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Abstract— Numerous techniques have been used to improve the

voltage handling capability of high voltage power dvices with
the aim to obtain the breakdown of a plane junction In this
work, a new concept of low cost, low surface and g efficiency
junction termination for power devices is presented and
experimentally validated. This termination is basedon a large
and deep trench filled by BCB (BenzoCycloButene) asciated to
a field plate. Simulation results show the importat impact of
trench design and field plate width on termination
performances. The experimental breakdown voltage dhis Deep
Trench Termination (DT?) is close to 1300 Volts: this value
validates not only the concept of the DT but also the choice of
the BCB as a good dielectric material for this terrmation.
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The purpose of this paper is to report a suitabid a
relatively low cost junction termination for 1200 power
devices. This new junction termination, called tBbeep
Trench Termination (D, is based on the use of dielectric
filled, large and deep trench associated to a figlate.
Because of the dimensions of this trench terminatio
conventional thin film deposition techniques weret n
applicable. As a result, the possibility of trerfdling using
Spin-On Dielectrics (SOD) was studied. At the eredpresent
experimental results of the BBreakdown voltage.

DT? CONCEPT AND THEORETICAL RESULTS

Fig. 1 shows the cross-sectional view of the psego
DT2 structure. In the proposed device, the trenebds to

The breakdown voltage in high voltage poWeﬁ:ontain all the potential. For that, terminationlides a field

semiconductor devices is one of the most impoaoiblems
encountered. In order to improve the breakdownagef an
adequate edge termination is necessary to redeceldlatric
field peak at the devices periphery. To date, sdwechniques
have been proposed to reduce this electric fielkpthese
include guard rings [1], junction termination ex¢gm (JTE)
[2], field-limiting rings (FLR) [3], field plate (P) and guard
rings [4], field plate and a SIPOS layer [5] and BESURF
(Superjunction) [6], [7]. However for high voltagkevices,
these techniques have the drawback of consumigg krea.

Recently, several junction terminations with a d&epch
have been reported [8], [9], [10]. ThEJTE [8], the concave
junction employing deep trench [9] and the deemdne
junction termination using inductive coupled plasreactive
ion etching (ICP-RIE) [10] required a deep silicetthing
(usually several tens or several hundreds micromsyder to
decrease the junction termination area and incrahse
breakdown voltage. The 3JTE was not experimentally
demonstrated. The application of the concave teatian
method is restricted to high voltage devices basmedleep
junctions such as integrated capacitors on siliddre deep
trench junction termination using ICP RIE is difficto apply
to non-punch through cases.

plate on top of a dielectric trench.

Fig. 2 shows the 2D-simulated electrostatic poéénti
distribution of the DT structure at breakdown. The dielectric
in the trench reduces the junction termination dreeause it
sustains all the potential, with a critical electfield higher
than that of silicon. In addition, the field platiisables
variations of the electrostatic potential in thelicen,
guaranteeing a breakdown voltage of the terminatieer the
infinite plane junction breakdown voltage.

Np = 10%cm3
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Figure 1. Schematic cross-section of a Riibde with the Deep Trench
Termination (DF).
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Figure 2. 2D-simulated theoretical potential distributiortiire Deep
Trench Termination at breakdown.
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Figure 4. Breakdown voltage variations of the BXersus We and W.

Performances of D'fdepend not only on trench and field
plate dimensions but also on dielectrics charastiesi of the
filing material. Fig. 4 exhibits the breakdown tage
optimization of the D¥ versus the trench termination width

Fig. 3 shows the 3D-simulated electrostatic poatnti(Wrr) and the field plate one (M for a 1200 Volts device: in
distribution of the DT structure at breakdown. This potentiafhis case, the studied device is a DT-SIMOSFET. [Thg
distribution is restricted in the trench like iretBD simulation. termination without field plate (W = 0) is not able to sustain

Nevertheless, the 3D-simulated voltage handlingale#ipy

becomes 80% of the 2D-simulated voltage handlimpglo#ity

(1060 V versus 1290 V). This is due to the cylindfijunction
which increases the electric field in the BCB like the
silicon. This result is obtained for a field platédth (Wgp)

equal to 40um, a trench termination width (&) equal to
70um and an internal radius nearpu®. This choice of
internal radius was made for Superjunction devicewder to
keep the charge balance everywhere in the device.
conventional devices, it is possible to increade thternal
radius in order to reach the voltage handling a& fhane

junction.
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Figure 3. 3D-simulated theoretical potential distributiortfire Deep
Trench Termination at breakdown.

more than 900 Volts, even if the trench is verygéarin
addition, a very low variation of the breakdowntagke can be
observed for trench widths higher than 70 pum. is thse, the
breakdown voltage of the trench termination reacties
breakdown voltage of the central cells: if the aferwidth
becomes very important (W > 90 um), the termination
efficiency is then close to 100%. The optimal ceupl values
for Wep and W, in terms of “performance / size” trade-off, is
@0 pm and 70 pm respectively: with these dimensitmes
termination breakdown voltage is equal to 96% a&f Hase
cell one.

Because there are several possibilities of dietetdr fill
the deep and wide trench, breakdown voltage of the
termination was studied for different types of datic, i.e.
for different values of critical electric field ¢g and
permittivity (€,q). Simulation results on the dependence of the
breakdown voltage variations of the D@n B4 ande,q are
given in Fig. 5. A break can be observed neax5V.cm™:
below this value of E,, the electric field at the end of the field
plate is greater thancgEand the edge cell breaks down before
the electric field reaches its critical value i thase cell. For
higher values of g, the base cell breaks down first. This
minimal value of k4 is only available for the trench shape of
this study (70 um width). In fact, the maximal éfiecfield in
the edge is located at the end of the field plé.value
depends on the trench width and on the field phdtih. In
addition, the breakdown voltage of the edge calbisstant for
high dielectric permittivities. According to thesemulations
results, a large variety of dielectric materialpdssible to fill
the trench termination.



