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(57) ABSTRACT 

A light modulator having a reduced parasitic static capaci 
tance includes a semiconductor substrate having a mesa 
section and a bonding pad forming section formed thereon. 
Aprimary insulating ?lm is formed on the substrate so as to 
continuously cover the mesa section and the bonding pad 
forming section. After a mask has been formed on a portion 
of the primary insulating ?lm that is above the bonding pad 
forming section, the remaining portion of the primary insu 
lating ?lm is etched off, followed by removal of the mask. 
After the removal of the mask, a secondary insulating ?lm 
is formed so as to continuously cover that portion of the 
primary insulating ?lm above the bonding pad forming 
section and the mesa section so that a relatively thick 
insulating layer can be formed only above the bonding pad 
forming section. 
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Fig-3A 3o 3 1 3 
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Fig.4A 
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Fig.5A 50° 
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Fig.6A 
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Fig. 8A 70 ‘ 
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Fig. 9A 
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LIGHT MODULATOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a light 
modulator for modulating a laser beam and, more particu 
larly, to a high speed light modulator of a kind used in a high 
speed optical ?ber communication system. The present 
invention also relates to a method of manufacturing such 
light modulator. 

[0003] 2. Description of the Prior Art 

[0004] In the high speed optical ?ber communication 
system, a considerable amount of data are transmitted by the 
use of semiconductor laser beams and optical ?bers. In order 
to cope With this feature, the semiconductor laser beams are 
required to be modulated at a high speed. With the conven 
tional direct modulation system in Which the electric current 
injected to a single-mode semiconductor laser is modulated 
to provide the modulated output laser beam, change in 
Wavelength resulting from change in density of injected 
carriers (i.e., Wavelength chirping) is so substantial that the 
conventional direct modulation system cannot be used in 
high-speed modulation of 10 Gbps or higher. 

[0005] In vieW of the foregoing, as an alternative to the 
direct modulation system, the eXternal modulation system 
has come to be the cynosure of those concerned, in Which a 
light modulator having a loW chirping and disposed exter 
nally of a semiconductor laser is utiliZed to modulate the 
laser beam While the current injected to the semiconductor 
laser is ?Xed. The combined modulator and laser assembly 
in Which a light modulator, a single-mode semiconductor 
laser and an isolator separating the light modulator and the 
semiconductor laser from each other are integrated together 
on a single chip is shoWn by 60 in FIG. 7. Since no circuit 
is required betWeen the modulator and the laser, the com 
bined modulator and laser assembly 60 shoWn therein has a 
high practical utility and is eXtremely important as a key 
device for optical ?ber communication of a large amount of 
data. 

[0006] The light modulator Will noW be described. As 
shoWn in FIG. 8A, the light modulator 70 includes an InP 
semiconductor substrate 52 on Which a semiconductor mesa 

layer 56 of a predetermined Width containing a light absorp 
tion layer 51 and a semiconductor bonding pad layer 55 are 
formed. The laser beam inputted to the light modulator 70 is 
modulated by the light absorption layer 51. More speci? 
cally, by applying a voltage to the bonding pad electrode 
55a, an electric ?eld is applied from an electrode 54, 
covering the semiconductor mesa layer 56, to the light 
absorbing layer 51, and by shifting the absorption Wave 
length of the light absorbing layer 51, the input laser beam 
is modulated. 

[0007] As shoWn in FIG. 8B, a groove 57 is formed 
betWeen the semiconductor mesa layer 56 and the semicon 
ductor bonding pad layer 55 for separating the semiconduc 
tor layers 55 and 56 from other semiconductor layers. The 
semiconductor mesa layer 56, the semiconductor bonding 
pad layer 55 and the groove 57 has their respective surfaces 
covered by a continuous insulating ?lm 53. The bonding pad 
electrode 55a and the electrode 54 are formed by a metallic 
?lm continuously covering the insulating ?lm 53 While the 
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electrode 54 is held in ohmic contact With the semiconductor 
mesa layer 56 through an opening de?ned in the insulating 
?lm 53. 

[0008] The conventional method of manufacturing the 
conventional light modulator is shoWn in FIGS. 9A to 9C. 
Referring ?rst to FIG. 9A, a predetermined crystalline layer 
is epitaXially groWn on the InP substrate 52 to form the 
semiconductor mesa layer 56 of the predetermined Width 
including the light absorption layer 51, the groove 57 and the 
semiconductor bonding pad layer 55. Then, as shoWn in 
FIG. 9B, the insulating ?lm 53 of SiO2 having a ?lm 
thickness of about 4000 Ais formed so as to cover the entire 
surface of the InP substrate 52. After a WindoW for the ohmic 
contact has been formed in an upper surface of the semi 
conductor mesa layer 54 including the light absorption layer 
51, the metallic ?lm is formed at a predetermined location 
as shoWn in FIG. 9C to complete the bonding pad electrode 
55a and the electrode 54. 

[0009] In order for the light modulator to be used for 
high-speed modulation, it is necessary to reduce the static 
capacitance (hereinafter referred to as a “parasitic static 
capacitance”) formed betWeen surface electrodes (the bond 
ing pad electrode 55a and the electrode 54) and a rear 
surface electrode. The parasitic static capacitance of the light 
modulator is eXpressed by the sum of the parasitic static 
capacitance of the mesa layer 56 plus the parasitic static 
capacitance of the bonding pad layer 55. In order to reduce 
the parasitic static capacitance of the light modulator, 
attempts have currently been made to minimiZe the surface 
area of each of the mesa layer 54 and the bonding pad layer 
55 by forming the groove 57 therebetWeen. 

[0010] It has, hoWever, been found that considering the 
chirping of light that is propagated by the light absorption 
layer 51, the Width of the mesa layer 56 can only be reduced 
to a certain limited dimension. Also, considering the bond 
ing surface area of the bonding Wire, the siZe of the bonding 
pad layer 55 is limited to about 50x50 pm. Thus, the 
approach to reduce the surface area of the mesa layer 56 and 
the bonding pad layer 55 in an attempt to reduce the parasitic 
static capacitance is limited and, therefore, a suf?ciently 
high-speed modulation characteristic has been dif?cult to 
accomplish. 

