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5F049QA20 

(57) [Abstract] 

The present invention has the object of providing a semiconductor photoreceptor element 

whereby light is received with high efficiency and at high speed in devices for optical 

communications, optical information processing, optical measurement, and the like. 

[Solution Means] Use of the semiconductor photoreceptor element of the present 

invention enables high speed response without a reduction in optical coupling efficiency. 

In the present invention, in a semiconductor photoreceptor element having an i-type light 

absorption layer and a p-type window layer structure, multiple aperture regions are 

formed, reaching from the p-type window layer to the i-type light absorption layer within 

the photoreceptor surface. This enables a reduction in the pn junction surface area, i.e., 

element capacitance, without reducing the photoreceptor surface area. Photocarriers 

generated in the aperture region are accelerated and travel by a tiny electric field, hence 

there is no significant degradation in efficiency due to surface recoupling, and desired 

high-speed characteristics can be obtained by designing the aperture width to take transit 

time into account. 
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[Selected Figure] Figure 1 

[Claims] 

[Claim 1] 

14: Photoreceptor region 
(diameter <I>) 

' 
15: Aperture region of the 

/ 'invention (diameter <l>(h)) 
,......,...... 

~ ·1 5: Aperture region of the 
! ,./ invention (diameter <l>(h)) . )" 

~: j. . . ; ...... 13:p-typesemiconductorlayer 

12: i-type semiconductor light 
· t · · · ............-· absorbing layer 

__,.,...,....,....11: n-type semiconductor layer 

A-B Cross Sectional Diagram 

In a semiconductor photoreceptor element composed of a semiconductor light 

absorbing layer and a semiconductor layer stacked on a semiconductor substrate, 

the semiconductor light absorbing layer and the semiconductor layer have different 

conduction types, and have multiple aperture regions extending from the semiconductor 

layer to the semiconductor light absorbing layer. 

[Claim 2] 

In a semiconductor photoreceptor element composed of a semiconductor light 

absorbing layer and a semiconductor layer stacked on a semiconductor substrate, 

a semiconductor window layer with a different conduction type from the 

semiconductor layer is interposed between the semiconductor light absorption layer and 

the semiconductor layer, and there are multiple aperture regions extending from the 

semiconductor layer to the semiconductor window layer. 
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[Claim 3] 

In the semiconductor photoreceptor element of Claim 1 or Claim 2, 

the aperture diameter of the aperture region varies within the surface of the 

photoreceptor region. 

[Claim 4] 

In the semiconductor photoreceptor element of any one of Claims 1-3, the aperture 

region has a circular, elliptical or polygonal shape. 

[Claim 5] 

The semiconductor photoreceptor element of Claim 1, whereby the semiconductor 

materials constituting the semiconductor absorption layer, the semiconductor layer and 

the semiconductor window layer in the semiconductor light absorbing element of any one 

of Claims 1-4 are: In, Al, Ga, As, P, N, Sb, Si, Ge, Hg, Cd, Te, Zn, S, 0, Fe, Cu or Se. 

[Claim 6] 

An optical communication, optical information processing, or optical measurement 

device fitted with the semiconductor photoreceptor element of any one of Claims 1-5. 
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Detailed Description of the Invention 

[Technical Field] 

[0001] 

The present invention pertains to a semiconductor photoreceptor element applied 

to devices for optical communications, optical information processing, or optical 

measurement, and more particularly to a semiconductor photoreceptor element for 

receiving light at high speed without reducing optical coupling efficiency. 

2. Background Art 

[0002] 

Semiconductor photoreceptor elements are applied as photoelectric conversion 

elements in the fields of optical communications, optical information processing, optical 

measurement, and the like. 

[0003] 

In the optical communication wavelength bandwidth of 1 µm or above, lattice­

matched lnGaAsP systems on lnP substrate predominate, while in the optical 

communication wavelength bandwidth of 1 µm or below used for optical information 

processing and data communication applications, lattice-matched AlGaAs systems on Si­

type or GaAs-type substrates predominate. 

[0004] 

FIG. 11 shows the basic structure of a conventional surface-incident lnGaAsP-type 

semiconductor photoreceptor element. A lattice-matched i-type lnGaAs light absorption 

layer 112 and a p-type lnP window layer 114 are formed on an lnP substrate 111. Incident 

signal light is absorbed by a light absorption layer and converted into photocarriers 

{electron-hole pairs), which are then extracted by drift travel caused by an external electric 

field. Here the photoreceptor element high frequency bandwidth fc is expressed by 

Equation 1, which accounts for carrier transit time and the CR circuit constant. 

[Eq. 1] 
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J, ~ l 

C 2 ~ f +[cR]2 

[0005] 

tis the thickness of the light absorption layer, vis the average velocity of the 

photocarriers, C is element capacitance, and R is load resistance. For this reason, 

increasing the speed requires a reduction in the light absorption layer thickness or 

capacitance. Generally, however, reducing the thickness of the light absorption layer 

means reducing the depletion thickness, which leads to an increase in capacitance and 

furthermore to a decrease in quantum efficiency. FIG. 12 shows a predicted high frequency 

bandwidth fc versus the photoreceptor diameter (pn junction diameter) in a semiconductor 

photoreceptor element (corresponding to FIG. 11 ), with the thickness t of the i-type lnGaAs 

light absorbing layer used as a parameter. Here the high frequency bandwidth deteriorates 

due to expansion of the photoreceptor diameter; at a photoreceptor diameter of 30 µm or 

less, the rate limiting factor is the optical carrier absorption layer transit time, whereas at 

30 µm or above, the rate limiting factor is the CR constant. Thus reducing the 

photoreceptor diameter is sufficient for receiving high-speed optical signals, but in reality 

optical coupling with fiber or the like is insufficient, and coupling efficiency deteriorates. To 

expand the photoreceptor diameter requires finding a way to reduce the increase in 

junction capacitance that accompanies that expansion, while optimizing the thickness of 

the absorption layer. 

[0006] 

A metal Schottky metal (MSM) structure or selective diffusion structure (e.g., Patent 

Document 1) have been proposed as semiconductor photoreceptor elements for reducing 

element capacitance. FIG. 13 shows an MSM type semiconductor photoreceptor element, 

wherein a comb-shaped electrode region (photoreceptor region) 135 having a Schottky 
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junction is formed in an n-type lnP substrate 131 and i-type lnGaAs light absorbing layer 

132 structure. Element capacitance is here determined by the Schottky junction and is 

therefore reduced, but since the comb-shaped electrode is exposed in the photoreceptor 

region, light is blocked in a surface incidence structure, raising the problem that sufficient 

optical coupling efficiency cannot be obtained. FIG. 14 shows the latter selective diffusion 

type semiconductor photoreceptor element. In an n(+)-type semiconductor layer 141, n­

type semiconductor light absorbing layer 142 structure, the semiconductor photoreceptor 

element forms a p-type semiconductor light absorbing layer 143 by selective diffusion. In 

this structure, the pn junction surface area is reduced by partially forming a pn junction 

region by selective diffusion, which is expected to reduce capacitance; in reality, however, 

junction capacitance on the side portion of the diffusion becomes a problem and cannot 

be sufficiently reduced. 

