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(57) ABSTRACT

Formed on an insulator are an N~ type semiconductor layer
having a partial isolator formed on its surface and a P~ type
semiconductor layer having a partial isolator formed on its
surface. Source/drain being P* type semiconductor layers are
provided on the semiconductor layer to form a PMOS tran-
sistor. Source/drain being N* type semiconductor layers are
provided on the semiconductor layer to form an NMOS tran-
sistor. A pn junction formed by the semiconductor layers is
provided ina CMOS transistor made up of the transistors. The
pn junction is positioned separately from the partial isolators
where the crystal defect is thus very small. Therefore, the
leakage current is very low at the pn junction.

20 (P)

-

J10a

40
g J10d
77
10 (N—) — :
3106 ' S
NN
d < E

Odd



Patent Application Publication  Feb. 26, 2009 Sheet 1 of 26 US 2009/0051009 A1

FraG 7

FrlaG. 2

w
O
l

N
q
{

DEFECT DENSITY (10%/cm?)

H
t
lllllllJ]lLJJll I B |

O 5 10 15 20 25
DISTANCE d FROM ACTIVE REGION ( & m )




US 2009/0051009 A1

Feb. 26,2009 Sheet 2 of 26

Patent Application Publication

F

/G,

{--k--20(P)

O T T P

A

/G




Patent Application Publication  Feb. 26, 2009 Sheet 3 of 26 US 2009/0051009 A1

F/G 5

Jas  J46

|

4
| I

I

!

)

)

1

1

1

1

1

1

1

|

1

~

\

|

—

/

/G 6

J50b J50a

20s

10 (N™)




US 2009/0051009 A1

Feb. 26,2009 Sheet 4 of 26

Patent Application Publication

Te)

_ X n . " ]

m m m m 1o

..... 2 " R R

..... 0 VR O O I

..... N .o

..... e R S N 4

: : : | .

_-_-___-_—_—p___-_—____—_—h O

o 10 O 1 O W o
m (qV! o — L ol

(zWo /0L ) ALISNIQ 103430

20 (P™)

DISTANCE t FROM SILICIDE REGION ( & m )

&

/G



Patent Application Publication  Feb. 26, 2009 Sheet S of 26 US 2009/0051009 A1

/G 9

__—-N1a

20 (P7)

-—N1b

10 (N7) J53

Jbb

20 (P7)




Patent Application Publication  Feb. 26, 2009 Sheet 6 of 26 US 2009/0051009 A1

FraG. 77

10 10s2 G6 Q3 10ss3

FlrG 72

43 20 G4 16 D1




Patent Application Publication  Feb. 26, 2009 Sheet 7 of 26 US 2009/0051009 A1

FrlG 73

D1
4& % 2{4(N+) %éj‘%

20(P_> §I AN [\ \P \on(P_)

9
165 (P+) / J2 J2 \ 16 (P1)
14 (P) 25(N) 265 (N) 14 (P)
F/G 74 D2

G 75
D2
é 2/7(P+) \/1—{(N>2?(N/+_) 45
ST TS Fee
: 9
16(P)  J4 B Ja4

17 (N)



US 2009/0051009 A1

Patent Application Publication  Feb. 26, 2009 Sheet 8 of 26

F/G. 77

~—! —1——4




Patent Application Publication  Feb. 26, 2009 Sheet 9 of 26 US 2009/0051009 A1

FlrG. 78

100 | f

30
/

11 (PH 13$12(P+) 22 (NY) 23 V21(N9
41 42 42

41

vz

T0(N7) 10t (N7) 20t (P) 20(P)

FraG. 79

41 41 42 49 42

77777777777 7777 s

1 G, 20

TTTTTHI T 77777



Patent Application Publication  Feb. 26, 2009 Sheet 10 of 26 US 2009/0051009 A1

/G 27

82

|

||t

42

A \ayaa\e
V777X 77T 7777

F/G 22

F/a 23

11(PH)  12(PH)
13

5 Iil j 44 2/68(N+) 26/b(N+) 44
ST T,

9

( 9)?1 A\Z J3 28 (N) V°
10 (N™



Patent Application Publication  Feb. 26, 2009 Sheet 11 of 26 US 2009/0051009 A1

G 24

- R11

F/G 25
R11
44 26¢ / 26d 44
/ /( 0 (P-)
7
J3 / J3

251 (N%)



Patent Application Publication  Feb. 26, 2009 Sheet 12 of 26 US 2009/0051009 A1

FlG 26

/G 27

26a (N*) 26b (N+)

G444

44 G5 G5
2 /F///// I I [ A
/X 20 (P)

T

9
V3 28Ny 73
F/G 28
100 ] 30 f
(P 13 $12(P+) 48 22(NY) 23 V21 (N
41 4 42

o




Patent Application Publication  Feb. 26, 2009 Sheet 13 of 26 US 2009/0051009 A1

F1 G 29
100 ] 30 2
11(P 13 l 12(P+) }18 22 (N#) 238 3\6 21 (NY)

"'i”’\,‘" N7y
4 'A’ '//////

10 (N7) ‘lOt (N—) 20t (P 20(P)
F /G, B0
100 1 30 2
18\‘ DG 23$21(N+)
41 11(PH 12(PZ)1 | 47 22 (NY) | 42
L \ L
9
JD
10(N?) 10t (N0 20t (P 20(P)
F/G 37
100
)

Jb
10 (N2 10t (N7) 20t (P) 20(P)



Patent Application Publication  Feb. 26, 2009 Sheet 14 of 26 US 2009/0051009 A1

FlrG G2

R1
26a (N*) f 48 26b (N*) 44

| /j élZO(P‘)

11 (P+) 12 (P+)

g
3 1 z J3 28 (N) 3
10 (N-) 1 -
/G 53
R1 48
¥ 12(p+
WP 1RPD L 48 2629 f48 26b (N+)[ 44
I m i
/ 20 (P-)
9
51 A\ J3 28 (Ny V3
10 (N-) 1
F/1GE 54

+ 12 (Pt
”(P) ( )44 48 26a (N¥) J48 26b(N+> 44

//( ZO(P)

5 A 1 J3 25 (N) U3




Patent Application Publication  Feb. 26, 2009 Sheet 15 of 26 US 2009/0051009 A1

F/G 35

>
|
]
I
e - - - - -

/G 6
32
71
10s ) 20s
£ ) T2
12 N,
™~
10 JB7T 20

0




US 2009/0051009 A1

Feb. 26,2009 Sheet 16 of 26

Patent Application Publication

(-d)02 (d)30¢ (-N)3I0lL (-N)OL

I A7

¢y (Si¢
4N) L e

s¢éd \ eV

fffffffffffffff

sOL Ly szl SLL (LY
N Qm_w L G L
oe r 001
L& O/ S



US 2009/0051009 A1

Feb. 26,2009 Sheet 17 of 26

Patent Application Publication

AL,.._VON (-d) 302 (N)30L N)OL

I S A

ofe
N LN A e
D NI
I sOL Ly (scl /

slg N/ 527 | 2¥ \ E—— S w: Ly

rz:m €Ceh, (N)22 90 $90 \ (+d) 21 erw L G L
o€ ! 001

g O/ S



US 2009/0051009 A1

Feb. 26,2009 Sheet 18 of 26

Patent Application Publication

(-d)02 (-d)302 (N)3OL (-N)OL

7 \\\M\\\\w\\;\\\\\\w\

W) \ mﬁ/ X ‘
2v Aw&,sa sez (g soL Ly (s2L NsiL | 1y
W)Lz MESL, (NI H N G g/mrw LGl

Og r 00T
c& /S



Patent Application Publication  Feb. 26, 2009 Sheet 19 of 26 US 2009/0051009 A1

~ /G 4O
74 10s J58
""" 34
PT ' . P7
""" 13
34
10 14 10s 20
A1 G. LT
T4a
73 ) 10s 18
:\\\\
10 J58— 20




Patent Application Publication  Feb. 26, 2009 Sheet 20 of 26 US 2009/0051009 A1

F/l1aG 42

14b
A

“141 142 743

—( 3 ///////////////I/////// L

1Os-{3

JB58— 20

F/G 43

76 3b 36 36

00 0;0:0;0 O__|O

5
5 o|loojo |||
O~ 0000000
10-- : - 20

Q4 GT pg J59 ps QB G8



Patent Application Publication  Feb. 26, 2009 Sheet 21 of 26 US 2009/0051009 A1

Fl1G LA
T6a 16a
35. 10s ) 75 20s ) 35
N AKX NS
5 75
10 L —J59 20
L TS S S A
G LE
16b 76b
— N —~ Ve — ~
761\7?2 7/63 764 761 7?2 7/63 164
35-U0s g 15 20s poprr 35
N} RENN A
15 5
10 .—JB9 20
I A
F/ G L6

—+—501b

o~/ /S 501
—+—b01a




Patent Application Publication  Feb. 26, 2009 Sheet 22 of 26

Fl1aG 47

|7 / 77—4504

—~+—503
502
—501b

/7 77 7 77

—r—’501a
.
F/1G 48
510
y oy / /S A—504
SN aﬁ:gg%b
/7 7 7 7 /77 °°
15012
/\____,—«
G 49
" A—505
N N—503
7 i
/7 7 7 7 7 719
—+4—b01a
F /G 50
505 503
r—7 /f‘ 2502
1 _801b

/7 7 7 7 77 *°

+4+—507a

US 2009/0051009 A1



Patent Application Publication  Feb. 26, 2009 Sheet 23 of 26
Fra. &7
505
/// ~+—501b
/7 7 7 7 77 %°
—+—5b01a
F/G. 52
511
777 / 773594
va ,\ \~502
+—501b
/S S SS90
+—>501a
/\'__
/G 55
506l —505
SNBSS0

+—501b

D4

/S /S S0

F/1G 54

1+—b01a

US 2009/0051009 A1



Patent Application Publication  Feb. 26, 2009 Sheet 24 of 26 US 2009/0051009 A1

F/G 55

“Z - 501b
VI PIIIL

{\—"//_\,__,5013

;G 56
505
508 57 | 5P 7508
/ = 501b
I
506 1 _501a
w
F/G 57
o NNy
S— l =77 5,
501b

501a

gQQQQQQQQQQSSt%




Patent Application Publication  Feb. 26, 2009 Sheet 25 of 26 US 2009/0051009 A1

F/rG 58

F/G. 59

F/G. 60

524 502

NIRRT RN e




Patent Application Publication  Feb. 26, 2009 Sheet 26 of 26 US 2009/0051009 A1

Fra. 67

601
524 522

°%2 //%?m

501b

AANNANNNRRRNNNT

602

\LZ(Pﬂ 40 22(N%) 21(NY)

1
1T0(N7) 10t (N°) 20t (P) 20(P)

ez

PRIOR ART



US 2009/0051009 Al

SEMICONDUCTOR DEVICE, METHOD OF
MANUFACTURING THE SAME AND
RESISTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present divisional application claims the benefit
of priority under 35 U.S.C. §120 to application Ser. No.
11/448,827, filed Jun. 8, 2006 which is a divisional of appli-
cation Ser. No. 10/713,044, filed Nov. 17, 2003, which is a
divisional of Application of Ser. No. 09/814,116, filed Mar.
22,2001, and claims the benefit of priority under 35 U.S.C.
§119 from the Japanese Patent Application Nos. 2000-
176884, filed Jun. 13, 2000, and 2000-322634, filed Oct. 23,
20000, the disclosure of each is herein incorporated by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a semiconductor
device having a pn junction, and more particularly, a semi-
conductor device and a resistor having a structure where an
insulative isolator is provided on a semiconductor film dis-
posed on an insulative substrate on the opposite side to the
substrate without making contact with the substrate.

