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(57) ABSTRACT 

A heterojunction bipolar transistor of the present invention 
is produced from a Wafer including a substrate and a 
collector layer of a ?rst conductivity type, a base layer of a 
second conductivity type and an emitter layer of the ?rst 
conductivity type sequentially laminated on the substrate in 
this order. First, the Wafer is etched up to a preselected depth 

(21) APPL NO: 10/011 514 of the collector layer via a ?rst photoresist, Which is formed 
’ at a preselected position on the emitter layer, serving as a 

(22) Filed; Dec_ 3, 2001 rnask. Subsequently, the collector layer etched With at least 
the sidewalls of the base layer and collector layer, Which are 

(30) Foreign Application Priority Data exposed by the ?rst etching step, and a second photoresist 
covering part of the surface of the collector layer contiguous 

Dec. 4, 2000 (JP) ..................................... .. 369065/2000 With the sidewalls serving as a mask. 
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HETEROJUNCTION BIPOLAR TRANSISTOR AND 
METHOD OF PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a reliable hereto 
junction bipolar transistor (HBT) and a method of producing 
the same. 

[0003] 2. Description of the Background Art 

[0004] Prerequisites With an HBT are reducing capaci 
tance betWeen a base and a collector and loWering offset 
voltage for enhancing RF (Radio Frequency) performance. 
Adecrease in capacitance betWeen the base and the collector 
increases gain While a decrease in offset voltage reduces 
effective ON resistance to thereby increase poWer ef?ciency. 

[0005] Another prerequisite is reducing the scatter of RF 
performance among HBTs. The accuracy of a junction area 
betWeen the base and the collector is the key to loW 
capacitance betWeen the base and the collector, loW offset 
voltage, and small scatter of RF performance. An accurate 
junction area is not achievable unless the amount of side 
etching of the base layer is controlled by promoting accurate 
processing of an emitter layer that overlies the base layer. 
While dry etching With high anisotropy is available for 
promoting accurate processing of the emitter layer, dry 
etching damages a device and deteriorates the characteristics 
and reliability of the device. It has therefore been customary 
to use isotropic dry etching or Wet etching. 

[0006] To reduce base recombination current, an HBT 
using GaAs has an emitter layer implemented as an InGaP 
layer. Photoresist or an oXide ?lm has heretofore been used 
as a mask for processing an InGaP layer. Such a material 
used as a mask, hoWever, cannot closely adhere to the InGaP 
emitter layer and causes the amount of side etching of the 
emitter layer to be scattered. To control the side etching of 
the InGaP emitter layer during processing of the base 
electrode, Japanese Patent Laid-Open Publication No. 2000 
124226 uses an SiN ?lm as a mask for processing InGaP. 
Even this kind of scheme fails to accurately loWer offset 
voltage and capacitance betWeen the base and the collector 
Without any scatter. 

[0007] Technologies relating to the present invention are 
also disclosed in, e.g., Japanese Patent Laid-Open Publica 
tion Nos. 5-136159 and 10-178021. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to provide a 
reliable HBT capable of preventing a preselected function 
layer, particularly an emitter layer, from peeling off and a 
method of producing the same. 

[0009] In accordance With the present invention, a method 
of producing an HBT uses a Wafer including a substrate and 
a collector layer of a ?rst conductivity type, a base layer of 
a second conductivity type and an emitter layer of the ?rst 
conductivity type sequentially laminated on the substrate in 
this order. First, the Wafer is etched up to a preselected depth 
of the collector layer via a ?rst photoresist, Which is formed 
at a preselected position on the emitter layer, serving as a 
mask. Subsequently, the collector layer etched With at least 
the sideWalls of the base layer and collector layer, Which are 

Jun. 6, 2002 

eXposed by the ?rst etching step, and a second photoresist 
covering part of the surface of the collector layer contiguous 
With the sideWalls serving as a mask. 

[0010] Also, in accordance With the present invention, in 
an HBT produced from a Wafer consisting of a substrate and 
a ?rst collector layer of a ?rst conductivity type, an etching 
stopper layer for preventing the ?rst collector layer from 
being etched, a second collector layer of the ?rst conduc 
tivity type, a base layer of a second conductivity type and an 
emitter layer of the ?rst conductivity type sequentially 
laminated on the substrate in this order, a mesa step is 
formed betWeen the sideWall of the ?rst collector layer and 
the sideWall of the second collector layer With the etching 
stopper layer forming a boundary. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The above and other objects, features and advan 
tages of the present invention Will become more apparent 
from the folloWing detailed description taken With the 
accompanying draWings in Which: 

[0012] FIG. 1A is a section shoWing a conventional HBT 
With a penthouse; 

[0013] FIG. 1B is a section shoWing the conventional 
HBT With the penthouse peeled off; 

[0014] FIG. 2 is a section shoWing an HBT embodying the 
present invention; 

[0015] FIGS. 3A through 3H are sections shoWing a 
sequence of steps for producing the HBT of the illustrative 
embodiment; 

[0016] FIG. 4 is a section shoWing an alternative embodi 
ment of the present invention; 

[0017] FIGS. 5A through 5H are sections shoWing a 
sequence of steps for producing the HBT of the alternative 
embodiment; 