[Patent Document 1] Japanese Unexamined Patent Publication No. 182274/1983 

[Disclosure of the Invention] 

[Problem to be Solved by the Invention] 

[0007] 

Devices for optical communications, optical information processing, optical 

measurement, and the like require optimal semiconductor photoreceptor element design 

suited to high frequency bands, and optical coupling methods. In recent optical 

communication systems, in particular, multimode fiber (MMF) has begun to be adopted 

from a cost cutting perspective for optical transmission devices in the high speed region 

above 20 Gbps, and is being considered for optical transmission devices and even inter­

rack optical transmission devices for super high speed computers. In such cases, a 

photoreceptor diameter of 50 µm or above is required to obtain optical coupling with a 

wide propagation beam diameter MMF, but the photoreceptor diameter limit is 30 µm from 

the high frequency (20 Gbps) bandwidth, making it impossible to achieve both optical 

coupling efficiency and bandwidth. Reducing element capacitance and expanding the 

photoreceptor diameter are important for attaining sufficient performance in MMF 

applications. In optical pickups for DVDs and the like, an IC amplifier with high input 
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resistance (up to several kilo-Ohms) is connected to a subsequent stage of a 

semiconductor photoreceptor element (Si type) to increase photoelectric conversion 

efficiency (V/W). This means an excessive reduction of the semiconductor photoreceptor 

capacitance is required to obtain the high frequency bandwidth of several hundred MHz 

required by the system. Hence high-performance semiconductor photoreceptor elements 

with reduced element capacitance are in demand for devices for optical communications, 

optical information processing, optical measurement, and the like. 

[Means for Solving the Problem] 

[0008] 

To solve the problem above, the semiconductor photoreceptor element of Claim 1 

of the invention is a semiconductor photoreceptor element formed by stacking a 

semiconductor light-absorbing layer and a semiconductor layer on a semiconductor 

substrate, wherein the semiconductor light-absorbing layer and the semiconductor layer 

have different conductive types, and there are also multiple aperture regions reaching from 

one semiconductor layer to another semiconductor layer. 

[0009] 

In a semiconductor photoreceptor element formed by stacking a semiconductor 

light-absorbing layer and a semiconductor layer on a semiconductor substrate, the 

semiconductor photoreceptor element according to Claim 2 of the invention interposes a 

semiconductor window layer of a different conductivity type from the semiconductor layer 

between the semiconductor light-absorbing layer and the semiconductor layer, and has 

multiple aperture regions extending from the semiconductor layer to the semiconductor 

window layer. 

[0010] 

The semiconductor photoreceptor element of Embodiment 3 of the invention, 

whereby in the semiconductor photoreceptor element of Claims 1 or 2, the aperture 

diameter in the aperture region varies within the photoreceptor region surface. 

[0011] 

A semiconductor photoreceptor element according to Embodiment 4 of the 
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invention is the semiconductor photoreceptor element of any one of Claims 1-3, wherein 

the aperture region may be circular, elliptical, or polygonal in shape. 

[0012] 

The semiconductor photoreceptor element according to Claim 5 of the invention is 

the semiconductor photoreceptor element of any one of Claims 1 to 4, wherein the 

semiconductor materials constituting the semiconductor absorption layer, the 

semiconductor layer and the semiconductor window layer are: In, Al, Ga, As, P, N, Sb, Si, 

Ge, Hg, Cd, Te, Zn, S, 0, Fe, Cu or Se. 

[0013] 

The optical communications, optical information processing, and optical 

measurement instrument of Claim 6, fitted with the semiconductor photoreceptor of any 

one of Claims 1 through 5. 

[Effect of the Invention] 

[0014] 

Using the semiconductor photoreceptor element of the invention, light can be 

received over a wide bandwidth without loss in couplings with multi mode fiber or the like in 

optical communication devices or the like [operating] above 1 0Gbps. In optical information 

processing such as for DVDs, as well, a response of several hundred MHz is possible 

without reducing the photoreceptor surface area on a Si-based PD. That is because 

effective pn junction surface area, and thus capacitance, is reduced by the provision of 

multiple aperture regions across the pn junction within the photoreceptor surface. 

[0015] 

Moreover, light can be received at a high efficiency. This is because the influence of 

surface recoupling and the like can be reduced by disposing a semiconductor window layer 

directly below the aperture region. 

[0016] 

Furthermore, response characteristics relative to high input optical signals are 

improved. That is because electric field drop effect can be reduced by changing the 

aperture region width within the photoreceptor surface according to optical signal intensity 
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distribution. 

[0017] 

The invention above was described based on a PIN type structure in which the 

surface is a p-layer, but the inventive thinking can also be applied to an inverted structure 

[thereof], an NIP type structure with an n-layer on the surface. While the shape of the 

aperture region is shown as a circle, other shapes such as an ellipse and a polygon may 

also be used. A semiconductor photoreceptor element receives light efficiently and at high 

speed can thus be achieved. 

[Best Mode to Practice the Invention] 

[0018] 

A semiconductor photoreceptor element according to an embodiment of the 

present invention is described in detail with reference to drawings. 

{Embodiment 1) 

FIG. 1 is a structural diagram of a semiconductor photoreceptor element according 

to the first embodiment. The semiconductor photoreceptor element of this embodiment 

has an n-type semiconductor substrate layer {semiconductor substrate layer) 11 and an i­

type and p-type semiconductor layer {semiconductor layer) 13, stacked in that order. Here 

multiple aperture regions 15, a feature of the invention, are formed within the surface of 

photoreceptor region 14. Aperture area 15 is formed by chemical etching or the like, and 

penetrates from p-type semiconductor layer 13 through to i-type semiconductor light 

absorbing layer 12. This reduces the effective pn junction area, leading to a reduction in 

capacitance. In the conventional structure described above {FIG. 14), junctions caused by 

lateral depletion are non-negligible, and reduction in capacitance [there] is insufficient, but 

the above-described excess capacitance does not exist, because the pn junction is 

exposed in the structure of the invention. 

[0019] 

FIG. 2 is a diagram showing a calculated prediction of high frequency bandwidth fc 

when multiple aperture regions 15 are provided in which the diameter of aperture region 15 

{aperture diameter) Cl> {h) is 1 µm relative to the diameter of photoreceptor region 
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{photoreceptor diameter) ct> {the number of aperture regions increases as the 

photoreceptor diameter increases). 

[0020] 

In the figure, a conventional structure {a device with no aperture regions present) is 

compared with the structure of the invention. Here, the thickness {i-absorption layer 

thickness) t of the i-semiconductor light absorption layer is set to 1.0 µm. With a 

photoreceptor diameter of 50 µm, capable of multimode fiber coupling, the high frequency 

bandwidth will therefore be 15 GHz due to lowered capacitance, so a 50% increase is 

predicted compared to a conventional structure. This is a high frequency bandwidth 

capable of receiving a 20 Gbps signal light. In the structure of the present invention, 

photocarriers generated at the bottom of aperture region 15 drift due to the slight electric 

field, reaching high concentration region[s]. The aperture diameter ct> {h) thus affects the 

high frequency bandwidth as transit time. I.e., aperture diameter ct> {h) should be optimized 

to fit the target bandwidth {band). FIG. 3 shows the aperture diameter ct>{h) limit for a target 

bandwidth inferred from drift transit time. Thus for a desired bandwidth of 20 GHz, for 

example, the aperture diameter ct> {h) limit is 3 µm. 

{2nd Embodiment) 

FIG. 4 is a structural diagram of a semiconductor photoreceptor element according 

to a second embodiment. 

[0021] 

The semiconductor photoreceptor element of this embodiment has a structure in 

which an i-type semiconductor light absorbing layer {semiconductor light absorbing layer) 

42 and a p-type semiconductor layer {semiconductor layer) 43 are laminated in that order 

onto an n-type semiconductor layer {semiconductor substrate layer) 41. Here, an i-type 

semiconductor window layer {semiconductor window layer) 46, which is a feature of the 

invention, is inserted between i-type semiconductor light absorption layer 42 and p-type 

semiconductor layer 43, and multiple aperture regions 45 are formed within the 

photoreceptor region 44 surface. Aperture region 44 penetrates from p-type semiconductor 

layer 43 through i-type semiconductor window layer 46. Here i-type semiconductor 
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window layer 46 is a semiconductor layer with a bandwidth gap larger than the signal light 

energy, and has a window layer effect. 

