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Fuji Electric’s Semiconductors:

Current Status and Future Outlook

1. Introduction

The development of broadband networks and ubig-
uitous computing are major trends of the 21st century
and the technologies for supplying and controlling
energy are important technologies for supporting this
cause. Power electronics will certainly be an impor-
tant technology for supporting the society of the future.

Fuji Electric’s semiconductor business has defined
its business domain and market segment focus based
on this power electronics technology, and has been
developing proprietary semiconductor technology and
supplying commercial products to expand this busi-
ness. In order to support various applications, Fuji
Electric is expanding its product line of power electron-
ics semiconductor devices, which include insulated
gate bipolar transistors (IGBTs), metal oxide semicon-
ductor field effect transistors (MOSFETs), diodes,
control integrated circuits (control ICs) and the like,
with a wide range of voltage and power capabilities,
from low-voltage, low-power devices suitable for bat-
tery power sources to high-voltage, high-power devices
capable of handling more than several thousand volts
and several hundred amps.

This paper describes Fuji Electric’s semiconductor
products and summarizes the technical trends of each
major application.

2. Industrial-use Semiconductors

2.1 Fuji Electric’s IGBTs

IGBT devices can be said to support the foundation
of power electronics in industrial applications, which
are typically inverters. Since the latter half of the
1980s, IGBTs have increasingly been used as power
electronics devices due to their high-speed switching
capability and higher voltage and current capacity
than a conventional bipolar transistor.

Fuji Electric began commercial production of
IGBTSs in 1988 and since then has continued to develop
proprietary leading-edge technology and to supply
products to the market that realize low loss and high-
speed switching performance. Figure 1 shows the
IGBT product history and main device technologies for
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Fig.1 Roadmap of Fuji Electric’s IGBTs
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1st generation through 5th generation IGBTs. The 1st
through 3rd generation IGBTSs used epitaxial wafers,
and their performance was enhanced through opti-
mized injection efficiency and lifetime control and the
adoption of submicron processing technology. Begin-
ning with 4th generation IGBTSs, a major advance in
the design concept was implemented to realize a
dramatic reduction in loss by employing a non-punch
through (NPT) structure that achieves higher trans-
port efficiency without lifetime control, instead of the
conventional punch through (PT) structure that had
been utilized thus far, and by implementing innovative
processing technology that uses a thin floating zone
(FZ) wafer having a lower thickness of nearly 100 pm.

Additionally, the recent 5th generation IGBT real-
izes both lower loss and higher speed switching
capability by employing a field stop (F'S) structure and
a trench-gate structure to achieve a large increase in
surface cell density. Figures 2 and 3 show the
changes in device structures for Fuji Electric’s 600 V
and 1,200 V IGBTs.

2.2 Increased performance from IGBTs
IGBTSs are expected to continue to evolve as the
main power devices used in industrial applications. In



response to requests for increased performance from
IGBTSs, Fuji Electric is vigorously pursuing technical
development from the following three approaches. The
first approach involves the application of leading-edge
process technology. Fine surface structures, such as a
trench gate structure, enable a dramatic improvement
to be realized in the tradeoff relation between on-
voltage and turn-off loss. Device characteristics will be
improved by promoting the integration of technology
acquired from IC-related research and the adoption of
submicron processing technology. The second ap-
proach is to find breakthrough solutions to the problem
of decreased resistance to short circuit loads caused by
the application of submicron processing technology and
to the problem of noise that becomes more prominent
at higher switching speeds. To realize solutions,
rather than focusing solely on the chip itself, compre-
hensive technology that involves the materials, wiring
structure and cooling structure of the IGBT module is
needed.? ® With the ultimate goal of providing noise-

Fig.2 Changes in the 600 V IGBT chip cross-sectional
structure
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free operation without any failures, Fuji Electric aims
to develop easy-to-use devices and supply them to its
customers. The third approach is the creation of power
devices based on a new concept that will help revolu-
tionize the next generation of power electronics tech-
nology. For example, Fuji Electric is actively promot-
ing the research and development of a reverse-blocking
IGBT which has the potential to revolutionize power
conversion methods.

In this manner, Fuji Electric intends to continue to
supply devices that realize advanced power electronics
capabilities.

3. Automotive Semiconductors

3.1 Fuji Electric’s automotive semiconductors

The use of electronics in automobiles is rapidly
increasing in order to achieve such goals as higher
energy efficiency, lower emissions and improved safety
and comfort, and consequently, the number of semicon-
ductors installed in automobiles is steadily increasing.
Because automotive semiconductors are used in a
severe operating environment, and for safety reasons,
high reliability is required. Additionally, the at-
tributes of small size, lightweight, a small footprint
and low cost are also strongly requested.

Fuji Electric supplies a variety of application-
specific automotive semiconductor products. For en-
gine system applications, Fuji Electric is commercializ-
ing pressure sensors for manifold air pressure mea-
surement and atmospheric pressure compensation,
smart IGBTs and hybrid ICs for use in igniter circuits,
and high-voltage diodes to prevent premature ignition.
For applications involving the chassis system, Fuji
provides MOSFETSs, smart MOSFETs and diodes for
transmission control, traction control, brake control,
suspension control, power steering, etc. In applica-
tions involving the body system, Fuji Electric’'s MOS
FETs and diodes are used for power window, power
lock, automatic mirror and windshield wiper control
circuits.

3.2 Intelligent functions of automotive semiconductors
The performance of automotive MOSFETs has
been improved through innovations in the device
structure and advances in submicron processing tech-
nology. Figure 4 shows the roadmap of Fuji Electric’s
automotive MOSFETs. The application of a trench
gate structure and submicron processing technology to
the low-voltage class of products, which are used in
many applications such as power steering and air
conditioning circuits, and for which use is likely to
increase in the future, enables the realization of a low
on-resistance per unit area of 0.8 mQ, which is approx-
imately 40 % of the on-resistance of conventional
products. Moreover, the development of a quasi-planar
junction structure enables the high-voltage class of
products, used in the DC-DC converters and electronic
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Fig.4 Roadmap of Fuji Electric’'s automotive MOSFETSs
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ballasts of hybrid automobiles, to realize an on-
resistance per unit area and switching time that are
both less than one-half the corresponding values of a
conventional device.

Meanwhile, semiconductor devices are increasingly
being requested to provide higher reliability due to the
increasing scope and complexity of the electronic
control unit in response to requests for even higher-
level electronic control, and also due to the year-after-
year increase in temperature of the operating environ-
ment resulting from installation space constraints. In
response to this request for higher reliability, Fuji
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Electric has developed smart MOS technology that
integrates a conventional MOSFET and a protection
circuit, a status monitoring and output circuit, and a
drive circuit all onto a single chip, and has provided
the device with intelligent functionality.

In an intelligent device that includes an integrated
vertical power MOSFET and control circuit, the isola-
tion structure is very important. As technology
capable of realizing stable isolation at minimal cost,
Fuji Electric has developed and is applying its propri-
etary self-isolation complementary MOS/double-dif-
fused MOS (CDMOS) technology. Figures 5 and 6 show
typical examples of this self-isolation structure. With
the self-isolation structure, the output-stage power
MOSFET is isolated from other devices integrated on
the same silicon substrate, such as a low/high voltage
MOSFET or a protection zener diode, by the pn
junction of each device. Compared to the dielectric
isolation or junction isolation structures, this self-
isolation structure is advantageous because it enables
the easy integration of peripheral circuitry with an
existing MOSFET, at a dramatically lower cost.

Automotive semiconductors are expected to evolve
into even smaller sizes in the future. Fuji Electric
intends to respond such market requests by actively
developing unified IC technology capable of realizing

Vol. 51 No. 2 FUJI ELECTRIC REVIEW



multi-channel integration with lateral MOSFETS,
chip-on-chip technology capable of reducing the re-
quired installation area, and chip size package (CSP)
technology. Environmental responsiveness is increas-
ing in importance and Fuji Electric intends to give
priority to the elimination of lead in these semiconduc-
tor products.

4. Semiconductors for Information Devices and
Power Supply Systems

4.1 Fuji Electric’s semiconductors for information devices
and power supply systems

With advances in information technology, the
popularity of PCs, digital household appliances and
portable information devices is spreading rapidly. In
order to conserve natural resources and energy, lower
power consumption is becoming increasingly impor-
tant, and the power supply systems in which these
devices are installed are strongly requested to provide
high efficiency and low loss, as well as have a small
footprint, low height and light weight. As semiconduc-
tors for power supply system applications, Fuji Electric
has supplied a product series of AC-AC and DC-DC
power supply control ICs, MOSFETSs, Schottky barrier
diodes (SBDs), and low-loss fast recovery diodes
(LLDs).

Fuji Electric’'s ICs feature mixed analog-digital
power technology that combines high-voltage power
technology, high precision complementary metal oxide
semiconductor (CMOS) analog technology and CMOS
digital technology into a single chip. For relatively low
capacity AC-DC conversion applications, Fuji Electric
supplies a power IC containing an integrated 700V
power MOSFET, and this product can be used to
configure a small-size AC adapter with a minimum
number of parts. Moreover, for larger capacity AC-DC
conversion applications, Fuji supplies all the semicon-
ductor devices, including CMOS control ICs capable of
voltage mode and current mode control, MOSFETs and

Fig.7 Roadmap of Fuji Electric’s power IC technology

SBDs, required to configure a power supply system.

For DC-DC conversion, there is a trend towards
using customized ICs for each portable device applica-
tion. These devices often require different power
supply voltages for each system block, and multi-
channel ICs that integrate multiple outputs on a single
chip are commonly used.

For information device applications, Fuji Electric
supplies LCD backlight control ICs and plasma display
panel (PDP) driver ICs for flat panel display applica-
tions. Future growth is anticipated for these flat panel
display applications.

4.2 Power IC technology

Portable information devices use batteries as their
power source. These devices are also equipped with
image displays and high-speed microprocessors, and
their required supply voltage differs according to their
internal circuitry. Accordingly, it is important for the
power supply of a portable information device to be
capable of supplying different voltages at high efficien-
cy, while realizing a small footprint and small volume.

