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ABSTRACT

To meet the diversifying needs for power control, Fuji Electric has developed a family of large-capacity intelligent
power modules (IPMs). These products with high-performance, new-generation IGBT chips, new control ICs and
lower package inductance are able to reduce total power loss and radiated noise, and increase current capacity. A
new solder material and divided direct copper bonding (DCB) are employed to enable a //Tc power cycling capability
significantly enhanced. Terminals and screw hole positions are compatible with existing products, allowing existing
products to be replaced with the new products without major design changes.

1. IntroductionM®

Recently, as essential items for conserving energy
and reducing COgz emissions in the industrial field,
high efficiency power converting equipment is being
used more and more. Additionally, the requirements
for standard insulated gate bipolar transistor (IGBT)
modules that integrate an IGBT chip and a free wheel-
ing diode (FWD) chip into a single package are becom-
ing more diverse. An intelligent power module (IPM)
integrates a control IC for internal drive and protec-
tion functions into a standard IGBT module. With
an IPM, optimized drive control can be performed so
that the IGBT can be driven and provided with high
reliability protection with low dissipation loss and low
noise. IPMs are used in a wide range of applications,
such as in motor driven equipment (numerical control
(NC) machine tools, general-purpose inverters, servos,
elevators, etc.), uninterruptible power supplies (UPS),
power conditioning systems (PCS) for solar energy
generation, and the like where low dissipation loss and
low noise are strongly required.

Since beginning to commercialize IPMs in 1988,
Fuyji Electric has responded to market requests for low-
er power dissipation, lower noise and smaller size with
each successive generation of devices. In recent years,
through developing a “V-Series” IPM using a next-
generation trench gate structure field stop (FS) type
“V-Series” IGBT chip, even lower power dissipation
loss and smaller size have been realized. This paper
describes Fuji Electric’s new lineup of large capacity
“V-Series” IPMs and the large capacity series of IPMs
(P631 package).
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2. “V Series IPM” Product Lineup™®

At present, Fuji Electric’s V-Series of IPMs is
available in the four packages (small capacity: P629,
medium capacity small size: P626, medium capacity
low profile: P630, large capacity: P631) as shown in
Fig. 1. All of these packages comply with the RoHS
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Fig.1 Appearance of “V-Series” IPM packages

*1: RoHS directive: European Union (EU) directive on the
restriction of the use of certain hazardous substances in
electrical and electronic equipment
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directive*! Fuji Electric plans to expand further the
V-Series IPM product lineup, increasing the capacity
beyond that of the previous “R-Series” IPMs, to rated
currents of 20-400 A for the 600 V rated voltage series,
and to 10-200 A for the 1,200V rated voltage series.
In addition to the protective functions of overcur-
rent protection, short-circuit protection, control supply
protection in control circuit and IGBT chip over heat
protection, which are the same protective functions as
had been provided previously, a cause identification
function based on the width of the alarm output has
been newly added. In the P629 package, the previous
method of N-line current detection based on shunt re-
sistance has been changed to a method of IGBT sense
current detection, enabling protection in the case of a
ground fault in which current flows only through the
upper arm element.

Table 1 lists the product lineup and functions of
the V-Series of IPMs.

3. Large-capacity “V-Series” IPM Product
Overview

3.1 Development goals
Development goals for the large-capacity V-Series

of IPMs are as follows.

(1) Reduction of total dissipation loss

(2) Improvement of tradeoff relation between switch-
ing loss and radiation noise

(3) Expanded current rating (400 A/600V, 200 A/
1,200 V)

(4) Shorter deadtime

(5) Separate alarm output signal for each cause

(6) Upper arm alarm output (P631: alarm control ter-
minal added for upper arm)

(7) Maintain package compatibility (tapped hole loca-
tions, guide pins)