SUMMARY OF THE INVENTION 

[0011] The present invention has therefore been developed 
in vieW of the foregoing problems and is intended to provide 
an improved light modulator capable of accomplishing a 
high-speed light modulation in Which the parasitic static 
capacitance is reduced and also to provide an improved 
method of manufacturing such light modulator. 

[0012] The light modulator of the present invention is such 
that the parasitic static capacitance of the bonding pad 
section has been reduced to substantially eliminate the above 
discussed problems, and is therefore effective to achieve the 
high-speed modulation. More speci?cally, the light modu 
lator of the present invention includes a semiconductor 
substrate having ?rst and second surfaces opposite to each 
other With a grounding conductor formed on the second 
surface thereof. A mesa section of a predetermined Width 
laminated With a semiconductor layer including a light 
absorption layer and a bonding pad forming section adjacent 
the mesa section are formed on the semiconductor substrate. 
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An insulating layer continuing from the mesa section to the 
bonding pad section is formed With an opening de?ned in a 
portion of the insulating ?lm above the mesa section, and an 
electrode contacting an upper surface of the mesa section 
through the opening and extending to the bonding pad 
forming section is formed over the insulating layer. Accor 
dance With the present invention, the light modulator is 
featured in that a portion of the insulating layer the bonding 
pad forming section has a thickness greater than that of the 
remaining portion of the insulating layer to reduce the 
parasitic static capacitance of the bonding pad section. 

[0013] The portion of the insulating layer immediately 
above the bonding pad forming section comprises a multi 
layered structure containing at least insulating ?lms lami 
nated one above other. The remaining portion of the insu 
lating layer comprises a single or multi layered structure 
containing a insulating ?lms, in Which a number of the 
insulating ?lm is less than that of the bonding pad forming 
section. 

[0014] The insulating ?lms are tWo insulating ?lms, one of 
the tWo insulating ?lms is made of SiO2 and the other is 
made of SiN. 

[0015] The upper-layer insulating ?lm of remaining por 
tion of the insulating layer is same as the 2nd upper-layer 
insulating ?lm of the bonding pad forming section. 

[0016] The ?rst method of manufacturing the light modu 
lator according to the present invention is such that the 
parasitic static capacitance of the bonding pad section has 
been reduced to substantially eliminate the above discussed 
problems. More speci?cally, this ?rst method is utiliZed to 
manufacture the light modulator Which includes a semicon 
ductor substrate having ?rst and second surfaces opposite to 
each other With a grounding conductor formed on the second 
surface thereof, Which substrate is formed With a mesa 
section of a predetermined Width, laminated With a semi 
conductor layer including a light absorption layer, and a 
bonding pad forming section adjacent the mesa section, an 
insulating layer continuing from the mesa section to the 
bonding pad section and formed With an opening de?ned in 
a portion of the insulating layer above the mesa section, and 
a one-piece electrode formed over the insulating ?lm and 
contacting an upper surface of the mesa section through the 
opening, the one-piece electrode forming a bonding pad 
electrode. This ?rst method is featured in that it comprises 
forming a primary insulating ?lm continuing from the mesa 
section to the bonding pad forming section, forming a mask 
so as to cover a portion of the primary insulating ?lm formed 
above the bonding pad forming section, etching the primary 
insulating ?lm to remove another portion of the primary 
insulating ?lm other than that portion of the primary insu 
lating ?lm above the bonding pad forming section, removing 
the mask forming a secondary insulating ?lm continuing 
from that portion of the primary insulating ?lm above the 
bonding pad forming section and the mesa section and 
completing the insulating Whereby that portion of the insu 
lating layer above the bonding pad forming section has a 
thickness greater than that of the remaining portion of the 
insulating layer to reduce the parasitic static capacitance of 
the bonding pad section. 

[0017] The second method of manufacturing the light 
modulator according to the present invention is such that the 
parasitic static capacitance of the bonding pad section has 
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been reduced to substantially eliminate the above discussed 
problems. More speci?cally, this second method is utiliZed 
to manufacture the light modulator Which includes a semi 
conductor substrate having ?rst and second surfaces oppo 
site to each other With a grounding conductor formed on the 
second surface thereof, Which substrate is formed With a 
mesa section of a predetermined Width, laminated With a 
semiconductor layer including a light absorption layer, and 
a bonding pad forming section adjacent the mesa section, an 
insulating layer continuing from the mesa section to the 
bonding pad section and formed With an opening de?ned in 
a portion of the insulating layer above the mesa section, and 
a one-piece electrode formed over the insulating ?lm and 
contacting an upper surface of the mesa section through the 
opening, the one-piece electrode forming a bonding pad 
electrode. This second method is featured in that it com 
prises forming a primary insulating ?lm continuing from the 
mesa section to the bonding pad forming section, forming a 
mask so as to cover a portion of the primary insulating ?lm 
other than a portion of the primary insulating ?lm that is 
formed above the bonding pad forming section, forming a 
secondary insulating ?lm over the mask and that portion of 
the primary insulating ?lm above the bonding pad forming 
section, removing the mask to alloW that portion of the 
secondary insulating ?lm above the bonding pad section to 
continue to that portion of the primary insulating ?lm above 
the mesa section to thereby complete the insulating layer so 
that that portion of the insulating layer above the bonding 
pad forming section has a thickness greater than that of the 
remaining portion of the insulating layer to reduce the 
parasitic static capacitance of the bonding pad section. 

