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(57) ABSTRACT 

A semiconductor device With digital and analog circuits has 
a structure for preventing noise penetration from the digital 
circuit to the analog circuit. The semiconductor device has 
a semiconductor substrate, ?rst and second Wells indepen 
dently formed at a surface of the semiconductor substrate, 
the digital circuit formed at a surface of the ?rst Well, and the 
analog circuit formed at a surface of the second Well. The 
speci?c resistance of the semiconductor substrate is at least 
1000 times as large as the speci?c resistance of the ?rst Well. 
Aconductive guard-ring may be formed in the surface of an 
area that is betWeen the digital circuit and the second Well or 
betWeen the ?rst Well and the second Well. 
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SEMICONDUCTOR DEVICES WHICH HAVE 
ANALOG AND DIGITAL CIRCUITS INTEGRATED 

ON A COMMON SUBSTRATE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?ts of priority under 
35 USC 119 to Japanese Patent Applications No. 2000 
087687 ?led on Mar. 27, 2000 and No. 2001-0074789 ?led 
on Mar. 15, 2001, the entire contents of Which are incorpo 
rated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device With analog and digital circuits and a method of 
manufacturing thereof. 

2. Description of the Related Art 

[0003] Increasing use of portable terminals requires light, 
compact, loW-cost semiconductor devices. To meet their 
requests, semiconductor devices Which have analog and 
digital circuits on a single chip are being developed, to 
replace those Which had previously been mounted on sepa 
rate chips. 

[0004] Placing analog and digital circuits on a single chip 
has problem that noise produced by the digital circuit enters 
the analog circuit through a substrate and Wells, Which is 
causing interference With the proper operation of the analog 
circuit. 

[0005] FIGS. 10A to 10C are sectional vieWs roughly 
shoWing semiconductor device structures each having ana 
log and digital circuits according to prior arts. FIGS. 9A to 
9C are graphs shoWing simulated noise penetration levels to 
analog circuits from digital circuits according to the prior 
arts. In each graph, an abscissa represents noise frequencies 
produced by a digital circuit and an ordinate represents noise 
levels entering an analog circuit. 

[0006] In FIG. 10A, the semiconductor device has a 
p-type substrate 510 in Which an n-Well 520 is formed. A 
digital circuit 530 and an analog circuit 540 are formed in 
the same n-Well 520. This structure is a “common Well 
structure.” BetWeen the digital circuit 530 and the analog 
circuit 540, a guard-ring 550 is added. 

[0007] The guard-ring is a high-concentration impurity 
diffused region to absorb noise leaking from a digital circuit, 
and in this example, is arranged betWeen the digital circuit 
530 and the analog circuit 540. The guard-ring may be a Wall 
or a ring surrounding a digital circuit. 

[0008] In FIG. 11A, the common Well structure Without 
noise preventive measures passes large noise from the 
digital circuit 530 to the analog circuit 540 irrespective of 
noise frequencies. If the guard-ring 550 is added, a slight 
improvement is observed but noise entering the analog 
circuit 540 is still large. 

[0009] The semiconductor device of FIG. 10B has a 
p-type semiconductor substrate 512 in Which n-Wells 522 
and 562 are separately formed. A digital circuit 532 is 
formed in the n-Well 522, and an analog circuit 542 is 
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formed in the n-Well 562. More precisely, the analog circuit 
542 is formed in a p-Well 572 that is formed in the n-Well 
562. In the analog circuit formed area, the p-type substrate 
512, n-Well 562, and p-Well 572 form a triple structure. This 
is a “triple Well structure.” A guard-ring 552 is formed, if 
needed, in the n-Well 522 betWeen the digital circuit 532 and 
the analog circuit 542. 

[0010] The semiconductor substrate 512 is usually a loW 
resistance substrate having a speci?c resistance of, for 
example, 1 Q cm because such a substrate is easy to make 
and handle. 

[0011] In FIG. 11B, the triple Well structure Without a 
guard-ring realiZes a noise level of loWer than —60 dB for 
noise frequencies loWer than 100 M (108) HZ. If the guard 
ring 552 is added, the triple Well structure further suppresses 
noise penetration. For noise frequencies over 1 G (109) HZ, 
hoWever, the triple Well structure With or Without the guard 
ring 552 is ineffective and passes unignorable noise. 

[0012] The semiconductor device of FIG. 10C has an SOI 
substrate. The SOI substrate has an oxide layer 516 sand 
Wiched betWeen an upper semiconductor layer and a loWer 
semiconductor layer 514. The upper semiconductor layer 
has n-Wells 524 and 564 and a p-type semiconductor region 
574 betWeen the n-Wells 524 and 564. In the n-Well 524, a 
digital circuit 534 is formed, and in the n-Well 564, an analog 
circuit 544 is formed. 

