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PHOTOMULTIPLIER TUBES

Construction and Operating Characteristics

INTRODUCTION

The photomultiplier tube (or PMT) is a photosensitive
device consisting of a photoemissive cathode (photo-
cathode) followed by focusing electrodes, an electron
multiplier and an electron collector (anode) in a
vacuum tube, as shown in Figure 1.

When light enters the photocathode, the photo-
cathode emits photoelectrons into the vacuum. These
photoelectrons are then directed by the focusing elec-
trode voltages towards the electron multiplier where
electrons are multiplied by the process of secondary
emission. The multiplied electrons are collected by
the anode as an output signal.

Because of secondary-emission multiplication,
photomultiplier tubes are uniquely sensitive among
photosensitive devices currently used to detect
radiant energy in the ultraviolet, visible, and near
infrared regions. The photomultiplier tube also
features fast time response and low noise.

This section describes the prime features of
photomultiplier tube construction and basic operating
characteristics.

Figure 1: Cross-Section of Head-On Type PMT
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CONSTRUCTION
The photomultiplier tube generally has a photocathode
in either a side-on or a head-on configuration. The
side-on type receives incident light through the side of
the glass bulb, while, in the head-on type, it is
received through the end of the glass bulb. In general,
the side-on type photomultiplier tube is relatively low
priced and widely used for spectrophotometers and
general photometric systems. Most of the side-on
types employ an opaque photocathode (reflection-
mode photocathode) and a circular-cage structure
electron multiplier which has good sensitivity and
high amplification at a relatively low supply voliage.
The head-on type (or the end-on type) has a
semitransparent photocathode (transmission-mode
photocathode) deposited upon the inner surface of the
entrance window. The head-on type provides better
uniformity than the side-on type having a reflection-
mode photocathode. Other features of head-on types
include a choice of photosensitive area from tens of

square milimeters to hundreds of square centimeters.

Variants of the head-on type having a hemispherical
window have been developed for high energy physics
experiments where a large diameter and good angular
light acceptability are important.

Figure 2: External Appearance

a) Side-On Type b) Head-On Type

Figure 3: Types of Photocathode

a) Reflection Mode b) Transmission Mode
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ELECTRON MULTIPLIER

The superior sensitivity (high gain and high S/N ratio)
of photomultiplier tubes is due to the use of a low-
noise electron multiplier which amplifies electrons by
a cascade secondary emission process. The electron
multiplier consists of from several up to 15 stages of
electrodes called dynodes.

There are several principal types in use today.

1) Circular-cage type

The circular cage is generally used for the side-on type
of photomultiplier tube. The prime features of the cir-
cular-cage are its compactness and fast response.

2) Box-and-grid type

This type consists of a train of quarter cylindrical
dynodes and is widely used in head-on type photo-
multiplier tubes because of its relatively easy dynode
design and better uniformity, although time response
may be a problem in some applications.




3) Liner focused type

Since this type features fast response time, it is widely
used in applications where time resolution and pulse
linearity are important.

4) Venetian blind type

The venetian blind type has a large dynode area and
is primarily used for tubes with large photocathode
areas. |t offers better uniformity and a larger output
current. This structure is usually used when time
response is not a prime consideration.

5) Proximity mesh type

In addition to good uniformity and high pulse linearity,
this type provides high immunity to magnetic fields.
Also, it has position-sensitive capability when used
with multiple anodes.

6) Microchannel plate (MCP)

The MCP has much faster time response than the
other discrete dynodes. It also features good immunity
magnetic fields and two-dimensional detection ability
when multiple anodes are used.

Recently hybrid dynodes combining two of the
above dynodes have been developed. These hybrid
dynodes are desi gned to provide the merits of each
dynode.

Figure 4: Types of Electron Multipliers
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(e) Proximity mesh type (f) MCP

SPECTRAL RESPONSE

The photocathode of photomultiplier tubes converts
energy of incident light into electrons. The conversion
efficiency (photocathode sensitivity) varies with the
wavelength of incident light. This relationship
between photocathode sensitivity and wavelength is
called the spectral response characteristic. Figure 5
shows a typical spectral response of the bialkali
photomultiplier tube. The spectral response range is
determined on the long wavelength side by the
photocathode material and on the short wavelength
side by the window material. Typical spectral
response characteristics for various types of
photomultiplier tubes are shown on the inside back
cover.

In this catalog, the long-wavelength cutoff of
spectral response characteristics is defined as the
wavelength at which the cathode radiant sensitivity
becomes 1% of the maximum sensitivity for bialkali
and Ag-O-Cs photocathodes, and 0.1% of the maximum
sensitivity for multialkali photocathodes. Spectral
response characteristics shown inside the back cover
are typical curves for representative tube types.
Typical radiant sensitivity for individual tube types is
listed in their characteristic tables. But actual data
may be different from tube to tube.

Figure 5: Typical Spectral Response of Bialkali Photocathode
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Photocathode Materials
The photocathode is a photoemissive surface usually




consisting of alkali metals with very low work

functions. The photocathode materials most

commonly used in photomultiplier tubes are as

follows:

1) Ag-O-Cs

The transmission-mode photocathode using this

material is designated S-1. It is sensitive from the

visible to infrared radiation beyond 1000 nm. Since it

has high adverse dark emission, tubes of this

photocathode are chiefly used for detection in the

infrared region with the photocathode cooled.

2) Sh-Cs

This is a widely used photocathode and has a

spectral response in the ultraviolet to visible range.

Mainly used for reflection-mode photocathodes.

3) Bialkali (Sb-Rb-Cs, Sb-K-Cs)

These have a spectral response range similar to the

8b-Cs photocathode, but have higher sensitivity and

lower noise than Sb-Cs. They also have a favorable

blue sensitivity for scintillator flashes, thus they are

frequently used for scintillation counting.

4) High temperature bialkali, low noise bialkali
(NaK-Sh)

This is particularly useful at higher operating

temperatures since it can withstand up to 175°C.

A major application is in the oil well logging industry.

At room temperatures, it operates with very low dark

current. Thus it can also be useful for photon

counting applications.

5) Multialkali (Na-K-Sb-Cs)

The multialkali photocathode has a high, wide

spectral response from the ultraviolet to near infrared

region. It is widely used for broad-band

spectrophotometers and photon counting

applications. The long wavelength response can be

extended out to 930 nm by special photocathode

processing.

6) GaAs (Cs)

GaAs activated in cesium is also used as a

photocathode. The spectral response of this

photocathode usually covers a wider range than

multialkali, ultraviolet to 930 nm, and is very flat.

7) InGaAs

This new photocathode has more extended sensitivity

in infrared than GaAs. Also, in the range between 900

and 1000 nm, InGaAs has much higher S/N ratio than

Ag-O-Cs.

8) Cs-Te, Cs-l

These materials are sensitive to vacuum UV and UV

rays but not to visible light and are therefore called

solar blind. Cs-Te is quite insensitive to wavelengths

longer than 320 nm and Cs-l to those longer than 200 nm.

Window Materials
The window materials commonly used in

photomultiplier tubes are as follows:

1) Borosilicate glass

This is the most frequently used material. It transmits

radiation from the infrared to approximately 300 nm. It

is not suitable for detection in the ultraviolet region.
For scintillation counting applications, the low-

noise borosilicate glass (so called K free glass) may

be used. It contains very low potassium (40K) which

can cause unwanted background counts.

2) UV-transmitting glass (UV glass)

This glass transmits ultraviolet radiation well, as the

name implies, and is used as widely as borosilicate

glass. The UV cutoff is approximately 185 nm.

3) Synthetic silica

This material transmits ultraviolet radiation down to

160 nm. Since silica has a different thermal expansion

coefficient from Kovar, which is used for the tube

leads, it is not suitable for the stem material of the

tube. Borosilicate glass is used for the stem, then a

graded seal using glasses with gradually different

thermal expansion coefficient are connected to the

fused silica window.

4) Sapphire glass

The sapphire glass made of Al,O3 crystal has an

intermediate transmittance in the ultraviolet region

between UV glass and synthetic silica. But, at

wavelengths shorter than 150 nm, it has higher

transmittance than synthetic silica. Since the

sapphire glass does not require graded seal, the

overall length of tubes can be shortened.

5) MgF, (magnesium fluoride)

The crystals of alkali halide are superior in

transmitting ultraviolet radiation, but deliquescence is

a common problem. Among them, MgF, has low

deliquescence and transmits ultraviolet radiation

down to 115 nm.

Figure 6: Typical Transmittance of Various Window
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As stated above, spectral response range is
determined by the photocathode and window
materials. It is important to select an appropriate
combination which will suit your applications.




RADIANT SENSITIVITY AND QUANTUM
EFFICIENCY

As Figure 5 shows, spectral response is usually
expressed in terms of radiant sensitivity and quantum
efficiency.

Radiant sensitivity is the photoelectric current
from the photocathode divided by the incident radiant
power at a given wavelength, expressed in A/IW
(amperes per watt).

Quantum efficiency (QE) is defined as the ratio of
the number of incident photons to resulting
photoelectrons emitted from the photocathode. It is
customary to present quantum efficiency as a
percent. Quantum efficiency and radiant sensitivity
have the following relationship at a given wavelength.

QE = _SX;A x 100 (%)

where S is the radiant sensitivity in A/W at the
given wavelength and A is the wavelength in nm
(nanometers).

LUMINOUS SENSITIVITY

Since the measurement of spectral response
characteristic of a photomultiplier tube requires a
sophisticated system and time, it is not practical to
provide customers with spectral response
characteristics of each tube ordered. Instead, a value
of cathode or anode luminous sensitivity is commonly
used.

The cathode luminous sensitivity is the
photoelectric current from the photocathode per
incident light flux (107 to 1072 lumen) from a tungsten
filament lamp operated at a distribution temperature
of 2856K. The anode luminous sensitivity is the anode
output current (amplified by the secondary emission
process) per incident light flux (107'° to 1075 lumen) on

Figure 7: Typical Human Eye Response and
Spectral Distribution of 2856K Tungsten Lamp
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the photocathode. Although the same tungsten lamp
is used, the light flux and the applied voltage are
adjusted to an appropriate level. These parameters
are particularly useful when comparing tubes having
the same or similar spectral response range.
Hamamatsu final test sheets accompanying the tubes
usually indicate these parameters except for tubes
with Csl or CsTe photocathodes which are not
sensitive to tungsten lamp light. (Radiant sensitivity
at a specific wavelength is listed for those tubes
instead.)

Both the cathode and anode luminous sensitivities
are expressed in units of A/llm (amperes per lumen).
Note that the lumen is a unit used for luminous flux in
the visible region and therefore these values may be
meaningless for tubes which are sensitive beyond the
visible region. For those tubes, the blue sensitivity or
red/white ratio is often used.

BLUE SENSITIVITY AND RED/WHITE RATIO
For simple comparison of spectral response of
photomultiplier tubes, cathode blue sensitivity and
red/white ratio are often used.

The cathode blue sensitivity is the photoelectric
current from the photocathode produced by a light
flux of a tungsten lamp at 2856K passing through a
blue filter (Corning CS No. 5-58 polished to half stock
thickness). Since the light flux, once transmitted
through the blue filter cannot be expressed in lumens,
blue sensitivity is usually presented in A/lm-b
(amperes per lumen-blue). The blue sensitivity is a
very important parameter in scintillation counting
since scintillators produce emissions in the blue
region of the spectrum, and may dominate energy
resolution.

The red/white ratio is used for photomultiplier
tubes with a spectral response extending to the near
infrared region. This parameter is defined as the quo-

Figure 8: Transmittance of Filters
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tient of the cathode sensitivity measured with a light
flux of a tungsten lamp at 2856K passing through a
red filter (Toshiba IR-D80A for the S-1 photocathode or
R-68 for others) divided by the cathode luminous sen-
sitivity with the filter removed.

CURRENT AMPLIFICATION (GAIN)
Photoelectrons emitted from a photocathode are
accelerated by an electric field so as to strike the first
dynode and produce secondary electron emissions.
These secondary electrons then impinge upon the
next dynode to produce additional secondary electron
emissions. Repeating this process over successive
dynode stages, a high current amplification is
achieved. A very small photoelectric current from the
photocathode can be observed as a large output
current from the anode of the photomultiplier tube.

Current amplification is simply the ratio of the
anode output current to the photoelectric current from
the photocathode. Ideally, the current amplification of
a photomultiplier tube having n dynode stage and an
average secondary emission ratio d per stage is d".
While the secondary electron emission ratio d is
given by

0 =AE®

where A is constant, E is interstage voltage, and « is
a coefficient determined by the dynode material and
geometric structure. It usually has a value of 0.7 to 0.8.

When a voltage V is applied between the cathode
and the anode of a photomultiplier tube having n
dynode stages, current amplification, G, becomes

= R = Vv
G= dn__(AEa)n_{A( = )a}n

_ Al v an_ K.y an .
= W vV ah=K.v (K: constant)

Figure 9: Typical Current Amplification vs. Supply Voltage
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Since generally photomultiplier tubes have 9 to
12 dynode stages, the anode output varies directly
with the 6th to 10th power of the change in applied
voltage. The output signal of the photomultiplier tube
is extremely susceptible to fluctuations in the power
supply voltage, thus the power supply should be very
stable and exhibit minimum ripple, drift and temperature
coefficient. Regulated high voltage power supplies
designed with this consideration are available from
Hamamatsu (see page 69).

ANODE DARK CURRENT
A small amount of current flows in a photomultiplier
tube even when the tube is operated in complete
darkness. This output current, called the anode dark
current, and the resulting noise are critical factors in
determining the lower limit of light detection.
Figure 10 shows that dark current is greatly
dependent on the supply voltage.

Other sources of dark current may be categorized
as follows:
1) Thermionic emission of electrons
Since the materials of the photocathode and dynodes
have very low work functions, they emit thermionic
electrons even at room temperature. Most of dark cur-
rents originate from the thermionic emissions, espe-
cially from the photocathode and, if so, become
multiplied by the dynodes. Cooling the tube is most
useful in applications where low dark current is
essential such as in photon counting.

Figure 10: Typical Dark Current vs. Supply Voltage
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Figure 11 shows the relationship between dark
current and temperature for various photocathodes.
Photocathodes which have high sensitivity in the red
to infrared region, especially S-1, show higher dark
current at room temperature.




Figure 11: Temperature Characteristics of Dark Current
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Hamamatsu provides thermoelectric coolers
designed for various sizes of photomultiplier tubes
(see page 68).

2) lonization of residual gases

Residual gases inside a photomultiplier tube can be
ionized by the flow of photoelectrons. When these
ions strike the photocathode or earlier stages of
dynodes, secondary electrons may be emitted, thus
resulting in relatively large output noise pulse. These
noise pulses are usually observed as afterpulses
following the primary signal pulses and may be a
problem in detecting short light pulses. Present
photomultiplier tubes are designed to minimize
afterpulses.

3) Glass scintillation

When electrons deviating from their normal trajectories
strike the glass envelope, scintillations may occur and
a dark pulse may result. To eliminate this type of dark
pulse, photomultiplier tubes may be operated with the
anode at high voltage and the cathode at ground
potential. Here it is useful to coat the glass bulb with
a conductive paint (HA Coating) connected to the
cathode (see page 13).

4) Ohmic leakage

Ohmic leakage resulting from imperfect insulation of
the glass stem base and socket may be another
source of dark current. This is predominant when the
photomultiplier tube is operated at a low voltage or
low temperature. The flatter slopes in Figure 10 and
11 are mainly due to ohmic leakage.

Contamination consisting of dirt and humidity on
the surface of the tube may contribute to ohmic
leakage, and therefore should be avoided.

5) Field emission
When a photomultiplier tube is operated at a voltage

near the maximum rating value, electrons may be
emitted from electrodes by the strong electric field
and may cause dark pulses. It is therefore
recommended that the tube be operated at 200 to 300
volis lower than the maximum rating.

The anode dark current decreases with time after
the tube is placed in darkness. In this catalog, anode
dark currents are measured after 30 minutes storage
in darkness.

ENI (EQUIVALENT NOISE INPUT)

ENI is an indication of the photon-limited signal-to-
noise ratio. It refers to the amount of light in watts
necessary to produce a signal-to-noise ratio of unity
in the output of a photomultiplier tube. The value of
ENI is given by:

ENI= __"2‘1"‘:"(3“ (watts)
where q = electronic charge (1.60 x 107 coul.)

Idb anode dark current in amperes after
15-hour storage in darkness
G = current amplification
Af = bandwidth of the system in hertz

(usually 1 hertz)
S = anode radiant sensitivity in amperes
per watt at the wavelength of interest

For the tubes listed in this catalog, the value of ENI
may be calculated by the above equation. Usually it
has a value between 107'% and 1078 watts.

EFFECT BY MAGNETIC FIELD

Most photomultiplier tubes are affected by the
presence of magnetic fields. Magnetic fields may
deflect electrons from their normal trajectories and
cause a loss of gain. The extent of the loss of gain
depends on the type of photomultiplier tube and its
orientation in the magnetic field. Figure 12 shows

Figure 12: Typical Effects by Magnetic Fields Perpendicular
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typical effects of magnetic fields on some types of
photomultiplier tubes. In general, tubes having a long
path from the photocathode to the first dynode are
very sensitive to magnetic fields. Therefore head-on
types, especially large diameter tubes, tend to be
more adversely influenced by magnetic fields.

When a tube has to be operated in magnetic
fields, it may be necessary to shield the tube with a
magnetic shield case. (Hamamatsu provides a variety
of magnetic shield cases. See page 68.) To express
the effect of a magnetic shield case, the magnetic
shielding factor is used, which is the ratio of the
strength of the magnetic field outside the shield case,
Hout, to that inside the shield case, Hjp. It is deter-
mined by the permeability y, the thickness t and inner
diameter D of the shield case, as follows.

Hout ~ 3ut
Hin 4D

It should be noted that the magnetic shielding
effect decreases towards the edge of the shield case
as shown in Figure 13. It is suggested to cover the
tube with a shield case longer than the tube length by
at least half the tube diameter.

Figure 13: Edge Effect of Magnetic Shield Case
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Recently proximity mesh made of non-magnetic
material has been introduced as an alternate dynode
in photomultiplier tubes. These tube types (see page
56) exhibit much higher immunity to external magnetic
fields than the photomultiplier tubes with other
dynodes. Also triode and tetrode tubes (see page 56)
are useful for applications where the measured
amount of light is large.

