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(54) Heterojunction bipolar transistor and production process therefore

(57) A heterojunction bipolar transistor comprising
a collector layer of a first conductivity type, a base layer
of a second conductivity type, and an emitter layer of
the first conductivity type, which are formed on a semi-
conductor substrate in this order, and further a collector
electrode directly or indirectly connected to the collector
layer, a base electrode directly or indirectly connected

to the base layer, and an emitter electrode directly or
indirectly connected to the emitter layer, wherein a sem-
iconductor protecting layer is formed on the base layer
and extended outside an edge of the base layer, the
base electrode is formed on the semiconductor protect-
ing layer, and at least a region under the semiconductor
protecting layer is filled with an organic insulator.
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Description

BACKGROUND OF THE INVENTION

1.Field of the Invention

[0001] The present invention relates to a heterojunc-
tion bipolar transistor. More particularly it relates to a
heterojunction bipolar transistor serving as a semicon-
ductor device for amplifying a high-frequency electric
power such as a microwave band, a millimeter wave
band and the like, and a production process therefor.

2.Description of Related Art

[0002] Heterojunction bipolar transistors (HBTs)
which utilize heterojunction of compound semiconduc-
tors and use, for an emitter layer, a semiconductor
whose forbidden band gap energy is larger than that of
a base layer can provide a high current gain, because
reverse injection of a minority carrier from the base layer
to the emitter layer is suppressed and the injection effi-
ciency of a carrier to the emitter layer improves. Also
since the impurity concentration in the base layer can
be raised to reduce the resistance of the base layer, the
thickness of the base layer can be decreased to shorten
transit time for the carrier to pass through the base layer.
Thereby high-frequency characteristics can be im-
proved.
[0003] With development of mobile communication
equipment including mobile phones, there is a demand
for higher-power, higher-efficient high-frequency ampli-
fier devices, and the HBTs are greatly expected.
[0004] As other various devices, to reduce parasitic
resistance and parasitic capacitance is a basic tech-
nique for improving characteristics of the HBTs. Criteria
indicating the high-frequency characteristics of the
HBTs include a cut-off frequency fT and a maximum os-
cillated frequency fmax, which are represented by the fol-
lowing formula:

wherein, Rb is a base resistance and Cc is a collector
capacitance. If fT is constant, fmax can be increased by
reducing the collector capacitance Cc. The collector ca-
pacitance Cc is represented by the sum of an intrinsic
collector capacitance Ci and a parasitic collector capac-
itance Cex as shown by the following formula:

[0005] The intrinsic collector capacitance Ci is deter-
mined by the structure of a semiconductor layer, while
the parasitic collector capacitance Cex is determined by

fmax = (fT / 8 π RbCc)1/2 (1)

Cc = Ci + Cex (2).

the configuration of a device. Therefore, the collector
capacitance Cc can be reduced by a production process
of the configuration.
[0006] In order to reduce the parasitic collector capac-
itance, IEEE Trans. Electron Devices ED34 pp.
2571-2577 proposes a technique of depleting an exter-
nal collector layer by implanting hydrogen or oxygen
ions into the external collector layer under an external
base electrode. However, by this method, the base re-
sistance Rb increases due to damage to the base layer
caused by ion implantation, and as a result, it is difficult
to improve fmax.
[0007] Other methods of etching away a collector lay-
er under an external base layer in a lateral direction are
disclosed in Japanese Unexamined Patent Publications
Nos. HEI 3(1991)-10839, HEI 8(1996)-64610 and HEI
9(1997)-246280, and GaAs IC Symposium 1995 Tech.
Digest pp.160-170.
[0008] By the methods, the parasitic collector capac-
itance can be reduced since a void is formed under the
external base layer.
[0009] However, the above-mentioned methods have
the effect of reducing the parasitic capacitance, but on
the other hand, the yield in a process for forming the
base electrode and a lead electrode therefor is poor and
the reliability of devices is questionable.

