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(57) ABSTRACT 

A semiconductor layer (10) provided on a BOX (buried 
oxide) layer (2) includes a ?rst P-type region (11), an 
N+-type region (12), and an N_-type region (13) Which 

(73) Assignee: MITSUBISHI DENKI KABUSI'IIKI together form a diode. Aplurality of second P-type regions 
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_ layer (10). A plurality of insulating oxide ?lms (21) are 
(21) Appl' NO" 11/134’352 interposed betWeen the plurality of second P-type regions 

. _ (14). When the diode is in a reverse-biased state, the second 
(22) Flled' May 23’ 2005 P-type region (14) directly beloW the N+-type region (12) is 

R l t d Us A l- t- D t approximately the same in potential as the N+-type region 
e a e pp lca Ion a a (12). The second P-type region (14) Will be loWer in 

(62) Division of application NO_ 10/655,037, ?led on Sep potential relative to this second P-type region (14) directly 
5 2003 HOW Pat NO_ 6 921 945 beloW the N+-type region (12), as the second P-type region 

’ ’ ’ ’ (14) gets nearer to the ?rst P-type region (11). Electric ?eld 

(30) Foreign Application Priority Data concentration can thus be relaxed at an interface betWeen the 
semiconductor layer (10) and the BOX layer (2), Whereby 

May 12, 2003 (JP) .................................... .. 2003-132756 improvement in breakdown voltage of the diode is realized. 
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SEMICONDUCTOR DEVICE WITH STRUCTURE 
FOR IMPROVING BREAKDOWN VOLTAGE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device With an SOI (semiconductor-on-insulator) structure. 

[0003] 2. Description of the Background Art 

[0004] A Well-knoWn semiconductor device With an SOI 
structure comprises a BOX (buried oxide) layer provided on 
a silicon substrate, and a semiconductor layer provided on 
the BOX layer. As an example of a diode Which is formed 
in the semiconductor layer on the BOX layer, a PiN diode 
structure is generally knoWn Which includes a P-type region 
as an anode, an N+-type region as a cathode, and an N_-type 
region betWeen the P-type region and the N+-type region. An 
exemplary structure of Which is introduced in Japanese 
Patent Application Laid-Open No. 6-188438 (1994) or US. 
Pat. No. 5,485,030. As a precondition for improving a 
breakdown voltage of a diode having such a structure, even 
When the N_-type region is in a completely depleted state, 
avalanche breakdoWn should be prevented in an area of an 
element having a maximum electric ?eld. 

[0005] When such a diode is brought to a state in Which 
the P-type region (anode) and the silicon substrate are at 0 
V, and a positive voltage is applied to the N+-type region 
(cathode) (Which state Will be referred to as a “reverse 
biased state”), a depletion layer at pn junction betWeen the 
P-type region and the N_-type region is caused to extend, 
entering into the N_-type region. Supposing that the anode 
and the cathode are spaced With a suf?cient distance ther 
ebetWeen, the silicon substrate under the BOX layer is 
operative to serve as a ?eld plate, thereby causing a deple 
tion layer at a boundary betWeen the N_-type region and the 
BOX layer to extend, further entering into the N_-type 
region. The extension of the latter depletion layer facilitates 
the extension of the former depletion layer. As a result, an 
electric ?eld is relaxed at the pn junction betWeen the 
N_-type region and the P-type region, Which effect is gen 
erally called as RESURF (reduced surface ?eld) effect. The 
conditions for the depletion layer to extend from the bound 
ary betWeen the N_-type region and the BOX layer into the 
N_-type region are called as RESURF conditions. 

[0006] When the RESURF conditions are satis?ed, local 
iZed concentration of an electric ?eld is relaxed in an active 
layer, Whereby the electric ?eld exhibits a distribution 
suitable for improving a breakdoWn voltage. In this case, the 
diode bears a breakdoWn voltage Which depends on ava 
lanche breakdoWn occurring at an interface betWeen the 
N_-type region and the BOX layer, in an area directly beloW 
the N+-type region. That is, the breakdoWn voltage of the 
diode is determined by the sum of voltage drops caused by 
the electric ?eld in the N_-type region and the BOX layer, 
in the region directly beloW the N+-type region. Especially, 
the BOX layer experiences an extremely large voltage drop, 
signi?cantly exerting an in?uence on the breakdoWn voltage 
of the diode as a Whole. In response, as a Way to obtain a 
high breakdoWn voltage of a semiconductor device as dis 
closed in Japanese Patent Application Laid-Open No. 
6-188438 (1994) or US. Pat. No. 5,485,030, the present 
inventor has suggested increase in thickness of the BOX 
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?lm, or provision of a region in the BOX layer having a loW 
dielectric constant such as a vacuum layer. 

[0007] Increase in thickness of the BOX layer may be the 
most realistic Way to provide a high breakdoWn voltage of 
a semiconductor device. On the other hand, it Will be harder 
to obtain RESURF effect as the BOX layer increases in 
thickness, causing difficulty in bringing a bottom part of the 
N_-type region on the side of the anode to a depleted state. 
In order to obtain a high breakdoWn voltage of 1000 V or 
more, the BOX layer should be 6 pm or more in thickness. 
In terms of manufacturing process and manufacturing ef? 
ciency, hoWever, the maximum possible thickness of the 
BOX layer is around 4 pm. 

