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ELIMINATION OF WALKOUT IN HIGH VOLTAGE 
TRENCH ISOLATED DEVICES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the elimination of 
premature avalanche breakdown and subsequent breakdown 
voltage walkout in high voltage semiconductor devices, in 
particular, to eliminating premature initial breakdown and 
subsequent breakdown voltage walkout in trench isolated 
high voltage semiconductor devices by applying voltage 
directly to silicon adjacent to the trench isolating the device. 

[0003] 2. Description of the Related Art 

[0004] The phenomenon of breakdown voltage “walkout” 
can present a serious problem to semiconductor designs that 
must exhibit a ?xed initial breakdown voltage. De?ned 
simply, “walkout” is the alteration in the breakdown voltage 
of a semiconducting device that results from at least one 
prior occurrence of avalanche breakdown. 

[0005] FIGS. 1A-1F illustrate the phenomenon of walkout 
at the base-collector junction of a conventional LOCOS 
isolated NPN bipolar transistor. 

[0006] FIG. 1A illustrates a cross-sectional view of the 
base/collector PN junction 100 of a conventional NPN 
bipolar transistor. The NPN bipolar transistor includes ?eld 
oxide 102, a heavily doped p type base region 104, having 
base contact 106, and a lightly doped n type collector region 
108 having a collector contact 110. For ease of illustration, 
collector contact 110 is shown as being on the side of 
collector 108, rather than at its actual location at the silicon 
surface. 

[0007] As shown in FIG. 1B, when the base/collector PN 
junction is forward bias, a positive potential difference is 
applied between the base contact 106 and the collector 
contact 110. When the base/collector junction is biased in 
this manner, with the base contact at a more positive 
potential than the collector contact, holes 112 How from base 
104 to collector 108, and electrons 113 How from collector 
108 to base 104. 

[0008] As shown in FIG. 1C, when the base/collector PN 
junction is reverse biased, a negative potential difference is 
applied between the base contact 106 and collector contact 
110. When the base/collector junction is biased in this 
manner, with the collector contact at a more positive poten 
tial than the base contact, depletion region 114 in collector 
108 and depletion region 115 in base 104 are formed. The 
potential difference between collector contact 110 and base 
contact 106 is dropped across the adjacent depletion regions 
114-115. 

[0009] The thickness of depletion regions 114 and 115 
depends upon 1) the magnitude of the potential difference 
between collector contact 110 and base contact 106; and 2) 
the dopant concentrations of collector 108 and base 104. 
Because the dopant concentration of the collector (typically 
10M-1017 atoms/cm3), is generally lower than the dopant 
concentration of the base (typically 5><1017-1019 atoms/cm3) 
depletion region 114 formed in collector 108 is generally 
wider than depletion region 115 formed in base 104. 

[0010] Under the reverse biased conditions described 
above, only a very small reverse current ?ows through the 
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NPN transistor. However, if a large enough positive voltage 
difference is applied between collector contact 110 and base 
contact 106, avalanche breakdown of the PN junction will 
occur and substantial current will ?ow across the base/ 
collector PN junction 100. FIG. 1D illustrates avalanche 
breakdown of base/collector PN junction 100. 

[0011] Avalanche breakdown as shown in FIG. 1D is 
triggered when the electric ?eld at any point within the 
depletion regions 114-115 exceeds a certain critical value. 
The dopant concentrations of collector 108 and base 104, 
and the junction depth of base 104 are among the factors 
which determine how large the potential difference between 
collector contact 110 and base contact 106 can be before the 
critical electric ?eld is reached in any part of depletion 
regions 114-115. 

[0012] During avalanche breakdown, electrical charge 
carriers can acquire high energy and be injected into the ?eld 
oxide. These injected charge carriers can remain embedded 
and affect the conductivity of surrounding silicon regions. 