Fuji Electric responded to this need early on by
developing a proprietary lateral CDMOS structure
that realizes mixed analog-digital power technology
that enables multiple power MOSFETs and CMOS
circuits to be integrated in a single chip, and has
supplied various such products. Figure 7 shows Fuji
Electric’s roadmap for power IC technology. Fuji
Electric has supported the trends towards multi-
channel, higher functionality devices by applying sub-
micron technology and a proprietary lateral DMOS
structure to reduce the MOSFET on-resistance and
enable large-scale control circuits to be integrated
within a power IC chip.

As device technology that aims to realize even
lower on-resistance and higher switching performance
of power MOSFETSs, Fuji Electric is researching and
developing technology for fabricating three-dimension-
al devices on a silicon substrate and for achieving
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Fig.8 Cross-sectional structure of trench lateral power
MOSFETS in power ICs
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dramatically smaller DC-DC converters that integrate
passive devices with a control IC (see Fig. 8). Fuji
Electric plans to develop commercial products in the
near future.® ™

4.3 Reduction of the MOSFET loss

In a switching power supply for performing AC-DC
conversion, the turn-off loss and on-resistance loss of
the power MOSFET account for the majority of the
total loss. Therefore, in order for the switching power
supply to realize higher efficiency and lower loss, the
turn-off loss and the on-resistance loss of the power
MOSFET must both be reduced simultaneously. More-
over, in order to increase the switching frequency in
response to requests for smaller size of the switching
power supply, the reduction of switching loss, as
typified by turn-off loss, is expected to become even
more important in the future.

In response to these needs, Fuji Electric has
developed and commercialized its propriety low-loss,
high-speed power MOSFET technology as the Super-
FAP-G series. The SuperFAP-G series uses quasi-
planar junction technology to achieve a lower on-
resistance that is within 10 % of the silicon limit.®

The SuperFAP-G series realizes high-voltage pow-
er MOSFET performance that approaches the theoreti-
cal performance limit, but Fuji Electric’s super junction
MOSFET (SJ-MOSFET) technology is attracting atten-
tion as a breakthrough technology that, despite using
silicon, achieves performance beyond the silicon limit.
Fuji Electric is vigorously pursuing development of
this SJ-MOSFET technology and plans to commercial-

ize this technology in the near future.
5. Conclusion

Fuji Electric is developing proprietary power de-
vice and IC technology for power electronics applica-
tions and is developing and supplying smart and
intelligent products that provide solutions matched to
the customer. This paper has summarized Fuji
Electric’s efforts involving semiconductors and has
presented an overview of each application field. For
additional details of the various relevant technologies
and products, please refer to the other papers in this
special issue.

In the society of the future, robotics and broadband
technology will be even more pervasive in our daily
lives and accordingly, the importance of power elec-
tronics will increase. Fuji Electric intends to continue
to develop advanced, proprietary semiconductor tech-
nology and to commercialize semiconductor devices
that support power electronics. Additionally, based
upon our corporate motto of “Quality is our message,”
Fuji Electric intends to continue to supply reliable
quality products to its customers.
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U-series IGBT Modules

1. Introduction

Power conversion equipment such as general-
purpose inverters and uninterruptible power supplies
(UPSs) is continuously challenged by demands for
higher efficiency, smaller size, lower cost and lower
noise. Accordingly, the power-converting elements
used in inverter circuits are also required to have high
performance, low cost and high reliability. At present,
insulated gate bipolar transistors (IGBTs) are widely
used as the main type of power converting elements
because they exhibit low loss and enable the easy
implementation of drive circuitry. After commercializ-
ing the IGBT in 1988, Fuji Electric has made efforts to
improve the IGBT further in pursuit of lower loss and
higher reliability.

This paper introduces the technology and product
line-up of Fuji Electric’s fifth generation IGBT modules
(U-series), which feature a large improvement in
electrical characteristics compared to the fourth gener-
ation IGBTs (S-series).

2. Features of the New IGBTs

2.1 Trench gate IGBT

Fuji Electric is producing trench-gate type power
metal oxide semiconductor field effect transistors
(MOSFETS), to which design and process technologies
have been applied in order to ensure sufficient reliabil-
ity. The trench IGBT is the result of applying these
technologies to IGBTSs.

Figure 1 shows a comparison of the planer and
trench IGBT cell structures. The trench IGBT
achieves a drastic increase in cell density, enabling the
voltage drop at the channel part to be suppressed to a
minimum. Since the distinctive JFET region, sand-
wiched between channels of the planer type device,
does not exist in the trench IGBT, the voltage drop
across this region can be completely eliminated. On
the other hand, the high channel density of the trench
IGBT causes the problem of low capability to with-
stand a short-circuit condition. However, the trench
gate structure developed by Fuji Electric optimizes the
total channel length of the MOS device to realize high

Shuji Miyashita

short-circuit withstand capability without sacrificing
the saturation voltage.

2.2 NPT-IGBT

The unit cell structures of a non-punch through
(NPT) IGBT and a punch through (PT) IGBT are

Fig.1 Comparison of planer and trench IGBT cell structures

(a) Planer IGBT (b) Trench IGBT

Fig.2 Comparison of PT and NPT-IGBT cell structures
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shown in Fig. 2. Features of the NPT-IGBT are as

follows.

(1) Since injection from the collector-side can be
suppressed, lifetime control is unnecessary and
the switching loss does not increase even at high
temperatures.

(2) Because the temperature dependence of output
characteristics is positive (the saturation voltage
increases at higher temperature), these devices
are well suited for parallel applications.

(3) Withstand capability, including the load short-
circuit withstand capacity, is higher than that of a
PT-IGBT.

(4) Use of a floating zone (FZ) wafer achieves better
cost performance and higher reliability owing to
its low rate of crystal defects.

Also, it is important for NPT-IGBTs to suppress
saturation voltage while maintaining the collector-
emitter (C-E) blocking voltage. The saturation voltage
will be lower when thinner wafers are used, however,
the thickness of the depletion layer end must be
maintained sufficiently thick so there will be no punch
through even when the maximum rated C-E blocking
voltage is applied, and this sufficient thickness is the
minimum value. Therefore, the optimal thickness is
thinner for devices having lower C-E blocking voltage,
making their manufacture even more difficult. For
600 V NPT-IGBTs, Fuji Electric has established mass
production technology to handle the optimal wafer

Fig.3 Comparison of turn-off waveforms
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thickness by carefully choosing the optimal wafer
specification and improving the precision of back-
grinding process technology so that the reduction of
saturation voltage could be achieved.

Thinner wafers also feature a reduction in turn-off
switching loss. Figure 3 shows a comparison of turn-off
waveforms. In the PT-IGBT, which has more carriers
injected from the collector side, lifetime control is
implemented to promote the recombination of carriers
at the time of turn-off. However, this effect decreases
as the temperature increases, and therefore the turn-
off switching loss tends to increase due to an increase
in fall time. For the NPT-IGBT, on the other hand,
lifetime control is not implemented and therefore this
temperature dependence does not exist and there is no
change in the turn-off waveform and no increase in
turn-off switching loss. Accordingly, the trade-off
relationship between saturation voltage and turn-off
switching loss has been improved, and both can be
reduced simultaneously with the use of an NPT-IGBT.

When the load is short-circuited, the NPT-IGBT,
having a thick n- drift layer, can support the voltage
with its wide n- drift layer, thereby suppressing the
temperature rise which causes breakdown and achiev-
ing high short-circuit withstand capability. Even a
thin-wafer 600 V NPT-IGBT can achieve a short-circuit
withstand capability of 22 ps.

2.3 Field stop (FS) structure

Figure 4 compares the cross sections of NPT-IGBT
and FS-IGBT unit cells. The NPT-IGBT requires a
thick drift layer so that the depletion layer does not
contact the collector side during turn-off. The FS-
IGBT does not, however, require as thick a drift layer
as the NPT type because it is provided with a field stop
layer to block the depletion layer, and accordingly,
saturation voltage can be lowered for the FS-IGBT.
Furthermore, the FS-IGBT has fewer excess carriers
because of its thinner drift layer. Moreover, the FS-
IGBT can achieve reduced turn-off switching loss
because the remaining width of its neutral region is

Fig.4 Comparison of NPT and FS-IGBT cell structures

FS layer
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Fig.5 Comparison of conventional and new FWD cell struc-
tures
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small when its depletion layer is completely extended.
Thus, by applying the FS structure to 1,200V and
1,700 V devices, their trade-off relationship between
saturation voltage and turn-off switching loss has been
improved, and both can be reduced simultaneously.

3. Features of Fuji’'s New FWD

As IGBTs are improved, free wheeling diodes
(FWDs), which are packaged together with IGBTs into
IGBT modules are then installed in inverter circuits,
are also subject to improvement. The FWDs are
required to have lower conduction loss, which is caused
by forward voltage, and lower reverse recovery loss.
Also, soft reverse recovery of FWDs, which correlates
to the faster turn-on switching of IGBTs, is an
especially important characteristic in order to suppress
a rise in surge voltage, protect the IGBT from damage,
and to suppress malfunction of peripheral circuitry.
By optimizing the wafer specifications, applying injec-
tion control from the anode at the chip’s front structure
and implementing optimal lifetime control, Fuji Elec-
tric has developed a new FWD having superior soft

U-series IGBT Modules

Fig.7 Trade-off relationship for 1,200 V devices
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Fig.8 Examples of packages for U-series IGBT modules

reverse recovery characteristics.

