
Vol. 31, No. 12 Journal of Semiconductors December 2010

Process optimization of a deep trench isolation structure for high voltage
SOI devices
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Abstract: The process reasons for weak point formation of the deep trench on SOI wafers have been analyzed in
detail. An optimized trench process is also proposed. It is found that there are two main reasons: one is over-etching
laterally of the silicon on the surface of the buried oxide caused by a fringe effect; and the other is the slow growth rate
of the isolation oxide in the concave silicon corner of the trench bottom. In order to improve the isolation performance
of the deep trench, two feasible ways for optimizing the trench process are proposed. The improved process thickens
the isolation oxide and rounds sharp silicon corners at their weak points, increasing the applied voltage by 15–20 V
at the same leakage current. The proposed new trench isolation process has been verified in the foundry’s 0.5-�m HV
SOI technology.
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1. Introduction

With the rapid development of IC processes, integrating
CMOSwith DMOS on the same chip is feasible for analog ICs.
Electrical isolation is needed between adjacent devices, espe-
cially power devices. Junction isolation was proposed earlier.
However, if high voltage devices are isolated with junction
isolation, it cannot be accepted for larger inter-device separa-
tions and very high temperature dependenceŒ1�. More recently,
deep trench isolation in combination with LOCOS has been
used in the case of high-voltage devices for analog and power
applicationsŒ2�. A deep trench isolation process provides very
low leakage current, low temperature dependence and mini-
mal space consumptionŒ3�. Therefore, low leakage current from
high voltage transistors separated by a deep trench suppresses
the trigger of the latch-up mechanism to low voltage circuits.
In addition, the chip size is reduced significantly with desirable
isolation performance for bad stress conditions, hence reducing
the process cost.

Deep trench isolation processes for high voltage SOI (sili-
con on insulator) integrated circuits have been developed and
reported previously. The isolation structure on the SOI wafer
is composed of two layers of silicon dioxide with a layer of
low doped polysilicon embeddedŒ4�. Then, the vertical isola-
tion is provided by a thick buried oxide layer. Lateral isolation
is realized by two layers of silicon dioxide. A deep trench isola-
tion structure makes it possible that every device can be freely
designed within adjacent shielded silicon islands, making no
crosstalk between devices.

However, two major drawbacks associated with the forma-
tion of deep trenches are encountered. One is the damage to the
silicon semiconductor material in regions adjacent to the trench
caused by subsequent annealing or heat treatment of the wafer.
The corners of the trench are known to be the mechanism for
generating crystallographic dislocations and faultsŒ5�. Sloped

etching at the upper trench corners reduces the subsequent for-
mation of crystal faults due to high temperature oxidationŒ1; 5�.
The other is the weak point of isolation oxide formation at the
trench bottom. The weak point increases the leakage current at
the same bias voltageŒ6�. In this paper, the main process factors
forming the weak point at the deep trench bottom are firstly
analyzed in detail. Furthermore, experiments based on feasible
proposals are performed. According to the experimental results
of the optimized process using etching partial buried oxide, the
isolation oxide layer at the weak point is 1.3 times thicker than
that using the standard process. Consequently, the breakdown
voltage has been improved by 15–20 V.

2. Experimental details
2.1. Process and structure information

A schematic cross section and SEM cross section of a thick
SOI wafer with a 7 �m deep trench isolation structure are
shown in Fig. 1. The sidewall oxide and buried oxide ensure
the insulating capability. Poly silicon refilling provides the me-
chanical stability of the structureŒ1�. Table 1 lists the main pro-
cess flows of the deep isolation trench. Low pressure TEOS

Device region

Protective cover

BOX

Substrate
 

(a)                   (b)  

Fig. 1. (a) Schematic cross section and (b) SEM cross section of deep
trench isolation on a 7 �m SOI wafer.
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Table 1. Main process flows of deep trench isolation.
Process variant Content

LPTEOS 200–500 Å
Deposit Si3N4 and photoresist
Etch silicon Width (1–3 �m)
Removal polymer Si3N4, photoresist and oxide
Thermal isolation oxide 2000–5000 Å
Poly refilling 6000–12000 Å
Poly etch Etch remainder poly

 

  

Fig. 2. Fringe effects in the SEM cross section of the SOI deep trench
structure after silicon etching.
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Fig. 3. Fringe effect of the reactive ion concentration. (a) At the top
of trench. (b) At the bottom of trench.

(LPTEOS) was patterned as a mask for silicon etchingŒ5�. To
prevent trench sidewall to be inversion, P type field implant is
also necessary Œ7�.