[0013] FIG. 1E shows a cross-sectional view of the base/ 
collector PN junction 100 following an avalanche break 
down event in which electrons 116 have been injected into 
the region 118 of ?eld oxide 102 immediately adjacent to 
base/collector PN junction 100. FIG. 1F illustrates that upon 
reverse-biasing base/collector PN junction 100 of FIG. 1E, 
embedded electrons 116 distort the shape of depletion region 
114. Their effect is to widen depletion region 114, and 
therefore, for a given potential difference between collector 
contact 110 and base contact 106, to reduce the peak electric 
?eld in the portion of depletion regions 114-115 adjacent to 
?eld oxide 102. Since the highest electric ?eld in depletion 
regions 114-115 usually is located close to where PN junc 
tion 100 intersects the interface between silicon and ?eld 
oxide 102, the embedded charge 116 has the effect of 
increasing the breakdown voltage of base/collector PN junc 
tion 100. 

[0014] To summariZe, following an initial avalanche 
breakdown that injects high energy carriers into an oxide, 
the breakdown voltage of a device can increase as the 
embedded carriers reduce the peak electric ?eld near the 
?eld oxide. 

[0015] The aforementioned increase in breakdown voltage 
is commonly known as “walkout”. Walkout is illustrated 
graphically in FIG. 2. FIG. 2 plots voltage versus current in 
a semiconductor device that is experiencing walkout. FIG. 
2 illustrates that following an initial avalanche breakdown 
event triggered by application of a ?rst initial breakdown 
voltage (BVinit), the voltage required to recreate avalanche 
breakdown is increased, or “walked out”, to a higher voltage 
(BVl). FIG. 2 shows that subsequent breakdown events can 
result in a cumulative increase in breakdown voltage (i.e. 
BVinit<BV2<BV3). 
[0016] Field plates have conventionally been used to 
increase PN junction breakdown voltages by reducing elec 
tric ?eld where a PN junction intersects an oxide/silicon 
interface. The use of a ?eld plate for this purpose is shown 
in FIGS. 3A-3B. 

[0017] FIG. 3A shows a cross-sectional view of the base/ 
collector PN junction 300 of an NPN bipolar transistor 
equipped with a conductive ?eld plate 301 having a ?eld 
plate contact 301a. Conductive ?eld plate 301 is in contact 
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With surface portion 319 of ?eld oxide 302 proximate to the 
?eld oxide/silicon interface 318. FIG. 3B shows that if ?eld 
plate contact 301A is held at the same potential as base 
contact 306, While base/collector PN junction 300 is reverse 
biased, the Width of depletion region 314 proximate to ?eld 
oxide/silicon interface 318 is increased. This reduces the 
peak electric ?eld in the portion of depletion region 314 
proximate to ?eld oxide/silicon interface 318, and therefore 
increases the breakdown voltage of base/collector PN junc 
tion 300. 

[0018] The effect of the ?eld plate is very similar to the 
effect of embedded negative charge shoWn in FIG. -F. 
Though the ?eld plate is usually electrically connected to 
base contact 306, it may be independently biased. As long as 
the bias on the ?eld plate is less positive than the bias on the 
collector contact 310, the effect Will be to increase the 
breakdoWn voltage of base/collector PN junction 300. 

[0019] FIGS 1A-1F and FIGS. 3A-3B depict only the 
base/collector junction of an NPN bipolar transistor. HoW 
ever, if trench isolation is used to isolate individual transis 
tors in an integrated circuit, the avalanche breakdoWn deter 
mining the highest collector voltage may occur initially not 
at the base/collector PN junction, but proximate to the 
trenches Which isolate the individual transistors. 

[0020] FIG. 4 illustrates a plan vieW of a high voltage 
trench isolated NPN bipolar transistor 400. High voltage 
trench isolated transistor 400 includes a heavily doped n 
type emitter region 402 having an emitter contact 404, 
formed Within p type base region 406 having base contact 
408. P type base region 406 is itself formed Within n type 
collector region 410 including n+ collector contact region 
411 having collector contact 412. High voltage NPN tran 
sistor 400 is electrically isolated from surrounding silicon 
421 by the trench isolation structure 422. 

