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Abstract 

This paper presents the latest 600V Dual-in-lineTransfer Molded IPM (Intelligent Power 
Module) for AC100~240V class low power motor inverter control of Mitsubishi Electric, Super 
Mini DIPIPMTM (Dual In-line Package IPM) Ver.6, which combines with the features of 
Mitsubishi 7th Gen. IGBT, improves the usability, expands the product line-up to 35A and easy 
replaces from Super Mini DIPIPMTM Ver.4/5. This paper provides an overall introduction for 
the new generation of Super mini DIPIPMTM. 

1. Introduction 
As energy saving is becoming more and more important nowadays, more and more inverter 
technologies are used in motor driver to get high-efficiency performance. Super Mini 
DIPIPMTM is a kind of 600V Dual-in-line Transfer Molded IPM, which is designed for 
AC100~240V class low power motor inverter control, such as home appliances and industrial 
application. Super Mini DIPIPMTM Ver.6 is the latest Super Mini DIPIPMTM product of 
Mitsubishi Electric, which combines with the features of Mitsubishi 7th Gen. IGBT, improves 
the usability, expands the product line-up and has the same package and pin compatibility 
with Super Mini DIPIPMTM Ver.4/5. In this paper, the new generation of Super Mini DIPIPMTM 
is presented.  

Fig.1 and Fig.2 shows the outline view and the internal structure of Super Mini DIPIPMTM 
Ver.6 respectively. 

                 

Fig.1 Outline of Super Mini DIPIPM
TM

 Ver.6             Fig.2 Internal cross-section structure 

Fig.3 shows the inner block diagram of Super Mini DIPIPMTM Ver.6. The internal circuit of 
Super Mini DIPIPMTM Ver.6 is composed of 6 IGBTs, 6 FWDs (Free Wheel Diode) to form a 
three-phase inverter together with control ICs (HVIC and LVIC). And three BSDs are 
(Bootstrap Diode) inserted near the control IC for P-side driving supply.  
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Fig.3 Inner block diagram of Super Mini DIPIPM
TM

 Ver.6  

2. Technologies adopted in Super Mini DIPIPMTM Ver.6 
Super Mini DIPIPMTM Ver.6 takes over the functions of conventional Ver.5 product, such as 
incorporating bootstrap diode with current limit resistor, temperature analog signal output 
function and so on, and Super Mini DIPIPMTM Ver.6 gets more improvement in performance. 
The key features of Super Mini DIPIPMTM Ver.6 are listed as below. 

 Adopting the 7th Gen. IGBT-chip to get higher efficiency and expand the product line-up 
to 35A. 

 Improving the accuracy of short circuit level to get wider overload operating range. 

 High pin compatibility and easy to replace from conventional Ver.4/5.  

2.1. The newest Gen. IGBT of Mitsubishi: the 7th Full gate CSTBTTM  

2.1.1 Performance of the 7th Full gate CSTBTTM 

Super Mini DIPIPMTM Ver.6 adopts the newest generation IGBT technology of Mitsubishi, 
which is the 7th Gen. Full gate CSTBTTM (Carrier Stored Trench-Gate Bipolar Transistor). 
Compared with previous Gen. IGBT, the 7th Gen.IGBT with finer cell pitch and thinner wafer, 
which reduced VCE(sat) and Eoff, leading to reduce the total power loss and efficiency 
improvement. 

Taking 600V/15A IGBT as an example, as showed in Fig.4, the VCE(sat) of the 7th Gen. IGBT 
decreases by 13% compared with the 6th Gen. IGBT’s at the low current condition. And the 
conduction loss characteristic is improved. 



 

 

Fig.4 Reduction of VCE(sat) (Tj=25ºC, Ic=15A) 

The 7th Gen. IGBT has lower tail current, which brings the benefit of lower Eoff. Fig.5 shows 
the turn-off waveform of the 6th Gen. IGBT and the 7th Gen. IGBT, and we can see that the 
Eoff of the 7th Gen. IGBT decreases by 55% compared with that of the 6th Gen. IGBT. 

               

Fig.5 Reduction of Eoff by lower tail current (Conditions: Tj=125ºC, Vcc=300V, VD=15V, Ic=10A) 

2.1.2 Introduction of 35A Super Mini DIPIPMTM  

Benefited from the high efficiency and power density of IGBT-chip, we extended the Super 
Mini DIPIPMTM product’s line-up from 30A to 35A in the same package as Super Mini 
DIPIPMTM Ver.4/5. And the main features of 35A Super Mini DIPIPMTM module are introduced 
as below. 

PS21767 is the 30A module of Mini DIPIPMTM Ver.4, which is bigger in package. PS21997 is 
the 30A product of Super Mini DIPIPMTM Ver.4, and Super Mini DIPIPMTM Ver.5 has no 30A 
product. The following comparison was made among PS21767, PS21997 and the new 35A 
Super Mini DIPIPMTM.  

Fig.6 shows the output characteristics of the three modules. As a result, the VCE(sat) of 35A 
Super Mini DIPIPMTM Ver.6 is reduced dramatically, which is 13% (@Ic=30A) lower than that 
of PS21767.  

 

Fig.6 Output Characteristics comparison (Tj=25ºC) 



 

Fig.7 and Fig.8 shows the power loss and temperature rise comparison among the three 
modules at the conditions: Vcc=300V, PF=0.8, modulation ratio=1.0 and Tj=125ºC. For the 
power loss, 35A Super Mini DIPIPMTM Ver.6 achieves 11% (@Io=20Arms) down compared 
with PS21767. For the temperature rise, the value of 35A Super Mini DIPIPMTM Ver.6 is 
almost the same with PS21767. And Super Mini DIPIPMTM Ver.6 integrates bootstrap diodes 
for P-side driving supply, which can contribute to reducing the components on the PCB and 
PCB area when using it to replace Mini DIPIPMTM Ver.4.  

