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BisMOS SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

~ACKGROUND OF THE INVENTION 

Field of the Invention: 

The invention of the present application relates 

to a BiMOS semiconductor device comprising a· bipolar 

transistor and a MOS transistor in a same semiconductor 

base, and a manufacturing method thereof. 

Description of the related Art: 

Fig~ 1 s~ows, as a related art of the invention of 

the present application, a TFT load- type BiCMOS-SRAM (see 

TECHNICAL REPORT OF THE INSTITUTE OF ELECTRONICS INFORMATION 

AND COMMUNICATION ENGINEERS, SDM93·-151 CD93-145( 1993-11)). 

This BiCMOS-SRAM has a mem~ry portion 1 and a peripheral 

circuit portion 2. 

In the memory portion 1, there are provided:· an 

NMOS transistor 3a which is a bulk transistor: and a PMOS 

transistor 4 which is a thin film transistor. in the 

peripherai circuit portion 2, there· are provided an NMOS 

trans±stor 3b and a PMOS transistor 5 both of which are bulk 

transistors: and an NPN bipolar transistor 6. 

In this related_art, gate electrodes of the NMOS 

transi~tors 3a, 3b and of. ·the PMOS transistor 5 are formed 

by a first polycrystalline Si layer 12 on an Si base 11, 

while a base electrode of the NPN -bipolar transistor 6 is 

formed by a second polycrystalline Si layer 13. 

Further, both a ground line of the memory portion 

1 and an emitter electrode of the NPN bipolar transistor 6 

are formed by a third polycrysta.lline Si layer 14, whereby. a 
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simplification of the manufacturing process is intended. A 

gate electrode of the PMOS transistor 4 and the like are 

formed by a fourth polycrys.talline Si layer 15. An active 

. -
layer and a power supply line of the PMOS transistor .4 are 

formed by a fifth polycrystalline Si layer 16. 

Contact holes 17 to the Si base .11.and the 

polycrystalline Si layers 13 ahd 14 are filled up with plugs 

consisting of W layers 21. Further, a.wiring consisting of 

a first Al layer 22 is brought into contact with the W layer 

21, while a wiring consisting of a second Al layer 23 is 

brought into contact with the first Al layer 22. 

In this related art, the NPN bipolar transistor 6 

is of ·emitter-base self alignment type. For thii reason, an 

opening portion 25_, reaching the Si base 11 is formed 

continuously both in an sio2 layer 24 acting as an 

interlayer insulator on the polycrystalline Si layer 13 as a 

base electrode and in the polycrystalline.Si layer 13; an 

Si02 layer 26 deposited all over the surface is 

anisotropically etched; and thus a sidewall consisting of 

the Sio2 layer 26 is formed on an inside surfa.ce of the 

opening portion 25 such that a contact hole 27 for the 

emitter electrode, surrounded· by that sidewall, is finally 

formed. 

As is apparent from the above explanatio~, by the 

way, the Sio2 la~er 24 acts not only as an interlayer 

insulator between the. polycrystalline Si layers 13 and 14, 

but also as an offset when the sidewall consisting of the 
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Si02 layer 26 is being formed. For· this reason, the Sio2 

layer 24 must be at least 100 to 200 nm in thickness. 

On the other hand, as is apparent from the drawing 

of the memory portion 1, the Sio
2 

layer 24· is lef"t on the 

NMOS transistor 3a of the memory portion 1 pnd is supposed 

to be left also on both the NMOS transistor 3b.and the PMOS 

transistor 5 of the ~eripheral circuit portion 2. For this 

reason,_ step of the NMOS transistors 3a and 3b and the PMOS 

transistor 5 of the memory portion 1 and the peripheral 

circuit portion 2, respectively, is large and the contact 

hole 17 is deep. 

As a result of this, the contact hole 17,is filled 

up with the W .layer 21 as the plug and, consequently, there 

arise~ a decrease in the ·step coverage of a barrier metal 

layer (not illustrated in the figure} formed in a lower 

layer of the W layer 21, even though a break at the step of 

the Al layer 22 may not arise. This problem becomes 

problematic especially with a contact hole in relation to a· 

source/drain region of a MOS transistor having a shallow 

junction: there may result, e.g., a short circuit by alloy 

spike between a source/drain region of the NMOS transistor 

3b of the peripheral circuit portion 2 and the Si base 11. 

Accordingly, reliability of th~ related art shown in Fig. 1 

was not always high. 

OBJECTS AND SUMMARY OF THE INVENTION 

A first obiect of the present invention is to 

provide both fast operation and high reliability of a 
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bipolar transistor in a BiMOS semiconductor device •. 

