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Activation energy

This is the energy required for a substance to perform a 
reaction. In the Arrhenius equation for calculating the speed of 
a chemical reaction, activation energy is used as an indicator 
for expressing how easily a chemical reaction occurs. The 
Arrhenius equation is used to calculate the service life of an 
LED, etc. The activation energy of LED degradation is obtained 
from the failure rate under several temperature conditions.

Afterpulse

Afterpulses are pseudo signal pulses following the true signal 
output pulse. In an MPPC, this indicates a phenomenon that 
produces pulses other than signals when the generated carriers 
are trapped by crystal defects and then released at a certain 
time delay. Afterpulses can cause detection errors the same as 
from crosstalk and dark pulses. The lower the temperature, the 
higher the probability that carriers may be trapped by crystal 
defects, so afterpulses will increase.

Amorphous

Noncrystalline state having no definite form. For example, 
when a liquid or gaseous semiconductor is cooled and solidified 
so rapidly that no crystals are formed, it becomes amorphous. 
In this state, the crystal structure has a short-distance order but 
does not have a long-distance order, and a tail level appears at 
the band gap edge, making the optical characteristics different 
from those of monocrystalline or polycrystalline materials.

Anisotropic etching

An etching process in which the etching speed in a particular 
direction is different from that in other directions. For example, 
when a (100) silicon substrate is alkaline etched, V-grooves 
are formed due to the fact that the etching speed on the (100) 
plane is faster than that on the (111) plane. Etching in which 
the etching speed is the same in all directions is called isotropic 

etching. 

Anodic bonding

When the flat surface of glass containing alkali metal is 
attached to the flat surface of silicon and heated while a voltage 
is being applied, an electrostatic attractive force is generated 
at the interface between the glass and silicon. Anodic bonding 
is the bonding technique that makes use of this phenomenon. 
During anodic bonding, the silicon side is used as the anode.

Arrhenius equation

The equation (see below) describing the temperature 
dependence of chemical/physical reaction speeds, proposed 
by S. A. Arrhenius (Sweden) in 1889. This equation is used to 
calculate the expected life of a component when a major cause 
of degradation of the component is probably temperature.

ASE (amplifi ed spontaneous emission)

An optical amplifier amplif ies signal light by induction 
radiation. However, it emits energy little by little even under 
conditions where no signal light is input. This is optical 
amplifier spontaneous emission and is referred to as ASE. This 
ASE is noise and degrades characteristics.

B

Band gap energy

In a semiconductor, insulator, or metal, electrons surrounding 
the nucleus are present in energy levels with a certain width. In 
semiconductors or insulators, among the energy bands where 
electrons exist, the highest energy band filled with electrons 
at absolute zero degrees is called the valence band, and the 
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energy band with no electrons is called the conduction band. 
The energy range in the band gap (forbidden band) between 
the valence band and the conduction band is called the band 
gap energy. In metals, there is no band gap because the valence 
band and conduction band overlap each other.

KPDC0031EA

Bias T

A circuit used to apply a DC bias to a device. This circuit is 
capable of applying a DC bias while maintaining an impedance 
match and is therefore needed when using a high-speed device.

Bi-phase signal

An encoding method of modulating signals so that “0” signals 
or “1” signals will not occur in consecutive 3 bits or more. 
Compared to NRZ signals, bi-phase signals have two-fold 
redundancy and the bandwidth usage efficiency is 50%. As one 
example, a 25 Mbps bi-phase signal is equivalent to an NRZ 
signal of 50 Mbps. Bi-phase signals offer the advantage that 
they can extract clock components by using a simple circuit. 
Other encoding methods similar to bi-phase signals include 
CMI (coded mark inversion) and Manchester encoding.

Bit error rate

This is one measure for evaluating the transmission quality 
of digital transmissions. It indicates the probability that the 
transmitted codes may be incorrectly identified. The bit error 
rate is intimately related to the S/N, but there are cases where 
the bit error rate is not determined just by the S/N.

Blooming

A phenomenon in which the photoelectrically converted 
signal charge in an image sensor exceeds a certain level and 
spills over into adjacent pixels or transfer region other than 
photodiodes (in IT type CCDs). In CCDs, the spill-out charge 
appears in the image as a vertical stripe occurring from the 
light incident position the same as with “smear.” To prevent 
blooming, some means for discharging excess charge should be 
implemented. In CCDs, this blooming is suppressed by using a 
vertical/horizontal anti-blooming or clocking method.

Bragg diffraction

A coherent, strong reflection that occurs at a particular angle at 
which the phases are matched by multiple surface reflections 

when monochromatic light strikes a light-scattering material 
with a cyclically arranged structure. This technique is utilized 
to fabricate resonators in semiconductor lasers.

Breakdown voltage

As the reverse voltage applied to a PN junction is raised, an 
abrupt increase in reverse current occurs at a certain voltage. 
This voltage is called the breakdown voltage. As a guide 
for convenience when evaluating our Si APD, the voltage 
that produces a reverse current of 100 μA is specified as the 
breakdown voltage.