        

Fig.7 Loss comparison                         Fig.8 Temperature rise comparison 

The package comparison between PS21767 and new 35A Super Mini DIPIPMTM was showed 
in Fig.9. Compared with Mini DIPIPMTM Ver.4 (PS21767), whose package is 52.5mm x 31mm, 
Super Mini DIPIPMTM Ver.6 has smaller package (38mm x 24mm) and footprint has reduced 
about 33%.  

 

              

Fig.9 Package comparison between PS21767 and new 35A Super Mini DIPIPM
TM

 

2.2. Improved tolerance of SC protection level 

Short circuit trip level tolerance of Super Mini DIPIPMTM Ver.6 is improved from 0.48±10%V 
to 0.48±5%V as showed in table.1. 

Series Min. Typ. Max. 

Super Mini DIPIPM
TM

 Ver.4/5 0.43V 0.48V 0.53V 

Super Mini DIPIPM
TM

 Ver.6 0.455V 0.48V 0.505V 

Table.1 Improved tolerance of SC protection trip level 

Fig.10 shows an example of short circuit of DIPIPMTM, the trip level is specified by Vsc(ref) , 
and the voltage of shunt resistor is detected at Cin pin. 

For Super Mini DIPIPMTM series, the maximum SC trip level SC (max) should be set lower 
than the IGBT minimum saturation current which is 1.7 times as large as the rated current. 
For the 15A Super Mini DIPIPMTM module, the SC (max) should be set to 15Ax1.7=25.5A. 

Mini DIPIPMTM Ver.4 
52.5mm x 31mm 

 

Super Mini DIPIPMTM Ver.6 
38mm x 24mm 

Footprint  
33% down 



 

Taking Super Mini DIPIPMTM Ver.6 and Ver.5’s 15A module as an example, the Trip current= 
Vsc(ref) / shunt resistance, and the results are as follows (assuming there is no tolerance of 
shunt-resistor): 

Super Mini DIPIPMTM Ver.5: max. 0.53V/21mΩ=25.5A       min.0.43V/21mΩ=20.5A  

Super Mini DIPIPMTM Ver.6: max. 0.505V/20mΩ=25.5A      min. 0.455V/20mΩ=22.8A 

As showed in Fig.11, Super Mini DIPIPMTM Ver.6 has wider overload operation range than 
conventional Ver.5 product. And that is very useful when using short circuit protection 
function as a protection for demagnetization of motor, especially for Air-con’s compressor 
overload protection. 

          

Fig.10 Case of short circuit of DIPIPM
TM

             Fig.11 Overload operation range comparison  

2.3. Over temperature protection function 

Same as Super Mini DIPIPMTM Ver.5, Super Mini DIPIPMTM Ver.6 also has two selectable 
series according to the temperature function. One is conventional over temperature 
protection (OT), the other is temperature analog voltage output function (VOT), and both of the 
two functions detect the temperature of control LVIC by built in temperature sensor on LVIC. 
OT function will shutdown all N-side IGBTs when LVIC temperature exceeds the specified 
value (typ.120ºC), but VOT function cannot shutdown by itself in that case. So it is necessary 
for system controller to monitor the VOT output voltage and shutdown PWM signals when the 
temperature reaches the protection level. Customers can set the protection point based on 
their application. 
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Fig.12 VOT detection point and output characteristic curve of Super Mini DIPIPM
TM

 Ver.6 

In addtion, LVIC temperature cannot response to the steep temperature rise of Power chips 
Tj when such a short circuit or motor lock occurs. 



 

3. Product line-up  
There are two series of Super Mini DIPIPMTM Ver.6 based on the temperature protection as 
follows: 

1) OT type (-E): Built in over temperature protection. 

2) VOT type (-F): Analog output of LVIC temperature. 

Type No. Rating Motor Rating (Note.1) Isolation Voltage (Note.2) 

PSS05S92E(F)6-AG 5A/600V 0.4kW/220VAC  

Viso=1500Vrms 

(Sine 60Hz,1min,All shorted

 pins-heat sink) 

PSS10S92E(F)6-AG 10A/600V 0.75kW/220VAC 

PSS15S92E(F)6-AG 15A/600V 0.75kW/220VAC 

PSS20S92E(F)6-AG 20A/600V 1.5 kW/220VAC 

PSS30S92E(F)6-AG 30A/600V 2.2 kW/220VAC 

PSS35S92E(F)6-AG 35A/600V 2.2 kW/220VAC 

Table.2 Line-up of Super Mini DIPIPM
TM

 Ver.6 

Note.1: The motor ratings are simulation results under following conditions: VAC=220V, VD=VDB=15V, 
Tc=100ºC, Tj=125ºC, fPWM=5kHz, P.F=0.8, motor efficiency=0.75, current ripple ratio=1.05, motor over 
load 150% 1min. 

Note.2: Isolation voltage between all shorted pins and copper heat sink surface of DIPIPM
TM

.  

In the case that Super Mini DIPIPMTM will be fitted on flat heat sink, isolation voltage is 
1500Vrms. But if such as convex shape heat sink will be used for enlarging clearance 
between outer terminals and heat sink (2.5mm or more is recommended) as Fig.13 showed, 
it is able to correspond isolation voltage 2500Vrms. 

 

Fig.13 In the case of using convex heat sink (unit: mm) 

4. Conclusions 
In this paper, an overall introduction to Super Mini DIPIPMTM Ver.6 is presented. This series 
of product will make great contribution to motor drives for household electric appliances, 
such as air conditioners, washing machines and refrigerators, and low power industrial motor 
drive. 
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