[0022] 

I.e., in the structure of the invention shown in FIG. 1, the i-type semiconductor light 

absorbing layer is exposed in aperture region 45, raising a concern that efficiency will 

degrade due to surface recoupling. In FIG. 4, the influence of surface recoupling described 

above can be eliminated by covering aperture region 44 with a window layer. Here, the 

capacitance reducing effect of aperture region region 44 and a determination of the 

aperture diameter are based on the same concept as in FIG. 1 

{3rd Embodiment) 

FIG. 5 is a structural diagram of a semiconductor photoreceptor element according to a 

third embodiment. 

[0023] 

The semiconductor photoreceptor element of this embodiment has a structure in which 

an i-type semiconductor light absorbing layer {semiconductor light absorbing layer) 52, an 

i-type semiconductor window layer {semiconductor window layer) 56, and a p-type 

semiconductor layer 53 are laminated in that order on an n-type semiconductor layer 

{semiconductor substrate layer) 51. Here multiple aperture regions 55 are formed within 

the photoreceptor region 54 surface, and aperture region 55 penetrates from the p-type 

semiconductor layer 53 through to the i-type semiconductor window layer 56. In the 

present invention the diameter of aperture region 55 {aperture diameter) varies within the 

photoreceptor region surface 54. I.e., the aperture diameter Cl> {h) is small at the center of 

the photoreceptor region and large at the edge of the photoreceptor region. This is because 

the intensity distribution 57 of the input signal light is normally a Gaussian distribution, and 

light intensity is high at the center of photoreceptor area 54. If high-power input light 

exceeding [a] mW is incident thereon, a large number of photocarriers are generated just 

beneath the aperture region 55 at the center of the photoreceptor region 54, which can be 

predicted to weaken the electric field [in] the light absorbing layer. This is generally referred 

to as the electric field drop phenomenon, and leads to degradation of the high frequency 
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band. The present invention has the object of reducing the aperture diameter 55 at the 

center of photoreceptor region 54 where the light intensity is strong, mitigating the electric 

field drop by compensating the sufficient electric field directly beneath the pn junction, 

thereby improving characteristics relative to high input light. 

[0024] 

In realizing the structure of the semiconductor photoreceptor element of the 

invention, the semiconductor materials of the semiconductor photoreceptor element used 

in devices for optical communication, optical information processing, optical 

measurement, etc. are limited to In, Al, Ga, As, P, N, Sb, Si, Ge, Hg, Cd, Te, Zn, S, 0, Fe, Cu, 

Se, and the like. Incorporating the semiconductor photoreceptor element of the invention 

into devices for optical communication, optical information processing, optical 

measurement, etc. enables higher performance to be achieved. 

[Examples] 

[0025] 

Below we describe examples of the present invention in detail, referring to drawings. 

{Example 1) 

Below, referring to FIG. 6, we describe a first example of a semiconductor 

photoreceptor element according to the invention. FIG. 6 is a structural diagram of a 

semiconductor photoreceptor element according to a first example. 

[0026] 

The structure and operating principle of the semiconductor photoreceptor element 

of the first example are based on FIG. 1. A lattice-matched i-type lnGaAs light absorption 

layer {semiconductor light absorption layer) 62 {layer thickness 1 µm) and a p-type lnP 

window layer {semiconductor window layer) 64 {layer thickness 0.5 µm) are formed on an 

n-type lnP substrate {semiconductor substrate) 61. Photoreceptor area 69 is intended for 

multi mode fiber coupling, and has a diameter {photoreceptor diameter) CJ) of 50 µm. 

Multiple aperture regions 68, which are a feature of the invention, are formed within the 

photoreceptor region surface. Here aperture region 68 has an aperture diameter of 3 µm 

and a depth of 0. 7 µm, achieved by wet etching {dry etching is also possible), intended for 
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applications at 20 Gbps. Optical coupling efficiency had been 60%, and the high frequency 

bandwidth was 8 GHz in the conventional structure {without an aperture region), but with 

this invention that is increased to 16 GHz, and 20 Gbps signal light can be received at high 

efficiency. The reason for this performance improvement is that capacitance can be 

substantially reduced through a reduction in pn coupling surface area, which leads to 

higher speeds. 20 Gbps signal light can thus be received even in multi mode fiber 

couplings. 

[0027] 

In this example [the invention] is applied to a p-type lnP window layer, i-type lnGaAs 

light absorption layer structure, but the same effect can be achieved with an n-type lnP 

window layer, i-type lnGaAs light absorption layer structure. 

{Example 2) 

Below, referring to FIG. 7, we explain a second example of a semiconductor 

photoreceptor element according to the invention. FIG. 7 is a structural diagram of a 

semiconductor photoreceptor element according to a second example. 

[0028] 

The structure and principle of the semiconductor photoreceptor element of the 

second example are based on FIG. 4. A lattice-matched i-type lnGaAs light absorption 

layer {semiconductor light absorption layer) 72 {layer thickness 1 µm) and a p-type lnP 

window layer {semiconductor window layer) 74 {layer thickness 0.5 µm) are formed on an 

n-type lnP substrate {semiconductor substrate) 71; in addition an i-type lnP window layer 

71 O {layer thickness 0.2 µm), which is a feature of the present invention, is inserted 

between i-type lnGaAs light absorption layer 72 and p-type lnP window layer 74. The 

photoreceptor area is intended for multimode fiber coupling, and has a diameter 

{photoreceptor diameter) <P of 50 µm. Multiple aperture regions 78, which are a feature of 

the present invention, are formed within the photoreceptor region surface. Here aperture 

region 78, intended for 20 Gbps application, has a diameter {aperture diameter) of 3 µm 

and a depth of 0.9 µm by wet etching {dry etching is also possible). Optical coupling 

efficiency is thereby increased to 70%; the high frequency band, which in the conventional 
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structure was 8 GHz, is increased up to 16 GHz in the invention, enabling efficient receiving 

of 20 Gbps signal light. The factors behind this improvement are that the application of the 

aperture region of the invention reduces the effective pn junction surface area, thereby 

reducing capacitance and leading to higher speeds, and further that the interposition of i­

type lnP window layer 71 0 reduces the effects of surface recoupling, improving efficiency. 

This enables high efficiency reception of 20 Gbps signal light notwithstanding the 

multi mode fiber coupling. 

[0029] 

In this example the invention is applied to a p-type lnP window layer, an i-type lnP 

window layer, and an i-type lnGaAs light absorption layer structure, but similar effects can 

be obtained with an n-type lnP window layer, i-type lnP window layer, and i-type lnGaAs 

light absorption layer structure. 

{Example 3) 

Below, referring to FIG. 8, we explain a semiconductor photoreceptor element 

according to a third example of the present invention. FIG. 8 is a structural diagram of a 

semiconductor photoreceptor element according to the third example. 

[0030] 

The structure and principle of the semiconductor photoreceptor element of the 

third example are based on FIG. 5. A lattice-matched i-type lnGaAs light absorption layer 

{semiconductor light absorption layer) 82 {layer thickness 1 µm), an i-type lnP window layer 

{semiconductor window layer) 81 0 {layer thickness 0.2 µm), and a p-type lnP window layer 

84 {layer thickness 0.5 µm) are formed on an n-type lnP substrate {semiconductor 

substrate) 81. Photoreceptor region 89 is intended for multimode fiber coupling, and has a 

diameter {photoreceptor diameter) Cl> of 50 µm. Formed within the photoreceptor area 

surface are multiple aperture regions 88, wherein the aperture diameter varies within the 

photoreceptor surface, a feature of the present invention. To minimize bandwidth 

degradation during a 20 Gbps high optical input, the aperture diameter gradually increases 

from 1 µmat the center of the photoreceptor area to 3 µmat the edge of the photoreceptor 

area. The depth was set to 0.9 µm by wet etching {dry etching is also possible). As a result, 
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optical coupling efficiency was 70%, and the high frequency bandwidth was increased 

from 8 GHz with the conventional structure (structure with no aperture region) to 15 GHz in 

the structure of the present invention, enabling high efficiency reception of 20 Gbps signal 

light. No remarkable bandwidth degradation was observed with this structure, even when a 

+3 dB high input light was input. Factors behind this performance improvement are: 

reduced capacitance achieved through substantially reduced pn surface area by the 

application of aperture region 88 of the invention, which led to faster speed; the reduced 

effect of surface recoupling by interposing i-type lnP window layer 81 0; and also the fact 

that bandwidth degradation caused by electric field drop could be suppressed by changing 

the aperture diameter of aperture region 88 according to light intensity distribution. As a 

result, even though it is coupled with multi mode fiber, it is possible to receive 20 Gbps 

signal light with high efficiency, and also achieve excellent high optical input 

characteristics. 