[0013] In FIG. 11C, the SOI substrate structure With a 
guard-ring 554 shoWs a remarkable effect of absorbing 
noise, to prevent the penetration of noise to the analog 
circuit 544. 

[0014] Noise paths to the analog circuit 542 in the triple 
Well structure of FIG. 10B Will be explained. Some noise 
emanates from the side of the digital circuit 532, passes 
through the surface of the n-Well 522, and enters the analog 
circuit 542. Some noise emanates from the bottom of the 
digital circuit 532, passes through the semiconductor sub 
strate 512 under the digital circuit 532, and reaches the 
analog circuit 542. The guard-ring 552 effectively absorbs 
the sideWard noise but is useless to absorb the bottom 
passing noise. On the other hand, the SOI substrate structure 
of FIG. 10C has the SiO2 layer 516 under the n-Well 524 to 
block the bottom noise from the digital circuit 534. As a 
result, a major noise path to the analog circuit 544 laterally 
extends through the surfaces of the Wells. As a result, the 
guard-ring 554 is effective to absorb the laterally passing 
noise. 

[0015] In this Way, the combination of an SOI substrate 
and a guard-ring is most effective so far among the conven 
tional structures to prevent noise penetration from a digital 
circuit to an analog circuit. Still, there is a need for a 
structure that is capable of preventing the penetration of 
high-frequency noise to an analog circuit. 

[0016] The conventional SOI substrate structure has some 
problems. For example, SOI substrates are expensive com 
pared With standard semiconductor substrates. Further, the 
SOI substrate involves loW heat conductivity at the inter 
mediate oxide layer 516, and therefore, is unable to effec 
tively radiate heat during the operation of elements. In 
addition, the SOI substrate is structurally unable to release 
hot carriers if produced, thereby destabiliZing transistor 
properties. 
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SUMMARY OF THE INVENTION 

[0017] An object of the present invention is to provide a 
semiconductor device With digital and analog circuits, hav 
ing a neW structure employing an SOI substrate or a sub 
strate comparable to an SOI substrate, as Well as a method 
of manufacturing such a semiconductor device. 

[0018] In order to accomplish the objects, a ?rst aspect of 
the present invention provides a semiconductor device With 
digital and analog circuits formed in a high-resistance semi 
conductor substrate of a ?rst conductivity type. First and 
second Wells of a second conductivity type are indepen 
dently formed at a surface of the semiconductor substrate. 
The digital circuit is formed at a surface of the ?rst Well, and 
the analog circuit is formed at a surface of the second Well. 
The speci?c resistance of the semiconductor substrate is at 
least 1000 times as large as the speci?c resistance of the ?rst 
Well. 

[0019] A second aspect of the present invention provides 
a semiconductor device With digital and analog circuits 
formed in a substrate having an upper semiconductor layer, 
a loWer semiconductor layer, and an insulating layer sand 
Wiched betWeen the upper and loWer semiconductor layers. 
First and second Wells of a second conductivity type inde 
pendently are formed in the upper semiconductor layer With 
a semiconductor region of a ?rst conductivity type being 
interposed betWeen the ?rst and second Wells. The digital 
circuit is formed at a surface of the ?rst Well, the analog 
circuit is formed at a surface of the second Well, and a 
conductive guard-ring is formed in a surface of an area that 
is betWeen the digital circuit and the second Well or betWeen 
the ?rst Well and the second Well. A distance betWeen a 
bottom of the guard-ring and a bottom of the ?rst Well is 0.8 
pm or shorter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1A is a plan vieW shoWing a semiconductor 
device employing a high-resistance substrate according to a 
?rst embodiment of the present invention; 

[0021] FIG. 1B is a sectional vieW shoWing the semicon 
ductor device of the ?rst embodiment; 

[0022] FIG. 2A is a graph shoWing a comparison of 
analog circuit noise levels of the ?rst embodiment With those 
of a prior art; 

[0023] FIG. 2B is a graph shoWing a relationship betWeen 
Well-to-Well distances W and penetrating noise levels, the 
Well-to-Well distance being measured betWeen a Well in an 
analog circuit formed area and a Well in a digital circuit 
formed area; 

[0024] FIG. 3 is a graph shoWing a relationship betWeen 
Q-values of inductance elements and frequencies; 

[0025] FIG. 4A is a plan vieW shoWing slip lines in a 
high-resistance substrate; 

[0026] FIG. 4B is a plan vieW shoWing a substrate in 
Which a high-resistance inside region and a loW-resistance 
outside region eXist; 

[0027] FIG. 5A is a plan vieW shoWing a semiconductor 
device With a guard-ring according to a second embodiment 
of the present invention; 
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[0028] FIG. 5B is a sectional vieW shoWing the semicon 
ductor device of the second embodiment; 

[0029] FIG. 5C is a sectional vieW shoWing a modi?ca 
tion of the second embodiment; 