SUMMARY OF THE INVENTION

[0010] The present invention is to solve the above-
described problems of the prior art, and an object there-
of is to provide a reliable heterojunction bipolar transis-
tor with a reduced parasitic collector capacitance which
can be produced in a good yield, and a process for pro-
ducing the heterojunction bipolar transistor.
[0011] The present invention provides a heterojunc-
tion bipolar transistor comprising

a collector layer of a first conductivity type,
a base layer of a second conductivity type, and
an emitter layer of the first conductivity type, which

are formed on a semiconductor substrate in this order,
and further

a collector electrode directly or indirectly connect-
ed to the collector layer,

a base electrode directly or indirectly connected
to the base layer, and

an emitter electrode directly or indirectly connect-
ed to the emitter layer,

wherein a semiconductor protecting layer is
formed on the base layer and extended outside an edge
of the base layer,

the base electrode is formed on the semiconduc-
tor protecting layer, and

at least a region under the semiconductor protect-
ing layer is filled with an organic insulator.
[0012] The present invention also provides a process
for producing a heterojunction bipolar transistor com-
prising the steps of:
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forming at least a collector layer, a base layer, a
semiconductor protecting layer and an emitter layer
on a semiconductor substrate in this order;
carrying out an emitter mesa etching to etch away
a part of the emitter layer to the surface of the sem-
iconductor protecting layer;
masking the emitter layer and a part of the semicon-
ductor protecting layer, etching away an unmasked
part of the semiconductor protecting layer, and con-
tinuously etching the base layer and the collector
layer so that the area of the base layer and the col-
lector layer becomes smaller than the resulting
semiconductor protecting layer; and
applying a polyimide precursor having a positive-
type photosensitivity onto the resulting semicon-
ductor substrate, patterning and thermally treating
the polyimide precursor, thereby forming an organic
insulator so as to fill at least a region under the sem-
iconductor protecting layer.

[0013] The present invention further provides a proc-
ess for producing a heterojunction bipolar transistor
comprising the steps of:

forming a sub-collector, an etching stopper layer, a
collector layer, a base layer, a semiconductor pro-
tecting layer and an emitter layer on a semiconduc-
tor substrate in this order;
carrying out an emitter mesa etching to etch away
a part of the emitter layer to the surface of the sem-
iconductor protecting layer;
masking the emitter layer and a part of the semicon-
ductor protecting layer, etching away an unmasked
part of the semiconductor protecting layer, and con-
tinuously etching the base layer and the collector
layer to the etching stopper layer so that the area
of the base layer and the collector layer becomes
smaller than the resulting semiconductor protecting
layer and
forming a mask to cover all the resulting semicon-
ductor protecting layer and etching away an un-
masked region of the etching stopper layer.

[0014] These and other objects of the present appli-
cation will become more readily apparent from the de-
tailed description given hereinafter. However, it should
be understood that the detailed description and specific
examples, while indicating preferred embodiments of
the invention, are given by way of illustration only, since
various changes and modifications within the spirit and
scope of the invention will become apparent to those
skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a schematic sectional view of a major part