SPATIAL UNIFORMITY

Although the focusing electrodes of a photomultiplier
tube are designed so that electrons emitted from the
photocathode or dynodes are collected efficiently by
the first or following dynodes, some electrons may
deviate from their desired trajectories and collection

10

efficiency is degraded. The collection efficiency varies
with the position on the photocathode from which the
photoelectrons are emitted and influences the spatial
uniformity of a photomultiplier tube. The spatial
uniformity is also determined by the photocathode
surface uniformity itself.

In general, head-on type photomultiplier tubes
provide better spatial uniformity than side-on types
because of the photocathode to first dynode geometry.
Tubes especially designed for gamma camera applica-
tions have excellent spatial uniformity.

Figure 14: Examples of Spatial Uniformity
(a) Head-On Type (b) Side-On Type
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TEMPERATURE CHARACTERISTICS

As discussed earlier, by decreasing ambient tempera-
ture of a photomultiplier tube, dark current originating
from thermionic emission can be reduced. Sensitivity
of the photomultiplier tube also varies with the tem-
perature. In the ultraviolet to visible region, the
temperature coefficient of sensitivity has a negative

Figure 15: Typical Temperature Coefficients of
Anode Sensitivity
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value, while near the long wavelength cutoff it has a
oositive value. Figure 15 shows typical temperature
coefficients around room temperature for multialkali
and bialkali photocathodes. Since the temperature
coefficient change is large near the long wavelength
cutoff, temperature control may be required in some
applications.

DRIFT (ANODE CURRENT INSTABILITY)
While operating a photomultiplier tube continuously
over a long period, anode output current of the
photomultiplier tube may vary slightly with time,
although operating conditions have not changed. This
instability of anode output current is called drift.
Figure 16 shows general drift curves. Drift is primarily
caused by damage to the last dynode by heavy
electron bombardment. The operating stability of a
photomultiplier tube depends on the magnitude of the
anode current and not so much on the applied
voltage, and therefore the use of lower anode current
is desirable. When stability is of prime importance,
the use of average anode current of 1 uA or less is
recommended.

Figure 16: Examples of Drift
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Photomultiplier tubes exhibit a temporary instability
in anode output current for several seconds to several
tens of seconds after voltage and light are applied,
i.e., sensitivity may overshoot or undershoot before
reaching a stable value. This instability is called
hysteresis and may be a problem in spectrophotometry
and other applications.

Figure 17: Hysteresis Measurement
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Hysteresis is mainly caused by electrons being
deviated from their planned trajectories and electro-
statically charging the dynode support ceramics and
glass bulb. When the applied voltage is changed as
the light input changes, marked hysteresis can occur.

To eliminate hysteresis, many Hamamatsu side-on
photomultiplier tubes employ “anti-hysteresis design”
in which the dynode support ceramics are coated with
chromium and maintained at the cathode potential in
order to repulse stray electrons.

TIME RESPONSE

In application where the incident light is in the form
of pulses, the anode output signal should reproduce a
waveform faithful to the incident pulse waveform.
This reproducibility is related to the anode pulse rise
time and the electron transit time.

As illustrated in Figure 18, the anode pulse rise
time is defined as the time to rise from 10% to 90%
of the peak amplitude when the whole photocathode
is illuminated by a delta function light pulse (pulse
width less than 50 ps). The electron transit time is the
time interval between the arrival of a delta function
light pulse (pulse width less than 1ns) at the
photocathode and the instant when the anode output
pulse reaches its peak amplitude. The electron transit
time has a fluctuation between individual light pulses.
This fluctuation is called transit time spread (T.T.S.)
and defined as the FWHM of the frequency
distribution of electron transit times. The T.T.S. is an
important factor in time-resolving measurement.

Those parameters are affected by the dynode
structure and applied voltage. In general, tubes of the
linear focused or circular cage structure exhibit better
time response than tubes of the box-and-grid or
venetian blind structure. Figure 19 shows typical time
response characteristics vs. applied voltage for types
R268 (1-/8” dia. head-on, 11-stage, box-and-grid type)
and 931A (1-1/8” dia. side-on, 9-stage, circular cage
type).

Figure 18: Anode Pulse Rise Time and Electron Transit Time
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Figure 19: Transit Time Spread (T.T.S.)
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Figure 20: Time Response Characteristics vs.
Supply Voltage
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VOLTAGE-DIVIDER CONSIDERATION
Interstage voltages for the dynodes of a photomultiplier
tube are usually supplied by a voltage-divider network
consisting of series-connected resistors. Schematic
diagrams of typical voltage-divider networks are illus-
trated in Figure 21. Circuit (a) is a basic arrangement
and (b) is for high-current pulse operations. Figure 22
shows the response of a photomultiplier tube using
the voltage-divider (a) as a function of the input light
flux. Deviation from linearity (over-response, region A)
is caused by an increase in dynode voltage resulting
from the redistribution of the voltage loss between the
last dynode and the anode. As the input light level is
increased, the anode output current begins to saturate
near the value of the current flowing through the
voltage divider (region C) due to the extension of
voltage losses to the last few stages. Therefore, the
upper limit of dynamic range of the photomultiplier
tube is determined by the voltage-divider current. To
prevent this problem, it is suggested that the voltage-
divider current be maintained at at least 20 times the
anode output current required from the photomultiplier
tube.

12

Figure 21: Schematic Diagrams of Voltage-Divider Networks

(a) Basic arrangement for DC operation
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(b) For pulse operation
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Figure 22: Response of a PMT Using Voltage Divider (a)

10

4

>
‘f

Vs
A
/7 IDEAL LINE

RATIO OF QUTPUT CURRENT
TO DIVIDER CURRENT
N
N &
N\

\g

0.001

0.001 0.0l 0.1 1.e 10
LIGHT FLUX (ARB.UNIT)

Generally high output current is required in
applications where the input light is in the form of
pulses. In order to maintain dynode potentials at a
constant value during pulse durations and obtain high
peak currents, large capacitors are used as shown in
Figure 20 (b). The capacitor values depend on the
output charge. If linearity of better than 1% is needed,
the capacitor value between the last dynode and the
anode should be at least 100 times the output charge
per pulse, as follows:

c > 100 ITt (farads)

where | is the peak output current in amperes, t is the
pulse width in seconds, and V is the voltage across
the capacitor in volts.

Hamamatsu provides socket assemblies incorpo-
rating voltage-divider networks. They are compact,
rugged, and carefully engineered to minimize electric
leakage. (See page 66.)

R R R R .




Ground Polarity and HA Coating

The general technique used for voltage divider circuits
is to ground the anode with a high negative voltage
applied to the cathode. This scheme eliminates the
potential difference between the external circuit and
the anode, facilitating the connection of such circuits
as ammeters or current-to-voltage conversion
operational amplifiers to the photomultiplier tube.
However, when a grounded anode configuration is
used, bringing a grounded metallic holder or magnetic
shield case near the bulb of the tube can cause
electrons to strike the inner bulb wall, resulting in the
generation of noise. Also, for head-on type
photomultiplier tubes, if the faceplate or bulb near the
photocathode is grounded, the slight conductivity of
the glass material causes a current to flow between
the photocathode (which has a high negative
potential) and ground. This may cause electrolysis of
the photocathode, leading to the danger of significant
deterioration. For this reason, when designing the
housing for a photomultiplier tube and when using an
electrostatic or magnetic shield case, extreme care is
required.

In addition, when using foam rubber or similar
material to mount the tube in its housing, it is
essential that material having sufficiently good
insulation properties be used. This problem can be
solved by applying a black conductive layer around
the bulb and connecting to the cathode potential
(called HA Coating), as shown in Figure 24. However,
in scintillation counting, it is often impossible to use
this technique, since the grounded scintillator is in
intimate contact with the photomultiplier tube. In
such cases, it is recommended that the cathode be
grounded, as shown in Figure 23, with a high positive
voltage applied to the anode. Using this scheme, a
coupling capacitor C is used to separate the high
positive voltage applied to the anode from the signal,
making it impossible to obtain a DC signal output.

Figure 23: Cathode Ground Scheme
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Figure 24: HA Coating
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LOAD RESISTANCE

Since the output of a photomultiplier tube is a current
signal and the type of external circuit to which photo-
multiplier tubes are usually connected has voltage in-
puts, a load resistance is used to perform a current-
voltage transformation. This section describes con-
siderations to be made when selecting this load re-
sistance. Since for low output current levels, the
photomultiplier may be assumed to act as virtually an
ideal constant-current source, the load resistance can
be made arbitrarily large, thus converting a low-level
current output to a high-level voltage output. In prac-
tice, however, using very large values of load resist-
ance creates the problems of deterioration of frequency
response and output linearity described below.

Figure 25: Output Circuit for PMT
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If, in the circuit of Figure 25, we let the load re-
sistance be R, and the total of the capacitance of the
photomultiplier tube anode to all other electrodes, in-
cluding such stray capacitance as wiring capaci-
tances be Cg, the cutoff frequency fg is expressed by
the following relationship.

fo= —1
21‘[Cs H]_

From this relationship, it can be seen that, even if the
photomultiplier tube and amplifier have very fast re-
sponse, response will be limited to the cutoff frequency
fc of the output circuit. Anode effect of large load
resistance is on linearity of the output current with
respect to intensity of incident light. If the load
resistance is made large, at high current levels the
voltage drop across R becomes large, causing the
potential difference between the last dynode stage
and the anode to drop. This increases the effect of
the space charge and lowers the efficiency of the
anode in collecting electrons. In effect, the output
becomes saturated above a certain current, resulting
in a loss of linearity.

Figure 26: Amplifier Internal Resistance
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In Figure 28, let us consider the effect of the in-
ternal resistance of the amplifier. If the load
resistance is R, and the input impedance of the
amplifier is Rjy, the combined parallel output
resistance of the photomultiplier tube, Rg, is given by
the following relationship.

Ri- Rin

Rp= = ""IF
°~ "R, + Rin

This value of Ry, less than the value of Ry, is then the
effective load resistance of the photomultiplier tube.
If, for example, R = Rip, the effective load resistance
is 1/2 that of R alone. From this we see that the upper
limit of the load resistance is actually the input resist-
ance of the amplifier and that making the load resist-
ance much greater than this value does not have sig-
nificant effect. While the above description assumed
the load and input impedances to be purely resistive,
in practice, stray capacitances, input capacitance,
and stray inductances influence phase relationships.
Therefore, as frequency is increased these circuit
elements must be considered as compound impedances
rather than pure resistances.

From the above, three guides can be derived for
use in selection of the load resistance:

1) In cases in which frequency response is important,
the load resistance should be made as small as
possible.

2) In cases in which output linearity is important, the
load resistance should be chosen such that the
output voltage is below several volts.

3) The load resistance should be less than the approx-
imate input impedance of the external amplifier.

HIGH-SPEED OUTPUT CIRCUIT

For the detection of high-speed and pulsed light
signals, a coaxial cable is used to make the connec-
tion between the photomultiplier tube and the elec-
tronic circuit, as shown in Figure 27. Since commonly
used cables have characteristic impedances of 50 @
or 75 @, this cable must be terminated in a pure resist-
ance equivalent to the characteristic impedance to
provide impedance matching and ensure distortion-
free transmission for the signal waveform. If a matched
transmission line is used, the impedance of the cable
as seen by the photomultiplier tube output will be the
characteristic impedance of the cable, regardliess of
the cable length, and no distortion will occur in signal
waveforms.

If proper matching at the signal receiving end is
not achieved, the impedance seen at the photomultiplier
tube output will be a function of both frequency and
cable length, resulting in significant waveform distor-
tion. Such mismatched conditions can be caused by

the connectors used as well, so that the connector to
be used should be chosen with regard given to the fre-
quency range to be used, to provide a match to the
coaxial cable.

When a mismatch at the signal receiving end
occurs, all of the pulse energy from the photomultiplier
tube is not dissipated at the receiving end, but is par-
tially reflected back to the photomultiplier tube. While
this reflected energy will be fully dissipated at the
photomultiplier tube if an impedance match has been
achieved at the tube, if this is not the case, since the
photomultiplier tube itself acts as an open circuit, the
energy will be reflected and, thus, returned to the
signal-receiving end. Since part of the pulse makes a
round trip in the coaxial cable and is again input to
the receiving end, this reflected signal is delayed with
respect to the main pulse and results in waveform dis-
tortion (so called ringing phenomenon). To prevent
this phenomenon, in addition to providing impedance
matching at the receiving end, it is necessary to pro-
vide a resistance matched to the cable impedance at
the photomultiplier tube end as well. If this is done, it
is possible to virtually eliminate the ringing caused by
an impedance mismatch, although the output pulse
height of the photomultiplier tube is reduced to one-
half of the normal level by use of this impedance
matching resistor.

Figure 27: High-Speed Output Circuit
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In Figure 28, let us consider waveform observa-
tion of high-speed pulses using an oscilloscope. This
type of operation requires a low load resistance.
Since, however, there is a limit to the oscilloscope
sensitivity, an amplifier is required.

For cables to which a matching resistor has been
connected, there is an advantage that the cable length
does not affect the characteristics of the cable.
However, since the matching resistance is very low
compared to the usual load resistance, the output
voltage becomes too small. While this situation can
be remedied with an amplifier of high gain, the in-
herent noise of such an amplifier can itself be detri-
mental to measurement performance. In such cases,
the photomultiplier tube can be brought as close as
possible to the amplifier and a load resistance as
large as possible should be used (consistent with
preservation of frequency response), to achieve the
desired input voltage.




Figure 28: Waveform Observation Using Oscilloscope
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It is relatively simple to implement a high-speed
amplifier using a wideband video amplifier or pulse-
type ICs. Recent improvements in the availability of a
variety of types of such ICs and price reductions have
made this possible. There are, however, various prob-
lems concerned with characteristics (particularly noise
performance) when using ICs, such problems requiring
sufficient care in measurement system design.

As the pulse repetition frequency increases,
baseline shift creates one reason for concern. This
occurs because the DC signal component has been
eliminated from the signal circuit by coupling with a
capacitor which does not pass DC. If this occurs, the
reference zero level observed at the last dynode stage
is not the actual zero level. Instead, the apparent zero
level is the time-average of the positive and negative
fluctuations of the signal waveform. This will vary as
a function of the pulse density, and is known as
baseline shift. Since the height of the pulses above
this baseline level is influenced by the repetition
frequency, this phenomenon is of concern when
observing waveforms or discriminating pulse levels.

OPERATIONAL AMPLIFIERS

In cases in which a high-sensitivity ammeter is not
available, the use of an operational amplifier will
enable measurements to be made using an inexpensive
voltmeter. This technique relies on converting the out-
put current of the photomultiplier tube to a voltage
signal. The basic circuit is as shown in Figure 29, for
which the output voltage, Vg, is given by the following
relationship.

VD= —Rf o lp

This relationship is derived for the following reason. If
the input impedance of the operational amplifier is ex-
tremely large, and the output current of the photo-
multiplier tube is allowed to flow into the input ter-
minal of the amplifier, most of the current will flow
through R¢, and subsequently to the operational
amplifier output circuit. Therefore, the output voltage,
Vo, is given by the expression —Rf x Ip. When using
such an operational amplifier it is, of course, not
possible to increase the output voltage without limit,
the actual maximum output being approximately equal
to the operational amplifier power supply voltage. At
the other end of the scale, for extremely small currents,

limitations are placed by the operational amplifier off-
set current (lgg), the quality of R¢, and other factors
such as the insulation materials used.

Figure 29: Current-Voltage Transformation Using
Operational Amplifier

Vo= —Ip-Rf
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If the operational amplifier has an offset current
(los), the above-described output voltage becomes
Vo= —Rf(Ip + los), the offset current component being
superimposed on the output. Also, the magnitude of
temperature drift may create a problem. In general, a
metallic film resistor is used for the resistance Ry,
and for high resistance values, a vacuum-sealed type
is used. Carbon resistors, with their highly temperature-
dependent resistance characteristics, are not suitable
for this application. When inputting such extremely
low level currents as 100 pA and below, in addition to
the considerations described above, the materials used
in the circuit implementation require care as well. For
example, materials such as bakelite are not suitable,
more suitable materials being Teflon, polystyrol, or
steatite. In addition, low-noise cables should be used,
since general-purpose coaxial cables exhibit noise
due to mechanical changes.

Figure 30: Frequency Compensation of
Operational Amplifier
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In Figure 30, if a capacitance Ct (including any
stray capacitances) exists in parallel to the resistance
Rf, the circuit exhibits a time constant of (Rf x Cg), so
that response speed is limited to this time constant.
This is a particular problem if Rf is made large. Stray
capacitance can be reduced by passing Rt through a
hole in a shield plate. When using coaxial signal input
cables, since the cable capacitance C¢ and Rt are in
the feedback loop, oscillations may occur and noise
may be amplified. While the method of avoiding this
is to connect Cf in parallel to R¢, to reduce gain at
high frequencies, this, as described above, creates a
time constant of Rf x Cf which limits the response
speed.
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APPENDIX

1) Photon Counting

Photon counting is one effective way to use a photo-
multiplier tube for measuring very low light. It is widely
used in astronomical photometry and fluorescence
spectroscopy. In the usual application, a number of
photons enters the photomultiplier tube and creates
an output pulse train like (a) in Figure 31. The actual
output obtained by the measurement circuit is a DC
with fluctuation as shown at (b).

Figure 31: Overlapping Output Pulses
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When the light intensity becomes so low that the
incident photons are separated as shown in Figure 32,
This condition is called single photon event. The
number of output pulses is in direct proportion to the
amount of incident light and this pulse counting
method has advantages in S/N ratio and stability over
the DC method averaging all the pulses. This pulse
counting technique is the photon counting method.

Figure 32: Single Photon Event
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Since the photomultiplier tube output contains a
variety of noise pulses in addition to the signal pulses
representing photoelectrons as shown in Figure 33,
simply counting the pulses without some form of
noise elimination will not result in an accurate meas-
urement. The most effective approach to noise elimi-
nation is to investigate the height of the output pulses.

Figure 33: Qutput Pulse and Discrimination Level
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A typical pulse height distribution (PHD) of output
of photomultiplier tubes is shown in Figure 34. In this
PHD, the lower level discrimination (LLD) is set at the
valley and the upper level discrimination (ULD) at the
foot. Most pulses smaller than the LLD are noise and
pulses larger than the ULD result from cosmic rays, etc.
Therefore, by counting pulses between the LLD and
ULD, accurate light measurements are made possible.
In the PHD, Hm is the mean height of pulses. It is
recommended that the LLD be set at 1/3 of Hm and
the ULD at triple Hm.