Bump bonding

A technology for fabricating bumps (metal protrusions such as 
solders) on a semiconductor wafer. Bump bonding is used for 
three-dimensional mounting, and the fine-pitch bumps make 
devices smaller and more sophisticated.

C

C-band, L-band

Wavelength band classification used for optical communication. 
The spectral range for C-band and L-band spans from 1530 nm 
to 1625 nm. Other wavelength band names depending on the 
spectral range are used as shown below.

· L-band: 1565 nm to 1625 nm
· C-band: 1530 nm to 1565 nm
· S-band : 1460 nm to 1530 nm
· E-band: 1360 nm to 1460 nm
· O-band: 1260 nm to 1360 nm

CDR (clock and data recovery)

A device for recovering a clock and data. Data output from 
a CDR is not exactly the same as the input data, and is 
synchronized with the timing of the recovered clock.

CDS (correlated double sampling)

A signal processing method most commonly used for reducing 
readout noise in a CCD. The CCD signal output detected with 
an FDA contains kTC noise originating from the detection node 
capacitance. The kTC noise is also referred to as thermal noise 
and is always generated by reset operation in a charge-to-voltage 
converter device like a CCD. The kTC noise in the output can 
be reduced by using CDS which detects the difference in voltage 
levels before and after the signal charge flows in the detection 
node. CDS is also used to reduce noise in CMOS image sensors.
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Compton scattering

The phenomenon in which X-rays and gamma rays, etc. are 
scattered and part of their energy is lost when they collide 
with particles (electrons, etc.). This phenomenon is known as 
indicating particle properties of X-rays, etc.

Crosstalk

A phenomenon in which an electrical signal generated in an 
element by an incident light signal leaks out into adjacent 
elements. In an MPPC, a carrier excited in an APD pixel by an 
incident photon is multiplied in the avalanche process. During 
this process, photons different from the incident photon might 
be generated. If these photons are detected by other APD 
pixels, then the MPPC output will be higher than the number of 
photons that actually entered the MPPC. This phenomenon is 
thought to be one cause of crosstalk in the MPPC.

Cut-off frequency

The frequency at which the output of a device decreases by 3 
dB from the constant output at lower frequencies. The relation 
between the cut-off frequency (fc) and the rise time (tr) is 
approximately expressed by the equation below.

D

Dark count

In an MPPC or APD used in Geiger mode, thermally generated 
dark current carriers are amplified and output as dark pulses. 
These dark pulses are one cause of detection errors. The 
number of dark pulses per second is the dark count [unit: cps 
(counts per second)]. Although increasing the reverse voltage 
improves detection efficiency, it also increases the dark count. 
The dark count can be reduced by lowering the temperature.

Dark current

A small current which flows when a reverse voltage is applied 
to a photodiode even in a dark state. This current is called 
the dark current. Noise resulting from dark current becomes 
dominant when a reverse voltage is applied to photodiodes (PIN 
photodiodes, etc.).

DBR (distributed Bragg refl ector)

This is a reflector containing a diffraction grating having a cycle 
of λ/2n (λ: wavelength in vacuum, n: refractive index of medium) 

formed outside the light emission region in light-emitting devices 
such as LEDs and semiconductor lasers in order to selectively 
reflect the light of wavelength λ. In VCSEL (vertical cavity 
surface emitting lasers), forming DBR layers as the upper and 
lower layers of the light-emitting layer at an appropriate distance 
causes resonance only at a specific wavelength, so the laser beam 
can be emitted in the direction perpendicular to the surface. In 
some LEDs, a DBR layer is formed underneath the light-emitting 
layer to increase the light level.

Diffraction grating

An optical element designed to obtain a spectrum by making 
use of light diffraction. Reflective diffraction gratings usually 
have a great number of grooves formed in their surfaces and 
utilize diffraction images created by interference with light 
beams reflected from the grating surface.

Double-heterostructure

A structure where a low-band-gap energy semiconductor 
material is sandwiched between high-band-gap energy 
semiconductor materials. Since carriers are confined in the low-
band-gap region (emission region), the carrier density increases 
to allow efficient electron-hole recombination.

E

E detector, ΔE detector

The E detector is a detector with a thickness enough to cover 
the range of high energy particles. It is designed for detecting 
the total energy of a particle. The ΔE detector in contrast is 
made thin enough to allow the particles being detected to pass 
through it so that the specific energy loss in the particle can 
be detected. A combination of a ΔE detector and E detector 
is called the ΔE-E detector and is an effective means of 
identifying particles.

EDFA (erbium-doped fi ber amplifi er)

A device that directly amplifies light using a quartz-based 
optical fiber with an erbium-doped core. Light is amplified 
in the optical fiber by induced radiation. When a weak light 
signal enters the EDFA, light amplification occurs at the same 
wavelength as the signal light. The EDFA is widely used as an 
optical amplifier for long-distance optical fiber communication 
in the 1.55 μm band.