[0004] 2. Description of the Background Art

[0005] Proposals for a so-called SOI (Silicon On Insulator)
structure have been made conventionally. FIG. 62 is a sec-
tional view exemplifying a structure of a CMOS (Comple-
mentary Metal Oxide Semiconductor) transistor 200 having
the SOI structure. A P~ type semiconductor layer 20 is pro-
vided on an insulator 9, and an insulative isolator 40 is pro-
vided separately from the insulator 9 on a surface of the
semiconductor layer 20 on the far side from the insulator 9.
Such an isolator that is separated from the insulator and
provided on the surface of the semiconductor film disposed
on the insulator for isolating the surface of the semiconductor
layer is hereinafter tentatively referred to as “partial isolator”.
[0006] N* type source/drain layers 21 and 22 are provided
in the semiconductor layer 20. These source/drain layers and
a gate electrode 23 provided on the semiconductor layer 20
with a gate insulating film interposed therebetween constitute
an NMOS transistor 2. Such an NMOS transistor having the
SOI structure including the partial isolator is disclosed in
“Bulk-Layout-Compatible 0.18 um SOI-CMOS Technology
Using Body-Fixed Partial Trench Isolation (PTI)” (Y. Hirano
et al., 1999 IEEE International SOI Conference, October
1999, pp. 131-132), for example.

[0007] An N~ type semiconductor layer 10 is further pro-
vided on the insulator 9. P* type source/drain layers 11 and 12
provided in the semiconductor layer 10 and a gate electrode
13 provided on the semiconductor layer 10 with a gate insu-
lating film interposed therebetween constitute a PMOS tran-
sistor 1.

[0008] The source/drain layer 22 extends through the semi-
conductor layer 20, and the source/drain layer 12 extends
through the semiconductor layer 10 in the thickness direction,
respectively, to divide the respective semiconductor layers 10
and 20 in a sectional view. There is a semiconductor layer 20¢
being a part of the semiconductor layer 20 and a semiconduc-
tor layer 107 being a part of the semiconductor layer 10
between the source/drain layers 12 and 22. The semiconduc-
tor layers 207 and 107 are adjacent to each other to form a pn
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junction J1 under the partial isolator 40, that is, between the
partial isolator and the insulator 9. The pn junction J1 is
positioned in the above-described manner when, for example,
the pn junction J1 is formed at the stage of forming the
semiconductor layers 10 and 20 before forming the partial
isolator 40 and the partial isolator 40 is then formed on a
boundary between the semiconductor layers 10 and 20.
[0009] In this way, semiconductor layers of conductivity
types different from each other, i.e., p and n type semicon-
ductor layers are formed as a semiconductor film having the
SOI structure in a general LSI (Large Scale Integrated Cir-
cuit), and a MOS transistor and a bipolar transistor are formed
using these semiconductor layers.

[0010] However, it is observed in the structure shown in
FIG. 62 that the pn junction J1 positioned under the partial
isolator 40 results in occurrence of an abnormal leakage cur-
rent at the pn junction J1.

SUMMARY OF THE INVENTION

[0011] According to a first aspect of the present invention,
a semiconductor device comprises: a substrate at least having
an insulative surface; a semiconductor film provided on the
surface of the substrate comprising a first semiconductor
layer of a first conductivity type, a second semiconductor
layer of the first conductivity type having an impurity con-
centration lower than that of the first semiconductor layer, a
third semiconductor layer of a second conductivity type
opposite to the first conductivity type and a fourth semicon-
ductor layer of the second conductivity type having an impu-
rity concentration lower than that of the third semiconductor
layer; and an insulative isolator formed on a surface of the
semiconductor film on the far side from the substrate, sepa-
rately from the surface of the substrate. In the semiconductor
device, the second and fourth semiconductor layers form a pn
junction extending in the thickness direction of the semicon-
ductor film, and a maximum value of a distance between the
pn junction and a boundary between the isolator and the
semiconductor film is not more than 2 um, when a direction
from the boundary to the isolator along the surface of the
substrate is taken as a positive direction.

[0012] According to a second aspect of the present inven-
tion, in the semiconductor device of the first aspect, the pn
junction has a portion separated from the isolator.

[0013] According to a third aspect of present invention, in
the semiconductor device of the second aspect, the portion of
the pn junction separated from the isolator forms a semicon-
ductor element.

[0014] According to a fourth aspect of the present inven-
tion, in the semiconductor device of the third aspect, the first,
second, fourth and third semiconductor layers are adjacent to
each other in this order, and the first and third semiconductor
layers function as a contact with respect to the pn junction.
[0015] According to a fifth aspect of the present invention,
in the semiconductor device of the second aspect, the first,
fourth, second and third semiconductor layers are adjacent to
each other in this order, and the first and second semiconduc-
tor layers function as source/drain layers of MOS transistors
having conductivity types different from each other, respec-
tively.

[0016] According to a sixth aspect of the present invention,
the semiconductor device of the second aspect further com-
prises a cover having an insulative surface in contact with the
portion of the pn junction separated from the isolator.
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[0017] According to a seventh aspect of the present inven-
tion, the semiconductor device of the fifth aspect further
comprises a cover having an insulative surface in contact with
the portion of the pn junction separated from the isolator.

[0018] According to an eighth aspect of the present inven-
tion, in the semiconductor device of the second aspect, the
second semiconductor layer is provided in the fourth semi-
conductor layer, the first semiconductor layer includes a pair
of first semiconductor layers being formed in the second
semiconductor layer, and the pair of first semiconductor lay-
ers function as a contact with respect to the second semicon-
ductor layer.

[0019] According to a ninth aspect of the present invention,
a semiconductor device comprises: a substrate at least having
an insulative surface; a semiconductor film provided on the
surface of the substrate, having at least one pn junction
extending in a thickness direction of the substrate, the at least
one pn junction including a pn junction which is applied with
voltage; and a metallic compound layer selectively formed on
the semiconductor film, being a compound of the semicon-
ductor film and metal. In the semiconductor device, a maxi-
mum value of a distance between at least the pn junction
which is applied with voltage and a boundary between the
metallic compound layer and the semiconductor film is not
more than 2 pm, when a direction from the boundary to the
semiconductor film along the surface of the substrate is taken
as a positive direction.

[0020] According to a tenth aspect of the present invention,
the semiconductor device of the ninth aspect further com-
prises a mask provided on the at least one pn junction for
preventing combination of the at least one pn junction with
metal of the semiconductor film.

[0021] According to an eleventh aspect of the present
invention, in the semiconductor device of the tenth aspect, the
mask has the same structure as a gate of a MOS transistor to
be formed on the semiconductor film in a thickness direction
thereof.

[0022] According to a twelfth aspect of the present inven-
tion, a resistor comprises: a substrate at least having an insu-
lative surface; a first semiconductor layer of a first conduc-
tivity type provided on the surface of the substrate; an
insulative isolator formed on a surface of the first semicon-
ductor film on the far side from the substrate, separately from
the surface of the substrate; and a second semiconductor layer
of a second conductivity type opposite to the first conductiv-
ity type formed in the first semiconductor layer, the second
semiconductor layer forming a pn junction in conjunction
with the first semiconductor layer, the pn junction extending
from the surface of the first semiconductor layer to the surface
of the substrate and being separated from the isolator.
[0023] According to a thirteenth aspect of the present
invention, the resistor of the twelfth aspect further comprises
a pair of third semiconductor layers of the second conductiv-
ity type formed in the second semiconductor layer, having an
impurity concentration higher than that of the second semi-
conductor layer.

[0024] According to a fourteenth aspect of the present
invention, the resistor of the thirteenth aspect further com-
prises a gate electrode covering the pn junction.

[0025] According to a fifteenth aspect of the present inven-
tion, the resistor of the thirteenth aspect further comprises a
cover having an insulative surface in contact with the portion
of the pn junction separated from the isolator.
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[0026] According to a sixteenth aspect of the present inven-
tion, a method of manufacturing a semiconductor device
comprises the steps of: (a) providing on an insulator a pn
junction formed by a first semiconductor layer of a first con-
ductivity type and a second semiconductor layer of a second
conductivity type opposite to the first conductivity type, the
pn junction extending from surfaces of the first and second
semiconductor layers to the insulator, and providing an insu-
lative isolator on the surfaces of the first and second semicon-
ductor layers on the far side from the insulator, separately
from the pn junction and the insulator; (b) forming a pair of
third semiconductor layers in the first semiconductor layer as
first source/drain layers, the third semiconductor layers hav-
ing the second conductivity type and an impurity concentra-
tion higher than that of the second semiconductor layer; (c)
forming a pair of fourth semiconductor layers in the second
semiconductor layer as second source/drain layers, the fourth
semiconductor layers having the first conductivity type and
an impurity concentration higher than that of the first semi-
conductor layer; and (d) forming an insulating film on the pn
junction and a pair of the first and second source/drain layers.
[0027] According to a seventeenth aspect of the present
invention, in the method of'the sixteenth aspect, the insulating
film is formed in the step of forming gate insulating films of
MOS transistors of conductivity types different from each
other, the MOS transistors each having the first and second
source/drain layers.