of a heterojunction bipolar transistor in accordance
with an example of the present invention;
Figs. 2(a) to 2(i) are schematic sectional views of
the major part of the heterojunction bipolar transis-
tor of Fig. 1, illustrating a process for producing the
same;
Fig. 3 is a schematic sectional view of a major part
of a heterojunction bipolar transistor in accordance
with another example of the present invention;
Fig. 4(a) and 4(b) are schematic sectional views of
the major part of the heterojunction bipolar transis-
tor of Fig. 3, illustrating a process for producing the
same.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] The heterojunction bipolar transistor of the
present invention is constructed mainly of a semicon-
ductor substrate, a collector layer of a first conductivity
type, a base layer of a second conductivity type and an
emitter layer of a first conductivity type, which are
formed in this order.
[0017] Any semiconductor substrate usable for tran-
sistors in the field of art can be used as the semicon-
ductor substrate without any particular limitation, and
examples thereof include substrates of compound sem-
iconductors such as GaAs, AlGaAs, InGaP, InGaAlP, In-
GaAs, InP, InGaAsP, GaN, InGaN, Al2O3 and the like,
elementary semiconductors and the like, among which
a substrate of GaAs is preferred.
[0018] The collector layer of the first conductivity type,
the base layer of the second conductivity type and the
emitter layer of the first conductivity type may be formed
by selecting materials from the above-mentioned com-
pound semiconductors and elementary semiconduc-
tors, more particularly, AlGaAs-base materials, In-
GaAlP-base materials, InGaAsP-base materials, In-
GaN-base materials and the like. Each of the layers may
be formed in a single layer or a plurality of laminate lay-
ers using the above mentioned materials whose com-
position ratio is adjusted, or may be formed by combin-
ing a plurality of layers of different materials. Particularly,
the collector layer and the base layer may preferably be
formed of GaAs and the emitter layer may preferably be
formed of GaAs or AlGaAs. The first conductivity type
means p-type or n-type, and the second conductive
means n-type or p-type. The impurity concentration in
each layer may be selected as appropriate depending
upon desired characteristics of the transistor, material
and thickness of each layer and the like.
[0019] A semiconductor protecting layer of the first
conductivity type is formed on the base layer, the sem-
iconductor protecting layer extending outside the edge
of the base layer. Extending outside the edge of the base
layer means that the semiconductor protecting layer is
formed to project into a region where the base layer
does not exist. For example, the semiconductor protect-
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ing layer preferably has a size such that it covers the
entire base layer and further extends outside the base
layer. So long as the semiconductor protecting layer has
at least a portion extending outside the edge of the base
layer, it may cover only a part of the base layer. The size
of the semiconductor protecting layer is preferably set
such that an emitter layer and other layers to be formed
on the semiconductor protecting layer have a sufficient
contact area with the base layer with intervention of the
semiconductor protecting layer and a base electrode is
ensured to have a sufficient contact area to the semi-
conductor protecting layer for avoiding short circuit. The
semiconductor protecting layer may be formed by se-
lecting an appropriate material from the above-men-
tioned semiconductor materials in consideration of ma-
terials for the base layer and the emitter layer which are
formed on the upside and the downside of the semicon-
ductor protecting layer. Particularly, if the collector layer
and the base layer are formed of GaAs and the emitter
layer is formed of GaAs or AlGaAs, the semiconductor
protecting layer preferably is formed of GaInP, AlGaAs
or the like. The thickness of the semiconductor protect-
ing layer is not particularly limited and is set as appro-
priate depending upon the characteristics of the transis-
tor to be obtained, the concentration of an impurity of
the first conductivity type, the material for the semicon-
ductor protecting layer, mechanical strength during pro-
duction and the like. For example, the semiconductor
protecting layer is suitably 20 nm to 50 nm thick.
[0020] The heterojunction bipolar transistor of the
present invention is provided with a collector electrode,
a base electrode and an emitter electrode. These elec-
trodes may be formed of any conductive materials, and
for example, they may be formed in a single-layer or
multilayer film of a single element, alloy, oxide or the like
of a metal such as Al, Cu, Pt, Au, Ge, Ni or the like, or
a refractory metal such as Ti, Ta, W or the like. As for
these electrodes, basically, the collector electrode is
formed on the collector layer, the base electrode is
formed on the base layer and the emitter electrode is
formed on the emitter layer. However, the electrodes are
not necessarily formed immediately on these layers, but
may be formed with intervention of an intermediate lay-
er, a protecting layer, a buffer layer or the like. The elec-
trodes may be partially extended outside the layers. Par-
ticularly, the base electrode is formed on the semicon-
ductor protecting layer, and preferably it is formed above
the base layer to extend outside the edge of the base
layer. Thereby, as discussed above, the emitter layer
and the like formed on the semiconductor protecting lay-
er can have a sufficient contact area with the base layer
with intervention of the semiconductor protecting layer,
and the base electrode can be formed on the semicon-
ductor protecting layer with a sufficient contact area for
preventing the short-circuit of the base electrode.
[0021] Further, in the heterojunction bipolar transistor
of the present invention, at least a region under the sem-
iconductor protecting layer is filled with an organic insu-