Considering the above, clear definition of the
peak and valley in the PHD is a very significant char-
acteristic for photomultiplier tubes for use in photon
counting. All of Hamamatsu photomultiplier tubes
selected for photon counting are supplied with such
PHD data.

Figure 34: Typical Pulse Height Distribution
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2) Scintillation Counting

Scintillation counting is one of the most common and
effective methods in detecting radiation particles. It
uses a photomultiplier tube coupled to a scintillator
which produces light by incidence of radiation particles.

Figure 35: Diagram of Scintillation Detector
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In radiation particle measurements, there are two
parameters that should be measured. One is the energy
of individual particles and the other is the amount of
particles. When radiation particles enter the scintillator,
it produces light flashes in response to each particle.
The amount of flash is proportional to the energy of
the incident particle and individual light flashes are
detected by the photomultiplier tube. Consequently,
the output pulses obtained from the photomultiplier
tube contain information on both the energy and
amount of pulses, as shown in Figure 36.




By analyzing these output pulses using a multi-
channel analyzer (MCA), a pulse height distribution
(PHD) or energy spectrum as shown in Figure 37 is ob-
tained. From the PHD, the amount of incident particles
at various energy levels can be measured. For the
PHD, it is very important to have distinct peaks at
each energy level. This is evaluated as pulse height
resolution and is the most significant characteristic in
radiation particle measurements. Figure 38 shows the
definition of pulse height resolution for a *Cs source.

Figure 36: Incident Particles and PMT Output
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Figure 37: Pulse Height Distribution
(Energy Spectrum)
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Figure 38: Definition of Pulse Height Resolution
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Figure 39: Spectral Response of PMT and Spectral Emission
of Nal (Tl) Scintillator
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Pulse height resolution is mainly determined by
the guantum efficiency of the photomultiplier tube in
response to the scintillator emission. It is necessary
to choose the tube whose spectral response matches
the scintillator emission. For thallium-activated sodium
iodide, Nal(Tl) which is the most popular scintillator,
head-on type photomultiplier tubes with a bialkali
photocathode are widely used. Hamamatsu has a
30-page catalog “Photomultiplier Tubes for Scintilla-
tion Counting and High Energy Physics” available
from our sales office.

BASING DIAGRAM SYMBOLS _
All basing diagrams show terminals viewed from the
base end of the tube.

Short Index Pin

ey Flying Lead

DY : Dynode :
G (F) :Grid (Focusing Electrode)
ACC : Grid (Accelerating Electrode)

K : Photocathode

P : Anode

SH  :Shield

1C : Internal Connection (Do not use)

NC  : No Connection (Do not use)
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Selection Guide by Applications

S applicatiens ¢ ¢

 Required Major Characteristics | A

Speéirbscopy

Absorption Spectroscopy

UVIVisible /IR Spectrophotometer
When light passes through a substance, the light
energy causes changes in the electron energy of
the substance, resulting in partial energy loss.
This is called absorption and gives analytical data.
In order to determine the amount of the sample
substance, it is irradiated while the light
wavelength is scanned continuously. The spectral
intensity of the light passing through the sample
is detected by a photomultiplier tube.

Atomic Absorption Spectrophotometer
This is widely used in the analysis of minute
quantities of metallic elements. For each element
to be analyzed, a special elementary hollow
cathode lamp is used to irradiate a sample which
is atomized by flaming, etc. A photomultiplier tube
detects the light passing through the sample to
measure the amount of absorption, which is
compared with a standard sample measured in
advance.

1) High stability

2) Low noise

3) Wide spectral response
4) High cathode sensitivity
5) Low hysteresis

6) Wide dynamic range

1P28A, R268, R372, R446, R456,
R928, R955, etc.

R268, R456, R955, R1503, etc.

Emission Spectroscopy

Photoelectric Emission Spectrophotometer
This system enables rapid qualitative and
quantitative chemical analysis by measuring the
wavelength and intensity of characteristic spectral
emission lines of elements when an external
energy (electric spark, arc, etc.) is applied to the
sample for excitation. Several photomultiplier
tubes are arranged in the detection section to
detect multiple spectral emission lines
simultaneously.

Fluorescence Spectrophotometer
The fluorescence spectrophotometer is used in
biological science, particularly in molecular
biology. When an excitation light is applied, some
substances emit light with a wavelength longer
than that of the excitation light. This light is called
fluorescence. The intensity and spectral
characteristics, etc. of the fluorescence are
measured by a photomultiplier tube, and the
substance is analyzed qualitatively and
quantitatively.

1) High stability
2) Low dark current
3) High sensitivity

1P21, 1P28, R106, R166, R300,
R306, R427, R787, R889, R928,
R955, R1414, R1657, etc.

R212, R268, R372, R777, R928,
R1527, etc.

Raman Spectroscopy
When monochromatic light strikes a substance
and scatters, Raman scattering also occurs.
Raman scattering occurs at a different wavelength
from the excitation light, at 90 degrees to the
excitation. Since the difference is characteristic of
the molecules, the spectral measurement of Raman
scattering provides information on molecular
structure and other chemical analysis. Raman
scattering is extremely weak and a sophisticated
optical system is used for measurement, thus the
photomultiplier tube is used in the photon
counting mode.

1) High quantum efficiency

2) Less dark current pulses

3) High current amplification

4) Good single photon detectivity

1P21P, R212P, R316, R406P,
R427P, R464, R585, R647-04,
R649, R928P, R943-02, R1332,
R1333, R1414P, R1463-01,
R1527P, R2371P, etc.

Others
® Liquid or Gas Chromotography
® X-ray Applied Analysis System

@ Electron Microscope

R212, R446, R928, R1516, etc.
R268, R580, R647-01, R1166, etc.
R268, R580, R647, etc.
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 Required Major Characteristics

Pollution Monitoring

Dust Counter
A dust counter measures the density of particles
floating in the atmosphere or inside rooms. It
makes use of light scattering or absorption of
beta-rays by particles.

Turbidimeter
A turbidimeter measures turbidity of a solution
containing floating particles using a photomultiplier
tube. It utilizes light scattering and transmission
as a light beam passes through the solution.

1) Low dark noise, low spike noise
2) High quantum efficiency
3) High current amplification

R105, R212, 931B, R1516, etc.

R105, R212, R268, 931B, R1516,
R1924, 6199, etc.

Door Monitor
This device installed at exits of atomic power
plants, to check for radiation contamination of
personnel leaving the area. The weak light emitted
when radiations pass through the scintillator is
detected by a photomultiplier tube.

1) High energy resolution

2) Low dark noise, low spike noise
3) High quantum efficiency

4) High current amplification

R329, R331-05, R434, R877-01,
R980, R1307, R1306, R1924, etc.

Others
® NOx meters, SOx meters

1) High cathode sensitivity at
wavelength of interest

2) Low dark current

3) Good temperature characteristic

R928, R669, R1017, R1527, R2228,
etc.

Lasers

Laser Radar
The laser radar is used in such applications as
atmospheric measurement which uses a highly-
accurate range finding or aerosol scattering.
Photomultiplier tubes are used when the objective
wavelength is in the ultraviolet to visible range, or
the near infrared range.

Laser Gyroscope
Conventional mechanical gyroscopes use a
principle in which a top keeps its axis unidirectional,
but these systems are large-scale and expensive.
Using a laser gyroscope allows a small-size
system which is less expensive and affords a
faster response. It is expected to cover a wide
range of applications, from airplanes and ships to
cars and robots.

Fluorescence Lifetime Measurement
The laser is used as an excitation light for
fluorescence lifetime measurement. The molecular
structure of a substance can be studied by
measuring temporal intensity changes in
fluorescence.

1) Fast response time
2) Low noise
3) High current amplification

R928, R1332, R1564U, R1645U,
R1828-01, R2024U, R2083 (H2431),
R2287U, R2809U, etc.
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Applications

Required Major Characteristics

Applicable PMT

Biology

Cell Sorter
This instrument is designed to sort cells of a
special class. Cells labelled by a fluorescent
matter are irradiated with a laser beam. The
fluorescence or scattered light from the cells is
then measured by a photomultiplier tube.

Fluorometer
A fluorometer is used for chemical analysis of
cells or other chemical substances. This is
performed by measuring the fluorescence or
scattered light from cells and chromosomes,
including fluorescent spectra, fluorescent quantum
yield, fluorescent anisotrophy (polarization),
fluorescent lifetime, etc.

1) High quantum efficiency

2) High stability

3) Low dark current

4) High sensitivity

5) Independent of polarized light

R928, R1477, R1923, etc.

R372, R928, R1477, R1923, etc.

Medical Applications

Radicimmunoassay
This is a method of measuring tiny amounts of
insulin, hormones, drugs, etc. in the bloodstream,
using antigen/antibody reaction characteristics.
Photomultiplier tubes are used to measure the
radioactivity emitted by antigens tagged by
radioisotopes.

1) High energy resolution
2) High stability
3) Low noise

R268, R580, R877, R878, R980,
R1166, R1306, R1307, R1612,
6199, etc.

Gamma Camera
The gamma camera takes an image of a
radioisotope injected into the blood stream of a
patient, and is used for locating abnormalities. Its
detection section uses a large diameter Nal(Tl)
scintillator and light guide, plus an array of
photomultiplier tubes.

1) High energy resolution

2) Good uniformity

3) High stability

4) Uniform gain between tubes

R878, R980, R1306, R1307,
R1534-01, R1537-01, R1538-01,
R1548, R1847-07, R1848-07, etc.

Positron CT
The positron CT provides tomographic images
based on coincident gamma-ray emission
accompanying annihilation of a positron emitted
from a tracer radioisotope (1'C, 150, 3N, '6F, etc.).
Photomultiplier tubes coupled to scintillators are
used to detect gamma-rays.

1) High energy resolution
2) High current amplification
3) Good C.R.T.
(Coincidence Resolving Time)
4) Compact size

R647, R1450, R1535, R1548,
R1635, R2059, R2076, R2102,
R2248, R2496, R2497, R3172, etc.

Liquid Scintillation Counter
One of major applications of the liquid scintillation
counter is in tracer analysis in biochemistry. A
sample containing radioisotopes is dissolved in a
solution containing an organic scintillator, and it
is placed in the center between a pair of
photomultiplier tubes. These tubes simultaneously
detect the emission of the organic scintillator. As
%H, 14C, 32p, etc. have a tenfold difference in
energy between them, each type can be
distinguished independently.

1) Low noise of thermionic emission
2) Less glass scintillation of tubes
3) Fast response time

4) High quantum efficiency

5) High pulse linearity

6) High current amplification

R331, R329, R331-05, etc.

Others
® X-ray phototimer

1) High sensitivity
2) Low dark current
3) High stability

1P21, R105, R300, R444, 931A,
9318, R1413, R1414, etc.




Applications

Required Major Characteristics

Applicable PMT

High Energy Physics

Detectors Peripheral to Accelerator

Hodoscope
Photomultiplier tubes are coupled to the ends of
long, thin plastic scintillators arranged orthogonally
in two layers. They can measure the time and
position at which charged particles pass through
the scintillators.

TOF Counter
Two counters are arranged along a path of
charged particles with each counter consisting of
a scintillator and a photomultiplier tube. The
velocity of the particles is measured by time
difference between the two counters.

1) Fast response time

2) High pulse linearity

3) High energy resolution

4) Immunity to magnetic fields
5) Compact size

R647-01, R1166, R1450, R1635,
R2496, R3082 (H3171), etc.

R329 (H1161), R1332, R1450,
R1635, R1828-01 (H1949), R2059,
R2083 (H2431), etc.

Cherenkov Counter
A Cherenkov counter detects electrons, positrons
and gamma-rays from among the particles
generated by the collision reaction of electrons
and positrons, and measures their energy. For
example, in a gas Cherenkov counter, the
photomultiplier tube measures the Cherenkov light
emitted as particles pass through the gas.

Calorimeter
The calorimeter measures the direction and energy
of photons, electrons and positrons among the
particles emitted from the collision reaction of
electrons and positrons.

1) High energy resolution

2) High pulse linearity

3) Fast response time

4) Immunity to magnetic fields

R329 (H1161), R2059, R2496,
R1584, R18386, etc.

R594, R2021, R2238, R2490-01,
Triode Tubes (R2148, R2184,
R2046), Tetrode Tubes (R2149,
R2185, R2186), etc.

Proton Decay Experiment, Cosmic Rays Detection

Proton Decay Experiment
In the experiments in proton decay observation
taking place in Japan, a thousand 20" diameter
photomultiplier tubes have been installed covering
all directions of a huge tank storing about 3000
tons of pure water. They intend to detect the
Cherenkov light emitted when protons contained in
the pure water decay.

DUMAND System
The DUMAND (Deep Underwater Muon and
Neutrino Detection) System was developed with
international cooperation to detect muons and
neutrinos which fall from space. An array of large-
diameter photomultiplier tubes is installed on the
ocean floor offshore from Hawaii, about 5000
meters deep, to measure the Cherenkov light that
occurs from the interaction of high-energy muons
and neutrinos with sea water.

Air Shower Counter
When cosmic rays collide with the earth’s
atmosphere, secondary particles are created by
the interaction of the cosmic rays and
atmospheric atoms. These secondary particles
generate more secondary particles, which continue
to increase in a geometrical progression. This is
called an air shower. The Cherenkov light emitted
in this air shower is detected by photomultiplier
tubes lined up in a lattice array on the ground.

1) Large photocathode area
2) Fast response time

3) High stability

4) Low noise

R1408, R1449, R2218, etc.

R1408, R1449, R2218, etc.

R329 (H1161), R580, R1250, etc.
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Oil Well Logging
Oil well logging is one means of finding out the
position and scale of oil fields. A probe containing
a radiation source, scintillator, and photomultiplier
tube is lowered deep into a bore hole, and
scattered rays or natural radiations from the
geological formation are detected and analyzed.

1) Stable operation at high temperatures
up to 175°C

2) Rugged structure

3) Good plateau characteristic at high
temperatures

R1044, R1281, R1282, R1288,
R1317-05, R1591, R1640, R1705,
etc.

Process Control

Thickness Meter
Using a radiation source, photomultiplier tube and
scintillator, a product thickness can be measured
on production lines for paper, plastic, steel sheet,
etc. Beta-rays are used as a radiation source in
measurement of products with a small surface
density, such as rubber, plastic, and paper.
Gamma-rays are used for products with a large
surface density, like steel sheeting. (X-ray
fluorescence spectrometers are used in
measurement of film thickness for plating,
evaporation, etc.)

1) Wide dynamic range
2) High energy resolution
3) Low hysteresis

R268, R878, 7696, etc.

Laser Scanner
This is widely used for semiconductor wafer
inspection and pattern recognition in
semiconductor mask alignment. For wafer
inspection, the wafer is scanned by a laser beam,
and scattered light caused by dirt or defects is
detected by a photomultiplier tube.

1) High quantum efficiency at
wavelengths of interest

2) Good spatial uniformity

3) Low dark current

R268, R374, R647, R878, R928,
R1387, R1463, R1477, R1513,
7696, etc.

Photography and Printing

Color Scanner
To prepare color pictures and photographs for
printing, the color scanner is used to separate the
original colors into the three primary colors and
black. It combines 4 photomultiplier tubes and
special mirrors which reflect only a specific color.

1) High quantum efficiency at
wavelengths of R.G.B.

2) Fast fall time

3) Low dark current

4) High stability

5) Good repeatability with change in
input signal

R268, R372, R434, R446, R905,
R1387, R1759, etc.

Flying Spot Scanner
The flying spot scanner converts a motion picture
film or slide transparency into television signals. It
uses a special CRT called a flying spot tube which
provides a spot light source forming a raster. The
raster is focused onto the film, and the transmitted
or reflected light is detected by photomuitiplier
tubes with red, green, and blue filters. These are
then converted into television signals. At present,
the flying spot scanning technique is also applied
for semiconductor mask inspection.

1) Low dark current, low spike noise
2) High cathode sensitivity

(in R.G.B. for color production)
3) Wide dynamic range

PM55, R268, R446, R550, R878,
R906, 931A, R1387, R1759, 7696,
etc.
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Required Major Characteristics

Applicable PMT

Plasma

Plasma Observation
Photomultiplier tubes are being used in the
electron density and electron temperature
measurement system for plasma in the tokamak-
type nuclear fusion test reactor in Japan. Photo-
multiplier tubes and MCPs are also used in similar
measurements for plasma using Thompson scatter-
ing and the Doppler effect, in observation of spatial
distribution of plasma, and in measurements of
impurities in plasma for the purpose of impurity
and ion control.

1) High detectivity in low-light-level
2) High quantum efficiency
3) Gating function

R943-02, R1333, etc.

Space

Measurement of Astronomical X-rays
X-rays from outer space include information on the
enigmas of space. Satellite-borne X-ray detectors
consisting of a gas scintillation proportional
counter tube and a photomultiplier tube are used
for measurements of astronomical x-rays from
supernovas, etc.

1) High energy resolution
2) Rugged structure

R1306, R1307, R1847-07,
R1848-07, R1924, etc.

Measurement of Scattered Light from Fixed Stars

and Interstellar Dust
Ultraviolet rays from space contain a lot of
information about the surface temperature of the
stars and interstellar substances. However, these
ultraviolet rays are absorbed by the earth’s
atmosphere, so it is impossible to measure them
from the earth surface. Photomuitiplier tubes are
mounted in rockets or artificial satellites, to
measure ultraviolet rays with a wavelength shorter
than 300 nm.

1) Rugged structure
2) Sensitivity in vacuum UV to UV range
(solar blind spectral response)

R427, R972, R1080, R1081, R1220,
R1259, R1459, R1460, R1689-02,
etc.

Mass Spectroscopy and Solid Surface A

nalysis

Solid Surface Analysis
The composition and structure of surface matter
can be studied by irradiating a narrow beam of
electrons, ions, light, X-rays, etc. onto a surface
and measuring the electrons, ions, X-rays, etc. that
are produced. With the progress of the
semiconductor industry, this kind of technology
permits comprehensive measurement of
semiconductors, including defects, surface
analysis, adhesion, and density profile. Electrons,
ions, and X-rays are measured with electron
multipliers and MCPs.