[0018] FIG. 6 is a section shoWing another alternative 
embodiment of the present invention; and 

[0019] FIGS. 7A through 7H are sections shoWing a 
sequence of steps for producing the HBT of the embodiment 
shoWn in FIG. 6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] To better understand the present invention, brief 
reference Will be made to a conventional HBT, shoWn in 
FIGS. 1A and 11B. FIG. 1A shoWs a condition in Which a 
penthouse is produced While FIG. 1B shoWs a condition in 
Which the penthouse has peeled off. The technology taught 
in Laid-Open Publication No. 2000-124226 mentioned ear 
lier promotes accurate processing of an InGaP layer and 
thereby improves control over the amount of side etching of 
the InGaP layer. HoWever, as shoWn in FIG. 1A, the side of 
a base layer 405 and that of a collector layer 403 underlying 
an InGaP layer 406 are noticeably removed by the second 
side etching, causing the InGaP layer 406 to form a pent 
house A. As shoWn in FIG. 1B, When the InGaP layer 406 
is as thin as 100 nm or beloW, the penthouse A often peels 
off during processing, as indicated by a portion B. As a 
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result, the surface of the base layer 405 is exposed and 
causes recombination current to increase thereon, degrading 
the reliability of the HBT. 

[0021] The amount of side etching that causes the pent 
house A to appear is effected mainly by the total thickness 
of the base layer 405 and collector layer 403; the thicker the 
base layer 405 and collector layer 403, the greater the scatter 
of the amount of side etching. Such a scatter, in turn, brings 
about a scatter of the junction area betWeen the base layer 
405 and the collector layer 403. This problem is more 
serious With a poWer device needing a high breakdoWn 
voltage. Speci?cally, a poWer device needs a collector layer 
as thick as, e.g., 400 nm or above. 

[0022] There are also shoWn in FIG. 1A a semi insulative 
GaAs substrate 401, a subcollector layer 402, an emitter gap 
layer 407, an emitter electrode 411, a base electrode 412, an 
SiN ?lm 421, an alloyed layer 422, and a photoresist PR. 

[0023] Referring to FIG. 2, an HBT embodying the 
present invention Will be described. As shoWn, the HBT is 
made up of a semi insulative GaAs substrate 101, a subc 
ollector layer 102, a collector layer 103, a base layer 105, an 
emitter layer 106, an emitter cap layer 107, a mesa step 109, 
an emitter electrode 111, a base electrode 112, an SiN ?lm 
121, and an alloyed layer 122. 

[0024] The semi insulative GaAs substrate 10 is formed of 
nondoped or Cr-doped GaAs and has loW electric resistance. 
The subcollector layer 102 is an n+-type GaAs layer formed 
on the GaAs substrate 101. The collector layer 103 is an 
n+-type or a nondoped GaAs layer formed on the subcol 
lector layer 102. The sideWall of the collector layer 103 has 
a mesa step 109. The base layer 105 is a p+-type GaAs layer 
formed on the collector layer 103. The sideWall of the base 
layer 105 underlies the emitter layer 106. The emitter layer 
106 is an n-type InGaP layer formed in a preselected region 
on the base layer 105. The emitter cap layer 107 is an n-type 
GaAs or InGaAs layer formed in a preselected region on the 
emitter layer 106. The mesa step 109 is formed on the 
sideWall of the collector layer 103 and serves to reduce the 
siZe of the penthouse of the emitter layer 106. 

[0025] The emitter electrode 111 is a WSi electrode 
formed on the emitter cap layer 107. The alloyed layer 122 
is formed in a contact hole extending throughout the SiN 
?lm 121 and emitter layer 106, Which are laminated on the 
base layer 105, and is implemented by Pt and InGaP and Pt 
and GaAs. The base electrode 112 is an electrode formed in 
a contact hole extending throughout the SiN ?lm 121 and 
emitter layer 106 laminated on the alloyed layer 122. The 
SiN ?lm 121 is a passivation ?lm extending over a prese 
lected region of the emitter layer 106, emitter cap layer 107 
and emitter electrode 111. The collector electrode 113 is 
formed in a preselected region on the subcollector layer 102. 

[0026] Reference Will be made to FIGS. 3A through 3H 
for describing a procedure for producing the HBT shoWn in 
FIG. 2. First, as shoWn in FIG. 3A, the subcollector layer 
102 is formed on the semi insulative GaAs substrate 101. 
Subsequently, the collector layer 103, Which may be 400 nm 
to 2,000 nm thick by Way of example, is formed on the 
collector layer 103. The base layer 105, Which may be 40 nm 
to 100 nm thick by Way of example, is formed on the 
collector layer 103. The emitter layer 106, Which may be 10 
nm to 100 nm thick by Way of example, is formed on the 
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base layer 105. Thereafter, the emitter cap layer 107 is 
formed on the emitter layer 106, thereby completing a 
laminate epitaxial Wafer. 