Ethernet

Ethernet is one of several computer network standards. This 
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was devised by Xerox and DEC (currently part of Hewlett 
Packard) and standardized by the IEEE 802.3 committee. This 
is the most common LAN (local area network) standard and is 
widely used in offices and homes all over the world.

eV (electron volt)

Energy acquired by an electron when it is accelerated through a 
potential difference of 1 V in a vacuum. This is generally used 
as a unit to express the energy of elementary particles, atomic 
nuclei, atoms, and molecules, etc.

Excitation

In semiconductors, excitation refers to the process of raising 
electrons from a low-energy valence band to the higher-energy 
conduction band. If electrons are excited by heat, this process 
is called thermal excitation. If an electron is excited by light, 
then this process is called photoexcitation. Light absorption by 
a photodiode is photoexcitation.

Extinction ratio

The ratio of the minimum value to the maximum value in the 
light power that varies during intensity modulation of light 
waves. In digital optical communications, this is defined as 
the ratio of the light power for transferring logic “1” to the 
light power for transferring logic “0.” This extinction ratio is 
expressed in either linear ratio, dB, or %.

[Extinction ratio in digital optical communications]

Eye diagram

This is a superimposed display of all waveforms for possible 
encoded strings, used to perform a comprehensive evaluation of 
the waveform distortion of the transmitted encoded pulses. This 
is also called the eye pattern. 

F

Fano factor

Average number (J) of electron-hole pairs generated in a crystal 

by incident radiation is expressed by the following equation:

In this case, the standard deviation (σ: Fano noise) which 
represents statistical fluctuations in the number of electron-hole 
pairs is expressed by the following equation:

F in this equation is a coefficient for correcting deviations from 
the Poisson distribution and is called the Fano factor.

FDA (fl oating diffusion amplifi er)

A low-noise readout method most commonly used for a CCD 
output section. HAMAMATSU CCDs use this FDA.

Fill factor

This is the ratio of the “photodiode area excluding the wiring 
section, etc.” to the area of the pixel.

Flip-chip bonding

A technique for bonding a chip with bumps (metal protrusions 
such as solders) attached to the electrodes on the upper surface 
of the chip, by placing the chip upside down onto a package 
or another chip to make electrical connections. Chip-on-chip 
mounting allows much smaller assembly. 

FTTH (fi ber to the home)

This is an ongoing plan to build a high-speed, broadband 
data communication environment by using optical fibers as 
telephone subscriber lines extending from telephone stations 
to each home. FTTH is considered the final goal to replace all 
subscriber lines with optical fibers. Steps to reach that goal are 
called as follows depending on the stage of progress: FTTZ 
(fiber to the zone), FTTC/FTTP (fiber to the curb/fiber to the 
pedestal), and FTTA/FTTB/FTTO (fiber to the apartment/fiber 
to the building/fiber to the office).

FWHM (full width at half maximum)

This is used to describe the width of a normal distribution 
(Gaussian distribution). FWHM is the full width at half (1/2) 
maximum of a normal distribution. 
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Gain

When carriers (electrons or holes) are excited by incident 
photons, the gain is expressed as the ratio of the number of 
carriers that are output after being multiplied, to the number of 
the excited carriers.
In the case of an APD, the gain M is defined as the ratio of 
the photocurrent Ip multiplied by application of a high reverse 
voltage to the photocurrent Ip0 generated at a low reverse 
voltage not causing a multiplication.

In the case of an MPPC, the gain M is the ratio of the charge of 
one output pulse divided by the charge of one electron.

Gain bandwidth product (GB product)

This is the product of the gain and bandwidth, and is used as a 
measure for indicating characteristics of an amplifier element.

Geiger discharge

When an APD is operated at a reverse voltage higher than 
the breakdown voltage, even very low incident light causes 
a discharge in the APD due to the high electrical field. This 
phenomenon is called Geiger discharge.

Geiger mode

Operation mode in which an APD is operated at a reverse 
voltage higher than the breakdown voltage. Geiger mode 
operation makes it possible to detect single photons.

Group delay characteristic

This is a characteristic that indicates the time delay of the 
output waveform versus an input waveform. This can be 
obtained by differentiating the phase characteristic with respect 
to the frequency. If the phase characteristic is linear, then 
the group delay becomes a constant value, allowing signal 
transmission without any distortion.

H

Hysteresis

A phenomenon in which the output level of a device measured 

I

I2C (inter-integrated circuit)

A serial interface developed by Philips Electronics. The I2C, 
pronounced “I-squared-C” or “I-two-C,” allows information 
transfer between ICs by using two signal lines that are SCL 
(serial clock) and SDA (serial data) lines. The I2C is used in 
electronic appliances, cell phones, digital cameras, and audio 
equipment, for example, when connecting a low-speed (several 
hundred kilohertz) peripheral device to microcontrollers.