[0031] 

In this example [the invention] is applied to a p-type lnP window layer, i-type lnP 

window layer, and i-type lnGaAs light absorption layer structure, but similar effects can be 

obtained with an n-type lnP window layer, i-type lnP window layer, and i-type lnGaAs light 

absorption layer structure. 

(Example 4) 

Below, referring to FIG. 9, we explain Example 4 of the semiconductor photoreceptor 

element of the invention. FIG. 9 is a structural diagram of a semiconductor photoreceptor 

element according to the fourth example. 

[0032] 

The structure and principle of the semiconductor photoreceptor element of the 

fourth example are based on FIG. 1. A p-type Si layer 91, i-type Si light absorbing layer 

(semiconductor light absorbing layer) 92 (layer thickness 1 0 µm), and n-type Si layer 94 

(layer thickness 0.5 µm) are formed on a Si substrate. The photoreceptor area is divided 

into four parts to accommodate a DVD pickup system (100 MHz bandwidth); each 

photoreceptor area is a 40 µm square. Multiple aperture regions 98, a feature of the 

16 



Samsung Exhibit 1020, Page 17 of 39

invention, are formed within the photoreceptor region surface. Here an amplifier IC having 

a 1 O kO input resistance is connected to the rear stage of the photoreceptor element of the 

invention. The element capacitance required from the photoreceptor element to obtain a 

bandwidth of 100 MHz is therefore 150 fF or less. In this example, the aperture region 98 is 

a 2 µm square, and the p-type Si layer 91 is formed with a 1 1 µm width. The depth was 

formed to 0.7 µm by dry etching. Thus, element capacitance was 200 fF in the conventional 

structure (without an aperture region), but is lowered down to 130 fF in the structure of the 

present invention. [The system] can thus be driven at 100 MHz. This performance 

improvement results from a reduction in capacitance through a substantial reduction in pn 

coupling surface area by application of the aperture region of the invention. 

[0033] 

In this example, [the invention] is applied to an n-type Si layer, i-type Si light 

absorbing layer, p-type Si layer structure, but the same effect can be obtained with a p-type 

Si layer, i-type Si light absorbing layer, and n-type Si layer structure. 

(Example 5) 

Below, referring to FIG. 10, we explain Example 5 of a semiconductor photoreceptor 

element according to the invention. FIG. 1 O is a structural diagram of a semiconductor 

photoreceptor element according to the fifth example. The present example seeks to apply 

[the invention] to an avalanche multiplication-type semiconductor photoreceptor element 

with an internal gain effect. 

[0034] 

The structure and principle of the semiconductor photoreceptor element of the fifth 

example are based on FIG. 5. A lattice-matched i-type lnGaAs light absorption layer 

(semiconductor absorption layer) 102 (layer thickness 1 µm), i-type lnP window layer 

(semiconductor window layer) 101 O (layer thickness 0.2 µm), and p-type lnP window 104 

(layer thickness 0.5 µm) are formed on an n-type lnP substrate (semiconductor substrate) 

101; in addition, an i-type lnALAs multiplication layer 1012 and a p-type lnALAs electric field 

relaxation layer 1011 are added directly below the lnGaAs light absorption layer 102. The 

diameter of the photoreceptor region is <P=50 µm, which is intended for multimode fiber 
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coupling. Multiple aperture regions 108, which are a feature of the invention, are formed 

within the photoreceptor area surface. Here, to satisfy the performance requirements for 

20 Gbps and high optical input, the aperture diameter of aperture region 108 is 1 µmat the 

center of the photoreceptor region and gradually increases to 3 µmat the edge of the 

photoreceptor region. The depth was set to 0.9 µm by wet etching (dry etching is also 

possible). As a result, optical coupling efficiency was 70%, and high frequency bandwidth 

was 8 GHz at a multiplication factor of approximately 2 in the conventional structure 

(structure without an aperture region), but in the structure of the invention this was 

increased to 15 GHz, enabling reception of 20 Gbps signal light at a high efficiency. Also, no 

notable bandwidth degradation was observed even under a +0 dBm high input light. 

Factors behind this performance improvement are: reduced capacitance achieved through 

substantially reduced pn surface area by the application of aperture region 108 of the 

invention, which led to faster speed; the reduced effect of surface recoupling by 

interposing i-type lnP window layer 101 0; and also the fact that bandwidth degradation 

caused by electric field drop could be suppressed by changing the aperture diameter of 

aperture region 108 according to light intensity distribution. As a result, an avalanche 

multiplication type semiconductor photoreceptor has been realized that can receive 20 

Gbps signal light with high efficiency even when coupled with multi mode fiber, and also 

has excellent high optical input characteristics. 

[0035] 

As described above, the invention enables realization of a semiconductor 

photoreceptor element with which light can be received at high speeds without reducing 

optical coupling efficiency. Also, high performance can be achieved by incorporating the 

semiconductor photoreceptor element achieved by the invention into optical 

communications, optical information processing, and optical measurement devices. 

[Brief Description of Drawings] 

[0036] 

FIG. 1 is a structural diagram of a semiconductor photoreceptor element according to a 

first embodiment. 
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FIG. 2 is the high frequency bandwidth (dependence on photoreceptor diameter) of the 

semiconductor photoreceptor according to the present invention. 

FIG. 3 shows the diameter limit of the aperture region of the semiconductor photoreceptor 

element according to the present invention. 

FIG. 4 is a structural diagram of a semiconductor photoreceptor element according to a 

second embodiment. 

FIG. 5 is a structural diagram of a semiconductor photoreceptor element according to a 

third embodiment. 

FIG. 6 is a structural diagram of a semiconductor photoreceptor element according to a 

first example. 

FIG. 7 is a structural diagram of a semiconductor photoreceptor element according to a 

second example. 

FIG. 8 is a structural diagram of a semiconductor photoreceptor element according to a 

third example. 

FIG. 9 is a structural diagram of a semiconductor photoreceptor element according to a 

fourth example. 

FIG. 1 0 is a structural diagram of a semiconductor photoreceptor element according to a 

fifth example. 

FIG. 11 is a structural diagram of a semiconductor photoreceptor element having a 

conventional structure. 

FIG. 12 shows the high frequency bandwidth (dependence on photoreceptor diameter) of a 

semiconductor photoreceptor having a conventional structure. 

FIG. 13 is a structural diagram of a semiconductor photoreceptor element having a 

conventional structure (metal Schottky metal type). 

FIG. 14 is a structural diagram of a semiconductor photoreceptor element having a 

conventional structure (selective diffusion type). 