[0027] As shoWn in FIG. 3B, after Wsi has been sputtered 
over the entire surface of the epitaxial Wafer, Wsi is etched 
With a photoresist (PR) serving as a mask to thereby form the 
emitter electrode 111. Subsequently, as shoWn in FIG. 3C, 
the emitter cap layer 107 is selectively etched out to the 
surface of the emitter layer 106 by a phosphoric or a sulfuric 
etchant With the emitter electrode 111 serving as a mask. As 
a result, the SiN ?lm 121 is formed over the entire surface 
of the laminate to a thickness of, e.g., 10 nm to 200 nm. 
Thereafter, as shoWn in FIG. 3D, 21 PR mask is formed on 
the SiN ?lm 121 for forming a hole at a preselected position. 
The SiN ?lm 121 is partly etched out by a hydro?uoric 
etchant, so that the emitter layer 106 is partly exposed to the 
outside. 

[0028] Subsequently, the PR mask shoWn in FIG. 3D is 
used to form the base electrode 112 by evaporation lift-off. 
For example, sintering using, e.g., Pt/Ti/Pt/Au is effected 
from above the emitter layer 106. As shoWn in FIG. 3E, the 
alloyed layer of Pt and InGaP and Pt and GaAs is formed by 
an alloying technology, electrically connecting the base 
layer 105 and base electrode 112. 

[0029] A speci?c evaporation lift-off method is evaporat 
ing, e.g., Pt/Ti/Pt/Au inclusive of the PR mask and then 
lifting off the electrode material from needless portions 
together With the PR mask. Alloying may be effected at, e.g., 
300° C. after the lift-off. This successfully enhances adhe 
sion of the emitter layer 106 and electrode material to each 
other. Pt/Ti/Pt/Au is a non-alloy type ohmic electrode that 
insures reliable ohmic contact and implements an electrode 
pattern With high resolution. 

[0030] Subsequently, as shoWn in FIG. 3F, 21 ?rst PR mask 
is formed over a preselected region P1-P1‘ on the base 
electrode 112 and SiN ?lm 121. The SiN ?lm 121 is then 
removed by a hydro?uoric etchant via the PR mask. This is 
folloWed by removing the emitter layer 106 by use of a 
hydrochloric etchant, then removing the base layer 105 by 
use of a sulfuric etchant, and then removing the collector 
layer 103 halfWay by, e.g., 10 nm and 200 nm. At this 
instant, the amount of side etching of the base layer 105 and 
that of the collector layer 103 respectively correspond to the 
thickness by Which the base layer 105 has been removed and 
the thickness by Which the collector 103 has been removed. 
Therefore, the collector 103 should preferably be removed 
by a relatively small thickness in order to reduce the amount 
of side etching of the base layer 105 and that of the collector 
layer 103. This successfully reduces the siZe of the pent 
house of the emitter layer 106. 

[0031] As shoWn in FIG. 3G, a second PR mask is formed 
over preselected regions P1‘-P2‘ and P1-P2 on the base layer 
105 and collector layer 103. The collector layer 103 is then 
removed to the surface of the subcollector layer 102 via the 
second PR mask by use of a phosphoric etchant or a sulfuric 
etchant. The second PR mask therefore preserves the side 
Walls (?rst sideWalls) of the base layer 105 and collector 
layer 103 implemented by the ?rst PR mask, so that the 
penthouse of the emitter layer 106 is prevented from increas 
ing in siZe. 

[0032] Further, the amount of side etching of the collector 
layer 103 underlying the second PR mask also corresponds 
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to the thickness by Which the collector layer 103 has been 
removed. It follows that the second PR mask covering the 
collector layer 103 should preferably eXtend over a certain 
Width. More speci?cally, it is desirable to provide each of the 
regions P1‘ and P2‘ and P1-P2 With a certain Width. This 
successfully controls the dimension of the second sideWall 
or loWer sideWall of the collector layer 103 implemented by 
the second PR mask such that the second sideWall does not 
reach the ?rst sideWall. Consequently, the mesa step 109 
Whose boundary is the bottom of the second PR mask is 
formed. If desired, the ?rst and second sideWalls may be 
formed ?ush With each other, depending on the relation 
betWeen the Width of the region P1‘-P2‘ and that of the region 
P1-P2 and the remaining thickness of the collector layer 103. 

[0033] As shoWn in FIG. 3H, after the removal of the PR 
mask, the collector electrode 113 is formed by, e.g., AuGe/ 
Ni/Au by using evaporation lift-off. 

[0034] As stated above, the illustrative embodiment 
insures an accurate junction area betWeen the base and the 
collector and thereby accurately reduces offset voltage and 
capacitance betWeen the base and the collector Without any 
scatter. Further, the illustrative embodiment obstructs the 
peeling of the InGaP emitter layer. These advantages are 
derived from the production procedure and structure unique 
to the illustrative embodiment, as Will be described more 
speci?cally hereinafter. 

[0035] The collector layer 103 is etched out halfWay by 10 
nm to 200 nm in order to form a mesa step, as described With 

reference to FIG. 3E. Subsequently, as shoWn in FIG. 3F, 
21 PR mask different from a PR mask used in the step of FIG. 
3E is used to remove the remaining collector layer 103. It 
has been customary to use only the ?rst PR mask of FIG. 3E 
for removing an SiN ?lm, an emitter layer, a base layer and 
a collector layer and thereby eXposing a subcollector layer, 
as described With reference to FIG. 1A. This, hoWever, 
cause the emitter layer to form a penthouse due to the side 
etching of the base layer and collector layer. The side etching 
is effected mainly by the thickness of the base layer and 
collector layer. By contrast, the illustrative embodiment 
removes the collector layer only by 10 nm to 200 nm and 
thereby reduces the amount of side etching. This is Why the 
emitter layer does not form a penthouse and the junction area 
betWeen the base and the collector is scattered little. 