1) Stable in air

2) Long term stability

3) High current amplification
4) Low noise

Electron Multipliers, MCP
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Side-On Type Photomultiplier Tubes

sl D Sbes:tzal Flespnnse ®| ?“f‘@g“-f”;‘e’“ 6|  ®| Maximum @] Cathode
SRy BT i i %yﬁode ... | - Ratings Sensitwlty
T s D Peak | Photo- s IR R EPNSEGO S [T
o ) Lo Remats | iGunvel Range Wave- | cathode g;’gg?:; line. ture | socket o [Avetage[ T S T T
it e Wl Code | s length Matafiai “““““ |  |cathode| Anode | Min. Typ. |
L) : e u ?“”_'N°‘°f-f- - |Voltage Current| |
L 0 | el o ] |Stages| - | (vdc) | (mA) |(wA/im)|{uAlim)
1/2 inch (13 mm) Dia. Compact Types
R1657 Solar blind response 250S |160~320| 200 Cs-Te Q (1] CC/9 |E678-11H 1250 0.01 — —_
R1413  [poooctonse seneral | o0 vo5-650| 340 | S | U | @ | com |E67e11H| 1000 | 001 | 20 | 40
fiaga (Lihssinendiondess | (38) sbCs | U | @ | cco |E678-11H| 1250 | 001 | 20 | 40
New photocathode and low o
*R2371 i L Bi U CC/9 |E678-11H 1250 0.01 20 50
et aras S04 4560 165080 75 o
* R2371-02 o Rz371 due L Bi U ©® | ccro |E67811H| 1250 | 0.01 20 50
Multialkali photocathode,
| M -11H 1 .01 50 80
R1546 e Syl esponse | g | 155 50| 530 u @ | cclo |E678-1 000 | 00
RISAT oo variant of Fade M U ® | cc/o |E678-11H| 1260 | 0.01 | 100 | 150
1/2 inch (13 mm) Dia. Types with Anode Cap
R427 Solar blind response 2505 |160~320| 200 | Cs-Te Q (] CC/9 |E678-11H | 1250 0.01 — —
Raaq  [[orcpensecseneral | ag, 185_650| a0 |_SPCS | U | © | CCi9 |E678-11H| 1000 | 001 | 20 | 40
Rago  [LDEosiand low ded | {5:5) sbCs | U | @ | coml |Ee7e11H| 1250 | 001 | 20 | 40
R306  |vontaetoamcawindow | 295 [160~650| 340 | SbCs | @ | @ | ccm |E67811H| 1250 | 001 | 20 | 40
Variant of R300 with
R500 m?{.ﬁ;.kﬁ.i' ?“_°‘°Ta“"°de ss0u |185 850! 530 LM U | ® | ccro |E678-11H| 1000 | 0.01 | 50 | 80
RBBY  |quon sensitivity variant of M u © | cco |Es78-11H| 1250 | 001 | 100 | 150
R1503  |sontnatia aliioa window | 5506 [160~850| 530 [ M a | @ | cco |es7s11H| 1250 | 001 | 100 | 150
@ -+ : Newly listed in this catalog.
@ Typical spectral response characteristics are
shown on pages 76 and 77.
® Photocathode Materials
L Bi : Low noise bialkali
M : Multialkali
® Window Materials
Q : Synthetic silica
- U :UVglass
Basing diagram symbols are explained on page 17. 57. R141
B Dinos St @ R1657, R1413, R2371 etc.
CC : Circular-cage
® A socket will be supplied with a tube. e A
® The maximum ambient temperature range is —80 to i e M
+50°C. When using tubes with glass base at —30°C : PHOTO N2
or below, see precautions on page 74. CATHODE N
L] Averaged over any interval of 30 seconds maximum. —{th
@ At the wavelength of peak response. 2 AF
(® Voltage distribution ratios used to measure 2 T |
characteristics are shown on page 62. I Y T @
@ Anode characteristics are measured with the supply L;U @ lo
voltage and the voltage distribution ratio specified o i |
by Note (@ . | J \ )
a: At 254 nm | l DIRECTION OF LIGHT
Bottom View
Il PIN GLASS BASE
R1657 Others
A 72 b+2
B| 42+2 | 40%2
C | 52 MAX. | 50 MAX.




(at 25°C)

DY &

DIRECTION
OF LIGHT

Bottom View

DIRECTION
OF LIGHT

Bottom View

| Cathode Sensitivity Amde . Anode Characteristics @ i s 0
——————————— Anode — —pe R
= - @ to | Anode Sensitivity Cy;tent_tﬁ%ngmg?{k Time Response|
Luminous | ? Amplifi- |(after 30 min)| Rise |Electronf
" —— Rediant | cation [— | Time | Transit|
‘Min. | Typ. | Typ. | Typ. |[Typ.[Max.| Typ | ‘!'fi;‘;ek
anm)| aw) | (oA oA o8 | s |
- - 408 1000 G = — | 1.0x105%| 25108 | 05 | 10 | 1.4 15 R1657
6.4 — 36 1000@ | 30 | 130 | 1.2x10% [3.3x108 | 1 [100 | 1.4 15 R1413
6.4 = 36 10006 | 50 | 300 | 2.7x10% |7.5x108 |05 | 5 | 14 15 |Shica window type(R1656) | o1 414
6.4 — 80 1000G@ | 30 | 100 | 1.2x105 | 2.0x108| 0.1 | 2 | 1.4 15 R2371*
6.4 - 60 | 1000@ | 30 | 100 |1.2x105 | 2.0x108|0.05 | 05 | 1.4 | 15 |Smcoms 0P M™Rh |pos7e.02
42 | 0075 | 23 1000@ | 50 | 80 |2.3x10% [1.0x106| 1 [100 | 1.4 15 R1546
6.0 0.15 45 1000G@ | 100 | 200 |5.9x10% [1.3x108 (05 | 5 | 1.4 15 R1547
- - 402 | 1000@ | — | — |1.0x105°|25x108 |05 |10 | 14 | 15 Ra27
6.4 = 36 10006 | 30 | 130 [ 1.2x10% [3.3x108 | 1 [100 | 1.4 15 R444
6.4 — 36 10006 | 50 | 300 [2.7x10% [7.5x108 |05 | 5 | 1.4 15 R300
6.4 — 36 1000 @) 50 | 300 |2.7x10% [7.5x108 | 05 | 7 1.4 15 R306
42 0.12 23 1000@ | 30 | 80 |2.3x10% [1.0x108| 5 |50 | 1.4 15 RS500
6.0 0.15 45 1000@ | 100 | 200 |5.9x10% [1.3x108| 1 | 50 | 1.4 15 R889
6.0 0.15 45 1000@® | 100 | 200 |5.9x10% [1.3x108 | 1 | 50 | 1.4 15 R1503
Unit: mm
@ R1546, R1547 © R427, R300, R889 etc.
@14 3MAX, @14, 3MAX.
| ANODE CAP S| S
i Cl-2
e TN T
r11 CATHODE -
TN Sl
INin B
z [
— 4 2T o
.,tdg g L N T -
| MU




Side-On Type Photomultiplier Tubes

Spectral ,Begaonse e | ©®  ®| Maximum ®| Cathode
e @ s £ |Dynode| . Ratings | Sensitivity
; e e Phota— - | Anode | ®| Luminous
Remarks C;u;rVé 'Range | Wave-| cathode mge:i o L e
ol ket c;:;de &; S ;'__,( Mater;al Cathode| Anode | Min. | Typ.
: e st e | Voltage fCureentt = | @
““““ o Bl . (ﬁm) {nm) e £"} S{ages | _ (Vde) | (mA) |(pAllm)|(pAllm)
1-1/8 inch (28 mrn) Dia. Type W|th Glass Base
[ Roos [Forblue chemnel g | 360k [300~650] 400 [ sbos | k[ @ [ com |E678-12c | 1250 | 01 | 20 | 60 |
1-1/8 inch (28 mm) Dia. Types with UV to Visible Sensitivity
931A  |S4response, generalpurposs| 25 (300~650| 400 | Sb-Cs K ©® | ccio |Es78-11A | 1250 | 0.1 20 | 40
i 931A with bialkali
931B | pmotoeathade hah staniisy | 453K [300~650| 400 |  Bi K | ® | ccro |es7811A | 1250 | 0.1 25 | 55
s it o sbCs | K | ® | cco |Ee7s11Aa| 1250 | 01 | 20 | 40
igh gai 350K
A0S [(ndn g eriant of 1621 (S-4) |300~650| 400 | Sb-Cs K | ® | ccio |Ee7811A| 1250 | 0.1 25 | 40
R105UH |Utra-high gain variant of R105 Sb-Cs K [ 2] CC/9 |EB78-11A 1000 0.1 30 50
1P28  [s5response, general purpose Sb-Cs U ® | ccio |Es7s-11A| 1250 | 0.1 20 | 40
i u
RSEE [ SREIC K oark ?g?s) 185-650| 340 | Sb-Cs U © | ccio |Es7s11a| 1250 | 0.1 20 | 40
R212UH |Uitra-high gain variantof R212] Sb-Cs U e CC/9 |E678-11A | 1000 0.1 30 50
Rigzy |k ool okl 456U |185-680| 375 | L Bi u ® | cclo |Es78-11A| 1250 | 0.1 20 | 60
*R2693  |somods i eoisn biawali| 403U |185-680 | 375 | L Bi U | ®| ccro |Es7811A| 1250 | 01 | 20 | 45
R106 (it s i | -as0s 160650 340 | SPCs | Q | @ | ccm [E67e11a| 1250 | o4 | 20 | 40
R106UH |Uttrahigh gain variant of rios| (S19) Sb-Cs Q ® | cco |Ee7811A | 1000 | 0.1 30 | 50
1P28BA  [Extended red S5 response | 351U [185~700| 450 | Sb-Cs U © | ccio |Es78-11A | 1250 | 0.1 25 | 70
Ra72  [feoenhancedblalkall | 451U |185~730| 340 Bi U ® | cco |e67811A| 1250 | 0.1 20 | 60
ROO5  |pisia miotocatnoda | 452U [185~750| 350 | B U | @ | cclo |Ee7s11A| 1000 | 01 | 50 | 80
RIG16  |Dravor o v ass| 453U [185~650 | 400 Bi u ® | ccro |es7811A| 1250 | 0.1 40 | 60
R1784  [[or9e bioh puiee inearity| 455U |185~680 | 420 Bi U o | ccis |E678-11A | 2000 0.1 20 40
® + : Newly listed in this catalog. ® wWindow materials
® Typical spectral response characteristics are K : Borosilicate giass
shown on pages 76 and 77. U :UV glass
® Photocathode materials Q : Synthetic silica
Bi : Bialkali (E] Basing diagram symbols are explained on page 17.
L Bi : Low noise bialkali ® Dynode Structure
CC : Circular-cage
|0R906 @ 9314, 1P28, R106 etc.
pe—$28.5+ 1.5 -1 #30MAX.
s oL | T8 BULB 8MIN.
eHOTO: PHOTO Bottom View
CATHODE. CATHODE ‘
R N
Bottom View = \E : .
ors  DYE ? Ll 1 =
! - 3
DIRECTION
- OF LIGHT
JEDEC R |
JED .E12-71 DIRECTION |
OF LIGHT
L $32.2%0.5

LIPIN BASE
JEDEC No BI1-88




(at 25°C)

( pode g:‘ogrgsitiv}tyf il Ame@g P R Rnbde Characteristics ® e Aroanaindt
' sy et Anode Sensitivity Cufrant N%Od‘_ﬂ Dark Time Response - 2
| Radiant ‘Cathode | Luminous ©| Amplifi- |(after 30 mil‘l.) Rise |Electron
Ite Bient ; - Radiant | ~atinn I Transit
o :!'gp. upply T cation [_ | Time Time e
iR e ~ Voltage Min. | Typ. | Typ. | Typ. |TYP-[Max.| 1yp | T;"‘;’ i e
lAnmb) (mNWl _vao) |ammfanm| aw | (@A |eA]| s | s | 0 0 |
[75 | — | 72 | 1000@ | 50 | 200 [2.4x105 [saxi0°] 5 [100 [ 22 | 22 | lreos |
5.0 — 48 1000 20 | 100 | 1.2x10% |2.5x10% | 10 | 500 | 2.2 22 931A
71 — 60 1000 50 400 | 4.4x10% [7.3x10% | 5 50 2.2 22 931B
5.0 — 48 1000 @ 50 150 | 1.8x10% [3.8x10% | 1 5 22 22 1P21
5.0 — 48 1000 50 | 400 | 4.8x105 [1.0x107 | 2 | 10 | 22 22 R105
5.5 — 60 1000 1000 | 1500 | 1.8x10% | 3.0x107 1 50 2.2 22 R105UH
5.0 — 48 1000 20 200 | 2.4x10% [5.0x10% | 5 | 100 | 2.2 22 1P28
5.0 — 48 1000 50 | 300 |36x10%|7.5%<108| 1 | 10 | 2.2 22 R212
55 — 60 1000 1000 | 1500 | 1.8x10% | 3.0x107 1 50 2.2 22 R212UH
Phot ti
64 | 0005 | 67 1000@ | 50 | 300 | 3.4x105 [5.0x108 | 0.1 | 2 | 22 2 |ear aaeneT  (miser
7.0 — 60 | 1000 20 | 150 | 1.9x105 [33x108 | 0.1 | 2 | 12 | 18 |[sessrravaiage . |R2693*
6.5 — 48 1000 Go) 50 200 | 2.4x10° | 5.0x108 1 10 2.2 22 R106
7.0 — 60 1000 1000 | 1500 | 1.8x10% | 3.0x107 1 50 2.2 22 R106UH
65 | 0.01 56 1000@ | 50 | 300 | 2.4x105 [43x108 | 5 | 50 | 22 | 22 |HAccalngtee(RED |ypoga
6.5 0.02 61 1000 50 400 | 4.0x10% |6.7x10% | 5 | 50 2.2 22 R372
8.0 0.03 79 600 20 100 — 1.3x108 1 30 2.8 28 R905
7.1 — 85 1000 100 | 300 | 3.3x10% |5.0x10%| 2 | 20 2.2 22 R1516
5.0 — 48 600 (@ — 0.12 - 3.0x10° [ 0.05 | 0.5 1.02 — R1784
® Sockets may be available from electronics supply (® Voltage distribution ratios used to measure
houses or our sales offices. characteristics are shown on page 62.
® The maximum ambient temperature range is —80 to @ Anode characteristics are measured with the supply
+50°C. When using a tube with glass base at —30°C voltage and the voltage distribution ratio specified
or below, see precautions on page 74. by Note .
L] Averaged over any interval of 30 seconds maximum. a : At 2000 vdc
@ At the wavelength of peak response.
Unit: mm
©R2693 ORi784
P3IMAX.
18MIN. Top View SR
| ] o
PHOTO- | | T9 BULD 8 MiN
CATHODE N . = S T §
i I g, By
z | ! e
= 4 s Nl
"’I _L_+_JI y 1 PHOTOCATHODE % i‘.! ;, T
HA COATING w 3 wwoow + L s o @3
| i i3
! = Bottom View = N
J DYE | T !
L4 e
| D) /
¢32‘210.5__ ¢32.2:I
I 1PIN BASE £ | 1-PIN BASE
JEDEC No. BI1-88 JEDEC NoBI1188
DIRECTION 27

OF LIGHT




Side-On Type Photomultiplier Tubes

o BL Lk Speonal Bssporse. ] O @G @] Maximum ® | Cathode
el e 7 T ey Ll Ratings | Sensitivity
I PHOtO- | ixrieiuf € < ¢ | Anode ®| Luminous
o I Window | ol s RIOU8 e
ave-| cathode |40 a1 | Socket | to  |Average| [ T ©
- |length| Material | =~ | - [|Cathode| Anode | Min. | Typ.
Ly b i R S . - | Voltage |Current} |
g e e b L (Vo) | (mA) |(uAlim)|(Alim)
1-1/8 inch (28 mm) Dia. Types with UV to Near IR Sensitivity
TSemi hoto-
*R2368  [camods, excatient unitoomin| 500U | 185~850 | 420 M U © | cco |Es78-11A| 1250 | 0.1 80 | 150
Multialkali phot thod
R777  |withpeakat 400 nm | 555U | 185~850 | 400 M u ® | cc/e |E678-11A| 1250 | 0.1 140 | 170
Rade  [pakel Bhotdoathode | 551U [185~870 | 330 | M U | @ | cco |Es7s11a| 1250 | 01 | s0 | e0
*R508  |Sene e ety | 559U |185~810 | 330 M u ® | ccre |Es7811A| 1250 | 0.1 20 | 45
Vari f R446 wi
RA56 |somimetia silioe window | 5515 | 160~870 | 330 M Q © | cci9 | E678-11A| 1250 | 0.1 50 | 80
RO28 [ e heteammone | 552U | 185~900 | 400 M u ® | ccro |Ee78-11A| 1250 | 0.1 | 140 | 200
Vari f R928 wi
RO55  [ayninatic siie window | 5525 | 160~900 | 400 M Q ©® | cco | E678-11A| 1250 0.1 140 | 200
R1477  [Rads with poar ot 450 non| 554U | 185900 | 450 M u ® | cci9 | E678-11A| 1250 | 0.1 350 | 375
= 2
RO36 oo oa red sensitivity | gegu| 185930 | 420 M U ® | cc/e |E678-11A| 1250 | 0.1 30| 70
RI913  [roor e roanes 7| 557U(185~900 | 420 | M U | @ | cos |Ee7811A| 2000 | 01 | — | 200
R636  |onororaiodewinnanl 650U | 185~930 | %, [GaAs(Cs)| U © | ccie | E678-11A| 1500 | 0.001| 300 | 450
R666 High gain variant of R636 GaAs(Cs] i 5
igh gain variant 6 6510 | 185910 | 350 ©s)| U © | cco |E67811A| 1250 | 0.01 | 80 | 150
R666S  |variant of R666 with high QE GaAs(Cs) U ® CC/9 | E678-11A| 1250 0.01 200 250
*R2658  [ooo" 3000 mr "9°°" | 850U [185~1010 400 | 1G A U © | ccro | E67811A| 1500 | 0001| — | 100
- :
RAOE |rom o ceoporea ™™ | 750K [400~1100| 730 |Ag-0-Cs| K ©® | ccl | E678-11A| 1500 | 001 | 10 | 20
@ «:Newly listed in this catalog. ® Window materials
Typical spectral response characteristics are U :UVglass
shown on pages 76 and 77. Q : Synthetic silica
® Photocathode materials K : Borosilicate glass
M : Multialkali @ Basing diagram symbols are explained on page 17.
I G A:InGaAs (Cs) @ Dynode Structure

CC : Circular-cage
® Sockets may be available from electronics supply
houses or our sales offices.