[Explanation of Reference Numerals] 

[0037] 

11 n-type semiconductor layer 
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12 i-type semiconductor light absorbing layer 

13 p-type semiconductor layer 

14 photoreceptor area (diameter ct>) 

15 aperture area according to the present invention (diameter ct>(h)) 

41 n-type semiconductor layer 

42 i-type semiconductor light absorbing layer 

43 p-type semiconductor layer 

44 photoreceptor area (diameter ct>) 

45 aperture area according to the present invention (diameter ct>(h)) 

46 i-type semiconductor window layer according to the present invention 

51 n-type semiconductor layer 

52 i-type semiconductor light absorbing layer 

53 p-type semiconductor layer 

54 photoreceptor area (diameter ct>) 

55 aperture region according to the present invention (aperture diameter ct>(h) varies) 

56 i-type semiconductor window layer according to the present invention 

57 light intensity distribution of input signal light 

61 n-type lnP substrate 

62 i-type lnGaAs light absorption layer 

63 n-type lnP layer 

64 p-type lnP window layer 

65 SiN film 

66 p-type electrode 

67 n-type electrode 

68 aperture region (diameter ct> (h)) 

69 photoreceptor area 

71 n-type lnP substrate 

72 i-type lnGaAs light absorption layer 

73 n-type lnP layer 
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74 p-type lnP window layer 

75 SiN film 

76 p-type electrode 

77 n-type electrode 

78 aperture region (diameter CD (h)) 

79 photoreceptor area 

71 0 i-type lnP window layer 

81 n-type lnP substrate 

82 i-type lnGaAs light absorption layer 

83 n-type lnP layer 

84 p-type lnP window layer 

85 SiN film 

86 p-type electrode 

87 n-type electrode 

88 aperture region (aperture diameter CD (h) changes) 

89 photoreceptor area 

181 0 i-type lnP window layer 

91 p-type Si layer 

92 i-type Si light absorbing layer 

94 n-type Si layer 

95 SiN film 

96 n-type electrode 

98 aperture region 

99 photoreceptor area (4 divisions) 

101 n-type lnP substrate 

102 i-type lnGaAs light absorption layer 

103 n-type lnP 

104 p-type lnP window layer 

105 SiN film 
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106 p-type electrode 

107 n-type electrode 

108 aperture region (aperture diameter CD (h) changes) 

109 photoreceptor area 

101 0 i-type lnP window layer 

1011 p-type lnAlAs field relaxation layer 

1012 i-type lnAlAs multiplication layer 

111 n-type lnP substrate 

112 i-type lnGaAs light absorption layer 

113 n-type lnP 

114 p-type lnP window layer 

115 SiN film 

116 p-type electrode 

117 n-type electrode 

119 photoreceptor area 

131 n-type lnP substrate 

132 i-type lnGaAs light absorption layer 

133 extraction electrode 1 

134 extraction electrode 2 

135 comb-shaped electrode area (photoreceptor area) 

141 n(+)-type semiconductor layer 

142 n-type semiconductor light absorbing layer 

143 p-type semiconductor light absorbing layer (diffusion region) 

144 n-type semiconductor light absorbing layer (non-diffusion region) 

145 photoreceptor area 
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[FIG.1] 
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[FIG. 8] 
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[FIG. 13] 
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GCteM•t9Qa 
[0012] 

* ft aJJ • * ~ s ic: !c ix ~ ¥ •~§ft • r ii • • * ~ 1 TJ .¥ • * ~ 4 ~ ", -r n iJ' - ~ ic: !c 
ix~¥• f* §ft• r ic: to"' --c. 1ru !c ¥ • ~ 11& ml Ji. 1ru !c ¥•~Ji & rJ 1ru !c ¥ • f* • Ji e • 
~ 9 G ¥ l/fl. {* ~ JIEI. iJ'i • I n • A 1 • G a • A s • P • N • S b • S i • G e • H g • C d 20 
. Te. Zn. S. 0, Fe. Cu, Sec'd!:>GCteM•t9Ga 
[0013] 

*ft~-*~6~Eix~ftRffl. ftmffimg&rJftMOO& ■~. •*~17J.¥M*~5 
~ V' -f tL 7J' - ~ IC: !c ix ~ ¥. ~ § ft • T e mix 9 G L t e M • t 9 G 0 

[ftflJ1~$1)J-] 
[0014] 

* ft a]J ~ ¥ W ~ § ft. r fc: ~ tl tf'. 1 0 G b p s J;J, L ~ ft R ffl & ■ ~ IC: to v' --C • "'? JI,, -r 
.::r:- - r 7 7 -{ '" - ~ t ~ M -B- e ti~ 9 G L t 1J; <. . ~ ffi. 1:' § ft 9 G L t iJ'i -aJ fig t 1J; G 0 * t.::. D v D ~~ft •[1 ffl mg ic: to v' --c 1t. s i ~ P D ~§ft lm ffi e {tUJ~ 9 G c t 1J: <. . B 
s M H z ~ ,Gt 3 iJ, -aJ fig t 1J: Q a c tL ia: • § ft lm P-1 fc: p n M -B' e ffl -IJ.J Q R fL ■ • e • B M ~ 30 
~QCt~~~. -$1)J~1J:pnM-B'lmffi~-~~~~--C. 8 ■ efiM9QCt~-aJftt1J: 

-:>t.::t;::~"f©Qo 
[0015] 