[0008] As another Way to improve a breakdoWn voltage of 
a semiconductor element, provision of surface asperities to 
the BOX layer, or provision of a ?oating electrode Within the 
BOX layer, has been suggested. An exemplary technique of 
Which is introduced in Japanese Patent Application Laid 
Open No. 8-88377(1996). 

[0009] As still another Way to improve a breakdoWn 
voltage of a semiconductor device, an SIPOS (semi-insu 
lating polysilicon) layer may be provided to the bottom part 
of the N_-type region, an exemplary technique of Which is 
introduced in “NeW 1200 V MOSFET Structure on SOI With 
SIPOS Shielding Layer”, Proceedings of 1998 International 
Symposium on PoWer Semiconductor Devices & ICs, pp. 
25-28. The SIPOS layer has a high resistance capable of 
controlling a mobility of electric charges therein to a mini 
mum possible degree. The SIPOS layer is charged according 
to the electric ?eld applied thereto, is operative to shield the 
electric ?eld. Further, the SIPOS layer has such a distribu 
tion of electric charges that the strength of the electric ?eld 
applied thereto is Weakened. Due to the loW mobility of 
electric charges, electric charges induced into the SIPOS 
layer are hard to provide such an energy level that an 
avalanche phenomenon occurs. 

[0010] In a diode including the SIPOS layer, electric ?eld 
concentration in the N_-type region is relaxed, eventually 
producing an approximately uniform electric ?eld distribu 
tion that is similar to the distribution obtained by a one 
dimensional PiN diode. At this time, in the area directly 
beloW the N+-type region, electric ?eld is generated mostly 
in the BOX layer. That is, in the area directly beloW the 
N+-type region, voltage drop occurs mostly in the BOX 
layer. As a result, the diode including the SIPOS layer is 
theoretically alloWed to have a breakdoWn voltage of up to 
the breakdoWn voltage of the BOX layer. 

[0011] As discussed, increase in thickness of the BOX 
may be the most realistic Way for improving a breakdoWn 
voltage of a semiconductor device With an SOI structure, on 
Which constraints are imposed by manufacturing process 
and manufacturing ef?ciency. 

[0012] As discussed, surface asperities may be provided to 
the BOX layer as taught by Japanese Patent Application 
Laid-Open No. 8-88377 (1996). When a diode provided on 
this BOX layer is brought to a reverse-biased state, an 
inversion layer is formed at recesses of the surface asperities 
of the BOX layer for Weakening the electric ?eld strength of 
a semiconductor element. This develops a strong electric 
?eld around the bottom surface of a semiconductor layer 
including the diode formed therein, possibly producing a 
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transient avalanche phenomenon at the interface betWeen the 
semiconductor layer and the BOX layer thereunder. Such a 
phenomenon leads to an initial leakage current or variation 
in breakdown voltage. For this reason, the semiconductor 
element provided With surface asperities on the BOX layer 
is unsuitable for maintaining a dynamic voltage level. The 
BOX layer may alternatively be provided With a ?oating 
electrode, in Which case this ?oating electrode should be 
charged by applying a high voltage to the semiconductor 
device in advance to produce an avalanche phenomenon. 

[0013] Still as discussed, provision of an SIPOS ?lm over 
the BOX layer also leads to improvement in breakdown 
voltage of a semiconductor device. In contrast to a single 
crystal, hoWever, carriers of the SIPOS ?lm are generally at 
an intermediate energy level, Which fact causes carrier 
excitation. As a semiconductor element rises in temperature, 
the SIPOS ?lm decreases in resistivity, leading to a heavy 
loss of energy caused by a leakage current. This means that 
a tolerance to high temperature, as one of the great advan 
tages of an SOI structure, suffers restraints. In addition, the 
SIPOS ?lm provides a loW carrier mobility, disadvanta 
geously affecting transient response characteristic. That is, 
speed of polariZation cannot be responsive to voltage appli 
cation. 

SUMMARY OF THE INVENTION 

[0014] In a semiconductor device With an SOI structure, it 
is an object of the present invention to improve a breakdoWn 
voltage Without causing the problem resulting from a leak 
age current or degradation of a transient response charac 
teristic. 

[0015] The present invention is intended for a semicon 
ductor device including a semiconductor substrate, a ?rst 
insulating ?lm provided on the semiconductor substrate, and 
a ?rst semiconductor layer provided on the ?rst insulating 
?lm. The ?rst semiconductor layer includes a ?rst region of 
a ?rst conductivity type, a second region of a second 
conductivity type having a relatively loW resistance, and a 
third region of the second conductivity type having a rela 
tively high resistance. The third region is de?ned betWeen 
the ?rst region and the second region. 