[0021] If the surrounding silicon region 421 is at an 
electrical potential loWer than the potential applied to col 
lector contact 412, the potential difference betWeen sur 
rounding silicon 421 and collector contact 412 Will be 
dropped partly across trench isolation structure 422, and 
partly across space-charge regions formed in the silicon on 
either side of the trench (depleted or accumulated silicon 
present either in collector region 410 adjacent to the trench, 
or in surrounding silicon region 421 adjacent to the trench). 
The electric ?eld Will be strongest in the corners 408a. 

[0022] The precise mechanism causing premature break 
doWn at trench corners and subsequent breakdoWn voltage 
Walkout in trench isolated high voltage NPN transistor 400 
can be explained by reference to FIGS. 5A-5D and 6A-6E. 

[0023] FIGS. 5A-5D shoW cross-sectional vieWs of a 
portion of a generic trench isolated device that includes a 
border region 500 betWeen an n type doped area 510, a 
trench isolation structure 522, and surrounding silicon 521. 

[0024] FIG. 5A shoWs border region 500 With no potential 
difference applied betWeen n doped area 510 or surrounding 
silicon 521. FIG. 5B shoWs the application of a positive 
voltage to n doped area 510 While surrounding silicon 521 
remains at ground potential. Under these conditions, a 
depletion region 530 is formed in n type region 510 proxi 
mate to insulating trench 522. The potential difference 
applied betWeen the n-type region 510 and surrounding 
silicon region 521 is dropped partly across the trench 
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isolation structure 522, and partly across the depletion 
region 530, Which has a positive space charge because it is 
depleted of free electrons. Electron/hole pairs 532b-532a are 
thermally generated in depletion region 530. 

[0025] FIG. 5C shoWs that under the in?uence of the 
electric ?eld in depletion region 530, thermally generated 
holes 532a are sWept toWards the grounded surrounding 
silicon 521, While thermally generated electrons 532b are 
sWept toWards contact 512, Which is at a positive potential. 
Blocked by the insulating trench 522, the thermally gener 
ated holes 532a gather in an inversion layer 534 adjacent to 
insulating trench 522. As more holes gather in inversion 
layer 534, more of the applied voltage betWeen contact 512 
and surrounding silicon region 521 is dropped across insu 
lating trench 522, and correspondingly less of the applied 
voltage is dropped across depletion region 530. The Width of 
depletion region 530 decreases With the increased number of 
holes in inversion layer 534. 

[0026] FIG. 5D shoWs that eventually, When a steady state 
has been reached, enough holes gather in inversion layer 534 
so that essentially all of the applied voltage difference 
betWeen contact 512 and surrounding silicon 521 drops 
across trench isolation structure 522, and depletion layer 530 
is very narroW. The time required after application of a 
potential difference betWeen contact 512 and surrounding 
region 521 to reach a steady state depends on the thermal 
generation rate of electron/hole pairs in depletion layer 530. 
If the initial Width of depletion layer 530 is large enough to 
cause a ?eld higher than the critical ?eld for avalanche 
breakdoWn, the initial current transient Will be fast. HoW 
ever, after the peak ?eld in depletion layer 530 drops beloW 
the critical ?eld for avalanche breakdoWn, the current cre 
ated by generated electron/hole pairs is loW, meaning that 
the transient current Which builds up inversion layer 534 is 
sloW. After this transient, no steady-state current ?oWs. 

[0027] HoWever, such is not necessarily the case for a 
trench isolated high voltage NPN bipolar transistor. FIGS. 
6A-6E shoW cross-sectional vieWs of a portion of a trench 
isolated NPN bipolar transistor device that includes a border 
region 600 betWeen an n type doped area 610 having a p type 
base 602, a trench isolation structure 622, and surrounding 
silicon 621. 

[0028] FIG. 6A shoWs a cross-section of part of the 
transistor 600, With a p type base 604 contacted by a base 
contact 602. In FIG. 6A no potential is applied to the base 
contact 604, the collector contact 612, or the surrounding 
region 621. FIG. 6B shoWs a positive voltage applied to 
collector contact 612, surrounding region 621 at ground 
potential, and base contact 604 at a potential very close to 
ground. TWo depletion layers are formed Within the n type 
collector region 610: a depletion layer 630 adjacent to the 
sideWall of trench isolation structure 622, and a depletion 
region 631 adjacent to the p type base 602. 