[0036] Moreover, the penthouse of the emitter layer is apt 
to come off during process if the emitter layer is as thin as 
100 nm or beloW, as shoWn in FIG. 1B. As a result, the 
surface of the base layer 105 is eXposed With the result that 
recombination current on the base surface increases and 
degrades the reliability of the HBT. In the illustrative 
embodiment, the penthouse of the InGaP layer is small and 
peels off little, enhancing the reliability of the transistor. 

[0037] An alternative embodiment of the present inven 
tion Will be described With reference to FIG. 4. As shoWn, 
the illustrative embodiment, like the previous embodiment 
includes a semi insulative GaAs substrate 201, a subcollec 
tor layer 202, a base layer 205, an emitter layer 206, an 
emitter gap layer 207, a mesa step 209, an emitter electrode 
221, a base electrode 212, a ?rst SiN ?lm 221, and an 
alloyed layer 222. The illustrative embodiment additionally 
includes a ?rst collector layer 203, a second collector layer 
204, an etching stopper layer 208, and a second SiN ?lm 
223. 
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[0038] The ?rst collector layer 203 is an n-type or a 
nondoped GaAs layer formed on the subcollector layer 202. 
In the illustrative embodiment, the sideWall of the ?rst 
collector layer 203 does not include a mesa step and is 
formed beloW the etching stopper layer 208. The second 
collector layer 204 is an n-type or a nondoped GaAs layer 
formed in a preselected region on the etching stopper layer 
208. In the illustrative embodiment, the sideWall of the 
second collector layer 204 does not include a mesa step and 
is formed beloW the emitter layer 206 together With the 
sideWall of the base layer 205. 

[0039] The etching stopper layer 208 is formed of InGaP 
and intervenes betWeen the ?rst and second collector layers 
203 and 204. The edge of the etching stopper layer 208 
protrudes from the sideWall of the ?rst collector layer 203 
and that of the second collector layer 204. The sideWall of 
the ?rst collector layer 203 and that of the second collector 
layer 204 form mesa a step With the intermediary of the 
etching stopper layer 208. The second SiN ?lm 223 is 
formed on the surfaces of the ?rst SiN ?lm 221, base 
electrode 212, emitter layer 206, base layer 205, second 
collector layer 204, and etching stopper layer 208. As for the 
rest of the structure, this embodiment is similar to the 
previous embodiment. 
[0040] Reference Will be made to FIGS. 5A through 5H 
for describing a procedure for producing the HBT of the 
illustrative embodiment. First, as shoWn in FIG. 5A, the 
subcollector layer 202 is formed on the semi insulative 
GaAs substrate 201. The ?rst collector layer 203, Which may 
be 400 nm to 2,000 nm thick by Way of example, is formed 
on the subcollector layer 202. The etching stopper layer 208 
is formed on the ?rst collector layer 203. The second 
collector layer 204, Which may be 10 nm to 200 nm thick, 
is formed on the etching stopper layer 208. The base layer 
205, Which may be 40 nm to 100 nm thick by Way of 
eXample, is formed on the second collector layer 204. The 
emitter layer 206, Which may be 10 nm to 100 nm thick by 
Way of eXample, is formed on the base layer 205. The emitter 
cap layer 207 is formed on the emitter layer 206, completing 
a laminate epitaXial Wafer. 

[0041] As shoWn in FIG. 5B, after WSi has been sputtered 
over the entire epitaxial Wafer, WSi is etched via a PR mask 
to thereby form the emitter electrode 211. 

[0042] As shoWn in FIG. 5C, the emitter cap layer 207 is 
selectively etched to the surface of the emitter layer 206 by 
a phosphoric or a sulfuric etchant With the emitter mask 211 
serving as a mask. The ?rst SiN ?lm 221 is then formed over 
the entire surface of the laminate With a thickness of 10 nm 
to 200 nm. 

[0043] As shoWn in FIG. 5D, 21 PR mask is formed on the 
?rst SiN ?lm 221 for forming a hole at a preselected 
position. The ?rst SiN ?lm 221 is then partly removed by a 
hydro?uoric etchant via the PR mask so as to eXpose part of 
the emitter electrode 206. Subsequently, the base electrode 
212 is formed via the PR mask of FIG. 5D by using 
evaporation lift-off. For eXample, sintering is effected With 
Pt/Ti/Pt/Au from above the emitter layer 206. Thereafter, as 
shoWn in FIG. 5E, the alloy layer 222 of Pt and InGaP and 
Pt and GaAs is formed by an alloying technology, thereby 
electrically connecting the base layer 205 and base electrode 
212. 