[0030] FIG. 5D is a sectional vieW shoWing a semicon 
ductor device having an SOI substrate structure With a 
guard-ring; 
[0031] FIG. 6 is a graph shoWing a relationship betWeen 
bottom-to-bottom distances t and penetrating noise levels, 
the bottom-to-bottom distance being measured betWeen the 
bottom of a Well and the bottom of a guard-ring formed 
according to the second embodiment; 

[0032] FIG. 7 is a sectional vieW shoWing a semiconduc 
tor device having CMOS circuits based on the ?rst and 
second embodiments; 

[0033] FIGS. 8A to 8C are sectional vieWs shoWing 
various guard-ring structures according to a third embodi 
ment of the present invention; 

[0034] FIGS. 9A to 9E shoW the steps of manufacturing 
a guard-ring of the third embodiment during the formation 
of element isolation regions; 

[0035] FIGS. 10A to 10C are sectional vieWs shoWing 
semiconductor devices according to prior arts; and 

[0036] FIGS. 11A to 11C are graphs shoWing simulated 
noise penetration levels of the prior arts. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0037] Various embodiments of the present invention Will 
be described With reference to the accompanying draWings. 

(First embodiment) 
[0038] A semiconductor device according to the ?rst 
embodiment of the present invention basically has a con 
ventional triple Well structure. What is characteristic to the 
?rst embodiment is the use of a high-resistance substrate. 

[0039] The aspect provides the semiconductor substrate 
With a sufficiently high resistance so that the semiconductor 
substrate around a ?rst Well may prevent noise generated by 
the digital circuit in the ?rst Well from penetrating the analog 
circuit in a second Well. 

[0040] The high-resistance substrates may form the semi 
conductor substrate according to any one of MCZ, CZ, and 
FZ methods. The semiconductor substrate may have a solid 
solution oXygen quantity of 1><1018 atoms/cm3 or beloW. 

[0041] The ?rst aspect may separate the ?rst and second 
Wells by a distance (W) of 0.5 pm or longer. 

[0042] As the distance betWeen the ?rst and second Wells 
eXtends, resistance betWeen the Wells increases to effectively 
prevent noise penetration to the analog circuit. If the dis 
tance betWeen the Wells is 0.5 pm or longer, the noise 
preventive effect Will be appropriate. 

[0043] The aspect may form a third Well of the ?rst 
conductivity type at the surface of the second Well and may 
form the analog circuit in the third Well. In this case, in 
addition to the noise preventive effect of the high-resistance 
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semiconductor substrate, another noise preventive effect is 
provided by PN-junction resistance betWeen the second and 
third Wells. 

[0044] The semiconductor device of the ?rst embodiment 
Will be explained in detail. 

[0045] FIG. 1A is a plan vieW shoWing the semiconductor 
device With digital and analog circuits according to the ?rst 
embodiment, and FIG. 1B is a sectional vieW shoWing the 
same. The semiconductor device has the high-resistance 
substrate 10 of p-type. The substrate 10 has a digital circuit 
forming area in Which an n-Well 20 is formed and an analog 
circuit forming area in Which an n-Well 40 is formed. The 
n-Wells 20 and 40 are independent of each other. In the 
analog circuit forming area, the n-Well 40 contains a p-Well 
50 in Which an analog circuit 60 is formed. In the digital 
circuit forming area, a digital circuit 30 is formed in the 
n-Well 20. Each of the analog circuit 60 and digital circuit 30 
has active elements such as MOS transistors and bipolar 
transistors. 

[0046] The n-Wells 20 and 40 have each a depth of about, 
for example, 1.5 pm. The distance W betWeen the n-Wells 20 
and 40 is about, for example, 0.5 pm. 

[0047] The p-Well 50 has a speci?c resistance of, for 
example, 0.25 Q cm, and the n-Wells 20 and 40 have each 
a speci?c resistance of, for example, 0.065 Q cm. The 
speci?c resistance of the high-resistance substrate 10 is at 
least 1000 times as large as any one of these speci?c 
resistance values, preferably, the speci?c resistance of the 
p-Well 50. For example, the speci?c resistance of the sub 
strate 10 is 250 Q cm or greater. This speci?c resistance 
value corresponds to a solid solution oxygen quantity of 
about 8.1><1017 atoms/cm3 or loWer. 

[0048] Oxygen atoms contained as impurities in a sub 
strate serve as dopants. To increase the resistance of a 
substrate, a solid solution oxygen quantity in the substrate 
must be reduced. Lattice defects caused by oxygen in the 
substrate, hoWever, properly absorb various stress applied to 
the substrate during manufacturing processes and improve 
the mechanical strength of the substrate. Accordingly, it is 
preferable to maintain the solid solution oxygen quantity of 
a substrate at a proper value to secure the mechanical 
strength of the substrate. 

