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1.		 Introduction

Recently, utilization of the Internet of Things 
(IoT), big data and artifi cial intelligence (AI) is pro-
gressing and data usage is globally on the rise.  In this 
situation, servers and data centers that handle data 
have high demands for energy saving and effi ciency 
improvement is progressing for uninterruptible power 
systems (UPSs) intended for these types of equipment 
requiring high-quality power.

Meanwhile, the spread of renewable energy includ-
ing photovoltaic and wind power generation has led to 
more energy decentralization, which has increased de-
mand for power conversion.  With power conditioning 
systems (PCSs), which convert direct-current power 
generated by photovoltaic systems into alternating-
current power, device effi ciency has been improving as 
with UPSs.

To improve effi ciency of UPSs and PCSs, there is 
very high demand for switching devices with a lower 
loss.

Fuji Electric has developed and launched the “XS 
Series” 650-V discrete insulated gate bipolar transis-
tors (IGBTs) as a product line that improves the on-
state voltage and switching loss trade-off characteristic 
so as to improve the effi ciency of UPSs and PCSs.  This 
paper outlines the product series and describes the ef-
fect of its application.

2.	 Outline	of	“XS	Series”

Figure 1 shows major applications of discrete 
IGBTs.  The 650-V XS Series that Fuji Electric has 
developed targets UPSs and PCSs that operate at a 
switching frequency of approximately 20 kHz.  IGBT 

HARA, Yukihito *   KATO, Yoshiharu *   TAMURA, Takahiro *   

“XS Series” 650-V Discrete IGBTs

Fuji Electric has developed and launched the “XS Series” 650-V discrete IGBTs as a product line-up for UPSs 
and photovoltaic power generation PCSs that operate at a switching frequency of approximately 20 kHz.  These de-
vices are improved in a trade-off between conduction loss and switching loss.  The series has a rating of 650 V/30 
to 75 A, and its conduction loss and switching loss are lower than previous products by 20% or more.  When Incor-
porated in a UPS, the device showed higher effi ciency than previous products for all load ranges, increasing by up to 
0.12 points.  It also showed that the rise in device case temperature becomes smaller.

and free wheeling diode (FWD) chips with a rated cur-
rent of 30 to 75 A are mounted in the TO-247, a stan-
dard package for discrete products, as show in Fig. 2.  
Table 1 shows the major maximum ratings and electri-
cal characteristics of the XS Series.  It provides wide-
ranging options according to the equipment power sup-
ply capacity.
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Fig.1  Major applications of discrete IGBTs

Fig.2  “XS Series” (TO-247 package)
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3.	 Issues with Discrete IGBTs

For UPSs and PCSs with a few kilovolt ampere or 
larger capacity, 3-level inverters are generally adopted 
for improving the power conversion efficiency of the 
inverter unit.  Figure 3 shows circuit diagrams of the I-
type and T-type 3-level inverters.

UPS and PCSs often have discrete IGBTs operat-
ing at a switching frequency of approximately 20 kHz.   
Figure 4 shows breakdowns of the loss of discrete 
IGBTs in T1 and T2 of the I-type and AC switches 
(T3 and T4) of the T-type, for which products rated at 
650 V are used.  With the I-type, T1 requires a reduc-
tion in all of the conduction loss Psat, turn-on loss Pon 
and turn-off loss Poff and T2 requires a reduction in 
Psat.  With the T-type, a reduction in the IGBT and 
FWD conduction loss Psat + Pf and the FWD recovery 
loss of Prr is important.

To improve device efficiency, minimizing this 
power loss in inverter circuits is important and the 
XS Series has its focus on reducing the conduction loss 
and switching loss of both IGBTs and FWDs.

4.	 Features of “XS Series”

The 650-V XS Series is based on the IGBT and 
FWD chip technologies of the 7th-generation “X Series” 
and has the optimum design for discrete products used 
at a switching frequency of approximately 20 kHz.

4.1	 IGBT chip
Figure 5 shows a cross-sectional structure of the 

IGBT chips.  The “High-Speed W Series,” a conven-
tional product line, uses the 6th-generation “V Series” 
IGBT for modules as the basis and is designed with 
the focus on high-speed switching characteristics.  It 
achieves this by adopting a surface structure with the 
parasitic capacitance significantly reduced, optimizing 
the field stop (FS) layer, controlling the hole injection 
into the collector layer and thinning the Si substrate(1).  
With the XS Series, in comparison, on the basis of the 
7th-generation X Series IGBT technology that has im-
proved the trade-off characteristic of VCE(sat)-Eoff from 
the 6th generation, we have adopted design measures 

Table 1  Major maximum ratings and electrical characteristics of “XS Series”

Model Built-in 
FWD Package

Maximum rating Electrical characteristic

IGBT FWD IGBT FWD

VCES
IC

Tvj=100 ºC ICP
IF

Tvj=100 ºC

VCE(sat)
Tvj=25 ºC

(typ.)

VCE(sat)
Tvj=125 ºC

(typ.)

VF
Tvj=25 ºC

(typ.)

VF
Tvj=125 ºC

(typ.)