* t.:: • • ~ • --c: ~ § ft iJ, -ar fig t tJ: Q O c n ii . ¥ • ~ • Ji e a fUJt • oo: r 1c: ~ tr Q c t 
~~~. aooWM-B-~~~Wefi•9QCt~-aJfigt1J:-:;kk~c'il5Qa 
[0016] 

~;~. MiA~ftffl~~~9Q,Jit;3Mtt~~&9Qa en~. §ftlmP-11:'. RR■-~ 
eftm~~-~~~,ct~--c•~~ttQct~~~- ■w•rm•~~~efi•9Qct~ 
-aJ fig t 1J; ".J t.:: t.:: ~ 1:' © Q 0 

[0017] 

!-)( L * ft a]J IC: ~ tL ii . * lm e p Ji t l., t.:: p I N @ • ~ e ¥ * IC: !c ix L, L V' Q iJ'i • i2 ~ • 
~ 1:' d5 0 a lm n Ji ~ N I P @ ffl ~ 1:' 1t • c tL G ~ ft a]J ,\!!. !'ll 1i § tJ- *l iJ'i tL 0 a * t.: . 9 fL ■ 
• ~ W ~ 1t • P3 W 1:' !c ix l, --C v' Q iJ'i • ffi P3 W . ~ %J W @ ~ ~ W ~ 1t ii ffl -aJ fig "f d5 Q a !-~ 

L~M•. *ft~~~~. -~•~~--~§ft9Q¥l/fl.~§ft•r~•m--c:~Qo 
[ft~e•a9Qk~~~~~W ■] 

[0018] 

*ftaJJ ~ ¥l!fl.~§ft*r ~ •• ~ wa ic: ~ "' --c ~Im e~oo G --c ~*Ill 1c: ~aJJ 9 Q o 
Cffi 1 ~-•W■) 
~1~. ffil~~•W ■ ~~~Q¥l/fl.~§ft•r~ffl~~c'd!:>Qa 

40 

* ~ a W ■ ~ ¥ l/fl. ~ § ft* r ii . n - @ ¥ l/fl. ~ ¥ fi Ji C ¥ l/fl. ~ ¥ fi Ji ) 1 1 L le: • i - @ so 
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~•{1!;::Ycll&r&!i! c~•{ll;::Yc11&r&!i!) &rJ P -~~•{11;:Ji! c~•{ll;:Ji!) 1 3 J£: r. O)Jiic'ffi!i! 

G t.:: • m c' d1"> Q o r. r. -r: , s1t :Ye i1u~ 1 4 rnH',n:: * H aJJ OJ % ffl -r: d1"> Q 1m :fL • • 1 s iJ, m • oo 
w nlG ~ n -r 1,,, Q o 1m :fL • • 1 s tL {l: ~ .:r. ,y 1- ;.; ij' ~rnc: J:: tJ w nlG ~ n -@ t OJ c' , P - ~ ~ 
~ {ii;: Ji! 1 3 iJ, ; i - ~ ~ ~ {ii;: :Ye II& !& Ji! 1 2 tc :I: ii l, -r v' Q a r. .tl tc J:: tJ , W ~ ~ ~ p n M 

ftffiffi~fi-~.tl, &•fi·~~~-@0M~Lk~*•mc~14) "'f~--~~O)~~ 

~~J::QMft~Mm-r:~~8-fiM~~+~"'fd1°>Q~, ;,is:H~OJ#IJi!i"'f~pnMft$~~ 
1±1 L l 1,,, Q t.: ~ tc J:: ic 0) ~ ~J ~ 8. 7J' :(.¥ 1:E L ~ 1,,, r. t. 7J' % ffi 7: ©-@ 0 
[0019] 

~2~, s1t:Yc••O)mft(s1t:Ycmft) ~~ttL-r, lfflR ■ -lSOJmft(lfflRmft) ~ 

( h ) iJ, , 1 µ, m 7: d1"> Q lffl :fL • • 1 5 7£: m & 00 ~ ~t t.:: IF,f ( s't :Ye m ft OJ ti tlD tc J;t ~ -r --t- OJ 00 10 

-~ti~) O)·••m•rcOJff·7-7£:ffi9~"'fa1°>-@o 
[0020] 

~ q:i '"f tL ~ * 0). m ( lffl :fL •• 7J' :(.¥ 1:E L ~ 1,,,. °T) t. * H f!jJ 0). m Ji: 1:t ~ L l 1,,,-@ 0 
r.r.c', i-~~{11;:fcll&!&Ji!OJ)!J~ (i-ll&!&Ji!J!J) t7£:1. Oµ,mt.L"Lv'-@a r..nJ:: 
tJ , -z iv 1- -E - r 7 7 -1' ,, - ~ ft ;o' PJ • ~ s't :Yem ft s o µ, m -r: ta: , 8 • {5: M t: J:: tJ i@i R & 
ffl • ta: 1 5 G H z t. ~ tJ , ~ * m Ji!i t: J:t $1 L -r 5 0 % OJ ti ::k ;o' 7 fflU ~ .tl G a r. .tl ta: , 2 0 
GbpsOJffl%:Yc7i:s't:YcTQOJ~PJ-~i@iR&ffl•-r:d1°>-@a;,is:H~OJ#IJi!i'"f~, lfflR ■• 

150J.$c'H~Lk:Yc~~07~--~~1-¥1:E9Q•ff~J::tJr07r~fiL-r•~~ 
S • t: ~ T Q a r. OJ t.:: ~ , lffl :fL m ft ~ C h ) ;o' , ~ fi a';f M t. L -r • R & ffl • t: iHI Ji: 4 ~ 

G a -:J * tJ , § fl ffl • ( ffl • ) t: d1"> b -li" -r , lffl R m ft ~ ( h ) Ji: :lR ii {l: T G ,0 ~ ;o' d1"> Q a 20 
~ 3 ta: ' r 1) 7 r ~ fi a';f M 7J' ; m fflU ~ .tl G ' § fl ffl • t: it 9 G lffl :fL m ft ~ ( h ) 0) ~.& ff Ji: 
ffi 9 ~ '"f © Q O L .tl J:: tJ ' WIJ ~ t;f' 2 0 G H z 7J' Pldi'I 0) m • t. 9 n t;:f lffl :fL m ft ~ ( h ) ~.& ff 
ta: 3 µ, m t. ~ Q a 
Cffi 2 OJWtf&W ■ ) 

~4~, ffi20JWff&W ■ ~~~G~•{ll;:s1t:Yc*-r0JmJi!i~"'fd1°>Ga 
[0021] 

;,is: W ff& W ■ OJ ~ • {ii;: s't 3/c • -r ta: , n - ~ ~ • {ii;: Ji! ( ~ • {ii;: ~ ;Ji Ji! ) 4 1 J:: t: , i - ~ ~ 
•{1!;::Ycll&r&!i! c~•{ll;::Yc11&r&!i!) 4 2 &rJ P -~~•{11;:Ji! c~•{ll;:Ji!) 4 3 J£: r. O)Jii-r:ffi 
Ji! t, t.:#1Ji!ic'd1"> Q a r. r. -r:, i -~~-{11;:fcll&!&Ji! 4 2 t. p -~~-{11;:Ji! 4 3 OJOOtc:;,is:H 
aJJ OJ % ffl c' d1"> Q i - ~ ~ ~ {ii;: ~ Ji! c ~ ~ {ii;: ~ Ji! ) 4 6 iJ, fiji J.. ~ n -r to tJ , iJ, -:J s1t :Ye s • 4 30 
4 ffi pg t: lffl :fL • • 4 5 7J' m • 00 w }VG ~ n l 1,,' Q O lffl R • • 4 4 ta: ' p - ~ ~ ~ {* Ji! 4 3 7J' 
fJ i - ~ ~ ~ {ii;: ~ Ji! 4 6 tc :I: ii L L v' Q a r. r. "'f , i - ~ ~ ~ {ii;: ~ Ji! 4 6 fa: , ffl % :Ye OJ .:r. * 1v ::r: - J:: tJ t * ~ ~ ,, ;.; r ::r: ~ •-:; 7° 1i: fl T Q ~~{ii;: Ji! -r:, ~ Ji! OJ~* 7£= fl T Q o 
[0022] 

T ~ b ti , ~ 1 t: ic ix L t.: H a]J m Ji!i tc to 1,,, -r ta: , lffl R S • 4 5 '"f ta: i - ~ ~ ~ {ii;: :Ye II& !& 
Ji! iJ, ~ 1±1 L -r 1,,, Q t.:: ~ tc , ~ ffi R ~ ft tc J:: Q ~ $ % {l: iJ, ~ ~ ~ n -@ o ~ 4 '"f ta: , lffl :fL • • 
4 4 7£:~!i!c'~H~9-@ [_ t. tc J:: tJ' 1:icO)~ffill}~ftO)!H!iiJ'~*'"f ~ Q O r. r. c', lffl:fL 
•• 440)@.fiM~*toJ::rJlfflRmftOJ~~~- ~lt.~aOJWm~~~<a 

Cffi 3 OJ~ff&W ■ ) 

~5~, ffi30JWff&W ■ ~~~G~•{ll;:s1t:Yc*-r0JmJi!i~"'fd1°>Ga @ 

[0023] 