[0049] A substrate containing a 10W solid solution oxygen 
quantity is producible according to CZ (CZochralski) 
method, FZ (?oating Zone) method, or MCZ (magnetic ?eld 
applied CZ) method. The MCZ method applies a magnetic 
?eld to a solution, to suppress convection in the solution, 
thereby suppressing oxygen concentration in crystals. 

[0050] Unlike the conventional triple Well structure that 
mainly employs PN-junction resistance to prevent noise 
produced by a digital circuit from entering an analog circuit, 
the ?rst embodiment utiliZes the high resistance of the 
substrate 10 itself betWeen the n-Well 20 and the n-Well 40, 
to prevent noise penetration to the analog circuit 60. 

[0051] FIG. 2A is a graph shoWing a comparison of 
simulated penetrating noise levels of the ?rst embodiment 
employing the triple Well structure involving the high 
resistance substrate With those of the conventional structure. 

[0052] For a noise frequency of 1 GHZ, the ?rst embodi 
ment shoWs no effect of reducing penetrating noise. For a 
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noise frequency of 100 MHZ, the ?rst embodiment greatly 
reduces penetrating noise compared With the conventional 
common Well structure or triple Well structure. The noise 
reduction effect of the ?rst embodiment for 100-MHZ noise 
is comparable to that of the SOI substrate structure. 

[0053] FIG. 2B is a graph shoWing a simulated relation 
ship betWeen Well-to-Well distances W and penetrating noise 
levels. The Well-to-Well distance W is measured betWeen the 
n-Well 20 in the digital circuit forming area and the n-Well 
40 in the analog circuit forming area. The noise levels are 
those generated by the digital circuit 30 and entering the 
analog circuit 60. As the distance W betWeen the n-Wells 20 
and 40 extends, resistance betWeen the n-Wells increases to 
improve the noise preventive effect. For a noise frequency of 
100 MHZ, the distance W must be 0.5 pm or longer to 
achieve a preferable penetrating noise level of —100 dB or 
loWer. 

[0054] Usually, an analog circuit for Working at high 
frequencies contains a thin ?lm inductance element, Which 
has a plane spiral conductive pattern. The spiral conductive 
pattern causes an eddy current in the semiconductor sub 
strate and the eddy current therefore causes an induced 
current. If the conventional semiconductor substrate is used, 
the induced current reduces Q-values of the inductance 
element. 

[0055] HoWever, if the semiconductor high-resistance 
substrate is used, the quantity of the induced current 
decreases as a result of the high-resistance of the substrate. 
Therefore the Q-values of the inductance element are pre 
vented from becoming Worse. 

[0056] FIG. 3 is a graph shoWing the relationship betWeen 
frequencies and Q-values of inductance elements. As shoWn 
in the graph, especially in high frequency conditions, Q-val 
ues of the inductance element formed in the high-resistance 
substrate of 1000 Q cm is much greater than the Q-values of 
one formed in the conventional substrate of 1 Q cm. 

[0057] In this Way, the usage of the high-resistance sub 
strate according to the ?rst embodiments not only prevents 
noise penetration from digital circuits to analog circuits but 
also improves the inductance element characteristic in the 
analog circuits. 

[0058] By the Way, as the oxide concentration of such a 
high-resistant substrate is very loW, its mechanical strength 
is Weaker than the conventional one. For example, during 
the semiconductor manufacturing process, especially in the 
annealing high-resistance semiconductor substrates, each 
substrate is usually supported by a pin holder. The pin holder 
is attached to the semiconductor substrate surface at three 
points in around the periphery. Because the mechanical 
stress or thermal stress is localiZed at three points during the 
annealing process, slips generate near the three points 
A1-A3 as shoWn in FIG. 4A. 

[0059] Accordingly, it is preferable to employ the semi 
conductor substrate 14 shoWn in FIG. 4B. The substrate 
14has a loW-resistance round area 14B in the periphery and 
a high-resistance area 14A inside the loW-resistance area 
14B. The oxide concentration of the peripheral area Where 
stress localiZes during the manufacturing process is high 
enough to obtain suf?cient mechanical strength. The sub 
strate structure prevents defects such as slip generation 
While maintaining the merit of high-resistance substrates. 
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[0060] For example, the Width of the loW-resistance area 
14A may be greater than about 1mm from the edge of the 
substrate. Also the solid solution oxygen quantity of the 
loW-resistance area 14B may preferably be more than or 
equal to 1><1018 atoms/cm3. The loW-resistance area 14B is 
readily obtained by selective oxide ion implantation. 

(Second embodiment) 
[0061] Semiconductor device according to the second 
embodiment of the present invention has a deep guard-ring 
in the structure of the ?rst embodiment or SOI structure. 

[0062] The deep guard-ring is formed in the surface of the 
substrate betWeen the digital circuit and the second Well in 
an area that is inside the ?rst Well or betWeen the ?rst Well 
and second Well. 