[0029] FIG. 6C shoWs that if there is a positive potential 
difference betWeen collector contact 612 and base contact 
604, and betWeen collector contact 612 and surrounding 
region 621, electron/hole pairs 632b/a and 633b/a are ther 
mally generated in the depletion regions 630 and 631. In 
depletion region 630 adjacent to insulating trench 622, 
generated electrons 632b are sWept toWards the collector 
contact 612 and generated holes are sWept toWard the 
surrounding region 621. In depletion region 631, generated 
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electrons are swept toward the collector contact 612 and 
generated holes are sWept toWards the base region 602. If, 
for any given voltage on the collector contact 612, the peak 
electric ?eld in depletion region 630 is higher than the peak 
electric ?eld in depletion region 631, then avalanche break 
doWn Will occur in region 630 before it occurs in region 631. 

[0030] FIG. 6D illustrates the undesirable situation in 
Which avalanche breakdown occurs in depletion region 630 
adjacent to insulating trench 622, before it occurs in deple 
tion region 631 adjacent to base region 602. Although it is 
not shoWn on FIG. 6D, on sides of the transistor region 
Which do not have a heavily doped collector contact region 
adjacent to them, depletion regions 630 and 631 actually 
merge. Holes 632a Which are sWept to the insulating trench 
622 build up into an inversion layer 634 because they cannot 
pass through the insulating trench 622. This inversion layer 
is distributed over all four trench sideWalls. On sideWalls 
close to base 602, inversion layer 634 cannot build up to the 
extent that it did in FIG. 5D. This is because holes are 
continually sWept into base 602 since depletion region 631 
is continuous With depletion layer 630 Where no heavily 
doped collector contact region is interposed betWeen base 
602 trench isolation structure 622. In this situation there is 
a large continuous avalanche current betWeen collector 612 
and base 604, because an inversion layer 634 cannot build 
up to the extent necessary to drop most of the potential 
difference betWeen collector 612 and surrounding region 
621 across trench 622, rather than across depletion layer 
630. The electric ?eld in depletion region 630 remains high 
enough to cause continuing avalanche breakdoWn. 

[0031] In fact, the situation of FIG. 6D Will not continue 
inde?nitely. As shoWn in FIG. 6E, some avalanche gener 
ated holes 632a Will have enough energy to become embed 
ded in the oxide of insulating trench 622. This ?xed positive 
charge 636 Will increase the electric ?eld in insulating trench 
622 and decrease the electric ?eld in depletion region 630. 
The effect of this is a sloW increase in breakdoWn voltage, 
Which appears as a “Walkout”, as shoWn in FIG. 2. 

[0032] Given that the avalanche current described in 
FIGS. 6A-6E lasts until the breakdoWn voltage Walks out to 
the applied collector voltage, a process that can take several 
seconds or minutes, the premature breakdoWn described in 
FIGS. 6A-6E can be a serious problem in high voltage 
trench isolated NPN bipolar transistors. 

[0033] The above-described mechanism of Walkout in 
high voltage trench isolated NPN bipolar transistors is 
con?rmed by experimental evidence. One by-product of 
avalanche breakdoWn is the emission of infrared light. 
During breakdoWn of high voltage trench isolated NPN 
bipolar transistors as described in FIG. 4 and FIGS. 6A-6E, 
particularly high infrared intensities have been observed in 
the corners at the interface With the trench sideWalls. 

[0034] Therefore, there is a need in the art for methods and 
structures for eliminating breakdoWn voltage Walkout in 
high voltage trench isolated semiconductor devices. 

SUMMARY OF THE INVENTION 

[0035] The present invention relates to preventing Walkout 
in trench isolated semiconductor devices by biasing silicon 
adjacent to the trench isolation structure of the device. As a 
result of the direct application of voltage to adjacent silicon, 
premature breakdoWn at trench corners is prevented. 
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[0036] Voltage applied to the surrounding epitaxial silicon 
elevates the initial breakdoWn voltage of the device and 
eliminates Walkout by reducing the strength of the electric 
?eld betWeen the silicon of the device and the surrounding 
silicon. Speci?cally, application of a positive voltage to 
surrounding silicon that is equal to or more positive than the 
most positive potential occurring at the collector during 
normal operation of a high voltage trench isolated NPN 
bipolar transistor, ensures that no Walkout Will occur in the 
device. 