Figure 5 compares the cross sectional structures of
a conventional and a new FWD. The new FWD has a
structure that is able to suppress carrier injection.
Peak current during reverse recovery is reduced, and
the new FWD achieves not only a softer reverse
recovery characteristic but also less reverse recovery
loss. Figure 6 shows an example of the trade-off
relationship between forward voltage and reverse
recovery loss. The new FWD shows the better result of
improved reverse recovery loss compared to that of the
conventional FWD. On the other hand, the forward
voltage was designed to be approximately 1.6V at a
higher temperature (Tj= 125°C). Therefore, the con-
duction loss in an inverter circuit application would be
lower due to the lower forward voltage of the new
FWD. Furthermore, since the output characteristic of
the new FWD has a positive temperature coefficient,
similar to the U-series IGBT, the current imbalance
among parallel-connected devices will be smaller.
Therefore, in a parallel connection application, for
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Table 1 U-series IGBT modules line-up

v I-rating 10A 15A 20A 30A 50 A 75 A 100A 150A 200A 300A 400A 600A 800A 1,200A 1,600 A 2,400A 3,600 A
rating  |Package| (Inverter (5.5 kW) (11 kW) (22 kW) (40 kW)
g rating)
Small ‘ PIM ‘ 6in 1 ‘
PIM \ EP2 | EP3 |
600 V
6in1 \ [ NewPC3 |
2in1 NewPC2 [ M2s2 | M233 | M247]
400 A
Viers Package Icrating 10A 15A 25A 35A 50A 75A 100A 150 A 200A 300A 450 A 600A 800A 1,200A 1,600A 2400A 3,600 A
rating & (Inverter (5.5 kW) (11 kW) (22 kW) (40 kW) (75 kW)
rating)
Small \ PIM | 6inl |
PIM \ EP2 \
\ EP3 |
6in1 NewPC2
\ NewPC3 |
EconoPack-Plus* (6 in 1
1,200V \ conoPack-Plus* (6in1) |
2in 1/ \ M232 |
linl [ M233 | M247 [ Mi1s8 |
[ M234 [ M249 | | M2 M143
[ M235 | Mi27 |
PIM/ F " trol NewPC3
6in 1 or vector contro (with Shunt R)
6in 1 ‘ EconoPack-Plus (6 in 1) ‘
1,700V | 2in1 \ M248 |
lin1 [ M2 [ M43

1 General purpose Inverter [ 1High performance Inverter

example, high power inverter circuits will be easier to
use.
4. Introduction of Fuji Electric’s Product Line-up
Fuji Electric has combined the above IGBT and
FWD technology while continuously employing the
same packaging technology as used in fourth genera-
tion IGBT modules which have higher power cycling
capability, and has finally completed the development
and product line-up of U-series IGBT modules that
exhibit much improved characteristics in comparison
to fourth generation S-series IGBT modules. Figure 7
shows an example of the trade-off relationship for a
1,200V device. Both the saturation voltage and the
turn-off switching loss are simultaneously reduced. It
can be seen that the trade-off relationship is dramati-
cally improved in comparison to that of fourth genera-
tion IGBT modules, and that almost 20 % less power
dissipation loss can be expected in the case of an
inverter circuit application. Figure 8 shows examples
of packages for these U-series IGBT modules, Table 1
lists Fuji Electric’s line-up of U-series IGBT modules.
Three blocking voltage ratings of 600V, 1,200V and
1,700 V, a wide current range from 10 A up to 3,600 A,
and many package variations have been prepared to
enable application to various types of power conversion
equipment. Also, new module packages with shunt-
resisters have been developed as an addition to the U-
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Fig.9 Module package (6 in 1) with shunt-resisters
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series product line-up. A schematic drawing of the
package and its equivalent circuit are shown in Fig. 9.
The modules are designed for vector control inverters,
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and the shunt resisters and their voltage drop detec-
tion terminals are installed at the AC output terminals
of a three-phase inverter bridge. In contrast to the
conventional current detection method that uses an
external current detector, a voltage detection method
that uses these modules will be able to control the
motor output current, thereby enabling inverter equip-
ment to be made simpler and smaller.

5. Conclusion
IGBT and FWD technology of Fuji Electric’s U-
series IGBT modules, its features and product line-up

have been presented. Through using the latest
semiconductor technology and packaging technology,

U-series IGBT Modules

these products achieve superior low loss characteris-
tics, and we believe they will make important contribu-
tions to the realization of smaller size and lower loss
inverter circuit equipment.

Fuji Electric intends to continue working to im-
prove this technology further, with the goals of realiz-
ing higher performance and higher reliability devices,
and to contribute to the development of power electron-
ics.
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U-series of IGBT-IPMs (600 V)

1. Introduction

Intelligent power modules (IPMs) are intelligent
power devices that incorporate drive circuits, protec-
tion circuits or other functionality into a modular
configuration. IPMs are widely used in motor driving
(general purpose inverter, servo, air conditioning,
elevator, etc.) and power supply (UPS, PV, etc.)
applications.

The equipment that uses these IPMs are required
to have small size, high efficiency, low noise, long
service life and high reliability.

In response to these requirements, in 1997, Fuji
Electric developed the industry’s first internal over-
heat protection function for insulated gate bipolar
transistors (IGBTs) and developed an R-IPM series
that achieved high reliability by employing an all-
silicon construction that enabled a reduction in the
number of components used.

Then in 2002, Fuji Electric changed the structure of
its IGBT chips from the punch through (PT) structure,
which had been in use previously, to a non-punch
through (NPT) structure, for which lifetime control is
unnecessary, in order to realize lower turn-off loss at
high temperature, and also established finer planar gate

Kiyoshi Sekigawa
Hiroshi Endo
Hiroki Wakimoto

and thin wafer processing technology to develop an R-
IPMS3 series that realizes low conduction loss.

With the goal of reducing loss even further, Fuji
Electric has developed an IGBT device that employs a
trench NPT structure to realize lower conduction loss
and has developed a new free wheeling diode (FWD)
structure to improve the tradeoff between switching
noise and loss. Both of these technologies are incorpo-
rated into Fuji Electric’'s newly developed U-series
IGBT-IPM (U-IPM) which is introduced below.

2. U-IPM Development Concepts and Product
Line-up

The concepts behind the development of the U-IPM
are listed below.
(1) Realization of lower loss

Lower loss can be realized by developing new
power elements and optimizing the drive performance.
Increasing the carrier frequency of the equipment
contributes to improved control performance. Also,
larger output can be obtained from the equipment
during the operation at the same carrier frequency.
(2) Continued use of the same package as prior

products

Table 1 Product line-up, characteristics and internal functions of the U-IPM series

Inverter part | Brake part Internal function
oty woaa Ve g [ m | g | e | PSR [ Upperarm | Loverarm || Popkase
(A) (W) A | W) -
Dr | UV | TJOH | OC | ALM | OC | ALM | TcOH

6MBP 20RUA060 20 84 - — |Yes| Yes | Yes |None| None | Yes | Yes | None P619

6MBP 50RUA060 50 176 - — |Yes| Yes| Yes | Yes | None | Yes | Yes Yes P610

6in1 |6MBP 80RUA060| 450 | 600 80 283 - — |Yes| Yes| Yes | Yes | None | Yes | Yes Yes P610
6MBP100RUA060 100 | 360 - — |Yes| Yes| Yes | Yes | None | Yes | Yes Yes pP611
6MBP160RUA060 160 | 431 - — |Yes| Yes| Yes | Yes | None | Yes | Yes Yes P611

7MBP 50RUA060 50 176 30 120 |Yes| Yes | Yes | Yes | None | Yes | Yes Yes P610

. 7MBP 80RUA060 80 283 50 176 |Yes| Yes | Yes | Yes | None | Yes | Yes Yes P610
7ind 7TMBP100RUA060 450 ) 600 100 | 360 50 176 |Yes| Yes | Yes | Yes | None | Yes | Yes Yes pP611
TMBP160RUA060 160 | 431 50 176 |Yes| Yes | Yes | Yes | None | Yes | Yes Yes pP611

Dr: IGBT driving circuit, UV : Under voltage lockout for control circuit, TJOH: Device overheat protection, OC: Over-current protection, ALM: Alarm output,

TcOH: Case temperature over-heat protection

*6MBP20RUAO060 uses a shunt resistance-based over-current detection method at the N line.

48



Fig.1 External view of U-IPM packages
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The continued use of the same package as with
prior products makes it possible to improve equipment
performance by replacing the IPM without having to
modify the design of the equipment.

Table 1 lists the product line-up, characteristics
and internal functions of Fuji Electric’'s 600 V U-IPM
series. The U-IPM series maintains internal functions
and a package size that are interchangeable with the
R-IPM series; its rated current is 20 to 160 A for the “6
in 17 pack and 50 to 160 A for the “7 in 1” pack
(containing an internal IGBT for braking use).
Figure 1 shows an external view of the packages.

3. Characteristics of the Power Devices

A fifth-generation U-series IGBT (U-IGBT) is used
as the power device. This U-IGBT combines trench
gate technology with a basic design comprising Fuji
Electric’s floating zone (FZ) wafer technology, thin
wafer processing technology, carrier injection control
technology, and transportation factor improving tech-
nology.

Figure 2 compares the structures of the convention-
al planar IGBT and the trench IGBT. The adoption of

U-series of IGBT-IPMs (600 V)

Table 2 Changes in IGBT technology

R-IPM R-IPM3 | U-IPM
IGBT technology

N-IGBT T-IGBT | U-IGBT
Wafer Epitaxial FZ
Wafer thickness 350 pm 100 pm
Structure PT NPT
Gate structure Planar Trench
Lifetime control Yes None
Carrier injection High Low
Transportation factor Low High

Fig.3 Change in cross-sectional structure of 600 V IGBT chip
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a trench gate structure results in a smaller voltage
drop at the channel (R-ch) due to increased surface cell
density and results in a lower saturation voltage due to
the smaller voltage drop resulting from the elimination
of the planar device’s characteristic Jpgy region (R-
JFET). Moreover, short circuit immunity capability is
realized through optimization of the design of the
surface structure. Figure 3 illustrates the changes that
have occurred in the cross-sectional IGBT structure in
the transition from the conventional IGBT to the U-
IGBT, and Table 2 compares their applied technologies.

The FWD, in accordance with the U-IGBT, incorpo-
rates a new design featuring optimized wafer specifica-
tion, control of anode-side injection and optimal life-
time control technology to realize the characteristics of
low peak current during reverse recovery operation,
low generated loss, and soft recovery.

4. U-IPM Loss

4.1 Comparison of total loss

The marketplace requires that new IPM products
achieve lower levels of loss. (1) Increased carrier
frequency to enhance controllability and (2) larger
output current at the same carrier frequency are
necessary for the achievement of the goal. The loss
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Fig.4 Comparison of total loss (at same current) for the U-IPM, R-IPM3 and R-IPM series
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generated by existing models and by the U-IPM is
described below.

