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Abstract 
This paper introduces a new 600 V 20 A highly integrated IPM (intelligent power module) with three-
phase inverter and power-factor correction (PFC) topologies optimized for home appliances.  

A three-phase inverter and a single-boost PFC stage are integrated in a miniaturized DIP (dual-in-line-
package) transfer-molded package. The inverter stage is built with six 600 V rated TRENCHSTOP™ 
IGBTs, six emitter-controlled diodes and an SOI (silicon-on-insulator) gate driver. The PFC stage 
consists of a 600 V rated CoolMOS™ MOSFET and a 650 V rated rapid-switching emitter-controlled 
diode which has fast and soft switching characteristics. DCB (direct copper bond) substrate is adopted 
for good thermal performance considering the small package size. 

This paper provides an overall description of the new PFC-integrated IPM (IM564-X6D) as well as the 
performance, power ratings and characteristics of the semiconductors in the module. With this new IPM, 
reduced PCB and heatsink sizes and simplified assembly processes can also be achieved. 

1 Introduction 
Nowadays the importance of energy savings with 
regard to environmental issues has grown 
significantly. Inverters are increasingly accepted, 
and used for home appliance applications such as 
room air conditioners to improve the efficiency, 
reliability and controllability of the system. 

The PFC (power-factor correction) function is also 
becoming more important in major low-power 
home appliance applications in order to avoid 
negative effects on the power grid. Many home 
appliance companies are trying to improve the 
power factor (PF) of their system to meet the 
tightened regulations [1]. 

In the case of room air conditioners, one widely 
used structure is the discrete solution as a PFC 
stage, which consists of a discrete IGBT or 
MOSFET and a discrete boost diode, and the IPM 
solution as an inverter stage for compressor 
driving. A single-phase bridge rectifier is also used 
for producing a DC power source from the AC 
power grid. In this case, all of the power 
semiconductor components (i.e. bridge rectifier, 
discrete IGBT or MOSFET, discrete boost diode, 
and IPM) are mounted on a heatsink for their heat 
dissipation. Integrating drivers and discrete power 
semiconductors into one package allows system 
designers to reduce the time and effort spent on 

development. It can also help reduce the PCB size 
and simplify the assembly process. 

Fig. 1 shows the difference between the discrete 
solution and the IPM solution. The number of 
devices that are mounted on the heatsink is 
reduced so the heatsink size and the space 
occupied by these devices can be reduced, and 
the assembly process simplified.  

To meet the strong demand for compact sizes, 
higher power density and simple assembly 
processes, Infineon Technologies has developed 
a family of 600 V 15 A rated PFC-integrated IPMs 
(IFCM15P60GD, IFCM15S60GD) [2]. Recently, a 
new 600 V 20 A rated PFC-integrated IPM (IM564-
X6D) has been developed for increasing power 
density. This new IPM incorporates a three-phase 
inverter stage and PFC stage in one package with 
a DCB substrate. It contributes to improving 
thermal performance and dissipation capability. 

This paper describes the features of the internal 
components as well as the package structure and 
thermal performance. 
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Fig. 1: Space and assembly comparison between 
discrete and new IPM solution. 

2 External view and circuit 

configuration 
The package designs of the new high-level IPM 
are shown in Fig. 2. The new IPM provides a 
compact Infineon Technologies CIPOS™ (Control 
Integrated POwer System) Mini IPM package 
measuring 21 mm x 36 mm. All of the 
semiconductor chips are optimized for the 
package, and owing to the DCB substrate, it has 
excellent heat dissipation characteristics. 

The internal circuit of the new IPM is composed of 
six 600 V rated TRENCHSTOP™ IGBTs and six 
emitter-controlled diodes in a three-phase inverter 

Fig. 2: Design of PFC-integrated CIPOS™ Mini IPM 
measuring 21 mm x 36 mm. 

Fig. 3: Block diagram of PFC-integrated CIPOS™ Mini 
IPM. 

structure together with one SOI gate driver IC 
which provides an integrated bootstrap circuit and 
thermistor for temperature monitoring. The PFC 
stage consists of a 600 V rated CoolMOS™ 
MOSFET and a 650 V rated rapid emitter-
controlled diode which has fast and soft switching 
characteristics. Fig. 3 shows a block diagram of the 
new PFC-integrated IPM. 

3 Inverter stage 

3.1 Inverter and power devices 

The internal circuit of inverter devices is composed 
of six 600 V rated TRENCHSTOP™ technology 
IGBTs and anti-parallel free-wheeling diodes in a 
three-phase inverter structure. The assembled 
IGBT chips in the inverter part use Infineon´s 
TRENCHSTOP™ technology. This is improved by 
implementing an additional layer between the 
substrate region and the collector layer. This is 
called the field-stop layer which also has an n-
doping function. The combination of both the field-
stop and the trench-gate technology lead to highly 
improved conduction and switching characteristics. 
In particular, the TRENCHSTOP™ IGBTs and 
anti-parallel diodes are designed for fast switching 
without excessive ringing, and have much lower 
overall losses [3]. 
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3.2 SOI gate driver IC 

A silicon-on-insulator (SOI) gate driver IC is used 
for the CIPOS™ IPM modules to improve 
integration, reliability and performance. SOI is an 
advanced technique for the manufacture of 
MOS/CMOS. The silicon is separated by a buried 
silicon oxide layer with one layer on the top and the 
other on the bottom. The buried silicon oxide 
provides an insulation barrier between the active 
layer and silicon substrate, and hence reduces the 
parasitic capacitance tremendously. Moreover, 
this insulation barrier prevents leakage or latch-up 
currents between adjacent devices. This prevents 
a latch-up effect even in the event of high dv/dt 
switching and surge under elevated temperatures, 
and hence, provides improved robustness. Latch-
up does not occur when surge voltage is applied 
between VDD (control supply) and VSS. In 
addition, the thin-film SOI technology provides 
additional benefits like lower power consumption 
and higher immunity to radioactive radiation or 
cosmic rays. This six-channel single SOI gate 
driver IC has a special inter-lock function for shoot-
through protection and shut-down of all outputs 
when a fault such as overcurrent or under voltage 
occurs. Also, it provides an integrated bootstrap 
circuit and additional sleep function as shown in 
Fig. 4.  This sleep function helps to increase the 
stability and robustness of the IPM [4]. The SOI 
gate driver IC helps to optimize IGBT switching, 
and provides inter-lock, under voltage lockout 
(UVLO) of the drive supply and over circuit 
protection functions [5]. 