Integration capacitance

Because signal processing is not easy in current-output type 
NMOS linear image sensors, their output is converted to a 
voltage output that has low noise and is easier to process 
by using an inverted input op amp circuit with a feedback 
capacitance (Cf) added. This feedback capacitance is called the 
integration capacitance. Periodically resetting the integration 
capacitance provides a voltage output (V = Q/Cf) converted 
from an electric charge (Q). The smaller the integration 
capacitance, the larger the output voltage will be. 

Integration time

In image sensor operation, the electric charge generated by 
light entering in a given time is accumulated and collected to 
create a signal. The length of this time during which light enters 
the image sensor is called the integration time or accumulation 
time. This is usually in the order of milliseconds (ms) but may 
extend to several hours in cooled type image sensors. In image 
sensors with a shutter function, the integration time can be set 
to the order of microseconds (μs). 

Interelectrode resistance

This is the resistance between the opposing electrodes of a PSD 
when it is in a dark state. The interelectrode resistance is an 
important factor that determines the response speed, position 
resolution, and saturation photocurrent. The interelectrode 
resistance is measured with 0.1 V applied across the output 
terminals of the opposing electrodes while the common electrode 
is left open. When measuring the interelectrode resistance of a 
two-dimensional PSD, the output terminals other than the output 

G while the input level is increased does not equal the output 
level measured while the input level is decreased, even if at the 
same input level. Because of this phenomenon, noise within the 
hysteresis width does not cause chattering. Hysteresis circuits 
used in a comparator make use of this effect by feeding back 
part of the output to the non-inverted input terminal.
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MBE (molecular beam epitaxy)

An epitaxial growth technology for forming a thin-film crystal 
on a heated substrate crystal by supplying molecular beams of 
crystal-constituent elements, which are created by evaporating 
each element from separate cells in an ultra-high vacuum.

MCA (multichannel analyzer)

An instrument that displays the heights of multiple input pulses 
as a histogram.

MEMS (micro-electro-mechanical systems)

MEMS is a system for integrating electronic circuits with 
microactuators, micromechanisms, and microsensors, etc. 
fabricated using fine processing technology.

Microfocus X-ray source

This is an X-ray source with a very small focal spot on 
the order of micrometers. Microfocus X-ray sources allow 
capturing clear, sharp magnified X-ray images since edge blur 
is suppressed even when magnified.

Minimum sensitivity

The minimum light input power required to acquire bit error 
rates within a certain level. The minimum sensitivity differs 
depending on the transmission bit rate, the required bit error 
rate, the type of pseudo-random codes used for measurement, 
and the extinction ratio, etc.

MOCVD (metal organic chemical vapor deposition)

An epitaxial growth technology for forming a thin-film crystal 
on a heated substrate crystal by thermally decomposing and 
chemically reacting an organic metal supplied in the form of 
vapor, which is solid or liquid at normal temperatures and 
pressures.

MOEMS (micro-opto-electro-mechanical systems)

Optics systems using MEMS technology. Also called optical 
MEMS.

MOST (Media Oriented Systems Transport)

An in-vehicle network standard mainly used in European 
vehicles. This is a ring type network using POF (plastic optical 
fibers), and its internode communication speeds are 25 Mbps 
and 150 Mbps. Besides in-vehicle applications, MOST is used 
for interphone networks in airports, etc.

MPP (multi-pinned phase) operation

MPP is an operation mode in which all CCD channels under 
the MOS structure gates constituting the CCD electrodes 
are reversed. This mode is also called reverse operation and 
reduces the dark current because it drastically suppresses the 
generation of thermally excited electrons at the silicon-silicon 
dioxide interface.

Multimode fi ber

An optical fiber for transmitting light in multiple transverse 
mode (electromagnetic field distribution). Multimode fibers 
are not suitable for long-distance transmissions because 
the transmitted waveform is distorted due to differences in 
the signal light arrival time depending on the mode (modal 
dispersion). Compared to single-mode fibers, the core diameter 
is large so that connecting to a light emitter is easy. However, 

Lattice constant

In a crystal, atoms are arrayed uniformly to form a crystal 
lattice. The lattice constant is a measure that defines the size of 
the unit lattice, which is the minimum unit of a crystal lattice.

Linearity

When light strikes a photodiode, a photocurrent is generated 
in proportion to the light level. This proportional relationship 
between the photocurrent and light level is called the linearity. 
If the incident light level becomes higher than a certain level, 
then the linearity begins to deviate, causing the photocurrent 
in the photodiode to saturate. The light level causing saturation 
depends on the photodiode structure and also varies according 
to the load resistance, reverse voltage, and the size of the 
incident light spot.

terminals of the opposing electrodes are also left open.

Ionization rate

In an APD or other similar devices, electron-hole pairs are 
generated when the accelerated electrons and holes collide with 
the lattice while moving. The ionization rate is the number of 
these generated electron-hole pairs per unit distance. Units are 
in “per centimeter.”
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p.e. (photon equivalent)

This represents the detection level per photon. A 1 p.e. pulse, 
for example, is equivalent to the pulse obtained when one 
photon is detected.