2.2. Fringe effect at the top and bottom of the deep trench

Figure 2 shows an SEM cross section of the trench after sil-
icon etching. However, lateral over-etching of the bottom sili-
con can be observed. It is measured that the trench width at the
top, in the middle and at the bottom is 109%, 101%, and 131%
of the target value, respectively. The width deviation can be ex-
plained by the fringe effect during the silicon etching process
in Fig. 3.

In Fig. 3(a), the “fringe effect” from Ref. [8] causes the
reactive ion concentration in the fringe region of the trench to
be higher than that in the middle region of trench, then differ-
ent etching rates are distributed in different surface regionsŒ8�.
So the trench width in the top region is larger than that in the
middle region.

The reactive ion concentration at the trench bottom is illus-
trated in Fig. 3(b). Because of the inactive characteristics of the

Fig. 4. Inconformity of the isolation oxide layer. (a) Light spot posi-
tion in the EMMI experiment. (b) SEM cross section of the SOI deep
trench following the A–B direction.

buried oxide layer in the SOI structure, the buried oxide layer
can reflect reactive ions as a mirror reflecting light. Just like
that on the surface of trench, the fringe effect also makes the
etching width larger at the bottom of the trench than in the mid-
dle region. During the next oxidation process, the density of
the reactive oxygen gas in the silicon scallop hole due to over-
etching laterally is much less than that on the silicon sidewall.
In addition, the exchange of reactive gas in the scallop hole is
not adequate. Therefore, over-etching laterally at the bottom
of the trench slows the isolation oxide growth rate, helping to
form the thinnest oxide layer called the weak point in the next
section.

2.3. Weak points for leakage current

Figure 4(a) shows the most serious leakage location, which
was displayed as the light spot during EMMI (emission mi-
croscope) analysis. While a high voltage was biased at the in-
ner pad, a light spot appeared at the corner of the trench until
the isolation oxide of the deep trench suffered dielectric break-
down. Then, an SEM cross section of the SOI deep trench fol-
lowing the A–B direction was carried out, as shown in Fig.
4(b). Obviously, weak points which have the thinnest thermal
oxide are located at the region where active silicon, BOX and
poly silicon join with the thermal oxide. Therefore, weak points
labeled as c and d in Fig. 4(b) should be responsible for the
light spot in Fig. 4(a). Weak points or large leakage current
at these points are correlated with the oxide thinning effect at
the concave corners of the silicon. The oxide thinning effect
is caused by stress-dependent oxide growth at the convex and
concave corners of the trench structureŒ9�, and accelerated by
the previous laterally over-etching silicon, causing lower reac-
tive gas density and a worse exchange rate of oxygen gas at the
bottom. Because of these reasons for the isolation oxide thin-
ning effect, sharp corners of silicon and the thinnest isolation
oxide are formed. Sharp silicon corners will result in excess
stress and defects at the interface between the isolation oxide
layer and the silicon film during oxidation, ultimately faulted
joints. Moreover, the thinnest isolation oxide will flow through
most of the Fowler–Nordheim tunneling currentŒ10�. Therefore,
these weak points determine mainly the electrical isolation ca-
pability of the deep trench.

Figure 5 shows the distribution of the electrical field and
the electrostatic potential at the bottom of the trench following
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Fig. 5. Distribution of electrical field and electrostatic potential at the
bottom of the trench following the A–B direction simulated by a Sen-
taurus TCAD tool.

the A–B direction using a TCAD simulation tool. The crowd-
ing electrostatic potential lines lead to a strong electric field
at the bottom of the trench, as can be seen by two peak val-
ues in the simulation results. When the voltage bias is large
enough, such weak points are firstly closed to a critical elec-
trical field for Fowler–Nordheim tunnelingŒ10� and ultimately
dielectric breakdown. So the remarkable leakage current rise
and light spot at the trench corner during EMMI analysis can
be explained by the weak point.

3. Experimental results and discussion
To obtain superior isolation quality, increasing the isolation

oxide thickness and improving the isolation oxide quality at the
weak point have been proposed in prior workŒ7; 10; 11�. How-
ever, these methods aim to increase the energy budget and an-
nealing time, probably affecting the N or P well junction depth.
Based on the standard process conditions, feasible and effec-
tive ways of improving the isolation performance of the deep
trench without increasing the process cost is necessarily pro-
posed. According to the test results and the SEM analysis, etch-
ing the partial buried oxide layer can improve the weak point.
When low pressure TEOS was etched after the etching silicon
process, etching the partial buried oxide layer simultaneously
for 15%–25% of the thickness of the buried oxide layer can
accelerate oxide growth at the trench bottom. Etching partial
BOX moves the trench bottom down to promote more reactive
gas flowing through the silicon corner above the trench bot-
tom and accelerates the oxide growth at the weak point. Then
a thicker isolation oxide layer will be grown at points e and
f in Fig. 6. Here, the depth for etching the buried oxide layer
is given according to many test results, without decreasing the
vertical breakdown voltage of the SOI. Figure 6 shows an SEM
cross section of the SOI deep trench below which the BOX
(buried oxide layer) was etched for “L” �m. To compare the

Fig. 6. SEM cross section of the SOI trenchwith the partial BOXbeing
etched.
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Fig. 7. Leakage current as a function of sweep voltage for the new
recipe.

isolation performance of the different structures, the start point
of the remarkable leakage current rise is defined as the break-
down voltage. In Fig. 7, the breakdown voltage is improved for
15–20 V by etching the partial BOX recipe, comparing it with
the standard process in Table 1.