[0063] In the structure With the high-resistance semicon 
ductor substrate, sideWard noise from the ?rst Well to the 
analog circuit in the second Well is more critical than 
doWnWard noise from the ?rst Well to the analog circuit 
passing through a loWer part of the high-resistance substrate. 
The guard-ring in a sideWard noise path effectively absorbs 
the sideWard noise, to prevent noise penetration to the 
analog circuit. 

[0064] The aspect may set a distance (t) betWeen the 
bottom of the guard-ring and the bottom of the ?rst Well to 
0.8 pm or shorter. Deepening the guard-ring, i.e., shortening 
the distance betWeen the bottom of the guard-ring and the 
bottom of the ?rst Well results in Widely catching the 
sideWard noise from the ?rst Well, to effectively prevent 
noise penetration to the analog circuit. 

[0065] The deep guard-ring is effective for SOI substrate 
structure. The insulating layer of the SOI substrate is under 
the ?rst and second Wells, so that noise produced by the 
digital circuit hardly passes under the Wells to the analog 
circuit. As a result, a path of leakage noise mainly runs 
sideWard, Which is effectively blocked by the guard-ring 
formed in the noise path. Unlike the prior art that employs 
a shalloW guard-ring, the second aspect suf?ciently deepens 
the guard-ring to Widely absorb leakage noise, thereby 
effectively preventing noise penetration to the analog circuit. 

[0066] The semiconductor device of the second embodi 
ment Will be explained in detail. 

[0067] FIG. 5A is a plan vieW shoWing a semiconductor 
device according to the second embodiment of the present 
invention, FIGS. 5B-5D are sectional vieWs shoWing the 
semiconductor device in the same embodiment. 

[0068] The semiconductor device of the second embodi 
ment is provided With a guard-ring in addition to the 
structure of the ?rst embodiment. Namely, the conductive 
guard-ring 70 is formed beside a digital circuit 30, Which is 
formed in an n-Well 20. The guard-ring 70 blocks a noise 
path to an analog circuit 60. 

[0069] Unlike the conventional guard-ring that is formed 
during the formation of source and drain regions to a depth 
of about 0.2 pm equal to the depth of the source and drain 
regions, the second embodiment forms the guard-ring 
deeper than the conventional one. 

[0070] The guard-ring 70 of the second embodiment 
absorbs noise generated by the digital circuit 30, thereby 

Oct. 11, 2001 

preventing the noise from entering the analog circuit 60. The 
guard-ring 70 is not necessarily a ring surrounding the 
digital circuit 30. The guard-ring 70 may be a Wall extending 
betWeen the digital and analog circuits. 

[0071] FIG. 6 is a graph shoWing simulated noise levels 
penetrating to the analog circuit 60 With respect to various 
distances t betWeen the bottom of the guard-ring 70 and the 
bottom of the n-Well 20. Compared With the ?rst embodi 
ment Without a guard-ring, the second embodiment addi 
tionally provides the effect of reducing high-frequency noise 
of 1 GHZ if the distance t is shorter than 1.2 pm. In 
particular, the distance t of 0.8 pm or shorter reduces the 
penetrating noise beloW —100 dB. 

[0072] FIG. 5D is shoWing a SOI substrate structure With 
a same guard-ring. 

[0073] FIG. 6 also shoWs penetrating noise levels simu 
lated for an SOI substrate structure With a guard-ring. The 
SOI substrate structure With a deep guard-ring is shoWn in 
FIG. 5D. In this case, the distance t is measured betWeen the 
bottom of the guard-ring and the bottom of a Well, i.e., the 
surface of an intermediate insulating layer formed in the SOI 
substrate. The simulated noise levels for the SOI substrate 
structure are equal to the above embodiment that employs 
the triple Well structure, high-resistance substrate, and 
guard-ring. 
[0074] When the resistance of a semiconductor substrate is 
high like that of an SOI substrate, noise generated by a 
digital circuit mainly ?oWs through loW-resistance Wells at 
the surface of the substrate instead of the high-resistance 
substrate, and therefore, much of the noise ?oWing at the 
surface of the substrate is caught by the guard-ring. Namely, 
the noise absorbing effect of the guard-ring effectively 
functions. 

[0075] The high-resistance substrate and SOI substrate 
each With a deep guard-ring are capable of greatly reducing 
noise penetration to an analog area. A guard-ring having a 
suf?cient depth is capable of Widely catching noise gener 
ated by a digital circuit, including noise that may pass under 
a conventional shalloW guard-ring to an analog region. 
Compared With the conventional guard-ring of about 0.2 pm 
deep, the guard-ring 70 of the second embodiment has a 
depth of about, for example, 0.7 pm. Since the depth of the 
n-Well is 1.5 pm in this case, the depth of the guard-ring may 
be longer than or equal to about seven-?fteenth of the n-Well 
depth. 

