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The APD is a high-speed, high-sensitivity photodiode that internally multiplies photocurrent when reverse voltage is applied. The APD, 

having a signal multiplication function inside its element, achieves higher S/N than the PIN photodiode and can be used in a wide range of 

applications such as high-accuracy rangefi nders and low-light-level detection that use scintillators. Though the APD can detect lower level 

light than the PIN photodiode, it does require special care and handling such as the need for higher reverse voltage and more detailed 

consideration of its temperature-dependent gain characteristics.

Si APD

Type
Recommended 

wavelength
(nm)

Peak sensitivity 
wavelength

(nm)
Type no. Package Features Applications Page

Short 
wavelength
type

Low-bias operation 200 to 650 620 S12053 series, etc. Metal

Enhanced sensitivity in the UV to 
visible region

·  Low-light-level detection
·  Analytical instruments

5

Low terminal 
capacitance 320 to 650 600

S8664-K series Metal

6S8664-55/-1010
Ceramic

S8550-02

Near 
infrared 
type

Low-bias operation 600 to 800
800

S12023 series, 
etc. Metal

High sensitivity in the near IR re-
gion and low bias voltage (operat-
ing voltage)

·  FSO
·  Optical rangefinders
·  Optical fiber communication

7
S14644 series Surface 

mount 
type

Compact, thin, low cost ·  Optical rangefinders
·  Laser radars
·  FSO760 S14643-02 Compact, thin, low cost, high-speed

Low temperature 
coefficient 600 to 800 800 S12060 series, 

etc. Metal Low temperature coefficient of the 
bias voltage, easy gain adjustment

·  FSO
·  Optical rangefinders
·  Optical fiber communication

9

900 nm band,
low terminal 
capacitance

800 to 1000
860 S12426 series, 

etc. Metal Enhanced sensitivity in the 900 nm band
·  Optical rangefinders
·  Laser radars 10840 S14645-02/-05 Surface 

mount 
type

Compact, thin

890 to 910 900 S14645-02F/-05F Compact, thin, with filter

TE-cooled type 400 to 1000 800 S4315 series Metal High S/N ·  Low-light-level detection 11

APD modules

Type Type no. Features Page

Standard type C12702 series Contains near infrared type or short wavelength type APD. FC/SMA fiber adapters are also available.
12

High-sensitivity type C12703 series High gain type for low-light-level detection

High-stability type C10508-01 Digital temperature compensation type, high stability APD module
13

High-speed type C5658 Can be used over a wide frequency range (up to 1 GHz)

Principle of avalanche multiplication

The photocurrent generation mechanism of the APD is the same as that of a normal photodiode. When light enters a photodiode, 
electron-hole pairs are generated if the light energy is higher than the band gap energy. The ratio of the number of generated 
electron-hole pairs to the number of incident photons is defined as the quantum efficiency (QE), expressed in percent (%). 
The mechanism by which carriers are generated inside an APD is the same as in a photodiode, but the APD is different from a 
photodiode in that it has a function to multiply the generated carriers.
When electron-hole pairs are generated in the depletion layer of an APD with a reverse voltage applied to the PN junction, the 
electric fi eld causes the electrons to drift toward the N+ side 
and the holes to drift toward the P+ side. The higher the electric 
field strength, the higher the drift speed of these carriers. 
However, when the electric field reaches a certain level, the 
carriers are more likely to collide with the crystal lattice so that 
the drift speed becomes saturated at a certain speed. If the 
electric field is increased even further, carriers that escaped 
the collision with the crystal lattice will have a great deal of 
energy. When these carriers collide with the crystal lattice, 
a phenomenon takes place in which new electron-hole pairs 
are generated. This phenomenon is called ionization. These 
electron-hole pairs then create additional electron-hole pairs, 
which generate a chain reaction of ionization.

Principle of APD operation

Generated carriers produce new electron-
hole pairs while being accelerated by high
electric field.  Ionization

Newly generated carriers are also accelerated
to produce further electron-hole pairs, and this
process repeats itself.  Avalanche multiplication 

Gain proportional to the applied reverse 
bias voltage can be obtained.

-
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KAPDC0006EC

Si APD (avalanche photodiode)
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Cutoff frequency vs. recommended wavelength (typical example)
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Short wavelength type
(Low terminal capacitance)

S14644-05
Near infrared type (Low-bias operation)
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Near infrared type (Low temperature coefficient)
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Spectral response (Si APD) For the absolute sensitivity values, see the individual datasheets.
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Sensitivity vs. response speed (APD modules)
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for different photosensitive 

areas and wavelengths
4 kHz to 100 MHz

-1 × 104 V/W
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These are short wavelength Si APDs with enhanced sensitivity in the UV to visible region. They offer high gain, high sensitivity, and 

low noise in the short wavelength region. They are suitable for applications such as low-light-level measurement and analytical in-

struments.