Figure 4 compares the loss of the U-IPM and the
existing R-IPM and R-IPM3 devices in the case of
operation at carrier frequencies of 4, 8 and 16 kHz, and
a current of 50 Arms (1/3 of the rated current). As can
be seen in the figure, the newly developed U-IPM
realizes a total loss that is approximately 22 to 28 %
lower than that of the R-IPM and approximately 11 to
12 % lower than that of the R-IPM3. In particular, it
can be seen that the loss generated when using the U-
IPM at a carrier frequency of 8 kHz is less than the

50

Fig.6 Ic-VcE characteristics for U-IPM, R-IPM3 and R-IPM
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loss generated by a R-IPM operating at a carrier
frequency of 4 kHz, and therefore, the carrier frequen-
cy can be increased from 4 kHz to 8 kHz by replacing a
R-IPM with a U-IPM of the same size package.
Moreover, according to Fig. 5 which shows the relation-
ship between current and total loss at f,=4kHz, to
generate the same amount of loss (50 W) as the R-IPM,
the output current of the U-IPM can be increased by
24.5 % compared to that of the R-IPM, or increased by
13.7 % compared to that of the R-IPM3.

These techniques for reducing loss were focused on
reducing the conduction loss, which accounts for more
than 50 % of the total loss, and on reducing the turn-on
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Fig.7 Characteristics of turn-on waveform and emission noise

Fig.8 Emission noise

t1: Time from I = 0 until I = Icp

to: Time from I = Iop until Vg = 0

di/dt is small and ¢, is long = low emission noise
dv/dt is large and # is short = low loss

Table 3 Characteristics of gate resistance and turn-on

waveform
Turn-on | Turn-on L Emission
di/dt dv/dt 088 noise
Gate High| Low Low Increases | Decreases
resistance Rg| Lo | High High |Decreases| Increases

loss, which accounts for a large percentage of the
switching loss of the R-IPM3. Each type of loss
reduction is described below.

4.2 Reduction of conduction loss

Figure 6 shows Ig-Vegsay characteristics for U-
IPM, R-IPM3 and R-IPM devices. It can be seen that
when Ic= 150 A, the Vigeay of the U-IPM is 0.45V
less than that of the R-IPM and 0.55V less than that
of the I-RPM3. This is the Vgat) reduction effect due
to the trench IGBT described in chapter 3.

4.3 Turn-on loss and emission noise

Figure 7 shows a schematic drawing of the current
(I¢) and voltage (Vgg) at the time when the device is
turned on. As can be seen in the figure, typically, loss
can be reduced by making dv/dt larger and emission
noise can be reduced by making di/d¢t smaller. Howev-
er, in the case where turn-on operation is controlled by
the typical method of gate resistance only, there is a
tradeoff relation as shown in Table 3, and it is difficult
to establish both high dv/dt and low di/dt simulta-
neously.

In the newly developed U-IPM, the following two
techniques suppress the emission noise that usually
increases when gate resistance is decreased and di/dt
is increased, thereby enabling di/dt to be increased and
turn-on loss to be decreased without any increase in

U-series of IGBT-IPMs (600 V)

Measurement conditions: Distance between servo amplifier and
antenna is 2 m, vertical direction, standby state
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the emission noise.

(1) Application of the new soft recovery FWD sup-
presses dv/dt.

(2) The capacitance between the gate and emitter is
optimized in order to reduce di/d¢, which in-
creased as a result of the lower gate resistance,
without reducing dv/dt
Through application of the above techniques, even

if currents of all sizes are controlled with the same

gate resistance, emission noise will be maintained at
the same level as that of the R-IPM3 as shown in

Fig. 8, and lower loss can be realized. Accordingly, the

total loss generated in all these products is linearly

proportional to the current, and the total loss and
temperature rise that occur during actual use can
easily be estimated.

5. Conclusion

Fuji Electric’'s 600V U-IPM that uses a U-series
IGBT chip having a trench NPT structure has been
described above. This U-IPM provides suitable perfor-
mance to satisfy the marketplace in which lower loss is
required. In the future, Fuji Electric intends to
continue to develop new IPMs that will satisfy market
requirements.
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Development of a Next-generation

IGBT Module using a New Insulating Substrate

1. Introduction

In response to the recent demand for energy-
efficient electronic appliances, insulated gate bipolar
transistor (IGBT) modules are being utilized in a wider
scope of applications, ranging from conventional indus-
trial applications to home-use electronic appliance
applications and the like. There is strong demand for
low-capacity IGBT modules, which are used mainly for
these home-use electric appliances, to be low cost,
lightweight and have a compact size.

In response to this demand, Fuji Electric has
developed and has begun producing its “Small Pack”
series of IGBT modules. This series utilizes a heat-
dissipating base-free structure (which does not contain
a heat-dissipating metal base) in order to realize low-
cost and lightweight IGBT modules.

This paper introduces a heat-dissipating base-free
structure that utilizes a new insulating substrate to
achieve an additional 30 % decrease in thermal resis-
tance.

2. Design Concept @

Heat-dissipating base-free structures, which typi-
cally have larger thermal resistance than heat-dissi-
pating metal-base-equipped structures, have been diffi-
cult to use in industrial applications and other such
applications where the usage conditions are severe.
Heat-dissipating base-free structures are presently
used only in low power applications and, unless a new
technological approach is employed, their application
to medium and large capacity applications is seen as

Fig.1 Cross section of an IGBT module

IGBT chip
DCB substrate IGBT chip

DCB
} substrate
Cooling fin Cooling fin
Heat-dissipating metal base
(a) Structure with heat- (b) Heat-dissipating
dissipating metal base base-free structure

Yoshitaka Nishimura
Eiji Mochizuki
Yoshikazu Takahashi

unlikely.

Figure 1 shows a cross-sectional view of typical
IGBTs. In the heat-dissipating metal-base-equipped
structure of Fig. 1(a), the DCB substrate (substrate
with ceramic insulation) is soldered to a heat-dissipat-
ing metal base, and a cooling fin is attached to the
base. In the heat-dissipating base-free structure of
Fig. 1(b), a cooling fin is attached directly to the DCB
substrate.

In order to transfer the heat efficiently to a cooling
fin, a thin thermal compound must be used to fill any
gaps between the fin and module. In actuality, it is
important that a screw be tightened in order to
maintain the pressure between the fin and module
surfaces, and in order to prevent damage to the module
while the screw is tightened, the module must main-
tain its mechanical strength. In the conventional heat-
dissipating base-free structure, the alumina ceramic
portion of the DCB substrate is made thicker in order
to maintain the mechanical strength. As a result,
however, the thermal resistance becomes larger than
in the case of a heat-dissipating metal-base-equipped
structure, and this is a factor which limits applications
for heat-dissipating base-free structures.

Figure 2 shows Fuji Electric’s “6 in 1” IGBT mod-
ule. In terms of the power per unit area of an IGBT
module, the heat-dissipating metal-base-equipped
structure of Fig. 2(a) has a capacity of 4.7 W (max)/

Fig.2 Fuji's 6-pack module

Small Pack

(a) Heat-dissipating metal-  (b) Heat-dissipating base-

base-equipped structure free structure
22 kW (75 A 1,200 V) (Low capacity, low cost)
Area : 107 X 44 (mm) 7.5 kW (35 A 1,200 V)
22 kW/4,708 mm’= Area : 63X34 (mm)
4.7 W (max)/mm?* 7.5 kW/2,142 mm’=

3.5 W (max)/mm?
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mm?, while the heat-dissipating base-free structure of
Fig. 2(b) has a capacity of 3.5 W (max)/mm?.

Given these circumstances, we investigated and
then developed a DCB substrate having low thermal
resistance and high strength in order to increase the
usable power per unit area of an IGBT module while
realizing lighter weight, smaller size and lower cost.

3. Design of a New Alumina Insulating Substrate

3.1 A comparison of characteristics according to IGBT
module structure

Table 1 lists the characteristics of the conventional
heat-dissipating base-free structure and of the heat-
dissipating metal-base-equipped structure. The heat-
dissipating base-free structure uses a 0.635 mm-thick
alumina ceramic layer in order to maintain mechanical
strength of the IGBT module. On the other hand, the
heat-dissipating metal-base-equipped structure has
sufficient mechanical strength and the thickness of its
alumina ceramic layer can be reduced to 0.32 mm.

Due to this difference, the thermal resistance of
the heat-dissipating base-free structure is 1.6 times
that of the heat-dissipating metal-base-equipped struc-
ture.

3.2 Factors that inhibit thermal conduction and measures
for improvement
Figure 3 shows cross sections of IGBT modules

Table 1 Comparison between the metal-base free structure
and the structure having a metal base

Conventional Heat-dissipating
heat-dissipating | metal-base-
base-free equipped
structure structure
Alumina
DCB thickness 0.635 mm 0.32 mm
substrate Bendi
characteristics ending
strength 108 N 53 N
Thickness of metal base - 3.0 mm
Thermal resistance Ryj.o) 100 62

Fig.3 Cross-section of DCB structures and thermal character-

istics
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having a heat-dissipating base-free structure. Heat
generated at the junction in an IGBT chip passes
through the DCB substrate and is transferred to a
heat-dissipating fin. Because the thermal conductivity
of the alumina ceramic of the insulated portion of the
DCB substrate is 20 W/(m-K) and the thermal conduc-
tivity the copper used for the electronic circuitry is 390
W/(m-K), the alumina ceramic layer of the DCB
substrate acts as a thermal resistance layer through
which heat generated from the IGBT chip has difficul-
ty in passing through.

In order to make it easier for heat to pass through
this layer, it is efficient to make the thermal resistance
layer smaller and to decrease the heat flow (heat
density) per unit area. Specifically, the following two
countermeasures are proposed.

(1) Decrease the thickness of the alumina ceramic
layer

(2) Increase the thickness of copper foil in order to
disperse the heat and decrease the heat flow per
unit area of the alumina ceramic layer

Accordingly, reducing the thermal resistance of the
DCB substrate is an efficient way to lower the
temperature of the IGBT chip. Moreover, by increas-
ing the thickness of the copper foil, an improvement in
the mechanical strength of the DCB substrate itself
can be expected.