(8) Compliance with RoHS directive

(9) Reduction of internal inductance

(10) Improvement of AT, power cycling capability

Table 1 “V-Series” IPM product lineup and functions
Internal functions®
e, | coases, Both upper and lower arms | Upper | Tover | Packae
6-in-1 7-in-1 Drive | UV | TjOH | OC | ALM ALM
20 A 6MBP20VAA060-50 - @) O O O - O
30 A 6MBP30VAA060-50 - O O O O - O P629
50 A 6MBP50VAA060-50 - O O O O - O
50 A 6MBP50VBA060-50 - O O O O O O P626
75 A 6MBP75VBA060-50 - @) O O O O O
50 A 6MBP50VDA060-50 TMBP50 VDA060-50 O O O O O O
600V 75 A 6MBP75VDA060-50 7MBP75 VDA060-50 O O O O O O
100 A 6MBP100VDA060-50 | 7MBP100 VDA060-50 O O O O O O P630
150 A 6MBP150VDA060-50 | 7MBP150 VDA060-50 O O O O O O
200 A 6MBP200VDA060-50 | 7MBP200 VDA060-50 O O O O O O
200 A 6MBP200VEA060-50 TMBP200VEA060-50 O O O O O O
300 A 6MBP300VEA060-50 7MBP300VEA060-50 O O O O O O P631
400 A 6MBP400VEA060-50 7TMBP400VEA060-50 O O O O O O
10A 6MBP10VAA120-50 - O O O O - O
15A 6MBP15VAA120-50 - O O O O - O P629
25 A 6MBP25VAA120-50 - O O O O - O
25 A 6MBP25VBA120-50 - @) O O O O O
35A 6MBP35VBA120-50 - @) O O O O O P626
50 A 6MBP50VBA120-50 - @) O O O O O
1900V 25 A 6MBP25VDA120-50 TMBP25VDA120-50 O O O O O O
’ 35 A 6MBP35VDA120-50 7MBP35VDA120-50 O O O O O O
50 A 6MBP50VDA120-50 7TMBP50VDA120-50 @) O O O O O P630
75 A 6MBP75VDA120-50 7MBP75 VDA120-50 @) O O O O O
100 A 6MBP100VDA120-50 7TMBP100VDA120-50 O O O O O O
100 A 6MBP105VEA120-50 7TMBP100VEA120-50 O O O O O O
150 A 6MBP150VEA120-50 7MBP150VEA120-50 O O O O O O P631
200 A 6MBP200VEA120-50 7TMBP200VEA120-50 O O O O O O

% : Drive: IGBT drive circuit, UV: Control supply undervoltage protection, TJOH: IGBT chip over heat protection, OC: Overcurrent protection, ALM: Alarm output
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3.2 Characteristics"®
(1) Reduction of total dissipation loss

To improve equipment controllability, as is re-
quested by customers, the IPM dissipation loss must
be reduced in order to realize a higher carrier frequen-
cy and larger output current. Moreover, a reduction
in dissipation loss enables the cooling system for the
equipment to be simplified, such as with smaller-sized
air-cooling fins and fans, and also contributes to a low-
er overall low cost of the equipment.

Figure 2 compares the total dissipation loss dur-
ing PWM inverter operation for a V-Series IPM and
the previous product (R-Series IPM), both of which
are 300 A/600V devices. The V-Series IPM realizes
at least 20% lower dissipation loss than the previous
product.

With the V-Series IPM, in the case of a
300 A/600V device, the static loss Psat and the turn-
off loss Pofr of the IGBT account for approximately 50%
of the total dissipation loss during inverter operation.
The on-voltage Vcggatyy and turn-off loss Eofr charac-
teristics that determine these two types of loss have a
tradeoff relationship with the short-circuit withstand
capability of the IGBT. Improving the tradeoff is a
key point for reducing the dissipation loss. V-Series
IGBT chips for standard IGBT modules feature an
optimized surface structure to reduce the resistance
of the drift layer and make the chip thinner, thereby
lowering V(E@aty and improving Eox®. On the other
hand, IGBT chips for V-Series IPMs feature an even
finer surface structure and an improved tradeoff rela-
tionship with VcEgat) and Eoff®. As a result of the finer
structure, however, because Vcggat) decreases and the
current flows with greater ease, short-circuit current
will increase and the short-circuit withstand capability
(allowable time) will decrease. Therefore, a chip that
features an improved tradeoff relationship between
VeEGat) and Eoff can be used to speed up the short-cir-
cuit protection function.

E=300V, Vee=15V, T;=125 °C,
I, (rms)=100 A, fc=5/10 kHz, f,=50 Hz
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Fig.2 Comparison of total dissipation loss in 300 A/600 V
products
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For the 600V series, because the rated current is
larger and the difference between rated voltage and
working voltage is smaller than the 1,200V series, the
design must take into consideration the surge volt-
age. In addition to reducing the internal impedance of
the package, as will be described later, by shifting the
VeE@at) and Eofr tradeoff to the low Vigsat) side where
the turn-off di/dt is smaller, the device was optimized
so that the surge voltage would be equivalent to that of
previous products.

(2) Improvement of tradeoff relation between switch-
ing loss and radiation noise

A tradeoff relationship exists between switching
loss and radiation noise. To improve this relationship,
the internal capacitance of the IGBT was reduced,
the temperature dependence of the control IC was im-
proved, and the internal circuit wiring pattern of pack-
age was optimized®. As a result, in a relative compari-
son of radiation noise using inverter test equipment,
the peak radiation noise in a 300 A/600 V product was
reduced by approximately 3 dB compared to the previ-
ous product as is shown in Fig. 3.

