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Abstract

The main contribution of this work consists in
showing the possibility to use the Cyclotene 4086-4
BCB (BenzoCycloButen) resin in thick layer to reali
Deep Trench Termination (BY. The development of
the DT in power devices strongly depends on its
reliability. 2D finite elements simulations wereedsto
determinate the electrical characteristics after
mechanical stresses created in the structure.pkap
that void created inside the structure does necathe
structure’s characteristic; however it changes when
guantity of charge was added at interface Silic@B

1. Introduction

Recently, deep trench structure has become one of
the design options for semiconductor devices dukdo
advancement in the Micro Electro Mechanical Systems
(MEMS) process technology [1]. The BTwas
presented in 2009 [2] and then, several studieS]1,
have proposed electrical improvements. Many studies
demonstrate the possibility to use BCB passivation
layers in Wafer Level Chip Scale Package (WLCSP)
process [4] or use it in order to create moistw@ser
[5], but no reliability study has been done on powe
devices.

The first aim of this work is to study the reliatyil
of a 1200 Volts Deep Trench Termination diode.’DT
structure is one of the candidates for future high
voltage power devices edge termination design for
reducing the chip area and improves the reverse
voltage. Then, in a second step, it will be inténgsto
avoid long sample preparation for optical analyeed
to propose simulations in order to explain ageing
phenomena. Indeed, it takes a lot of time to preepar
samples for optical observations, due to the care
needed to go through coating and polishing. Morgove
the water used for polishing may inflate the BCB
volume and defects may appear which will not be the
result of ageing. We propose to use finite elements
simulation, to justify the electrical variationsathcan
be observed after passive thermal ageing. Several
degradations have been implemented in the simulated
structure such as creating voids and adding traplset
interface between BCB and silicon.

2. Presentation of the Deep trench Ter mination
structure

The top view schematic of the 1200V structure is
presented in Figure 1.

Figure 1: Top view of the schematic structure.

Figure 2 shows the 2D cross section structureef th
DT? diode. The diode is composed by a*16m*® N
concentrations substrate with & ifhplantation in top
layer and a Nimplantation in the bottom layer. A deep
trench (105unx 75um) is filled by BCB in order to
realize the termination. A field plate is neededitaw

out the electrostatic potential in the trench.
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Figure 2: Cross section of the schematic structure.

3. Presentation of thelimits of the optical
observations

Figure 3 describes electrical reverse charactesisti
of two DT? diodes before and after 50 hours passive of
thermal ageing (-40°C, +125°C).
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Figure 3: Measured I-V reverse characteristicy afte
50 hours of thermal ageing.



This figure exhibits the breakdown voltage
variations after ageing. An increase or decreasE0f
volts can be observed. In order to explain these
variations, samples are prepared for optical

observations. Figure 4 presents optical observation
the real component, after 50 hours passive thermal
ageing (-40°C, +125°C).

(@) (b)
Figure 4: Optical observation (a) of the entireidev
and (b) a focus on the trench.

Optical observation does not highlight that peeling
of the resin and silicon can explain these vanetjo
and hence, more analyses are requested. Therefore,
simulation approach is proposed.

Thermal variations induce mechanical stress; so it
is possible that a separation of materials alorgy th
Si/BCB interface and fixed charges appear.

ANSYS is used to localize the maximum stress in
the structure after an increase in temperature and
TCAD SENTAURUS is used to visualize the electrical
characteristics after degradations created in the
structure.

4. ANSYSsimulations

First of all, using ANSYS Modeler software, a 3D
structure of our chip composed of silicon, BCB and
gold layers (see table 1 for material propertiessw
created. Due to the presence of two symmetries, the
final structure is 1/4 of the initial structure, st®wn in
Figure 5. This simplification was used to reduce th
simulation time. The major part of the structureswa
meshed into rectangle elements except for thersaa
the curved lines where regular trapezia elemente we
used. The model loading was an isothermal
temperature applied to the entire structure in otde
obtain the mechanical stress distribution in the
structure.

Table 1: Material properties for FEM analysis.