A second object of the pre~ent inventipn is, in a 

manufacturing method of BiMOS semiconductor device, to 

improve reliability of the BiMOS semiconductor dev1ce by 

reducing step in a bipolar transistor portion and a MOS 

transistor portion. 

A BiMOS semiconductor device. of the present 

invention is characterized in that, in a BiMOS semiconductor 

device comprising a bipolar transistor and a MOS transistor 

in a same semiconductor base, an.emitter electrode is 

provided on an insulator layer covering a base electrode of 

the bipolar transistor; and the MOS transistor is not 

proyided with the insulator layer. 

A BiMOS semiconductor device of the present 

invention is characterized in that, in the above-mentioned 

BiMOS semiconductor device, a gate electrode of the MOS 

transistor is formed by a first conductive layer on the 

semiconductor base; the base. electrode is formed by a second 

conductive layer on the semiconductor base; a wiring of the 

MOS transistor and the emitter electrode are formed by a . 

third conductive layer on the semiconductor base; and the 

insulator layer is an interlayer insulator formed between 

the second conductive layer and the third conductive layer. 

A BiMOS semiconductor device of the present 

invention is characterized in that, in the above-mentioned 

B~MOS semiconductor device, a sidewall comprising a second 

insulator layer is provided on an inside surf ace of an 



5 

opening portion which penetrates both the base electrode and 

a first insulator layer on the base electrode.; the emitter 

electrode extends inside the side~all; and the MOS 

transistor is not provided with the first insulator layer.· 

A manufacturing method of BiMOS semiconductor 

device of the present invention is characterized, on 

manufacturing any one of the above-mentioned BiMOS 

semiconductor device, in having the steps of: forming 

successively a conductive layer for the base electrode and 

an insulator layer on the conductive layer over the whole 

surface; and etching the insulator layer at least in the 

region of the formation of the MOS transistor by setting the 

end point of the etching at the conductive layer. 

As, in a BiMOS semiconductor device of the present 

_invention, no insulator layer electrically isolating the 

emitter electrode and the base electrode of the bipolar 

transistor from each other is provided in the MOS 

transistor, an increase in the step in the MOS transistor 

due to the insulator layer needs not be considered, i.e., 

the insulator layer can be made sufficiently thick. 

As, in a BiMOS semiconductor 'device of the present 

invention, no second conductive l~yer on the semiconductor 

base is provided in the MOS transistor, no trouble occurs 

even when no interlayer insulator is provided between the 

second and third conductive layers. 

In a BiMOS semiconductor device of the present 

invention, the first and second insulator layers 
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electrically isolate the emitter electrode and the base 

electrode of the bipolar transistor from each other. As the 

first insulator layer serves as an offset when the sidewall 

consisting of the second insulator layer is being ~ormed, 

the first insula·tor layer is l~rge in its th,ickness. The 

first insulator layer is not provided in the MOS transistor, 

however. Therefore, the .step is small in the MOS 

transistor. 

In a manufadturing method of BiMOS semiconductor 

device of the present invent~on, on etching an insulator 

layer at least in the region of the formation of the MOS 

transistor, the end point of the etching is set at the 

conductive layer which has a large etching selectivity to 

the insulator layer. Therefore, .insulator layers below that 

_conductive layer can be prevented from both reduction in 

thickness and deterioration in quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side sectional view of· a related art 

to tQe present invention; 

Fig. 2 is a structural sectional view of a first 

embodiment of a BiMOS semiconductor device of the present 

invention; and 

Figs. 3A to 3K shows a second embodiment of the 

present invention, namely of a manufacturing method of a 

BiMOS semiconductor device of the present' invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following referring to Figs. 2 and 3, there 
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will be explained first and second embodiments of the 

present invention which are applied to a BiMOS semiconductor 

device comprising an emitter-base self alignment type NPN 

bipolar transistor and an ~-channel MOS transistor: 

Fig. 2 is a. structural sectional view of a first 

embodiment of a BiMOS semiconductor device of the present 

invention. 

Referring to Figs. 3A to 3K, there will be 

explained a second embodiment of the present invention, 

namely, of a manufacturing method of the above BiMOS 

semiconductor device. 

In the second embodiment, as shown in Fig. 3A, 

first, an Sio2 layer (not shown in the figure) having a 

thickness of about 400 nm is fonned by thermal oxidation on 

the surface of a P type Si substrate 61, and an opening 

portion (not shown in the figure) i·s formed by selectively 

etching this Sio2 layer. Then, an N+ type buried layer 62 

is formed in the vicinity of the surface of the Si substrate 

61 by introducing Sb into the Si substrate 61 by thermal 

diffusion or ion implantation using the Sio2 layer as mask. 