[0016] According to a ?rst aspect of the present invention, 
the semiconductor device includes a plurality of fourth 
regions of the ?rst conductivity type, and a second insulating 
?lm provided betWeen the plurality of fourth regions. The 
plurality of fourth regions are provided on a bottom part of 
the ?rst semiconductor layer. The second insulating ?lm 
stands upright on the ?rst insulating ?lm. 

[0017] According to a second aspect of the present inven 
tion, the semiconductor device includes a plurality of con 
ductive ?lms provided at least on one side of the ?rst 
insulating ?lm, and a third insulating ?lm. The third insu 
lating ?lm isolates the plurality of conductive ?lms from 
each other, and isolates the plurality of conductive ?lms 
from the semiconductor substrate and/or from the ?rst 
semiconductor layer. 

[0018] According to a third aspect of the present inven 
tion, the semiconductor device includes a plurality of con 
ductive ?lms provided in the ?rst insulating ?lm. The 
plurality of conductive ?lms are isolated from each other. A 
predetermined voltage can be applied from outside to each 
one of the plurality of conductive ?lms. 
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[0019] According to a fourth aspect of the present inven 
tion, the semiconductor device includes a fourth insulating 
?lm provided on a side surface of the ?rst semiconductor 
layer, and a voltage dividing element provided along the ?rst 
semiconductor layer While holding the fourth insulating ?lm 
therebetWeen. The voltage dividing element divides a volt 
age across the ?st region and the second region in a 
multistep process. 

[0020] According to a ?fth aspect of the present invention, 
the semiconductor device includes a plurality of ?fth regions 
of the ?rst conductivity type provided in the ?rst semicon 
ductor layer With a certain distance therebetWeen, and a 
plurality of ?fth insulating ?lms standing upright on the ?rst 
insulating ?lm With a certain distance therebetWeen. The 
plurality of ?fth regions reach a bottom surface of the ?rst 
semiconductor layer. The plurality of ?fth insulating ?lms 
are provided to respective ones of the plurality of ?fth 
regions, at least closer to the ?rst region than the plurality of 
?fth regions. 

[0021] According to a siXth aspect of the present inven 
tion, the semiconductor device includes a siXth insulating 
?lm provided on a bottom part of the ?rst semiconductor 
layer, an electrode connected to the second region, and a 
siXth region provided in the ?rst semiconductor layer to be 
connected to the electrode. The siXth insulating ?lm stands 
upright on the ?rst insulating ?lm. 

[0022] Electric ?eld concentration can be relaXed at a 
boundary betWeen the ?rst semiconductor layer and the ?rst 
insulating ?lm, and more speci?cally, at a boundary ther 
ebetWeen in a doWnWard direction With respect to the second 
region. As a result, the breakdoWn voltage of the semicon 
ductor device can be improved. Further, the mechanism for 
improving a breakdoWn voltage does not cause an avalanche 
phenomenon. This means there Will be no initial leakage 
current or variation in breakdoWn voltage involved With 
application of a voltage, Whereby the semiconductor device 
of the present invention can suitably be applied for main 
taining a dynamic voltage level. Still further, there Will be no 
degradation of a transient response characteristic to voltage 
application. 

[0023] These and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIGS. 1 and 2 illustrates a con?guration of a 
semiconductor device according to a ?rst preferred embodi 
ment of the present invention; 

[0025] FIG. 3 shoWs an electric ?eld distribution in a 
directly doWnWard direction With respect to a cathode of the 
semiconductor device according to the ?rst preferred 
embodiment of the present invention; 

[0026] FIGS. 4 through 7 illustrate steps of manufactur 
ing a semiconductor device according to the ?rst preferred 
embodiment of the present invention; 

[0027] FIG. 8 illustrates a modi?cation of the ?rst pre 
ferred embodiment of the present invention; 
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[0028] FIG. 9 illustrates a con?guration of a semiconduc 
tor device according to a second preferred embodiment of 
the present invention; 

[0029] FIG. 10 shoWs an electric ?eld distribution in a 
directly doWnWard direction With respect to a cathode of the 
semiconductor device according to the second preferred 
embodiment of the present invention; 

[0030] FIG. 11 illustrates a step of manufacturing a semi 
conductor device according to the second preferred embodi 
ment of the present invention; 

[0031] FIG. 12, 13A and 13B each illustrate a modi?ca 
tion of the second preferred embodiment of the present 
invention; 
[0032] FIGS. 14 and 15 illustrate a con?guration of a 
semiconductor device according to a third preferred embodi 
ment of the present invention; 

[0033] FIGS. 16 through 18 each illustrate a modi?cation 
of the third preferred embodiment of the present invention; 

[0034] FIG. 19 illustrates a con?guration of a semicon 
ductor device according to a fourth preferred embodiment of 
the present invention; 

[0035] FIGS. 20 and 21 each illustrate a modi?cation of 
the fourth preferred embodiment of the present invention; 

[0036] FIG. 22 illustrates a con?guration of a semicon 
ductor device according to a ?fth preferred embodiment of 
the present invention; 

[0037] FIG. 23 shoWs an electric ?eld distribution in a 
directly doWnWard direction With respect to a cathode of the 
semiconductor device according to the ?fth preferred 
embodiment of the present invention; 