[0037] An isolation structure for a semiconductor device 
in accordance With one embodiment of the present invention 
includes a silicon material having a surface, a semiconductor 
device formed Within the silicon material, and a substan 
tially vertical trench isolation structure circumscribing the 
semiconductor device and extending from the surface of the 
silicon material to a depth into the silicon material. An 
electrical contact is positioned in the silicon material sur 
rounding the device at a location outside of the trench 
isolation structure. The contact for the surrounding silicon is 
disposed so as to permit the application of a bias voltage to 
semiconductor material outside of the trench isolation struc 
ture. This voltage bias signal is of suf?cient magnitude to 
maintain an electric ?eld across the trench isolation structure 
beloW the critical ?eld strength for avalanche breakdoWn. 

[0038] A better understanding of the features and advan 
tages of the present invention Will be obtained by reference 
to the folloWing detailed description and accompanying 
draWings that set forth an illustrative embodiment in Which 
the principles of the invention are utiliZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] FIGS. 1A-1F are cross-sectional vieWs of the base/ 
collector PN junction of a ?eld oxide isolated NPN bipolar 
transistor, illustrating the phenomenon of Walkout. 

[0040] FIG. 2 plots voltage versus current in a semicon 
ductor device that is experiencing Walkout. 

[0041] FIGS. 3A-3B are cross-sectional vieWs of the base/ 
collector PN junction of a ?eld oxide isolated NPN bipolar 
transistor that is equipped With a ?eld plate. 

[0042] FIG. 4 is top vieW of a trench isolated high voltage 
NPN bipolar transistor. 

[0043] FIGS. 5A-5D shoW cross-sectional vieWs of a 
portion of a generic trench isolated device that includes a 
border region betWeen an n type doped area, a trench 
isolation structure, and surrounding silicon. 

[0044] FIGS. 6A-6E shoW cross-sectional vieWs of a 
portion of a trench isolated NPN bipolar transistor device 
that includes a border region betWeen an n type doped area 
having a p type base, a trench isolation structure, and 
surrounding silicon. 

[0045] FIG. 7A is a top vieW of a trench isolated high 
voltage NPN bipolar transistor in accordance With a ?rst 
embodiment of the present invention. FIG. 7B is a cross 
sectional vieW along line A-A‘ of the trench isolated high 
voltage NPN bipolar transistor shoWn in FIG. 7A. FIG. 7C 
is a detailed cross-sectional vieW of the trench isolation 
structure shoWn in FIGS. 7A and 7B. 

[0046] FIG. 8A is a top vieW of an arrangement of 
adjacent trench isolated high voltage NPN bipolar transistors 
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in accordance With a second embodiment of the present 
invention. FIG. 8B graphically illustrates the percentage of 
the total perimeter of the trench isolated structure of FIG. 
8A that is bordered by the high voltage NPN transistors and 
the surrounding silicon. 

DETAILED DESCRIPTION 

[0047] FIG. 7A shoWs a top vieW of a trench isolated high 
voltage NPN bipolar transistor 700 in accordance With one 
embodiment of the present invention. Trench isolated high 
voltage NPN bipolar transistor 700 includes heavily doped 
n type 160 pm2 emitter region 702 having an emitter contact 
704, formed Within p type base region 706 having base 
contact 708. P type base region 706 is itself formed Within 
n type collector region 710 having n type collector contact 
region 711 and collector contact 712. 

[0048] NPN bipolar transistor 700 is electronically iso 
lated from surrounding epitaxial silicon 721 by conventional 
?eld oxide (not shoWn) and underlying trench isolation 
structure 721 comprising trench ?ll polysilicon layer 724 
sandWiched betWeen trench liner layers 723. Epitaxial sili 
con 721 surrounding high voltage device 700 bears epitaxial 
contact 740. 

