside and

leave another one open.

It is recommended to insert a Zener diode (24V/1W) between each pair of control supply terminals to prevent surge destruction.

(10) If control GND is connected to power GND by broad pattern, it may cause malfunction by power GND fluctuation. It is recommended to

connect control GND and power GND at only a point.
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3.1.3 Interface Circuit (Direct Coupling Interface Example for type ‘-S’)

C1:Electrolytic capacitor with good temperature characteristics C2,C3:0.22p-2uF R-category ceramic capacitor for noise filtering

C21C1 c2]C1 c2 C1
ALy h\y Bootstrap negative
. electrodez sh%u{?\?ve
connected to U,V,
A terminals directly and
AN separated from the main
b AAN—PH— output wires
Vure Vvrs Vwes
HVIC
Ver Vee Vus
C3 IU
£ Up Uout
Vus
Vve
Vi
£ Ve Vout
Vvs
Vws
Wp
I\ We  Wour
Vi
< COM  Vins
= LVIC
(@] ]
cC Uour
Vni
VCC
5Vline | C3::-
X
Vour %
Un Un NV
IVN
Vn
L
I Wn Wour é
Fo
NW
Fo CIN L
V
Ve e Long wiring here might cause short / """ ¢
GND circuit failure I
‘ CIN
. L GND wiring h ight Long wiring here might cause SC
15Vline gZﬂgme n;'ivs'g% i:;itn;ﬁd cause [Ievel fluctuation and malfunction. ]\ - )
IGBT malfunction. B % ? Shunt resigtors
A 'y
B N1
- i 4
Note 1: Please set the filter time constant R1C4 for ~fVref ;;C
comparator input such that the IGBT can be shutdown BI R
within 2psec. The wiring pattern may affect the : Fver T
shutdown time. R Lo B R1
Note 2: Please set the threshold voltage of the comparator o9k o
reference input to be same as DIP-IPM SC trip SR
reference voltage (0.48V typ) ] Comparator

#External protection circuit

Note 3: Please set the shunt resistance such that the
shutdown SC level is under 1.7 times current rating.
Note 4: Refer the previous page for other notations.

Fig.3-3 Interface circuit example for type ‘-S’
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3.1.4 Interface Circuit (Opto-coupler Isolated Interface)

NOW

5V line

U

F:@%;

F:@%;

g K

F:@%;

)—:@%:‘E

F@%;

Ly

We  Wour
1 Ve

U

Long wiring here might cause short
circuit failure

Fo Fo CIN | J
Vno N

R

(o3

)
%W" W Wosl |
J
|

CIN

B
15V line e _L R1 )
c4 Shunt resistor,
A 1

COM  Vws
LvIC ]
Uourt
A
: Vee
C3;:
Vour

C1 C2 C1
X
vt -
Y \d— Bootstrap negative electrodes
At should be connected to U, V, W
—\\\—Pt ‘ terminals directly and separated
Vurs Vvrs Viwre form the main output wires.
P 7
HVIC {
Ve Vee Vus
C3:: I
L Ur  Uour

variation leading to noise interference to input leading to SC malfunction
signals

RN / [N
[Long GND wiring here might cause GND Ievej [Long wiring here might generate extra voltag

Fig.3-4 Interface circuit example except for type ‘-S’

Note 1: High speed (high CMR) opto-coupler is recommended;
2: Fo terminal sink current is TmA. A buffer circuit is necessary to drive an opto-coupler.
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3.1.5 Change into internal connection between Vo and Ve terminals
In the previous series, the Vo terminal (17pin) needs to be connected externally to the V¢ terminal (16pin) on
the PCB(Fig.3-5). But in this series, the Vo terminal is changed to connect with V¢ terminal inside the module.
(Fig.3-6) So, the external wiring connection becomes no more needed. Furthermore, because there is no
electric connection of this terminal (17pin) to other circuit inside the module, If the PCB which the 17pin is
connected to 16pin(Vnc) is used, there is no any problem.

LviC
Uout T
Vi
= Vee
Vout %
h Un ,

5Vine | C3

Wi
Wi Wout é

Fo CIN

Vno N

|
|
|
j GND
DIP-IPM L
15V|inei>i}l l c4 a Shunt resistor§
1

TN1

Fig.3-5 Previous series (PS2196X-XXX)

LvIC
Uout 1
Vi
- Vee
Vour |—
Y]
: Un |

5Vine |C3i

I Vn
I Wi
1/ Wi Wout
Fo CIN
Vno N

GND
[ ¥ N CIN

DIP-IPM L
15VIineﬁ %04 a Shunt resist0r§
TN

Fig.3-6 These series (PS2196X-4/-T)

1

‘ MITSUBISHI 27 Jan. 2008
AN ELECTRIC



Mitsubishi DIP-IPM Ver.4 Application Note

SYSTEM APPLICATION HIGHLIGHT

3.1.6 Circuits of Signal Input terminals and Fo Terminal
(1) Internal Circuit of Control Input Terminals
Super Mini DIP-IPM Ver.4 series adopt High-Active input logic which released the sequence restriction

between the control supply and the input

signal in start-up or shut down operation, m

therefore, make the system fail-safe. 1kQ Level Shift Gate Drive
In addition, a 3.3kQ(min) pull-down Up, Ve, WeC /A Circuit  [|  Circuit

resistor is built-in each inpgt circuit of the 3.3kQ  (min)