Passive alignment

Precise mechanical positioning for coupling alignment 
between two or more optical elements during optical module 
assembly. Since the positioning of optical elements usually 
requires accuracy ranging from submicrons to several microns, 
highly precise metalization patterns and V-grooves formed 
by semiconductor process technology are utilized as the 
positioning reference.
In contrast to passive alignment, active alignment performs 
the positioning of optical modules or fibers while making the 
optical modules emit light by simulating actual operation (for 
instance, operating a laser diode to emit light) and monitoring 
the emitted light in order to obtain the required characteristics 
of the optical modules.

Phosphor screen

A scintillator in the form of a thin sheet. This is usually 
fabricated by depositing scintillator material on a support 
substrate and covering it with protective film.

Photo sensitivity

The ratio of photocurrent expressed in amperes (A) or output  
voltage expressed in volts (V) to the incident light level 
expressed in watts (W). Photo sensitivity is represented as an 
absolute sensitivity (A/W or V/W) or as a relative sensitivity 
(%) to the peak wavelength sensitivity normalized to 100. We 
usually define the spectral response range as the range in which 
the relative sensitivity is higher than 5% or 10% of the peak 
sensitivity.

O

Open circuit voltage

A photovoltaic voltage developed in a photodiode when the 
load resistance is infinite. This open circuit voltage depends on 
the light level but is nearly constant except for fairly low light 
levels.

Open-loop gain

This is the gain of an operational amplifier with no feedback 
applied, and represents the ratio of the output voltage to the 
input voltage. Units are in dB.

Optical return loss (ORL)

The ratio of the reflected return light to the incident light. If the 
reflected return light level is high, the laser diode oscillation on 
the transmit side will become unstable causing relative intensity 
noise to increase. The reflected return light level must therefore 
be minimized. As solutions for this problem in receptacle 
type modules, an optical isolator, or a ferrule called a “stub” 
(component with the fiber insertion side polished for physical 

NEP (noise equivalent power)

NEP is the incident light level equivalent to the noise level of 
a device. In other words, it is the light level required to obtain 
a signal-to-noise ratio (S/N) of 1. We define the NEP value at 
the peak sensitivity wavelength (λp). Since the noise level is 
proportional to the square root of the frequency bandwidth, the 
bandwidth is normalized to 1 Hz.

NGN (next generation network)

This is a next-generation information communication network 
utilizing IP (internet protocol) technology, and is intended to 
deliver multimedia services by merging fixed-line phones, 
mobile phones, data communication, etc. In addition to the 
reliability and stability provided by conventional telephone 
networks, NGN will also offer the same flexibility and 
economical efficiency as IP networks.

N

contact and the device side polished slantwise) is often inserted 
in the optical path to minimize the optical return loss.

Overload

This is the maximum light input power of a photosensor device. 
When more than a given amount of light enters a photosensor 
device, the photodiode or amplifier becomes saturated. This 
disturbs the output waveform, making it impossible to receive 
optical signal correctly. 

condensing a light beam onto a light receiver element for high-
speed communication is difficult because the element must 
have a small light receiving area.
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Photoconductive detector

A photosensor which increases its electric conductivity when 
illuminated with light. An external power supply is needed to 
operate a photoconductive detector. Photoconductive detectors 
include MCT (HgCdTe), PbS, PbSe, etc.

Photoelectric effect

A phenomenon in which a substance absorbs light and 
generates free electrons.

Photon detection effi ciency (PDE)

This is a measure of what percent of the incident photons 
were detected. PDE is expressed by the following equation. 
The avalanche probability (Pa) becomes larger as the reverse 
voltage is increased.

Photovoltaic detector

A semiconductor photosensor generating an electrical current 
or voltage when light is illuminated on its PN junction. It is 
capable of operating without power supplied from an external 
source. Photovoltaic detectors include Si, InGaAs, GaAsP, 
GaAs, InAs, InSb, etc.

Position detection error

When a light spot irradiates onto a PSD and the resulting 
current extracted from each output terminal of the PSD is equal, 
the incident position of the light spot is called the electrical 
center of the PSD. By considering this electrical center as the 
origin, the position detection error is defined as the difference 
between the position at which the light spot is actually incident 
on the PSD and the position calculated from the photocurrents. 
We measure the position detection error under the following 
conditions:

· Light source : λ=890 nm
· Light spot size: φ200 μm
· Photocurrent : 10 μA

Position resolution

The minimum detectable displacement of a light spot incident 
on the photosensitive surface of a PSD, expressed as a distance 
on the photosensitive surface of the PSD. This position 
resolution is determined by the S/N, which is calculated by: 
PSD resistance length × noise/signal. We define the position 

resolution calculated based on root-mean-square (rms) noise 
measured under the following conditions: 