3.3 FEM analysis results

Next, as a first step to verify the effectiveness of
the above, we performed a steady-state thermal analy-
sis using the finite element method (FEM). The
analysis was performed under the conditions of a DC
80 A current applied to a 3-dimensional half-scale
model of a 9.25 mm-square IGBT chip, a 33 x 30 (mm)
DCB ceramic substrate, and a 25 x 17 (mm) copper foil
on top of the DCB surface. In the steady-state
analysis, we varied the thickness of the alumina
ceramic layer and the thickness of the copper foil to
analyze their effect on IGBT chip temperature. The

Fig.4 Thermal simulation results for each structure (DC 80 A
steady state condition)
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dissipating base-free
structure
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IGBT chip foil
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1 1

Alumina thickness: | |Copper foil thickness:
0.32 mm | 0.6 mm

Alumina

thickness: 0.635 mm | 0.32 mm 1 0.32 mm
Copper foil  0.25 mm 0.25 mm 0.6 mm
thickness:
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results are shown in Fig. 4.

From the results of this analysis, it can be seen
that by reducing the thickness of the aluminum
ceramic layer from 0.635 mm to 0.32 mm, the IGBT
chip temperature decreases by 23°C. Moreover, while
maintaining the thickness of the alumina ceramic
layer at 0.32 mm and increasing the thickness of the
copper foil from 0.25 mm to 0.6 mm, it can be seen that
the chip temperature decreases by an additional 32°C.

Next, we performed a steady-state heat analysis in
which the IGBT chip temperature was fixed at 126°C,
and we analyzed the relationship between copper foil
thickness and heat conduction. Those results are
shown in Fig. 5.

Compared to the DCB substrate copper foil thick-
ness of 0.25 mm, a copper foil thickness of 0.6 mm
exhibited greater conduction of heat. From this result,
it can be understood that increasing the thickness of
the copper foil decreases the density of heat flow
through the alumina ceramic layer.

Additionally, we performed a steady-state heat
analysis to investigate the correlation between copper
foil thickness and chip temperature for the two
alumina ceramic layer thicknesses of 0.32 mm and
0.635 mm. Those results are shown in Fig. 6.

It can be seen that decreasing the alumina ceramic

Fig.5 Relationship between copper foil thickness and heat
conduction area
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Fig.6 Relationship between copper foil thickness and chip
junction temperature
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layer thickness and increasing the copper foil thick-
ness are effective measures for lowering the IGBT chip
temperature. Moreover, in a steady-state heat analy-
sis under the same conditions, the IGBT chip tempera-
ture was 125°C in the case of a heat-dissipating metal-
base-equipped structure. To realize an IGBT chip
temperature of 125°C with a heat-dissipating base-free
structure, the same thermal resistance was obtained
by selecting an alumina ceramic layer thickness of
0.32 mm and a copper foil thickness of 0.6 mm.

4. Results of Testing and Verification with Actual
Machines

In order to verify the above analysis results, we
measured the transient thermal resistance and steady-
state thermal resistance of a DCB test piece and
measured the mechanical characteristics of a DCB
substrate.

4.1 Transient thermal resistance

We input a DC 80 A current to the IGBT chip and
investigated the relationship between current conduc-
tion time and IGBT chip temperature for three differ-
ent types of DCB substrates (using the same conditions
as the FEM simulation of Fig. 4).

Figure 7 shows the relationship between the cur-
rent conduction time and chip temperature.

First of all, one second after the start of current
conduction, it can be seen that the conventional heat-
dissipating base-free structure (alumina ceramic thick-
ness of 0.635 mm, copper foil thickness of 0.2 mm) had
an IGBT chip temperature which was 85°C higher
than that of the heat-dissipating metal-base-equipped
structure (DCB: alumina ceramic layer thickness of
0.32 mm, copper foil thickness of 0.2 mm, and base
thickness of 3 mm).

Secondly, while maintaining the heat-dissipating
base-free structure but reducing the thickness of the
alumina ceramic layer in the DCB substrate from
0.635 mm to 0.32 mm, it can be seen that the IGBT
chip temperature decreases by approximately 20°C.
(See @ of Fig. 7.)

Fig.7 Time dependent temperature rise of three different types
of substrates
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Thirdly, by reducing the thickness of the alumina
ceramic layer in the DCB substrate to 0.32 mm and
increasing the copper foil thickness to 0.6 mm, it can
be seen that the IGBT chip temperature decreases by
66°C compared to the case where the copper foil
thickness is 0.25 mm (see 2 of Fig. 7).

Fourthly, by reducing the thickness of the alumina
ceramic layer to 0.32 mm and increasing the copper foil
thickness to 0.6 mm, it can be seen that the IGBT chip
temperature decreases by 86°C compared to the con-
ventional heat-dissipating base-free structure.

This value is nearly the same as the IGBT chip
temperature of the heat-dissipating metal-base-
equipped structure. Accordingly, the above results
verify that decreasing the thickness of the alumina
ceramic layer in the DCB substrate and increasing the
copper foil thickness are extremely effective measures
for improving the transient thermal resistance charac-
teristic.

4.2 Steady-state thermal resistance

We measured the steady-state thermal resistance
under the same conditions as used in the measurement
of transient thermal resistance. Figure 8 shows
thermo-photographs of the IGBT chip in a steady-state
condition. With a new heat-dissipating base-free
structure using an alumina ceramic layer thickness of
0.32 mm and a copper foil thickness of 0.6 mm, the
IGBT chip temperature decreased by 62°C compared to
the conventional heat-dissipating base-free structure,
and this IGBT chip temperature is approximately the
same as that of the heat-dissipating metal-base-
equipped structure. From these experimental results,
it was verified that the use of a thinner alumina layer
in the DCB substrate and a thicker copper foil are
effective measures for improving the steady-state ther-
mal resistance.

4.3 Mechanical characteristics of the DCB substrate

Figure 9 shows cross-sectional photographs of DCB
substrates. In the figure, (a) shows a DCB substrate
that uses the conventional heat-dissipating base-free
structure, and (b) shows the newly-developed thick
copper foil DCB substrate.

When a copper foil of thickness 0.4 mm or greater
is directly bonded to a alumina ceramic layer having a

Fig.8 Thermo-photographs (at steady-state condition)

Conventional heat-
dissipating base-free Newly developed
structure product

Heat-dissipating
metal-base-equipped
structure

186°C 124°C 120°C

typical purity of 96 %, differences in the coefficients of
thermal expansion between the alumina ceramic mate-
rial and the copper cause cracking to occur in the
alumina ceramic layer near the bonded junction. The
bending strength of 96 % pure alumina ceramic mate-
rial is approximately 400 MPa, and as a DCB sub-
strate, this strength is insufficient for bonding to a
thick copper foil.

Therefore, by adding zirconia to the alumina
ceramic material to increase its mechanical strength
and increase its bending strength to 700 MPa, we
succeeded in bonding a 0.6 mm-thick copper foil to this
alumina ceramic (Table 2). Compared to the conven-
tional heat-dissipating base-free structure, a structure
that uses this new DCB substrate achieves an approxi-
mate 30 % total improvement in mechanical strength
due to the increased thickness of the copper foil,
despite the thin alumina ceramic layer.

By making the copper foil thicker and by using a
thin zirconia-doped alumina ceramic layer, a new heat-
dissipating base-free structure is possible, realizing
greater mechanical strength and lower thermal resis-
tance of the module compared to the conventional heat-
dissipating base-free structure.

4.4 Evaluation and results of reliability testing

There were concerns that the increase in thickness
of the copper foil would lead to an increase in the
coefficient of thermal expansion of the copper circuitry,
deterioration of the solder at the bottom of the silicon

Fig.9 Cross-sectional photographs of DCB substrates

Copper foil = 0.25 mm

Alumina = 0.635 mm

Copper foil = 0.25 mm

(a) DCB substrate of conventional heat-
dissipating base-free structure

Copper foil = 0.6 mm

Alumina = 0.32 mm
Copper foil = 0.6 m ‘_-.-

(b) Newly developed DCB substrate

Table 2 Fabrication limits for DCB

Copper foil thickness (mm)

0.3 0.4 0.5 0.6 0.7
Alumina O X - — —
Zirconia-doped
alumina ceramic © © © © x

Ceramic thickness: 0.32 mm
O : Possible X : Not possible
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Table 3 Evaluation results of Fuji Electric’s new product that
uses the new DCR structure

Conventional heat-
dissipating base-
free structure

New structure

Thermal resistance Ry,.p 100 71

Fig.10 Characteristics of Fuji Electric’s IGBT chips
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Fig.11 Fuji Electric’s 1,200 V IGBT module line-up
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chip, cracking of the alumina ceramic layer, and so on.
Therefore, we performed heat cycle tests and power
cycle tests to investigate the reliability of a heat-
dissipating base-free structure that uses this new DCB
substrate.

A heat cycle test was performed for 500 cycles
under test conditions of -40 to +125°C, and it was
verified that there was no degradation of the solder at
the bottom of the IGBT chip, no change in thermal
resistance due to solder deterioration, and no cracking
of the alumina ceramic layer.

A power cycle (intermittent operation) test was
also performed under the test condition of AT, = 75
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deg. No changes in thermal resistance or electrical
characteristics have been observed through 350 k cy-
cles of the test. The above results demonstrate that an
IGBT module using the new DCB substrate achieves
the same reliability characteristics as a conventional
IGBT module.

5. Product Evaluation Results

Table 3 shows the results of an evaluation of Fuji
Electric’s Small Pack which uses the new heat-
dissipating base-free structure.

The use of the new heat-dissipating base-free
structure achieves 30 % lower thermal resistance than
the conventional Small Pack. The new heat-dissipat-
ing base-free structure also achieves sufficient module
mechanical strength and reliability.

Figure 10 shows the characteristics (ATj.. and
output) of Fuji Electric’s latest IGBT chip used in the
Small Pack. A Small Pack that employs the conven-
tional heat-dissipating base-free structure can be used
in inverter systems of up to 7.5 kW maximum. Howev-
er, a Small Pack that employs this new DCB substrate
can be used in inverter systems of up to 11kW
maximum.