DIP-IPM as shown in Fig.3-7, hence,

external pull-down resistor is not needed. 1kQ Gae Drve
Furthermore, by lowering the turn on Un, Vi WhC / Circuit

and turn off threshold value of input

signal as shown in Table 3-1, a direct 3.3kQ  (min)

coupling to 3V-class microcomputer or

DSP becomes possible.
Fig.3-7. Internal structure of control input terminals

Table 3-1. Input threshold voltage ratings(Tj=25°C)

ltem Symbol Condition Min. Typ. Max. Unit
Turn-on threshold voltage Vth(on) . - 2.1 2.6
Turn-off threshold voltage | Vth(off) | w2 We-Vnc terminals 08 | 13 - Y,

Threshold voltage hysterisis | Vin(hys) | - VVWiVie terminals 035 | 065 -

Note:There are limits for the minimum input pulse width in Super Mini DIP-IPM Ver.4. DIP-IPM might make no
response or not work normally if the input signal pulse width (both on and off) is less than the limited value.
Please refer to the datasheet for the specification.

5V line
NG

§ 10kQ DIP-IPM

Ur,Ve,Wp,Un,VN,WN
MCU/DSP SRA ! {>

3.3kQ (min)

Fo

j O— VNc(Logic)

Fig.3-8 Control input connection

Note: The RC coupling (parts shown in the dotted line) at each input depends on user’s PWM control strategy and the wiring
impedance of the printed circuit board.
The DIP-IPM signal input section integrates a 3.3kQ(min) pull-down resistor. Therefore, when using an external
filtering resistor, please pay attention to the signal voltage drop at input terminal.

(2) Internal Circuit of Fo Terminal

Fo terminal is an open drain type, it should be pulled up to a 5V supply as shown in Fig.3-8. Fig.3-9 shows
the typical V-1 characteristics of Fo terminal. The maximum sink current of Fo terminal is 1mA. If opto-coupler is
applied to this output, please pay attention to the opto-coupler drive ability.

Table 3-2 Electric characteristics of Fo terminal

ltem Symbol Condition Min. Typ. Max. Unit
VEoH Vsc=0V,Fo=10kQ,5V pulled-up 4.9 - - V
Fault output voltage VroL Veo=1V.Fo=1mA - - 095 Vv
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1.0
0.9

0.8 -

0.6
0.5 /
04

0.3
0.2

VFO(V)

0.1
0.0

0.0 0.2 0.4 0.6 0.8 1.0

IFO(mA)

Fig.3-9 Fo terminal typical V-l characteristics (Vp=15V, T;=25°C)

3.1.7 Snubber Circuit

In order to prevent DIP-IPM from extra surge destruction, the wiring length between the smoothing capacitor
and DIP-IPM P-N terminals should be as short as possible. Also, a 0.1u~0.22uF/630V snubber capacitor should
be mounted in the DC-link close to DIP-IPM.

There are two positions ( (1)or(2) ) to mount a snubber capacitor as shown in Fig.3-10. Snubber capacitor
should be installed in the position (2) so as to suppress surge voltage effectively. However, the charging and
discharging currents generated by the wiring inductance and the snubber capacity will flow through the shunt
resistor, which might cause erroneous protection if this current is large enough.

In order to suppress the surge voltage maximally, the wiring at part-A should be as short as possible when
mounting a snubber capacitor outside the shunt resistor as shown in position (1). A better wiring example is

shown in location (3).
DIP-IPM

Wiring Inductance

Shunt resistor

Fig.3-10 Recommended snubber circuit location

‘ MITSUBISHI 29 Jan. 2008

AV ELECTRIC



Mitsubishi DIP-IPM Ver.4 Application Note

SYSTEM APPLICATION HIGHLIGHT

3.1.8 Recommended Wiring method around Shunt Resistor

External shunt resistor is employed to detect short-circuit accident. A longer wiring between the shunt
resistor and DIP-IPM might cause so much large surge that might damage built-in IC. To decrease the pattern
inductance, the wiring between the shunt and DIP-IPM should be as short as possible, and using low inductance
type resistor such as SMT resistor instead of long-lead type resistor.

Ve

DIP-IPM

Wiring Inductance should be less than 10nH.

Equivalent to the inductance of a cooper
pattern in dimension of width=3mm,
thickness=100um, length=17mm

/—j%

N O \\\, -t e—

Shunt resistor

"

Please make the GND wiring connection of
shunt resistor to the Vnc terminal as close as

possible.

(a) Wiring instruction (except for type ‘-S’)

DIP-IPM

NU

NV
NW

Each wiring inductance should be less than 10nH

Equivalent to the inductance of a cooper
pattern in dimension of width=3mm,
thickness=100um, length=17mm

d Please make the GND wiring connection of

shunt resistor to the V¢ terminal as close as
possible.

Shunt resistors

Fig.3-11

(b) Wiring instruction for type *-S’

Recommended wiring method of shunt resistor

Influence of pattern wiring around the shunt resistor is shown below.

Drive circuit

‘ DIP-IPM

H-side IGBT:

I 4 e

L-side IGBTSs!'