Density CTE L?)lg;glui Poisson’s
(Kg.cm®) | (10%°C) (GPa) ratio
Gold 1930 14.2 79 0.44
BCB 1000 42 2.9 0.34
Silicone 2300 2.8 130 0.28

Figure 5: base model of the chip for ANSYS FEM
analysis (green = silicon, grey = BCB and blue #jjo

Figure 6 and Figure 7 show the mechanical stress
distribution in the BCB and silicon after the thaim
load. A logarithmic scale was used to obtain aalisu
distribution of those mechanical stresses. As ergec
the most stressed areas for both materials argelbca
near the BCB/silicon interface on the right anglge
Indeed, from a geometrical point of view, this

geometrical singularity, shown in Figure 7, is thest
complex part of the chip structure. Furthermores th
most stressed area of the gold layer is on tophisf t
singularity and the interface BCB/silicon arounde th
trench present high mechanical stress.

Figure 6: Mechanical stress distribution in the BCB
(left) and the silicon (right).

Figure 7: Zoom of the BCB and the silicon parts whe
the most stressed areas are located.

FEM analysis has been useful to understand the
behavior of the chip under thermal environment (€25
and isotherm cases) and areas under important
mechanical stress have been located on the ingerfac
BCB/silicon).



5. TCAD SENTAURUS simulations

The simulated structure is composed by two finite
element cells, a base cell and the termination
(Figure 8). In order to consider the real die, st i
necessary to take into account the different seddor
each cell. It is necessary to define fhrea Factorfor

the base cell regardless of the termination one.
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Figure 8: Base cell and termination.

Sentaurus Device is a single-device simulator, and
a mixed-mode device and circuit simulator. A single
device command file is defined through the mesh,
contacts, physical models, and solve command
specifications [6]. For a multi-device simulatiotie
command file must include specifications of the mes
(File section, contacts Electrode section and
physical modelsRhysics sectionfor each device. A
circuit netlist must be defined to connect the desi(

Figure 9), and solve commands.
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Figure 9: multi device simulation and its circudtlist.

Sentaurus Device also provides a number of
compact models for use in mixed-mode; in this work
Spice has been implemented for defined the sysfem o
the circuit (Figure 10): D1, DT present respecijvisle
central and elementary cell.
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Figure 10: Circuit for‘/SENTAURUS mixed mode.

5. A. Void created in the structure

5. A.1. Breakdown voltage variations

At the interface Si/BCB, more precisely in internal
interface of the termination (Area 1) and external
interface of the termination (Area 2), a void with
different width (Wv) has been created to obserge it
impact on the structure.

Figure 11 presents the reverse characteristics afte
created the void in different parts of the devidesame
observation can also be obtained in Area 1 and Area

(Figure 8).
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Figure 11: void width effect on the reverse
characteristic in Area 1 (a) and Area 2 (b).

These figures exhibit that a separation at the
interface does not affect the breakdown voltagés &h
explained by the fact that the electric field is
concentrated at the end of the field plate and chaés
make change in this region.

The insertion of a void in the structure at the
interface Si/BCB modifies the distribution of patieh
lines due to the low permittivity of the void
(Figure 12).



(b)
Figure 12: The distribution of potential lines fret
structure and its zoom with (a) and without (b)dvoi

This change creates a local increase of the atectri
field, but remains very low and has no impact ie th
breakdown voltage of the structure.

Figure 13 presents the impact of the void created i
the structure on electrical field along a horizmcat-
line.
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Figure 13: Electrical filed along a horizontal dinie
(a) and its zoom (b).

It is interesting to observe that electrical field
increases in the region near the void; howeveast o
effect in other regions, that confirms a separatibthe
interface does not affect the breakdown voltage.

5. A.2. Parasitic capacitance variation

When a reverse voltage is applied to a PN junction,
the holes in the P-region are attracted to the @nod
terminal and electrons in the N-region are attchdte
the cathode terminal. The resulting region contains
almost no carrier, and is called the depletion aegi
The depletion region similarly acts to the dielectf a
capacitor, hence the creation of the capacity ef th
junction.

To check also the proper function of the structure,
its capacitance is simulated. Figure 14 presents th
capacitance of structure for different value ofdvoi
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Figure 14: Effect of the void on the parasitic a@pa
(Areal).