[0076] The guard-ring 70 may be formed in the n-Well 20 
as shoWn in FIG. 3B. Instead, it may partly be outside the 
n-Well 20 as shoWn in FIG. 3C. As long as the guard-ring 
70 is separated from the n-Well 40 Where the analog circuit 
is formed, the guard-ring 70 can be formed anyWhere 
betWeen the n-Well 20 and the n-Well 40. 

[0077] FIG. 7 is a sectional vieW shoWing an example of 
a semiconductor device having CMOS circuits that employ 
the structures of the ?rst and second embodiments. The 
semiconductor device has analog and digital circuit forming 
areas each having CMOS transistors. The digital circuit 
forming area is in a high-resistance substrate 11 and has an 
n-Well 21, Which contains a p-Well 31. An NMOS transistor 
is formed at the surface of the p-Well 31. The NMOS 
transistor consists of n-type source and drain regions 33, a 
gate oxide ?lm formed on the source and drain regions, and 
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a gate electrode 32 formed on the gate oxide ?lm. APMOS 
transistor is formed at the surface of the n-Well 21 outside 
the p-Well 31. The PMOS transistor consists of p-type source 
and drain regions 35, a gate oxide ?lm formed on the source 
and drain regions, and a gate electrode 34 formed on the gate 
oxide ?lm. 

[0078] The analog circuit forming area is in the high 
resistance substrate 11 and has an n-Well 41, Which contains 
a p-Well 51. A PMOS transistor is formed at the surface of 
the n-Well 41. The PMOS transistor consists of p-type source 
and drain regions 63, a gate oxide ?lm formed on the source 
and drain regions, and a gate electrode 61 formed on the gate 
oxide ?lm. An NMOS transistor is formed at the surface of 
the p-Well 51. The NMOS transistor consists of n-type 
source and drain regions 64, a gate oxide ?lm formed on the 
source and drain regions, and a gate electrode 62 formed on 
the gate oxide ?lm. 

[0079] Each of the transistor forming areas is isolated by 
LOCOS or element isolation oxide ?lms 91 to 98. 

[0080] A guard-ring 71 is formed in the n-Well 21 in the 
vicinity of the analog circuit forming area. In addition, a 
guard-ring 81 is formed in the p-Well 31 beside the NMOS 
transistor. In this Way, the number of guard-rings is not 
limited to one but may be tWo or more. 

[0081] The n-Wells 21 and 41 have each a depth of, for 
example, 2.1 pm, and the p-Wells 31 and 51 have each a 
depth of, for example, 1.5 pm. In this case, the distance 
betWeen the bottom of each Well and the bottom of each 
guard-ring is 0.8 pm or shorter. Namely, the depth of the 
guard-ring 71 is about 1.3 pm or deeper, and the depth of the 
guard-ring 81 is about 0.7 pm or deeper. 

(Third embodiment) 
[0082] The third embodiment of the present invention 
relates to guard-ring structures and a method of manufac 
turing a guard-ring. 

[0083] The guard-ring in the third embodiment comprises 
a trench, an oxide layer covering an inner Wall of the trench, 
and a metal layer ?lling the trench. The oxide layer on the 
inner Wall of the trench prevents heat diffusion from the 
metal ?lled in the trench to the periphery of the trench. 

[0084] As mentioned in the second embodiment, noise 
generated by a digital circuit Will effectively be blocked by 
a guard-ring that is deeper than conventional ones. A con 
ventional method forms a guard-ring simultaneously With 
transistor source and drain regions by ion implantation, and 
therefore, is unable to form a deep guard-ring. This is 
because the conventional method equaliZes the depth of a 
guard-ring to the depth of source and drain regions. 

[0085] FIGS. 8A to 8C are sectional vieWs shoWing 
guard-ring structures in semiconductor substrates according 
to the third embodiment. Each Fig. speci?cally shoWs a 
digital circuit forming area in a high-resistance substrate 12. 
An n-Well 22 is formed in the digital circuit forming area, 
and a guard-ring is formed in the n-Well 22. 

[0086] The guard-ring 72 of FIG. 8A is formed by high 
concentration ion implantation. Separately from an ion 
implantation process for source and drain regions, p- or 
n-type impurity ions are implanted at a high acceleration 
voltage, and implanted ions are activated by thermal anneal 
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ing. For example, impurity ion implantation to the n-Well 22 
is carried out With P (phosphorus) ions of the same conduc 
tivity type at a dose of 4—1015/cm2 under an acceleration 
voltage of about 90 keV that is double an acceleration 
voltage used for the formation of source and drain regions. 

[0087] The guard-ring 73 of FIG. 8B is formed by metal 
burying. RIE (reactive ion etching) is used to form a trench 
in the Well 22 of the substrate 12, and an inner surface of the 
trench is oxidiZed to form an oxide ?lm 74. The trench is 
?lled With metal such as Al, Cu, W, etc. Thereafter, a CMP 
process is carried out to ?atten the surface of the substrate. 
Even if metal such as Al that easily diffuses to the periphery 
is employed, the oxide ?lm 74 in the trench prevents the 
diffusion, to secure transistor operations. If the buried metal 
hardly diffuses, the oxide ?lm 74 may be omitted. 