lator. That is, since the semiconductor protecting layer
extends outside the edge of the base layer, it has an
overhang over the base layer. At least under the over-
hang of the semiconductor protecting layer, the organic
insulator is buried. Particularly, the organic insulator is
buried in a space on sides of the base layer and the col-
lector layer under the semiconductor protecting layer so
that it covers, preferably completely covers, the bottom
face of the semiconductor protecting layer and the side
faces of the base layer and the collector layer. So long
as electrical connection with the electrodes is ensured,
the part of the transistor located under the semiconduc-
tor protecting layer may be covered with the organic in-
sulator, and further the side and top faces of the semi-
conductor protecting layer, that is, substantially all the
heterojunction bipolar transistor may be covered with
the organic insulator. The organic insulator may be any
material that can prevent physical damage to the over-
hang of the semiconductor protecting layer and can pro-
tect the side faces of the base layer and the collector
layer, and preferably the material has positive-type pho-
tosensitivity. More particularly, a polyimide resin, an
acrylic resin, an epoxy resin and the like may be men-
tioned, among which the polyimide resin is preferred.
Further, the surface of the organic insulator is preferably
covered with an inorganic insulating film. As inorganic
insulators, may be used all materials that are usually
used as insulators in the field of art such as a silicon
nitride film, a silicon oxide film and the like. The thick-
ness of the inorganic insulator may be about 50 nm to
200 nm, for example.
[0022] In addition to the semiconductor substrate, the
electrodes, the collector layer of the first conductivity
type, the base layer of the second conductivity type, the
emitter layer of the first conductivity type and the semi-
conductor protecting layer, the heterojunction bipolar
transistor of the present invention may be provided, at
any position between the above layers, with an etching
stopper layer, an intermediate layer, a buffer layer, a cap
layer, a flattening layer, a protective layer and the like
singly or in combination. Particularly, between the sem-
iconductor substrate and the collector layer, a sub-col-
lector layer may be formed which has a higher carrier
concentration and a larger area than the collector layer.
The material for the sub-collector layer may be selected
as appropriate from the above mentioned materials, and
particularly, the sub-collector layer is preferably formed
of the same material as the semiconductor substrate. In
this case, the difference in the carrier concentration is
suitably about 102 cm-3. Preferably, the sub-collector
layer has a sufficient size so that the collector layer and
the collector electrode can have good junction/contact
on the sub-collector layer.
[0023] Between the collector layer and the sub-collec-
tor layer, an etching stopper layer may be formed which
has an area larger than the collector layer but smaller
than the sub-collector layer. The etching stopper layer
is preferably formed of such a material in such a thick-
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ness that, when the collector layer is patterned by etch-
ing, the etching stopper layer can stop etching without
damage to the sub-collector layer by the etching. For
example, the material can be selected as appropriate
from the above-mentioned semiconductor materials.
[0024] According to the heterojunction bipolar transis-
tor of the present invention, the sub-collector layer, the
etching stopper layer, the collector layer, the base layer,
the semiconductor protecting layer and the emitter layer
are formed on the semiconductor substrate in this order.
These layers may be formed by various known methods
including a metal-organic vapor phase epitaxy method
(MOVPE method), a molecular beam epitaxy method
(MBE method), a liquid-phase epitaxy method (LPE
method), a sputtering method and the like.
[0025] Emitter mesa etching is conducted to remove
the emitter layer from a region where the emitter layer
(region) is not to be formed to the surface of the semi-
conductor protecting layer. The etching may be done by
a dry etching method such as RIE or a wet etching meth-
od using acid, alkali or a mixture solution.
[0026] The emitter layer and a part of the semicon-
ductor protecting layer are masked. It is necessary to
cover all the emitter layer and a part of the semiconduc-
tor protecting layer where the base electrode is to be
formed later with a mask. The mask can be formed by
a known method, for example, by a photolithography
and etching method. Using the mask, the semiconduc-
tor protecting layer is etched away using any of the
above-mentioned etching methods.
[0027] Using the same mask, the base and the col-
lector layer are etched using any etching method that
can realize isotropic etching. By this etching, the base
layer and the collector layer can be etched to the etching
stopper layer so as to have a smaller area than the sem-
iconductor protecting layer.
[0028] A mask may be formed to cover all the resulting
semiconductor protecting layer after the etching. Pref-
erably, the mask covers the resulting substrate to leave
and expose a sufficient area of the sub-collector layer
for forming the collector electrode on the sub-collector
layer. Using this mask, an unmasked region of the etch-
ing stopper layer is etched away using any of the above
etching methods. In the present invention, the etching
stopper layer is not necessarily removed, but preferably
it is removed because the etching stopper layer, if it re-
mains, increases the contact resistance of the collector
electrode a little.
[0029] According to the process for producing the het-
erojunction bipolar transistor of the present invention,
the collector electrode may be further formed on the
sub-collector layer. The electrode may be formed by
forming a desired conductive film by a sputtering meth-
od, a vacuum evaporation method or the like, and then
patterning the conductive film by a photolithography and
etching method or by a lift-off method.
[0030] A polyimide precursor having a positive-type
photosensitivity is applied to the resulting semiconduc-