The Si substrate gets covered by an antimony glass 

layer at the time of introducing Sb. Therefore, the 

antimony glass layer and the Sio
2 layer are then removed by 

etching with a buffered hydrofluoric acid or the like. 

Then, an N type monocrystalline Si layer 63 having a 

thickness of about 1.5 µm is epitaxially grown on the 

substrate 61 using a gas such as SiH
2c1 2 with added P or the 

·.·:·· .... ·. 
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like so that an Si base 41 is composed of the Si substrate 

61 and the monocrystalline Si layer 63. 

Next, as shown in Fig. 3B, an Sio2 layer 64 having 

a thickness of about 400 nm is selectively formed -by LOCOS 

method on the surface of the Si base 41, whereby an 

isolation region in which the Sio2 _lay~r 64 is formed is 

marked off from an active region which is surrounded by the 

Sio2 layer 64. 

Next, as shown in Fig. 3C, a P well 65 is formed 

in a region of the formation of· an NMOS transistor by 

selective ion implantation of B into the monocrystalline Si 

layer 63, while in a region of the formation of an NPN 

bipolar transistor there is formed a P type impurity region 

' (not shown in the figure) for making a PN junction isolation 

between the NPN bipolar transistors. An N+ type impurity 

+ region 66 is formed as plug region relative to the N type 

·buried layer 62 by selective ion implantation of P into the 
e 

regi~n of the formation of the NPN bipolar t'ransistor. 

Thereafter, an Sio2 layer 67 as gate oxide is 

formed on· the surface of the ·active region. A polycide 

layer 73 is formed using CVD method, sputtering method or 

the like by successively depositing a polycrystalline Si 

layer 71 and a silicide layer such as WSi layer 72 or the 

like, their thickness being about 70 to 150 nm. The 

polycide layer 73 is then worked according to the pattern of 

the gate electrode of the NMOS transistor. 

Thereafter, regions other than the region of the 
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formation of ~he NMOS transistor are covered by a resist 

(not shown in the figure), and an N type impurity region 74 

is formed by ion implantation .of As using as masks the 

resist as well as the polycide layer 71 and the Sib; layer 

64 •. By depositing and anisotropically etching the Si02 

layer 75, a sidewall consisting of the Sio2 layer 75 is 

formed on the side of the polycide layer 73. 

Thereafter, the regions other than the region of 

the formation of the NMOS transistor are again covered by a 

re~ist (not shown in the figure), and an N+ type impurity 

region 76 is formed by ion implantation of As using as masks 

the resist as well as the polycide layer 73 and the Sio2 

layers 64 and 75. By then, an NMOS transistor 33 having an 

LDD structure is formed. _Then, interlayer insulators such 

as Sio2 layers 77 and 78 or the like are formed, and a 

contact hole 81 is formed, out of the Sio2 layers 77 and 78, 

in a portion where the base region of the NPN bipolar 

transistor is to be formed. 

Next, as shown in Fig. 30, a polycrysta~line Si 

layer 43 having a thickness of about 100 to 200 nm is 

deposited using CVD method, and an ion implantation of B. 

into the polycrystalline Si layer 43 is carried out. It is 

to be noted that, instead of the polycrystalline Si layer 

43, a polycide layer may be formed by successively 
. 

depositing a polycrystalline Si layer having a thickness of 

about 50 to 100 nm and a silicide layer having a thickness 

of about 40 to 100 nm using CVD method~ sputtering method or 
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the like. 

Next, as shown in Fig. 3E, an Sio2 layer 54 having 

a thickness of about 100 to 200 nm is deposited using TEOS 

as raw material, and on this Sio2 layer 54, then, a 

polycrystalline Si layer 82 having a thickness of about 30 

to 100 nm is deposited. Thereafter, as shown in Fig. 3F, an 

opening portion 55 is formed, out of the polycrystalline Si 

layer 82, the Sio2 layer 54 and the polycrystalline Si layer 

43, in a portion where an inner base region of the NPN 

bipolar transistor is to be formed. 

Then, by ion implantation of an N type impurity 

using as mask the resist (not shown in the"figure) .once used 

for the formation of the opening portion 55, an N+ type 

impurity region 83 for a ~tructure of a selectively 

implanted collector (SIC) is formed on the N+ type buried 

layer 62. By ion implantation of B through the opening 

portion 55, a P type impurity region 84 as an inner base 

region is formed in a shallow region of the Si base 41. 