[0028] According to an eighteenth aspect of the present
invention, in the method of'the sixteenth aspect, the insulating
film is formed in the step of forming sidewalls of gate elec-
trodes of MOS transistors of conductivity types different
from each other, the MOS transistors each having the first and
second source/drain layers.

[0029] According to a nineteenth aspect of the present
invention, a method of manufacturing a semiconductor
device comprises the steps of: (a) providing on an insulator a
pn junction formed by a first semiconductor layer and a sec-
ond semiconductor layer of a conductivity type different from
that of the first semiconductor layer, the pn junction extending
from a surface of the first and second semiconductor layers to
the insulator, and providing an insulative isolator on the sur-
face of the first and second semiconductor layers on the far
side from the insulator, separately from the insulator, the
insulative isolator having an opening for exposing the pn
junction; (b) forming a semiconductor element having a gate
on the first semiconductor layer; (¢) forming a mask which
covers the pn junction at the opening and exposes at least part
of' the surface of the first and second semiconductor layers at
the opening; and (d) combining the surface of the first and
second semiconductor layers which is exposed with metal.
[0030] According to atwentieth aspect of the present inven-
tion, in the method of the nineteenth aspect, the steps (b) and
(c) are performed by the same process.

[0031] Inthe semiconductor device according to the first or
second aspect, the defect density is very low at a position not
more than 2 um from the boundary between the isolator and
the semiconductor film, or a position where the isolator is not
formed. This allows great reduction of the leakage current at
the pn junction formed at the position.

[0032] The semiconductor device according to the third
aspect can improve the flexibility in layout of the semicon-
ductor device.

[0033] Inthe semiconductor device according to the fourth
aspect, a diode with reduced leakage current can be obtained.



US 2009/0051009 Al

[0034] In the semiconductor device according to the fifth
aspect, a CMOS transistor with reduced leakage current can
be obtained.

[0035] In the semiconductor device according to the sixth
or seventh aspect, it is possible to prevent the second and
fourth semiconductor layer from being silicided when silicid-
ing the first and third semiconductor layers.

[0036] Inthe semiconductor device according to the eighth
aspect, a resistor with reduced leakage current can be
obtained.

[0037] In the semiconductor device according to the ninth
aspect, the defect density is very low at a position not more
than 2 um from the boundary between the metallic compound
and the semiconductor film. This allows great reduction of the
leakage current at the pn junction formed at the position.
[0038] In the semiconductor device according to the tenth
aspect, the pn junction is prevented from being shorted.
[0039] In the semiconductor device according to the elev-
enth aspect, it is possible to improve flatness of the interlayer
insulating film to be formed on the semiconductor layer.
[0040] Inthe resistor according to the twelfth to fourteenth
aspects, the pn junction is formed separately from the isolator,
and the third semiconductor layer functions as a contact with
respect to the resistor formed by the second semiconductor
layer. Therefore, a resistor with reduced leakage current can
be obtained.

[0041] In the resistor according to the fifteenth aspect, the
first and second semiconductor layers can be prevented from
being shorted even with silicidation performed.

[0042] With the method according to the sixteenth aspect,
the semiconductor device of the sixth aspect can be manufac-
tured.

[0043] With the method according to the seventeenth or
eighteenth aspect, the semiconductor device of the sixth
aspect can be manufactured easily.

[0044] With the method according to the nineteenth aspect,
the semiconductor device of the eleventh aspect can be manu-
factured.

[0045] With the method according to the twentieth aspect,
the semiconductor device of the eleventh aspect can be manu-
factured.

[0046] Consequently, the present invention is directed to a
semiconductor device for controlling where the pn junction is
positioned and suppressing occurrence of the leakage current.
[0047] These and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG.1is asectional view showing a basic idea of the
present invention;

[0049] FIG. 2 is an explanatory graph of the basic idea of
the present invention;

[0050] FIGS. 3 through 5 are plan views showing the basic
idea of the present invention;

[0051] FIG. 6 is a sectional view showing the basic idea of
the present invention;

[0052] FIG. 7 is an explanatory graph of the basic idea of
the present invention;

[0053] FIGS. 8through 11 are plan views showing the basic
idea of the present invention;

Feb. 26, 2009

[0054] FIG. 12 is a plan view showing a structure of a
semiconductor device according to a first preferred embodi-
ment of the present invention;

[0055] FIG. 13 is a sectional view showing the structure of
the semiconductor device according to the first preferred
embodiment;

[0056] FIG. 14 is a plan view showing a structure of a
semiconductor device according to a second preferred
embodiment of the present invention;

[0057] FIG. 15 is a sectional view showing the structure of
the semiconductor device according to the second preferred
embodiment;

[0058] FIG. 16 is an enlarged sectional view showing a part
of FI1G. 15;
[0059] FIG. 17 is a plan view showing a structure of a

semiconductor device according to a third preferred embodi-
ment of the present invention;

[0060] FIG. 18 is a sectional view showing the structure of
the semiconductor device according to the third preferred
embodiment;

[0061] FIGS. 19 through 21 are sectional views showing a
method of forming the semiconductor device according to the
third preferred embodiment in sequential order of steps;
[0062] FIG. 22 is a plan view showing a structure of a
semiconductor device according to a fourth preferred
embodiment of the present invention;

[0063] FIG. 23 is a sectional view showing the structure of
the semiconductor device according to the fourth preferred
embodiment;

[0064] FIG. 24 is a plan view showing another structure of
the semiconductor device according to the fourth preferred
embodiment;

[0065] FIG. 25 is a sectional view showing another struc-
ture of the semiconductor device according to the fourth
preferred embodiment;

[0066] FIG.26is aplan view showing still another structure
of'the semiconductor device according to the fourth preferred
embodiment;

[0067] FIG. 27 is a sectional view showing still another
structure of the semiconductor device according to the fourth
preferred embodiment;

[0068] FIGS. 28 and 29 are sectional views showing a
method of forming a semiconductor device according to a
fifth preferred embodiment of the present invention in
sequential order of steps;

[0069] FIGS. 30 and 31 are sectional views showing a
method of forming another semiconductor device according
to the fitth preferred embodiment in sequential order of steps;
[0070] FIGS. 32 through 34 are sectional views showing a
structure of a resistor according to the fifth preferred embodi-
ment;

[0071] FIG. 35 is a plan view showing a structure of a
semiconductor device according to a sixth preferred embodi-
ment of the present invention;

[0072] FIG. 36 is a sectional view showing the structure of
the semiconductor device according to the sixth preferred
embodiment;

[0073] FIGS. 37 through 39 are sectional views showing
another structure of the semiconductor device according to
the sixth preferred embodiment;

[0074] FIG. 40 is a plan view showing a structure of a
semiconductor device according to a seventh preferred
embodiment of the present invention;
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[0075] FIG. 41 is a sectional view showing the structure of
the semiconductor device according to the seventh preferred
embodiment;

[0076] FIG. 42 is a sectional view showing another struc-
ture of the semiconductor device according to the seventh
preferred embodiment;

[0077] FIG. 43 is a plan view showing a structure of a
semiconductor device according to an eighth preferred
embodiment of the present invention;

[0078] FIG. 44 is a sectional view showing the structure of
the semiconductor device according to the eighth preferred
embodiment;

[0079] FIG. 45 is sectional view showing another structure
of'the semiconductor device according to the eighth preferred
embodiment;

[0080] FIGS. 46 through 51 are sectional views showing a
first method of forming a partial isolator in sequential order of
steps;

[0081] FIGS. 52 through 56 are sectional views showing a

second method of forming a partial isolator in sequential
order of steps;

[0082] FIGS. 57 through 60 are sectional views showing a
third method of forming a partial isolator in sequential order
of steps;

[0083] FIG. 61 is a sectional view showing an effect of the
partial isolator obtained by the third method; and

[0084] FIG. 62 is a sectional view showing a structure of a
conventional CMOS transistor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Basic Idea of the Invention

[0085] A basic idea of the present invention will be
described below before explaining preferred embodiments of
the present invention. Of course, the basic idea falls within the
scope of the present invention.

[0086] Inthe present invention, a pn junction is formed at a
position where the defect density is low so as to reduce the
leakage current. To reduce the defect density at the position
where the pn junction is to be formed in the present invention,
an influence of stress should be considered. For instance,
formation of a partial isolator on a surface of a semiconductor
will lead to an increase in stress on the surface of the semi-
conductor at a position away from the partial isolator, result-
ing in an increase in the defect density. Stress may be
increased also in a semiconductor having its surface com-
bined with metal such as silicided silicon. Thus, fixation of a
defect or gettering of an impurity occurs.

[0087] Accordingly, the present invention is directed to
provide a semiconductor device in which the defect density is
low at a pn junction by forming the pn junction away from a
position where stress is generated or in the vicinity of a
position where stress is generated.

[0088] FIG.1is asectional view showing a structure in the
vicinity of the partial isolator 40. The N~ type semiconductor
layer 10 and the P~ type semiconductor layer 20 form any one
of pn junctions J10a, J105, J10c and J10d. The pn junctions
J10a to J10d have one end on a surface of the insulator 9,
respectively, and extend in the thickness direction of a semi-
conductor film formed by the semiconductor layers 10 and
20. The insulative partial isolator 40 is formed at least on a
surface of the semiconductor layer 10 on the far side from the
insulator 9, separately from the insulator 9.
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[0089] On a boundary between the semiconductor film
formed by the semiconductor layers 10, 20 and the partial
isolator 40, the position nearest to the semiconductor layer 20
or the position most distant from the semiconductor layer 10
is defined as an end of the partial isolator 40. A direction from
the end toward the partial isolator 40 in parallel to the surface
of'the insulator 9 is taken as a positive direction and a distance
from the end is indicated by d. Generally speaking, the dis-
tance d may be understood as extending from a so-called
active region obtained by dividing the semiconductor layers
10 and 20 by the partial isolator 40 toward the partial isolator
40.