[0044] As shoWn in FIG. 5F, 21 PR mask is formed in a 
preselected region P1-P1‘ on the base electrode 212 and ?rst 
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SiN ?lm 221. The SiN ?lm 221 is then removed via the PR 
mask by using a hydro?uoric etchant. This is followed by 
removing the emitter layer 206 With a hydrochloric etchant, 
then removing the base layer 205 With a phosphoric or a 
sulfuric etchant, and then removing the second collector 
layer 204 to the surface of the etching stopper layer 208. At 
this instant, the amount of side etching of the base layer 205 
and that of the second collector layer 204 respectively 
correspond to the thickness by Which the base layer 205 has 
been removed and the thickness by Which the collector layer 
204 has been removed. Therefore, the second collector layer 
204 should preferably be relatively thin in order to reduce 
the amount of side etching of the base layer 205 and that of 
the second collector layer 204. This desirably reduces the 
siZe of the penthouse of the emitter layer 206. 

[0045] As shoWn in FIG. 5G, after the PR mask (?rst PR 
mask) has been removed, the second SiN ?lm 223 is formed 
over the entire surface of the laminate. Asecond PR mask is 
then formed in a preselected region P2-P2‘, Which is broader 
than the region P1-P1‘, on the second SiN ?lm 23. There 
after, needless part of the second SiN ?lm 223 is removed 
via the second PR mask. This is folloWed by removing the 
etching stopper layer 208 With a hydrochloric etchant and 
then removing the ?rst collector layer 203 to the surface of 
the subcollector layer 202. The second SiN ?lm 223 and 
second PR mask preserve the sideWall of the base layer 205 
and that of the second collector layer 204 implemented by 
the ?rst PR mask, thereby preventing the penthouse of the 
emitter layer 206 from increasing in siZe. 

[0046] Further, the amount of side etching of the ?rst 
collector layer 203, Which underlies the emitter layer 206, 
also corresponds to the thickness by Which the ?rst collector 
layer 203 has been removed. More speci?cally, the region 
P2-P2‘ should preferably have a certain Width. In this 
condition, the sideWall (second sideWall) of the ?rst collec 
tor layer 203 implemented by the second PR mask can be 
prevented from extending inWard of the ?rst sideWall. Con 
sequently, the mesa step 209 Whose boundary is the stopper 
layer 208 is formed. Again, the ?rst and second sideWalls 
may be formed ?ush With each other, depending on the 
relation betWeen the Width of the region P2-P2‘ and the 
thickness of the ?rst collector layer 203, if desired. 

[0047] Finally, as shoWn in FIG. 5H, after the PR mask 
has been removed, the collector electrode 213 is formed by 
evaporation lift-off using, e.g., AuGe/Ni/Au. 

[0048] Another alternative embodiment Will be described 
With reference to FIG. 6. As shoWn, the HBT of the 
illustrative embodiment includes a semi insulative GaAs 
substrate 301, a subcollector layer 302, a base layer 305, an 
emitter layer 306, an emitter cap layer 307, a mesa step 309, 
an emitter electrode 311, a base electrode 312, a ?rst SiN 
?lm 321, and an alloyed layer 322. This embodiment differs 
from the embodiment of FIG. 2 in that it additionally 
includes a ?rst collector layer 303, a second collector layer 
304 and a second SiN ?lm 323 and differs from the embodi 
ment of FIG. 4 in that it does not include an etching stopper 
layer. As for the rest of the structure, this embodiment is 
similar to the embodiment of FIG. 4. 

[0049] A procedure for producing the HBT of the illus 
trative embodiment Will be described With reference to 
FIGS. 7A through 7H. First, as shoWn in FIG. 7A, the 
subcollector layer 302 is formed on the semi insulative 
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GaAs substrate 301. The ?rst collector layer 303, Which may 
be 400 nm to 2,000 nm thick by Way of example, is formed 
on the subcollector layer 302. The second collector layer 
304, Which may be 10 nm to 200 nm thick, is formed on the 
?rst collector layer 203. The base layer 305, Which may be 
40 nm to 100 nm thick by Way of example, is formed on the 
second collector layer 304. The emitter layer 306, Which 
may be 10 nm to 100 nm thick by Way of example, is formed 
on the base layer 305. The emitter cap layer 307 is formed 
on the emitter layer 306, completing a laminate epitaxial 
Wafer. 

[0050] As shoWn in FIG. 7B, after WSi has been sputtered 
over the entire epitaxial Wafer, WSi is etched via a PR mask 
to thereby form the emitter electrode 311. 

[0051] As shoWn in FIG. 7C, the emitter cap layer 307 is 
selectively etched to the surface of the emitter layer 306 by 
a phosphoric or a sulfuric etchant With the emitter mask 311 
serving as a mask. The ?rst SiN ?lm 321 is then formed over 
the entire surface of the laminate With a thickness of 10 nm 
to 200 nm. 

[0052] As shoWn in FIG. 7D, 21 PR mask is formed on the 
?rst SiN ?lm 321 for forming a hole at a preselected 
position. The ?rst SiN ?lm 321 is then partly removed by a 
hydrofluoric etchant With the PR mask so as to expose part 
of the emitter electrode 306. Subsequently, the base elec 
trode 312 is formed via the PR mask of FIG. 7D by using 
evaporation lift-off. For example, sintering is effected With 
Pt/Ti/Pt/Au from above the emitter layer 306. Thereafter, as 
shoWn in FIG. 7E, the alloy layer 322 of Pt and InGaP and 
Pt and GaAs is formed by an alloying technology, thereby 
electrically connecting the base layer 305 and base electrode 
312. 