[0018] The third method of manufacturing the light modu 
lator according to the present invention is such that the 
parasitic static capacitance of the bonding pad section has 
been reduced to substantially eliminate the above discussed 
problems. More speci?cally, this third method is utiliZed to 
manufacture the light modulator Which includes a semicon 
ductor substrate having ?rst and second surfaces opposite to 
each other With a grounding conductor formed on the second 
surface thereof, Which substrate is formed With a mesa 
section of a predetermined Width, laminated With a semi 
conductor layer including a light absorption layer, and a 
bonding pad forming section adjacent the mesa section, an 
insulating layer continuing from the mesa section to the 
bonding pad section and formed With an opening de?ned in 
a portion of the insulating layer above the mesa section, and 
a one-piece electrode formed over the insulating layer and 
contacting an upper surface of the mesa section through the 
opening, the one-piece electrode forming a bonding pad 
electrode. This third method is featured in that it comprises 
a primary insulating ?lm forming step of forming a primary 
insulating ?lm continuing from the mesa section to the 
bonding pad forming section, forming a mask so as to cover 
a portion of the primary insulating ?lm above the bonding 
pad forming section, etching another portion of the primary 
insulating ?lm other than that portion of the primary insu 
lating ?lm above the bonding pad forming section to a 
predetermined thickness, removing the mask so as to leave 
the insulating ?lm having a thick ?lm portion above the 
bonding pad forming section and a thin ?lm portion above 
the mesa section, the thick and thin ?lm portion being 
continued together, and completing the insulating layer 
Whereby that portion of the insulating layer above the 
bonding pad forming section has a thickness greater than the 



US 2001/0022681 A1 

remaining portion of the insulating layer to thereby reduce 
the parasitic static capacitance of the bonding pad section. 

[0019] The primary insulating ?lm forming step of the 
third method of the present invention discussed above may 
include forming an under-layer insulating ?lm continuing 
from the mesa section to the bonding pad forming section, 
forming over the under-layer insulating ?lm an intermedi 
ate-layer insulating ?lm of a material different from that of 
the under-layer insulating ?lm, and forming over the inter 
mediate-layer insulating ?lm an upper-layer insulating ?lm 
of the same material as that of the under-layer insulating 
?lm. In such case, the etching step may be carried out for 
selectively etching only a portion the upper-layer other than 
that formed above the bonding pad section, and completing 
the insulating layer. 

[0020] Preferably, in any of the ?rst to third method, the 
insulating ?lm is made of SiO2 or SiN. 

[0021] In the practice of the third method, one of the 
primary insulating ?lm and the secondary insulating ?lm is 
preferably made of SiO2 While the other thereof is preferably 
made of SiN. 

[0022] Also, in the practice of any one of the ?rst to third 
methods of the present invention, the insulating ?lm is 
preferably formed by the use of a CVD technique, a sput 
tering technique or a vacuum evaporation technique. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1A is a fragmentary perspective vieW of a 
light modulator according to a ?rst preferred embodiment of 
the present invention; 

[0024] FIG. 1B is a cross-sectional vieW taken along the 
line IB-IB in FIG. 1A; 

[0025] FIGS. 2A to 2D are respective vieWs similar to 
FIG. 1B, shoWing a method of manufacture of the light 
modulator according to the ?rst embodiment of the present 
invention; 
[0026] FIGS. 3A to 3D are respective vieWs similar to 
FIG. 1B, shoWing the modi?ed method of manufacture of 
the light modulator according to the ?rst embodiment of the 
present invention; 

[0027] FIGS. 4A to 4D are respective vieWs similar to 
FIG. 1B, shoWing the further modi?ed method of manufac 
ture of the light modulator according to the ?rst embodiment 
of the present invention; 

[0028] FIG. 5A is a fragmentary perspective vieW of a 
light modulator according to a second preferred embodiment 
of the present invention; 

[0029] FIG. 5B is a cross-sectional vieW taken along the 
line VB-VB in FIG. 5A; 

[0030] FIGS. 6A to 6D are respective vieWs similar to 
FIG. 5B, shoWing the method of manufacture of the light 
modulator according to the second embodiment of the 
present invention; 

[0031] FIG. 7 is a perspective vieW of the prior art 
combined modulator and laser assembly; 

[0032] FIG. 8A is a perspective vieW of the prior art 
modulator; 
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[0033] FIG. 8B is a cross-sectional vieW taken along the 
line VIIIB-VIIIB in FIG. 8A; and 

[0034] FIGS. 9A to 9C are vieW similar to FIG. 8B, 
shoWing the prior art method of manufacturing the prior art 
light modulator. 

DESCRIPTION OF THE EMBODIMENTS 

First Embodiment 

[0035] A light modulator according to a ?rst embodiment 
of the present invention is shoWn by 50 in FIGS. 1A to 4D. 
Referring particularly to FIGS. 1A and 1B, the light modu 
lator 50 includes a mesa section 9 and a bonding pad 
forming section 6 both protruding outWardly from an InP 
semiconductor substrate 2. More speci?cally, the mesa sec 
tion 9 is delimited by and betWeen a pair of parallel grooves 
3 formed at a predetermined position in the semiconductor 
substrate 2. The bonding pad forming section 6 is positioned 
on one side of one of the grooves 3 opposite to the mesa 
section 9 and is delimited by such one of the grooves 3 and 
a generally U-shaped groove 3a de?ned in the semiconduc 
tor substrate 2. The mesa section 9 includes an electrode 5 
formed thereon through a SiO2 insulating layer 4 and has a 
light absorption layer 1 embedded therein, Which layer 1 is 
operable to receive and transmit a laser beam therethrough. 
On the other hand, the bonding pad forming section 6 
includes a bonding pad electrode 6a formed thereon through 
a SiO2 insulating thick-layer 40 intervening betWeen it and 
the bonding pad electrode 6a. The bonding pad electrode 6a 
and the electrode 5 form and are served respectively by 
different parts of a metallic layer. It is to be noted that the 
light modulator 50 has a rear surface formed With a rear 
surface electrode 10. 