Low-bias operation

Short wavelength type Si APD

Type no.

Effective
photosensitive 

area*1

(mm)

Spectral 
response

range

(nm)

Breakdown 
voltage
max.

ID=100 μA
(V)

Temp. 
coefficient of 
breakdown 

voltage
(V/°C)

Cutoff
frequency*2

RL=50 Ω
(MHz)

Rise
time*2

RL=50 Ω
(ns)

Terminal
capacitance*2

(pF)

Gain
λ=650 nm Package

S12053-02 ϕ0.2

200 to 1000 200 0.14

900 0.4 2

50

TO-18S12053-05 ϕ0.5 400 0.9 5

S12053-10 ϕ1.0 250 1.5 15

S9075 ϕ1.5 100 3.5 30

TO-5

S5344 ϕ3.0 25 14 120

S5345 ϕ5.0 8 45 320 TO-8

*1: Area in which a typical gain can be obtained
*2: Value obtained when operated at the gain indicated in the table

Spectral response Quantum effi ciency vs. wavelength Gain vs. reverse voltage
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Low terminal capacitance

4 × 8 element array
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[  S8664 series, S8550-02  ] [  S11051-20  ]

Quantum efficiency vs. wavelength

Short wavelength type Si APD

Type no.

Effective
photosensitive

area*3

(mm)

Spectral 
response

range

(nm)

Breakdown 
voltage
max.

ID=100 μA
(V)

Temp. 
coeffi cient of 
breakdown 

voltage
(V/°C)

Cutoff
frequency*4

RL=50 Ω
(MHz)

Rise
time*4

RL=50 Ω
(ns)

Terminal
capacitance*4

(pF)

Gain
λ=420 nm Package

S8664-02K ϕ0.2

320 to 1000

500 0.78

700 0.5 0.8

50

TO-5
S8664-05K ϕ0.5 680 0.52 1.6
S8664-10K ϕ1.0 530 0.66 4
S8664-20K ϕ2.0 280 1.3 11

S8664-30K ϕ3.0 140 2.5 22
TO-8

S8664-50K ϕ5.0 60 6 55

S8664-55 5 × 5 40 9 80

Ceramic

S8664-1010 10 × 10 11 32 270

S11051-20 ϕ2.0 266 250 1.4 11 TO-8

Type no.

Effective
photosensitive

area*3

(mm)

Spectral 
response

range

(nm)

Breakdown 
voltage

max.

(V)

Temp. 
coefficient of 

breakdown 
voltage
(V/°C)

Cutoff
frequency*4

RL=50 Ω
(MHz)

Terminal
capacitance*4

(pF)

Gain
λ=420 nm Package

S8550-02 1.6 × 1.6
(× 32 elements) 320 to 1000 500 0.78 250 9

(per element) 50 Ceramic

*3: Area in which a typical gain can be obtained
*4: Value obtained when operated at the gain indicated in the table

Spectral response
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These are near infrared Si APDs that operate with low bias voltage. Since high gain can be attained with a bias voltage of 200 V or less, 

they are suitable for applications such as FSO, laser radar, and optical fi ber communication.

Low-bias operation

These are low cost, small size Si APDs with a surface-mount plastic package suitable for mass production.

Surface mount type

Near infrared type Si APD

Type no.

Effective
photosensitive

area*1

(mm)

Spectral 
response

range

(nm)

Breakdown 
voltage

max.
ID=100 μA

(V)

Temp. 
coefficient of 
breakdown 

voltage
(V/°C)

Cutoff
frequency*2

RL=50 Ω
(MHz)

Terminal
capacitance*2

(pF)

Gain
λ=800 nm Package

S12023-02 ϕ0.2

400 to 1000 200 0.65

1000 1

100 TO-18

S12023-05

ϕ0.5 900 2S12051

S12086

S12023-10

ϕ1.0 600 6

S12023-10A

S3884 ϕ1.5 400 10 100

TO-5

S2384 ϕ3.0 120 40 60

S2385 ϕ5.0 40 95 40 TO-8

Type no.