SC protection External Parts

=<

»—i; ;
L
DC-bus current route

S o

rive circuit

‘ C R2

‘ o CIN
C1
SC protection Py T

Shunt resistor =7 |

Fig.3-12 External protectioh circuit
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(1) Influence of the part-A wiring

The ground of Low-side IGBT gate is V. If part-A wiring pattern in Fig.3-12 is too long, extra voltage
generated by the wiring parasitic inductor will result the potential of IGBT emitter variation during switching
operation. Please install shunt resistor as close to the N terminal as possible.
(2) Influence of the part-B wiring

The part-B wiring affects SC protection level. SC protection works by judging the voltage of the CIN
terminals. If part-B wiring is too long, extra surge voltage generated by the wiring inductance will lead to
deterioration of SC protection level. Please connect CIN and V¢ terminals directly to the two ends of shunt

resistor and avoid superfluous wiring.

(3) Influence of the part-C wiring pattern
C1R2 filter is added to remove noise influence occurring on shunt resistor. Filter effect will dropdown and

noise will easily superimpose on the wiring if part-C wiring is too long. Please install the C1R2 filter near CIN, V¢
terminals as close as possible.

(4) Influence of the part-D wiring pattern
Part-D wiring pattern gives influence to all the items described above, maximally shorten the GND wiring is

expected.

3.1.9 Precaution for wiring on PCB

These wire potentials fluctuate between Vcc and GND potential at
switching, so it may cause malfunction if wires for control (e.g. control input
Vin, control supply) are located near by or cross these wires.

It is recommended to locate wires for control as far from these wires as
possible, and pass under the resistor, diode or jumper if need to cross.

A

Capacitor and Zener diode - —
should be located at near / Supply GND for P-side driving
terminals / I_
. Output
sootstrap vuFe f‘:l - / (to motor)
diode o
11
. ] l ’
Vin up (i Power supply
+ VP1
15V °® ’

Bootstrap negatfive electrodes
should be conngcted to U,V,W
terminals directly and separated

Cin wiring should be
as short as possible from the main olitput wires 1 +
7 _
\ . .
CIN :IZZ:ZZ:‘: Wiring between N and

| ! shunt resistor should be

| .

P as shortjas possible.
Control | VNC [_| i ®
GND b Snubber Power GND

! i DIP-IPM capagitor

o
Locatg sunbber capacitor

betwe¢n P and N1 and as
near by terminals as possible

Connect CIN filter's Shunt
capacitor to control GND resistor
(not to Power GND)

N1

It is recommended to connect control GND and
power GND at only a point. (not broad pattern)

Fig.3-13 Precaution for wiring on PCB
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3.1.10 SOA of Super Mini DIP-IPM Ver.4
The following describes the SOA (Safety Operating Area) of the Super Mini DIP-IPM Ver.4.
Vces : Maximum rating of IGBT collector-emitter voltage
Ve : Supply voltage applied on P-N terminals
Veesurge): The total amount of Ve and the surge voltage generated by the wiring inductance and the

DC-link capacitor.

Vceeror) @ DC-link voltage that DIP-IPM can protect itself.

SVct:(surge) SVCC(PROT)

Collector current Ic o
<Veesurge) | <Vee Short-circuit cufrent

VCE=0, |C=0 VcE=O, |C=0

<2us

Fig.3-14 SOA at switching mode and short-circuit mode

In Case of switching
Vces represents the maximum voltage rating (600V) of the IGBT. By subtracting the surge voltage (100V
or less) generated by internal wiring inductance from Vces is Vcgsurge), that is 500V. Furthermore, by
subtracting the surge voltage (50V or less) generated by the wiring inductor between DIP-IPM and
DC-link capacitor from Vccsurge) derives Ve, that is 450V.

In Case of Short-circuit
Vces represents the maximum voltage rating (600V) of the IGBT . By Subtracting the surge voltage (100V
or less) generated by internal wiring inductor from Vces is Vccsuge) that is, 500V. Furthermore, by
subtracting the surge voltage (100V or less) generated by the wiring inductor between the DIP-IPM and
the electrolytic capacitor from Vccsurge) derives Ve, that is, 400V.
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3.1.11 Power Life Cycles
When DIP-IPM is in operation, repetitive temperature variation will happens on the IGBT junctions (ATj). The

amplitude and the times of the junction temperature variation affect the device lifetime.

Fig.3-15 shows the IGBT power cycle curve as a function of average junction temperature variation (ATj).

(The curve is a regression curve based on 3 points of ATj=46, 88, 98°C with regarding to failure rate of 0.1%, 1%
and 10%. These data are obtained from the reliability test of intermittent conducting operation)

10000000

1%
10%
1000000 | 0.1% “/
\
\
AL\
\\\
2 \\\
(&)
>
© 100000 |
()
=
@)
o
10000 \\\
\
1\
A\
1000
10 100 1000
Average junction temperature variation ATj(°C)
Fig.3-15 Power cycle curve
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3.2 Power Loss and Thermal Dissipation Calculation

3.2.1 Power Loss Calculation

Simple expressions for calculating average power loss are given below:

@ Scope
The power loss calculation intends to provide users a way of selecting a matched power device for their
VVVF inverter application. However, it is not expected to use for limit thermal dissipation design.

@ Assumptions
(1) PWM controlled VVVF inverter with sinusoidal output;
(2) PWM signals are generated by the comparison of sine waveform and triangular waveform.

1-D 1+D
(3) Duty amplitude of PWM signals varies between ~

(%/100), (D: modulation depth).