[0090] FIG. 2 is a graph showing the dependence of the
defect density of the semiconductor layers 10 and 20 on the
distance d. As understood from the graph, the defect density
suddenly increases when the value d exceeds 2 um. It is
considered that formation of the partial isolator 40 causes
stress on the semiconductor layers 10 and 20, resulting in
such an increase in the defect density.

[0091] Referring to FIG. 1, the value § represents 2 um. The
leakage current is very low in the case that the semiconductor
layers 10 and 20 form the pn junction J10a where a maximum
value da of the distance d is not more than the value 6.
However, reduction of the leakage current cannot be expected
in the case that the semiconductor layers 10 and 20 form the
pn junction J1056 where a maximum value db of the distance
d exceeds the value 6. It can be said that there is an effect of
reducing the leakage current compared to the case that the
semiconductor layers 10 and 20 form the pn junction J10c
where even a minimum value of the distance d exceeds the
value 9.

[0092] The pn junction J10d is at a position where a maxi-
mum value of the distance d is negative. This is the case that
the pn junction J104 is not positioned under the partial isola-
tor 40 but in the active region as a whole. It is needless to say
that the leakage current is very low also at the pn junction
J104.

[0093] As described above, the two semiconductor layers
and the partial isolator are designed to have such positional
relationship that satisfies a condition in which a pn junction is
positioned in a range of distance not more than 2 pm from the
end of the partial isolator in the above described direction, in
other words, a condition in which a maximum value of a
distance between the pn junction and the boundary between
the partial isolator and the semiconductor film made by the
two semiconductor layers having conductivity types different
from each other is not more than 2 um, seeing a direction from
the boundary toward the partial isolator as a positive direc-
tion. This enables to greatly reduce the leakage current at the
pn junction.

[0094] FIG. 3 is a plan view showing a structure where
active regions 31a and 315 is exposed by a partial isolator 45.
The semiconductor layers 10 and 20 are positioned at the back
of the drawing. A boundary M1 shown by chain lines in the
drawing indicates a position 2 um from the active regions 31a
and 315.

[0095] The semiconductor layers 10 and 20 are in contact
with an insulator not shown (corresponding to the insulator 9
in FIG. 1) and form a pn junction J41 or J42. Since both of the
pn junctions J41 and J42 are positioned on the side of the
active regions 31a and 315 with respect to the boundary M1,
the leakage current at J41 and J42 can be reduced. The pn
junction J41 is covered by the partial isolator 45 without
being exposed in the active regions 31a and 315, while the pn
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junction J42 is exposed in the active regions 31a and 315b. As
described above, a portion of the pn junction J42 exposed in
the active regions 31a and 315 represents the case that the
distance d is a negative value in view of FIGS. 1 and 2.
[0096] FIG.4 isaplanview showing the case that the active
regions 31a and 315 are separated from each other by 28=4
pm. Boundaries M1a and M15 are defined at a position =2
um from the active regions 31a and 314, respectively. The
semiconductor layers 10 and 20 form either of pn junctions
J43 and 44 which extend from the partial isolator 45 to the
insulator 9. Since the pn junction J43 is positioned on the side
of'the active region 315 with respect to the boundary M15b, the
leakage current at the pn junction J43 can be reduced. In the
case that the semiconductor layers 10 and 20 form the pn
junction J44, however, the pn junction J44 is distant from the
active regions 31a and 315 at a position A with respect to the
boundaries M1a and M15. Therefore, the leakage current at
the position A cannot be reduced. Consequently, such a pn
junction that straddles the boundaries Mla and M1b as
described above is not preferable for reducing the leakage
current.

[0097] FIG. 5 is a plan view exemplifying the case that
sides of the active regions 31a and 315 are not opposed to
each other. The boundaries M1a and M15, positioned 21m
from the active regions 31a and 315, respectively, overlap
between two corners of the active regions 31a and 315 most
proximate to each other, and form one boundary M1 as a
whole. The semiconductor layers 10 and 20 form either of pn
junctions J45 and J46 which extend from the partial isolator
45 to the insulator 9. Even when the active regions 31a and
315 are not lined in a direction that the pn junction J45
extends, the pn junction J45 is positioned on either side of the
active region 31a or 315 with respect to the boundary M1.
Therefore, the leakage current at the pn junction J45 can be
reduced.

[0098] In the case that the semiconductor layers 10 and 20
form the pn junction J46, however, the active regions 31a and
315 are not lined in a direction that the pn junction J46
extends. The pn junction J46 is nearer to the active region 315
than the boundary M15 at a portion, whereas it is more distant
from the active region 31a than the boundary M1a at another
portion. Therefore, it is more preferable to form the pn junc-
tion J45 rather than J46 for reducing the leakage current.
[0099] FIG. 6 is a sectional view showing a structure in
which a semiconductor having its surface combined with
metal forms a pn junction. The N~ type semiconductor layer
10 and the P~ type semiconductor layer 20, e.g. mainly made
of silicon, form either one of pn junctions J50a and J505. A
silicide film 20s is formed at least on a part of a surface of the
P~ type semiconductor layer 20, separately from the insulator
9. The pn junctions 50a and 505 have one end on the surface
of the insulator 9, respectively, and extend in the thickness
direction of a semiconductor film formed by the semiconduc-
tor layers 10 and 20.

[0100] On aboundary between the silicide film 20s and the
semiconductor film formed by the semiconductor layers 10
and 20, the position nearest to the semiconductor layer 20 or
the position most distant from the semiconductor layer 10 is
defined as an end of the silicide film 20s. A direction from the
end toward the semiconductor layer 10 in parallel to the
surface of the insulator 9 is taken as a positive direction and a
distance from the end is indicated by t. Generally speaking,
the distance t may be understood as extending from the sili-
cide film 20s toward the semiconductor layer 10.
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[0101] FIG. 7 is a graph showing the dependence of the
defect density of the semiconductor layers 10 and 20 on the
distance t. As understood from the graph, the defect density
suddenly increases when the value texceeds 2 pm. The reason
is considered as follows: as described above, stress generated
inside the silicide film 20s with formation of the film gives
rise to the fixation of a defect and gettering of an impurity,
which suppresses occurrence of crystal defect within a range
around the silicide film 20s.

[0102] Referring to FIG. 6, the value T represents 2 um. In
the case that the semiconductor layers 10 and 20 form the pn
junction J50a, the leakage current is very low at J50q. This is
because, even at the distance t=ta where the pn junction 50a is
most distant from the silicide film 20s, the relation ta=T is
satisfied. However, reduction of the leakage current cannot be
expected in the case that the semiconductor layers 10 and 20
form the pn junction J505 where a maximum value tb of the
distance t exceeds the value T.

[0103] The pn junction 50a has such a form that the dis-
tance t has a negative value in the vicinity of the insulator 9.
The effect of the present invention can be obtained even with
a pn junction having a position where t<0 on the condition
that the pn junction is not in contact with the silicide film 20s
to avoid short circuit as the pn junction 50a.

[0104] As described above, the two semiconductor layers
and the silicide film are designed to have such positional
relationship that satisfies a condition in which a pn junction is
positioned in a range of distance not more than 2 pm from the
end of the silicide film in the above described direction, in
other words, a condition in which a maximum value of a
distance, along a surface of a semiconductor film made by the
two semiconductor layers forming a pn junction, between the
pnjunction and the boundary between the semiconductor film
and the silicide film formed on the surface of the semicon-
ductor film is not more than 2 um, seeing a direction from the
boundary toward the surface of the semiconductor film on
which the silicide film is not formed as a positive direction.
This enables to greatly reduce the leakage current at the pn
junction. To reduce the leakage current, it is desirable that the
above condition should be satisfied at all of pn junctions to
which voltage is applied, at least including a pn Junction
formed by a P well and an N well.

[0105] FIG. 8 is a plan view showing the positional rela-
tionship between the silicide film and a pn junction. The
semiconductor layers 10 and 20 form a pn junction J51 or J52.
The silicide film 20s is selectively provided on the surface of
the semiconductor layer 20. A boundary N1 shown by chain
lines in the drawing indicates a position 2 um from the silicide
film 20s.

[0106] Since the semiconductor layers 10 and 20 are in
contact with an insulator not shown (corresponding to the
insulator 9 in FIG. 6) and the pn junction J51 is positioned on
the side of the silicide film 20s with respect to the boundary
N1, the leakage current at J51 is reduced. Since the pn junc-
tion J52 is positioned on the side of the semiconductor layer
10 with respect to the boundary N1, reduction of the leakage
current at J52 cannot be expected.

[0107] FIG. 9 is a plan view showing the case that two
silicide films are separated from each other by 2t=4 um.
Boundaries N1a and N15 are defined at a position T=2 um
from the silicide films shown separately on top and bottom of
the drawing, respectively. The semiconductor layers 10 and
20 form a pn junction J53 shown by solid line or a pn junction
J54 shown by dashed lines.
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[0108] In the case that the pn junction J53 is formed, the
silicide films shown separately on top and bottom of the
drawing are silicide films 20s and 10s formed on the surface
of'the semiconductor layers 20 and 10, respectively. Since the
pn junction J53 is positioned on the side of the silicide film
10s with respect to the boundary N15, the leakage current at
J53 is reduced. On the other hand, in the case that the pn
junction J54 is formed, the silicide films shown separately on
top and bottom of the drawing are both the silicide film 20s
formed on the semiconductor layer 20 (reference character
20s in parenthesis in the silicide film shown on bottom of the
drawing applies to the case that the pn junction J54 shown by
dashed lines is formed). Since the pn junction J54 is distant
from the silicide films 20s at a position C with respect to the
boundaries N1a and N1b, the leakage current at the position
C cannot be reduced. Consequently, such a pn junction that
straddles the boundaries N1a or N15 is not preferable for
reducing the leakage current.

[0109] FIG. 10 is a plan view exemplifying the case that
sides of the silicide films are not opposed to each other. The
boundaries N1a and N1b, positioned 2 um from the silicide
films 10s and 20s formed on the semiconductor layers 10 and
20, respectively, overlap between two corners of the silicide
films 10s and 20s most proximate to each other, and form one
boundary N1 as a whole. The drawing exemplifies the case
that either one of pn junctions J55 and J56 is formed to extend
from the surface of the semiconductor film formed by the
semiconductor layers 10 and 20 to the insulator 9. Even if the
silicide films 10s and 20s are not lined in a direction that the
pn junction J55 extends, the pn junction J55 is positioned on
either side of the silicide film 10s or 20s with respect to the
boundary N1. Therefore, the leakage current at the pn junc-
tion J55 is reduced.