TABLE II. CMP PARAMETERS

Slurry Klebosol S_TS_—2: 30 (wt %) silica abrasives
(grain size =25 nm), pH=2.5
Slurry flow rate 50 ml/min
Down force pressure 2 psi
Backside pressure 2 psi
Platen rotation speed 60 rpm
Carrier rotation speed 50 rpm

Figure 5. Breakdown voltage variations of the Bifersus kg andeq.

TABLE |. SUMMARY OF THE MAIN PROPERTIES OBBCB COMPARED TO
SIO; PROPERTIE{BCB PROPERTIES FRONi12])
Property SiO, BCB
Dielectric constant £) 3.9 2.65 D6-LAAS 1.0kV 19.6mm x700 SE(M) 50.0um
Dielectric field strength (MV/cm) 6-11 5.3 Figure 6. SEM photograph of the BCB-filled trench terminatiafter CMP.
CTE (ppm/K) 0.5 42
Glass transition temperature (°C)| > 1200 > 350 topography of the substrate and remove excess Bf2Bng

after BCB filling, Chemical Mechanical Polishing NIP) of

Residual stress on Si (MPa) | +100 to +300,  -28+ 2 (tensile) BCB is realized using a Logitech CDP (CMP) systdine

Index of refraction 1.46 1.54 at 1300-1550 nm parameters for the CMP process are given in Table 2
. Shrmkage after cure /e <5% These conditions for the CMP process have enabted a
Not available etch rate of BCB of about 0.24 pm/min (+ 0.04 pumjmi

A good candidate is the BenzoCycloButene (BCé?ollshlng is .stopped be;fore reaching the surfadhefilicon
poljmer 5 9000 cecical properies aro el 1.and st (P90 1 i ey leyer of bl o of 553
compared to those of stlicon oxide. Besiaes SN0 n average, a polishing time of about 120 min wasessary
have a low moisture uptake (0.24 % at 85 % RH) 1B, to prepare the surface of the substrate for nesgisstAfter
polishing, openings are realized in BCB by dry edod metal
. EXPERIMENTALRESULTS contacts are deposited. The field plate is madéhénsame
In order to evaluate the performance of this novéime as metallization. One can notice that the rietdgical
termination, a PN diode using the proposed BTat its process is relatively simple and could be used tfue
periphery (Fig. 1) was fabricated on a N-type suabstwith a realization of a wide variety of high voltage powdsvices.
resistivity and thickness of 80.cm and 520 um respectively.The relatively long time of polishing would be reeéd by
This choice of parameters allows avoiding breakdawthe modifying the CMP parameters.
center of the device because the breakdown votibitfee PN -
plane junction should be close to 1400 Volts arebkdown el e(-:rtri(:alil':'\:/esrti?iue% pg;orn;agzngf ttrr]nes rgz\gsjrtgégtgg was
would then occur at the device termination. Thedhedepth . o0 & oL aree” g7 (current density versus gela
ﬁr(jrlw(;(ijrtr?eﬁrs?oﬁgo tlhrg a:PeanP? %gsriipiglvﬂgiife?alg:; characteristics. The simulation previewed a 1290ItsVo
Rgactive lon Etching (DRIE). After DRIE etching sificon breakdown voltage and the measurements exhibit ValiS.
substrates to the needed debth adhesion promét@eog™ These resglts are very close, showing the goodepsocontrol
(from Dow Chemical) is appl}e d onto the wafer. The of the d_e_V|ce. Such_ pe_rform_ance can be reacheddgharthe
Cyclotene 4026-46 BCB resin is spun. Afterwards BBG r}ngh critical electric field in the2 BCB. Furthernayr the
hard cured inside a furnace tube in aﬂnbient at 250’°C. A measured leakage current of the_ 0 equal to 10 pA/ch
temperature ramp of about 1.5 °C.thiwas used to arrive atJUSt befpre breakdovyn, which is a very acceptabm a
250 °C. However, for a complete filling of the edgench, cor_1vent|onal vaIue..F|g_. 8 shows that this is tdalzentnatmn
another layer of BCB was necessary. The second isye which breaks doyvn. this validates not only t_he @bncept
: but also the choice of the BCB as a good dielectviterial

applied _a_nd cured in the same conditions as prelyoAfte_r for this termination, in terms of mechanical aneécgical
trench filling an excess, uneven BCB layer of at®@ium is properties

formed on the surface of the substrate. To smdw@hstirface
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Figure 7. Measured and simulated J-V reverse characteristias®N
diode using the proposed B3tructure.
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Figure 8. Device damage in the corner of the test diode aftemkdown:
that confirms that breakdown occurs in the’ DT

V. CONCLUSION

least 2.5 MV/cm. A PNdiode with the DY was fabricated;
the technological process is relatively simple aodild be
used for the realization of a wide variety of higbltage
power devices. Experimental data show that this jugstion
termination sustains 1300 V with a leakage curreft
10pA/cm?, like predicted by theory. Furthermore, the width
of the DT being only 70 pm, one can notice that the junction
termination area is dramatically decreased compared
conventional junction terminations in this voltagage [6, 7].
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