Effective
photosensitive

area*1

(mm)

Spectral 
response

range

(nm)

Breakdown 
voltage

max.
ID=100 μA

(V)

Temp. 
coefficient of 
breakdown 

voltage
(V/°C)

Cutoff
frequency*2

RL=50 Ω
(MHz)

Terminal
capacitance*2

(pF)

Gain
λ=800 nm Package

 S14644-02 ϕ0.2

400 to 1000

180 0.63

1200 0.6

100 Plastic S14644-05 ϕ0.5 1000 1.6

 S14643-02 ϕ0.2 120 0.42 2000 0.7

*1: Area in which a typical gain can be obtained
*2: Value obtained when operated at the gain indicated in the table
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Near infrared type Si APD

Spectral response

[  S12023 series, S12051, S12086, S3884, S2384, S2385  ] [  S14643-02, S14644 series  ]
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Quantum efficiency vs. wavelength
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Gain vs. reverse voltage
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These are near infrared Si APDs featuring low temperature coefficient of the bias voltage. They produce stable gain over a wide 

temperature range. They are suitable for applications such as FSO, laser radar, and optical fi ber communication.

Low temperature coeffi cient
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Type no.

Effective
photosensitive

area*1

(mm)

Spectral 
response

range

(nm)

Breakdown 
voltage

max.
ID=100 μA

(V)

Temp. 
coefficient of 
breakdown 

voltage
(V/°C)

Cutoff
frequency*2

RL=50 Ω
(MHz)

Terminal
capacitance*2

(pF)

Gain
λ=800 nm Package

S12060-02 ϕ0.2

400 to 1000 300 0.4

1000 1

100 TO-18S12060-05 ϕ0.5 900 2.5

S12060-10 ϕ1.0 600 6

S6045-04 ϕ1.5 350 12 100

TO-5

S6045-05 ϕ3.0 80 50 60

S6045-06 ϕ5.0 35 120 40 TO-8

*1: Area in which a typical gain can be obtained
*2: Value obtained when operated at the gain indicated in the table

Gain vs. reverse voltage
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This series is used in laser radar and other applications. It features a gradual curve of gain versus reverse voltage curve, providing stable 

operation.

900 nm band, low terminal capacitance

The small, thin leadless package allows reducing the mounting area on a printed circuit board. The S14645-02F and S14645-05F have an 

on-chip fi lter matched to a 900 nm light source.

Surface mount type

Near infrared type Si APD

Spectral response Gain vs. reverse voltage

[  S12426/S14645 series  ] [  S9251 series  ] [  S12426/S14645 series  ]

Wavelength (nm)
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Type no.

Effective
photosensitive

area*3

(mm)

Spectral 
response

range

(nm)

Breakdown 
voltage

max.
ID=100 μA

(V)

Temp. 
coefficient of 
breakdown 

voltage
(V/°C)

Cutoff
frequency*4

RL=50 Ω
(MHz)

Terminal
capacitance*4

(pF)

Gain
λ=900 nm Package

S12426-02 ϕ0.2

400 to 1100 200 1.1

650 0.5

100

TO-18

S12426-05 ϕ0.5 600 1.1

S9251-10 ϕ1.0

440 to 1100 350 1.85

380 1.9

TO-5

S9251-15 ϕ1.5 350 3.6

Type no.

Effective
photosensitive

area*3

(mm)

Spectral 
response

range

(nm)

Breakdown 
voltage

max.

(V)

Temp. 
coefficient of 
breakdown 

voltage
(V/°C)

Cutoff
frequency*4

RL=50 Ω
(MHz)

Terminal
capacitance*4

(pF)

Gain
λ=900 nm Package

 S14645-02

ϕ0.2

400 to 1100

195 1.1 600

0.5

100 Plastic

 S14645-02F 850 to 950

 S14645-05

ϕ0.5

400 to 1100

1

 S14645-05F 850 to 950

*3: Area in which a typical gain can be obtained
*4: Value obtained when operated at the gain indicated in the table
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TE-cooled type

The S4315 series is a low-bias operation thermoelectrically-cooled type APD capable of high accuracy detection.

Type no.

Cooling 
temperature

∆T

(°C)

Built-in 
APD

Effective 
photosensitive 

area*1

(mm)

Spectral 
response 

range

(nm)

Breakdown 
voltage
max.

ID=100 μA
(V)

Cutoff 
frequency*2

RL=50 Ω

(MHz)

Terminal 
capacitance*2

(pF)

Gain
λ=800 nm Package

S4315

40

S12023-02 ϕ0.2

400 to 1000 200

1000 1 100

TO-8

S4315-01 S12023-05 ϕ0.5 900 2 100

S4315-02 S12023-10 ϕ1.0 600 6 100

S4315-04 S2384 ϕ3.0 120 40 60

*1: Area in which a typical gain can be obtained
*2: Value obtained when operated at the gain indicated in the table
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APD modules

Standard type

Features

 Peak sensitivity wavelength: 800 nm

 Wide bandwidth

  Optical fi ber adapters are also available. 