[0110] In the case that the semiconductor layers 10 and 20
form the pn junction J56, however, the silicide films 10s and
20s are not lined in a direction that the pn junction J56
extends. The pn junction J56 is nearer to the silicide film 20s
than the boundary Nib at a portion, whereas it is more distant
from the silicide film 10s than the boundary Nla at another
portion. Therefore, it is more preferable to form the pn junc-
tion J55 rather than J56 for reducing the leakage current.
[0111] A semiconductor element may or may not be
formed on the active regions 31a and 315. In addition, a
semiconductor device having the silicide films 10s and 20s as
electrodes may or may not be formed. Such loose restriction
is desirable for improving the flexibility in layout of a semi-
conductor device.

[0112] FIG. 11 is a plan view exemplifying the case that a
silicide film is formed which does not serve as an electrode of
the semiconductor device. The semiconductor layers 10 and
20 form a pn junction J61. A partial isolator 45 covers part of
the surfaces of the semiconductor layers 10 and 20 on which
silicide films 10s, to 10s, are not formed with the exception to
be described later. In other words, the silicide films 10s1 to
1054 are formed on the surface of the semiconductor layer 10
ataposition selectively exposed by the partial isolator 45 with
the exception to be described later.

[0113] Thesilicide films 10s,,10s, and 10s, do notserve as
electrodes of the semiconductor device, and the silicide film
10s, functions as source/drain of a transistor Q6. The excep-
tion mentioned above is the semiconductor layer 10 below a
gate G6 of the transistor Q6. Though not covered by the
partial isolator 45, this part of the semiconductor layer 10 is
covered by the gate G6, which is therefore not silicided.
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[0114] In this way, the silicide films 10s,, 10s; and 10s,
which do not serve as electrodes of the semiconductor device
also contain the pn junction J61 in a region defined by a
boundary N2 not more than 2 um from the silicide films,
thereby performing the function of reducing the leakage cur-
rent.

[0115] Of course, the active regions 31a, 315, the silicide
films 10s and 20s do not need to be rectangular. A partial
isolator may or may not be formed on the surfaces of the
semiconductor layers 10 and 20 on which the silicide films
10s and 20s are not formed.

[0116] Inview ofthe fact that the defect density is very low
at a position within the range 2 pum from the end of the partial
isolator or the silicide films, the above-described basic idea of
the present invention employs a structure in which a pn junc-
tion is not positioned beyond the above position, thereby
reducing the leakage current.

First Preferred Embodiment

[0117] FIG. 12isaplan view showing a structure of a diode
D1 being a semiconductor device according to the present
embodiment. FIG. 13 is a sectional view taken along the line
P1-P1 shown in FIG. 12. A P~ type semiconductor layer 20 is
provided on the insulator 9.

[0118] A partial isolator 43 is provided on a surface of the
semiconductor layer 20 on the far side from the insulator 9 in
a hollow, substantially rectangular shape, for example, to
divide an active region. Provided inside the hollow portion of
the partial isolator 43 are a P* type semiconductor layer 15, a
P type semiconductor layer 14 having an impurity concentra-
tion lower than that of the semiconductor layer 15, an N type
semiconductor layer 25 and an N* type semiconductor layer
24 having an impurity concentration higher than that of the
semiconductor layer 25, in this order from outside to inside,
each of which has a hollow, substantially rectangular shape.
All of the semiconductor layers 15, 14, 24 and 25 are in
contact with the insulator 9, while being completely exposed
on the side where the partial isolator 43 is positioned.
[0119] Provided over the semiconductor layers 14 and 25 is
a gate G4 that opposes the semiconductor layers 14 and 25
with a gate insulating film (not shown) interposed therebe-
tween. In addition, the semiconductor layers 14 and 25 are in
contact with a surface of the insulator 9, while forming a pn
junction J2 exposed on the side where the partial isolator 43 is
positioned. The semiconductor layers 24 and 15 have a func-
tion of making contact with the n side and p side of the pn
junction J2, respectively.

[0120] Since the pn junction J2 is separated from the partial
isolator 43 with the semiconductor layer 15 interposed ther-
ebetween, the crystal defect is very small at the pn junction J2
and the leakage current at the diode D1 (reverse bias current)
is very low, as described in Basic Idea of the Invention.

Second Preferred Embodiment

[0121] FIG. 14is a plan view showing a structure of a diode
D2 being a semiconductor device according to the present
embodiment. FIG. 15 is a sectional view taken along the line
P2-P2 shown in FIG. 14. A P type semiconductor layer 16 is
provided on the insulator 9.

[0122] A partial isolator 45 is provided on a surface of the
semiconductor layer 16 on the far side from the insulator 9, in
a hollow, substantially rectangular shape, for example, to
divide an active region. An N type semiconductor layer 17 is
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selectively formed inside the hollow portion of the partial
isolator 45 and forms a pn junction J4 with the semiconductor
layer 16. The pn junction J4 is in contact with the insulator 9,
while being exposed on the side where the partial isolator 45
is positioned. However, the pn junction J4 is partly positioned
under the partial isolator 45 (on the side of the insulator 9).
[0123] Formed inside the semiconductor layer 17 is an N*
type semiconductor layer 28 that is in contact with the insu-
lator 9 while being exposed on the side where the partial
isolator 45 is positioned. Formed in the semiconductor layer
16 inside the hollow portion of the partial isolator 45 is a P*
type semiconductor layer 27 that is in contact with the insu-
lator 9 while being exposed on the side where partial isolator
45 is positioned. The semiconductor layer 27 has the same P
type conductivity as that of the semiconductor layer 16 and
higher impurity concentration. The semiconductor layer 28
has the same N type conductivity as that of the semiconductor
layer 16 and higher impurity concentration. Therefore, the
semiconductor layers 28 and 27 have a function of making
contact with the n side and p side of the pn junction J4,
respectively.

[0124] FIG. 16 is an enlarged sectional view showing a
region B in the vicinity of the pn junction J4 positioned on the
right side in FIG. 15. Provided that a maximum value d1 of'a
distance between the pn junction J4 and a boundary between
the partial isolator 45 and the semiconductor layer 17 is not
more than 2 um, the crystal defect at the pn junction J4 is very
small as described in Basic Idea of the Invention. This also
applies to a portion of the pn junction J4 which does not
appear in FIG. 15. As in the first preferred embodiment, the
crystal defect is very small also at the pn junction J4 posi-
tioned on the left in FIG. 15, and the leakage current (reverse
bias current) at the diode D2 is very low.

Third Preferred Embodiment

[0125] FIG. 17 is a plan view showing a structure of a
CMOS transistor 100 being a semiconductor device accord-
ing to the present embodiment. FIG. 18 is a sectional view
taken along the line P3-P3 shown in FIG. 17.

[0126] The N~ type semiconductor layer 10 and the P~ type
semiconductor layer 20 are formed on the insulator 9. An end
10z of the semiconductor layer 10 and an end 207 of the
semiconductor layer 20 form a pn junction J5 thatis in contact
with the insulator 9 while being exposed on an opposite side
to the insulator 9.

[0127] Partial isolators 41 and 42 are provided on the sur-
face of the semiconductor layers 16, on the far side from the
insulator 9, respectively. Formed in an active region which is
divided by the partial isolator 41 are a semiconductor element
Q1 including gates G1 and G2, and a PMOS transistor 1.
Formed in an active region which is divided by the partial
isolator 42 are a semiconductor element Q2 including a gate
(3, and an NMOS transistor 2. There is a region 30 on which
the pn junction J5 and the ends 107 and 20¢ are partly exposed
between the partial isolator 41 and 42.

[0128] Referring to the PMOS transistor 1, P* type source/
drain layers 11 and 12 are formed on the active region which
is divided by the partial isolator 41, and a gate electrode 13 is
formed on the semiconductor layer 10 with a gate insulating
film interposed therebetween. Referring to the NMOS tran-
sistor 2, P* type source/drain layers 21 and 22 are formed on
the active region which is divided by the partial isolator 42,
and a gate electrode 23 is formed on the semiconductor layer
20 with a gate insulating film interposed therebetween. In the
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interest of simplicity, the gate insulating films and sidewalls
on sides of the gate electrodes 13 and 23 are omitted in FIG.
17.

[0129] In the CMOS transistor 100 formed by the PMOS
transistor 1 and the NMOS transistor 2, the pn junction J5,
formed by the end 207 of the semiconductor layer 20 having
the same P type conductivity as those of the source/drain
layers 11 and 12 with lower impurity concentration and by the
end 107 of the semiconductor layer 10 having the same N type
conductivity as those of the source/drain layers 21 and 22
with lower impurity concentration, is separated from both of
the partial isolators 41 and 42. Consequently, the crystal
defect is very small at the pn junction J5 as described in Basic
Idea of the Invention, which enables to greatly reduce an
abnormal leakage current compared to a CMOS transistor
200 shown in FIG. 62.

[0130] Referring to FIGS. 17 and 18, the region 30 where
the pn junction J5 is positioned is illustrated as a dummy
region in which a semiconductor element is not formed. As
described in the first and second preferred embodiments,
however, it is possible to obtain the effect described in Basic
Idea of the Invention also in the case that an element may be
formed by a pn junction formed separately from a partial
isolator or formed under the partial isolator with a distance
not more than 2 pm.

[0131] FIGS. 19 to 21 are sectional views showing a
method of forming the CMOS transistor 100 in sequential
order of steps. A semiconductor film 3 made of single crys-
talline silicon is mounted on the insulator 9. The insulator is
made of an oxide layer, for example. Thereafter, an underly-
ing oxide film 49 is formed entirely on a surface of the
semiconductor film 3 that is on the far side from the insulator
9. In addition, the partial isolators 41 and 42 are formed
separately from the insulator 9. A structure shown in FIG. 19
is thus obtained. Various methods of forming a partial isolator
will be described later. U.S. patent application Ser. Nos.
09/466,934 and 09/639,953, the disclosures of which are
herein incorporated by reference, disclose methods of form-
ing a partial isolator applicable to the partial isolator of this
specification.