[0036] In the illustrated light modulator50, the insulating 
layer 4 and the insulating thick-layer 40 are integral parts of 
a single insulating layer that are formed above the mesa 
section 9 and above the bonding pad forming section 6, 
respectively. HoWever, as best shoWn in FIG. 1B, a portion 
of the insulating layer overlaying the bonding pad forming 
section 6, that is, the insulating thick-layer 40 has a thickness 
greater than the remaining portion of the insulating layer, for 
eXample, the insulating layer 4 overlaying the mesa section 
9. In addition as discussed hereinabove, the insulating layer 
4 and the insulating thick-layer 40 are covered by the 
metallic layer and a portion of the metallic layer immedi 
ately above the bonding pad forming section 6 serves as the 
bonding pad electrode 6a While another portion of the 
metallic layer immediately above the mesa section 9 serves 
the electrode 5. The electrode 5 is held in contact With an 
upper surface of the mesa section 9 through an opening 
de?ned in the insulating layer 4. 

[0037] Since the insulating thick-layer 40 is formed only 
immediately beloW the bonding pad electrode 6a, the para 
sitic static capacitance betWeen the bonding pad electrode 6a 
and the rear surface electrode 10 can be reduced. In detail, 
by increasing the thickness of thick-layer 40 around the 
bonding pad forming section 6 from 4000 Ato 8000 A,the 
parasitic static capacitance around the bonding pad forming 
section 6 is half of the parasitic static capacitance around the 
mesa section 9,becase the capacitance is inverse proportion 
to the thickness of the insulating layer. Also, since the 
insulating thick-layer 40 is formed on a relatively narroW 



US 2001/0022681 A1 

portion of the bonding pad forming section 6, there is no 
possibility that the substrate 2 may Warp. Furthermore, since 
that portion of the insulating layer overlaying the mesa 
section 9 has a relatively small thickness as is the case With 
that in the conventional light modulator, there is no dif?culty 
forming the opening in the insulating layer. 

[0038] The method of manufacturing the light modulator 
50 of the structure discussed above Will noW be described 
With particular reference to FIGS. 2A to 2D. At the outset, 
as shoWn in FIG. 2A, after a predetermined crystalline layer 
has been epitaXially groWn on the InP semiconductor sub 
strate 2, a pair of grooves 3 are formed at a predetermined 
location in the semiconductor substrate 2 so that the mesa 
section 9 of a predetermined Width having the light absorp 
tion layer 1 can be eventually formed betWeen these grooves 
3. The generally U-shaped groove 3a continued to one of the 
grooves 3 is also formed to de?ne the bonding pad forming 
section 6. Then, as shoWn in FIG. 2B, 21 SiO2 insulating ?lm 
41 having a thickness of about 4000 Ais formed on the 
semiconductor substrate 2 so as to overlay the mesa section 
9 and the bonding pad forming section 6 continuously. 
Thereafter, as shoWn in FIG. 2C, only a portion of the 
insulating ?lm 41 overlaying the bonding pad forming 
section 6 is covered by a photo-resist 7 that is utiliZed as a 
mask, folloWed by removal of the remaining portion of the 
insulating ?lm 41 other than that portion of the insulating 
?lm 41 overlaying the bonding pad forming section 6. After 
the subsequent removal of the photo-resist 7, as shoWn in 
FIG. 2D, another SiO2 insulating ?lm 42 having a thickness 
of about 4000 Ais again formed on the semiconductor 
substrate 2 so as to overlay the mesa section 9 and the 
bonding pad forming section 6 continuously. In this Way, the 
bonding pad forming section 6 is covered by the insulating 
thick-layer 40 of a thickness of about 8000 A, i.e., that 
portion of the insulating ?lm 41 overlapped by the insulating 
?lm 42, While a portion other than the bonding pad forming 
section, for example, the mesa section 9 is covered only by 
the insulating ?lm 42 of about 4000 

[0039] Thus, the bonding pad electrode 6a and the elec 
trode 2 are formed immediately above the bonding pad 
forming section 6 and the mesa section 2, respectively. More 
speci?cally, While the opening is formed in the portion of the 
insulating layer overlaying an upper surface of the mesa 
section and the metallic layer connected in part With the 
upper surface of the mesa section through the opening and 
in part overlaying the bonding pad forming section. The rear 
surface electrode 10 is formed in any knoWn manner as 
shoWn in FIG. 1A, thereby completing the light modulator 
50 of the present invention. 

[0040] Since as discussed above the insulating thick-layer 
40 is formed only immediately beloW the bonding pad 
electrode 6a, the parasitic static capacitance betWeen the 
bonding pad electrode 6a and the rear surface electrode 10 
can be reduced. Also, since the insulating thick-layer 40 is 
formed on that relatively narroW portion of the bonding pad 
forming section 6, there is no possibility that the substrate 2 
may Warp. Furthermore, since that portion of the insulating 
layer overlaying the mesa section 9 has a relatively small 
thickness as is the case With that in the conventional light 
modulator, there is no dif?culty forming the opening in the 
insulating layer. 
[0041] The light modulator 50 of the present invention can 
also be manufactured by an alternative method Which Will 
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noW be described With reference to FIGS. 3A to 3D. 
Referring to FIG. 3A, after a predetermined crystalline layer 
has been epitaXially groWn on the InP semiconductor sub 
strate 2, a pair of grooves 3 are formed at a predetermined 
location in the semiconductor substrate 2 so that the mesa 
section 9 of a predetermined Width having the light absorp 
tion layer 1 can be eventually formed betWeen these grooves 
3. The generally U-shaped groove 3a continued to one of the 
grooves 3 is also formed to de?ne the bonding pad forming 
section 6. Then, as shoWn in FIG. 3B, 21 SiO2 insulating ?lm 
40a having a thickness of about 8000 Ais formed on the 
semiconductor substrate 2 so as to overlay the mesa section 
9 and the bonding pad forming section 6 continuously. 
Thereafter, as shoWn in FIG. 3C, only a portion of the 
insulating ?lm 41 overlaying the bonding pad forming 
section 6 is covered by a photo-resist 7 that is utiliZed as a 
mask, folloWed by etching of the remaining portion of the 
insulating ?lm 40a other than that portion of the insulating 
?lm 40a overlaying the bonding pad forming section 6 to 
render that remaining portion of the insulating ?lm 40a to 
have a ?lm thickness of about 4000 After the subsequent 
removal of the photo-resist 7, as shoWn in FIG. 3D, the 
insulating layer continuously covering the semiconductor 
surface including the bonding pad forming section 6 and the 
mesa section 9 can be obtained. A portion of the insulating 
layer overlying the bonding pad forming section 6 and its 
vicinity has a ?lm thickness of about 8000 A(the insulating 
thick-?lm 40) While the other portion of the insulating ?lm, 
for eXample, a portion of the insulating ?lm overlaying the 
mesa section has a thickness of about 4000 A(the insulating 
?lm 4). 