tor substrate, patterned and thermally treated. The poly-
imide precursor can be applied by various methods in-
cluding a spin-coating method. As discussed above,
patterning here may be performed by any means so long
as the organic insulator to be obtained later is filled in
such a location that a part under the semiconductor pro-
tecting layer can be prevented from being physically
damaged, preferably in such a location that the organic
insulator can cover the side faces of the base layer and
the collector layer completely. However, in order to en-
sure electrical connection to the collector electrode, the
polyimide precursor is preferably patterned so that the
collector electrode is not buried. For example, the pos-
itive-type photosensitive polyimide precursor can be
patterned in a desired configuration by exposure and
development. Thermal treatment is for imidizing, drying
and densifying the polyimide precursor and may suitably
be carried out in the atmosphere or in a nitrogen atmos-
phere at a temperature of about 250 to 350 °C for 30 to
120 minutes. Thereby, the organic insulator can be
formed to fill at least under the semiconductor protecting
layer. The polyimide precursor may be patterned to cov-
er all the surface of the heterojunction bipolar transistor
except that the collector electrode, the emitter electrode
and/or the base electrode are partially exposed to en-
sure electrical connection to these electrodes.
[0031] In the heterojunction bipolar transistor of the
present invention, at any time before, during or after the
above-described process, production steps necessary
for forming common transistors may be carried out.
Such production steps include ion implantation, doping
of an impurity, thermal treatment, formation and pattern-
ing of a protective film, an insulating film and a conduc-
tive film, and the like.
[0032] The heterojunction bipolar transistor and its
production process of the present invention are now de-
scribed in detail by way of example with reference to the
drawings.

Example 1

[0033] In a heterojunction bipolar transistor 100 ac-
cording to the present invention, as shown in Fig. 1, a
GaAs sub-collector layer 102 doped with Si in a high
concentration for ohmic contact with a GaAs collector
layer 104, a GaInP etching stopper layer 103 whose ar-
ea is smaller than that of the sub-collector layer 102, the
GaAs collector layer 104 whose area is smaller than that
of the etching stopper layer 103 and a GaAs base layer
105 are formed sequentially on a semi-insulative GaAs
substrate 101. On the base layer 105, a GaInP semi-
conductor protecting layer 106 whose area is larger than
that of the base layer 105, an AlGaAs emitter layer 107
whose area is smaller than that of the semiconductor
protecting layer 106, a GaAs first emitter contact layer
108 and a GaInAs second emitter contact layer 109 are
sequentially formed.
[0034] A collector electrode 113 is formed on the sub-
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collector layer 102 where the surface of the sub-collec-
tor layer 102 is not covered with the etching stopper lay-
er 103.
[0035] On the semiconductor protecting layer 106, is
formed a base electrode 112 a part of which is extended
outside the edge of the base layer 105.
[0036] On the second emitter contact layer 109, is
formed an emitter electrode 111.
[0037] An organic insulator 114 of a polyimide resin is
continuously formed on a bottom face of the semicon-
ductor protecting layer 106 and on side faces of the base
layer 105 and the collector layer 104, and the surface of
the organic insulator 114 is covered with an inorganic
insulating film 115 of silicon nitride (SiN).
[0038] This heterojunction bipolar transistor can be
formed by the following process:
[0039] As shown in Fig. 2(a), on a semi-insulative
GaAs substrate 101, an n+-type GaAs sub-collector lay-
er 102 (thickness : 500 nm, Si doping concentration : 5
3 1018 cm-3), an n+-type GaInP etching stopper layer
103 (thickness : 20 nm, Si doping concentration : 3 3

1018 cm-3), an n-type GaAs collector layer 104
(thickness : 700 nm, Si doping concentration : 3 3 1016

cm-3), a p+-type GaAs base layer 105 (thickness : 70
nm, C doping concentration : 4 3 1019 cm-3), an n-type
GaInP semiconductor protecting layer 106 (thickness :
25 nm, Si doping concentration : 5 3 1017 cm-3), an n-
type AlGaAs emitter layer 107 (thickness : 100 nm, Si
doping concentration : 5 3 1017 cm-3), an n+-type GaAs
first emitter contact layer 108 (thickness : 50 nm, Si dop-
ing concentration : 5 3 1018 cm-3) and an n+-type GaIn-
As second emitter contact layer 109 (thickness : 100
nm, Si doping concentration : 1 3 1019 cm-3) are se-
quentially grown epitaxially by MOVPE method.
[0040] Next, as shown in Fig. 2(b), the second emitter
contact layer 109, the first emitter contact layer 108 and
the emitter layer 107 are removed by wet etching with
an emitter formation layer left, i.e., except for a region
where the emitter is to be formed, so as to form an emit-
ter mesa. A mixture solution of citric acid : hydrogen
peroxide : water = 10 : 1 : 10 is used as an etchant.
[0041] Subsequently, as shown in Fig. 2(c), an emitter
electrode 111 and a base electrode 112 are formed on
the second emitter contact layer 109 and on the semi-
conductor protecting layer 106, respectively, sequential-
ly by a photolithography method and a lift-off method.
The emitter electrode 111 is formed by forming a lami-
nate film of tungsten nitride (WN) of 100nm thickness,
titanium (Ti) of 50 nm thickness, platinum (Pt) of 50 nm
thickness and gold (Au) of 100 nm thickness on the sec-
ond emitter contact layer 109. The base electrode 112
is formed by forming a laminate film of Pt of 20 nm thick-
ness, Ti of 50 nm thickness, Pt of 50 nm thickness and
Au of 100 nm thickness on the semiconductor protecting
film 106.
[0042] Subsequently, as shown in Fig. 2(d), the sem-
iconductor protecting layer 106 is masked for forming a
base mesa. At this time, the base electrode 112 is en-