The ion implantation for the formation of the N+ 

type impurity region 83 can also be carried out at the time 

of forming the contact hole 81. I-n this case, area of the 

contact hole 81 is larger than that of the opeping portion 

55 so that capacitance between the base and the collector 

increases. As the cross section area for the collector 

current al~o increases, the collector current increases. 

Next, as shown in Fig. 3G, an Sio2 layer 56 having 

a thickness of about 100 to 500 nm is deposited by low 
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pressure CVD method using TEOS as raw material or well-known 

conventional atmospheric pressure CVD method. Then, RIE is 

carried out over the whole surface of the Sio2 layer 56, 

whereby a sidewall consisting of the Sio2 layer 56°" is formed 

in the inside surface of the opening portion 55 so that a 

contact hole 57, surrounded by that sidewall, for an emitter 

electrode is formed. With the RIE of this case, the 

polycrystalline Si layer 82 acts as stopper and an end point 

detection is possible with the polycrystalline Si layer 82 

so that the sidewall can be formed in stable fashion. 

Next, a resist (not.shown in the figure) is worked 

according to the pattern of the base region and the base 

electrode of the NPN bipolar transistor, and by using this 

resist as mask, the polycrystalline Si layer 8 2 as. well as 

the Sio2 layer 54 and the polycrystalline Si layer 43 are 

continuously etched,, as shown in Fig. 3H. On etching the 

·Si02 layer 54, the polycrystalline Si layer 43 acts ~s 

stopper so that the Sio2 layers 77 and 78 as interlayer 

insulators in the NMOS transistor· 33 and the like are not 

etched. 

Next, as shown in Fig. 31, there is formed on the 

+ ~io2 layers 77 and 78 a contact hole 85 reaching the N type 

impurity region 76 which is a source/drain region shared by 

two NMOS transistors 33. 

Next, as shown in Fig. 3J, a polycrystalline Si 

layer 86 having a thickness of about 50 to 100 nm is 

deposited. Ion implantation of As is carried out into the 
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whole surface of the polycrystalline Si layer 86, and 

thereafter, by depositing a WSi layer 87 having a thickness 

of about 50 to 100 nm, a polycide layer 88 is formed. By 

patterning the polycide layer 88, an emitter electrode is 

formed in the region of the formation of the NPN bipolar 

+ transistor, while a d'eriving electrode from the N type 

impurity region 76 is formed in the NMOS transistors 33• 

Next, as shown in Fig. 3K, Si02 layers 91 and 92 

or the like as interlayer insulators are formed, and then by 

annealing, solid phase diffusion of As is effected from the 
. . 

polycrystalline Si layer 86 into the Si base 41 such that an 

N+ type impurity region 93 is formed as an emitter region, 

while solid phase diffusion of B is eff ec~ed from the 

polycrystalline Si layer 43 into the Si base 41 such that a 

+ P type impurity region 94 is formed as an outer base 

region. By now an emitter-base self alignment type NPN 

bipolar transistor.36 is formed. 

Next, .wirings are formed by polycide layers (not 

shown in the figure) or the like, and.thereafter, Sio2 
layers 95 and 96 or the like as ~nterlayer insulators are 

formed as shown in Fig. 2, and a contact hole 47 is 

selectively formed. The·contact hole 47 is then filled by a 

plug consisting of a Ti/TiN layer 97 or the like and a w 

layer 51 as barrier metal laye~ and closely contacting 

layer. 

Thereafter, by patterning a Ti/TiN layer 101 or 

th~ like as barrier metal layer or the like, a Cu-~ontaining 
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Al layer 52 and a Ti/TiN layer 102 or the like as 

antireflection layer or the like, a first laminated Al 

wiring is formed. Further, an interlayer insulator {not 

shown in the figure) and a second laminated Al wiring (not 

shown in the figure) are formed, and thereafter, by forming 

an SiN layer (not shown in the figure) as overcoat layer 

using plasma CVD method, the present embodiments are 

completed. 

In the above embodiments, the.NPN bipolar 

transistor 36 is of emitter-base self alignment type. The 

invention of the present application can, however, be 

applied to a BiMOS semiconductor device having non-emitter-

base self alignment type bipolar transistor and its 

manufacturing method, too. 

In a BiMOS semiconductor device of the present 

invention, there can be made sufficiently thick an 

insulation layer which electrically isolates an emitter 

electrode and a base electrode of a bipolar transistor from 

each other. Therefore, operation can be made faster of the 

bipolar transistor by reducing interwiring capacitance 

between the emitter electrode and the base electrode, while 

reliability of the bipolar transistor can be raised by 

raising interlayer breakdown voltage between the emitter 

electrode and the base electrode. 