(4) Output current various with Icp-sinx and it does not include ripple.
(5) Power factor of load output current is cos0, ideal inductive load is used for switching.

@ Expressions Derivation

1+Dxsinx

PWM signal duty is a function of phase angle x as which is equivalent to the output voltage

variation. From the power factor cos6, the output current and its corresponding PWM duty at any phase
angle x can be obtained as below:

Output current = Icp x sin x
1+ D xsin(x +6)

2
Then, Vcesaty and Ve at the phase x can be calculated by using a linear approximation:

PWM Duty =

Vee(sat) = Vee(sat)(@ Icp x sin x)
Vec = (=1)x Vec(@ lecp(= Icp) x sin x)

Thus, the static loss of IGBT is given by:

2L J-O;z (Iep x sin x) xVce(sat)(@ Icp x sin x) x w o dx
Vs

Similarly, the static loss of free-wheeling diode is given by:

2L J-27r (=D x Icpxsin x)((—1) x Vec(@ Icp x sin x) x M o dx
72' T

2

On the other hand, the dynamic loss of IGBT, which does not depend on PWM duty, is given by:
1 (= . .
Ey. .[0 (Psw(on)(@ Icp x sin x) + Psw(off )(@ Icp x sin x)) x fc & dx
V4
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FWDi recovery characteristics can be approximated by the ideal curve shown in Fig.3-16, and its
dynamic loss can be calculated by the following expression:

trr
lec

Vec \

Irr

i/
b

Fig.3-16 Ideal FWDi recovery characteristics curve

Irr xVee x trr

4
Recovery occurs only in the half cycle of the output current, thus the dynamic loss is calculated by:

Psw=

x fcedx

1 J-Zﬂ Irr(@ Icp x sin x) x Vee x trr(@ Iep x sin x)
2 4

= % Jzﬂ Irr(@ Icp x sin x) x Vee x trr(@ Icp x sin x) x fc e dx
p

@ Attention of applying the power loss simulation for inverter designs

Divide the output current period into fine-steps and calculate the losses at each step based on the
actual values of PWM duty, output current, Vcesay, Vec, and Psw corresponding to the output
current. The worst condition is most important.

- PWM duty depends on the signal generating way.

= The relationship between output current waveform or output current and PWM duty changes with
the way of signal generating, load, and other various factors. Thus, calculation should be carried
out on the basis of actual waveform data.

* Veesat), Vec and Psw(on, off) should be the values at Tj=125°C.

‘ MITSUBISHI 35 Jan. 2008

AV ELECTRIC



Mitsubishi DIP-IPM Ver.4 Application Note

SYSTEM APPLICATION HIGHLIGHT

3.2.2 Temperature Rise Considerations and Calculation Example

Fig.3-17 shows the typical characteristics of allowable motor rms current versus carrier frequency under the
following inverter operating conditions based on power loss simulation results.

Conditions: V=300V, Vp=Vpg=15V, Vcgeay=Typ., Switching loss=Typ., Tj=125°C, Tf=100°C, Rth(j-f)=Max.,
Rth(c-f)=0.3°C/W (per 1/6 module), P.F=0.8, 3-phase PWM modulation, 60Hz sine waveform output

16 — N ——————
T
NG
10 {— .i\\\: A S S
£ 8 R e : Lo
< — o
T e tnncd R EEE ERR
= 6 e [T T P | ps2196s
; — F— PS21964
4 .~ PS21963
— P — — P §P321963—E
N I S Do P P PS21962
: : : : . : : : : : : : : : : : PS21961
. st
0 5 10 15 20 25

fc(kHz)

Fig.3-17. Effective current-carrier frequency characteristics

Fig.3-17 shows an example of estimating allowable inverter output rms current under different carrier
frequency and permissible maximum operating temperature condition (Tf=100°C. Tj=125°C). The results may
change for different control strategy and motor types. Anyway please ensure that there is no large current
over device rating flowing continuously.

The allowable motor current can also be obtained from the free power loss simulation software provided by
Mitsubishi electric on its web site (URL: http://www.mitsubishichips.com/).
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3.3 Noise Withstand Capability

3.3.1 Evaluation Circuit

Super Mini DIP-IPM Ver.4 series have been confirmed to be with over +/-2.0kV noise withstand capability
by the noise evaluation under the conditions shown in Fig.3-18. However, noise withstand capability greatly
depends on the test environment, the wiring patterns of control substrate, parts layout, and other factors;
therefore an additional confirmation on prototype is necessary.

| |4 Heat sink

u
Y // | DiP-pm [T
== s ) M
3-phase Voltage slidef| AAA | Fo
Control supply
IIF # (15V single power-source)
f
i

Isolation
. . Inverter H DC suppl ‘
Noise simulator i—‘ ’ PRl
777

transformer
Fig.3-18 Noise withstand capability evaluation circuit

H

AC100V

Note:
C1: AC line common-mode filter 4700pF
PWM signals are inputted from microcomputer both directly and through opto-coupler
15V single power supply
Test is performed with both IM and DCBLM motors

Test conditions
Vee=300V, Vp=15V, Ta=25°C, no load
Scheme of applying noise : From AC line (R, S, T), Period T=16ms, Pulse width tw=0.05-1us, input
in random.

3.3.2 Countermeasures and Precautions
DIP-IPM improves noise withstand capabilities by means of reducing parts quantity, lowering internal wiring
parasitic inductance, and reducing leakage current.