[0042] Thus, the bonding pad electrode 6a and the elec 
trode 2 are formed immediately above the bonding pad 
forming section 6 and the mesa section 2, respectively. More 
speci?cally, While the opening is formed in the portion of the 
insulating layer overlaying an upper surface of the mesa 
section and the metallic layer connected in part With the 
upper surface of the mesa section through the opening and 
in part overlaying the bonding pad forming section. The rear 
surface electrode 10 is formed in any knoWn manner as 
shoWn in FIG. 1A, thereby completing the light modulator 
50 of the present invention. 

[0043] Since as discussed above the insulating thick-layer 
40 is formed only immediately beloW the bonding pad 
electrode 6a, the parasitic static capacitance betWeen the 
bonding pad electrode 6a and the rear surface electrode 10 
can be reduced. Also, since the insulating thick-?lm 40 is 
formed on that relatively narroW portion of the bonding pad 
forming section 6, there is no possibility that the substrate 2 
may Warp. Furthermore, since that portion of the insulating 
layer overlaying the mesa section 9 has a relatively small 
thickness as is the case With that in the conventional light 
modulator, there is no dif?culty forming the opening in the 
insulating layer. 

[0044] A further modi?ed method of manufacturing the 
light modulator 50 of the present Will noW be described With 
reference to FIGS. 4A to 4D. At the outset, as shoWn in FIG. 
4A, after a predetermined crystalline layer has been epitaXi 
ally groWn on the InP semiconductor substrate 2, a pair of 
grooves 3 are formed at a predetermined location in the 
semiconductor substrate 2 so that the mesa section 9 of a 
predetermined Width having the light absorption layer 1 can 
be eventually formed betWeen these grooves 3. The gener 
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ally U-shaped groove 3a continued to one of the grooves 3 
is also formed to de?ne the bonding pad forming section 6. 
Then, as shoWn in FIG. 4B, 21 SiO2 insulating ?lm 41 having 
a thickness of about 4000 Ais formed on the semiconductor 
substrate 2 so as to overlay the mesa section 9 and the 

bonding pad forming section 6 continuously. Thereafter, as 
shoWn in FIG. 4C, only a portion of the insulating ?lm 41 
other than that overlaying the bonding pad forming section 
6, for example, only a portion of the insulating ?lm 41 
overlaying the mesa section 9 is covered by a photo-resist 7 
that is utiliZed as a mask, folloWed by deposition of a SiO2 
insulating ?lm 42 of about 4000 Am thickness so as to 
continuously cover the mesa section 9 and the bonding pad 
forming section 6. Accordingly, the insulating ?lm 42 is in 
part formed over the mask 7 and the bonding pad forming 
section 6 is covered by not only the insulating ?lm 41, but 
also the insulating ?lm 42 overlaying the insulating ?lm 41. 
Subsequent removal of the photo-resist 7 is accompanied by 
removal of that portion of the insulating ?lm 42 overlaying 
the photo-resist 7, alloWing that portion of the insulating ?lm 
41 overlaying the mesa section 9 to be eXposed to the 
outside. Consequently, as shoWn in FIG. 4D, the insulating 
layer continuously overlaying the mesa section 9 and the 
bonding pad forming section 6 can be obtained. Since that 
portion of the insulating ?lm 41 overlaying the bonding pad 
forming section 6 is laminated With a corresponding portion 
of the insulating ?lm 42, that portion of the insulating layer 
above the bonding pad forming section 6 has a thickness of 
about 8000 A(the insulating thick-layer 40), but the remain 
ing portion of the insulating layer other than that over the 
bonding pad forming section 6, for eXample, that overlaying 
the mesa section has a ?lm thickness of about 4000 A(the 
insulating ?lm 41). 

[0045] Thus, the bonding pad electrode 6a and the elec 
trode 2 are formed immediately above the bonding pad 
forming section 6 and the mesa section 2, respectively. More 
speci?cally, While the opening is formed in the portion of the 
insulating layer overlaying an upper surface of the mesa 
section and the metallic layer connected in part With the 
upper surface of the mesa section through the opening and 
in part overlaying the bonding pad forming section. The rear 
surface electrode 10 is formed in any knoWn manner as 
shoWn in FIG. 1A, thereby completing the light modulator 
50 of the present invention. 

[0046] Since as discussed above the insulating thick-layer 
40 is formed only immediately beloW the bonding pad 
electrode 6a, the parasitic static capacitance betWeen the 
bonding pad electrode 6a and the rear surface electrode 10 
can be reduced. Also, since the insulating thick-layer 40 is 
formed on that relatively narroW portion of the bonding pad 
forming section 6, there is no possibility that the substrate 2 
may Warp. Furthermore, since that portion of the insulating 
?lm 42 overlaying the mesa section 9 has a relatively small 
thickness as is the case With that in the conventional light 
modulator, there is no dif?culty forming the opening in the 
insulating layer. 

[0047] It is to be noted in any one of the foregoing 
methods, the insulating layer 40 has been described as made 
of SiO2, the present invention can be equally applied Where 
SiN or any other insulating layer is employed therefor. 
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[0048] Also, formation of the insulating layer may be 
carried out any knoWn method such as, for example, by the 
use of the CVD, sputtering or vacuum evaporation tech 
nique. 