tirely masked. Thereafter, the semiconductor protecting
layer 106 is etched away with hydrochloric acid, and the
base layer 105 and the collector layer 104 are etched
away with the same citric acid base etchant as used for
forming the emitter mesa, in such a manner that the sur-
face of the etching stopper layer 103 is exposed and the
side faces of the base layer 105 and the collector layer
104 become inside the outside edge of the layer on
which the base electrode 112 is formed.
[0043] Subsequently, as shown in Fig. 2(e), the result-
ing substrate is covered with photoresist 116 at least
with exception of a region in which a collector electrode
113 is to be formed. At this time, particularly the semi-
conductor protecting layer 106 is not exposed. The etch-
ing stopper layer 103 is removed using hydrochloric ac-
id.
[0044] Thereafter, as shown in Fig. 2(f), a laminate
film of AuGe of 100 nm thickness, Ni of 15 nm thickness
and Au of 100 nm thickness is formed, and made into
the collector electrode 113 by a photolithography meth-
od and a lift-off method. At this time, the surface and
side faces of the each semiconductor layer may be cov-
ered with an inorganic insulating film such as nitride sil-
icon.
[0045] Subsequently, as shown in Fig. 2(g), a posi-
tive-type photosensitive polyimide precursor diluted
with a solvent is applied onto the resulting substrate 101
so that it covers side faces of the base layer 105 and
the collector layer 104 which are formed inside the sem-
iconductor protecting film 106 by side etching. The thick-
ness of the polyimide precursor is so adjusted that, after
thermal treatment, its surface is at the same level as or
above the surface of the semiconductor protecting film
106 and below the surface of the base electrode 112.
[0046] As shown in Fig. 2(h), the polyimide precursor
is exposed and developed. Since the polyimide precur-
sor has positive photosensitivity, the polyimide precur-
sor can be removed from an exposed region by devel-
opment and left in an unexposed region including a re-
gion under the semiconductor protecting layer 106
which light has not reached. Thereafter the polyimide
precursor is imidized by the thermal treatment to form
an organic insulator 114 of polyimide in a void under the
semiconductor protecting layer 106.
[0047] Subsequently, as shown in Fig. 2(i), the sur-
face of the polyimide resin is covered with an inorganic
insulating film 115 of silicon nitride of 100 nm thickness.
Thus the heterojunction bipolar transistor 100 is com-
pleted.
[0048] In the heterojunction bipolar transistor 100 of
the present invention, the base electrode 112 is formed
on the semiconductor protecting layer 106 whose area
is larger than the base layer 105, the base electrode 112
extending outside the base layer 105. Thereby, it is un-
necessary to hold all the layers for forming the base
electrode 112 on the base 105, and as compared with
the case where the base electrode is formed directly on
the base layer 105, the size of the base layer can be
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reduced. Thereby, the parasitic collector capacitance
can be reduced, and the maximum oscillated frequency
fmax can be improved.
[0049] The semiconductor protecting layer 106 itself
on which the metal thin films are formed is very thin, i.
e., about 20 to 50 nm thick, and is very fragile to me-
chanical, thermal external force. However, the organic
insulator 114 of polyimide is filled under the semicon-
ductor protecting layer 106, and therefore, it is possible
to improve the mechanical strength of the semiconduc-
tor protecting layer 106 and to prevent the base elec-
trode and a lead metal from breaking owing to difference
in thermal stress between the metal films and the sem-
iconductor layer. Thus the tolerance of the heterojunc-
tion bipolar transistor to a temperature cycling test can
be improved.
[0050] Moreover, since the organic insulator 114 is
formed by use of the diluted polyimide precursor, the or-
ganic insulator 114 can be easily and surely formed im-
mediately beneath the semiconductor protecting layer
106 which forms an overhang. Therefore, the base elec-
trode 112 can be connected smoothly with the lead elec-
trode, and as a result, the yield of transistor production
is improved.
[0051] Furthermore, the side faces of the collector lay-
er 104 and the base layer 105 and the surface and the
side face of the etching stopper layer 103 are packed
with the organic insulator 114 such as polyimide or the
like. Therefore, hydrogen can be prevented from being
taken into the semiconductor layer unlike the case
where they are covered with an inorganic insulating film.
The characteristics of the device can be thus stabilized.
[0052] Also, by covering the surface of the organic in-
sulator 114 with the inorganic insulating film 115, it is
possible to prevent the occurrence of failure caused by
breaks between the base electrode and its lead metal
even in a steam pressure test at 120°C and 2 atmos-
pheric pressure.
[0053] Further, the surface of the p+-type base layer
105 is all covered with the semiconductor protecting lay-
er 106, a base-collector junction area agrees with the
area of base layer 105 and the collector layer 104, and
a junction interface of the base layer 105 on a collector
layer 104 side is not exposed. Therefore, the generation
of recombination current on the surface of the base layer
105 can be suppressed, and the reliability of the device
during the device is energized can be improved.
[0054] Also, the base layer 105 and the collector layer
104 are formed of the same material, i.e., GaAs, and do
not have any other semiconductor layer at their inter-
face. Therefore, there is no barrier against electron
transport and the intrinsic collector capacitance does
not increase. Thus the maximum oscillated frequency
can be improved.
[0055] As shown in Fig. 2(f), by covering the semicon-
ductor protecting layer 106 with the photoresist when
the etching stopper layer 103 under the collector layer
104 is removed, it is possible to avoid damage on the