Figure 11 shows Fuji Electric’s 1,200V IGBT
module line-up. The application of a new heat-
dissipating base-free structure enables the power ap-
plied per unit area to be increased from 3.5 W/mm? to
5.1 W/mm?.

6. Conclusion

By adding zirconia to a DCB substrate of alumina
ceramic material, decreasing the thickness of the
alumina ceramic layer and increasing the thickness of
the copper foil, a lightweight, compact and low cost
IGBT module that uses a low thermal resistance heat-
dissipating base-free structure has been developed.

Fuji Electric efforts in developing this new IGBT
module structure have been described above. Fuji
Electric intends to continue to expand the range of
applications for this technology and to develop IGBT
modules that satisfy increasingly severe customer
needs and new demand.
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Low /g Schottky Barrier Diode Series

1. Introduction

Representative of the recent trends towards small-
er size and higher functionality of portable devices and
towards higher speed CPUs for computers, electronic
devices are rapidly becoming smaller in size, lighter in
weight and are achieving higher performance, and it is
essential that their circuit boards and switching power
supplies be made to consume less power, are more
efficient, generate less noise and support higher densi-
ty packaging. Moreover, in order to suppress the surge
voltage that is applied across a diode during switching
and the noise generated by a steep dv/d¢ characteristic,
snubber circuits, beads and the like are used, but as a
result the number of components increases, leading to
greater cost. In order to achieve better portability, AC
adapters for notebook computers are being miniatur-
ized; however, the trend toward higher power con-
sumption results in higher internal temperatures,
increasing the severity of the environment in which
these semiconductor devices are used. Consequently,
semiconductor devices are strongly required to provide
the characteristics of lower loss, improved suppression
of thermal runaway, higher maximum operating tem-
perature and lower noise. In particular, an improve-
ment in the characteristics of the secondary source
output rectifying diode, which accounts for nearly 50 %
of the loss in a switching power supply, is strongly
desired.

2. Overview

Schottky barrier diodes (SBDs) exhibit the proper-
ties of low forward voltage (V), soft recovery and low
noise, and are widely used in the secondary source
rectifying circuits of switching power supplies. Fuji
Electric has previously developed a product line of
conventional 20 to 100 V SBDs (low V type) and 120
to 250V SBDs [low reverse current (Ig) type] as a
diode series available in a variety of packages and
supporting various output voltages and current capaci-
ties in order to be applicable to a wide range of power
supply applications. However, when the conventional
low Vg type SBD operates at high temperatures, its Iy

Mitsuhiro Kakefu
Masaki Ichinose

Fig.1 Cross-sectional structure of SBD chip

Guard ring Schottky electrode

(barrier metal) Si0,

Epitaxial layer

Si substrate

becomes large, and as a result reverse loss increases,
efficiency decreases and thermal runaway may occur,
making it difficult to use this low Vx SBD in a small
power supply packages such as an AC adapter.

The newly developed low Ig-SBD is considered to
be the ideal diode for secondary source rectification in
a switching power supply, and is especially well suited
for rectification in a high temperature environment.
Figure 1 shows the cross-sectional structure of the SBD
chip. The chip design incorporates a guard ring to
prevent premature breakdown, and the doping density,
specific resistance and thickness of the epitaxial layer
(n- layer), diffusion depth, and barrier metal that have
been optimized to develop a low Ig-SBD series that
provides not only low Iy, but also breakdown voltages
of 40, 60 and 100 V, comparable to the conventional V.
Compared to a conventional SBD having the same
breakdown voltage, this product achieves an approxi-
mate single-digit decrease in Iy, a large decrease in
reverse loss, a higher temperature at which thermal
runaway occurs, and a higher maximum operating
temperature. Moreover, this new series has a high
avalanche breakdown voltage and is expected to be
capable of withstanding the large surge voltage that
occurs when a power supply is turned on. The new
series is also expected to enable the design of switching
power supply circuits that realize increased efficiency,
smaller size and greater flexibility. Table 1 lists the
absolute maximum ratings and electrical characteris-
tics of this low Ig-SBD series and Fig. 2 shows external
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Table 1 Absolute maximum ratings and electrical characteristics of low /g SBD

Absolute maximum ratings Electrical characteristics
Model number Package V(l%}%)M V( %S)M ég ) I(FE)\/I ﬁ}’%f L ‘:/F(%WS(\Q I 1(1&12\/; {ethﬁ-c)
(T, = 25°C) Vi = Viem (C/W)
YG862C04R TO-220F 45 45 10 125 330 0.61 150 3.50
YA862C04R TO-220 45 45 10 125 330 0.61 150 2.00
TS862C04R T-Pack 45 45 10 125 330 0.61 150 2.00
YG862C06R TO-220F 60 60 10 125 330 0.68 150 3.50
YA862C06R TO-220 60 60 10 125 330 0.68 150 2.00
TS862C06R T-Pack 60 60 10 125 330 0.68 150 2.00
YG862C10R TO-220F 100 100 10 125 330 0.86 150 3.50
YA862C10R TO-220 100 100 10 125 330 0.86 150 2.00
TS862C10R T-Pack 100 100 10 125 330 0.86 150 2.00
YG865C04R TO-220F 45 45 20 145 330 0.63 175 2.50
YA865C04R TO-220 45 45 20 145 330 0.63 175 1.75
TS865C04R T-Pack 45 45 20 145 330 0.63 175 1.75
YG865C06R TO-220F 60 60 20 145 660 0.74 175 2.50
YA865C06R TO-220 60 60 20 145 660 0.74 175 1.75
TS865C06R T-Pack 60 60 20 145 660 0.74 175 1.75
YG865C10R TO-220F 100 100 20 145 660 0.86 175 2.50
YA865C10R TO-220 100 100 20 145 660 0.86 175 1.75
TS865C10R T-Pack 100 100 20 145 660 0.86 175 1.75
YG868C04R TO-220F 45 45 30 160 1,000 0.63 200 2.00
YA868C04R TO-220 45 45 30 160 1,000 0.63 200 1.25
TS868C04R T-Pack 45 45 30 160 1,000 0.63 200 1.25
YG868CO6R TO-220F 60 60 30 160 750 0.74 200 2.00
YA868C06R TO-220 60 60 30 160 750 0.74 200 1.25
TS868C06R T-Pack 60 60 30 160 750 0.74 200 1.25
YG868C10R TO-220F 100 100 30 160 750 0.86 200 2.00
YA868C10R TO-220 100 100 30 160 750 0.86 200 1.25
TS868C10R T-Pack 100 100 30 160 750 0.86 200 1.25
Fig.2 External view of the packages
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The current ratings are 10 A,
20 A and 30 A and the product packages are available
as the TO-220, the TO-220F full-mold type, and the T-

Pack (S) surface mount type.
The newly developed low Ig-SBD is described

below.
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Fig.3 Comparison of forward characteristics
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3. Device Characteristics

Figure 3 compares the forward characteristics of
the low Iz-SBD with those of conventional products,
and Fig. 4 compares their reverse characteristics. The
SBD loss is the sum of the forward and reverse losses,
and it is desirable that this loss be reduced within the
actual operating temperature range. In particular, the
reverse loss caused by increased Iy at higher tempera-
tures must be considered. A tradeoff relation exists
between Vi and I, however, and Vg typically increases

Low /r Schottky Barrier Diode Series

when Iy is reduced. The newly developed 40 to 100 V
SBD achieves a dramatic decrease in loss at high
temperatures through the use of a new barrier metal
as described in chapter 2 and optimized crystal specifi-
cations in order to achieve an approximate 10 %
increase in Vg at rated current compared to a conven-
tional product, and an Iy that is reduced to approxi-
mately 1/10th that of the conventional product.

4. Consideration of the Generated Loss

A simulation was performed to calculate the loss

59



Fig.5 Junction temperature vs. estimated loss (60 VV/20 A)
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generated in the case of a 24V power supply
(Vg.=380V, I=5A) for a liquid crystal display (LCD)
TV. Figure 5 shows the relationship between junction
temperature (7j) and estimated loss (W,) for a 60 V/
20 A product. For the sake of comparison, a conven-
tional SBD is also shown. In the region of low Tj, the
conventional product has less loss, but because IR has
a large effect on loss at high temperatures, the low Iy
device achieves less loss than the conventional device
at high temperatures, and at Tj= 150°C, the low Iy
product achieves approximately 76 % less loss than the
conventional product, and its application to higher
efficiency power supplies is anticipated.

5. Consideration of the Thermal Runaway Tem-
perature

The temperature of an element rises as its loss
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Table 2 Ambient temperature when beginning thermal
runaway at LCD-TV 24 V output power supply

Condition : installation cooling fin (30°C/W)
23-inch LCD-TV 30-inch LCD-TV

power supply power supply
(+24 Vout/3.5 A) (+24 Vout/5.0 A)

Forward | Flyback | Forward | Flyback

Model number

Conventional device : | Approx. | Approx. | Approx. | Approx.
YG805C06R 74°C 84°C 72°C 77°C

New device : Approx. | Approx. | Approx. | Approx.
YG865C06R 98°C 108°C 97°C 100°C

increases, and Ir becomes more noticeable as it
increases at higher temperatures. As a result, a
vicious cycle ensues in which the increase in Iy leads to
an increase in loss, which generates heat in the
element, leading to an increase in Iy, etc. In some
cases, this phenomenon ultimately leads to thermal
damage (thermal runaway) of the element. Figure 6
shows thermal runaway data of the ambient tempera-
ture vs. reverse voltage for a 40 V/30 A product. For
the sake of comparison, a conventional SBD is also
shown. Compared to the conventional product, it can
be seen that the allowable operating temperature
range has been expanded due to the lower Ig. Table 2
shows the estimate thermal runaway temperatures for
a 60V/20 A product in 24V output power supplies
(V4.=380V, I=35A or 5A) for 23-inch and 30-inch
LCD TVs, which approximate actually installation
conditions. Compared to the conventional product, the
thermal runaway ambient temperature is estimated to
be 32 % higher (98°C) at the forward side and 28 %
higher at the flyback side (108°C) in the case of the 23-
inch LCD, and 34 % higher (97°C) at the forward side
and 29 % higher at the flyback side (100°C) in the case
of the 30-inch LCD. With a high maximum allowable
operating temperature, these new devices are well
suited for high temperature applications.