Second Embodiment 

[0049] The light modulator 50a according to a second 
preferred embodiment of the present invention is shoWn in 
FIGS. 5A and 5B. In this embodiment, the light modulator 
50a includes, as shoWn in FIG. 5A, a mesa section 9 and a 
bonding pad forming section 6 both protruding outWardly 
from an InP semiconductor substrate 2. More speci?cally, 
the mesa section 9 is delimited by and betWeen a pair of 
parallel grooves 3 formed at a predetermined position in the 
semiconductor substrate 2. The bonding pad forming section 
6 is positioned on one side of one of the grooves 3 opposite 
to the mesa section 9 and is delimited by such one of the 
grooves 3 and a generally U-shaped groove 3a de?ned in the 
semiconductor substrate 2. The mesa section 9 includes an 
electrode 5 formed thereon through a SiO2 insulating ?lm 44 
and has a light absorption layer 1 embedded therein, Which 
layer 1 is operable to receive and transmit a laser beam 
therethrough. On the other hand, the bonding pad forming 
section 6 includes a bonding pad electrode 6a formed 
thereon through a SiO2 insulating ?lm 45 intervening 
betWeen it and the bonding pad electrode 6a. The bonding 
pad electrode 6a and the electrode 5 form and are served 
respectively by different parts of a metallic layer. It is to be 
noted that the light modulator 50 has a rear surface formed 
With a rear surface electrode 10. 

[0050] In the illustrated light modulator 50a, as shoWn in 
FIG. 5B, 21 double layered structure including a SiO2 
insulating ?lm 43 and a SiN insulating ?lm 44 is formed on 
the semiconductor substrate 2 so as to continuously cover 
the mesa section 9, the bonding pad forming section 6 and 
the generally U-shaped groove 3a. The SiO2 insulating ?lm 
45 referred to above is formed over a portion of the SiN 
insulating ?lm 44 overlaying the bonding pad forming 
section 6. In other Words, the bonding pad forming section 
6 is covered by an insulating thick-?lm of a three layered 
structure including respective portions of the insulating ?lms 
43, 44 and 45. Ametallic layer is formed over the insulating 
?lm 4 and the insulating thick-?lm so that a portion of the 
metallic layer overlaying the bonding pad forming section 
and another portion of the metallic layer overlaying the mesa 
section 9 form the bonding electrode 6a and the electrode 5, 
respectively. The electrode 5 is held in contact With the mesa 
section 4 through an opening formed above an upper surface 
of the mesa section 4. 

[0051] Since the insulating thick-?lm is formed only 
immediately beloW the bonding pad electrode 6a, the para 
sitic static capacitance betWeen the bonding pad electrode 6a 
and the rear surface electrode 10 can be reduced. In detail, 
by increasing the thickness of thick-layer 40 around the 
bonding pad forming section 6 from 4000 Ato 8000 A, the 
parasitic static capacitance around the bonding pad forming 
section 6 is half of the parasitic static capacitance around the 
mesa section 9.Becase the capacitance is inverse proportion 
to the thickness of the insulating layer. Also, since the 
insulating thick-?lm 40 is formed on a relatively narroW 
portion of the bonding pad forming section 6, there is no 
possibility that the substrate 2 may Warp. Furthermore, since 
that portion of the insulating layer overlaying the mesa 
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section 9 has a relatively small thickness as is the case With 
that in the conventional light modulator, there is no dif?culty 
forming the opening in the insulating layer. 

[0052] The light modulator 50a according to the second 
embodiment of the present invention can be manufactured 
by the folloWing method Which Will be described With 
particular reference to FIGS. 6A to 6D. At the outset, as 
shoWn in FIG. 6A, after a predetermined crystalline layer 
has been epitaXially groWn on the InP semiconductor sub 
strate 2, a pair of grooves 3 are formed at a predetermined 
location in the semiconductor substrate 2 so that the mesa 
section 9 of a predetermined Width having the light absorp 
tion layer 1 can be eventually formed betWeen these grooves 
3. The generally U-shaped groove 3a continued to one of the 
grooves 3 is also formed to de?ne the bonding pad forming 
section 6. Then, as shoWn in FIG. 6B, 21 SiO2 insulating ?lm 
43 of 2000 Am thickness, a SiN insulating ?lm 44 of 2000 
Am thickness and a SiO2 insulating ?lm 45 of 4000 Am 
thickness are successively formed on the semiconductor 
substrate 2 so as to cover the mesa section 9 and the bonding 
pad forming section 6 continuously. Thereafter, as shoWn in 
FIG. 6C, only the bonding pad forming section 6 is covered 
by a photo-resist 7 that is utiliZed as a mask, folloWed by 
removal by etching of a portion of the outermost insulating 
?lm 45 overlaying the substrate 2, for eXample, the mesa 
section 9 and the grooves 3, other than the bonding pad 
forming section. 

[0053] Since the insulating ?lm 45 so removed is made of 
SiO2 and the insulating ?lm 44 beneath the insulating ?lm 
45 is made of SiN, the use of an etching solution capable of 
selectively etching SiO2 only While the insulating ?lm 44 in 
the form of the SiN ?lm serves as an etching stopper layer 
is effective to controllably remove only the outermost SiO2 
?lm. For eXample, the etching soluitin is a hydro?uoric acid, 
because the etching rate for SiO2 is as 3-5 times as for SiN. 
After the subsequent removal of the photo-resist 7, as shoWn 
in FIG. 6D, the insulating thick-?lm, about 8000 Am 
thickness, of the three layered structure including the insu 
lating ?lms 43, 44 and 45 are formed only over the bonding 
pad forming section 6, While the other area, for example, the 
mesa section 9 and the grooves 3 are covered by the 
insulating ?lm, about 4000 Ain thickness, of the double 
layered structure including the insulating layers 43 and 44. 