[0053] As shoWn in FIG. 7F, 21 PR mask is formed in a 
preselected region P1-P1‘ on the base electrode 312 and ?rst 
SiN ?lm 321. The SiN ?lm 321 is then removed via the PR 
mask by using a hydro?uoric etchant. This is folloWed by 
removing the emitter layer 306 With a hydrochloric etchant, 
then removing the base layer 305 With a phosphoric or a 
sulfuric etchant, and then removing the second collector 
layer 304. At this instant, the amount of side etching of the 
base layer 305 and that of the second collector layer 304 
respectively correspond to the thickness by Which the base 
layer 305 has been removed and the thickness by Which the 
collector layer 304 has been removed. Therefore, the second 
collector layer 304 should preferably be relatively thin in 
order to reduce the amount of side etching of the base layer 
305 and that of the second collector layer 304. This desirably 
reduces the siZe of the penthouse of the emitter layer 306. 

[0054] As shoWn in FIG. 7G, after the PR mask has been 
removed, the second SiN ?lm 323 is formed over the entire 
surface of the laminate. A PR mask is then formed in a 
preselected region P2-P2‘ on the second SiN ?lm 323. 
Thereafter, needless part of the second SiN ?lm 323 is 
removed via the above PR mask. This is folloWed by 
removing the ?rst collector layer 303 to the surface of the 
subcollector layer 302 With a phosphoric or a sulfuric 
etchant. The second SiN ?lm 323 and second PR mask 
preserve the sideWall of the base layer 305 and that of the 
second collector layer 304 implemented by the ?rst PR 
mask, thereby preventing the penthouse of the emitter layer 
306 from increasing in siZe. 

[0055] Further, the amount of side etching of the ?rst 
collector layer 303, Which underlies the emitter layer 306, 
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also corresponds to the thickness by Which the ?rst collector 
layer 303 has been removed. More speci?cally, the region 
P2-P2‘ should preferably have a certain Width. In this 
condition, the sideWall (second sideWall) of the ?rst collec 
tor layer 3203 implemented by the second PR mask can be 
prevented from extending inWard of the ?rst sideWall. Con 
sequently, the mesa step 309 Whose boundary is the interface 
betWeen the ?rst and second collector layers 303 and 304 is 
formed. Again, the ?rst and second sideWalls may be formed 
?ush With each other, depending on the relation betWeen the 
Width of the region P2-P2‘ and the thickness of the ?rst 
collector layer 303, if desired. 

[0056] Finally, as shoWn in FIG. 7H, after the PR mask 
has been removed, the collector electrode 313 is formed by 
evaporation lift-off using, e.g., AuGe/Ni/Au. 

[0057] It is to be noted that the present invention is 
applicable not only to an HBT but also to other various kinds 
of transistors. In any case, the present invention reduces the 
siZe of a penthouse protruding from, e.g., a collector layer 
sideWays outWard of the sideWall of an underlying layer. 

[0058] In summary, it Will be seen that the present inven 
tion provides an HBT having an accurate junction area 
betWeen a base and a collector and thereby accurately 
reducing offset voltage and capacitance betWeen the base 
and the collector Without any scatter. Further, the HBT of the 
present invention is reliable because it obstructs the peeling 
of an InGaP emitter layer and thereby prevents the surface 
of a base layer from being exposed. 

[0059] Various modi?cations Will become possible for 
those skilled in the art after receiving the teachings of the 
present disclosure Without departing from the scope thereof. 

What is claimed is: 
1. A method of producing a heterojunction bipolar tran 

sistor (HBT) from a Wafer consisting of a substrate and a 
collector layer of a ?rst conductivity type, a base layer of a 
second conductivity type and an emitter layer of said ?rst 
conductivity type sequentially laminated on said substrate in 
this order, said method comprising: 

a ?rst etching step of etching said Wafer up to a prese 
lected depth of said collector layer by using a ?rst 
photoresist, Which is formed at a preselected position 
on said emitter layer, as a mask; and 

a second etching step of etching said collector layer by 
using at least a sideWall of said base layer and a 
sideWall of said collector layer exposed by said ?rst 
etching step and a second photoresist covering a part of 
a surface of said collector layer contiguous With the 
sideWalls as a mask. 

2. The method as claimed in claim 1, further comprising: 

a step of removing, before forming said second photore 
sist, said ?rst photoresist and then forming an SiN ?lm 
on said substrate; and 

a step of removing, after forming said second photoresist, 
said SiN ?lm exposed. 

3. The method as claimed in claim 1, further comprising: 

a step of forming, before forming said ?rst photoresist, an 
SiN ?lm on said substrate; and 

removing, after forming said ?rst photoresist, said SiN 
?lm exposed. 
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4. The method as claimed in claim 3, further comprising: 

a step of removing, before forming said second photore 
sist, said ?rst photoresist and then forming an SiN ?lm 
on said substrate; and 

a step of removing, after forming said second photoresist, 
said SiN ?lm exposed. 

5. The method as claimed in claim 1, further comprising 
a step of forming at a preselected position on said emitter 
electrode a base electrode extending throughout said emitter 
layer to be thereby electrically connected to said base layer. 

