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Abstract— Static and dynamics characteristics of the pd@®&T device at “Silicon-On-Insulate” structure
were simulated. Analysis of the characteristicsath structure in comparison with the IGBT at thikb
silicon are presented. Advantages of IGBT device@t are revealed.

|. INTRODUCTION

At present two base types of power electronics exapbrary devices are dominant: field
transistors (Metal Oxide Silicon Field Effect Trester, MOSFET) and bipolar transistors with the
isolated gate (Isolated Gate Bipolar TransistoBT as well as various integrated structures @ir th
basis. The numerous requirements to the powerrefectsystems (low losses during switches, small
voltage drop in the activated state, high resigtaincthe off-state, high efficiency, etc.) stimelat
researches for the new design structures, fabwitagichnologies, materials of the structural elemen
of such devices and layouts. IGBT due to its exoept functional features, combining the positive
properties of power field and bipolar transistassa widely applied power device and finds a wide
application in the devices of the electric thrusdl AC motors, induction heating systems, radiolagic
systems, power back-up sources, switching elem@etdecting of the IGBT structures is oriented at
enhancing the efficiency, limit commutating curseand voltages.

Il. TECHNOLOGY «SLICON—ON-INSULATOR»

The technology «Silicon—On-Insulator» (SOI) wadelated specifically to obtain the devices
of the high temperature electronics and applicatiaequiring resistance to influence of the hard
radioactive irradiation. In the structures “silicon-insulator” the working layer of silicon is seated
from the substrate by means of the dielectric tsujdayer of silicon oxide.

The SOI technology resolves a number of problemmgrging in the structures on the bulk silicon at
high temperatures. The essence of technology eneally in the complementary oxygen implantation
into the silicon substrate with formation of theeldictric layer of silicon oxide inside the
semiconductor.

The SOI structures are distinguished for their higghation resistance and enhanced reliability
at high temperatures. The short channel effectthénSOI devices can be suppressed by a mere
reduction of the silicon layer thickness. The wft the above threshold characteristic of the SOI
transistors is derived practically ideal. The hmymlity transistors are attained on the silicomél
8 nm thick.

For the SOI structures three methods of isolati@nused: local silicon oxidation (LOCOS),
isolation by means of shallow trenches (STI) andarisolation. The LOCOS - isolation is hard to
use with the design rules of less than 0,25 umtduke «bird’s beak», which limits the potentiagi
of obtaining the small area isolating regions. Bid-isolation is a relatively expensive process.

[ll. SMULATED STRUCTURE

Earlier there had been conducted researches detmiadestigation of the static and dynamic
IGBT features dependence on the technology parasnatananufacturing of IGBT structure in bulk
silicon. Thickness of the epitaxial layer of sudhusture was selected to be equal to 141 um, and
thickness of the'—collector layer — 17 um, as in work [1].

From the entire variety of the possible IGBT staues on SOI, described in the literature [2-6]
the IGBT structure was selected, represented iar&id, a.

The transistor base is essentially the silicon filmcated on the isolation material. IGBT may
possess any polarity: a bipolar transistor of thp-fype with n-MOS transistor or a bipolar transist
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of the npn-type with a p-MOS transistor. A greatamrent density in the IGBT structures is attaibgd
means of the formed n-well of the source, incrapgie base current of the bipolar transistor in TGB
The gates can control one or two channels of theSMi@nsistors. The vertical sizes of the n-type of
the drift area are augmented to enhance the cutesrsity without growth of the voltage drop valoe i
the n-drift region.

Simulation of the technology flow of the IGBT on B&ructure manufacturing was performed
using the SILVACO package [7] in compliance withethast trends in the IGBT on SOl
technology [8-9].
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Figure 1 — Structure of the IGBT on the SOI (a) Begpendences
of collector currentclon collector voltage Vfor the structures with variough
1-h,=30 nm; 2 - h=40 nm; 3 — h=50 nm; 4 — =60 nm; 5 — h=70 nm

V. RESULTS
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The |-V features were obtained with the variougskhess values of the gatg (Figure 1, b).
The thickness was varied within the limits fromt8070 nm.

Thickness of the gate oxide exerts a significafitémce on the electric parameters of IGBT on
SOI. With reduction of the oxide thickness from d® down to 30 nm the bipolar transistor base
current is increased and, thus, the saturatiorentifralue of the collector is increased (fremd5 pA
to~ 175 pA). Meanwhile, the switch-on time for the both IGB{fuctures stays equal to 25 ns, and the
switch-off time rises from 55 ns fogx40 nm to the value of 75 ngk30 nm.

The calculated values of the switch-on and switdhdurations are by an order smaller (25 ns
and 75 ns for IGBT on SOI structure and 350 ns &Ad ns for the IGBT on the bulk silicon
respectively), Withal the current value of the eotbr (30 |A) is greater by an order than for the
vertical IGBT structure on the basis of the bulicen (4 pA).

V. CONCLUSION

Results of the technology design for the manufawguiof the bipolar transistor with the
isolated gate (IGBT) at the “Silicon On Insulatarid at the bulk silicon structures [10] are present
Comparisons of I-V features and dynamic charadtesigswitch-on and switch-off durations) for both
device constructions were carried out. on whoseshbagstimization was carried out of the design-
process parameters on an example of such a paramgtiickness of the gate oxide. It was shown,
that thickness of the gate oxide exerts a subsianfiuence on the IGBT electric parameters. With
reduction of the oxide thicknessxhfrom 40 nm down to 30 nm the base current of thpmlar
transistor increases and, thus, the saturatiorcuwalue of the collector rises (fromb5 pA to= 175
HA). Meanwhile, the switch-on time for the both IGBifuctures stays equal to 25 ns, and the switch-
off time is increased from from 55 ns fqi40 nm to the value of 75 ns fogh30 nm.
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