;,is: W ff& W ■ OJ ~ • {ii;: s't 3/c • -r ta: , n - ~ ~ • {ii;: Ji! ( ~ • {ii;: ~ ;Ji Ji! ) 5 1 J:: tc , i - ~ ~ 

•{1!;::Ycll&r&!i! c~•{ll;::Yc11&r&!i!) s 2, i -~~•{11;:~Ji! c~•{ll;:~Ji!) s 6 &rJ P -~ 
~~{11;:Ji!S 37£:t'.".OJ/iitcffi)i!Lt.:mJi!i"'fa1°>-@a r.r.-r:, s't:Yc ■ •s 4ffipgfclffl:fL ■ •s 5 

iJ, m • oo w n1G ~ n -r to tJ , 1m :fL • • s s ta: P - ~ ~ ~ {ii;: Ji! s 3 iJ, ; i - ~ ~ ~ f* ~ Ji! s 6 
tc :I: ii L -r v' Q a r. r. "'f , ;,is: H f!JJ "'f ta: , lffl R S • 5 5 OJ m ft ( lffl :fL m ft ) iJ, s't :Ye S • ffi 5 
4 pg '"f ~ {l: T Q r. t. 7: d1"> Q a T ~ b ti , lffl R m ft ~ ( h ) iJ, s't :Ye S • OJ $ JC., c' fa: ,J, ~ < , 
s't :Ye S • OJ il/M c' ta: ::k ~ < ~ "'.J -r v' Q a r. .tl ta: , ii 'Flt A :fJ ffl % :Ye OJ 5il ~ ~ ~ 5 7 fa: jj' 17 V 7 
;.; ~ ~ Ji: fl L -r to tJ , s't :Ye S • 5 4 OJ $ JC., 7: ta: :Ye 5il .lJt iJ, ::k ~ v' a r. r. '"f , m W Ji: ~ ~ -@ i@i 
A:iJ:Yc~AMLk.ft, s't:Yc •• 540)$67:~lfflR ■ •ssm~~~-0)3/c~~07~ ~ 
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ft ~ l, l , :Ye II& !& Ji! 0) • JPi: i1 ~ -@ L. t 1J' -Y ffifj ~ n -@ O L. n i;L - Ji!IUC ii • ff • r m ~ t 
§ b n l V \ G t 0) c' © -@ 1J' ' • ml rBUff • 0) ~ {l: ic • 1J' -@ 0 * ft SJ! ii ' ft 5!! J.l'. 0) 5!! v \ ~ :Ye • 
• 5 4 OJ $ JL' '1:' ii lffl fL Ii ft 5 5 jJ: ,J, ~ < l, , p n M €r Ii r OJ -t :$t 1J: ■ ff e ~ fl 9 G r. t ic 
~~•ff•rem~-rGr.tjJ:ffl?~tOJc', axti:Yt~~-rG•tte~w-rGr.t~§ 
~c'®Ga 
[0024] 

tJ:~, *ft~OJ~•~~:Yt•rOJ ■ mjJ:~m-rGLc', :Yearn, :Ytffifflm~, :YtMm~ 
OJ ~ • IC .ffl v' fj tL G ~ W ~ ~ ft • r t l, ""C ii , ~ W ~ ;fit ;f6[. 1J' I n , A I , G a , A s , P 

, N, S b, S i , G e, Hg, C d, T e, Z n, S, 0, F e, C u, S e ~ IC ~HJE 
~ n G O [. 0) ~ '? IC ' * ft SJ! 0) ~ • ~ ~ ft • T ii ' ft • ffi ' :Ye •[ff • m ~ ' :Ye ITT ffill ~ 0) ~ • 10 

~m ■ -rGr.t~~~, ~ttM~~Mf:itLGa 
[~1:lf!ifgfj] 
[0025] 

t~ r' * ft SJ! 0) ~ 1:lf!i 01Hc -:J v' l ~ 00 jJ: ~ Jffi l, l ~ ~ ic ~ SJ! 9 G 0 

(~1:lf!i0111) 

l-~ r , ~ 6 e .ffl v' ""C ;ifs: ft SJ! ic ~ G ~ W ~ ~ ft • r OJ W 1:lf!i 011 1 IC -:J v' ""C ~ SJ! 9 G a ~ 6 ii , 
Wf:lf!iOOl~~~G~-~~:Yt-rOJ ■ m~c'd1>0a 
[0026] 

W 1:lf!i 011 1 OJ ~ W ~ ~ ft • r OJ ■ m ~ ~ tJ Jm ~ ti , ~ 1 tc ~ -::5 < t OJ c' a1> 0 a n - ~ I n 
P ~ l& ( ~ W ~ ~ l& ) 6 1 L ic , ~ r m €r l, tc.. i - ~ I n G a A s ft II& !& Ji! ( ~ W ~ ft II& 20 
!&Ji!) 6 2 (Ji!J!jf 1 µ m) , p -~In P ~Ji! (~-~~Ji!) 6 4 (Ji!J!jf O. 5 µ m) 1J' 
w PX~ n -c "'-@ o ~:Ye•• 6 g ti, -z Jv 'T -=c - r 7 r ,-r '"' - ~ €1- e § ~ t G -c ~ ~ , ~ :Ye 
■ -OJ@:ft(~:Yt@:ft) ~=50µmc'd1>0a~:Yt■ •oo~~~, ;,fs:ft~OJ-·'c'®G!ffl 
fL • • 6 8 1J' ~ ~ 00 w PX ~ n l V \ G O [. [. c' ' lffl fL • • 6 8 ii ' 2 0 G b p s C' 0) ii .ffl e 
§~C:l,"[lfflfL@:fte3µm,~~~9io/rio/7$(r5-1'Io/7$c'tmm) ~~ 
~ o . 7 µ m t t, tc.. a r. n ic ~ ~ , ft ~ €1- m ~ ti 6 o % , * tc.. iff1 ml ?Bl 1if • t tUlt ■ m ( lffl 
fL ffi • e fl ~ 1J: v' ■ m ) c' ti 8 G H z c' d1> ? tc.. 1J' ;ifs: ft SJ! ■ m c' 1 6 G H z * 'c' m ::k , 2 0 
G b p s ffi i5 ft e iffl 3QJ ~ c' ~ ft 9 0 r. t 1J' m M tc 1J: ? tc.. o r. OJ •~ fig ~ W OJ ~ lz9 ii , ;ifs: ft SJ! 

~~GlfflfL ■ -OJii.ffl~~~,Wm~tJ:pnM€roofflfiMjJ:ftl,-Cff ■ fiM~~;n, iffl 

Ji fl: ic • 1J'? tc.. tc.. ~ c' a1> Go r. OJ tc.. ~, -z Jv T -=c - r 7 7 -1' '"' - ~ €r ic ~ v' -c t, 2 o G 30 
bpsffii5:Yte~:Yt9Gi:".t~mMtfJ:?~a 
[0027] 

;ifs: W 1:lf!i 011 'c' ii , p - ~ I n P ~ Ji! , i - ~ I n G a A s ft II& !& Ji! ffl m ic ii .ffl ~ tL ""C v' G 

1J' , n - ~ I n P ~ Ji! , i - ~ I n G a A s ft II& !& Ji! ffl m ic ~ v' ""C t Im ~ 0) ~ * ;IJ'f~ fj tL 
Ga 
(~1:lf!i011 2) 

J.~ r, ~ 7 e .m "' -c * ft SJ! ic ~ Q ~•~~:Ye • r OJ~• 011 2 1c -:J "' -c ~ SJ! -r Q O ~ 7 ii, 
~1:lf!i002~~~G~-~~:Yt-rOJ ■ m~c'd1>Ga 
[0028] 

W 1:lf!i 011 2 OJ ~ W ~ ~ ft • r OJ ■ m ~ ~ tJ Jm ~ ti , ~ 4 tc ~ -::5 < t OJ c' a1> 0 a n - ~ I n 40 
P~l& (~-~~l&) 7 1 LtC, ~rm€/'Gtc.. i -~In Ga As 3/tll&!&Ji! (~W~:Ytll& 
!&Ji!) 7 2 (Ji!J!jf 1 µ m) , p -~In P ~Ji! (~-~~Ji!) 7 4 (Ji!J!jf O. 5 µ m) 1J' 
W PX , ~ fj ic ;ifs: ft SJ! OJ •• c' a1> G i - ~ I n P ~ Ji! 7 1 0 ( Ji! J!J[ 0 . 2 µ m ) 1J' i - ~ I 
n G a A s ft II& !& Ji! 7 2 , p - ~ I n P ~ Ji! 7 4 OJ Im ic f1li A ~ tL ""C v' G a ~ ft ffi • ii , -z 

JI.,, T -=E- - r 7 7 -1' '"' - ~ €r jJ: § ~ t l, ""C ~ ~ , ~ft■• OJ Ii ft (~ft Ii ft) ~ = 5 0 µ m 
c' © G O ~ :Ye •• 00 ~ ic ti ' * ft SJ! 0) •• c' © Q lffl fL •• 7 8 1J' ~ ~ 00 w PX ~ n l V \ Q 0 

r. r. c', lfflfL ■• 7 8 ii, 2 O Gbps c'OJiiffljJ:§~t l,-ClfflfL ■ -OJ@:ft (lfflfL@:ft 