6. Conclusion

An overview of the low Iz-SBD and its application
to secondary source rectification applications in switch-
ing power supplies have been presented.

In response to the anticipated future requests for
power supplies that are smaller in size, generate less
loss and have higher efficiency, Fuji Electric intends to
further improve SBD characteristics and to develop a
product line of small package products. Fuji will
continue to make additional improvements in order to
develop high quality products and enrich this product
series.
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Medium-voltage MOSFETSs for PDP-use

1. Introduction

Flat-screen televisions are a digital consumer
appliance of modern convenience, and plasma display
panel (PDP) flat-screen televisions are capable of
displaying high definition images on a large screen.
With the evolution in PDP technology towards higher
quality images, larger screen size and lower cost, and
with the partial start-up of digital terrestrial television
broadcasting in Japan, the popularity of PDPs is
increasing at a rapid rate.

PDP technology is trending toward lower power
consumption, higher brightness, quieter (fan-less) op-
eration, and thinner panel sizes. Similarly, the
attributes of higher efficiency and smaller and thinner
size are required of the sustain circuit that controls the
plasma light emission. Figure 1 shows the basic circuit
configuration of a PDP. The sustain circuit consists of
an on/off circuit, a main circuit (X/Y sustain circuits)
and a power recovery circuit, and also utilizes several
dozens of power MOSFETSs (metal oxide semiconductor
field effect transistors). Because a large current flow
occurs instantaneously, it is important for this sustain
circuit to have low on-resistance. In addition, the
attributes of small size (reduced number of parallel
elements) and thinner profile (surface mounting) are
also required.

Fig.1 PDP circuit configuration
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In response to these requirements concerning PDP
sustain circuits, Fuji Electric has used its existing
high-voltage SuperFAP-G series technology to develop
a new SuperFAP-G series, ranging from 150 to 300V,
for use in PDP sustain circuits. Additionally, in
response to requests for even smaller size and higher
efficiency, Fuji Electric is developing trench MOSFETs
capable of realizing even lower resistance. It is
anticipated that the application of these products will
enable small mounting area and more efficient mount-
ing due to the reduced number of MOSFET elements
in the sustain circuit and also small cooling elements
(heat sinks) and higher operating efficiency due to the
lower loss.

The product line and characteristics of the Super
FAP-G series and the trench MOSFETSs are described
below.

2. Characteristics of PDP Power MOSFETs

It is important that the power MOSFETSs used in
PDP sustain circuits have low on-resistance. Charac-
teristics of the SuperFAP-G series and the trench
MOSFETSs are described below.

2.1 Characteristics of the SuperFAP-G series

Compared to the conventional MOSFET, the Su-
perFAP-G series features an improved gate-drain
charge (Qgq) tradeoff relation, the charging time con-
stant determined by the on-resistance (R,,) and turn-
off loss, also a dramatic improvement in the R, - Qgq
MOSFET figure-of-merit. The following technology
was adopted to realize these characteristics.
(1) QPJ technology

Resistivity of the epitaxial layer is the predomi-
nant component of on-resistance in a MOSFET and
simply lowering this resistivity causes the drain-source
breakdown voltage to decrease. A conventional MOS
FET has a 3-dimensional cellular structure, and high
electric fields exist locally in portions of the structure.
As an improvement to the conventional structure, the
quasi-plane junction (QPJ) shown in Fig. 2 was devel-
oped. The QPJ features a bonded planar cellular
structure realized by fabricating a dense arrangement
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of low concentration shallow p~ wells instead of the
deep p* wells used conventionally. Accordingly, the
electrical fields in the cellular structure are reduced,
enabling the use of an epitaxial resistive layer having
lower resistivity than that of the epitaxial resistive
layer in a conventional MOSFET.

By employing the QPJ structure, the width of the
n- silicon region (current path) becomes narrower and
shorter, and Qg4 can be decreased. On the other hand,

Fig.2 Comparison of SuperFAP-G chip structure (QPJ
structure) and conventional MOSFET

Gate T T Source

nt

(JJ Drain
(a) Conventional power MOSFET

the narrowing of the n- silicon region is correlated to
an increase in on-resistance, and a tradeoff relation
exists between the width of this region and @,q. The
increase in on-resistance is caused by narrowing of the
current path in the n- silicon region due to an
expanding depletion layer. In order to limit this
expansion of the depletion layer, the concentration of
impurities in the n- silicon region was optimized and
the tradeoff relation improved. By applying these
enhancements, R,,- @, was decreased by approxi-
mately 60 % compared to Fuji Electric’s conventional
MOSFET. Table 1 lists characteristics of a SuperFAP-
G and a conventional product.
(2) Guard ring

By employing a design that uses the QPJ struc-
ture, the device will achieve a reduced cellular electric
field and it will be possible to use a low-resistance
epitaxial layer. However, by continuing to use the
conventionally designed breakdown structure, a prob-
lem occurs in that the electrical field of the breakdown
structure becomes greater than that of the cellular
structure, and the breakdown voltage cannot be en-
sured. It is essential for the electric field of the

Table 1 Comparison of characteristics of SuperFAP-G and
conventional product

Gate T T Source Series SuperFAP-G Conventional product
Parameter 2SK3535 2SK2254
Vbs 250V 250 V
I +25 A +18 A
Py 270 W 80 W
n- VGS (th) 3to5V 25t035V
Eps en)typ) 75 mQ 130 mQ
n* Qg 50 nC 52nC
JI— Qga 16 nC 16 nC
Ron : Q d . .
(b) SuperFAP-G ﬁgure-g ¢ merit 1.20 Q- nC 2.08Q -nC
Fig.3 Planar chip structure and trench chip structure
Gate oxide layer| Gate Source Source Gate
o 0 ° °
=
[ |
nt /W WA\ nt nt nt
P S —Ra) % (Ra)—P" P :
(Rch)
P p
(RjFET) P P P
é (Repi) (Repi) é Gate oxide ;
layer
Trench
n- n-
$ (Rsub) nt $ (Rsub) n*
[ ] [ ]
1) 5
Drain Drain
(a) Planar chip structure (b) Trench chip structure
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breakdown structure to be lower than that of the
cellular structure, and the development of a break-
down structure capable of reducing the electric field
was necessary. While using an epitaxial layer of low
resistance, an irregularly-pitched optimized guard ring
(OGR) was applied in order to reduce the electric field

of the breakdown structure.

The electric field was

simulated in order to determine the optimal pitch and
number of guard rings for a design which realizes a

Fig.4 Comparison of the ON-resistance components of a
200 V conventional planar chip and a trench chip

120

100
§ Ry + Race
< sof
>
E Rjper
2 60}
é Repi
o |
8 40

20 |

Rsub
0 fe
Planar MOSFET Trench MOSFET

Table 2 Comparison of ON-resistance of conventional
MOSFET and trench MOSFET

lower electric field in the breakdown structure than in

the cellular structure.

Moreover, in order to insure
reliability, the design was made resistant to any
influence from charge accumulation.

2.2 Characteristics of trench MOSFETs

Fuji Electric has previously promoted its Super-
FAP-G series that realizes low on-resistance. Howev-
er, in response to requests from the PDP field for even
lower on-resistance, Fuji Electric is concentrating on

Fig.5 Internal structure of MOSFET (surface mount type)

— Epoxy resin —]

Semiconductor —]

chip

| Lead wire

Base frame

Table 3 Sheet resistance (calculated value: TO-220 series)

. n-resistan mQ = i
e R ooz | ° ety
voltage MOSFET MOSFET Sheet resistance 0.4 mO 0.2 mO

200 V 66 50.6 93.3 % calculated value : :

250V 100 84 16 %

Table 4 Fuji Electric’s product line of power MOSFETSs for PDP-use
Breakdown Rated .ON' Package
BVpgs | CUORt | TeRStance [ o0 TO-220F T-Pack TFP TO-247 TO-3PF
D DS (on) (D2-Pack)
57 A 41 mQ 2SK3590 2SK3591 2SK3592 2SK3593 - -
150 V 65 A 28.5mQ |*FMP65N15T2 | *FMA65N15T2 | *FMB65N15T2 - - -
92 A 26 mQ - - - - 2SK3788 2SK3789
100 A 16 mQ - - - - 2SK3882 -
45 A 66 mQ 2SK3594 2SK3595 2SK3596 2SK3597 - -
200V 49 A 50.6 mQ |*FMP49N20T2 | *FMA49N20T2 | *FMB49N20T2 — - -
73 A 36 mQ - - - - 2SK3780 2SK3781
100 A 20 mQ - - - - 2SK3883 -
37TA 100 mQ 2SK3554 2SK3555 2SK3556 2SK3535 - -
950V 38 A 84 mQ *FMP38N25T2 | *{FMA38N25T2 | *FMB38N25T2 - - -
59 A 53 mQ - — — — 2SK3778 2SK3779
100 A 30 mQ - - - - 2SK3884 -
32 A 130 mQ 2SK3772 2SK3773 2SK3774 2SK3775 - -
300V 53 A 72 mQ - - - - 2SK3776 2SK3777
86 A 40 mQ - - - - 2SK3885 -
* on development
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developing next generation products and, based on
Fuji’s track record of success with the trench gate
structure technology (60 V and 75V devices for auto-
motive use), is optimizing the trench depth and wafer
specifications in order to achieve higher performance.
Figure 3 shows a cross-sectional comparison of the
planar chip and trench chip structures. In the trench
chip structure, a gate is formed on a groove (trench)
that passes through the channel, and this enables the
cell to be made smaller and the channel resistance
(Re,) component and JFET resistance (Rjpgr) compo-
nent to be reduced, which had been difficult to
implement with the planar chip structure shown in
Fig. 4. Table 2 compares the on-resistance of the
conventional MOSFET with that of the trench MOS
FET. As can be seen, adoption of the trench gate
structure achieves a large decrease in on-resistance.