For malfunction caused by external noise, please consider the following countermeasures:
(1) Improving power supply filtering (close to DIP-IPM terminals)

(2) Lowering impedance of input parts (reducing pull-up resistance)
(3) Connecting filter between input parts and GND (bypassing noise)
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3.3.3 Static Electricity Withstand Capability
Super Mini DIP-IPM Ver.4 series have been confirmed to be with +/-200V or more withstand capability

against static electricity from the following tests shown in Fig.3-19 and Fig.3-20.

R=00 LVIC
N oM =
—1 Uy I
— Wy —

Cc=200pF | W
VNC —

Fig.3-19 Vy, terminal Surge Test circuit

R=00 HVIC
—
- C=200pF | U Ve [
Vec Virs —

Fig.3-20 Vp, terminal Surge Test circuit
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CHAPTER 4 KEY PARAMETERS SELECTING GUIDANCE

4.1 Determination of Shunt Resistance
(1) Shunt resistance

The value of current sensing resistance is calculated by the following expression:
Rshunt = Vsc(rer/SC
where Vscrer) is the referenced SC trip voltage.

The maximum value of SC trip level should be set less than the IGBT minimum saturation current which is
1.7 times as large as the rated current. For example, the maximum SC trip level of PS21964 is 1.7 x 15=25.5A.

The parameters (Vsc(en, Rshunt) dispersion should be considered in the design.

for example of PS21964-4, there is 0.1V dispersion in the data of Vscer a@s shown in Table 4-1.

Table 4-1. Specification for Vscren (unit: V)
Min Typ Max
Specification at  Tj=25°C, VD=15V 0.43 0.48 0.53

Then, the variation of SC trip level can be calculated by the following expressions:
SC(maX): VSC(max) / RShunt(min)
SC(typ) = Vscuyp) /

) RShun'((typ)
SC(mln)= VSC(min) /

Rshunt(max)

Supposing shunt resistance dispersion is +/-5%, then the SC range can be obtained as shown in Table 4-2

Table 4-2. Operative SC Range  (unit: A)  (Rshunt=20.8mQ(min), 21.9mQ(typ), 23.0mQ(max)
min. typ. max.
Operative SC level at Tj=25°C 18.7 21.9 25.5

It is possible that the actual SC protective level is less than the calculated one. This is considered due to

the resonant signals caused mainly by parasitic inductance and parasitic capacity. It is recommended to
make a confirmation of the resistance by prototype experiment.

(2) RC Filter Time Constant

It is necessary to set an RC filter in the SC sensing circuit in order to prevent malfunction of SC protection
due to noise interference. The RC time constant is determined depending on the applying time of noise
interference and the SCSOA of the DIP-IPM.

When the voltage drop on the external shunt resistor exceeds the SC trip level, The time (t1) that the CIN

terminal voltage rises to the referenced SC trip level can be calculated by the following expression:
t1

VSC :Rshunl'lc'(1_g T)
4
SC )

t1=-7-In(1- —=—
R
where Vsc is the CIN terminal input voltage, Ic the peak current, T the RC time constant.

shunt " / c

On the other hand, the typical time delay t2 (from Vsc voltage reaches Vsc(ref) to IGBT gate shutdown) of
IC is shown in Table 4-3.

Table 4-3. Internal time delay of IC

Item min typ max Unit
IC transfer delay time 0.3 0.5 1.0 us

Therefore, the total delay time from an SC level current happened to the IGBT gate shutdown becomes:
trotaL=t1+t2
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Fig.4-1 shows the typical SCSOA performance curve of PS21962,3,4. The DIP-IPM can shutdown safely
an SC current that is about 9.5 times of its current rating under the noted conditions only if the IGBT conducting
period is less than 4.5usec.

The SCSOA operation area will vary with the control supply voltage, DC-link voltage, and etc.

24

22

20

18

16

14

12

‘,

10

8 DIP-IPM ver.4 SCSOA at
5 VD=16.5V
VCC=400V

4 Tj=125°C

Peak Short Circuit Current: x Ic rating (A)

0 1 2 3 4 5 6 7 8 9
Short Circuit Withstand Capability :tw(us)

Fig.4-1 Typical SCSOA performance
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4.2 Single Supply Drive Scheme
4.2.1 Bootstrap Capacitor Initial Charging

.................... ’Initial charge loop P(VCC)
—O0
Bootstrap Condenser
s : P-side IGBT
A HVIC ——I
; N
[ i O P crrrresarenim,, - uv,w
High voltage & high speed * O
recovery type diode :
: N-side IGBT
Vo iF LvIC
A
VN :
T TP T OSSP TRP TSR © N(GND)
Bootstrap Circuitry
1
—>
1
Vee 'l PWM Start
oV- :
1
1
Vb i
oV- i
!
Vg /\:
oV ;
i
!
VIN(N) :
off :
[}

Bootstrap Charging Timing Chart
Fig.4-2 Initial charging loop and timing chart of bootstrap circuit

By using bootstrap circuit, conventional three isolated 15V power supply for P-side three IGBT drive can be
eliminated. The initial charge of the bootstrap capacitors is necessary to start-up the inverter. Fig.4-2 shows the
charge mechanism. The pulse width or pulse number should be large enough to make a full charge of the
bootstrap capacitor.