[0132] Referring to FIG. 20, the partial isolator 42 and the
semiconductor film 3 which is divided by the partial isolator
42 and on which the NMOS transistor 2 is to be formed later
are covered by a resist 81. An ion implantation 61 with phos-
phorus or arsenic is carried out for the semiconductor film 3
using the resist 81 as a mask through the underlying oxide
film 49, or further through the partial isolator 41. By means of
the ion implantation 61, a portion under the partial isolator 41
and the semiconductor film 3 which is divided by the partial
isolator 41 and on which the PMOS transistor 1 is to be
formed later form the N~ type semiconductor layer 10.
[0133] Referring to FIG. 21, the N~ type semiconductor
layer 10 and the partial isolator 41 are covered by a resist 82.
An ion implantation 62 with boron is carried out for the
semiconductor film 3 through the underlying oxide film 49, or
further through the partial isolator 42. By means of the ion
implantation 62, a portion under the partial isolator 42 and the
semiconductor film 3 which is divided by the partial isolator
42 and on which the NMOS transistor 2 is to be formed later
form the P~ type semiconductor layer 20.

[0134] Thereafter, the underlying oxide film 49 is removed
and the gate insulating film, gate electrodes 13, 23, source/
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drain layers 11, 12, 21 and 22 are formed by means of a
well-known method, thereby obtaining a structure shown in
FIG. 12.

Fourth Preferred Embodiment

[0135] FIG. 22 is a plan view showing a structure of a
resistor R1 being a semiconductor device according to the
present embodiment. FIG. 23 is a sectional view showing a
cross section taken along the line P4-P4 shown in FIG. 22 and
across section at a position which does not appear in FIG. 22.
The former section is illustrated on the right, and the latter
section on the left, adjacently to each other with a fracture
portion Z interposed therebetween. The P~ type semiconduc-
tor layer 20 is formed on the insulator 9.

[0136] A partial isolator 44 is provided on a surface of the
semiconductor layer 20 on the far side from the insulator 9, in
a hollow, substantially rectangular shape, for example, to
divide an active region. An N type semiconductor layer 25 is
formed inside the hollow portion of the partial isolator 44
separately from the partial isolator 44. Provided in the semi-
conductor layer 25 are N* type semiconductor layers 26a and
265 having the same conductivity type as that of the semi-
conductor layer 25 and higher impurity concentration. There-
fore, the semiconductor layers 26a and 265 have a function of
making contact with a resistive element formed by the semi-
conductor layer 25.

[0137] The semiconductor layers 20 and 25 form a pn junc-
tion J3 in the present embodiment.

[0138] Since the pn junction J3 is separated from the partial
isolator 44, the conditions described in Basic Idea of the
Invention are satisfied and the same effect is obtained. Of
course, the leakage current can be reduced as far as the con-
ditions described in Basic Idea of the Invention are satisfied,
even when the semiconductor layer 25 is in contact with the
partial isolator 44 and the pn junction I3 is partly formed
under the partial isolator 44.

[0139] The above-described first to third preferred embodi-
ments exemplify the case when there are semiconductor lay-
ers, one having a high impurity concentration and the other
having a low impurity concentration in each of a pair of
conductivity types different from each other, i.e., at least four
kinds of semiconductor layers in total, and that a pn junction
formed by the pair of semiconductor layers having lower
impurity concentrations satisfies the conditions described in
Basic Idea of the Invention. However, particularly in the case
that a resistor is formed as a semiconductor device as in the
present embodiment, the effect described in Basic Idea of the
Invention can be obtained without necessarily requiring the
above-described four kinds of semiconductor layers.

[0140] FIG. 24 is a plan view showing a structure of a
resistor R11 being another semiconductor device according
to the present embodiment. FIG. 25 is a sectional view taken
alongthe line P41-P41 shown in FIG. 24. The resistor R11 has
an N* type semiconductor layer 251 in place of the N type
semiconductor layer 25 in the resistor R1, and does not have
the N type semiconductor layers 26a and 265. Wirings 26¢
and 26d are provided separately on an upper surface of the N*
type semiconductor layer 251. The semiconductor layer 251
has an increased impurity concentration in order to make an
ohmic contact between the wirings 26¢ and 264.

[0141] On the other hand, there are few cases that a resistor
is used solely in an integrated circuit. In many cases, a CMOS
transistor is also formed, and thus, a PMOS transistor is also
formed on the insulator 9. For instance, it may be understood
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that the above-described four kinds of semiconductor layers
are present in an integrated circuit on which the PMOS tran-
sistor 1 such as that shown on the left side in FIG. 23, for
example, is mounted together with the resistor R1 shown on
the right. Of course, it can be understood that the above-
described four kinds of semiconductor layers are also present
in an integrated circuit in which semiconductor layers form-
ing the resistor have conductivity types opposite to those in
the above case and on which the resistor and an NMOS
transistor are mounted.

[0142] FIG. 26 is a plan view showing a structure of a
resistor R2 being another semiconductor device according to
the present embodiment. FIG. 27 is a sectional view taken
along the line P5-P5 shown in FIG. 26. The resistor R2 has a
structure in which the resistor R1 additionally comprises a
gate electrode G5 that is opposed to the pn junction J3 and the
semiconductor layer 25 with a gate insulating film (not
shown) interposed therebetween. Such a structure, of course,
can reduce the leakage current.

Fifth Preferred Embodiment

[0143] Silicidation of surfaces of the source/drain layers
11, 12, 21 and 22 in the CMOS transistor 100 shown in FIG.
17 would result in silicidation of surfaces of the ends 10z and
20z exposed in the region 30, causing conduction between the
semiconductor layers 10 and 20. In order to prevent such a
short circuit, it is preferable that an exposed pn junction
formed separately from the partial isolators 41 and 42 as the
pn junction J5 is covered with an insulator when performing
silicidation.

[0144] FIG. 28 is a sectional view showing a structure of a
semiconductor device according to the present embodiment
in which the CMOS transistor 100 shown in FIG. 17 addi-
tionally comprises an insulating film 48 covering the region
30. A nitride film, an oxide film or a nitride film having an
oxide film as an underlying layer, for example, may be used
for the insulating film 48.

[0145] The insulating film 48, after being formed all over
the structure shown in FIG. 17, may be remained only in the
region 30 by patterning. Alternatively, it may be formed in the
step of forming sidewalls of the gate electrodes 13 and 23, and
thus, it can be made easily. For instance, the insulating film 48
may be remained by covering the region 30 with a mask when
anisotropically etching an insulating film to be a material for
a sidewall.

[0146] FIG. 29 is a sectional view showing a structure
obtained by siliciding the CMOS transistor 100 constructed
as shown in FIG. 28. It is possible to form silicide films 13s,
23s, 11s, 125, 215 and 225 on the surfaces of the gate elec-
trodes 13, 23 and the source/drain layers 11, 12, 21 and 22,
respectively. However, the ends 107 and 207 are not exposed so
that a silicide film that shorts the both ends is not formed.
[0147] When performing the silicidation, it is sufficient to
provide a cover for covering the region 30 with a material
having an insulative surface that is in contact with the ends 10¢
and 20z. The cover does not need to be insulative as a whole.
[0148] FIG. 30 is a sectional view showing a structure of
another semiconductor device according to the present
embodiment in which the CMOS transistor 100 shown in
FIG. 17 additionally comprises a dummy gate DG covering
the region 30. The dummy gate DG has a gate insulating film
thereunder similarly to the gate electrodes 13 and 23 so that
the ends 10¢ and 20¢ are not shorted. Such a structure can be
formed in the step of forming the gate insulating film and that
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of forming the gate electrodes 13 and 23, and thus, it can be
made easily. For instance, the gate electrodes 13, 23 and the
dummy gate DG are made of polysilicon.

[0149] FIG. 31 is a sectional view showing a structure
obtained by siliciding the CMOS transistor 100 constructed
as shown in FIG. 30. Silicide films 13s, 23s, DGs, 115, 12s,
21s and 22s can be formed on the surfaces of the gate elec-
trodes 13, 23, the dummy gate DG, and the source/drain
layers 11, 12, 21 and 22, respectively. However, the ends 10¢
and 20¢ are not exposed so that a silicide film that shorts the
both ends is not formed.

[0150] As described above, when performing silicidation,
it is preferable to provide the above-noted cover on the pn
junction formed separately from the partial isolator. This is
true for the pn junction J3 of the resistor R1, and the pn
junction J3 is prevented from being shorted at silicidation. It
is sufficient that the insulating film 48 at least covers the
junction J3. As shown in FIG. 32, after being covered with the
insulating film 48, the semiconductor layer 26 may be
exposed by making an opening on the insulating film 48.
Alternatively, an opening may be previously made on a por-
tion of the insulating film 48 to be silicided later as shown in
FIG. 33. Of course, the insulating film 48 may be in contact
with the partial isolator 44 as shown in FIG. 34. Referring to
the pn junction J42 shown in FIG. 3, it is preferable to provide
the above-noted cover for covering a portion of the pn junc-
tion J42 exposed in the active regions 31a and 315.

[0151] Referring to a pn junction covered by a partial iso-
lator, however, the pn junction J41 shown in FIG. 3, the pn
junction J43 shown in FIG. 4 and the pn junction J45 shown
in FIG. 5, for example, are formed on the side of the insulator
9 with respect to the partial isolator 45. Thus, the junctions are
not exposed so that there is an advantage that the above-noted
cover is unnecessary. Moreover, even in the case that a wiring
is laid on such a pn junction, the presence of the partial
isolating allows reduction in parasitic capacitance of the wir-
ing.

Sixth Preferred Embodiment

[0152] FIG. 351s aplan view exemplifying an arrangement
of a pn junction and a silicide film according to the present
embodiment. FIG. 36 is a sectional view taken along the line
P6-P6 shown in FIG. 35. The semiconductor layers 10 and 20
function as, for example, an N well and a P well, respectively,
and form a pn junction J57. A partial isolator 72 having
opening windows 32 and 33 is formed on the semiconductor
layers 10 and 20. The opening window 32 is provided to
straddle the pn junction J57, and the opening window 33 is
provided on the semiconductor layer 10.