[0054] Thus, the bonding pad electrode 6a and the elec 
trode 2 are formed immediately above the bonding pad 
forming section 6 and the mesa section 2, respectively. More 
speci?cally, While the opening is formed in the portion of the 
insulating layer overlaying an upper surface of the mesa 
section and the metallic layer connected in part With the 
upper surface of the mesa section through the opening and 
in part overlaying the bonding pad forming section. The rear 
surface electrode 10 is formed in any knoWn manner as 
shoWn in FIG. 5A, thereby completing the light modulator 
50 of the present invention. 

[0055] It is to be noted in any one of the foregoing 
methods, the insulating ?lms 43 and 45 has been described 
as made of SiO2 and the insulating ?lm 44 has been 
described as made of SiN, the present invention may not be 
alWays limited thereto and the insulating ?lms 43 and 45 
may be made of SiN and the insulating ?lm 44 maybe made 
of SiO2. In this case, For eXample, the etching method is a 
plasma etching by CF4 gas, because the etching rate for SiN 
is over 5 times than for SiO2. 
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[0056] In the practice of the method of manufacturing the 
light modulator 50a, the insulating ?lms or layers are 
preferably made by the use of any knoWn method such as, 
for eXample, by the use of the CVD, sputtering or vacuum 
evaporation technique. 
[0057] Since as discussed above the insulating thick-?lm 
45 is formed only immediately beloW the bonding pad 
electrode 6a, the parasitic static capacitance betWeen the 
bonding pad electrode 6a and the rear surface electrode 10 
can be reduced. Also, since the insulating thick-layer 40 is 
formed on that relatively narroW portion of the bonding pad 
forming section 6, there is no possibility that the substrate 2 
may Warp. Furthermore, since that portion of the insulating 
layer overlaying the mesa section 9 has a relatively small 
thickness as is the case With that in the conventional light 
modulator, there is no dif?culty forming the opening in the 
insulating layer. 
[0058] Thus, in the light modulator of the present inven 
tion, that portion of the insulating layer immediately beloW 
the bonding pad electrode has a thickness greater than the 
remaining portion thereof to reduce the parasitic static 
capacitance of the bonding pad electrode. Accordingly, the 
light modulator so manufactured can be used for a high 
speed modulation. 

[0059] The parasitic static capacitance of the bonding pad 
electrode can effectively be reduced as a result that that 
portion of the insulating layer immediately beloW the bond 
ing pad electrode is made of SiO2 or SiN. Accordingly, the 
light modulator so manufactured can be used for a high 
speed modulation. 

[0060] Since the light modulator of the present invention 
is such that the laminated structure of tWo or more insulating 
?lms is formed immediately beloW the bonding pad elec 
trode, the selective etching method for forming the insulat 
ing layer immediately beloW the bonding pad electrode is 
effective to controllably form the insulating layer to a 
desired thickness. 

[0061] According to the method of manufacturing the light 
modulator of the present invention, after the primary insu 
lating ?lm continuously covering the mesa section and the 
bonding pad forming section has been formed, a portion of 
the primary insulating ?lm other than that covering the 
bonding pad forming section is removed, folloWed by for 
mation of a secondary insulating ?lm continuously covering 
the mesa section and the bonding pad forming section. In 
this Way, the insulating layer having a great thickness can be 
formed immediately beloW the bonding pad electrode. 

[0062] Also, according to the method of manufacturing 
the light modulator of the present invention, after the pri 
mary insulating ?lm continuously covering the mesa section 
and the bonding pad forming section has been formed, a 
mask is formed on a portion other than the bonding pad 
forming section, folloWed by formation of a secondary 
insulating ?lm before the removal of the mask. In this Way, 
the insulating layer is formed in tWo stages only over the 
bonding pad section. In this Way, the insulating layer having 
a great thickness can be formed immediately beloW the 
bonding pad electrode. 

[0063] Furthermore, according to the method of manufac 
turing the light modulator of the present invention, after the 
primary insulating ?lm continuously covering the mesa 
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section and the bonding pad forming section has been 
formed, a mask is formed on the bonding pad forming 
section, followed by etching of a portion of the insulating 
?lm other than the bonding pad forming section to a pre 
determined ?lm thickness. In this Way, the insulating layer 
is formed in tWo stages only over the bonding pad section. 
In this Way, the insulating layer having a great thickness can 
be formed immediately beloW the bonding pad electrode at 
one step, not tWo step. Yet, according to the method of 
manufacturing the light modulator of the present invention, 
the selective etching technique is used to etch the primary 
insulating ?lm covering the mesa section and the bonding 
pad forming section continuously. By this reason, the ?lm 
thickness of the insulating ?lm can be accurately controlled. 

[0064] In the practice of the method of manufacturing the 
light modulator of the present invention, the insulating ?lm 
or ?lms are made of SiO2 or SiN and, accordingly the 
parasitic static capacitance of the light modulator can effec 
tively be reduced. 

[0065] Also, in the practice of the method of manufactur 
ing the light modulator of the present invention, the insu 
lating ?lm or ?lms are made of SiO2 and SiN and, accord 
ingly the parasitic static capacitance of the light modulator 
can effectively be reduced. 

[0066] The use of the CVD, sputtering or vacuum evapo 
ration technique to form the insulating ?lm or ?lms is 
effective to facilitate formation of the insulating ?lm or 
?lms. 

[0067] Although the present invention has been described 
in connection With the preferred embodiments thereof With 
reference to the accompanying draWings, it is to be noted 
that various changes and modi?cations are apparent to those 
skilled in the art. Such changes and modi?cations are to be 
understood as included Within the scope of the present 
invention as de?ned by the appended claims, unless they 
depart therefrom. 