[0038] FIG. 24 illustrates a con?guration of a semicon 
ductor device according to a sixth preferred embodiment of 
the present invention; and 

[0039] FIG. 25 shoWs an electric ?eld distribution in a 
directly doWnWard direction With respect to a cathode of the 
semiconductor device according to the sixth preferred 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] In the preferred embodiments to be described 
beloW, a PiN diode is described as a semiconductor element 
to Which the present invention is applied. HoWever, the 
applicability of the present invention is not limited to a PiN 
diode. The present invention can be Widely applied to other 
types of semiconductor elements including the equivalent 
structure such as an MOSFET, an IGBT, a bipolar transistor, 
and the like. 

First Preferred Embodiment 

[0041] FIGS. 1 and 2 are a sectional vieW and a top vieW, 
respectively, for illustrating a con?guration of a semicon 
ductor device according to a ?rst preferred embodiment of 
the present invention. In the top vieW, an anode electrode 5 
and a cathode electrode 6 are omitted for simpli?cation. As 
shoWn in FIGS. 1 and 2, the semiconductor device has an 
SOI structure comprising a silicon substrate 1, a BOX 
(buried oxide) layer 2 as a ?rst insulating ?lm, and a 
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semiconductor layer 10 (?rst semiconductor layer). The 
semiconductor layer 10 includes a ?rst P-type region 11 as 
a ?rst region of a P type (?rst conductivity type), an N+-type 
region 12 as a second region of an N type (second conduc 
tivity type) having a relatively loW resistance, and an 
N_-type region 13 as a third region of the N type having a 
relatively high resistance. The N_-type region 13 is de?ned 
betWeen the P-type region 11 and the N+-type region 12. 
That is, the semiconductor layer 10 constitutes a PiN diode 
including the ?rst P-type region 11 as an anode, and the 
N+-type region 12 as a cathode. An isolation oxide ?lm 3 is 
provided around the PiN diode, to isolate the PiN diode from 
other elements. A rear electrode 4 is provided on a back 
surface of the silicon substrate 1. Further, the anode elec 
trode 5 and the cathode electrode 6 are provided on the ?rst 
P-type region 11 and on the N+-type region 12, respectively. 

[0042] The semiconductor device of the ?rst preferred 
embodiment is provided With a plurality of second P-type 
regions 14 as fourth regions of the P type at the bottom part 
of the semiconductor layer 10. The second P-type regions 14 
are arranged in a space including the area directly beloW the 
N+-type region 12. Aplurality of insulating oxide ?lms 21 as 
second insulating ?lms are provided betWeen the second 
P-type regions 14, standing upright on the BOX layer 2. 
With reference to FIG. 2, the insulating oxide ?lms 21 are 
interposed betWeen the plurality of second P-type regions 
14, in the space de?ned the ?rst P-type region 11 and the 
N+-type region 12. In FIGS. 1 and 2, the part including the 
second P-type regions 14 and the insulating oxide ?lms 21 
is shoWn to cover only a part of the bottom surface of the 
semiconductor layer 10. Such a part may alternatively cover 
the entirety of the bottom surface of the semiconductor layer 
10. 

[0043] The second P-type regions 14 are held in a ?oating 
state. When the diode is brought to a reverse-biased state in 
Which the anode (?rst P-type region 11) and the silicon 
substrate 1 are at 0V, and a positive voltage is applied to the 
cathode (N+-type region 12), the potential of the second 
P-type region 14 Will be higher as the second P-type region 
14 gets nearer to the N+-type region 12. That is, the second 
P-type region 14 directly beloW the N+-type region 12 is 
approximately the same in potential as the N+-type region 
12. The potential of the second P-type region 14 Will be 
loWer relative to this second P-type region 14 directly beloW 
the N+-type region 12, as the second P-type region 14 gets 
nearer to the ?rst P-type region 11. 

[0044] FIG. 3 shoWs an electric ?eld distribution at this 
stage in a directly doWnWard direction With respect to the 
N+-type region 12. Reference characters d1 through d5 of 
FIG. 3 correspond to those indicated in FIG. 1. As seen 
from FIG. 3, in the space betWeen the N+-type region 12 and 
the silicon substrate 1, an electric ?eld is generated mostly 
in the BOX layer 2. This means the semiconductor device is 
theoretically alloWed to have a breakdoWn voltage of up to 
the breakdoWn voltage of the BOX layer 2, Whereby a diode 
structure having a breakdoWn voltage of 1000 V or more can 
be realiZed. The second P-type regions 14 are positively 
charged state When in a reverse-biased state. Due to the 
existence of the BOX layer 2 and the insulating oxide ?lms 
21 on the side of electric ?led directions of the second P-type 
regions 14 (on the side of the silicon substrate 1 and the ?rst 
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P-type region 11, respectively), electric charges cannot 
move from the second P-type regions 14. As a result, no 
avalanche breakdown occurs. 