(3) Expanded current rating (400 A/600V, 200 A/

1,200 V)

With the V-Series large-capacity IPM (P631), the
two power chips (IGBT and FWD) used in parallel
in the R-Series large-capacity IPM (P612) are inte-
grated into a single chip, and the chip size is minia-
turized and optimized to reduce the total area of the
300 A/600V power chip by 32%. By configuring the
control circuit as a two-level structure positioned above
the power unit, the product series could be expanded
to 400 A/600V and 200A/1,200V in an package of
equivalent size and having the same mounting position
as previous products. This was a first in the industry.
(4) Shorter deadtime

For the purpose of preventing upper and lower arm
short circuits, the inverter control is provided with a
deadtime interval. Shortening the deadtime interval
is important for improving waveform distortion and ro-
tational unevenness. With V-Series IPMs, the control
IC switching time has been optimized and temperature
dependence has been improved to reduce the minimum
deadtime interval to 1 us from the previous value of 2.4

90
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TMBP300RA060-50
~ MAX Peak=77.95dB
8 60
°
>
=
.2 30 V-Series IPM (P631)
ZO TMBP300VEA060-50
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0 L L L L
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Frequency (MHz)

Fig.3 Comparison of radiation noise
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Fig.5 Package dimensions

us.
(5) Separate alarm output signal for each cause

With V-Series IPMs, the widths of outputted alarm
pulses differ according to the alarm cause (see Fig. 4).
As a result, the cause of the protective alarm can be
identified easily, and after the equipment has been
stopped by the IPM alarm, cause analysis and restora-
tion can be performed in a shorter amount of time.

4. Package

4.1 Package dimensions

Figure 5 shows the dimensions of the P631 and
P612 packages. The P631 is provided with the same
mounting holes, terminal locations and height di-
mensions as the existing P612, and maintains pack-
age compatibility when being installed in equipment.
Additionally, an alarm output terminal has been added
to each phase of the upper arm, and the terminal pitch
and total width of the control terminals was made com-
mon.

4.2 Compliance with RoHS directive

Figure 6 shows the internal structure of the P631
package. In a conventional IPM, lead is used primar-
ily at soldering locations. Solder material is used at
five locations: (1) the junction between the insulating
substrate and base plate, (2) the junction between the
chip and copper circuit, (3) the junction between main
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Fig.6 Internal structure of P631 package

terminals and the insulating substrate, (4) the junc-
tion between control terminals and the printed circuit
board, and (5) the junction between the printed circuit
board and mounted components. The P631 uses lead-
free solder at all of these locations, and is compliant
with the RoHS directive.

4.3 Reduction of inductance

Figure 7 shows a schematic drawing of the inter-
nal wiring, and Fig. 8 compares the results of mea-
surement of the internal inductances of the P631 and
P612 packages. Aiming to reduce internal inductance
through the mutual inductance effect, a parallel plate
configuration employing overlapping P and N line ter-
minal bars was used. As a result, the internal induc-
tance is reduced by approximately 22% compared to
the P612 package, and an effect is obtained whereby
the radiation noise is lower and the turn-off surge does
not become excessive, as described in Section 3.

4.4 Improvement of //T; power cycling capability

IGBT modules are typically formed by soldering to-
gether a base having a heat dissipating surface and an
insulated circuit board. Because these materials have
different coefficients of thermal expansion, stress is
repeatedly generated in the soldered junction between
the materials whenever the temperature changes. In
a AT, power cycling test in which the case temperature
was varied, it was confirmed that solder in the junction

Vol. 58 No. 2 FUJI ELECTRIC REVIEW



between the insulating substrate and the base plate
will crack, expand and ultimately break.

With the P631 package, the insulating substrate
has been subdivided and miniaturized to ease the
stress on the solder. Additionally, the solder material
used in the junction between the insulating substrate
and the base plate has been changed to material hav-
ing higher mechanical strength. As a result, AT, power

Overlapping portion
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Fig.7 Schematic of internal wiring in package
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Fig.8 Comparison of results of internal inductance
measurement
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cycling capability at A7.=80 K has been improved by
more than twice as that of the P612.

5. Postscript

This paper has described Fuji Electric’s new line-
up of large-capacity “V-Series” IPMs and the large-
capacity series of IPMs (P631 package). The V-Series
of IPMs realize low power dissipation, low noise and
RoHS compliance, as requested in the marketplace,
and also provide such value-added features as larger
capacity, shorter deadtime, an alarm cause identifica-
tion function, and package compatibility.

In the future, Fuji Electric intends to continue to
improve the performance and expand the lineup of
available packages, and will focus on developing prod-
ucts capable of contributing to the conservation of en-
ergy and protection of the environment.
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