semiconductor protecting layer 106 and the base elec-
trode 112 formed thereon by hydrochloric acid and to
improve the yield in the device production.

Example 2

[0056] As shown in Fig. 3, the heterojunction bipolar
transistor of this example is substantially the same as
that of Example 1 except that the organic insulator 114
of the polyimide resin is formed not only under the sem-
iconductor protecting layer 106 but also over the entire
heterojunction bipolar transistor.
[0057] As in Example 1, such a heterojunction bipolar
transistor is formed by, after the formation of the layers
and the electrodes (see Fig. 2(a) to Fig. 2(f)), applying
the positive-type photosensitive polyimide precursor di-
luted with a solvent to the resulting substrate 101 to cov-
er the layers and the electrodes completely as shown in
Fig. 4(a).
[0058] Subsequently, as shown in Fig. 4(b), for con-
necting metal wiring to the emitter electrode 111, the
base electrode 112 or the collector electrode 113, the
polyimide precursor on these electrodes is partially re-
moved by exposure and development. Thereafter, the
surface of the polyimide resin is covered with the inor-
ganic insulating film 115 as in Example 1, to complete
the heterojunction bipolar transistor of Fig. 3.
[0059] According to the present invention, the semi-
conductor protecting layer of the first conductivity type
whose area is larger than that of the base layer is formed
on the base layer, the base electrode is formed on the
semiconductor protecting layer, and the side faces of the
base layer and the collector layer under the semicon-
ductor protecting layer are packed with the organic in-
sulator. Therefore, it is possible to reduce the size of the
base layer, to reduce the parasitic collector capacity and
to improve the maximum oscillated frequency. Moreo-
ver, since the semiconductor protecting layer is prevent-
ed from partial physical breakage and the side faces of
the base layer and the collector layer are completely
covered with the organic insulator, the reliability of the
device can be greatly improved.
[0060] Particularly, in the case where the semicon-
ductor protecting layer has a thickness of 20 nm to 50
nm and a part of the base electrode is extended outside
the base layer above the base layer, the size of the base
layer can be reduced and the parasitic collector capac-
itance can be reduced further.
[0061] Also, according to the production process of
the present invention, while reducing the junction resist-
ance of the collector electrode, the etching stopper layer
can be removed without affecting the semiconductor
protecting layer and the base electrode. Therefore, the
surface of each layer can be prevented from being dam-
aged, and the heterojunction bipolar transistor can be
produced which has more excellent high-frequency
characteristics.
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Claims

1. A heterojunction bipolar transistor comprising
a collector layer of a first conductivity type,
a base layer of a second conductivity type,

and
an emitter layer of the first conductivity type,

which are formed on a semiconductor substrate in
this order, and further

a collector electrode directly or indirectly con-
nected to the collector layer,

a base electrode directly or indirectly connect-
ed to the base layer, and

an emitter electrode directly or indirectly con-
nected to the emitter layer,

wherein a semiconductor protecting layer is
formed on the base layer and extended outside an
edge of the base layer,

the base electrode is formed on the semicon-
ductor protecting layer, and

at least a region under the semiconductor pro-
tecting layer is filled with an organic insulator.