For reference, the charging time for the bootstrap circuit with a 100uF capacitor and 50Qcurrent limiting
resistor is about 5msec.
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4.2.2 Charging and Discharging of the Bootstrap Capacitor During Inverter Operation

) ) VB
High-side IC
®—OP

C1 P
D1& o IGBT1 || %FWDH i |
[
R1 Vs (v ) =
[

vee IGBT2 | K‘S Fwp2 | il
T i ®—ON

Fig.4-3 Inverter circuit diagram

(1) Charging operation Timing Chart of Bootstrap Capacitor (C1)

Sequence (1-1) : IGBT2 ON (Fig.4-4)
When IGBT2 is in ON state, charging voltage on C1 (V¢(1)) is calculated by

VC(1) = VCC'VF1'Vsat2‘|D'R1 (Transient State)

VC(1) = VCC (Steady State)

where Vgc is the charging supply voltage, Vg4 the forward voltage drop of diode D1, Vg, the

saturation voltage of IGBT2, Ip the charging current, and R1 the inrush current limitation resistance.
Then, IGBT2 is turned off. Motor current will flow through the free-wheel path of FWDi1. Once the electric

potential of VS rises near to that of P, the charging to C1 is stopped.
When IGBT1 is in ON state, the voltage of C1 gradually declines from the potential V(1) due to the current

consumed by the drive circuit.

ON

IGBT1

OFF

ON

IGBT2 Spontaneous discharge of C1

OFF ——

Declining due to current
consumed by drive circuit
Vc1 -

Potential of C1 \

VS

Ve

Fig.4-4 Timing chart of sequence (1-1)
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Sequence (1-2): IGBT2 OFF and FWDi2 ON (Fig.4-5)
When IGBT2 is OFF and FWDi2 is ON, the voltage on C1 (V) is calculated by:

Veey=Vee-Vri+Vee?
where Vgc, denotes the forward voltage drop of FWDi2. When both IGBT2 and IGBT1 are OFF, the
regenerative current flows continuously through the free-wheel path of FWDi2. Therefore the potential of
VS drops to -Veca, then C1 is recharged to restore the declined potential. When IGBT1 is turned ON, the
potential of Vs rises to that of P, the charge to C1 stops and the voltage on C1 gradually declines from the
potential V ¢(2) due to the current consumed by the drive circuit.

ON
IGBT1
OFF

ON

IGBT2

OFF

Ver \//\\’/_‘\/’

Potential of C1 Vo) Declining due to current
consumed by drive
circuit

VS

Fig.4-5 Timing chart of sequence (1-2)

(2) Instruction of Selecting the Bootstrap Capacitor (C1) and Resistance (R1)

The capacitance of bootstrap capacitor can be calculated by:
C1=lggxT1/AV

where T1 is the maximum ON pulse width of IGBT1 and Igs is the drive current of the IC (depends on
temperature and frequency characteristics), and AV is the allowable discharge voltage. A certain margin
should be added to the calculated capacitance.
Resistance R1 should be basically selected such that the time constant C1R1 will enable the discharged
voltage (AV) to be fully charged again within the minimum ON pulse width (T2) of IGBT2.
However, if only IGBT1 has an ON-OFF-ON control mode (Fig.4-6), the time constant should be set so
that the consumed energy during the ON period can be charged during the OFF period.

ON

IGBT1

OFF

ON

IGBT2

OFF

Declining due to current
/ consumed by drive circuit

- T

Potential of C1 Charging area

Vei

VS

Fig.4-6 Timing Chart of ON-OFF-ON Control Mode
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Design example of Bootstrap circuit

B Selecting bootstrap capacitor
Suppose AVpg(discharged voltage)=1V, the maximum ON pulse width T1 of P-side IGBT is 5msec, and
Ipg is 0.55mA(Max. rating), then
C=lpgxT1/AVpg=2.75%10°
the calculated bootstrap capacitance is 2.75uF. By taking consideration of dispersion and reliability, the
capacitance is generally selected as large as 2~3 times of the calculated one, for example, 10uF or above
for this case is suitable.

B Selecting bootstrap resistor
Suppose the bootstrap capacitance is 10uF, Vp=15V, Vpg=14V, and the minimum ON pulse width ty of
N-side IGBT (or the minimum OFF pulse width ty of upper-side IGBT) is 20us, then to recover Vpg to 15V
during this period, the bootstrap resistance should be
R={(Vo-Vos) *to}/(CxAVpp)=2
This means a 2Qresistor is suitable.

Note:

(1) In the case of the control for DCBLM or 2-phase modulation for IM (Induction Motor), there will be a long ON time
period on the P-side IGBT, please pay attention to the bootstrap supply voltage drop.

(2) The above result is only a calculation example. It is recommended to design a system by taking consideration of the
actual control pattern and lifetime of components.

B Selecting bootstrap diode
The bootstrap diode with blocking voltage over 600V is recommended. In DIP-IPM, the maximum rating
of power supply is 450V. The actual voltage applied on the diode is 500V by adding a surge voltage of about
50V. Furthermore, if considering 100V for the margin, 600V class diode is necessary. The diode is also
highly recommended to be with fast recovery characteristics (recovery time less than 100nsec).