@ R2368 @ R777, R446, R928 etc.
#3IMAX. $30MAX
1BMIN.
|'" — 19 BULE LA
PHOTO- | I Top View ) [
CATHODE T i ! Bottom View
1 wdl
£ | | 1 = i i
= T E NEEEE
S (N AR %
HA COATING {= o 2 g
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(at 25°C)

~ Cathode Sensitivity | [ — Anode Characteristics @ o : o A ,5 ﬂ,
(TR, VTR e ~ Anode : . : | Anode Dark SHee ) e
s ok HeR v BT T L 19,".fr8ﬂt- i Ggrere R D Type
| Blue | white |Radiant| Cathode | Luminous | @| Amplifi- |(after 30 min)| Rise |Electron| "Notes, WYREE
ipesl - e Bigag i Egynply : Radiant | cation [— 77 | Time | Transit it g 1
b Ratio | T3P ey g VT Typ. | | Typ. | Max Time
S e T e e ¢ SRS Pl B e L !
WAllim-b) | (mAW) |  (vdc} | (Allm) | (Alim) | (A/W) (nA) | (nA)| (ns) | (ns) | - 51
— 0.15 — 1000 50 | 200 — |1.3x10%| 5 | 50 | 1.2 18 R2368*
55 | 0.15 85 1000 300 | 700 | 2.7x10% |4.1x108 | 2 | 50 | 22 ap |SReaMndoWPEIRTE | wrry
4.0 0.25 40 1000 100 | 400 | 2.0x10% |5.0x10%| 2 | 50 | 22 22 R446
3.0 0.1 30 1000 40 | 100 | 8.8x10% [2.2x108| 2 | 5O | 2.2 22 R508 *
45 0.25 40 1000 100 | 400 | 2.0x10% [5.0x<108| 2 | 50 | 22 22 R456
7.5 0.3 68 1000 400 | 2000 | 6.8x105 [1.0x107| 2 | 50 | 2.2 22  |Photn counting type (R2949) pgog
7.5 0.3 68 1000 400 | 2000 | 6.8x105 [1.0x107 | 2 | 50 b 22 R955
10.0 0.35 80 1000 @ | 1000 | 2000 | 4.2x10% [ 5.3x10%| 2 | 50 | 2.2 22 R1477
— 0.4 30 1000 50 300 | 1.3x10% | 4.3x10% | 2 | 50 2.2 22 R936
7.5 — 65 600 @ — 0.6 — 3.0x10% | 0.05 | 0.5 1.0° — R1913
80 | 053 62 1250 20 | 80 | 1.1x10% [ 1.8x105 | 0.19| 20 | 20 | 20 |Gieawindowtpe(RTS8) | pgsg
40 | 043 35 1000 100 | 300 | 7.0x10% [2.0x10% | 15 | 50 | 22 20 [Siica windowtype (R764) | pgge
5.5 0.45 48 1000 100 | 300 | 5.8x104|1.2x10%| 15 | 650 | 22 22 R666S
— 0.38 40 1250 - 16 | 6.4x10% | 1.6x10% | 1 10 2.0 20 R2658*
55 0.05° 1.9 1250 1 4 380 |2.0x10%| 30 [100%| 2.0 20 R406
@ The maximum amblent temperature range is —80 to @ Anode characteristics are measured with the supply
+50°C. voltage and the voltage distribution ratio specified
@ Averaged over any interval of 30 seconds maximum. by Note @ .
@ At the wavelength of peak response. a : At 4A/lm
® Voltage distribution ratios used to measure b : Measured using a red filter Toshiba IR-D80A.
characteristics are shown on page 62. c : At 2000 Vdc.
d: At 10A/Im
Unit: mm
€) R636, R666, R2658 elc. O Rr1913
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Side-On and Dormer Window Type Photomultiplier Tubes

(A} Spectral Response ® ®| O (F} ® Maximum @ Cathode
) Dynode Ratings Sensitivity
Struc- :
Tvoe Peak | Photo- Out- Anode ®| Luminous
ﬁ'g_ Remarks Curve| Range |Wave-|cathode hv/‘llgt‘gr?;\; line | e | gocket to  |Average
Code length| Material No. |— Cathode| Anode | Min. | Typ.
No. of Voltage | Current
(om) | (nm) Stages (Vdc) | (mA) |(ANm)|(A/im)
1-1/8 inch (28 mm) Dia. Side-On Types with Solar Blind Response
R125 [ e e oiow| 150M[115~195| 120 | Cs-l MF | @ | ccro |E678-11AT| 1250 | 0.1 — | —
Solar blind . Cs-T .
R166  [onomcatodesymtheticsiioe] e | 1 60320 200 C5T€ | Q@ | @| ccme |Ee7e11A| 1260 | 01 | — | —
R166UH [High gain variant of R166 Cs-Te Q (1] CCI9 5573.11;\' 1250 0.1 — -
R1220 [poem o e with w | 250M[115-320| 190 | csTe | MF | @ | ccro |E678-11A| 1250 | 0.1 - | -
1-1/2 inch (38 mm) Dia. Dormer Window Types
]—. o
*R2752  |oaaray oathode, | 4570 (300680 450 Bi © | ccro|Ee78-12A7| 1500 | 04 | 100 | 140
Hialkali ph hode, *
R1923  |tomparary bace | 558K [300~800| 530 | M © | coro|E678-12a"| 2000 | 01 | 200 | 300
® *: Newly listed in this catalog.
® Typical spectral response characteristics are
shown on pages 76 and 77.
® Photocathode Materials
Bi : Bialkali
M : Multialkali
® Window Materials
MF : MgF2
Q : Synthetic silica
K : Borosilicate glass
® Basing diagram symbols are explained on page 17.
@ Dynode Structure
CC : Circular-cage
® * : A socket will be supplied with a tube.
* ! Sockets may be available from electronics
supply houses or our sales offices.
® The maximum ambient temperature range is —80 to
+50°C.
@ Averaged over any interval of 30 seconds maximum.
@ At the wavelength of peak response.
® Voltage distribution ratios used to measure
characteristics are shown on page 62.
@ Anode characteristics are measured with the supply
voltage and the voltage distribution ratio specified
by Note @ . ? @ ri166, RI66UH
a:At 122 nm
b : At 254 nm
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(at 25°C)

Qaih@dpgéanis{t_iu}tfg : B o o .': : Anode Charactenstics @ " . -
i 'Rieif:“l.lsj L 7‘“ ér;gﬂe i Anod&Sens:twfty C'u it eA%odgeI'J‘a{k Time Reaponse “
Blue | White | Radiant Cathode Lummous ® Amplifi- éaftersﬂ min)| Rise |Electron|
v To. T Radiant | cation | Transit |
Typ - Ratio | Typ Supply Min. | T T | cation | T it b Time Time
e ] Antiane) 4 MR TR TRR C Ly VRN G B8
laims) " | maw | vao | @mm j@wim| aw | Jea|on| w9 | 09
— — 262 1000 @ — — |31x104°[12x108 | 1 |10 | 22 22 R1259
— — 40b | 1000 — | — [1.0x10%°|25x108| 0.1 [ 05 | 22 22 R166
— — | 40® | 1000 — | = laoxo®[10x07| 1 |50 | 22 | 22 |Setiss aane.  |R166UH
— — 310 1000 @ — — |57x10%°[1.8x108| 1 | 50 | 22 22 R1220
14.0 — 100 | 1250@ | — | 35 |25x10%|25x105| 1 |10 | 22 g5 | Covlamsabiowiin R2752*
RCA 4526.
80 | 0.2 89 1250@ | 5 15 | 4.4x103[5.0x10%| 1 [ 10 | 22 | 22 |;cauene™e™™  |R1e23
Unit: mm
@ Rr1259, R1220 €@ R1923, R2752
Top View
PHOTO-
/“i CATHODE T B
;s emporary Base
\naﬁ/ 5 ‘. i Removed
-ZUMAX-.. FACEPLATE :;'LC‘E_E O = BIRELTION. e Eiakt
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BMIN. e 839 . GMAX,
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proTO. Bottom View IJWE ,%
i‘ﬁg “:__:R
$36.5+0.25 E
B3 IMIN_|[ 1
PHOTOCATHODE ||( (8.8+0.25 s
szl 1
BFaT :é] = i
[ i T
$32.2+0.54 b
11 -PIN BASE 3 I .
JEDEC No.BI1-88 P
# Since the R1259 and R1220 are often used / 0 UlU —l
in vacuum, the base has a samll hole for 12-PIN BASE

. . . JEDEC No. B12-43
air flow to maintain the same pressure

level as the outside of the base.
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Head-On Type Photomultiplier Tubes

(A} Spectral Response ® ® 6 (] ® Maximum & Cathode
® Dynode Ratings Sensitivity
Struc- "
Tvbe Peak | Photo- Out- Anode ®| Luminous
e Remarks Curve| Range |Wave-|cathode ‘a;‘;‘;‘i’:‘; line | ' | socket to [Average
Code length | Material No. |— Cathode| Anode | Min. | Typ.
No. of Voltage | Current
(nm) | (nm) Stages (Vde) | (mA) |(uAlm)|(Alim)
3/8 inch (10 mm) Dia. Types
Solar biind  Cs-
R1893 [ o ovihicaiical 2008 [160~320| 210 [ Cs-Te Q ©@ | us |[EB781IN| 1500 | 0.01 = —
Visibl , bialkali .
R1635 | iCiocathode. Bi K | @ | ws |Es7a1iN| 1500 | 003 | 60 | 90
R16 For photon counting, HA 400K | 300~650| 420 .
35-02 | (ating with magretic shield Bi K © | s [E67811N| 1500 | 0.03 | 60 | 90
S-20 K Itialkali
R1894 [T iocatmods | g0 |300~850| 420 | M K © | ws |Es7811N| 1500 | 003 | 80 | 120
L TTS, hi i .
*R2496 [0 TS, Nohsbeed time| 455 | 160~650| 420 | B Q ® | ws |Ee7s1iN| 1500 | 003 | e0 | 90
1/2 inch (13 mm) Dia. Types
VOV i
R1081 (¥ dow, temporay beset | 100M [115~200| 140 | Cst | MF | @ | w10 |E67812a| 2250 | 001 | — | —
R1080 |jaiert ot RioetwitnCsTe | HooM|115~320| 210 | CsTe | MF | @ | w10 |Ee7812a | 1250 | o001 | — | —
Solar blind CsT
R759 [ hotocathode etheticsiica| 2006 [160~320| 210 | CsTe | @ | ® | w1o |Es7s-13Aa | 1250 | 001 | — | —
R6A7 [ Dstage, biaal Bi K | ® | uwio |es7s13a | 1250 | 01 | 40 | 8o
R647-01 |Soiocted for saintiliation | 4o 1300 -850 | 420 Bi K ® | uio |E67813A | 1250 | 0.1 60 | 90
RBAT-04 |cor Prolon Cou g Bi K O | u10 |E67813A | 1250 | 0.1 60 | 90
Variant of R647 with
R760  |synhetic silicawindow | 400S [160~650 | 420 |  Bi Q@ | ® | uto |ee7s13a | 1250 | 0.1 40 | 90
i bialkall S
159101 [ o e e e | 401K |300~650 | 375 | H Bi K | ® | wio |es7s13e| 1800 | 01 | — | 40
R1463  [High gain variant of R761 M U L/10 |E678-13A 1250 0.03 80 120
For photon counting, HA 500U (185 ~850 420 o :
R1463-01 |coating with magnetic shield M U © | L10 |E678-13A | 1250 0.03 80 120
@  «: Newly listed in this catalog. ® Volitage distribution ratios used to measure
Typical spectral response characteristics are characteristics are shown on page 62.
shown on pages 76 and 77. @ Anode characteristics are measured with the supply
@® Photocathode materials voltage and the voltage distribution ratio specified
Bi : Bialkali by Note .
M : Multialkali a :At122 nm
H Bi : High temperature bialkali b :At254 nm
® Window materials ¢ : Dark counts per second (cps)
Q : Synthetic silica
K : Borosilicate glass
MF : MgF2 @ R1893, R1635 etc. @ R2496
U :UVglass
® Basing diagram symbols are explained on page 17. o—
® Dynode Structure . ﬁ:ﬂMTN'
L :Linear focused FacepLATE |2 EMIN- g . bty
® A socket will be supplied with a tube. bamam B T T
® The maximum ambient temperature range is —80 to e CatHo0E '
+50°C except high temperature bialkali
photocathode types which withstand up to +175°C.
When using tubes with glass base at —30°C or b ‘ =
below, see precautions on page 74. 2
L] Averaged over any interval of 30 seconds maximum.
@ At the wavelength of peak response. A J
f’ JI g f g
LI IPIN GLASS BASE LLI L

-PIN GLASS BASE

R1635-02 R1893 Others
Al 110+ 05|0105+05(¢ 9.7 £0.4

* R1635-02 has an HA coating
with magnetic shield.

SHORT PIN snm’w PIN
Bottom View Bottom View




(at 25°C)

Cathode Sensitivity L Anode Characteristics @ i ®
Bedf | <} Antc;de Anode Sensitivity | gurrent | “Goeaa | Time Response [ : el i
_?;t:)e \g:t?: F.‘?-(:,i:r{t Csa:ggge Luminous | _ . @ l::rgsgai (after 30 min.) %1:,12 ?s:;;?? Notes ' | Th)‘fge ;
| [yp. o i 'Voltage Min. | Typ. Typ. Typ. Typ. | Max. Typ. ‘_l;_u:;a . ' |
(uA/im-b) | maw) | (vdo) | (Anm) | (Anm) | (AW) nA) | A | (s) | (ns) | o o
- - 120 1250 3 - — | 3600° |3.0x10%| 05 |25 | 08 7.8 R1893
10.5 - 82 1250 | 30 | 90 |82x10%|1.0x108| 50 | 50 | 08 | 78 [menme v ¥PeRe%) R163s
105 | — 82 | 1250® | 50 | 200 | 1.8x10° | 2.2x108|190°|490° | 08 | 7.8 R1635.02
. 0.2 51 1250 ® 10 50 | 2.1x10% | 4.2x105| 2.0 | 20 | 08 7.8 R1894
10.5 — 82 1250 ® 30 90 | 8.2x10% | 1.0x108 | 5.0 | 50 0.7 7.8 R2496*
5= — 98 | 2000® | — | — | 980 |1.0x105|0.03 005 | 1.8 18 R1081
— - 20° 1000 @ - — |2.0x10%°|1.0x10% | 03 | 05 | 25 24 R1080
— — 20° 1000 ® — — | 1.0x10%|5.0x105| 03 | 1.0 | 25 24 R759
9.5 — 75 | 1000@ | 30 | 80 | 7.5x10%|10x108| 50 | 15 | 25 | 24 |ehmanme *° |Re47
105 — 80 1000@ | 30 | 90 | 8.0x10%|1.0x106| 1.0 [ 20 | 25 24 R647-01
10.5 = 80 1000@ | 70 | 200 | 1.8x105 | 2.2x108 | 897 [409°| 25 24 R647-04
10.5 — 80 1000 @ 10 90 | 8.0x10* | 1.0x10%| 5.0 | 15 25 24 R760
6.0 - 50 1500@ | 10 | 20 | 25x10*|5.0x10%| 05 | 10 | 2.0 o [Ciudbie leadiype R1S9N) | pysgn-01
— 0.2 51 1000@ | 30 | 120 | 5.1x10% [ 1.0x108 | 40 | 20 | 25 | 24 [ o | R1463
— 0.2 51 1000@ | 30 | 120 | 5.1x10% | 1.0x108|999° [1000°| 25 | 24 R1463-01
Unit: mm
© R647, R760 etc. O R647-04, R1463-01 @ Rr1080, R1081
q e /R_‘} e _:'-‘%:Lj- 1 SRS @ =~ Temporary Base
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Head-On Type Photomultiplier Tubes

o e - Spectral Response ® © ®| Maximum @ | Cathode
e L i ar } e _Ratings . Sensitivity
Type | UL TR Pk Photo e, o LGOI ~ [TAnoge|  ®| Luminous
| Nel f*?";‘?fks Curve| Range | Wave-| cathode Lv;?gr?; .Socket! | o  |Averagel @ " I
S |Gode|  |length| Material | "= No. ~ |Cathode| Anode | Min. | Typ.
‘o e i e e “rkvoltage lCurretl | o 4l
o i . (nm) | (nm) | | (Vde) | (mA) [(uAllm)|(uAllim)
3/4 inch (19 mm) Dia. Types
For VUV detection, MgF2
R972  |yindow, temporary base | 100M[115~200( 140 | Csl MF | @ | L10 |E678-12A| 2250 | 0.01 — —
S ind ,CsT
RB21 [ Siomathoce mteiiosiica| 2006 [160~320| 210 | Cs-Te Q © | uto |Ee7s12p| 1250 | 001 | — | —
R1213  |10siage biatkai Bi K | @| o |ee7s120| 1800 | 01 | 70 | 90
R1166 |High gainvariant of R1213| 400K | 300~650| 420 Bi K %] L/10 |E678-12D | 1250 0.1 70 90
R1450 |Soviimre o on eountine. Bi K | @| wio |Ee7s12p| 1800 | 01 | 70 | 100
R750  |High gain variant of R654 | 400U | 185~650| 420 Bi U © | u10 |E678-12D| 1250 0.1 40 90
R2076  |poro aeas o0 | 400s [160~650| 420 | B Q@ | ®| ws |es7s12p| 1800 | 0.1 60 | 100
R1281  |(otnone ruooadied moo | 401K [300~650( 375 | H Bi K © | L10 |E67812A| 1800 | 0.1 — | 40
RIBIT |5 soshorse: mutialkall) ook |a00-~850| 420 M K © | L0 |E67812D| 1250 | 0.1 go | 120
FR2027 [ e ndow | 500S |165~850 | 420 M Q ©® | uLio |[E67812D| 1250 | 0.1 8o | 120
R1464 | paentotRIt7with | 500y [185~850| 420 [ M U | @| wio |ee7s12p| 1250 | 01 | 80 | 120
pes | lcIRCaRton Bl Ag-OCs| K © | w10 |Eé7812D| 1500 | 0.01 10 20
High red-sensitivity variant of 700K 1400~1200| 800
R632:01 |Reto, QF 0.08% at 108am Ag-0-Cs| K © | w1 [Es678-12D| 1500 | 0.01 10 20
@ =: Newly listed in this catalog.
(® Typical spectral response characteristics are
shown on pages 76 and 77.
® Photocathode materials
Bi : Bialkali
H Bi : High temperature bialkali
M : Multialkali
® Window materials
MF : MgF2
K : Borosilicate glss
U :UVglass
Q : Synthetic silica
(@ Basing diagram symbols are explained on page 17.
® Dynode Structure 0 R1213, R1450 etc.
L : Linear focused
® A socket will be supplied with a tube. R
® The maximum ambient temperature range is —80 to ] [orsMin,
+50°C except high temperature bialkali ekt o T |
photocathode types which withstand up to +175°C. — 4 ]
When using tubes with glass base at —30°C or CATHODE | |
below, see precautions on page 74. |
@ Averaged over any interval of 30 seconds maximum. !
(@ At the wavelength of peak response. ‘
® Voltage distribution ratios used to measure g
characteristics are shown on page 62. ‘
@ Anode characteristics are measured with the supply ‘
voltage and the voltage distribution ratio specified i
by Note (® . g
a: At 122 nm g a8
b: At 254 nm _12-PIN GLASS BASE
¢ : Measured using a red filter Toshiba IR-D80A.
d: At 4A/lm R762
R763 Others
R821
A|019+1| 018607
R145 h I . SHORT PIN
facep?atzs a plano-concave Bt View