(sold separately).

Applications

 Si APD evaluation

 FSO

 Barcode readers

 Laser radars

 Optical rangefi nders

 Optical communication

The APD module consists of an amplifi er and bias power supply assembled in a compact form to facilitate 

the use of the Si APD. Running on a +5 V power supply, it can be used for a variety of light detection 

applications up to 100 MHz of frequency bandwidth.

Near infrared type

Type no.

Effective
photosensitive

area*3

(mm)

Built-in  
APD

Cutoff frequency
Photoelectric 

conversion sensitivity
M=30, λ=800 nm

(V/W)

Minimum detection limit
M=30, λ=800 nm

(nW rms)

Temperature 
stability of gain

25 ± 10 °C
(%)

Supply 
voltage

(V)Low High

 C12702-03 ϕ1.0 S12023-10
4 kHz

100 MHz -6.8 × 104 3
±5 max. +5

 C12702-04 ϕ3.0 S2384 80 MHz -2.3 × 104 3.6

Features

 Peak sensitivity wavelength: 620 nm

 Wide bandwidth

 Optical fi ber adapters are also available (sold separately).

Applications

 Si APD evaluation

 Film scanners

 Laser monitoring

Short wavelength type

Type no.

Effective
photosensitive

area*3

(mm)

Built-in  
APD

Cutoff frequency
Photoelectric 

conversion sensitivity
M=30, λ=620 nm

(V/W)

Minimum detection limit
M=30, λ=620 nm

(nW rms)

Temperature 
stability of gain

25 ± 10 °C
(%)

Supply 
voltage

(V)Low High

 C12702-11 ϕ1.0 S12053-10
4 kHz

100 MHz -2.5 × 104 5
±5 max. +5

 C12702-12 ϕ3.0 S5344 40 MHz -1.9 × 104 6.3

Features

 Low-light-level detection

 DC light detection

 High gain

Applications

 Si APD evaluation

 Fluorescence measurement

 Barcode readers

 Particle counters

 Film scanners

These are high-gain APD modules suitable for low-light-level detection. They can be used for DC light 

detection.

High-sensitivity type

Type no.

Effective
photosensitive

area*3

(mm)

Internal 
APD

Cutoff frequency
Photoelectric 

conversion sensitivity
M=30, λ=800 nm

(V/W)

Minimum detection limit
M=30, λ=800 nm

(nW rms)

Temperature 
stability of gain

25 ± 10 °C
(%)

Supply 
voltage

(V)Low High

C12703 ϕ1.5 S3884
DC

10 MHz 1.5 × 106 0.63
±5 max. ±12

C12703-01 ϕ3.0 S2384 100 kHz -1.5 × 108 0.0063

*3: Area in which a typical gain can be obtained
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The C10508-01 consists of an APD, current-voltage converter, high-voltage power supply circuit as well 

as a microcontroller for adjusting the APD gain and controlling temperature compensation with high 

accuracy. This makes it easy to adjust the APD gain and even at high gain, stable detection is possible 

even under temperature fl uctuating conditions.

Features

 Gain: adjustable by switch or PC command

  Gain temperature stability: ±5% or less

(Gain=250, Ta=0 °C to +40 °C)

 Easy handling: only ±5 V power supply

Applications

 Si APD evaluation

 Power meters

 Low-light-level detection

High-stability type

Type no.

Effective
photosensitive

area*
(mm)

Internal 
APD

Cutoff frequency
Photoelectric 

conversion sensitivity
M=250, λ=800 nm

(V/W)

Minimum detection limit
M=250, λ=800 nm

(pW rms)

Temperature 
stability of gain

0 to 40 °C
(%)

Supply 
voltage

(V)Low High

C10508-01 ϕ1.0 S12023-10A DC 10 MHz 1.25 × 107 63 ±5 max. ±5

FC or SMA fi ber adapters can be attached to the following APD modules to allow FC or SMA optical fi ber cables to be connected to the 

modules.

FC/SMA fiber adapter (sold separately)

APD module FC fi ber adapter SMA fiber adapter

C12702-03 A8407-18 A8424-18

C12702-04 A8407-05A A8424-05A

C12702-11 A8407-18 A8424-18

C12702-12 A8407-05A A8424-05A

C12703 A8407-05 A8424-05

C12703-01 A8407-05A A8424-05A

C10508-01 A12855-01 A12855-02

Features

 High-speed light detection

 Flat frequency characteristics

 Compact and lightweight

 Single power supply operation

Applications

 OTDR

 Optical communication

 Laser radars

 FSO

 Optical rangefi nders

This device can be used in a wide frequency range (up to 1 GHz).