B Noise filter for control supply
It is recommended to insert a film type or ceramic type noise filter with 0.22-2uF to the control supply
terminals(Vp1-Vne, Vni-Vne, Vues-U, Vves-V, Vwes-W). The smaller the supply parasitic impedance is, the
smaller a feasible noise filter capacitance can be . The supply circuit should be such designed that the noise
fluctuation is less than +/-1V/us, and the ripple voltage is less than +/-2V.

Reference:
There are tow kinds of control supply in general use. The first one is DC-DC converter (3-terminal
regulator), of which input DC supply comes from AC-transformer. The other is DC-DC converter
(switching regulator), of which input DC supply is generated by a SMPS.

Note:
After bootstrap capacitor voltage has been fully charged, input one pulse in the P-side input signals to reset internal IC
state before starting formal PWM.
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CHAPTER 5 INTERFACE DEMO BOARD

5.1 Super Mini DIP-IPM Ver.4 Interface Demo Board

This chapter describes the interface demo board of Super Mini DIP-IPM Ver.4 as a reference for the design
of user application PCB with Super Mini DIP-IPM Ver.4.

(1) Demo Board Outline

The demo board consists the minimum necessary components such as snubber capacitor, bootstrap circuit
elements of Super Mini DIP-IPM Ver.4 interface shown in Fig.5-1.

la AAL
- ™ Yyy
Inrush Limit
Circuit gf:'_g [
: T 1 B
i P DIpsPMm :
| :
AC Supply :
HvIC :
~ E Motor
» | L1 :
LvIC :
{ﬁ CINL VNC VN1
1 —
RC Filter :I\
Super MiniDIP-IPM Ver.4 b
Interface Circuit = P, ciimeis Po i T T L R IT T T ITT T T s .OH
UP-WN  Eo GND Vo
(15V Line)

(2) Demo Board Photos

Top view Side view
Fig.5-2 Demo board photo

Note: Board dimension 43.5x40x27.1mm (including snubber capacitor height and module height)
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5.2 Pattern Wiring

(1) Component Layout

OF=1]

o ol 1

a ! E

IR

i o
B 35. 0 _
L {40. 0 1. %)

(b) Solder side

(a) Component side
Fig.5-4 Demo board PCB pattern layout
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5.3 Circuit Schematic and Parts List

(1) Circuit Schematic

T1
— R1 D1 é\ T3-1
A T, VUFB PO O r
- cre VP1
uP
TR we U0
i \ T2
c2 C5 - 12
: o v
p
PO R3 D3 Ve = vO
’_/\/\/\/_NC3 I s QWWFB = o
o O \Vj
wp [ O ] O wp
cs VN1 WO
uN (O UN I—O w
W [ O VN 1o L
wN| O WN NS T
Fo |O FO
R4
+5V| O \/\/\/—I ’K Vnc(16pin)
Zb1 NC(17pin)  ~ CIN
+15V
O C9 c1o R5
GND| (O R6 T3-2
- O N

Fig.5-5 Demo board circuit schematic

Note: Although there is no zener diode mounted to P-side three floating drive supplies (between Vygs-U, Vyes-V,
Vwes-W) on this demo board, it is highly recommend to add these zener diodes in actual system board.

‘ MITSUBISHI
AV ELECTRIC

47

Jan. 2008



Mitsubishi DIP-IPM Ver.4 Application Note

INTERFACE DEMO BOARD

(2) Parts List

Table 5-1 Parts list (only for reference)

Symbol Type Name Description pcs Note
D1 UO5JH44 0.5A 600V Diode 1 | Toshiba, High speed type
D2 UO05JH44 0.5A 600V Diode 1 | Toshiba, High speed type
D3 UO05JH44 0.5A 600V Diode 1 | Toshiba, High speed type
ZD1 ulzB24 24V 1W Zener Diode 1 | Toshiba
C1 UFP1H220MEH 22uF50V Al electrolytic capacitor 1 | Nichicon
c2 UFP1H220MEH 22uF50V Al electrolytic capacitor 1 | Nichicon
C3 UFP1H220MEH 22uF50V Al electrolytic capacitor 1 | Nichicon
C4 GRM188R11H102KA01 | 1000pF50V ceramic capacitor 1 | Murata
C5 GRM188R11H102KA01 | 1000pF50V ceramic capacitor 1 | Murata
C6 GRM188R11H102KA01 | 1000pF50V ceramic capacitor 1 | Murata
c7 GRM188R11H102KA01 | 1000pF50V ceramic capacitor 1 | Murata
C8 GRM188R11H102KA01 | 1000pF50V ceramic capacitor 1 | Murata
C9 UFP1H470MEH 47uF50V Al electrolytic capacitor 1 | Nichicon
C10 | GRM188R11H102KA01l | 1000uF50V ceramic capacitor 1 | Murata
Cll1 | MDDSA2J224K 0.22uF630V snubber capacitor 1 | Hitachi AIC
R1 RK73H1JTD10F 1/16W 10QF 1| KOA
R2 RK73H1JTD10F 1/16W 10QF 1| KOA
R3 RK73H1JTD10F 1/16W 10QF 1| KOA
R4 RK73H1JTD10kF 1/16W 10kQF 1| KOA
R5 RK73H1JTD2kF 1/16W 2kQF 1| KOA
R6 SL2TTEG8LF 2W 0.016/0.021/0.033/0.068/0.11QF 1 | KOA, Current detecting resistor
Tl BS10B-SRSS 10pin Socket 1
T2 B3P-VB-2 3-terminal connector 1
T3-1 | TP42097-21 Faston® tab 1
T3-2 | TP42097-21 Faston® tab 1

(3) Precaution in using the demo board for pre-evaluation
a. The accessories of the Super Mini DIP-IPM Ver.4demo board include an input signal connection cable
and a power supply cable with a connector.
Cut the input signal cable to make the connection between MCU/DSP and the demo board as short as
possible.

b. Please confirm and comply with your company's design standard when drawing upon these patterns.
(These patterns are an example for reference.)