· Interelectrode resistance: See characteristic table in our datasheets.
· Photocurrent              : 1 μA
· Frequency bandwidth: 1 kHz
· Equivalent input voltage noise of circuit: 1 μV

Power dissipation

The maximum power consumption allowed for a device, 
calculated from the upper temperature limit of the package 
and chip. In most cases, this is determined by heat-vulnerable 
components included in the device. Using a coefficient called 
“derating” makes it possible to calculate the absolute maximum 
rating for the power dissipation at the temperature at which the 
device will actually be used. For example, if a power dissipation 
of 500 mW is defined as the absolute maximum rating at 25 °C 
and the derating is 5 mW/°C, then the absolute maximum rating 
at 85 °C will be: 500 mW - 5 mW/°C × (85 °C - 25 °C) = 200 
mW.

Propagation delay time

The time required for a signal to travel from the transmitted 
point to the received point. This term generally indicates the 
total delay time in the circuit and optical elements, and the 
delay time in a medium (optical fiber, etc.). The propagation 
delay time that changes is termed the jitter or wander. Jitter is 
the fluctuation in propagation delay time that occurs in a short 
period of time and mainly results from noise. Wander is a long-
term fluctuation chiefly caused by thermal factors.

Pseudo-random pattern

An encoded string that is seemingly irregular (not truly 
irregular) and is used to measure bit error rates and eye 
patterns. In commonly used pseudo-random patterns, the event 
probability between 0 and 1 is equal so that a pseudo-random 
pattern can be relatively easily generated by a circuit that uses a 
shift register and feedback.

Q

Quantum effi ciency

This is the number of electrons or holes that can be extracted 
as photocurrent divided by the number of incident photons. It 
is commonly expressed in percent (%). The quantum efficiency 
QE and photo sensitivity S (unit: A/W) have the following 
relationship at a given wavelength (unit: nm).
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short circuit current measured under an illuminance of 100 lx.

Shunt resistance

This is the voltage/current ratio of a photodiode operated in the 
vicinity of 0 V. In our product catalog, the shunt resistance is 
specified by the following equation, where the dark current (ID) 
is a value measured at a reverse voltage of 10 mV.

Noise generated from the shunt resistance becomes dominant 
in applications where a reverse voltage is not applied to the 
photodiode.

Single-mode fi ber

An optical fiber designed to transmit light in the single 
transverse mode (electromagnetic field distribution). Single-
mode fibers have low transmission loss and are not affected 
by modal dispersion, making them suitable for long-distance 
transmission. However, they require precise core alignment 
when connecting to a light emitter since their core diameter is 
small.

Smear

In image sensors, smear is a phenomenon where a signal charge 
generated by intense input light leaks to the adjacent pixels or 
CCD transfer region and causes the original signal to become 
smeared (blurred). In contrast to “blooming” that occurs 
following saturation, smears occur even before saturation. 
Smears tend to occur from light at longer wavelengths rather 
than light at shorter wavelengths.

SOA (semiconductor optical amplifi er)

An optical amplifier using a semiconductor. The structure is 
very similar to a Fabry-Perot laser diode but is designed not to 
cause reflection at the edge. SOA enables amplification over a 
wide spectral range and requires fewer components than EDFA, 
which makes the amplifier device smaller and reduces power 
consumption.

SONET/SDH

These are international standards for high-speed digital 
communication methods using optical fibers. SONET 
(Synchronous Optical Network) is a North American standard 
specifications established by ANSI (American National 
Standards Institute) based on technology developed by Bellcore 
Technologies (now Telcordia Technologies). SDH (Synchronous 
Digital Hierarchy) is an internationally standardized interface 

S

Scintillator

A material that emits light when exposed to radiation such as 
X-rays. Scintillators are divided into inorganic and organic 
scintillators. Well-known inorganic scintillators are crystals 
or powder of CsI (cesium iodide) doped with a small amount 
of activator such as Tl (thallium) to enhance the emission 
efficiency. Organic scintillators include naphthalene, 
anthracene, plastic, liquid scintillator, and lumogen. The 
lumogen is a material that emits light in response to UV rays, 
and is therefore sometimes coated on front-illuminated CCDs 
having no UV sensitivity.

Short circuit current

This is the output current that flows in a photodiode when 
load resistance is zero. This is called “white light sensitivity” 
to differentiate it from the spectral response, and is measured 
with light from a standard tungsten lamp at 2856 K distribution 
temperature (color temperature). Our product catalog lists the 

R

Reach-through structure

A structure (example: N+-P-π-P+ layer) whose impurity 
concentration is not uniform, and is formed in a region near 
the PN junction boundary in an APD. The π-layer serves as 
the light absorption region and carriers generated here are 
multiplied in the P-layer. The APD is used with a high reverse 
voltage applied so that the π-layer is depleted (reach-through) 
in order to enhance the speed. This structure is therefore called 
the reach-through type.