(V) (A) (A) (A) (V) (V) (V) (V)

FGW50XS65D Provided TO-247 650 50 200 30 1.35 1.50 1.70 1.78 

FGW75XS65D Provided TO-247 650 75 300 30 1.35 1.50 1.70 1.78 

FGW30XS65C Provided TO-247 650 30 120 30 1.35 1.50 1.70 1.78 

FGW40XS65C Provided TO-247 650 40 160 40 1.35 1.50 1.70 1.78 

FGW50XS65C Provided TO-247 650 50 200 50 1.35 1.50 1.70 1.78 

FGW75XS65C Provided TO-247 650 75 300 75 1.35 1.50 1.70 1.78 

FGZ75XS65C Provided TO-247-4 650 75 300 75 1.35 1.50 1.70 1.78 

FGW30XS65 None TO-247 650 30 120 − 1.35 1.50 − −
FGW40XS65 None TO-247 650 40 160 − 1.35 1.50 − −
FGW50XS65 None TO-247 650 50 200 − 1.35 1.50 − −
FGW75XS65 None TO-247 650 75 300 − 1.35 1.50 − −

T1
T1

T2

T2

T3

T4

T4 T3

(a) I-type (b) T-type

Fig.3  3-level inverter circuit diagrams
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Fig.4  Result of device loss analysis (fc=20 kHz)
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to improve the trade-off characteristic of VCE(sat)-Eoff.  
They include adopting a surface structure that is op-
timum for discrete IGBTs for UPSs and PCSs, opti-
mizing the FS layer, controlling hole injection into the 
collector layer and thinning the Si substrate.  This has 
achieved a significant improvement in the trade-off 
characteristic from that of the conventional products 
with a 0.5-V reduction in VCE(sat) and, at the same 
time, an approximately 20% reduction in Eoff, as shown 
in Fig. 6.

4.2	 FWD chip
Figure 7 shows a cross-sectional structure of the 

FWD chips.  The FWD is based on the 7th-generation 
X Series FWD, which has the most advanced VF-Err 
trade-off characteristic, with the Si substrate thinned 
and the amount of lifetime killers optimized.  In ad-
dition to improving the trade-off characteristic of  
VF-Err in this way, we have given the focus on the low 
VF characteristic for optimization to suit UPS and PCS 
applications and successfully reduced VF by approxi-
mately 0.3 V from that of the High-Speed W Series, 
which is shown in Fig. 8.

4.3	 Package
The industry standard TO-247 package has been 

adopted.  For connection between the chip and lead 
frame, lead-free solder is used, which conforms to the 
RoHS Directive*1 (EU2011/65/EU).

For products with a 75-A rating, a larger current 
rating, we also offer a line-up that uses the TO-247-4 
package with a sub-emitter terminal added.  Reduc-
ing the wiring inductance of the gate-emitter loop by 
lowering the emitter common inductance improves the 
gate response, which significantly reduces the switch-
ing loss in large-current operation.

5.	 Effect of Application of “XS Series”

5.1	 Result of device loss simulation
Figure 9 shows the result of calculating the gener-

ated loss of the discrete IGBT of the I-type 3-level in-
verter.  As compared with the High-Speed W Series, 
the XS Series has less loss in T1 and T2 by improving 
the VCE(sat) and Eoff trade-off characteristic.

Figure 10 shows the result of calculating the gen-
erated loss of the IGBT and FWD in the AC switch 
(T4) of the T-type 3-level inverter.  As compared with 

(a) “XS Series” (b) “High-Speed W Series”
(Conventional product)
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Fig.5  IGBT chip cross-sectional structure
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Fig.6  Trade-off characteristic (IGBTs)
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*1:	�RoHS Directive:  A European Union (EU) directive on 
the restriction of the use of certain hazardous substances 
in electrical and electronic equipment
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ciency with the XS Series applied to a UPS that uses 
the I-type 3-level inverter.  The output capacity of the 
UPS used for the evaluation is 3 kW and the switching 
frequency of the IGBT is 24 kHz.

The XS Series offers higher efficiency than the 
High-Speed W Series, a conventional product, in all 
load ranges, increasing by up to 0.12 points.  It has 
also been confirmed that the rise in device case tem-
perature is smaller with the XS Series than with the 
High-Speed W Series in all of T1 to T4, as shown in 
Fig. 12.

6. 	 Postscript

This paper has described the “XS Series” 650-V 
discrete IGBTs.  We have developed this product 
mainly for UPSs and PCSs but it can also be widely 
applied to the PFC circuit of switching power sup-
plies and industrial devices.  We also plan to develop 
1,200-V rated products of the “XS Series” discrete  
IGBTs intended for the main switches of T-type 3-level 
inverters used for UPSs and PCSs and 2-level invert-
ers.

Fuji Electric intends to continue to contribute 
to energy saving and improvement of power conver-
sion efficiency by working on further loss reduction of 
devices and offering products that meet the market 
needs.
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the High-Speed W Series, the XS Series has been 
confirmed to have lower loss with the T-type as well 
achieved by reducing the IGBT VCE(sat) and FWD VF.

 
5.2	 Result of UPS evaluation

Figure 11 shows the result of measuring the effi-
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