[0045] Assuming that the second P-type regions 14 are 
omitted from FIG. 1, in Which case a strong electric ?eld is 
developed around the bottom surface of the semiconductor 
layer 10, an avalanche phenomenon is produced at the 
interface betWeen the N_-type region 13 and the BOX layer 
2. Carriers of a hole current resulting from this avalanche 
phenomenon accumulate on the bottom surface of the 
N_-type region 13, thereby forming a P-type inversion layer 
that is operative in the same manner as the second P-type 
regions 14. Even in the absence of the second P-type regions 
14, this inversion layer seemingly leads to improvement in 
breakdoWn voltage. HoWever, this inversion layer cannot 
suitably be applied for maintaining a dynamic voltage level, 
as an initial leakage current or variation in breakdoWn 
voltage is caused by the avalanche phenomenon. In contrast, 
in the ?rst preferred embodiment, the existence of the 
second P-type regions 14 previously provided on the bottom 
surface of the N_-type region 13 avoids such problems. 

[0046] Similar to the semiconductor device as discussed in 
the description of the background art, the semiconductor 
device of the ?rst preferred embodiment is formed only by 
single-crystalline silicon and oxide ?lms thereof. The semi 
conductor device of the ?rst preferred embodiment thus 
bears the similar characteristics (including a temperature 
characteristic of a leakage current and a transient response 
characteristic) to those of the background-art semiconductor 
device, Which device has the con?guration obtained by 
omitting the second P-type regions 14 and the insulating 
oxide ?lms 21 from the con?guration shoWn in FIG. 1. That 
is, the ?rst preferred embodiment does not cause degrada 
tion of a transient response characteristic as a result of 
provision of an SIPOS ?lm on a BOX layer With the 
intention of improving a breakdoWn voltage. 

[0047] Next, the method of forming the semiconductor 
device of the ?rst preferred embodiment Will be described. 
In a ?rst Way, the semiconductor layer 10 is formed in tWo 
stages. With reference to FIG. 4, the ?rst stage includes 
deposition of the semiconductor layer 10 to a thickness of t1, 
trench etching and oxide deposition to form the insulating 
oxide ?lms 21, and ion implantation to form the second 
P-type regions 14. The second stage includes groWth of the 
semiconductor layer 10 to a thickness of t2 (FIG. 5), trench 
etching and oxide deposition to form the isolation oxide ?lm 
3, and ion implantation to form the ?rst P-type region 11, the 
N+-type region 12, and the N_-type region 13 (FIG. 6). 

[0048] In a second Way, the semiconductor layer 10 is 
provided in advance With the second P-type regions 14 and 
the insulating oxide ?lms 21, Which is then bonded to the 
BOX layer 2 as shoWn in FIG. 7. After bonding, formation 
of the isolation oxide ?lm 3, the ?rst P-type region 11, the 
N+-type region 12, and the N_-type region 13 also folloW as 
described in the ?rst Way With reference to FIG. 6. 

[0049] In the ?rst preferred embodiment, With reference to 
FIG. 2, a plurality of stripes arranged in juxtaposition form 
the second P-type regions 14. The second P-type regions 14 
may have an alternative pattern. By Way of example, the 
second P-type regions 14 may include a plurality of blocks, 
Which pattern produces the same effect as obtained by the 
pattern With a plurality of stripes. When these blocks of the 
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pattern are uniformly arranged on the bottom part of the 
semiconductor layer 10, the pattern design of the second 
P-type regions 14 can be easier than the design of the pattern 
With stripes Which requires consideration for orientation of 
each stripe. Further, When the blocks are entirely provided 
on the bottom part of the semiconductor layer 10, no mask 
alignment is required With the pattern of the insulating oxide 
?lms 21 in the formation of the second P-type regions 14, 
resulting in simpli?cation of manufacturing process. 

Second Preferred Embodiment 

[0050] FIG. 9 illustrates a con?guration of a semiconduc 
tor device according to a second preferred embodiment of 
the present invention. In FIG. 9, the same constituent 
elements as those shoWn in FIG. 1 are designated by the 
same reference numerals, and the detailed description 
thereof is omitted here. With reference to FIG. 9, the 
semiconductor device of the second preferred embodiment 
includes an insulating oxide ?lm 22 provided on the second 
P-type regions 14 of the semiconductor device as described 
in the ?rst preferred embodiment. The insulating oxide ?lm 
22 is operative to isolate the second P-type regions 14 from 
the PiN diode including the ?rst P-type region 11, the 
N+-type region 12, and the N_-type region 13. 

[0051] In other Words, in the semiconductor device of the 
second preferred embodiment, a second semiconductor layer 
including the second P-type regions 14 is provided as a 
conductive ?lm on the side of the upper surface of the BOX 
layer 2. The insulating oxide ?lms 21 are interposed between 
the plurality of second P-type regions 14, While isolating the 
second P-type regions 14 from each other. The insulating 
oxide ?lm 22 is operative to isolate the second P-type 
regions 14 from the ?rst semiconductor layer. That is, the 
insulating oxide ?lms 21 and 22 are operative to serve as 
third insulating ?lms. 