In a BiMOS semiconductor device .of the present 

invention, no trouble occurs even when no interlayer 

insulator is provided between the second and third 

• 
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conductive layers on the semiconductor base in the MOS 

transistor. Therefore, both fast operation and high 

reliability of the bipolar transistor can be achieved 

without hindrance. 

In a BiMOS semiconductor device of the present 

invention, while fast operation and high reliability of the 

bipolar transistor is achieved, reduction in reliability of 

the MOS transistor by wiring break at the step, alloy spike 

and the like can be prevented due to small step of the MOS 

transistor. 

In a manufacturing method of BiMOS semiconductor 

device· of the present invention, insulator la~ers in the 

region of the formation of the MOS transistor can be 

prevented from both reduction in thickness and deterioration 

in quality. Thus, a BiMOS semiconductor device comprising a 

highly reliable bipolar transistor fast in operation and a 

highly reliable MOS transistor can be manufactured . 

• 
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WHAT IS CLAIMED IS: 

1. A BiMOS semiconductor device comprising a 

bipolar transistor and a MOS transistor in a same 

semiconductor base, characterized in that: --
an emitter electrode is provided on an ins4lator 

layer covering a base electrode of said bipolar transistor; 

and 

said .MOS transistor is not provided with said 

insulator layer. 

2. A BiMOS semiconductor device comprising: 

a gate electrode of a MOS transistor formed by a 

first conductive layer on.a semiconductor base; 

a base electrode formed by a second conductive 

layer on said semiconductor base; 

a wiring of a MOS transistor and an emitter 

electrode formed by a third conductive layer on said 

semiconductor base; and 

an interlayer insulator formed between said second 

conductive layer and said third conductive layer. 

3. A BiMOS semiconductor device according to 

claim 1 or 2, characterized in that: 

a sidewall comprising a second insulator layer is 

provided on an inside surface of an opening portion which 

penetrates·both said base electrode and a first insulator 

layer on said base electrode; 

said emitter electrode extends inside said 

sidewall; and 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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said MOS transistor is not provided with said 

first insulator layer. 

4. A manufacturing method of BiMOS semiconductor 

device according to claim l, 2 or 3, characterized-in having 

the steps of: 

forming successively a conductiv.e layer for said 

base electrode and an insulator layer on said conductive 

layer over the whole surface; and 

.etching said insulator layer at least in the 

region of the formation of said MOS transistor by setting 

the end point of said etching at said conductive layer. 

5. A BiMOS semiconductor device according to 

claim 3, wherein said second insulator layer is formed by a 

sidewall. 

6. A BiMOS semiconductor device according to 

.claim 5, wherein said bipolar transistor is formed by an 

NPN transistor. 

7. A BiMOS semiconductor device according to 

claim 2, wherein said interlayer insulator is formed on said 

base e~ectrode layer only. 

8. A BiMOS semiconductor device according to 

claim 7, wherein said interlayer insulator is formed on an 

isolation region between a base and a collector electrode as 

well as on said base electrode layer. 

9. A BiMOS semiconductor device according to 

claim 3, wherein an open window region for said emitter or 

base, respectively, is formed to extend into said 

I Jlf IDIJ llf U Ill HI 
s .. 
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semiconductor base. 

10. A BiMOS semiconductor device according to 

claim ·9, wherein said second insulator layer extends into 

said semiconductor base. --

11. A manufacturing method of BiMOS semiconductor 

device comprising a bipolar transistor and a MOS transistor 

in the same semiconductor base, characterized· in having the 

steps of: 

forming an etching stopper layer on a first 

insulator layer covering a base electrode of said bipolar 

transistor; 

forming an opening portion in said first insulator 

layer; 

forming a second insulator layer covering said 

opening portion; and 

etching said second insulator layer by setting the 

end point of said etching at said etching stopper layer in 

order to keep a portion of.said second insulator layer on 

the sidewall of said opening portion. 

12. A manufacturing method of BiMOS semiconductor 

device according to claim 11, wherein said et~hing stopper 

layer comprises a semiconductor layer. 

13. A manufacturing method of BiMOS semiconductor 

device according to claim 12, wherein an interlayer 

insulator on said MOS transistor is removed by using as an 

etching stopper layer a wiring layer that constitutes said 

base electrode. 

\~ti\\~\\\\ I\\~ 11\\J II l\ll 
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14. A manufacturing method of BiMOS semiconductor 

device according to claim 12, wherein a polycrystalline Si 

layer on s~id base electrode is used as an etching stopper 

layer during the formation of said sidewall. 

I If lllll llllll Ill/I l/1/1111111 
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