) 1J' 3 µ m , ~ ~ ii 9 i 'Y r I 'Y T $ ( r 5 ,-( I 'Y T $ c' t m fig ) ic ~ ~ 0 . 9 µ m C: l, 

tc.. a r. tL ic ~ ~ , ft ~ €1- ~ ~ ti 7 0 % , * tc.. a ml ?Bl 1if • t ~ * ■ ~ ( lffl fL ■ • e fl ~ 1J: v' 
ffl m ) c' ii 8 G H z c' d1> ? tc.. 1J' ;ifs: ft SJ! ffl m c' ti 1 6 G H z * c' m ::k , 2 0 G b p s ffi i5 ft 50 



 
 

Samsung Exhibit 1020, Page 32 of 39

(7) JP 2007-165359 A 2007.6.28 

e i% ~ $ c' §t :3/t "t -@ 1:. c: PJ ~ ,.: tJ; -:i tr. o 1:. OJ t& ~ OJ U lzsl t;L ;ifs: R SJ! tc:: ~ -@ lffl :fL S • OJ ii .ffl 
tc:: ~ IJ , ~ ta: ~ tJ; p n M -@' oo a fl\; M e :f)- L, -r g ii fl\; M 7J' ~ i:J .ti iWi Ji {I:: tc:: • 7J' -:i tr. 1:. c: , ~ 

;~1-@InPR■ 11oe:f\-fr~ttk1:.c:~~IJ, aooWM-@'OJE~~fi-~-h~$ 
tJ, c& ~ ~ n tr. tr. ~ 1: ® -@ o 1:. OJ tr. ~, ~ ,i, 1- -:c - r 7 7 -1 1, - M ,g- 1: ® 1J tJ; tJ, ; 2 o c b 
psffl~:3/teiffi~$c'§t:3/t"t-@i:.c:~PJ~c:tJ;-:iko 
[0029] 

;ifs: W 1:ll!i f,IJ c' f;L p - @ I n P R ■ , i - @ I n P R ■ , i - @ I n G a A s :3/t l:f& !& ■ ;f;1 
;ii!i IC: ii .ffl ~ n "[ v' Q 7J', n - @ I n P R ■, i - @ I n P R ■, i - @ I n G a A s :3/t i:r& 

l& ■ ■ ;ii!i tc:: :to v' "t" t Im ;fi OJ~* 7J' f~ i:J .ti-@ o 
(Wf:lf!if,IJ3) 10 

t.CF ' ~ 8 e .m 1,,' L * R SJ! ,.: ~ -@ -¥ • #: §t :3/t • r OJ • 1il!i f,IJ 3 IC: ".:) 1,,' L ~ SJ! 9 -@ 0 ~ 8 f;L 
W1:ll!i003~~~-@-¥W#:§t:3/tarOJffl;ii!i~c'®-@o 
[0030] 

Wfil!if,IJ 3 OJ-¥W#:§t:3/tarOJffl;ii!i:to~tfJmJ:ll[t;t_ ~ 5 tc::¥-:5< tOJ"?:®00 n-@ In 
P¥l& (-¥W#:¥l&) 8 1 J:,c::, ~r~-@'L,t.: i -@In Ga As :3/tl:f&!& ■ (-¥W#::3/ti:r& 
!& ■) 8 2 ( ■ Jlif 1 µm), i -@In PR ■ (-¥W#:R ■) 8 1 0 ( ■ JlifO. 2 µm) 

, p - @ I n P R ■ 8 4 ( ■ Jlif O . 5 µ m ) 7J' W ~ ~ n "[ 1t' 0 o §t :3/t S • 8 9 fa: , ~ Jv 1-

-:f - r 7 7 -1 1, - M-@' e § ~ c: L, -r :to IJ , §t :3/t S. OJ rn! fl ( §t :3/t rn! fl) <I> = 5 o µ m 13' a5 
0o§tftS•oo~~~, ;,fs:ft~OJM ■ c'a501fflRrntfle§tftS•oo~1:R~~ttklfflRS 

• 8 8 7J' W B '®I W ~ ~ n -r v' 0 o 1:. 1:. 13' , lffl R rn! fl ta: , 2 0 G b p s 7J' -::i i% :3/t A :iJ Iii'¥ OJ ffi 20 

-~~eA~"t0k~~,§tftS•OJ~61:~lfflRrn!fl~lµm, §t:3/tS•OJ•c'~3µ 
m ""- C: ~ k fc:: m 1'. 9 0 ~ '? ,.: iJ; -:> "[ 1t' 0 o ~ ~ ta: , '7 .:r. 'Y }- I. o/ "f- $ ( r 7 -1 .I. 'Y 1- $ 1: 

t PJ fig ) tc:: ~ IJ o . 9 µ m c: L, tr. o 1:. n tc:: ~ IJ , :3/t M -@' m • fa: 7 o % , * tr. iffi ml ?Bl ffi • t 
~ * ;f;1 ;ii!i ( lffl :fL S • e fl° ~ tJ; 1t' ffl ;ii!i ) 13' ta: 8 G H z 13' d5 -:i tr. 7J' ;ifs: R SJ! ;f;1 ;ii!i 13' fa: 1 5 G H z 
* 13' m * ' 2 0 G b p s ffl ~ :3/t e i'e& 5Qj • 1: §t :3/t 9 G L. C: 7J' p_J fig fc:: tJ; ? tr. 0 ~ ; fc:: ' * • ;ii!i 
13' fa: + 3 d B m OJ i'e& A :iJ :3/t e A .ti -r t , Im ~ tJ; ffi • ~ {I:: 7J' ffl 7~U ~ .ti tJ; 7J' -:i tr. o 1:. OJ •~ fig t& 
~OJ&~~, ;,is:R~~~01fflRS•880Jii.ffl~~IJ, ~-~tJ;pnM-@'ooafiMe:f\-G 
-r g ii fl\; M 7J' ~ ; .ti i% Ji fl:: ,.: • 7J' -:i tr. 1:. c: , i - @ I n P R ■ 8 1 O e :f)- fr ~ tt a oo W M 
-@'OJE~efiML,ki:.c:, ~i:J~lfflRS.880JlfflRrntfleft~m~~~~~L-~~tt 
m w ~ r ic:: ~ -@ m •~fl:: en mu 1: ~ tr. 1:. c: ,.: ~ -@ o 1:. OJ tr. ~ , ~ ,i, "f- -:c - r 7 7 -1 1, - M 30 
-@' 13' d5 IJ iJ; 7J' i:J 2 0 G b p s ffl ~ :3/t e iWi ~ $ 13' §t :3/t L, , ~ i:J IC: fl .ti tr. iWi :3/t A :iJ M ·~ t ~ ~ 
~ntr.o 
[0031] 

;ifs: W 1:ll!i f,IJ c' fa: , p - @ I n P R ■ , i - @ I n P R ■ , i - @ I n G a A s :3/t i:r& !& ■ ;f;1 
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tc: ~ tJ • r 1Hi:HL f>t 3IH.ffl m C Im :fL a • OJ fl ~ tJ: 1,,, t OJ ) c: ti 2 o o f F c: © -:> tcl:J' , :2fs: 
R SJJ • m c' 1 3 0 f F * C: {l\; • ~ h t.: 0 L. h tc: ~ tJ ' 1 0 0 M H z C: 0) JIB jJJ ;oHrJ fm t 1j; ? 

t.:o c. OJ'fiffgr&(~OJ~IN tL :2fs:RSJJ tc: ~ .g lffi:fLµJi·OJ~ffl tc: ~ tJ, --~tJ: p n ~-@rffiffi 
fiMeftLt8.fiM~~Gh, --~~-~-:>ki:.t~~Qo 
[0033] 

:2fs: ~ tll!i ~J c' f;L n - @ S i Ji , i - @ S i :Ye I!& r& Ji , p - @ S i Ji • m tc: ~ ffl ~ ti t 1,,' 

.g ;o,, p - @ S i Ji, i - @ S i :Ye I!&!& Ji, n - @ S i Ji ffl m tc: :to 1,,, t t Im~ OJ~* ;oqi 
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[~l]ffilOJ.tll!iW ■ ~~~G-¥W#:§:Yt.rOJ ■ m~c:©Go 
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64 p-~InP ■ Ji 

65 SiNm 

6 6 p ~-Iii 
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n -~-¥~#::Ytl!&l&Ji 
p -~-¥~#::Ytl!&l&Ji (f!tfxffi~) 

n - ~ -¥ ~ #: :Ye I!& I& Ji UF fJt fx ffi ~ ) 

~ :Ye ffi ~ 
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