An additional sacrificial oxide process prior to thermal ox-
ide is also confirmed to be an effective approach. Figure 8
shows the I–V curves for the different process variants. For
the standard process with the standard isolation oxide thick-
ness in Table 1, the breakdown voltage is about 180 V, while
an increase of about 15 V can be clearly seen for the process
with additional sacrificial oxide and the standard isolation ox-
ide layer. This is because that sacrificial oxide process rounds
the surface of the sidewall and sharp silicon corners for uniform
distribution of the electrical field lines in the insulated oxide.
Thus, the peak value of the electrical field at the bottom of the
deep trench is lowered under the same voltage bias.

4. Conclusion

The weak point at the trench bottom is one of the key fac-
tors for leakage current through the deep trench on the SOI
wafer. Thinner isolation oxide at the weak point is crowded by
electrical field lines, increasing the Fowler–Nordheim tunnel-
ing current. There are two main reasons for forming the weak
points. One is over-etching silicon laterally at the bottom of the
trench caused by the fringe effect. The other is the slow growth
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Fig. 8. Leakage current as a function of voltage for different process
conditions.

rate of the thermal oxide for the concave silicon corner. Two
effective ways to restrain the formation of a weak point are also
proposed. It is concluded that etching the partial buried oxide
increases the isolation oxide thickness at the weak point and the
breakdown voltage has been improved by 15–20 V. Additional
sacrificial oxide smoothes the sharp corners on the surface of
the sidewall and trench bottom. Thus, the distribution of the
electrical field is more uniform at the silicon corners, leading
to a breakdown voltage higher than 200 V. The proposed new
trench isolation process has been verified in the foundry’s 0.5-
�m HV SOI technology. According to the optimized trench
process, desirable isolation capability of the deep trench satis-
fies 200 V power IC on the SOI wafer.

Acknowledgements
The authors would like to acknowledge the devices team

of Power IC R&D for their discussions, and Mr Wang Qin for
providing the wafer and test arrangement.

References
[1] Lee S, Bashir R. Modeling and characterization of deep trench

isolation structures. Microelectron J, 2001, 32(4): 295
[2] Patel R, Milam W, Cooley G, et al. 30 V Complementary bipolar

technology on SOI for high speed precision analog circuits. Pro-
ceedings of the IEEE Bipolar/BiCMOS Circuits and Technology
Meeting, 1997: 48

[3] Theolier L, Mahfoz-Kotb H, Isoird K, et al. A new junction termi-
nation using a deep trench filled with BenzoCycloButene. IEEE
Electron Device Lett, 2009, 30(6): 687

[4] Sarajlic E, Berenschot E, Krijnen G, et al. Versatile trench isola-
tion technology for the fabrication of microactuators. Microelec-
tron Eng, 2003, 67/68: 430

[5] Hutter L N, Goon J D, Yan S H, et al. Deep trench isolation with
surface contact to substrate. US Patent, 4980747. 1990-12-25

[6] Lerner R, Eckoldt U, Hoelke A, et al. Optimized deep trench iso-
lation for high voltage smart power process. Proceedings of the
17th international symposium on power semiconductor devices
& IC’s, 2005: 1

[7] Campbell S A. The science and engineering of microelectronic
fabrication. Oxford: Oxford University Press, 2001

[8] Xie X Q, Dai X H, Zhao X L, et al. The edge effect in high
power RIE and compensatory approach. Vacuum Electronics,
2005, 2005(2): 41

[9] Umimoto H, Odanaka S, Nakao I. Numerical simulation of stress-
dependent oxide growth at convex and concave corners of trench
structures. IEEE Electron Device Lett, 1989, 10(7): 330

[10] Lerner R, Heinz S, Eckolda U, et al. Time dependent isolation ca-
pability of high voltage deep trench isolation. Proceedings of the
20th International Symposium on Power Semiconductor Devices
& IC’s, 2008: 2005

[11] Clavelier L, Charlet B, Giffard B, et al. Deep trench isolation
for 600 V SOI power devices. Proceedings of the 33rd European
Solid-State Device Research, 2003: 497

124009-4