[0052] Although not indicated, a predetermined voltage 
can be applied from outside to each one of the plurality of 
second P-type regions 14. 

[0053] The application of a voltage from outside to the 
second P-type regions 14 is performed in such a manner that, 
in a reverse-biased state, the second P-type region 14 
directly beloW the N+-type region 12 Will be approximately 
the same in potential as the N+-type region 12, and that the 
potential of the second P-type region 14 Will be loWer 
relative to this second P-type region 14 directly beloW the 
N+-type region 12 as the second P-type region 14 gets nearer 
to the ?rst P-type region 11. That is, the second preferred 
embodiment provides a voltage distribution in the second 
P-type regions 14 similar to the one obtained in the ?rst 
preferred embodiment. 

[0054] FIG. 10 shoWs an electric ?eld distribution at this 
stage in a directly doWnWard direction With respect to the 
N+-type region 12. Similar to the ?rst preferred embodi 
ment, in the space betWeen the N+-type region 12 and the 
silicon substrate 1, an electric ?eld is generated mostly in the 
BOX layer 2. This alloWs improvement in breakdoWn volt 
age of a semiconductor device. The second preferred 
embodiment also avoids increase in leakage current and 
degradation of a transient response characteristic as dis 
cussed in the ?rst preferred embodiment. 

[0055] Next, the method of forming the semiconductor 
device of the second preferred embodiment Will be 
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described. The ?rst and second Ways as discussed in the ?rst 
preferred embodiment can also be applied in the second 
preferred embodiment. In the ?rst Way, the semiconductor 
layer 10 is formed in tWo stages. In the second Way, the 
semiconductor layer 10 is provided in advance, Which is 
then bonded to the BOX layer 2. When the second Way is 
employed, the semiconductor layer 10 is provided With the 
second P-type regions 14, and the insulating oxide ?lms 21 
and 22 in advance, Which is then bonded to the BOX layer 
2 as shoWn in FIG. 11. 

[0056] FIG. 12 illustrates a modi?cation of the second 
Way. The second P-type regions 14, and the insulating oxide 
?lms 21 and 22 may be provided to the silicon substrate 1, 
not to the semiconductor layer 10. The semiconductor layer 
10 is thereafter bonded to the BOX layer 2. In this modi? 
cation, in a directly doWnWard direction With respect to the 
N+-type region 12, the electric ?eld is generated mostly in 
the insulating oxide ?lm 22 provided under the second 
P-type regions 14. This means the semiconductor device of 
FIG. 12 is theoretically alloWed to have a breakdoWn 
voltage of up to the breakdoWn voltage of the insulating 
oxide ?lm 22. The insulating oxide ?lm 22 of FIG. 12 is thus 
desirably greater in thickness than in FIG. 11. 

[0057] In the second preferred embodiment, the second 
P-type regions 14 may be replaced by other substances, as 
long as they have a conductivity. By Way of example, the 
second P-type regions 14 may be replaced by an N-type 
region or polysilicon. 

[0058] When polysilicon is used as a conductive ?lm, 
polysilicon ?lms 23 may be buried in the BOX layer 2 as 
shoWn in FIG. 13A. In this case, With reference to FIG. 
13B, the BOX layer 2 is provided both to the silicon 
substrate 1 and to the semiconductor layer 10. Thereafter, 
recesses are formed in the BOX layer 2 on one side (in the 
example of FIG. 13B, on the side of the silicon substrate 1), 
folloWed by deposition of polysilicon thereon and etch back, 
Whereby these recesses are ?lled With the polysilicon ?lms 
23. Subsequently, the silicon substrate 1 and the semicon 
ductor layer 10 are bonded to each other. The resultant 
structure is as shoWn in FIG. 13A, in Which the BOX layer 
2 includes a plurality of polysilicon ?lms 23 isolated from 
each other. 

[0059] The con?guration of FIG. 13A can be formed With 
easier steps relative to the con?guration of FIG. 9. HoWever, 
in a directly doWnWard direction With respect to the N+-type 
region 12, an electric ?eld is generated mostly in the BOX 
layer 2 in FIG. 9, While in FIG. 13A, an electric ?eld is 
generated in an area de?ned beloW the polysilicon ?lms 23 
in the BOX layer 2. This means the con?guration of FIG. 9 
can more effectively be used for improving a breakdoWn 
voltage. 