High-speed type

Type no.

Effective
photosensitive

area*
(mm)

Internal 
APD

Cutoff frequency
Photoelectric 

conversion sensitivity
M=100, λ=800 nm

(V/W)

Minimum detection limit
M=100, λ=800 nm

(nW rms)

Temperature 
stability of gain

25 ± 10 °C
(%)

Supply 
voltage

(V)Low High

C5658 ϕ0.5 S12023-05 50 kHz 1 GHz 2.50 × 105 16 ±5 +12

* Area in which a typical gain can be obtained
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 Products manufactured by Hamamatsu Photonics K.K. (hereafter “Hamamatsu”) are intended for use in general-use electronic 

devices (such as measurement equipment, office equipment, information communications equipment, household appliances, 

etc.). Unless an exception to the following is stated in the documentation of a specific product, Hamamatsu products are not to 

be used for special applications which demand extremely high reliability or safety (such as equipment for nuclear power control, 

aerospace equipment, medical equipment and transportation equipment that directly affect human life, or disaster prevention or 

safety equipment). 

 Hamamatsu products should not be used in excess of their absolute maximum ratings. Attention must be paid to all documented 

precautions.

 Hamamatsu continually makes efforts to improve the quality and reliability of its products; however these efforts cannot ensure 

100% compliance with the manufacturing specifications. Sufficient safety design (such as redundant safety, fire preventative, and 

malfunction preventative features) are to be implemented in the development of equipment manufactured with the Hamamatsu 

product so that personal injury, fire, or damage to public property or welfare does not occur in the unlikely event of a malfunction 

of the Hamamatsu product. A dangerous condition could be created if sufficient consideration is not given to safety design that 

addresses potential problems, especially in the design of equipment where the failure or malfunction of the Hamamatsu product 

within the equipment could result in bodily harm, life-threatening injury, or serious property damage during the use of the 

equipment. With such types of equipment, Hamamatsu shall not be responsible for the use of its products within the equipment in 

any way for not obtaining our written consent such as specification sheets beforehand.

 Appropriate descriptions of the functions, performance, and methods of operation of the Hamamatsu product and the equipment 

within which the Hamamatsu product is incorporated are to be provided to end-users of the equipment. All accompanying 

warnings and cautionary labeling are also to be provided to the end-user.

 Warranty of the Hamamatsu product is limited to the repair or replacement of a product in which a defect is discovered within 1 

year of delivery of the product and notification is made to Hamamatsu within that period, otherwise certain warranty is specified. 

However, even within the warranty period Hamamatsu shall not be responsible for damages caused by either natural disaster or 

improper use of the product (such as modification of the product or any use that contravenes the operating conditions, intended 

applications, operating instructions, storage method, disposal method, or any other term or condition described in our products’ 

documents). For a complete description of the warranty associated with a particular product, please contact your regional 

Hamamatsu sales office.

 Exportation of some Hamamatsu products must comply with individual governmental regulations pertaining to export control. 

Export in contravention of governmental regulations is a crime and can result in severe monetary penalties or imprisonment. 

While we cannot give any legal advice as to how to comply with these regulations, we can help classify the goods in order 

to assist the buyer in determining what regulations apply. Please contact your regional Hamamatsu sales office for further 

assistance.

 In our products’ documents, applications are mentioned as notable examples of how the Hamamatsu product can be used. Such 

mentions guarantee neither the suitability of the product for specific purposes nor the success or failure of the commercial use 

of the product in specific applications. Some applications may be protected by patents or other proprietary rights. Hamamatsu 

assumes no liability for any infringing use of our products. All warranties express or implied, including any warranty of 

merchantability or fitness for any particular purpose are hereby excluded.

 Product specifications are subject to change without notification due to product improvements, etc. Our products’ documents 

have been carefully prepared to ensure the accuracy of the technical information contained herein, but in rare cases there may 

be errors. When using the Hamamatsu product, please be sure to request the delivery specification sheets, and confirm upon 

delivery that it is the most recent specifications. In addition to this document, please be sure to read any accompanying technical 

documentation and make note of any precautions listed in the delivery specification sheets.

 All Rights Reserved, transfer or duplication of the contents of our products’ documents without the permission of Hamamatsu is 

prohibited.

Disclaimer
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