[0153] The semiconductor layers 10 and 20, silicided at the
opening windows 32 and 33, have the silicide layers 10s and
20s, respectively, on their surfaces. The opening window 32 is
formed to straddle the pn junction J57. It is necessary to
prevent short circuit of the silicide films 10s and 20s in order
to prevent short circuit in the pn junction 57. Thus, in order to
prevent short circuit of the silicide films 10s and 20s, an
insulating film 71 to be a mask for preventing silicidation is
provided on the pn junction J57 at the opening window 32.
Silicidation is thereafter performed.

[0154] Referring to FIG. 36, if at least one of the distance t1
from an end of the silicide film 10s to the pn junction J57 in a
direction toward the silicide film 20s and the distance t2 from
an end of the silicide film 20s to the pn junction J57 in a
direction toward the silicide film 10s is not more than r=2 pm,
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the effect of the present invention is obtained. To reduce the
leakage current, it is preferable that the relation t1=tor 2=t
should be satisfied at all the positions where the pn junction
J57 extends. When regions 2 um from the silicide films 10s
and 20s, respectively, are formed to be connected to each
other, the silicide films 10s, 20s and the insulating film 71 may
not necessarily continue in the extending direction of the pn
junction J57. FIG. 35 shows the case that the silicide films 10s
and 20s are adjacent to each other in the extending direction
of the pn junction J57 to the extent that the boundaries N3 2
um from the silicide film 10s and 20s, respectively, are con-
nected to each other. Thus, in this case, the insulating film 71
does not need to be provided continuously in the extending
direction of the pn junction J57.

[0155] Inthepresent embodiment, the insulating film 71 for
covering the pn junction J57 is provided to the opening win-
dow 32 opened by the partial isolator 72 to straddle the pn
junction J57. The semiconductor layers 10 and 20 are sili-
cided using the insulating film 71 as a mask, which allows
reduction of the leakage current at the pn junction J57.
[0156] A dummy gate may be employed as a mask for
preventing the pn junction from silicidation in place of an
insulating film. FIG. 37 is a sectional view taken along the line
P3-P3 in FIG. 17, which shows the similar structure to that
shown in FIG. 31. The difference from the structure of FIG.
31 lies in that the dummy gate DG does not cover all of the
region 30, nor the semiconductor layers 10¢, 20z, and that an
insulating film 77 covers the semiconductor layer 20¢ at the
region 30. FIG. 37 exemplifies the case that a sidewall is
added to the dummy gate DG.

[0157] Silicidation is performed using such dummy gate
DG and insulating film 77, so that the silicide film 10s is
formed on the surface of the semiconductor layer 10¢ at the
region 30. Ifthe distance between the silicide film 10s and the
pn junction J5 is not more than 2 um, a silicide film does not
need to be formed on the semiconductor layer 20z as in FI1G.
37, which allows reduction in parasitic capacitance.

[0158] Of course, the semiconductor layer 207 may be cov-
ered by the dummy gate DG as shown in FIG. 38, or alterna-
tively, both of the pn junction J5 and the semiconductor layer
20z may be covered by the insulating film 77 as shown in FIG.
39.

Seventh Preferred Embodiment

[0159] FIG. 40 is a plan view exemplifying an arrangement
of a pn junction and a silicide film according to the present
embodiment. FIGS. 41 and 42 are sectional views showing
two exemplary sections at the position taken along the line
P7-P7 shown in FIG. 40. The semiconductor layers 10 and 20
function as, for example, an N well and a P well, respectively,
and form a pn junction J58. A partial isolator 73 is formed on
the semiconductor layers 10 and 20, and exposes the semi-
conductor layer 10 and the silicide film 10s at an opening
window 34.

[0160] The opening window 34 is selectively covered by a
mask 74. FIG. 41 and FIG. 42 show the cases of employing an
insulating film 74a and a dummy gate 745, respectively, as the
mask 74.

[0161] Referring to FIG. 41, the insulating film 74a selec-
tively exposes the semiconductor layer 10 in conjunction with
the partial isolator 73, similarly to the insulating film 71
shown in FIG. 36 according to the sixth preferred embodi-
ment, and functions as a mask for preventing silicidation.
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[0162] The silicide film does not need to be formed on the
entire surface of a semiconductor layer which is not covered
by apartial isolator. It is sufficient if the silicide film is formed
at such a position that the pn junction is provided in a range of
distance 2 pm from the position. Such a selective silicidation
of'the surface of the semiconductor layer reduces an area to be
silicided. This allows reduction in parasitic capacitance
between the silicide film and another conductor such as wir-
ing provided over the silicide film.

[0163] Referringto FIG. 42, before silicidation, the dummy
gate 74b includes: an insulating film 743 formed in the step of
forming a gate insulating film of another MOS transistor not
shown; and a conductive film 742 formed in the step of
forming a gate electrode of the MOS transistor. When silicid-
ing the semiconductor layer 10, the dummy gate 745 func-
tions as a mask for preventing silicidation of the semiconduc-
tor layer 10, while a silicide film 741 is formed on a surface of
the conductive film 742. This allows the gate of the MOS
transistor and the dummy gate 745 to have the same structure
in the thickness direction. Comparing to the insulating film
74a, the use of the dummy gate 745 as a mask at silicidation
of the semiconductor layer 10 allows the structure on the
semiconductor layer 10 to have a uniform thickness, whether
the semiconductor layer 10 functions as a dummy or is pro-
vided with the MOS transistor. Accordingly, it is possible to
improve flatness of an interlayer insulating film to be formed
on the semiconductor layer 10.

Eighth Preferred Embodiment

[0164] FIG. 43 is a plan view exemplifying an arrangement
of a pn junction and a silicide film according to the present
embodiment. FIGS. 44 and 45 are sectional views showing
two exemplary sections at the position taken along the line
P8-P8 shown in FIG. 43. The semiconductor layers 10 and 20
function as, for example, an N well and a P well, respectively,
and form a pn junction J59. A partial isolator 75 having
opening windows 35 and 36 is formed on the semiconductor
layers 10 and 20.

[0165] A PMOS transistor Q4 and an NMOS transistor Q5
are formed on the semiconductor layers 10 and 20, respec-
tively, at the opening 36. The opening window 35 is covered
by a mask 76 except its edge.

[0166] The semiconductor layers 10 and 20 can be seen
from the partial isolator 75 through the opening window 35
which serves as a dummy, on which no semiconductor device
is formed. Any dummy of any size and shape may be
employed. In FIG. 43, the square opening window 35 is
employed, and a plurality of the opening windows are pro-
vided in a matrix form except for the positions occupied by
the transistors Q4 and Q5. The arrangement of the opening
windows 35 with such a pattern can easily be realized by
automatic pattern arrangement. However, needless to say the
opening window 36, at which the transistors Q4 and QS5 are
formed, the opening windows 35 are not provided to straddle
the pn junction J59 in the present embodiment.

[0167] FIG.44 and FIG. 45 show the cases of employing an
insulating film 764 and a dummy gate 765, respectively, as the
mask 76.

[0168] Referring to FIG. 44, the insulating film 76a selec-
tively exposes the semiconductor layer 10 in conjunction with
the partial isolator 75, similarly to the insulating film 71
shown in FIG. 36 according to the sixth preferred embodi-
ment, and functions as a mask for preventing silicidation. To
obtain the same effect as in the seventh preferred embodi-
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ment, the opening window 35 may be formed at such a posi-
tion that the pn junction is provided in a range of distance 21m
from the position.

[0169] Referringto FIG. 45, before silicidation, the dummy
gate 765 includes: an insulating film 763 formed in the step of
forming gate insulating films of the transistors Q4 and Q5; a
conductive film 762 formed in the step of forming gate elec-
trodes of the transistors; and a sidewall 764 formed in the step
of forming sidewalls of the transistors. When siliciding the
semiconductor layers 10 and 20, the dummy gate 765 func-
tions as a mask for preventing silicidation of the semiconduc-
tor layers 10 and 20, while a silicide film 761 is formed on a
surface of the conductive film 762. The dummy gate 765,
when used as a mask for preventing silicidation of the semi-
conductor layers 10 and 20, can be formed in the same height
as gates G7 and G8 of the transistors Q4 and Q5. Accordingly,
it is possible to improve flatness of the interlayer insulating
film as in the seventh preferred embodiment.

Formation of a Partial Isolator

[0170] Various methods of forming a partial isolator will be
described below. The partial isolators explained in the above
preferred embodiments may be formed by the following
methods.

[0171] FIGS. 46 through 51 are sectional views showing a
first method of forming a partial isolator in sequential order of
steps. First, a semiconductor substrate 501 is prepared, and a
buried oxide film 90 is formed therein using a method such as
SIMOX method accompanied by an ion implantation with
oxygen, or the like. The buried oxide film 90 divides the
semiconductor substrate 501 in the thickness direction
thereof into semiconductor layers 501a and 5015. The struc-
ture shown in FIG. 46 is thus obtained. For instance, the
buried oxide film 90 and the semiconductor layer 5015 cor-
respond to the above-described insulator 9 and the semicon-
ductor film 3 and, for example, are set to be 100 to 400 nm and
5010 200 nm in thickness, respectively. Of course, a structure
shown in FIG. 32 may be obtained by using a bonding
method.

[0172] Next, an oxide film 502 having a thickness of 20 nm
and a nitride film 503 having a thickness of approximately
200 nm, for example, are deposited on the semiconductor
layer 5015. Further formed thereon is a resist 504 that has an
opening, thereby obtaining a structure shown in FIG. 47. The
oxide film 502 may be formed either by CVD method or by
heat oxidation of the semiconductor layer 5015. The nitride
film 503 may be formed by CVD method, and may be sub-
stituted with a nitride oxide film.

[0173] Subsequently, the nitride film 503 and oxide film
502 are etched using a resist 504 as a mask. The semiconduc-
tor layer 5015 is further etched to reduce its thickness while
remained on the buried oxide film 90. A trench 510 shown in
FIG. 48 is thus obtained.

[0174] The resist 504 is then removed, and an oxide film
505 is deposited from the side of the trench 510 in a thickness
sufficient for burying the trench 510 (e.g., 500 nm), thereby
obtaining a structure shown in FIG. 49.

[0175] CMP processing is then carried out in a similar
manner to a conventional trench isolation for polishing the
nitride film 503 as well to reduce its thickness. A structure
shown in FIG. 50 is thus obtained.