(at 25°C)

| CathodeSensitivity | @] Anode Characteristics e R e
e e e e e | UL U e i e 1 e e b 1
e : D o Anode Sensitivity Current| fnode Bk e Response B PRl G
| White diant | Cathode Luminous | _  ®|Amplifi- |(after 30 min)| Rise |Electron Rotss. . 1 ]&p i
Typ. "Ifiati'd & Supply Radiant | cation [ Time T;_anslt 1 Ho
78 | Ratio ]L BV | vehade || Min: | Typ. | Tvp. | Tun. | Typ.|Max. Time ' e

e e e g e o b e
leanmb) | mAW) | (vdo) | (Anm) | (Am) | (AW) | nA) | nA) | (hs) | (ng)
= - 9.82 | 2000® - — | 9802 |1.0x10%|0.03|005| 16 17 R972
— — 200 | 1000® | — | — |1.0x10%|5.0x105| 03 |05 | 25 o7  |Mdf2 window type (RET6) | pgay
11.0 s 85 1500 @ 10 | 60 |5.7x10%|6.7x105| 10 | 50 | 1.9 21 R1213
11.0 — 85 1000 @ 10 70 | 6.6x10% | 7.8x105| 1.0 | 5 25 27 R1166
115 — 90 1500 ® 100 | 200 | 1.8<10% | 2.0x10%| 10 | 50 1.8 19 R1450
11.0 — 85 1000@® | 10 | 70 |e6x10*|7.8¢105| 1.0 | 5 | 25 g7 |Siica window type (R782) | prgqy
11.5 — 90 1700 ® 50 | 200 | 1.8x10% |2.0x108| 30 | 300 | 1.3 14 R2076
6.0 — 50 1500@ | 20 | 50 |65x10%[1.3x108| 05 | 10 | 19 | 21 |genema: ¥Pe 12192 gyogs
- 0.2 51 1000@® | 30 | 120 | 5.1x10% |1.0x10% | 40 | 20 | 25 27 R1617
—_ 0.2 51 1000 @ 30 120 | 5.1x10% [ 1.0x10% | 4.0 | 20 25 27 R2027 *
— 0.2 51 1000@ | 30 | 120 | 5.1x10% [1.0x108| 40 | 20 | 25 | 27 |hnimeenttpeS | piggs
= 01°| 19 | 1250@ | 5 | 10 | 950 |50x105|100¢ (5000 22 | 25 |Heiement PRI pgss
- 0.14¢| 1.9 1250 @ 5 10 950 |5.0x10% | 3009 [2000¢| 2.2 25 R632-01
Unit: mm
@ R2076 O Rr1281
sle+1 2t $18.6£0.7
pISMIN FACEPLATE — i N
F*‘“E"L”‘TE”“R‘;T FACEPLATE P [
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Head-On Type Photomultiplier Tubes

Spectral Response [E) e o e - @ Maximum ®| Cathode
- - @) | - |Dynode Ratings Sensitivity
R 1 haae e L Peal fPRere: g Lout SRR Ancde | ) tooineds
No. ~ Remarks  |Curve| Range |Wave-|cathode Material| line ture | socket to |Average '
. Code | length| Material TNe [ |Cathode| Anode | Min. | Typ.
| i, gl ' ' No. of Voltage |Current |
L L e o Stages (Vdo) | (mA) [(uAlim)|(uAllm)
1 inch (25 mm) Dia. Types
| Risss  [osenieten o™ 400k [300-650 | 420 | B | k | @ | un |eersiac| 1800 | 02 | e0 | 9o |
1 inch (25 mm) Dia. Low Profile Types
R2078  |srectrareesoerar™ | 2015 [160~320 | 240 | Cs-Te Q © | ccro| E678-12A| 2000 | 0.01 — <=
R1924  [yisike Shectra) feSponse | 400K |300~650 | 420 Bi K ® | CCro| E678-14C| 1250 | 0.1 60 | 90
R1288  |oatonn omanan POo| 401K [300~650 | 375 | H Bi K | @ | ccro| ee78-12a| 1800 | 0.1 — | 40
R1925  |pratocnons " okel| 200K |300~850 | 420 | M K | @ | ccro| es7s-14c| 1250 | 0.1 80 | 120
@ Typical spectral response characteristics are
shown on pages 76 and 77.
® Photocathode materials
Bi : Bialkali
H Bi : High temperature bialkali
M : Multialkali
® Window materials
K : Borosilicate glass
Q : Synthetic silica
® Basing diagram symbols are explained on page 17.
@ Dynode Structure
L : Linear focused
CC : Gircular-cage
@ A socket will be supplied with a tube.
® The maximum ambient temperature range is —80 to
+50°C except high temperature bialkali
photocathode types which withstand up to +175°C.
When using tubes with glass base at —30°C or
below, see precautions on page 74.
@ Averaged over any interval of 30 seconds maximum.
@ At the wavelength of peak response.
@ Voltage distribution ratios used to measure
characteristics are shown on page 62.
® Anode characteristics are measured with the supply
voltage and the voltage distribution ratio specified
by Note @.
a: At 254 nm @ Rri535
$25.4%0.5
FAGE- |geeMN,
pLATE’"_I"\_._

PHOTO-
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/ |
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—§8+ | —

13MAX.
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SHORT PIN
Bottom View




(at 25°C)

Cathode Sensitivity o Anode Characteristics ®
0 g Anode Sensitivity Anode Dark | Time Response
Red/ to Current |  Current Type
Blue . Radiant | Cathode Luminous _ ®|Amplifi- |(after 30 min){ Rise |Electron Notes N
Typ. | White | Mo . | Supply Radiant | cation Time | Transit "
; Br?;t;;o Voltage | Min. | Typ. | Typ. Typ. | Typ: |Max.| Typ I_l;ge

lwANm-b) © [ mAW) | (vdo) | (Anm) | (Anm) | (AW) (nA) | (nA) | (ns) | (ns)

[ 1o — | 8 [ 1500@ | 50 | 300 [ 28105 |35x108 10 [100] 24 | 22 | |r1sas |
- — 292 1500 @ — — | 1.5x10% | 5.0x10% |0.015| 0.1 | 15 14 R2078
10.5 — 85 1000@® | 20 | 100 | 9.3x104|1.1x10%| 3.0 | 20 | 2.0 19 R1924
6.0 — 50 1500@ | 8 15 | 1.9x10% |3.8x105| 0.1 | 10 | 15 14 |3io2e baceiype (RZE0N o 1oeg
— 0.2 51 | 1000@ | 10 | 30 |1.3x10%[25x105| 30 | 20 | 20 | 19 [Shcawindowtyee (R1920)| pygog

Unit: mm
@ R2078, R1288 € R1924, R1925
$25.440.5 $25.4%0.5
ZEIMN. Temporary Base IR
FIGEPLATE T | Removed FACEPLATE {1, |
i i
el || 7
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Head-On Type Photomultiplier Tubes

SR e R Maximum @ | Cathode
i o s e L | Ratings ~ Sensitivity
e e eak | Photo- || G | Ano @®| Luminous
TYpe | Remarks  |cur i«ég?ho'de \Window | oo | tu i Nias Lay ——
ST Wt e T b s TRETRT L e ©t | ‘to |Average| .~ T
: el | Material| "~ = | No. |— | |Cathode| Anode | Min. | Typ.
us e B No.of | lvoitage Current|
Lt i B iy __ |Stages| | (vVdg) | (mA) |(uANlm)]|(uAlim)
1-1/8 inch (28 mm) Dia. Types
R1458 | e o 2 o| 100M [115~200 | 140 | Cs-l MF | @ | Bt |EB7814Cc | 2500 | 001 | — | —
Vari R i N
R1460  [ynowenods ""CTel 200M [115~320| 210 | CsTe | MF | @ | BH1 |E67814C | 1500 | 001 | — | —
S blind Cs-
RAZIS | o o] 2005 [160~320 | 210 | CsTe | @ | @ | Br1 |E678-14C | 1500 | 001 | — | —
RS |t Bi K © | B11 |E67814C | 1500 | 001 | 60 | 95
R434  |goanatiiation counting, 420 Bi K o | B9 |E67814C | 1250 | 0.1 50 | 95
Variant of R434 with 00K, |:300=-650 -
R1759  [7.tage dynodes Bi K O | B7 |EB78-14C | 1250 0.1 50 | 95
TRINZ | g o s 420 Bi K ©® | w10 |Ee7814c | 1500 | 0.2 60 | 95
R269  [ymernmana Y | 400U [185~8650 | 420 Bi U © | Br1 |Ee7814c | 1500 | 0.1 40 | 95
e -
ROOS | dorinotio tinoa windoin 4005 | 160650 | 420 L2 Q © | Br11 |E67814c | 1500 | 0.1 40 | o5
FREITE [y Bi Q | e | wo |ee7e14c| 1500 | 02 | 60 | 95
R1282  |cashooe uonetized e | 401K [300~650 | 375 | H Bi K | @ | Br1 |E67814H | 2500 | 01 | — | 40
R374  |maiaan photonathods M U | @ | Br11 |E67814C | 1500 | 0.1 | 80 | 150
R1104 |High gain variant of R374 | 500U |185~850 | 420 M u © | Br1 |E678-14C | 1500 0.1 80 | 140
RIS [ e M U | @ | B11 |Es7e1ac | 1500 | 01 | 80 | 120
RIT6  |eoriaotic aiea window | 500S [160~850 | 420 M Q © | B11 |E67814GC | 1500 | 0.1 go | 150
*R2228 | Sherost et ™kl 1 501K |300~900 | 650 M K | @ | Br1 |Ee7814c| 1500 | 01 | 100 | 200
R316  [roapomse oo™ S 200k 100 1200| 00 |A9OCS| K | @ | Bt |E67e14c | 1500 | 001 | 10 | 20
HaTaDg [T n oy el 451) AgOCs| K © | B1 |E67814c | 1500 | 001 | 10 | 20
® *: Newly listed in this catalog. a: At 122 nm
©® Typical spectral response characteristics are b : At 254 nm
shown on pages 76 and 77. ¢ : At 1000 A/lm
® Photocathode materials d : Measured using a red filter Toshiba IR-D80A.
Bi : Bialkali e: At 4 Allm
H Bi : High temperature bialkali
M : Multialkali
® Window materials o R1459, R268 etc.
MF : MgF2
Q : Synthetic silica —A—
| pgks s
® Basing diagram symbols are explained on page 17. e |
@ Dynode Structure
B : Box-and-grid
L : Linear focused i s
® A socket will be supplied with a tube. '
@ The maximum ambient temperature range is —80 to
+50°C except high temperature bialkali
photocathode types which withstand up to +175°C. \
When using tubes with glass base at —30°C or
below, see precautions on page 74.
@ Averaged over any interval of 30 seconds maximum.
@ At the wavelength of peak response.
® Voitage distribution ratios used to measure
characteristics are shown on page 62. MgFa2and | o
@ Anode characteristics are measured with the supply Silica bulb
;(;Itrigteeanod the voltage distribution ratio specified Alo28.2 +08|0285+05
’ @23 mm | ¢25mm ROMONS
B i
MIN. MIN. SHORT PIN

Bottom View

R2228 has a plano-concave
38 faceplate.




(at 25°C)

_ CathodeSensitvity | O Anode Characteristics ‘@ e
f_i i Hew ot gi;._a_.w.ml?,ée’ An?da“Se‘asl_ti}riiy, Ct{f(éﬁ.t:ﬁ"éﬂ,?e?jfk Tiawﬂi:f!;l::i
e | {8 oo St [ oo [, 9 AT i s )
e e il G R B SRR 2 L B I‘!:;é
wANmb) | (mAW) | (Vde) | (Allm) |(Alm)| (AW) | (nA) | (nA) | (ns) | (ns)
— — 98° | 2000® | — | — | 980 |1.0x105|0.03 [0.05| 9 40 R1459
s — 20° 1000 @ — — | 1.0x10%°| 5.0x105| 0.3 | 05 12 60 R1460
— - 20° 1000 @ — — [ 1.0x10%| 5.0x105| 0.3 | 1 12 60 R431S
11.0 — 85 1000 @ 50 200 | 1.8x10% | 2.1x10%| 2 10 12 60 R268
11.0 = 85 1000@ | 10 | 60 | 5.4x10%|e6.3x10%| 1 | 5 | 12 76 |Mutiakali ype (RIS |R4sa
11.0 - 85 800 @ 0.5 3 2.7x10% | 3.2x10%| 0.2 | 2 10 — R1759
1o | — 85 | 1250@ | 50 | 200 | 1.8x105 [2.1x108| 5 [100 | 22 | 26  |Ryses 0y pieeswingow). |R3082*
11.0 — 85 1000® | 50 | 200 | 1.8x105|21x108| 2 | 10 | 12 60 R269
11.0 - 85 1000 @ 50 200 | 1.8x10°% [ 2.1x108| 2 | 10 12 60 R292
1o | — 85 | 1250@® | 20 | 80 | 7.1x10% |8.4x105| 5 |100 | 22 | 20 |Riess i reaeramupe). |R3172%
6.0 — 50 2000® | 200 | 400 | 5.0x10% | 1.0x107| 5 |100 | 9 40 R1282
— 0.2 64 1000® | 20 | 80 | 3.4x10*[53x105| 3 |15 | 15 60 R374
— 0.2 60 1000 @ | 500 | 2000 | 8.4x105 | 1.4x107 | 20¢ | 50° | 15 60 R1104
— 0.1 51 1000® | 20 | 80 | 3.4x10*|6.7x105| 10 | 50 | 15 60 R453
— 0.2 64 | 1000@ | 20 | 80 |3.4x10%[53x105| 3 [ 15 | 15 | 60 |Gemnaaimme " |Raze
= 0.3 40 1000® | 20 | 150 | 3.0x10*|7.5x10%| 8 |30 | 15 B0 | et " 2| R2228 *
— 019 | 19 | 1280@ | 5 10 | 950 |5.0x10%[1000°[3000°( 10 50 R316
- 0149 19 | 1280@ | 5 10 | 950 |5.0x10% [1500°/5000¢| 10 50 R316-02
Unit: mm
@ R431S, R1282 © R3082,R3172 O R434, R1759
= A= AL 28.540.5
—e - -
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Head-On Type Photomultiplier Tubes

(A] Spectral Response @ ® 6 (] (C] Maximum @ | Cathode
® Dynode Ratings Sensitivity
Struc- &
Tvpe Peak | Photo- : Out- Anode ®| Luminous
gp Remarks Curve| Range |Wave-|cathode |\ndOW| jing | ture | oo opey t A
s o Material e o verage
ode length | Material No. " ! Cathode| Anode | Min. | Typ.
0. 0 Voltage | Current
(om) | (nm) Stages (vVde) | (mA) |(A/lm) |(uA/im)
1-1/8 inch (28 mm) Dia. Short Bulb Types with 4-Stage Dynode
R546  |noge shortienath | 400K [300~650( 420 | B K | @ | B4 |Ee7811c| 1000 | 0005 | 40 | 80
Vari f R546 wi Iti-
RE67  |ikal phorocathads UV giacs| 500U [185~850 | 420 M u © | B/4 |E678-11C | 1000 | 0.005 | 80 | 150
Variant of R546 with S-1
pees | 700K AgOCs| K | @ | B4 |Es7a11c| 1000 | 0005 | 10 | 20
High red-sensitivity variant of 400~1200| 800
(S-1) O-
R568-01 |Rses, QE 0.08% at 1.06um Ag-O-Cs K (1] B/4 |[E678-11C | 1000 0.005 10 20
1-3/8 inch (34 mm) Dia. Stacked Ceramic-to-Metal Sealed, Ruggedized Type
R1689-02raedined men” " | 201A[150~320| 240 | CsTe | s | @ | vBH3| — 3000 | 0005 | — | —
*R1317-05|ruggedized type 401K |300~650| 375 | H Bi K |@|venz2| — | s00 [ 001 | — | 40
1-1/2 inch (38 mm) Dia. Types
6199 |Gnoden geveral parpecs| o4 |300~650 | 440 | SbCs | K © | ccro |Es7e-12a | 1250 | 0.4 40 | 60
ROBD  [Lorani ot tiog o mine: 400K 1300 650 | 420 P K © | ccro |Ee78-12a | 1250 | 0.1 70 | 95
REOD  [ov e Bi K | @ | uio |Ee7e-12A| 1600 | 01 | 70 | 95
R1387  |rasponse, monialkali | cogy |300~850 | 420 | M K | @ | coro|Ee7s12a| 1250 | 02 | 80 | 150
Hi
*RIT05  |rugcedizen ipe 401K |300~650 | 375 | H Bi K | @ |ccro |ee7s-12a | 1800 | 0.1 — | 40
R2066  |pnorossihane 2" | 501K [300~900| 650 | M K | @ |ccro|eere12a| 1500 | o2 | 120 | 200
7102 |57 response " | 700K AgOCs| Kk | @ | ccHo |Ee7a12a| 1500 | o001 | 10 | 25
High red-sensitivity of (S-1) 400~1200| 800
R1767 7102, QE 0.08% at 1.06um Ag-O-Cs K (3] CC/10 |EB78-12A 1500 0.01 10 25
@ = : Newly listed in this catalog.
® Typical spectral response characteristics are

shown on pages 76 and 77.
Photocathode materials
Bi : Bialkali
M : Multialkali
H Bi : High temperature bialkali
Window materials

®

K
u
S

: Borosilicate glass
1 UV glass
: Sapphire glass

Basing diagram symbols are explained on page 17.
Dynode Structure

B : Box-and-grid

CC : Circular-cage

L : Linear focused
A socket will be supplied with a tube.
The maximum ambient temperature range is —80 to
+50°C except high temperature bialkali
photocathode types which withstand up to +175°C.
When using tubes with glass base at —30°C or
below, see precautions on page 74.
Averaged over any interval of 30 seconds maximum.
At the wavelength of peak response.
Voltage distribution ratios used to measure
characteristics are shown on page 62.
Anode characteristics are measured with the supply
voltage and the voltage distribution ratio specified
by Note @ .
a : Measured using a red filter Toshiba IR-D80A.
b : At 4 Allm

)

IC)

@ R546, R567 etc.