[0088] The guard-ring of FIG. 8C is formed by making a 
trench in the Well 22 of the substrate 12, implanting ions in 
the bottom of the trench to form an ion implanted region 75, 
and forming a silicide layer 76 on an inner surface of the 
trench. 

[0089] Next, the method of manufacturing the guard-ring 
shoWn in FIG. 8C Will be explained. The method includes 
the steps of forming a trench in a substrate and implanting 
impurity ions into the bottom of the trench to form an ion 
implanted layer, thereby forming the guard-ring. 

[0090] With use of the trench, the effective depth of the 
guard-ring is the depth of the trench plus the depth of the ion 
implanted layer. The aspect is capable of forming a deep 
guard-ring under standard ion implanting conditions. 

[0091] A metal ?lm may be formed on an inner surface of 
the trench. The metal ?lm is heat-treated to form metal 
silicide, Which provides the guard-ring With loW resistance. 

[0092] The trench forming step may simultaneously be 
carried out With the step of forming trenches and depositing 
element isolation oxide ?lms in the trenches. This forms the 
guard-ring trench Without increasing the number of pro 
cesses. 

[0093] The manufacturing process Will be explained. 

[0094] FIGS. 9A to 9E shoW the steps of manufacturing 
the guard-ring of FIG. 8C during the step of forming a 
buried oxide ?lm for element isolation regions. In FIG. 9A, 
trenches 120 for element isolation regions and a trench 121 
for a guard-ring are formed in a p-type high-resistance 
substrate 110 by, for example, RIE. Each trench has a depth 
of, for example, 0.3 to 0.4 pm. 

[0095] In FIG. 9B, 21 SiO2 ?lm 130 is formed on the 
substrate 110 to bury the trenches. In FIG. 9C, the surface 
of the substrate is ?attened by CMP. 

[0096] In FIG. 9D, n-Wells 150 and 170 are formed to 
provide a digital circuit forming area and an analog circuit 
forming area. The n-Wells 150 and 170 are spaced from each 
other by at least 0.5 pm. In the n-Wells 150 and 170, p-Wells 
160 and 180 are formed. The oxide ?lm in the guard-ring 
trench 121 is removed by etching. With a resist ?lm 140 
around the trench 121 being left or neWly formed as an ion 
implantation mask, ions such as P ions are implanted in the 
bottom of the trench 121 at 40 keV. As a result, an ion 
implanted layer 210 is formed at the bottom of the trench 
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121 as shown in FIG. 9E. The ion implanted layer 210 is 
annealed separately or during a source/drain region forming 
process. 

[0097] An inner surface of the trench 121 is covered With, 
for example, Co or W of about 15 nm thick by, for example, 
spattering. Annealing is carried out at 600°C. to 800°C. to 
form a silicide layer 220 on the inner surface of the trench 
121 that is in contact With the silicon substrate. Metal that 
has not been changed to silicide is removed by Wet etching. 
The silicide layer 220 is a loW resistance region having a 
sheet resistance of about SQ/El. 

[0098] In this Way, the guard-ring of the present invention 
is formed by ?rst making the trench 121 and by implanting 
ions in the bottom of the trench 121. This technique secures 
a trench depth in advance, and therefore, easily makes a deep 
guard-ring. For eXample, a trench of 0.4 pm deep is provided 
With an ion implanted layer of 0.3 p m, to provide a 
guard-ring of 0.7 pm in total depth. 

[0099] The guard-ring structures and manufacturing meth 
ods mentioned above are applicable as they are to forming 
a deep guard-ring in an SOI substrate. 

[0100] The ?rst to third embodiments are not intended to 
limit the present invention. For eXample, elements formed in 
analog and digital circuits are not limited to CMOS transis 
tors. They may be bipolar transistors or other elements. The 
p and n conductivity types of semiconductor regions of any 
one of the embodiments may be replaced With each other. 

[0101] As mentioned above, the semiconductor device 
With analog and digital circuits according to the ?rst aspect 
of the present invention employs a high-resistance semicon 
ductor substrate to prevent noise penetration from a digital 
circuit to an analog circuit. This noise preventive effect is 
comparable to that of an SOI substrate semiconductor 
device. Namely, the present invention is capable of replacing 
an expensive SOI substrate With an inexpensive high-resis 
tance substrate. 

[0102] The semiconductor device of the ?rst aspect of the 
present invention may have a deep guard-ring to prevent 
high-frequency noise from entering the analog circuit. The 
deep guard-ring of the present invention is applicable to an 
SOI substrate, to prevent high-frequency noise. 