[0049] FIG. 7B shoWs a cross-sectional vieW of high 
voltage bipolar transistor 700 along line A-A‘ of FIG. 7A. 
FIG. 7B reveals that bipolar transistor 700 is further isolated 
from underlying silicon 744 by horiZontal buried oxide layer 
742. 

[0050] FIG. 7C is a detailed cross-sectional vieW of 
trench isolation structure 722 shoWn in FIGS. 7A and 7B. 
Trench isolation structure 722 consists of substantially ver 
tical 1y Wide trench ?ll polysilicon layer 724 sandWiched 
betWeen trench liner layers 723, each trench liner layer 423 
comprising a substantially vertical 4700A Wide trench liner 
oxide layer 723a and a substantially vertical 0.2” Wide 
silicon nitride liner layer 723b that separates trench liner 
oxide layer 723a from adjacent trench ?ll polysilicon layer 
724. 

[0051] FIG. 7B shoWs that application of a positive volt 
age Vepi to contact 740 of surrounding epitaxial silicon 721 
elevates the initial breakdoWn voltage, and eliminates Walk 
out in high voltage trench isolated NPN bipolar transistor 
700. Speci?cally, grounding base contact 708 during appli 
cation of a positive voltage Vepi to contact 740 that is equal 
to or more positive than the most positive potential (V+) 
occurring at the collector 710 during normal operation of 
device 700, ensures that no Walkout Will occur. While a 
depletion region 750 Will form in collector 710 around base 
706, the positive voltage Vepj applied to the surrounding 
silicon 721 Will reduce the electric ?eld that arises betWeen 
n type collector 710 and surrounding silicon 721 When a 
positive bias is applied to n type collector 710. This reduced 
electric ?eld in turn inhibits the occurrence of avalanche 
breakdown. 

[0052] To summariZe: breakdown voltage is increased and 
Walkout prevented in a high voltage trench isolated NPN 
bipolar transistor by applying a positive voltage to the 
surrounding silicon outside of the trench. This positive bias 
reduces or eliminates the electric ?eld arising betWeen the 
high voltage collector and the formerly loW voltage epitaxial 
silicon surrounding the device. 
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[0053] Table 1 shoWs the initial Walkout voltage (BVinit) 
of high voltage NPN bipolar transistor 700, versus the 
voltage applied to the adjacent epitaxial silicon (Vepi). In 
table 1, BVinit is the same as the collector-emitter breakdoWn 
voltage Where the base is shorted to the emitter (BVceS) 

TABLE 1 

Vi; vs. BV-H-1 

v... (v) Bv... (v) 

—40 100 
0 140 

40 180 
100 225 

[0054] Table 1 reveals that increasing Vepi from 0V to 
+100V increases BVinit from 140V to 225V. By contrast, 
table 1 also reveals that decreasing Vepi from 0V to —40V 
loWers BVinit from 140V to 100V. 

[0055] FIG. 8A shoWs an arrangement of adjacent high 
voltage NPN bipolar transistors in accordance With a second 
embodiment of the present invention. FIG. 8B graphically 
illustrates the percentage of the total perimeter (combined 
exterior and interior) of the trench isolated structure of FIG. 
8A that is bordered by the adjacent high voltage NPN 
transistors and the surrounding epitaxial silicon. 

[0056] Adjacent high voltage trench isolated NPN bipolar 
transistors 800 and 825 each include a heavily doped n type 
160 pm2 emitter region 802 having an emitter contact 804, 
formed Within p type base region 806 having base contact 
808. P type base region 806 is itself formed Within n type 
collector region 810 including collector contact region 811 
having collector contact 812. 

[0057] High voltage NPN bipolar transistors 800 and 825 
share a common trench isolation structure 822. As shoWn in 
FIG. 8B, considering both the inner and outer perimeters of 
trench isolation structure 822, 28% is in electrical contact 
With each of the collectors 810 of high voltage trench 
isolated NPN bipolar transistors 800 and 825. The remaining 
44 -of the total perimeter of trench isolation structure 822 is 
in electrical contact With the surrounding epitaxial silicon 
821. 