[0060] In the second preferred embodiment, the part 
including the second P-type regions 14, and the insulating 
oxide ?lms 21 and 22, may also be provided to cover the 
entirety of the bottom surface of the semiconductor layer 10. 
Further, a determinant of a potential of each of the plurality 
of second P-type regions 14 is not limited to a voltage 
applied from outside. Alternatively, each one of the plurality 
of second P-type regions 14 may have a potential deter 
mined by capacitive coupling therebetWeen. 
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Third Preferred Embodiment 

[0061] FIG. 14 is a top vieW illustrating a con?guration of 
a semiconductor device according to a third preferred 
embodiment of the present invention. In FIG. 14, the same 
constituent elements as those shoWn in FIG. 1 are desig 
nated by the same reference numerals. With reference to 
FIG. 14, the PiN diode including the ?rst P-type region 11, 
the N+-type region 12, and the N_-type region 13, has a 
strip-like shape. For simpli?cation, the anode electrode 5 
and the cathode electrode 6 are omitted from FIG. 14. The 
isolation oxide ?lm 3 as a fourth insulating ?lm is provided 
around the semiconductor layer 10 holding this PiN diode 
therein, namely, on side surfaces of the semiconductor layer 
10. P-type layers 31 and diodes 32 are formed in the 
isolation oxide ?lm 3. One P-type layer 31 and more than 
one diode 32 are connected in series through interconnect 
lines 33 While connecting the ?rst P-type region 11 and the 
N+-type region 12, Whereby a voltage dividing element is 
formed Which divides a voltage across the ?rst P-type region 
and the N+-type region 12 in a multistep process. For the 
convenience of description, the diodes 32 constituting the 
voltage dividing element Will be referred to as “voltage 
dividing diodes 32”. 

[0062] With reference to FIG. 14, the voltage dividing 
diodes 32 each include an N-type region and a P-type region 
surrounding the N-type region, and the pn junction therebe 
tWeen is isolated from the isolation oxide ?lm 3. Each one 
of the voltage dividing diodes 32 is thus alloWed to maintain 
a voltage Which is subjected to no in?uence of the potential 
of the isolation oxide ?lm 3. As a result, the voltage dividing 
element including the plurality of voltage dividing diodes 32 
connected to each other is operative to divide a voltage 
across the ?rst P-type region 11 and the N+-type region 12 
in a multistep process. 

[0063] The voltage dividing elements each including the 
P-type layer 31 and the voltage dividing diodes 32 are 
provided along both sides of the PiN diode formed in the 
semiconductor layer 10. On both sides of the N+-type region 
12, the P-type regions 31 are directly connected thereto. 
Therefore, in a reverse-biased state, the P-type layers 31 on 
both sides of the N+-type region 12 are approximately the 
same in potential as the N+-type region 12. The P-type 
region of the voltage dividing diode 32 Will be loWer in 
potential relative to the P-type layer 31, as the voltage 
dividing diode 32 gets nearer to the ?rst P-type region 11. In 
FIG. 14, the resultant equipotential lines are indicated by 
dotted lines. 

[0064] In a reverse-biased state, the electric ?eld betWeen 
the N+-type region 12 and the silicon substrate 1 Will be 
highest under the N+-type region 12, at the interface betWeen 
the N_-type region 13 and the BOX layer 2. FIG. 15 is a 
sectional vieW taken along a cutting line A1-A2 indicated in 
FIG. 14. In the third preferred embodiment, the P-type 
layers 31 on both sides of the N+-type region 12 are 
approximately the same in potential as the N+-type region 
12, Whereby the equipotential lines in a reverse-biased state 
are those indicated by dotted lines of FIG. 15. Electric lines 
of force are bent toWard the P-type layers 31 on both sides 
of the N+-type region 12, at the interface betWeen the 
N_-type region 13 and the BOX layer 2 having the highest 
electric ?eld strength. Electric ?eld concentration is thereby 
relaxed at this interface. Similar to the ?rst preferred 
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embodiment, improvement in breakdown voltage is also 
realized in the PiN diode formed in the semiconductor layer 
10. 

[0065] When the third preferred embodiment is intended 
to obtain a large current by providing a plurality of PiN 
diodes connected in parallel, the PiN diode and the voltage 
dividing element may be alternately arranged, and then 
connected in parallel With each other. One voltage dividing 
element can thus be shared betWeen tWo PiN diodes for 
improving the respective breakdown voltages of the PiN 
diodes, thereby controlling increase in circuit area. 

[0066] As long as a voltage across the ?rst P-type region 
11 and the N+-type region 12 is sequentially divided in a 
multistep process, a voltage dividing element may have an 
alternative structure, and may not be limited to the one 
shoWn in FIG. 14. In the example of FIG. 14, the pn 
junction of each voltage dividing diode 32 is isolated from 
the isolation oxide ?lm 3. The voltage dividing diodes 32 
may be replaced by voltage dividing diodes 32a shoWn in 
FIG. 16. The voltage dividing diodes 32a each have such a 
structure that the pn junction thereof is on a surface con 
tacting the isolation oxide ?lm 3, other than the surface 
Which faces the semiconductor layer 10. Such a con?gura 
tion also alloWs each one of the voltage dividing diodes 32a 
to maintain a voltage Which is subjected to no in?uence of 
the isolation oxide ?lm 3, still resulting in improvement in 
breakdoWn voltage of the PiN diode for the same reason 
given above. 