2.3 Reduction of the internal wiring resistance

Because the MOSFETs used in PDPs must have
low on-resistance, it is important to reduce the on-
resistance of the MOSFET chips and the resistance of
wiring inside the package. For low on-resistance chips
of thel50 V drain-source voltage class, the sheet resis-
tance of the source aluminum electrode on the chip’s
surface increases as a percentage of the total on-
resistance of the product. Figure 5 shows the internal
structure of a T-Pack package. A reduction in sheet
resistance is achieved by bonding the source aluminum
wire to the chip’s source electrode in several locations.
Table 3 shows the effectiveness of reducing the sheet
resistance.

3. Product Line and External Appearance
Table 4 lists a summary of Fuji Electric’s power
MOSFET series for PDP-use. Figure 6 shows the

external appearance of these packages. The product
line contains drain-source voltages ranging from 100 to

64

Fig.6 External view of packages

300V and a series of TO-220, TO-3PF and TO-247
packages. A series of T-Pack (D2-Pack) and TFP
surface-mount products are also available and are
anticipated to contribute to the production of thinner
sustain circuits.

4. Conclusion

This paper has described features of Fuji Electric’s
SuperFAP-G series for PDP-use and Fuji’'s medium-
voltage trench MOSFETSs, which are still under devel-
opment. In the future, Fuji Electric intends to
continue to develop products optimized for PDPs and
to contribute to the development of the PDP industry.
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PDP Scan Driver IC

1. Introduction

A shift in consumer electronics from analog to
digital technology is underway, and the television
industry is transitioning from CRT to flat panel
display (FPD) technology. With the increasing popu-
larity of FPDs, the market for plasma display panels
(PDPs) has also grown rapidly. The FPD market is
divided according to screen size: sizes of 30 inches and
smaller use liquid crystal display (LCD) technology,
sizes from 40 to 50 inches use PDP technology, and
larger sizes use projector technology. However, compe-
tition among the different FPD technologies is intensi-
fying and the market division according to screen size
is becoming less prevalent. Within this context, PDP
technology is being required to provide such perfor-
mance improvements as lower power consumption and
higher luminous efficient, as well as lower cost.

There are two types of PDP driver ICs, a scan
driver IC that selects scan lines and an address driver
(or data driver IC) that selects data lines. The
characteristics of the driver ICs affect the quality of
the image display, and because many IC devices are
used in a single panel, these driver ICs are required to
provide high performance at a low cost.

Fuji Electric develops both scan driver ICs and
address driver ICs and this paper describes the
technology used in Fuji Electric’s FD3284F PDP scan
driver IC which features high current and low on-state
resistance.

2. Features of the PDP Scan Driver IC

Figure 1 shows the drive circuit of a PDP module.
The scan driver IC has 64-bit output lines, and 12 of
these scan driver ICs are used in an extended graphics
array (XGA) panel. The basic operation of the scan
driver IC is shown in Fig. 2.

(1) Scan period

During the scan period, the scan driver IC selects a
scan line, and according to signal from an address
driver IC, outputs a 100 V address discharge to the cell
to be displayed.

(2) Sustain period

Hideto Kobayashi
Gen Tada
Hitoshi Sumida

Fig.1 PDP module drive circuit
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Fig.2 Scan driver IC operation
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During the scan period, the scan driver IC alter-
nates operation with the sustain driver IC, and
outputs a 160V sustain discharge to the cell that
received an address discharge during the scan period.

This sustain discharge operation is repeated to
implement a grayscale display.

The scan driver IC must be able to supply a large
current at a high voltage during address and sustain
discharges.
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3. PDP Scan Driver IC Technology

3.1 Process and device technology

Fuji Electric has been using a silicon-on-insulator
(SOI) method of dielectric isolation technology. Al-
though the SOI process has the disadvantage of an
expensive wafer cost, it features small device isolated
areas and latch-up free operation, and therefore SOI
process technology is well suited for scan driver ICs
that require high voltage and high current.

The output device uses insulated gate bipolar
transistors (IGBTs) connected in a totem pole configu-
ration. The output circuit of a scan driver IC occupies
60 % of the IC area and therefore the output device
size has a large impact on cost. The IGBT, which is
able to output a large current from a small area, is
optimally suited as an output device for a scan driver
IC. As shown in Fig. 3 and Table 1, the newly
developed third-generation SOI-IGBT device is smaller
and achieves greater drive capability than a conven-
tional IGBT.

Fig.3 IGBT device comparison

Area ratio: 90 %

Newly developed
3rd gen. IGBT

Conventional
2nd gen. IGBT

Table 1 FD3284F characteristics

Conventional
Parameter IGBT FD3284F

Absplui';e maximum voltage 70V 70V
(logic circuit)
Absolute .ma).cimum voltage 165V 165V
(output circuit)
Operating voltage (logic) 50V 50V
Operating voltage (output) 30to 130 V 30to 130 V
High output source or sink -200 mA/ -200 mA/
current +1,000 mA +1,500 mA

. . -1,000 mA/ -1,200 mA/
High output diode current +1,000 mA +1.500 mA

3.2 Circuit technology

Figure 4 shows the output stage circuit of a scan
driver IC. N-channel IGBTSs are connected in a totem
pole output configuration. The high-side IGBT (N2 in
the figure) is controlled by a level shifter, and because
the IGBT gate is driven at 5.5V, a 5.5V zener diode is
inserted between the gate and source for protection.

The operation of the output stage circuit is summa-
rized below.

(1) Scan period

IGBTs N1 and N2 operate to output selected
waveforms and unselected waveforms. During an
address discharge, the N1 IGBT supplies a large
current.

(2) Sustain period

The N1 IGBT and the D1 diode operate to provide
a sustain discharge current supplied from both the N1
and D1 devices.

As the size of the display panel increases, a larger
discharge current is required for address discharge and
sustain discharge, and the on-state resistance of the
device becomes an issue. If the device has a large on-
state resistance, it will emit a large quantity of heat
and the resulting temperature rise will lead to degra-
dation of the device characteristics and a correspond-
ing degradation of display quality. Comparing the on-
state resistance of the N1 IGBT and the D1 diode
reveals that when the on-state resistance of the D1
diode is 1.4 V/400 mA, the N1 IGBT will have a large
on-state resistance of 6.0 V/400 mA. Because the N1
IGBT operates during both the scan period and the
sustain period, its on-state resistance has a dominant
effect on the amount of heat generated. Accordingly,
the key to the development of a successful scan driver
IC is to provide an N1 IGBT device with high drive
capability.

Fig.4 Output circuit

N2 (IGBT)

| Current flow during
address period

Level shifter |
(Zener diode)/ZS/ Current flow during
sustain period
{1
/ &,
4
NiaceD) ¥ '
Gate )
controller D1 (diode)
777
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3.3 IGBT gate control technology

If the current density of an IGBT device is
increased so that large current can be obtained in a
small area, the safe operating area (SOA) will become
smaller and if an unusual discharge occurs during
address or sustain discharge operations and causes an
overload or short-circuit state, the device will exceed
its SOA and be damaged.

Similarly, if waste metal adheres between the
output terminals and the device unexpectedly enters
an overload state, the device will exceed its SOA and
become damaged.

On the other hand, in an attempt to expand the
SOA, if the current density is decreased, the device
area will increase due to the tradeoff relation that
exists between current density and cost will also
increase. In order to resolve this tradeoff between
current density and SOA, Fuji Electric has developed
technology for controlling the gate voltage of the N1
IGBT in accordance with the output timing. This
operation is shown in Fig. 5.

During the scan period, in the case of a 5V supply
voltage VDL, so as to supply sufficient current for the
output to drop, a voltage of approximately 4.5V is
applied to the gate of the N1 IGBT, causing the output
voltage to drop from 100 V to 0 V and a scan line to be
selected.

Fig.5 Address discharge operation

7.0V
144V I |
N1: Gate voltage |

100V

N1: IGBT output
voltage ANAYAN

The address discharge begins, and when a larger
current is required, the gate voltage of the N1 IGBT is
increased to 7 V to boost the current drive capability of
the N1 IGBT.

After the address discharge, the gate voltage is
again lowered to 4.5V to reduce the drive capability.
Then, 1.5 ps after the scan period, the voltage of the
N1 IGBT gate is gradually decreased until the IGBT
turns off. This control prevents the N1 IGBT from
operating outside its normal operating period, thereby
prevent possible damage due to an unexpected over-
load condition caused by an unusual discharge, short
circuit or the like.

Figure 6 shows the characteristics of an N1 IGBT
that incorporates this gate control technology. Even if
the device area is 10 % smaller than a conventional
IGBT, implementation of this gate control enables
twice the output current capacity compared to the case
without gate control.

4. Application to a PDP Scan Driver IC

Fuji Electric’'s FD3284F PDP scan driver IC, which
uses this newly developed third-generation SOI-IGBT
device and gate control circuit technology, is described
below.

4.1 Features

(1) 64-bit bidirectional shift register (15 MHz, with
CLR function)

(2) Absolute maximum voltage: 165 V (output circuit),
7V (logic circuit)

(8) Output operating voltage: 32 to 130 V

(4) Logic operating voltage: 5V

(5) High output current: -0.2 A/+1.5 A (source/sink)

(6) High output diode current: -1.2 A/+1.5 A (source/

Fig.7 FD3284F block diagram
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Fig.8 FD3284F package

= ';[‘op side

sink)
(7) Package: TQFP 100-pin (exposed pad)

4.2 Circuit configuration

Figure 7 shows a block diagram of the circuit
configuration. The circuit is configured from a 64-bit
bidirectional shift register, a 64-bit latch, data selector
circuits, and a totem pole output drive circuit.

68

4.3 Characteristics compared to those of a conventional

IC

Table 1 lists the main differences in characteristics
between the conventional scan driver IC and the
FD3284F. The FD3284F, which has been designed to
be capable of driving large PDP panels, features
dramatically improved driver output current and diode
output current capabilities. Figure 8 shows external
views of the FD3284F which uses a heat-radiating
exposed pad TQFP 100-pin package.

5. Conclusion

This paper has described characteristics of PDP
scan driver IC technology and of Fuji Electric’'s
FD3284F PDP scan driver IC. Competition among
FPD technologies will intensify in the future and Fuji
Electric plans to continue to advance device, circuit
and process technologies in order to satisfy market
requirements for higher performance and lower cost
PDPs.
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