Rise time

The rise time is the time required for the output to rise from 
10% to 90% of the maximum output value (steady-state value) 
in response to input of step-function light.

Quenching

Quenching means extinction or rapid cooling. In an APD 
operated in Geiger mode, quenching is a technique to stop 
Geiger discharge by reducing the reverse voltage below the 
breakdown voltage.
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by ITU (International Telecommunication Union) based on 
SONET. Although differing on some minor points, SONET and 
SDH can be considered as nearly the same standard and allow 
interconnections with each other. SONET is well-known in 
North America, while SDH is mainly used in Europe.

Space charge effect

When light incident on a photosensor is blocked, the carrier 
distribution in the depletion layer is disturbed. The carriers are 
then drawn to the electrodes and generate an electric field in 
the depletion layer in the direction opposite to the applied bias 
voltage. This phenomenon is referred to as the space charge 
effect and might degrade the response characteristics (fall time) 
when the incident light level is high.

Spatial resolution

The ability of an image sensor to faithfully capture the details of 
an object. MTF (modulation transfer function) is usually used to 
evaluate the resolution of an image sensor. When an object with a 
sine-wave brightness distribution is imaged, the MTF indicates how 
the sine-wave brightness contrast varies with the spatial frequency. 
The spatial frequency is the number of times that a sine wave is 
repeated per unit length. Since the active area of a CCD consists 
of discrete pixels, CCDs have a limiting resolution determined 
by the Nyquist limit based on the discrete sampling theorem. For 
example, when a black-and-white pattern is viewed with a CCD, 
the difference between the black and white signal levels decreases 
as the pattern becomes finer, and finally reaches a point at which 
the pattern can no longer be resolved. The ideal MTF is expressed 
as follows: sinc* {(π × f ) / (2 × fn)} (f: spatial frequency, fn: spatial 
Nyquist frequency). However, because of the difficulty in creating 
an optical sine wave, a rectangular-wave response test chart is 
generally used instead. In this case, the spatial frequency response 
is called the CTF (contrast transfer function).

* sinc: Fourier transform of an ideal rectangular function

Spectral response

The relation (photoelectric sensitivity) between the incident 
light level and resulting photocurrent differs depending on 
the wavelength of the incident light. This relation between the 
photoelectric sensitivity and wavelength is referred to as the 
spectral response characteristic and is expressed in terms of 
photo sensitivity or quantum efficiency.

Stealth dicing

Stealth dicing is a new dicing method developed by HAMAMATSU. 
It uses a laser beam to form a modification layer inside a wafer 
and cut the wafer into chips with high quality. Since light that 

T

TAC (time-to-amplitude converter)

An instrument that outputs the time difference between two 
pulse signals as a pulse amplitude (height).

Terahertz wave

Electromagnetic waves at frequencies around 1 THz 
(wavelength: 300 μm). Terahertz waves transmit through 
paper, wood, and plastic but do not transmit through metal and 
water. The terahertz band is called the fingerprint region of 
substances, and their applications are recently being developed 
along with progress made from basic research.

Terminal capacitance

In a photodiode, the PN junction can be considered as a type of 
capacitor. This capacitance is termed the junction capacitance 
and is an important parameter in determining the response 
speed. In current-to-voltage conversion circuits using an op 
amp, the junction capacitance might cause gain peaking. At 
HAMAMATSU, we specify the terminal capacitance including 
this junction capacitance plus the package stray capacitance.

Thermistor

A thermally sensitive resistor that greatly changes its electrical 
resistance as the temperature changes. Thermistors are used for 
temperature sensing.

transmits into the material is used, no thermal damage occurs 
on the wafer surface. Stealth dicing does not produce any 
cutting loss, so the chip yield per wafer can be increased to 
the maximum. There is absolutely no contamination such as 
from flying debris which is unavoidable in conventional dicing 
techniques, and stealth dicing is a completely dry process 
because no cleaning water is required.

Synchrotron radiation

Intense light that is generated when electrons or positrons are 
accelerated up to near the speed of light and bent in magnetic 
fields. Synchrotron radiation covers a broad spectral range 
from infrared light through X-rays. This light is more than a 
hundred-million times brighter than light emitted from ordinary 
X-ray generators. Synchrotron radiation applications are being 
studied for a wider range of fields including medicine, physics, 
and chemistry.
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WDM (wavelength division multiplexing)

WDM is a method for multiplexing multiple data on single-core 
optical fiber cable by changing the wavelength of the carrier 
wave. There are two modes depending on the multiplexed 
density: DWDM (dense wavelength division multiplexing) and 
CWDM (coarse wavelength division multiplexing). DWDM 
typically uses eight or more wavelengths in the 1.55 μm band 
(some use the 1.3 or 1.6 μm band) that are densely arranged at 
wavelength intervals from 0.4 to 3.2 nm. In contrast, CWDM 
uses two to eight wavelengths spaced at wavelength intervals 
ranging from 20 to several hundred nanometers. 