2. A heterojunction bipolar transistor according to
claim 1, wherein a bottom face of the semiconductor
protecting layer and side faces of the base layer and
the collector layer are covered with the organic in-
sulator.

3. A heterojunction bipolar transistor according to
claim 1 or 2, wherein the collector layer and the
base layer comprise GaAs, the emitter layer com-
prises GaAs or AlGaAs, and the semiconductor pro-
tecting layer comprises GaInP.

4. A heterojunction bipolar transistor according to
claim 1, wherein the semiconductor protecting layer
has a thickness of 20 nm to 50 nm, and a part of the
base electrode extends outside an edge of the base
layer.

5. A heterojunction bipolar transistor according to
claim 1, further comprising a sub-collector layer of
the first conductivity type between the semiconduc-
tor substrate and the collector layer, the sub-collec-
tor layer having a higher carrier concentration and
a larger area than the collector layer, and an etching
stopper layer between the collector layer and the
sub-collector layer, the etching stopper layer having
an area larger than the collector layer and smaller
than the sub-collector layer.

6. A heterojunction bipolar transistor according to
claim 5, wherein the sub-collector layer comprises
GaAs and the etching stopper layer comprises
GaInP.

7. A heterojunction bipolar transistor according to

claim 1, wherein the organic insulator comprises a
polyimide resin.

8. A heterojunction bipolar transistor according to
claim 7, wherein the polyimide resin has a positive-
type photosensitivity.

9. A heterojunction bipolar transistor according to
claim 1, wherein a surface of the organic insulator
is covered with an inorganic insulating film.

10. A process for producing a heterojunction bipolar
transistor comprising the steps of:

forming at least a collector layer, a base layer,
a semiconductor protecting layer and an emit-
ter layer on a semiconductor substrate in this
order;
carrying out an emitter mesa etching to etch
away a part of the emitter layer to the surface
of the semiconductor protecting layer;
masking the emitter layer and a part of the sem-
iconductor protecting layer, etching away an
unmasked part of the semiconductor protecting
layer, and continuously etching the base layer
and the collector layer so that the area of the
base layer and the collector layer becomes
smaller than the resulting semiconductor pro-
tecting layer; and
applying a polyimide precursor having a posi-
tive-type photosensitivity onto the resulting
semiconductor substrate, patterning and ther-
mally treating the polyimide precursor, thereby
forming an organic insulator so as to fill at least
a region under the semiconductor protecting
layer.

11. A process according to claim 10, further comprising
the step of forming a sub-collector layer and an
etching stopper layer before forming the collector
layer, forming a mask to cover all the resulting sem-
iconductor protecting layer and etching away an un-
masked region of the etching stopper layer and
forming an electrode on the sub-collector layer be-
fore applying a polyimide precursor.

12. A process according to claim 11, wherein a bottom
face of the semiconductor protecting layer and side
faces of the base layer and the collector layer are
covered with the organic insulator.

13. A process for producing a heterojunction bipolar
transistor comprising the steps of:

forming a sub-collector, an etching stopper lay-
er, a collector layer, a base layer, a semicon-
ductor protecting layer and an emitter layer on
a semiconductor substrate in this order;
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carrying out an emitter mesa etching to etch
away a part of the emitter layer to the surface
of the semiconductor protecting layer;
masking the emitter layer and a part of the sem-
iconductor protecting layer, etching away an
unmasked part of the semiconductor protecting
layer, and continuously etching the base layer
and the collector layer to the etching stopper
layer so that the area of the base layer and the
collector layer becomes smaller than the result-
ing semiconductor protecting layer and
forming a mask to cover all the resulting semi-
conductor protecting layer and etching away an
unmasked region of the etching stopper layer.

14. A process according to claim 13, further comprising
the step of forming an collector electrode on the
sub-collector layer, applying a polyimide precursor
having a positive-type photosensitivity onto the re-
sulting semiconductor substrate, patterning and
thermally treating the polyimide precursor, thereby
forming an organic insulator so as to fill at least a
region under the semiconductor protecting layer.

15. A process according to claim 14, wherein a bottom
face of the semiconductor protecting layer and side
faces of the base layer and the collector layer are
covered with the organic insulator.
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