$28.5+ 0.5~
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(at 25°C)

Cathode Sensitivity L] Anode Characteristics @ e
e . Anode : -
o nsitivity = Anode Dark g il
Red! Q@ fo Anode Sensitivity Cu-rre.n't et Time Response _ L
Blue | white |Radiant| Cathode | Luminous @ Amplifi- |(after 30 min)| Rise |Electron Notes N
Typ. | Ratio | Typ. | Supply Radiant | cation [_ Time, | Transt : Wl
. T, Voltage Min. [ Typ. | Typ. Typ. | TYP-|Max.| 1yp T;ge
|ANm-b) (mAMW) | (vde) | (Alim) | (AZim) | (AW) (nA) | nA) | (hs) | (ns)
10.5 — 80 750 M 0.025 | 0.08 80 1000 03 | 1.0 8.7 —_ R546
—_ 0.2 64 750 M 0.025 | 0.08 34 530 03 [ 1.0 8.7 — R567
— 0.12 1.9 750 @ | 0.0025| 0.01 0.95 500 5 15 8.7 — R568
— 0.142 1.9 750 @ | 0.0025| 0.01 0.95 500 10 | 40 8.7 — R568-01
— — 27 2500 — | — |54x10¢]20x10¢|003| 05 | 75 — | yoage e S |R1689.02
6.0 — 50 2000 5 20 | 25x10%|5.0x105| 05 | 10 | — —  [SEaechieramlt | pyairiost
- — 47 1000G) | 20 | 100 | 8.0x10%|1.7x108| 3 | 30 | 28 40 6199
Ruggedized type (R1639),
11.5 — 90 1000 @ 10 35 | 3.3x10% [ 3.7x105 | 1 5 2.8 40 | Siiea window tyoe (Ri8S) | RGO
11.0 — 85 1250G) | 10 | 35 | 3.3x104[37x105| 2 | 15 | 27 37 R580
- 0.2 64 10004 | 10 | 50 | 2.1x104|33x105| 4 | 25 | 28 40 | @B Slien Wndsy woe | R1387
6.0 - 50 1500 @ 5 20 | 25104 |5.0x10°| 05 | 10 | 20 35 R1705*
— 0.3 47 1000 @ 10 50 1.2x104 | 2.5x10%| 8 30 2.8 40 R2066
— 0.12 2.4 1250 @) 1 5 480 2.0x10° [1000°|5000°| 2.2 37 7102
_ 0.142 2.4 1250 @ 1 5 480 2.0x10% |7000° 20008 2.2 37 R1767
Unit: mm
@ R1689-02, R1317-05
B 35MAX. o
FACEPLATE | AH‘ L. R1689-02 G ($TTFE T i %L e
PHOTO- R1689-02 | R1317-05 T T wie| 7D ©
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Head-On Type Photomultiplier Tubes

”S{)ectrg; quponse e e . ®| Maximum :‘G):’ ’C:h‘fthéﬂéf”j
T ~|___Ratings | Sensitivity
el L L Peak il Phots  [Anode| = ®©| Luminous
Remarks  |Curve| Range |Wave-|cathode Socket | to |Average| |
G e ) dskei Mo levial ~ |Cathode| Anode | Mir
‘ Lo e D Voltage |Current|
ik et b UEieR s e e (el R _(Vde) | (mA)
2 inch (51 mm) Dia. Types with Plastic Base
S-11 A | =
7696 [ouposs o oo™ | &9 |300~650| 440 | SbCs | Kk | @ | B0 |E678-14AT 1500 | 01 | 40 | 80
F intillati ting, -
RIGOE gy oiom Bi K © | BB |E678-14A"| 1500 | 0.1 80 | 95
For scintillation counting, .
*R1847-07 |iow profile ¢ Bi K © | B+M/10| E678-14A | 1500 0.1 80 | 100
F intillati ing, ) =
RB78  [romiman " UM | 400K (300650 | 420 | B K | @ | Bro |es7s14a’| 1500 | 0.1 60 | 95
High pulse linearit d i 1
R1840  |immunity to magnetic field Bi K | © | mio |Es7814a"| 1500 | 01 | 40 | e0
Forlhigh physics, . *
RIB2B01 [fon o e i Bi K | @ | w12 |Ee7820a"| 3000 | 02 | 60 | 80
Variant of R1828-01 with
R2059  |synthetic sitica window | 400S [160~650 | 420 Bi Q © | L12 |Ee7820A"| 3000 | 02 60 | 80
5-20 2 I N
PM55  |ourpose o | 500K M K | @ | BM0 |E678-14A"| 1800 | 03 | 100 | 150
High gain and low dark | (S-20) 300~850 | 420 g
R550 current variant of PM55 M K (1] B/10 | E678-14A 1500 0.3 100 150
® *:Newly listed in this catalog. ® *: A socket will be supplied with a tube.
® Typical spectral response characteristics are =: Sockets may be available from electronics
shown on pages 76 and 77. supply houses or our sales offices.
® Photocathode materials ® The maximum ambient temperature range is —80 to
Bi : Bialkali +50°C.
M : Multialkali @ Averaged over any interval of 30 seconds maximum.
® Window materials @ At the wavelength of peak response.
K : Borosilicate glass ® Voltage distribution ratios used to measure
Q : Synthetic silica characteristics are shown on page 62.
@ Basing diagram symbols are explained on page 17. @ Anode characteristics are measured with the supply
@ Dynode Structure voltage and the voltage distribution ratio specified
B : Box-and-grid by Note @ .
B + M : Box-and-grid and mesh combination
M : Proximity mesh
L :Linear focused
@ 7696, R878 etc. @ R1306
45105 ﬁslj:ﬂ.L
seun | e
FACEPLATE T~ FAGEPLATE JF\ e T
= _f'_" T 7”"'—'
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JEDEC No.Bl4-38 JEDEC No.
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(at 25°C)

sitivity | o Anode Characteristics @
Qo Anode Sensltiwty 4| aEREk Time Response
. B Radia Luminous | ; ‘ ise |Electron|
" Tvn. L BE ; Radiant | caf 1Bim2 Transit
i et | Min. | Typ. Typ. Typ '_l'rim'e i
s A A e ; e - o aTyp b
[wAIm-b) (mAW) | (vdo) | (anm) | (anm) | (aw) ms) | (ns)

&= = 64 1250@ | 20 | 50 | 40x10%|6.3x105| 2 |20 | 70 | 70 [|Sheawndowtyee(R208) | 7696
11.5 — 90 1000 ® 30 | 2.0x10¢ [32x105| 2 [ 20 | 7.0 | 60 |Sheawindowtype(R2220)| R1306
11.5 = 90 1000 @ 3 30 | 2.7x104|3.0x105| 2 | 20 48 45 R1847-07*

Venetian blind dynode type
115 — 90 1250 @ 20 70 | 8.7x10% | 7.4x105| 5 | 50 7.0 70 |{Eisgn. siica window type | RBT78

7.0 - 65 1250 @ 2 10 | 1.1x10%[1.7x10%| 5 | 50 | 6.0 — R1840
10.5 - " 80 2500 200 | 1600 | 1.6x108 | 2.0x107 | 50 |400 [ 1.3 28 R1828-01
10.5 — 80 2500 @ | 200 | 1600 | 1.6x10% | 2.0x107 | 50 | 400 | 1.3 28 R2059

— 0.2 64 1500 @ 10 50 | 2.1x104|3.3x10%| 10 | 30 | 6.5 60 PM55

— 0.2 64 1000 @ 20 100 | 4.3x10%| 6.7x10%| 10 | 30 | 8.0 75 R550

Unit: mm
@ Ri847-07 O Ri1840 @ R1828-01, R2059
#5105 @51£0.5+ $53t 1.5
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Head-On Type Photomultiplier Tubes

FACEPLATE

) . | Spectral Response ® ® o e ®| Maximum @ | Cathode
; @l - | |Pynode| Ratings Sensitivity
s - | out. | Struc-
Type | Peak | Photo- | Out- =" Anode ®| Luminous
SiMNal .Remarks Curye, .;_Ban_ge' Wave- | cathode H;?:r(i):: I_ir;e_ _ ture Socket to Average| |
: Code - |length| Material | ™~ " No. |—— Cathode| Anode | Min. | Typ.
: L ' T e Voltage | Current Al
. ) )| o | - '@ |Diages (Vde) | (mA) |[(ANmM)|(uAlm)
2 inch (51 mm) Dia. Types with Glass Base
F uvd i
*R2050 | vinten o™ 100M |115~200| 140 | Csel MF | @ |B+Vv/12|E678-19A | 3000 | 0.1 — -
Sub d rise time, <
R2083 | oavial anode outpat Bi K ® | us |es7s19c| 3500 | 02 | e0 | &0
F intillati ting, .
R320 | o renponse > Bi K ® | w12 |eers21a| 2700 | 02 | e0 | 80
R329-02 |HA Coating variant of R329 Bi K (4] /12 |(EB78-21A | 2700 0.2 60 80
For liquid scintillation 400K 300~650 | 420 )
R331-05 |;ounting, spherical window Bi K ® | L12 |E678-21A | 2500 0.2 60 80
For photon counting, i
R1332  |Ganep first dynode. Bi K | ® | w2 |ee7s21a| 2700 | 0.1 5 | 70
F h ing, .
R464 [l protocathode Bi K ® | B/12 |E67821A | 1500 | 001 | 30 | s0
Vari f R331-05 with
R331 | ninetic silica window Bi Q | @ | w2 |Es7e21Aa| 2500 | 02 | 60 | 8o
For liquid scintillati
R2014  |Cointmg oot | 4008 |160~650 | 420 Bi Q @ | B+VI12|E678-19A | 1600 0.2 60 80
Fi ting, iant .
R585  [CCLE e with slica sindow Bi Q@ | 6| B2 |Ee7821a| 1500 | 001 | 30 | 50
High . bialkali ’
R1044 |00t e el 201K 300650 | 378 H Bi K @ | BM2 |E678-19A | 2000 0.2 — 40
i T : - :
Riga0 [ 80 raalalphoto H Bi K | ® | ui2 |Ee7821a | 2500 | 02 — | 40
R649 [ e npomen | (o0 [300~850| 420 M K |® | B2 |Ee7821a| 1500 | 001 | 80 | 120
® *: Newly listed in this catalog. @ Basing diagram symbols are explained on page 17.
® Typical spectral response characteristics are ® Dynode Structure
shown on pages 76 and 77. L :Linear focused
® Photocathode materials B : Box-and-grid
Bi : Bialkali B + V : Box-and-grid and venetian blind combination
H Bi : High temperature bialkali ® A socket will be supplied with a tube.
M : Multialkali ® The maximum ambient temperature range is —80 to
® Window materials +50°C except high temperature bialkali
MF : MgF2 photocathode types which withstand up to +175°C.
K : Borosilicate glass When using tubes with glass base at —30°C or
Q : Synthetic silics below, see precautions on page 74.
@ R2050 @ R2083 © R329, R1640
AN FACEPLATE -~ - FACEPLATE—+ |
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(at 25°C)

Cathode Sensitivity o Anode Characteristics @ (A]
Anode itivi ®[ Anode Dark [Ti
i (] i Anode Sensitivity Current| " Gurent Time Response P
Blue | white | Radiant | Cathode| Luminous Amplifi- | (after 30 min)| Rise 'ﬂ”"‘?" Notes ,gg
Typ. | Ratio | Typ. | Supply [0 Radiant | cation Time | Transi .
Typ. Voltage in. Typ. Typ. Typ. Typ. | Max. Typ. Vo
(uA/im:-b) (mAW) | (vdo) | (Antm) | (Anm) | (AW (nA) | nA) | (ns) | (ns)
— — 9.8° 2000 @ — —_— 2.9><103b 3.0x10%| 0.04 | 0.07 — — R2050*
10.0 - B0 |3000@®| 30 | 80 |8.0x10%]|1.0x10%| 100 | 800 | 0.7 1 |SESmnRC iRt nagag
10.5 — 80 1500 15 | 100 |1.0x10% |1.3x108| 6 | 40 | 26 A8 | ke, | RE2D
10.5 — 80 1500 @ 15 100 |1.0x105 | 1.3x10%| 6 | 40 26 48 R329.02
10.5 — 80 1500 @ 30 | 120 |1.2x10°% | 1.5x10° JE,: — | 28 48 R331.05
9.0 —_ 72 1500 20 70 7.2x10% | 1.0x108| 4 40 3.0 43 R1332
= = 50 1000 @ | 100 | 300 |3.0x10% |6.0x108| 55 | 187 | 13 70 RA464
10.5 — 80 1500 30 120 |1.2x10% [1.5x10%| 3 — 2.6 48 R331
9.5 — 80 1250 @ | 100 | 800 |8.0x10% |1.0x107| 30 | 200 | 7.2 62 R2014
— — 50 |1000® | 100 | 300 |3.0x10° [6.0x108| 8¢ [ 130 | 13 | 70 R585
6.0 — 50 1500 @ 10 60 7.5x10% [1.5x10%| 3 50 10 60 R1044
6.0 —_ 50 2000 10 30 3.8x104 | 7.5x105 | 10 | 200 2.3 45 R1640
— 0.2 51 | 1000@® | 100 | 800 |3.4x105 |6.7x108 [209%350%| 43 | 70 R649
@ Averaged over any interval of 30 seconds maximum. Unit: mm
@ At the wavelength of peak response.
® Voltage distribution ratios used to measure e R329-02, R1332
characteristics are shown on page 62.
@ Anode characteristics are measured with the supply Iifﬁ;_@
voltage and the voltage distribution ratio specified FACEPLATE F |
by Note . 7—[““‘ i
a : Dark counts per second (cps) PHOTO- i
b : At 122 nm CATHODE
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Head-On Type Photomultiplier Tubes

s Spectpal Response " &6l e o, 6 Maximum ®| Cathode
e ,@ o = o Dyndde . _ Ratings ‘Sensitivity
; e Peak “Photo- Wm&’;ﬂv Out- S:“‘c' et i AnoHe | ®| Luminous
- CUWB ..Rg“nge WaVE' cathode M'a{erial line | ure ,SOCket to  |Average| [ i
Code 7 Iength Matena| Gl Moy / ~ |Cathode| Anode | Min. | Typ.
el ' b ::NO of |\ i |Voliage|Curemt| - - |
ol e e (hm) om) | D (pases . (Vde) | (mA) |(uAllm)|(pA/lm),
2 inch (51 mm) Dla. Types with Glass Base (Cont d)
Wid tral 3
R375  |muitialkal photocathods s I M Q © | B0 |E678-15A7| 1500 0.1 80 | 150
Wid ; - *
R562  |muitiaikali photorathods M @ | @ | Bro |E678-19A"| 1500 | 01 | 100 | 150
i *
R1333 [GE e M K ® | L12 |E678-21A | 2700 0.1 140 | 230
i | *
R669  |Sxtendec e multlalkall | 501K |300~900 | 650 M K O | B0 |E678-15A | 1500 0.1 140 | 230
= —
RioTy |Gl ol omitsliell M K | @ | Br2 |Es7821A"| 1500 | 01 | 140 | 230
For ph i -
R943.02 |Shotaeatens "% 650s [160~930 | *®o, |GaAsiCs)| @ | @ | w10 |Es7e-21A7| 2200 | 0.001 | 300 | 00
2-1/12 inch (63 mm) Dia. Type
[ R1at0  [Same"*" "% | 400k [300~650] 420 B | k [@ [ B8 [E67814a 1500 | 01 | 80 [ o5 |
@ Typical spectral response characteristics are ® The maximum ambient temperature range is —80 to
shown on pages 76 and 77. +50°C. When using tubes with glass base at —30°C
® Photocathode materials or below, see precautions on page 74.
M : Multialkali ® Averaged over any interval of 30 seconds maximum.
Bi : Bialkali @ At the wavelength of peak response.
® Window materials @ Voltage distribution ratios used to measure
Q : Synthetic silica characteristics are shown on page 62.
K : Borosilicate glass ® Anode characteristics are measured with the supply
@® Basing diagram symbols are explained on page 17. voltage and the voltage distribution ratio specified
@ Dynode Structure by Note @.
B : Box-and-grid a: Dark counts per second (cps) after an hour storage at —20°C.