V

VCSEL (vertical cavity surface emitting laser)

Semiconductor lasers usually resonate light in a direction 
parallel to the substrate surface and emit the light in that 
direction. In VCSEL however, light resonates in a direction 
perpendicular to the substrate surface and is emitted 
perpendicular to the substrate. Therefore, the resonant cavity 
can be formed and laser characteristics can be tested without 
cleaving the substrate during the manufacturing process. 
This fact makes VCSEL suitable for high volume production. 
Compared to edge-emitting lasers, VCSEL can be manufactured 
at a lower cost and can be easily arrayed in two dimensions. 
Other features include low threshold current, high-speed 
modulation at low current, and small temperature dependence.

Thermoelectric cooling element

When an electric current flows through the junction of 
two dissimilar electric conductors, heat absorption (or heat 
generation) occurs on one side while heat generation (or heat 
absorption) occurs on the other side. Thermoelectric cooling 
elements make use of this effect (known as Peltier effect). 
Reversing the direction of the electric current reverses the 
relation between the heat absorption and generation.

Tiling

An arrangement of two or more photosensors in a tile 
configuration to have a wider active area. Also called “edge-to-
edge butted.”

Tracking detector (vertex detector)

A detector mainly used in elementary particle energy physics 
experiments for the purpose of tracking the traveling direction 
and decay processes of secondary particles generated as a result 
of high energy particle collisions. Tracking detectors are installed 
at positions surrounding the point where the particles collide.

Transition frequency

This originally meant the frequency at which the current gain 
(hfe) of an emitter-grounded transistor is 1, but now indicates the 
frequency at which the gain of an amplifying element becomes 1.

Tunable laser

A laser whose oscillation wavelength can be altered within 
a specific wavelength range. Tunable lasers are used as light 
sources for multiple-wavelength transmission systems.

VICS (Vehicle Information and Communication System)

An information communication system in Japan that transmits 
road traffic information such as traffic jams, road construction, 
road regulations, and time required to reach destination to 
in-car navigation equipment, etc. Information from optical 
beacons installed on major trunk roads and from radio-wave 
beacons installed along highways as well as specific wide-area 
information by FM multiplex broadcasting are transmitted to 
the cars in real time. 
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深圳商斯达实业专用电路与单片机部是专业开发、设计、生产、代理、经销专用电路（ASIC）

和单片机配套产品，温度、湿度、语音、报警、计时、计步、测速、调光、游戏、新特优等专用

芯片和模组；专用电路、微控制器、DSP、语音系统开发、设计、测试、仿真工具，为消费电子、

通信、家电、防盗报警厂家提供专业服务。产品主要有：1、温度计电路、体温计电路、湿度计

电路、时钟温湿度计电路、计时钟控电路、计步运动表电路、测速电路、调光电路、游戏电路、

防盗报警电路、遥控电路、钟表电路、闪灯电路、计数电路、语音电路等专用芯片和模组，为三

资企业、外贸出口企业提供完整配套服务；2、带 LED 闪烁电路、声效电路、玩具钢琴电路、音

乐音效电路、灯串电路、风扇控制电路、计算器电路、万年历电路、汇率转换电路、玩具声光电

路、遥控编解码电路、红外线遥控电路、无线遥控电路及配件、语音录放电路、圣诞灯电路、热

释电控制器（人体感应）电路等专用芯片和配套模组. 
更多产品请看本公司产品专用销售网站: 

商斯达中国传感器科技信息网：http://www.sensor-ic.com/

商斯达工控安防网：http://www.pc-ps.net/

商斯达电子 元器件网：http://www.sunstare.com/

商斯达微波光电产品网:HTTP://www.rfoe.net/

商斯达消费电子产品网://www.icasic.com/

商斯达实业科技产品网://www.sunstars.cn/

传感器销售热线： 

    地址：深圳市福田区福华路福庆街鸿图大厦 1602 室 

    电话：0755-83387016 83387030 83398389 83600266 

    传真：0755-83376182  （0）13902971329  MSN: SUNS8888@hotmail.com

    邮编：518033   E-mail:szss20@163.com     QQ: 195847376 

    深圳赛格展销部：深圳华强北路赛格电子市场 2583 号 电话：0755-83665529   25059422 

    技术支持: 0755-83394033 13501568376 

欢迎索取免费详细资料、设计指南和光盘 ；产品凡多，未能尽录，欢迎来电查询。 
    北京分公司：北京海淀区知春路 132 号中发电子大厦 3097 号 
               TEL：010-81159046  82615020  13501189838  FAX：010-62543996   
    上海分公司：上海市北京东路 668 号上海賽格电子市场 2B35 号  
               TEL：021-28311762  56703037  13701955389  FAX：021-56703037 
    西安分公司：西安高新开发区 20 所(中国电子科技集团导航技术研究所)   
           西安劳动南路 88 号电子商城二楼 D23 号   

            TEL：029-81022619  13072977981  FAX:029-88789382 
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