Fig. 4: Sleep function timing of SOI gate driver IC

Fig. 5: Turn-on waveform of CoolMOS™ P7 MOSFET 

4 PFC stage 

4.1 PFC boost switch 

A 600 V CoolMOS™ P7 MOSFET is used for the 
new 20 A PFC-integrated CIPOS™ Mini IPM, 
which is typically 86 mΩ at 25°C of junction 
temperature and 20 A of drain current. It combines 
the benefits of fast switching with excellent ease of 
use, and fast design-in through low ringing 
tendency. Furthermore, it has a simplified thermal 
management due to extremely low switching and 
conduction losses. Fig. 5 shows a turn-on 
waveform of a CoolMOS™ P7 MOSFET and a 
rapid emitter-controlled diode as PFC boost switch 
and diode, respectively at VDC= 400 V, VDD= 15 V, 
ID= 20 A, TJ= 25°C, Gate driver IC=IRS44273 and 
Rg= 5.1 Ω.  

4.2 PFC boost diode 

The rapid emitter-controlled diode from Infineon is 
optimized to work in harmony with CoolMOS™ as 
a boost diode in PFC topology. Rapid diode 
advancement in thin wafer technology helps to 
maintain a stable VF over-temperature. And it has 
low forward voltage and low reverse-recovery 
current. 

5 Package 
Fig. 6 shows that the package structure is 
composed of a PCB and a DCB, respectively, for 
a gate driver IC, and power switches in a DIP 
transfer-molded package. 

The compact intelligent power module applies a 
thermal substrate of DCB for high thermal 
performance, and an aluminum-wire bonding 
method for electrical and mechanical connection. 
The thermal substrate, DCB, is composed of a 
ceramic plate with high thermal conductivity and 
copper plates. Power switches are attached on the 
one side of the DCB, and the other side is exposed 
on the surface of the package. This technique 
contributes to improving thermal performance and 
thermal dissipation capability to achieve excellent 
solutions for motor drives [6]. 

Fig. 6: Vertical structure of the new IPM
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6 Thermal performance 
Fig. 7 shows the application circuit and board for 
the thermal performance evaluation during system 
operation of 2 kW input power. To confirm thermal 
performance, case temperatures are measured. 
The points in Fig. 8 represent the hottest points in 
a module. 

Tc(INV) is a case temperature of the high side W 
phase IGBT in the inverter and Tc(PFC) is a case 
temperature of the PFC MOSFET in PFC. 

Fig. 7: Application circuit and board for thermal 
performance evaluation 

Fig. 8: Temperature measurement point 

Fig. 9: Operating waveforms of test system for thermal 
performance evaluation  

Fig. 10:  Thermal performance of new integrated IPM

Fig. 9 and Fig. 10 show an operating waveform 
and thermal performance comparison between 
new 600 V 20 A IPM (IM564-X6D) and   an existing 
600 V 15 A IPM (IFCM15P60GD) with PFC con-
troller of ICE2PCS05G at PIN= 2 kW, PF(Input)= 
0.99, VIN= 220 V / 60 Hz, VDC= 400 V, Fsw(INV)= 
5 kHz, Fsw(PFC)= 40 kHz, SVPWM, MI= 0.69, 
VDD= 15 V, Rg= 10 Ω, Ta= 25°C.  

△TCA_PFC (where △TCA_PFC =Tc(PFC)-Ta) of IM564-
X6D is lower than that of IFCM15P60GD by about 
17.5°C. It shows better thermal performance of the 
new 600 V 20 A IPM. 

This new PFC-integrated IPM can be driven up to 
3 kW, and the PFC switching frequency can be 
driven up to 100 kHz. 

Fig. 11 shows operating waveforms of 100 kHz 
PFC switching frequency with various input 
voltage conditions. Condition (a) is VIN= 220 V / 60 
Hz and condition (b) is VIN= 90 V / 60 Hz. Other 
conditions are as follows: VDC= 400 V, PF(Input)= 
0.99, Fsw(INV)= 5 kHz, SVPWM, PFC controller= 
ICE2PCS05G, VDD= 15 V, Rg= 5.1 Ω, Ta= 25°C. 
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(a) VIN=220V / 60Hz 

(b) VIN=90V / 60Hz 

(c) 

Fig. 11:  Operating waveforms of new integrated IPM 
(a), (b) and thermal performance (c) 

7 Conclusion 
In this paper, an overall description of the new 
PFC-integrated IPM (IM564-X6D) is presented. 
This new IPM is an optimized solution with 
inverters and PFC topologies for variable-speed 
motor drives such as room air conditioners. Since 
all semiconductor chips are optimized and 
integrated into the existing CIPOS™ Mini IPM 
package, it is possible to shorten development 
time and reduce space. In particular, this new IPM 
has been adapted and optimized for PFC systems 
by use of CoolMOS™ P7 MOSFET. Switching and 
conduction losses are very small, and switching is 
possible up to 100 kHz.  
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