Figure 14 illustrates that the void created at the
interface has no effect on the parasitic capacMy.
components have parasitic capacitances as illestiat
Figure 15.
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Figure 15: Parasitic capacitances of the structure.

Therefore, there are three capacitances: the pmcti
capacitance associated to a depletion region,
capacitance associated to the void, and to the BGB.
total capacitance is presented in Figure 16:
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Figure 16: Total parasitic capacitance of the stmec

where G and G; are the junction capacitancescgis
the termination capacitance and thg,£is the void
capacitance.

The analytical expression of capacitance is given b
equation (1)
C = go&r A (1)

e

Where ¢, is the vacuum  permittivity
(50 = 8.854 x 1072Fm™), ¢, is the relative
permittivity of material,e is the distance between the
capacitor's plates, and A is the area of the cap&i
plate (Figure 17).
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Figure 17: Capacity model.

The different values of capacitance at -1000V have
been calculated in order to decrease the junction
capacitances:

' A
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It can be noticed that: G << Cace<< Cio<< Ci1.
This result confirms that a vacuum created in the
structure has no effect on the electrical charastieof
diode.

5. B. Chargeinterfaceinsertion

5. B.1. Breakdown voltage variations

Another type of degradation of the simulated
structure is the insertion of charge in the integfa
Si/BCB. Figure 18 illustrates the |-V reverse
characteristics with Si/BCB interface charge in a\de
and Area 2.
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Figure 18: Traps Effect on the reverse charactefist
Area 1 (a) and Area 2 (b).

The breakdown voltage is modified by the insertion
of charge interface in Area 1, but it is not maatifiin
Area 2. Holes insertion creates a virtudl ertical
doping area and increases the breakdown voltage;
while electrons insertion creates a virtual Wertical
doping area decreases the breakdown voltage. Holes
and electrons in Area 2 have not effect in eleatric
characterization, indeed there is no depletionhis t
area but charges could have an influence on dynamic
behavior.



5.B.2. Parasitic capacitance variation
Figure 19 points out the traps effect in the péi@asi
anode-cathode capacitance for the low value ofrseve

voltage
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Figure 19: Effect of the traps on the parasitic
capacitance (Areal) for the low value of reverse
voltage.

Indeed holes insertion creates a virtualvertical
doping area, so a new NP horizontal junction as
expressed in Figure 2@nd in this case the capacitance
increases very fast, until the depletion regionthuf
new junction is of maximum width.
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Figure 20: structure capacitance (a) and its etgpiva
circuit (b).

If it can be imagined that the diode capacitange ca
be likened to a parallel plate capacitor, therhasalate
spacing (i.e. the depletion region width) increasks
capacitance should decrease. Thus, the junctiommhas
variable capacitance that depends on the evolufon
the voltage which is applied on it. It is showntthze
holes insertion increases the breakdown voltage

therefore increases the depletion region (Figurg 22

which causes the decrease of its capacitance
(Figure 21); while electrons insertion decreases th

breakdown voltage, therefore decreases the depletio
region which causes the increase of its capacitance
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Figure 21: Effect of the traps on the parasiticazaty
(Areal) for the higher value of BV.

It is observed that for negative charges (e-), the
depletion region is smaller than for initial strum.
This explains the capacitance rise for a same gelta
Furthermore, it seems the traps can be observeal by
capacitance variation.
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Figure 22: distribution of potential lines in theusture
with e-traps (a) and without traps (b).

6. Conclusion

This paper presents the possibility to use the BCB
resin in thick layer to realize deep trench terriora

It can be observed that reverse characteristics
changing after 50 hours of power cycling. Optical
microscopy could not permit to observed structural
modification in order to explain the electrical
variations. Thus, TCAD software is used to coreslat
structural modification with electrical charactéds in
order to confirm the presence of the structural
modification by combined characteristics.

Delamination on the Si/BCB interface has no
impact on the proper function of the interface can
be observed by electrical variation. Moreover, the
increasing or the decreasing of the breakdown gelta
can be explained by the appearance of a quantity of
charge at this interface
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