Faston® is a registered trademark of the AMP company.
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CHAPTER 6 PACKAGE HANDLING

6.1 Packaging Specification

(44)
% "
Plastic Tube
Quantity:

12pcs per 1 tube

Total amount in one box (max):

Binder
Tube Quantity: 5 x  6=30

IPM Quantity: 30 x 12=360

Mass (max):

About 10g per 1pcs of DIP-IPM
About 220g per 1 tube
About 8.1kg per 1 box

Spacer

Packaging box \

Fig.6-1 Super Mini DIP-IPM Ver.4 Packaging Specification
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6.2 Handling Precautions

A Cautions

Transportation

Storage

Long storage

Surroundings

Flame
resistance

Static electricity

-Put package boxes in the correct direction. Putting them upside down, leaning them or
giving them uneven stress might cause electrode terminals to be deformed or resin case
to be damaged.

‘Throwing or dropping the packaging boxes might cause the devices to be damaged.

-‘Wetting the packaging boxes might cause the breakdown of devices when operating. Pay
attention not to wet them when transporting on a rainy or a snowy day.

‘We recommend temperature and humidity in the ranges 5-35°C and 45-75%,
respectively, for the storage of modules. The quality or reliability of the modules might
decline if the storage conditions are much different from the above.

‘When storing modules for a long time (more than one year), keep them dry. Also, when
using them after long storage, make sure that there is no visible flaw, stain or rust, etc. on
their exterior.

‘Keep modules away from places where water or organic solvent may attach to them
directly or where corrosive gas, explosive gas, fine dust or salt, etc. may exist. They
might cause serious problems.

-‘The epoxy resin and the case materials are flame-resistant type (UL standard 94-V0), but
they are not noninflammable.

-ICs and power chips with MOS gate structure are used for the DIP-IPM power modules.
Please keep the following notices to prevent modules from being damaged by static
electricity.

(1)Precautions against the device destruction caused by the ESD
The ESD of human bodies and packaging and/or excessive voltage applied across the
gate to emitter may damage and destroy devices. The basis of anti-electrostatic is to
inhibit generating static electricity possibly and quick dissipation of the charged electricity.

*Containers that charge static electricity easily should not be used for transit and for
storage.

*Terminals should be always shorted with a carbon cloth or the like until just before using
the module. Never touch terminals with bare hands.

*Should not be taking out DIP-IPM from tubes until just before using DIP-IPM and never
touch terminals with bare hands.

*During assembly and after taking out DIP-IPM from tubes, always earth the equipment
and your body. It is recommended to cover the work bench and its surrounding floor with
earthed conductive mats.

*When the terminals are open on the printed circuit board with mounted modules, the
modules might be damaged by static electricity on the printed circuit board.

*If using a soldering iron, earth its tip.

(2)Notice when the control terminals are open
*When the control terminals are open, do not apply voltage between the collector and
emitter. It might cause malfunction.
*Short the terminals before taking a module off.
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Keep safety first in your circuit designs!

Mitsubishi Electric Corporation puts the maximum effort into making semiconductor products better and
more reliable, but these are always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage. Remember to give due
consideration to safety when making your circuit designs, with appropriate measures such as (1)
placement of substitutive, auxiliary circuits, (2) use of non-flammable material or (3) prevention against
any malfunction or mishap.

Notice regarding these materials

These materials are intended as reference to assist our customers in the selection of the Mitsubishi
semiconductor product best suited to the customer’s application; they do not convey any license under
any intellectual property rights, or any other rights, belonging to Mitsubishi Electric Corporation or third
party.

Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement of any
third-party’s rights, originating in the use of any product data, diagrams, chart, programs, algorithms, or
circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Mitsubishi Electric Corporation without notice due to product improvements or other
reasons. It is therefore recommended that customers contact Mitsubishi Electric Corporation or an
authorized Mitsubishi Semiconductor product distributor for the latest product information before
purchasing a product listed herein. The information described here may contain inaccuracies or
typographical errors. Mitsubishi Electric Corporation assumes no responsibility for any damage, liability,
or other loss rising from these inaccuracies or errors. Please also pay attention to information published
by Mitsubishi Electric Corporation by various means, including the Mitsubishi Semiconductor home page
(http://www.mitsubishichips.com)

When using any or all of the information contained in these materials, including product data, diagrams,
charts, programs and algorithms, please be sure to evaluate all information as a total system before
making a final decision on the applicability of the information and products. Mitsubishi Electric Corporation
assumes no responsibility for any damage, liability or other loss resulting from the information contained
herein.

Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or reproduce in whole
or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under a license from the Japanese government and cannot be imported into a country other
than the approved destination. Any diversion or reexport contrary to the export control laws and
regulations of Japan and/or the country of destination is prohibited.

Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for further details on these materials or the products contained therein.