[0176] The nitride film 503 and oxide film 502 are etched
and removed. Thereby, as shown in FIG. 51, the oxide film
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505 remained on a surface of the semiconductor layer 5015
provided on the buried oxide film 90 functions as a partial
isolator.

[0177] FIGS. 52 through 56 are sectional views showing a
second method of forming a partial isolator in sequential
order of steps. A structure shown in FIG. 33 is obtained in the
same way as the first method of forming the partial isolator.
Thereatfter, the nitride film 503, oxide film 502 and semicon-
ductor layer 5015 are etched using the resist 504 as a mask,
thereby forming a trench 511 that exposes the buried oxide
film 90. A structure shown in FIG. 52 is thus obtained.
[0178] The resist 504 is then removed to deposit a semicon-
ductor layer 506 at least covering the buried oxide film 90
which is a bottom of the trench 511, which covers, for
example, the bottom and an inner wall of the trench 511 and
a surface of the nitride film 503. Polysilicon is used for the
semiconductor layer 506, for example, when the semiconduc-
tor substrate 501 is made of silicon. The oxide film 505 is then
deposited on the semiconductor layer 506 for burying the
trench 511 with the semiconductor layer 506 interposed ther-
ebetween. A structure shown in FIG. 53 is thus obtained.
[0179] CMP processing is then carried out in a similar
manner to the conventional trench isolation for polishing the
nitride film 503 as well to reduce its thickness, thereby obtain-
ing a structure shown in FIG. 54.

[0180] The nitride film 503 and the oxide film 502 are
etched and removed, thereby obtaining a structure shown in
FIG. 55.

[0181] Thereafter, an oxidation treatment is given so that a
surface of the semiconductor layer 5015 and a portion of the
semiconductor layer 506 which are on the far side from the
buried oxide film 90 are oxidized and turned into oxide films
508 and 507, respectively. A structure shown in FIG. 56 is
thus obtained. The oxide film 508 is then removed to obtain a
partial isolator formed by the oxide films 505 and 507. In the
present method, the semiconductor layers 506 and 50154
remained without being oxidized correspond to the above-
noted semiconductor film 3.

[0182] FIGS. 57 through 60 are sectional views showing a
third method of forming a partial isolator in sequential order
of steps. The trench 510 is formed in the same way as in the
first method of forming the partial isolator. In the present
method, however, a semiconductor layer 509 made of silicon
having a thickness of 10 to 100 nm, for example, is interposed
between the nitride film 503 and the oxide film 502 (FIG. 57).
Retreated from the trench 510 is an end of the semiconductor
layer 509 exposed to the trench 510 with the etching of the
semiconductor layer 5015 which is performed when forming
the trench 510.

[0183] Next, an oxide film 520 is formed on an inner wall of
the trench 510 to obtain a structure shown in FIG. 58. The
oxide film 502 is formed by heat oxidation at 800 to 1350° C.,
for example, while the oxide film 520 is formed by wet
oxidation at 700 to 900° C. or oxidation in an atmosphere
including hydrochloric acid and oxygen. Thereby, the oxide
film 520 extends deeply between the semiconductor layer 509
and oxide film 502 and between the oxide film 502 and
semiconductor layer 5015, which remarkably presents a con-
tour of a so-called bird’s beak.

[0184] An oxide film 521 is then deposited for burying the
trench 510 and flattened by carrying out CMP processing. A
structure shown in FIG. 59 is thus obtained. In order that a
surface of the oxide film 521 shall not be excessively low also
due to an overetching to be described below, an amount of
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polishing of the oxide film 521 is adjusted in the CMP pro-
cessing in such a manner that a flat surface of the oxide film
521 is not excessively lower than a main surface of the nitride
film 503.

[0185] Subsequently, the nitride film 503 and semiconduc-
tor layer 509 are removed by wet etching, and the oxide film
502 is further removed by etching. At the etching ofthe oxide
film 502, 50 to 100% of overetching is carried out, so that the
contour of the bird’s beak of the oxide film 521 is smoothed
out and is made correspond to those of the semiconductor
layer 509 and nitride film 503, thereby forming depressions
523 and 524, respectively. Thereby, a partial isolator 522
shown is FIG. 60 can be obtained.

[0186] FIG. 61 is a sectional view showing a structure in
which a gate electrode G10 extends over the partial isolator
522. As shown in a position 601, the depressions 523 and 524
are positioned at portions sloping substantially upward in a
direction from an end of the bird’s beak to the partial isolator
522. This enhances an effect of preventing an unnecessary
gate material from remaining on a surface when forming the
gate electrode G10, and reduces differences in level in the
vicinity of the bird’s beak due to the upward slope at the
position 601. Consequently, it is easy to form the gate elec-
trode G10.

[0187] Further, as shown in a position 602, the partial iso-
lator 522 has a rounded shape projecting to the semiconductor
layer 5015 at a portion sloping downward in a direction from
the end of the bird’s beak to the partial isolator 522. Accord-
ingly, it is possible to ease stress imposed around an interface
between the semiconductor layer 5015 and the partial isolator
522 due to the heat treatment and oxidation treatment per-
formed in process steps of forming a semiconductor element.
This enables to suppresses occurrence of the crystal defect in
the semiconductor layer 5015 due to the stress.

[0188] While the invention has been shown and described
in detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What is claimed:

1. A semiconductor device comprising:

a substrate at least having an insulative surface;

a semiconductor film provided on said surface of said
substrate comprising a first semiconductor layer of a first
conductivity type, a second semiconductor layer of said
first conductivity type having an impurity concentration
lower than that of said first semiconductor layer, a third
semiconductor layer of a second conductivity type
opposite to said first conductivity type and a fourth semi-
conductor layer of said second conductivity type having
an impurity concentration lower than that of said third
semiconductor layer; and

an insulative isolator formed on a surface of said semicon-
ductor film on the far side from said substrate, separately
from said surface of said substrate, wherein

said second and fourth semiconductor layers form a pn
junction extending in the thickness direction of said
semiconductor film, said pn junction has a portion sepa-
rated from said isolator,

a maximum value of a distance between said pn junction
and a boundary between said isolator and said semicon-
ductor film is not more than 2 pm, when a direction from
said boundary to said isolator along said surface of said
substrate is taken as a positive direction,
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said second semiconductor layer is provided in said fourth
semiconductor layer,

said first semiconductor layer includes a pair of first semi-
conductor layers being formed in said second semicon-
ductor layer, and

said pair of first semiconductor layers function as a contact
with respect to said second semiconductor layer.

2. A resistor comprising:

a substrate at least having an insulative surface;

a first semiconductor layer of a first conductivity type
provided on said surface of said substrate;

an insulative isolator formed on a surface of said first
semiconductor film on the far side from said substrate,
separately from said surface of said substrate; and

a second semiconductor layer of a second conductivity
type opposite to said first conductivity type formed in
said first semiconductor layer, said second semiconduc-
tor layer forming a pn junction in conjunction with said
first semiconductor layer, said pn junction extending
from said surface of said first semiconductor layer to
said surface of said substrate and being separated from
said isolator.

3. The resistor according to claim 2, further comprising

a pair of third semiconductor layers of said second conduc-
tivity type formed in said second semiconductor layer,
having an impurity concentration higher than that of said
second semiconductor layer.

4. The resistor according to claim 3, further comprising

a gate electrode covering said pn junction.

5. The resistor according to claim 3, further comprising

a cover having an insulative surface in contact with said
portion of said pn junction separated from said isolator.

6. A semiconductor element in which a substrate, an insu-

lator and a semiconductor layer are formed in this order
comprising:

a pn junction provided in said semiconductor layer to
extend in a thickness direction of said semiconductor
layer; and

a metallic compound layer formed on said semiconductor
layer, being a compound of said semiconductor layer
and metal, wherein

a maximum value of a distance between said pn junction
and a boundary between said metallic compound layer
and said semiconductor layer along a surface of said
semiconductor layer is not more than 2 pm.

7. The semiconductor element according to claim 6,

wherein

said pn junction is positioned away from a boundary
between an end of said metallic compound layer and
said semiconductor layer toward said semiconductor
layer within 2 um.

8. The semiconductor element according to claim 7,

wherein said pn junction is applied with voltage.

9. A resistor in which a substrate, an insulator and a semi-

conductor layer are formed in this order, comprising:
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a pn junction provided in said semiconductor layer to
extend in a thickness direction of said semiconductor
layer; and

a metallic compound layer formed on said semiconductor
layer, being a compound of said semiconductor layer
and metal, wherein

a maximum value of a distance between said pn junction
and a boundary between said metallic compound layer
and said semiconductor layer along a surface of said
semiconductor layer is not more than 2 pm.

10. The resistor according, to claim 9, wherein

said pn junction is positioned away from a boundary
between an end of said metallic compound layer and
said semiconductor layer toward said semiconductor
layer within 2 um.

11. The resistor according to claim 10, wherein said pn

junction is applied with voltage.

12. A semiconductor element in which a substrate, an insu-
lator and a semiconductor layer are formed in this order,
comprising:

a pn junction provided in said semiconductor layer to
extend in a thickness direction of said semiconductor
layer; and

a partial isolator formed on said semiconductor layer,
underlaid with said semiconductor layer, wherein

a maximum value of a distance between said pn junction
and a boundary between said partial isolator and said
semiconductor layer along a surface of said semicon-
ductor layer is not more than 2 um.

13. The semiconductor element according to claim 12,

wherein

said pn junction is positioned away from a boundary
between an end of said partial isolator and said semicon-
ductor layer toward said partial isolator within 2 pm.

14. The semiconductor element according to claim 13,
wherein said pn junction is applied with voltage.

15. A resistor in which a substrate, an insulator and a
semiconductor layer are formed in this order, comprising:

a pn junction provided in said semiconductor layer to
extend in a thickness direction of said semiconductor
layer; and

a partial isolator formed on said semiconductor layer,
underlaid with said semiconductor layer, wherein

a maximum value of a distance between said pn junction
and a boundary between said partial isolator and said
semiconductor layer along a surface of said semicon-
ductor layer is not more than 2 um.

16. The resistor according to claim 15, wherein

said pn junction is positioned away from a boundary
between an end of said partial isolator and said semicon-
ductor layer toward said partial isolator within 2 pm.

17. The resistor according to claim 16, wherein said pn
junction is applied with voltage.
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