What is claimed is: 
1. A light modulator comprising; 

a semiconductor substrate having a rear surface formed 
With a grounding conductor; 

a mesa section of a predetermined Width formed on said 
semiconductor substrate, said mesa section including a 
laminated layer structure having a light absorbing 
layer; 

a bonding pad forming section formed on said semicon 
ductor substrate at a location adjacent said mesa sec 

tion; 
an insulating layer formed on said semiconductor sub 

strate so as to continuously cover said mesa section and 

said bonding pad forming section, a portion of said 
insulating layer immediately above said mesa section 
having an opening de?ned therein; and 

an electrode formed over said bonding pad forming 
section and electrically connected With said mesa sec 
tion through said opening, a portion of said insulating 
layer immediately above said bonding pad forming 
section having a ?lm thickness greater than the remain 
ing portion of said insulating layer to reduce the 
parasitic static capacitance of said remaining portion. 
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2. The light modulator according to claim 1, Wherein the 
portion of said insulating layer immediately above said 
bonding pad forming section comprises a multi layered 
structure containing at least insulating ?lms laminated one 
above other, the remaining portion of said insulating layer 
comprises a single or multi layered structure containing a 
insulating ?lms, in Which a number of said insulating ?lm is 
less than that of said bonding pad forming section. 

3. The light modulator according to claim 2, Wherein, said 
insulating ?lms are tWo insulating ?lms, one of said tWo 
insulating ?lms is made of SiO2 and the other is made of 
SiN. 

4. The light modulator according to claim 2, Wherein the 
upper-layer insulating ?lm of remaining portion of said 
insulating layer is same as the 2nd upper-layer insulating 
?lm of said bonding pad forming section. 

5. Amethod of manufacturing a light modulator compris 
ing the steps of; 

forming a mesa section of a predetermined Width includ 
ing a laminated layer structure having a light absorbing 
layer on a semiconductor substrate having a rear sur 
face formed With a grounding conductor; 

forming a bonding pad forming section on said semicon 
ductor substrate at a location adjacent said mesa sec 

tion; 

forming a primary insulating ?lm so as to continuously 
cover said mesa section and said bonding pad forming 
section; 

forming a secondary insulating ?lm over a portion of said 
primary insulating ?lm above said bonding pad form 
ing section so that said mesa section has a number of 
said insulating ?lm is less than that of said bonding pad 
forming section; 

forming an opening in a portion of said primary insulating 
?lm immediately above said mesa section; and 

forming an electrode over said bonding pad forming 
section and electrically connected With said mesa sec 
tion through said opening. 

6. The method according to claim 5, Wherein said step of 
forming said secondary insulating ?lm comprising; 

forming mask over said primary insulating ?lm other than 
said primary insulating ?lm above said bonding pad 
forming section; 

forming said secondary insulating ?lm over said mask and 
said primary insulating ?lm above said bonding pad 
forming section; and 

removing said mask so as to alloW a portion of said 
secondary insulating ?lm above said bonding pad sec 
tion to continue to a portion of said primary insulating 
?lm above said mesa section to thereby complete said 
insulating layer in Which a double layered structure of 
insulating ?lms are formed over said bonding pad 
forming section and a single layered structure of insu 
lating ?lm is formed over said mesa section. 

7. The method according to claim 5, Wherein said step of 
forming said secondary insulating ?lm comprising; 

forming a mask above a portion of said primary insulating 
?lm above said bonding pad forming section; 
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removing by etching said primary insulating ?lm other 
than a portion of said insulating ?lm above said bond 
ing pad forming section; and, 

forming a secondary insulating ?lm over said a portion of 
said insulating ?lm above said bonding pad forming 
section and above said masa section, Whereby a double 
layered structure including said primary and secondary 
insulating ?lm is formed above said bonding pad 
forming section and a single layered structure of said 
primary insulating ?lm is formed above said mesa 
section. 

8. The method according to claim 5, Wherein said insu 
lating ?lm is made of a material selected from said group 
consisting of SiO2 and SiN. 

9. The method according to claim 5, Wherein said insu 
lating ?lm is formed by the use of a CVD technique, a 
sputtering technique or a vacuum evaporation technique. 

10. A method of manufacturing a light modulator com 
prising the steps of: 

forming a mesa section of a predetermined Width includ 
ing a laminated layer structure having a light absorbing 
layer on a semiconductor substrate having a rear sur 

face formed With a grounding conductor; 

forming a bonding pad forming section on said semicon 
ductor substrate at a location adjacent said mesa sec 

tion; 
forming a primary insulating ?lm so as to continuously 

cover said mesa section and said bonding pad forming 
section; 

forming a mask so as to cover a portion of said primary 
insulating ?lm that is formed above said bonding pad 
forming section, 

etching to a predetermined thickness another portion of 
said primary insulating ?lm other than that portion 
thereof above said bonding pad forming section; and, 
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removing said mask thereby leave said insulating layer 
having a ?rst portion overlaying said bonding pad 
forming section and a second portion overlaying said 
mesa section, said ?rst portion of said insulating layer 
having a thickness greater than said second portion of 
said insulating layer; 

forming an opening said primary insulating ?lm imme 
diately above said mesa section; and 

forming an electrode over said bonding pad forming 
section and electrically connected With said mesa sec 
tion through said opening. 

11. The method according to claim 10, Wherein said 
insulating layer is made of a material selected from said 
group consisting of SiO2 and SiN. 

12. The method according to claim 10, Wherein said step 
of forming said primary insulating ?lm comprising the steps 
of forming an under-layer insulating ?lm continuing from 
said mesa section to said bonding pad forming section, 
forming over said under-layer insulating ?lm anintermedi 
ate-layer insulating ?lm of a material different from that of 
said under-layer insulating ?lm, and forming over said 
intermediate-layer insulating ?lm an upper-layer insulating 
?lm of said same material as that of said under-layer 
insulating ?lm, and said said step of etchig comprising the 
step of selectively etching only a portion said upper-layer 
other than that formed above said bonding pad section. 

13. The method according to claim 12, Wherein one of 
said primary and secondary insulating ?lms is made of SiO2 
and said other thereof is made of SiN. 

14. The method according to claim 10, Wherein said 
insulating ?lm is formed by the use of a CVD technique, a 
sputtering technique or a vacuum evaporation technique. 