[0058] Trench isolation structure 822 consists of a trench 
?ll polysilicon layer 824 sandWiched betWeen trench liner 
layers 823 that includes a trench oxide liner layer (not 
shoWn) and a silicon nitride liner layer (not shoWn). Where 
trench ?ll polysilicon layer 824 is not grounded, trench ?ll 
polysilicon layer 824 Will “?oat”. Since trench ?ll polysili 
con layer 824 is a conductor (albeit a poor one), ?oating 
trench ?ll polysilicon layer 824 achieves and maintains a 
uniform potential determined by the potential of all the 
silicon around it. 

[0059] Because of the interposition of trench ?ll polysili 
con layer 824 betWeen collector 810 and surrounding epi 
taxial silicon 821, the electric ?eld that gives rise to Walkout 
in adjacent high voltage trench isolated NPN bipolar tran 
sistors 800 and 825 is the ?eld that arises betWeen the 
respective NPN collectors 810 and the ?oating trench ?ll 
polysilicon layer 824. Therefore, the BVinit of high voltage 
trench isolated NPN bipolar transistor 800 can be raised in 
accordance With the present invention by positively biasing 
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the collector of adjacent transistor 825 (Vadj), While leaving 
surrounding epitaxial silicon 821 grounded. The increase in 
BVinit obtained by applying Vadj supplements any effect 
upon BVinit obtained by positively biasing the surrounding 
epitaxial silicon 821 With a Vepi. 

[0060] Table 2 shoWs the effect upon BVinit of high volt 
age trench isolated NPN bipolar transistor 800 resulting 
from the application of a variety of Vepi and Vadj voltage 
combinations. 

TABLE 2 

Effect Vepi, and Vadj, on BVinh. a 
Trench Liner Oxide Width = 4700A 

BVinit 
Combination Vep; (V) Vadj (V) (V) 

1 O O 120 
2 O 100 160 
3 100 O 190 
4 100 40 210 

[0061] Table 2 reveals that application of either Vadj or 
Vepi resulted in an increase of BVinit. Moreover, combined 
application of V6 i and Vadj raised BVinit to even higher 
levels than either Vepi or Vadj alone. 

[0062] Comparison of combinations 2 and 3 reveals that 
application of a 100V Vepi raised BVinit more (+70V) than 
application of a 100V Vadj (+4OV). The larger impact of Vepi 
versus Vadj is likely due to the larger amount of the total 
perimeter of trench isolation structure 822 exposed to Vepi 
(44%) than exposed to Vadj (28%). This conclusion is 
roughly con?rmed by comparing the ratio of the exposed 
trench perimeter to the ratio in increase in BVinit: 

% perimeter exposed to VEp; .44 1 57 1 75 +70 V 
% perimeter exposed to Vadj _ _ ' ~ ' _ +4OV 

[0063] The various features of the present invention have 
been illustrated With regard to a trench isolated high voltage 
NPN bipolar transistor in accordance With one embodiment 
of the present invention. HoWever, the features and advan 
tages offered by the structures and methods of the present 
invention should not be limited to this particular embodi 
ment. 

[0064] For example, While the particular embodiment of 
an NPN bipolar transistor in accordance With the present 
invention is illustrated by the application of voltage to 
adjacent epitaxial silicon, the present invention is equally 
applicable to control Walkout by biasing non-epitaxial sili 
con, such as the single crystal silicon of a silicon substrate. 

[0065] And While the particular embodiment of the present 
invention is illustrated by the application of bias to control 
Walkout in an NPN bipolar transistor, the present invention 
is also applicable to control Walkout in a corresponding PNP 
bipolar transistor. Of course, the PNP transistor structure 
Would have relative voltages and conductivity types 
reversed as compared With NPN bipolar transistor 500 
described above in connection With FIGS. 5 and 6. 