6. The method as claimed in claim 5, further comprising: 

a step of removing, before forming said second photore 
sist, said ?rst photoresist and then forming an SiN ?lm 
on said substrate; and 

a step of removing, after forming said second photoresist, 
said SiN ?lm exposed. 

7. The method as claimed in claim 5, further comprising: 

a step of forming, before forming said ?rst photoresist, an 
SiN ?lm on said substrate; and 

removing, after forming said ?rst photoresist, said SiN 
?lm exposed. 

8. The method as claimed in claim 7, further comprising: 

a step of removing, before forming said second photore 
sist, said ?rst photoresist and then forming an SiN ?lm 
on said substrate; and 

a step of removing, after forming said second photoresist, 
said SiN ?lm exposed. 

9. Amethod of producing an HBT from a Wafer consisting 
of a substrate and a ?rst collector layer of a ?rst conductivity 
type, an etching stopper layer for preventing said ?rst 
collector layer from being etched, a second collector layer of 
said ?rst conductivity type, a base layer of a second con 
ductivity type and an emitter layer of said ?rst conductivity 
type sequentially laminated on said substrate in this order, 
said method comprising: 

a ?rst etching step of etching said Wafer to a depth Where 
said etching stopper layer is exposed by using a ?rst 
photoresist formed at a preselected position on said 
emitter layer as a mask; and 

a second etching step of etching said etching stopper layer 
and said ?rst collector layer, Which are exposed, by 
using at least a sideWall of said base layer and a 
sideWall of said second collector layer and a second 
photoresist covering a part of a surface of said etching 
stopper layer contiguous With the sideWalls as a mask. 

10. The method as claimed in claim 9, further comprising: 

a step of removing, before forming said second photore 
sist, said ?rst photoresist and then forming an SiN ?lm 
on said substrate; and 

a step of removing, after forming said second photoresist, 
said SiN ?lm exposed. 

11. The method as claimed in claim 9, further comprising: 

a step of forming, before forming said ?rst photoresist, an 
SiN ?lm on said substrate; and 

removing, after forming said ?rst photoresist, said SiN 
?lm exposed. 
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12. The method as claimed in claim 11, further compris 
ing: 

a step of removing, before forming said second photore 
sist, said ?rst photoresist and then forming an SiN ?lm 
on said substrate; and 

a step of removing, after forming said second photoresist, 
said SiN ?lm eXposed. 

13. The method as claimed in claim 9, further comprising 
a step of forming at a preselected position on said emitter 
electrode a base electrode extending throughout said emitter 
layer to be thereby electrically connected to said base layer. 

14. The method as claimed in claim 13, further compris 
mg: 

a step of removing, before forming said second photore 
sist, said ?rst photoresist and then forming an SiN ?lm 
on said substrate; and 

a step of removing, after forming said second photoresist, 
said SiN ?lm eXposed. 

15. The method as claimed in claim 13, further compris 
ing: 

a step of forming, before forming said ?rst photoresist, an 
SiN ?lm on said substrate; and 

removing, after forming said ?rst photoresist, said SiN 
?lm eXposed. 

16. The method as claimed in claim 15, further compris 
ing: 

a step of removing, before forming said second photore 
sist, said ?rst photoresist and then forming an SiN ?lm 
on said substrate; and 

a step of removing, after forming said second photoresist, 
said SiN ?lm eXposed. 

17. A method of producing an HBT from a Wafer con 
sisting of a substrate and a ?rst collector layer of a ?rst 
conductivity type, a second collector layer of said ?rst 
conductivity type, a base layer of a second conductivity type 
and an emitter layer of said ?rst conductivity type sequen 
tially laminated on said substrate in this order, said method 
comprising: 

a ?rst etching step of etching said Wafer to a depth Where 
said ?rst collector layer is eXposed by using a ?rst 
photoresist formed at a preselected position on said 
emitter layer as a mask; and 

a second etching step of etching said ?rst collector layer, 
Which is eXposed, by using a sideWall of said base layer 
and a sideWall of said second collector layer and a 
second photoresist covering a part of a surface of said 
?rst collector layer contiguous With the sideWalls as a 
mask. 

18. The method as claimed in claim 17, further compris 
mg: 

a step of removing, before forming said second photore 
sist, said ?rst photoresist and then forming an SiN ?lm 
on said substrate; and 

a step of removing, after forming said second photoresist, 
said SiN ?lm eXposed. 

19. The method as claimed in claim 17, further compris 
ing: 
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a step of forming, before forming said ?rst photoresist, an 
SiN ?lm on said substrate; and 

removing, after forming said ?rst photoresist, said SiN 
?lm eXposed. 

20. The method as claimed in claim 19, further compris 
ing: 

a step of removing, before forming said second photore 
sist, said ?rst photoresist and then forming an SiN ?lm 
on said substrate; and 

a step of removing, after forming said second photoresist, 
said SiN ?lm eXposed. 

21. The method as claimed in claim 17, further compris 
ing a step of forming at a preselected position on said emitter 
electrode a base electrode extending throughout said emitter 
layer to be thereby electrically connected to said base layer. 

22. The method as claimed in claim 21, further compris 
mg: 

a step of removing, before forming said second photore 
sist, said ?rst photoresist and then forming an SiN ?lm 
on said substrate; and 

a step of removing, after forming said second photoresist, 
said SiN ?lm eXposed. 