[0067] Alternatively, a voltage dividing element may 
include a plurality of P-type layers 31 arranged in juxtapo 
sition With the PiN diode, and a plurality of voltage dividing 
diodes 32b placed aWay from the semiconductor layer 10. 
The voltage dividing diodes 32b each include a P-type 
region bearing a potential that is applied to a corresponding 
one of the plurality of P-type layers 31 through an intercon 
nect line 34. In a reverse-biased state, the P-type layers 31 
on both sides of the N+-type region 12 are thus approxi 
mately the same in potential as the N+-type region 12. The 
P-type layer 31 Will be loWer in potential relative to the 
P-type layers 31 on both sides of the N+-type region 12, as 
the P-type layer 31 gets nearer to the ?rst P-type region 11. 
That is, the con?guration of FIG. 17 provides the same 
voltage distribution as the one obtained by the con?guration 
shoWn in FIGS. 14 and 15, still resulting in improvement in 
breakdoWn voltage of the PiN diode. 

[0068] With reference to FIG. 17, the voltage dividing 
diodes 32b are placed aWay from the PiN diode, Which 
arrangement alloWs each one of the voltage dividing diodes 
32 to maintain a voltage Which is subjected to no in?uence 
of the potential of the PiN diode. As no consideration should 
be given to the in?uence of the PiN diode, the voltage 
dividing diodes 32b may have an arbitrary structure. By Way 
of example, P-type regions and N-type regions may be 
provided in a polysilicon layer in alternate layers to form the 
voltage dividing diodes 32b connected in series. The voltage 
dividing diodes 32b thereby formed result in siZe reduction, 
suppressing increase in element forming area. The P-type 
layers 31 may by replaced by N-type layers or polysilicon 
layers, as long as these alternatives have a conductivity. 

[0069] In a diode taking advantage of RESURF effect, an 
end portion of an anode (pn junction betWeen the ?rst P-type 
region 11 and the N_-type region 13), and an end portion of 
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a cathode (boundary betWeen the N+-type region 12 and the 
N_-type region 13), are likely to develop electric ?eld 
concentration. In response, the P-type layer 31 being the 
same in potential as the ?rst P-type region 11, and the P-type 
layer 31 being the same in potential as the N+-type region 
12, may be elongated in the lengthWise direction of the PiN 
diode. The P-type layer 31 being the same in potential as the 
?rst P-type region 11 should extend at least on the side of the 
end portion of the anode, and the P-type layer 31 being the 
same in potential as the N+-type region 12 should extend at 
least on the side of the end portion of the cathode. The 
resultant equipotential contours are bent accordingly as 
shoWn in FIG. 18, alloWing electric concentration to be 
relaxed at the respective end portions of the anode and the 
cathode. As a result, the breakdoWn voltage of a PiN diode 
can be improved to a greater degree. 

Fourth Preferred Embodiment 

[0070] The ?rst preferred embodiment necessitates some 
complexity in manufacturing steps. As an example, With 
reference to FIGS. 4 through 6, deposition of a semicon 
ductor layer, oxide deposition, and ion implantation should 
be performed tWice in tWo stages. If all these stages are 
performed in one stage, the resultant structure is such that, 
With reference to FIG. 1, the isolation oxide ?lm 3 and the 
insulating oxide ?lms 21 reach the same height, and the 
semiconductor layer 10 and the second P-type regions 14 
have the same depth. That is, the second P-type regions 14 
and the insulating oxide ?lms 21 reach the upper surface of 
the semiconductor layer 10. Due to this, When the second 
P-type regions 14 and the insulating oxide ?lms 21 have 
their respective patterns as shoWn in FIG. 2 or FIG. 8, the 
?rst P-type region 11 and the N+-type region 12 are com 
pletely isolated from each other, failing to function as a 
diode. 

[0071] A fourth preferred embodiment of the present 
invention is intended to provide a structure of a semicon 
ductor device for preventing this problem. FIG. 19 is a top 
vieW illustrating a con?guration of a semiconductor device 
according to the fourth preferred embodiment. In FIG. 19, 
the same constituent elements as those shoWn in FIG. 1 are 
designated by the same reference numerals. Further, the 
anode electrode 5 and the cathode electrode 6 are omitted. 
The insulating oxide ?lms 21 as ?fth insulating ?lms pro 
vided upright on the BOX layer 2 reach the upper surface of 
the semiconductor layer 10. The insulating oxide ?lms 21 
each have a recess 40 de?ned in the N_-type region 13 of the 
semiconductor layer 10, on the side of the N+-type region 12 
With respect to the insulating oxide ?lms 21. The second 
P-type regions 14 as ?fth regions are provided in the 
recesses 40 of the insulating oxide ?lms 21. In other Words, 
the insulating oxide ?lms 21 are closer to the anode (?rst 
P-type region 11) than the second P-type regions 14. 
Although not shoWn, the recesses 40 and the second P-type 
regions 14 reach the BOX layer 2. Pairs each including the 
insulating oxide ?lm 21 and the second P-type region 14 are 
arranged With a certain distance therebetWeen, such that the 
?rst P-type region 11 and the N+-type region 12 are not 
completely isolated from each other, Whereby the semicon 
ductor layer 10 remains operative to function as a diode. 

[0072] That is, in the example of FIG. 19, a PiN diode is 
de?ned in the center of the semiconductor layer 10. The 
second P-type regions 14 in a ?oating state are formed on 