[0066] Moreover, the present invention is not limited to 
controlling Walkout in high voltage bipolar transistor 
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devices. Other semiconductor structures requiring trench 
isolation, such as high voltage CMOS and DMOS devices, 
may also be suitable for isolation utiliZing the methods and 
structures in accordance With the present invention. 

[0067] Therefore, it is intended that the folloWing claims 
de?ne the scope of the invention, and that methods and 
structures falling Within the scope of these claims and their 
equivalents be covered thereby. 

What is claimed is: 
1. An isolation structure for a semiconductor device 

comprising: 

a silicon material having a surface; 

a semiconductor device formed Within the silicon mate 

rial; 

a substantially vertical trench isolation structure circum 
scribing the semiconductor device and extending from 
the surface of the silicon material to a depth into the 
silicon material; and 

an electrical contact positioned in the silicon material at a 
location outside of the trench isolation structure, the 
electrical contact disposed so as to permit the applica 
tion of a bias voltage to semiconductor material outside 
of the trench isolation structure suf?cient to maintain an 
electric ?eld across the trench isolation structure beloW 
a predetermined value. 

2. The isolation structure of claim 1 further including a 
horiZontal oxide layer formed beloW the surface of the 
silicon material and intersecting the trench isolation struc 
ture. 

3. The isolation structure of claim 2 Wherein the trench 
isolation structure further includes a substantially vertical 
polysilicon ?ll layer sandWiched betWeen substantially ver 
tical trench liner oxide layers. 

4. The isolation structure of claim 3 Wherein the substan 
tially vertical polysilicon ?ll layer is ?oating. 

5. The isolation structure of claim 3 Wherein the trench 
isolation structure further includes a ?eld oxide formed at 
the surface of the silicon material and circumscribing the 
semiconductor device, the trench isolation structure extend 
ing from a bottom portion of the ?eld oxide into the silicon 
material. 

6. The isolation structure of claim 3 Wherein the semi 
conductor device formed Within the silicon material is a 
bipolar transistor including an emitter, a base, and a collec 
tor. 

7. The isolation structure of claim 6 Wherein the semi 
conductor device is an NPN bipolar transistor. 

8. A method for preventing premature breakdoWn and 
subsequent breakdoWn voltage Walkout in a trench isolated 
semiconductor device, the method comprising: 

providing a trench isolated semiconductor device includ 
ing, 

a semiconductor material having a surface, and 

an electrically insulating trench isolation structure 
extending from the surface of the semiconductor 
material into the semiconductor substrate, the trench 
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isolation structure de?ning an interior portion of 11. The method of claim 9, Wherein the step of providing 
sethteohduetor material ahd ah exterior Portioh Of a trench isolated semiconductor device includes providing a 
Semlconductor mammal; and trench isolated NPN bipolar transistor; and 

applying a bias voltage to the exterior portion of semi- _ _ _ _ 
conductor material, the bias voltage suf?cient to main- the _Step of applymg a b1aS_V°1tage mcludes apptymg the 
tam an electric ?eld across the trench below a prede_ bias voltage to the exterior portion of the semiconduc 
termihed Value tor material such that the bias voltage is equal to or 

9_ The Inethed of Claim 8, wherein the Step of providing more positive than the mostpositive potential occurring 
a trench isolation structure includes providing a trench at a Collector terthihal of the NPN bipolar trahsistor 
isolation structure including a substantially vertical polysili- during OPfIIaIiOH 0f the NPN bipolar tfaIlSiStOr 
con ?ll layer sandWiched betWeen substantially vertical 12' The method of Claim 11, wherein the step of providing 
trench liner OXide layers- a trench isolated semiconductor device includes providing a 

10- The InethOd 0f Claim 9, wherein the step 0f applying semiconductor material comprising epitaxial silicon, and 
a bias voltage includes applying the bias voltage to the 
exterior portion of the semiconductor material such that the the Step of applyihg a bias Voltage ihehldes applyihg a 
bias Voltage is equal t0 or more positive than the most bias voltage of at least +40 volts to the exterior portion 
positive potential occurring in the interior portion of the of the Sethieohduetor thateriat 
silicon during normal operation of the trench isolated semi 
conductor device. * * * * * 