23. The method as claimed in claim 21, further compris 
ing: 

a step of forming, before forming said ?rst photoresist, an 
SiN ?lm on said substrate; and 

removing, after forming said ?rst photoresist, said SiN 
?lm eXposed. 

24. The method as claimed in claim 23, further compris 
ing: 

a step of removing, before forming said second photore 
sist, said ?rst photoresist and then forming an SiN ?lm 
on said substrate; and 

a step of removing, after forming said second photoresist, 
said SiN ?lm eXposed. 

25. In an HBT consisting of a substrate and a collector 
layer of a ?rst conductivity type, a base layer of a second 
conductivity type and an emitter layer of said ?rst conduc 
tivity type sequentially laminated on said substrate in this 
order, a sideWall of said collector layer comprises at least 
one mesa step. 

26. The transistor as claimed in claim 25, Wherein said 
emitter layer is formed of InGaP. 

27. The transistor as claimed in claim 25, Wherein an SiN 
?lm is formed at a preselected position on at least said 
emitter layer. 

28. The transistor as claimed in claim 27, Wherein said 
emitter layer is formed of InGaP. 

29. The transistor as claimed in claim 25, Wherein a base 
electrode is formed at a preselected position of said emitter 
layer and eXtends throughout said emitter layer to be thereby 
electrically connected to said base layer. 

30. The transistor as claimed in claim 29, Wherein said 
emitter layer is formed of InGaP. 

31. The transistor as claimed in claim 29, Wherein an SiN 
?lm is formed at a preselected position on at least said 
emitter layer. 

32. The transistor as claimed in claim 31, Wherein said 
emitter layer is formed of InGaP. 
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33. In an HBT produced from a Wafer consisting of a 
substrate and a ?rst collector layer of a ?rst conductivity 
type, an etching stopper layer for preventing said ?rst 
collector layer from being etched, a second collector layer of 
said ?rst conductivity type, a base layer of a second con 
ductivity type and an emitter layer of said ?rst conductivity 
type sequentially laminated on said substrate in this order, a 
rnesa step is formed betWeen a sideWall of said ?rst collector 
layer and a sideWall of said second collector layer With said 
etching stopper layer forming a boundary. 

34. The transistor as claimed in claim 33, Wherein said 
ernitter layer is formed of InGaP. 

35. The transistor as claimed in claim 33, Wherein an SiN 
?lrn is formed at a preselected position on at least said 
ernitter layer. 

36. The transistor as claimed in claim 35, Wherein said 
ernitter layer is formed of InGaP. 

37. The transistor as claimed in claim 33, Wherein a base 
electrode is formed at a preselected position of said ernitter 
layer and eXtends throughout said ernitter layer to be thereby 
electrically connected to said base layer. 

38. The transistor as claimed in claim 37, Wherein said 
ernitter layer is formed of InGaP. 

39. The transistor as claimed in claim 37, Wherein an SiN 
?lrn is formed at a preselected position on at least said 
ernitter layer. 

40. The transistor as claimed in claim 39, Wherein said 
ernitter layer is formed of InGaP. 

41. In an HBT produced from a Wafer consisting of a 
substrate and a ?rst collector layer of a ?rst conductivity 
type, a second collector layer of said ?rst conductivity type, 
a base layer of a second conductivity type and an emitter 
layer of said ?rst conductivity type sequentially laminated 
on said substrate in this order, a rnesa step is formed in the 
vicinity of an interface betWeen said ?rst collector layer and 
said second collector layer that intervenes betWeen a side 
Wall of said ?rst collector layer and a sideWall of said second 
collector layer. 
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42. The transistor as claimed in claim 41, Wherein said 
ernitter layer is formed of InGaP. 

43. The transistor as claimed in claim 41, Wherein an SiN 
?lrn is formed at a preselected position on at least said 
ernitter layer. 

44. The transistor as claimed in claim 43, Wherein said 
ernitter layer is formed of InGaP. 

45. The transistor as claimed in claim 41, Wherein a base 
electrode is formed at a preselected position of said ernitter 
layer and eXtends throughout said ernitter layer to be thereby 
electrically connected to said base layer. 

46. The transistor as claimed in claim 45, Wherein said 
ernitter layer is formed of InGaP. 

47. The transistor as claimed in claim 45, Wherein an SiN 
?lrn is formed at a preselected position on at least said 
ernitter layer. 

48. The transistor as claimed in claim 47, Wherein said 
ernitter layer is formed of InGaP. 

49. A method of producing a transistor from a Wafer 
consisting of a substrate and a ?rst function layer, a second 
function layer and a third function layer sequentially larni 
nated on said substrate in this order, said method cornpris 
ing; 

a ?rst etching step of etching said Waver up to a prese 
lected depth of said ?rst function layer by using a ?rst 
photoresist formed at a preselected position on said 
third function layer as a mask; and 

a second etching step of etching said ?rst function layer, 
Which is exposed, by using a sidewall of said second 
function layer and a sideWall of said ?rst function layer, 
Which are eXposed by said ?rst etching step, and a 
second photoresist covering a part of a surface of said 
?rst function layer contiguous With the sideWalls as a 
mask. 