[0103] The method of the present invention for manufac 
turing a semiconductor device easily forms a deep guard 
ring. Without increasing the number of processes, the 
present invention provides a semiconductor device With a 
function of preventing noise penetration from a digital 
circuit to an analog circuit. 

[0104] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

What is claimed is: 
1. A semiconductor device having digital and analog 

circuits, comprising: 

a semiconductor substrate of a ?rst conductivity type; 
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?rst and second Wells of a second conductivity type 
independently formed at a surface of the semiconductor 
substrate; 

the digital circuit formed at a surface of the ?rst Well; and 

the analog circuit formed at a surface of the second Well, 
Wherein: 

the speci?c resistance of the semiconductor substrate is at 
least 1000 times as large as the speci?c resistance of the 
?rst Well. 

2. The semiconductor device according to claim 1, 
Wherein: 

the semiconductor substrate is prepared according to any 
one of MCZ, CZ, and FZ methods. 

3. The semiconductor device according to claim 1, 
Wherein: 

the semiconductor substrate contains a solid solution 
oXygen quantity of 1><1018 atoms/cm3 or beloW. 

4. The semiconductor device according to claim 1, 
Wherein: 

the ?rst and second Wells are separated from each other by 
0.5 pm or longer. 

5. The semiconductor device according to claim 1, further 
comprising a third Well of the ?rst conductivity type formed 
at the surface of the second Well, Wherein: 

the analog circuit is formed in the third Well. 
6. The semiconductor device according to claim 1, further 

comprising a conductive guard-ring formed in a surface area 
that is betWeen the digital circuit and the second Well and 
inside the ?rst Well or betWeen the ?rst Well and the second 
Well. 

7. The semiconductor device according to claim 6, 
Wherein: 

a distance betWeen a bottom of the guard-ring and a 
bottom of the ?rst Well, Which is along the vertical 
direction to the surface of the substrate, is 0.8 pm or 
shorter. 

8. A semiconductor device having digital and analog 
circuits, comprising: 

a substrate having an upper semiconductor layer, a loWer 
semiconductor layer, and an insulating layer sand 
Wiched betWeen the upper and loWer semiconductor 
layers; 

?rst and second Wells of a second conductivity type 
independently formed in the upper semiconductor layer 
With a semiconductor region of a ?rst conductivity type 
being interposed therebetWeen; 

the digital circuit formed at a surface of the ?rst Well; 

the analog circuit formed at a surface of the second Well; 
and 

a conductive guard-ring formed in a surface area that is 
betWeen the digital circuit and the second Well and 
inside the ?rst Well or betWeen the ?rst Well and the 
second Well, Wherein: 

a distance betWeen a bottom of the guard-ring and a 
bottom of the ?rst Well, Which is along the vertical 
direction to a surface of the substrate, is 0.8 pm or 
shorter. 
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9. The semiconductor device according to claim 6, 
Wherein: 

the guard-ring comprises a trench, an oXide layer covering 
an inner surface of the trench, and a metal layer ?lling 
the trench. 

10. The semiconductor device according to claim 8, 
Wherein: 

the guard-ring comprises a trench, an oXide layer covering 
an inner surface of the trench, and a metal layer ?lling 
the trench. 

11. The semiconductor device according to claim 6, 
Wherein: 

the guard-ring comprises a trench and an impurity ion 
doped region formed under a bottom of the trench. 

12. The semiconductor device according to claim 8, 
Wherein: 

the guard-ring comprises a trench and an impurity ion 
doped region formed under a bottom of the trench. 

13. The semiconductor device according to claim 11, 
Wherein: 

the guard-ring further comprises one of a metal layer and 
a metal silicide layer formed on an inner surface of the 
trench. 

14. The semiconductor device according to claim 12, 
Wherein: 

the guard-ring further comprises one of a metal layer and 
a metal silicide layer formed on an inner surface of the 
trench. 
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15. A method of manufacturing the semiconductor device 
of claim 6, comprising: 

forming a trench in a surface of the substrate; and 

implanting impurity ions into a bottom of the trench to 
form an impurity ion doped region, thereby forming the 
guard-ring. 

16. A method of manufacturing the semiconductor device 
of claim 8, comprising: 

forming a trench in a surface of the substrate; and 

implanting impurity ions into a bottom of the trench to 
form an impurity ion doped region, thereby forming the 
guard-ring. 

17. The method according to claim 15, further compris 
ing: 

forming a metal ?lm on an inner surface of the trench, and 
annealing to form metal silicide. 

18. The method according to claim 16, further compris 
ing: 

forming a metal ?lm on an inner surface of the trench, and 
annealing to form metal silicide. 

19. The method according to claim 15, Wherein: 

the trench for the guard-ring and trenches for isolations 
are formed by a common step. 

20. The method according to claim 16, Wherein: 

the trench for the guard-ring and trenches for isolations 
are formed by a common step. 

* * * * * 