L : Linear focused
@ *: A socket will be supplied with a tube.
= : Sockets may be available from electronics
supply houses or our sales offices.
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(at 25°C)

Cathode Sensitivity (K] Anode Characteristics ®
Anode S ArcdeDark
o L] to Anode Sensitivity | current ’g‘uﬁen? Time Response s
Blue | wWhite |Radiant| Cathode | Luminous — ©| Amplifi- |(after 30 min)| Rise |Electron Notes P
'|-),p R t.e Typ Supply Radiant cation Time Transit No.
s T'?n;? Voltage | Min. | Typ. | Typ. | Typ. |Typ.|[Max.] yyp -.E.i;,'l‘f
(LAIm-b) (mAW) | (Vdo) | (Anm) | (Anm) | (Aw) nA) | (nA) | (ns) | (ns)
= 0.2 64 1000@® | 20 | 100 |4.3x10*|67x105| 5 | 20 | 90 | 70 R375
B ili I ind
— 0.2 64 | 1000@® | 20 | 80 |3.4x10%|53x105| 5 | 20 | 9.0 | 70 |upeirece) svanevie | R562
— 0.35 50 1500 @ 30 100 | 2.2x10% | 4.3x105( 50 [ 200 [ 3.0 43 R1333
— 0.35 50 1000 @ 20 75 | 1.7x10* [ 3.3x105| 7 | 15 9.0 70 R669
— 0.35 50 1000 @ 20 100 | 2.2x10% [ 4.3x105| 9 | 15 16 - R1017
ili | in
= 0.58 71 1500 ® | 150 | 300 | 3.6x10% |5.0x10%| 207 | 397 | 3.0 23 [yt O tia| RD4S-02
[115] — ] o0 [ 1000® [ 3 | 30 [2ext0t[a2x105] 2 [20 | 80 | 4 | |r1a10 |
Unit: mm
€ R1333 O re69
#5315~
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Head-On Type Photomultiplier Tubes

) Spectral Response | @[ ‘Maximum @[ Cathode
: e N e s R i Ratings Sensitivity
d e | Peak'| Photo- |,y | Anode |  ®] Luminous

. | Remarks - ICurve| Ra ve- | cathode | R e
i L oude ] Material |Cathode| Anode | Min. | Typ.

' - L - 1Votage|Current| |

i s Ll | (Vdc) | (mA) |(uAllm)|(uAlim)|

3 inch (76 mm) Dia. Types
R1307 |53, sontilation counting, Bi K | @ | BB |E67814A°| 1500 | 0.1 80 | 95

For scintillati ting, -

*R1848-07 iy ortite Bi K | @ |B+mi10|E678-14A"| 1500 | 01 | 80 | 100
R594  [ogserntiiation counting. | yooi |300~650| 420 Bi K © | Bro |E678-14A"| 2000 | 0.1 70 | 95
R1911-01[gog o Sombination of PHA Bi K | © |B+Mio|E678-14A"| 1800 | 01 | 70 | 95

igh pulse li rity, -
RZ38' [l Pt maiaold Bi K | @ | Mr2 |ee7e-14a| 1500 | 0.1 40 | 60

5 inch (127 mm) Dia. Types
R877  |[Sifeaation counting, Bi K O | B0 |E678-14A| 1500 0.1 60 | 90

Vari f R i L
R1512 [ e of e e | 400K |300~650| 420 | i K | ® | vBio|Es78-14A| 2000 | 01 | 70 | 90
For hi hysics, z
R1250  [fact timo responce, Migh gain Bi K | @ | w1a |ee78208| 3000 | 02 | 55 | 70
RIBIS:  |or S/ olERmiaRd) o0k laoi.an0| 420 M K O | vBro |E678-14A7| 2000 | 0.1 100 | 150

@ +: Newly listed in this catalog.
® Typical spectral response characteristics are
shown on pages 76 and 77.
® Photocathode materials
Bi : Bialkali
M : Multialkali
® Window materials
K : Borosilicate glass
@ Basing diagram symbols are explained on page 17.
@ Dynode structure
B : Box-and-grid
B + M : Box-and-grid and mesh combination
M : Proximity Mesh
VB : Venetian blind
L :Linear focused
® *: A socket will be supplied with a tube.
: Sockets may be available from electronics
supply houses or our sales offices.

® The maximum ambient temperature range is —80 to
+50°C.

® Averaged over any interval of 30 seconds maximum.

@ At the wavelength of peak response.

® Voltage distribution ratios used to measure
characteristics are shown on page 62.

® Anode characteristics are measured with the supply
voltage and the voltage distribution ratio specified
by Note @ .

@ R1307

@ Rr1848-07

© Rr594

o $76£0.8 iy
STOMIN. = |

FACEPLATE —4

PHOTO-
CATHODE

1273

150MAX

/|
/ P
/o @56.5%0.

~— 14PIN BASE
JEDEC NoBi4-38

DY? Dys

i %

Bottom View

I—— #76+0.8
——F10MIN *.I

#7608
STOMIN.
FACEPLATE‘R Aﬂ

FACEPLATE

PHOTO-
CATHODE

=

ALl i
/’/ #56.550.5

£ 1apiN BASE
JEDEC No.B14-38

_— | 23MAX.

137+
160MAX

ZM PIN BASE

JEDEC No.Bl4-38

OY?  pys

241 K

Bottom View

DY ?

oY s

LS
Bottom View




(at 25°C)

K G

/’ fo56.5£0. 5=
14 PIN BASE

JEDEC NaBi438

L— I4PIN BASE
JEDEC NoB14-38

Bottom View

~ Cathode | Aﬂodea Anode Characteristlcs ﬂ'ﬂ e i o 9*
Sensmvity 't Anode S@nﬁitl\fity Cmam n Ar&ogrem %tark Time Response e
='iBh.n.e J Rad[ant Cathode Lumlnous @} Amplifi- | (after 30 min) | Rise |Electron Notes 1,;}“_96*
. Ty, | Typ gty L : Radiant caﬁon " Typ. | Max. | Time T_rransit e L
e _""““9"‘: i [T | e | R | | Ve o T
aimb)| maw) | vde) | anm) | anm) | aw) (nA) | (nA) | (ns) | (ns)
11.5 90 1000 (® 3 30 2.9x10% | 3.2x105 2 20 8.0 64 R1307
11.5 90 1000 @ 3 30 2.7x10% | 3.0x105 2 50 6.0 47 R1848-07*
11.5 90 1500 @ 10 70 6.7x10% | 7.4x10° 5 70 7.0 65 R594
115 90 1500 10 30 29x104 | 3.2x10° 5 70 11 64 R1911-01
7.0 65 1250 @ 3 30 3.3x104 | 5.0x10° 5 50 5.5 17 R2238
11.0 85 1250@ | 20 40 | 3.7x10% | 4.4x105 | 10 | 50 10 90  |Siicswinsow wibe *hase) | R8T7
11.0 85 1500 @ 20 100 | 9.4x10% | 1.1x10% | 20 100 9.0 82 R1512
C - uv
9.0 72 | 2000 300 | 1000 | 1.0x10° | 1.4x107 | 50 | 600 | 25 54 |wimdow type (1584 maliable | R1250
— 64 1500 @ 10 50 2.1x10% | 3.3x105 | 30 | 150 9.0 82 R1513
Unit: mm
O R1911-01 @ R2238
$T7610.8
i "’""DMNAI 7510 3o
PO e rcePLATE Mwma. Temporary Base Removed
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Hemispherical Envelope Photomultlpller Tubes

E e e ﬁpectralﬂ?éspanse e ' Cathode
Lo e 0 e a~,u5ensitfiwty»
e Lo et R Window| OUF | 5 Anodemf‘ ~ ®| Luminous
»,‘»Ng. b e IGERS ’Guwé Range Wa“\t’e‘” cathode Meiit“e‘i'ig inelt = Bl o A‘ve?age T i
s N e Goﬂe . |lengthiMaterlal | BT 0 N (- ] o - Gathode Anode | Min. | Typ.
: e e U [ Voitage | C i
e Lo o oy e _(vde)
Hemispherical Envelope Types
R2218  [Fv Mgk energy physice, Bi © | VB3 |E67820A | 1800 | 0.1 40 | 75
R1408  |gorrian eneray physics. | n0u (300 _g50| 420 Bi © | vB/13 |E678-20A | 1800 | 0.1 40 | 75
Hid4e [ k80 TEerpiysics Bi © | vB13 |E67820a | 2800 | 0.1 40 | 60
@ Typical spectral response characteristics are
shown on pages 76 and 77.
® Photocathode materials
Bi : Bialkali
® Window materials
K : Borosilicate glass
® Basing diagram symbols are explained on page 17.
@ Dynode Structure
VB : Venetian blind
® A socket will be supplied with a tube.
® The maximum ambient temperature range is —80 to
+50°C.
® Averaged over any interval of 30 seconds maximum.
@ At the wavelength of peak response.
@ Voltage distribution ratios used to measure
characteristics are shown on page 62.
® Anode characteristics are measured with the supply
voltage and the voltage distribution ratio specified
by Note @ .
©OR2218

FACEPLATE

fo——gl26% 2 A‘
4
4
4

160+ 3

/ #52 5MAX{

L 20PIN BASE

JEDEC Mo B20-102
poic

Bottom View

220MAX.




(at 25°C)

“f"fﬁéthode L
Sensltuﬁt_y il

-

T ey N U Anodecharaciensiiqaﬁ e
wAnqge Sensiﬁvity ; them: I Ag&g&aﬂt Time Resppnse e
~ Luminous Mm? wﬁaifs;.i%:;;l@ | Rise [Etectron| Seia

—— Time | Transit
i, | Typ. | Typ :

1
-

anm) | Aw) | =l ow | om | we

8.0 80 1500 @ 200 3750 | 4.0x10% | 5.0x107 | 150 | 1000 | 6.5 55 R2218
8.0 80 1500 @ 200 3750 | 4.0x10% | 5.0x107 | 150 | 1000 | 6.5 60 R1408
7.0 65 2000 @ 60 600 6.5x10% | 1.0x107 | 200 | 1000 18 90 R1449
Unit: mm
@ Rr1408 € R1449
H20ALE— 1 FACEPLATE | . ¢::§J Gf |

FACEPLATE ——
P‘i $190MIN.
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a-pmaase
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Special Envelope Photomultiplier Tubes

i @ e Spectral Response | ® @] T -9? i "M“a)hmum @[ OCathode
L = a0 L Bl F!atmgs Sensitiwty
: 'Tvpe = ak | Photo- nd w| Qut- o0 ] Anade | " @] Luminous
: ‘ Hemgrk_s ve- | cathode .a"' o  line | turg gmket o AveragelT T T
e' h «a:ﬂatqr;al I - Cathode| Anode | Min. | Typ.
e b ] Voltaga[Cument| ' | .
e {nm) (ﬂm)' e _(Vdo) | (mA) |(uA/im)|(uAlim)
Square Rectangular or Hexagonal Faceplate Types
*R2937 |Slit shape faceplate Bi K Q VB/10 | E6E78-1 ZE* 1200 0.01 40 60
R2248 |3/8" x 3/8” square shape Bi K (2] L/8 ES78-11N* 1500 0.01 60 85
R2102  |1/2" x 1/2” square shape Bi K (3] L/10 |E678-1 SA* 1250 0.1 40 80
*R2497 1" x1” square shape Bi K 4] L/10 E678-12A* 1800 0.1 70 100
Variant of R2102 with half = *
R2080 |photocathode gating Bi K e L/110 |EB78-13A 1250 0.1 40 80
Rectangular, dual 400K | 300~650| 420 *
R1548  [Cioctues Bi K © | w10 |E67817A | 1750 0.1 60 80
For scintillati i -
R1612  |agaomm rectangurer shaoe Bi K © | B1O |E678-14A | 1250 0.1 40 | 70
For scintillation counting, . -
R1534:01 [51:81 ram squers shape Bi K 7 B8 |E678-14A | 1500 0.1 80 | 100
i = : .
R1538:0155" e, hexagons shars Bi K (s B/8 |E678-14A | 1500 0.1 80 | 100
For scintillati ing, - =
R1537-01 |3~ gia. nexagonal shape Bi K o B/8 |E678-14A | 1500 0.1 80 | 100
@ +: Newly listed in this catalog.
® Typical spectral response characteristics are
shown on pages 76 and 77. R2937
@ Photocathode materials 0
Bi : Bialkali
® Window materials
K : Borosilicate glass 13504 S ]
@ Basing diagram symbols are explained on page 17. S.UM.NS Sl I -y M e
@ Dynode structure % PLATE
PHOTO-

VB : Venetian blind
L : Linear focused
B : Box-and-grid
® x: A socket will be supplied with a tube.
=: Sockets may be available from electronics
supply houses or our sales offices.
® The maximum ambient temperature range is —80 to
+50°C. When using tubes with glas base at —30°C
or below, see precautions on page 74.

CATHODE é

=

@ Averaged over any interval of 30 seconds maximum. I.76 K
@ At the wavelength of peak response.
® Voltage distribution ratios used to measure
characteristics are shown on page 62. IEEEES
@ Anode characteristics are measured with the supply PTG
voltage and the voltage distribution ratio specified Bottom View
by Note @ .
@ Rr2248 ©® R2102, R2080 O RrR2497
T S _‘;
i 2 5
Y = 3 R2102 -
T \ : Temporary Base
S8 B . Removed
FACE- TOMIL FACEPLATE 4, |
kLA = FACEPLATE == — [~
PHOTO- /’T_ CATHODE
CATHODE ‘ PHOTO- 1
| CATHODE
| 3 SHORT PIN
‘ 3 Bottom View
7 4 R2080
T SEMI-
FIEXIBLE
‘ SHORT PIN LEADS J
E Bottom View
Lo s e /
SHORT PIN S -

£ r3em cass Base Bottom View

12PIN BASE Bottom Vrew

JEDEC NoB 12-43




(at 25°C)

Cathode T @ 0 ~ Anode Characteristics @ Pt
. Sensitivity Anode e ey - R
— Terad | 4 ~ Anode Sensitivity Currant | ;A;&:’?&?m Time Response
‘Bl IRadianel Gethode  FEm o= o0 | Amplifi- | (after 30 min) | Rise |Electron
%Lée : Hﬁgi;nﬁ - Supply | L’Tll,!!,j!i!_l.o!-l? ' Radiant | cation ( 0 min.) | Plee |Sransit |
LT LA e e Te O e T
@ANm-b)| (mAMW) | (vde) | (Arm) | (Anm) | (AW) | (nA) | (nA) | (ns) | (ns) :
75 58 1000 (0 50 120 | 1.2x10° | 2.0x108 | 5 30 | 50 35 |Munakaitype(R268) | pogaz*
10.5 82 1250 &) 30 85 8.2x10* | 1.0x108 5 50 0.9 7.8 R2248
10.5 80 1000 @ 30 80 8.0x104 | 1.0x108 15 25 24 R2102
115 88 1500 60 300 | 2.6x105 | 3.0x10% | 50 | 100 | 24 22 R2497*
10.5 80 1000 @ 30 100 | 1.0x105 | 1.3x108 | 5 15 23 24 R2080
9.5 75 1250 50 200 1.9x10% | 2.5x10° 20 250 1.8 20 R1548
9.0 72 1000 ® 5 30 3.1x10 | 4.3x105 | 4 30 13 100 R1612
11.5 20 1000 ® 5 50 45x104 | 5.0¢<10°% 5 20 8.0 60 R1534-01
11.5 a0 1000 ® 5 50 45x10% | 5.0x105 | 5 20 8.0 60 R1538-01
11.5 90 1000 G0 5 50 45x10% | 5.0x105 5 20 10 65 R1537-01
Unit: mm
@ Rri548 0O ri612
b M e
R -y “__\‘]—! Temporary Temporary
T £l EL——— s Base Base
B J3 Removed
lii T2 msvsnnﬂ
24+05 -
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]
4 g Boore ; | Bottom View
| & oG Rovz SEMLFLEXIBLE ‘ T
[WHO: 5ic LEADS
T, R EC 0 e
Ly IcsaorJT PTN § :‘: .‘%’
/ z Bottom View L4 ord S e
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Microchannel Plate-Photomultiplier Tubes (MCP-PMTSs)

(For further information, a technical data sheet is available.)

'A) Spectral Hesponse_ ® Maximum Ratings (® Terminals
. Peak | Photo- |, . out.| No. | Anode | Anode Current
Vi Remarks Sie | Bane :’:ﬁ;ﬁ; s M s Mo itede) Bonth | B |;E:ft 3&333'1
" | Stage | Voltage | nuous | Peak
{nm) (nm) (Vdc) | (nA) (nA)
Electrostatic Focus Types
R1644U 1-stage MCP | 402K |300~650 | 375 |Bialkali © | 1 | 2000 | 100 [ 700 | MHV-R|BNGR
R1645U | 2-stage MCP | 402K |300~650 | 375 |Bialkali © | 2 | 3400 | 100 | 700 | MHV-R|BNGR
R2286U | 3-stage MCP | 402K [300-650 | 375 |Biakkali| K | @ | 3 | 4200 | 100 | 700 | MHV-R|BNCR
Proximity Focus Types
R1563U 1-stage MCP | 402K |300~650 | 375 |Bialkali| K | @ | 1 | 2000 | 100 | 700 | MHV-R|BNCR
R1564U | 2.stage MCP | 402K |300~650 | 375 |Biakali| K | @ | 2 | 3400 | 100 | 700 | MHV-R|BNC-R
R2287U | 3.stage MCP | 402K |300~650 | 375 |Biakkali| K | @ | 3 | 4200 | 100 | 700 | MHV-R | BNC-R
"R2B09U | o e 2e120e MOP, | 400k |300~650 | 375 |[Bialkali| K | @ | 2 | 3400 | 100 700 | MHV-R | BNG-R
Gated Electrostaic Focus Types
| 2024y [HION SbeoC 98 e sns| 402K |300-650 | 375 |Biakkali| K | @ | 2 [ a0 | 100 | 700 |mHV-R|BNCR?]

® *+: Newly listed in this catalog.

® Typical spectral response characteristics are
shown on pages 76 and 77.

@® Window Materials

K: Borosilicate glass

® The maximum ambient temperature range is —80 to
+50°C.

a : The connector of the gate signal input is also BNC-R.

b : Using an R2809U, a field data value of 22.5 ps T.T.S. was
confirmed at the Institute for Molecular Science, Okazaki
City, Japan through the good offices of Dr. Yamazaki.
The difference between this data and catalog value is
due to the difference of jitter in measurement systems
(circuit, light source, etc.). A use of very low jitter
systems is recommended.

@ R1644U, R1645U, R2286U
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(at 25°C)

PHOTO- =
CATHODE | .
y =
ALUMINUM
HOUSING
HY B
(MHY-R) 3
BNC-R CONNECTOR
{ouTPUT)
R1563U R1564U, R2809U R2287U
mep Mee F MCP B
K K SIGNAL Ko
=== SIGNAL = === SIGNAL
r( ‘E—l QUTPUT [—( wrr [ == e
CEE 7 R Y o | eon |
1000P 1000P 900F 1000P 1000P S00P mmp 20000 SUOP
—HV —Hv 7 wr

—HY

CATHODE — l-

L Eatede pendiveg 0 - Anode Characteristics - ol
LT e i itivity " Anode Dark : =l
Quantum W e Anode Anosle Seqsztigit? Cur el Cu:e 5 a Time Responsé i
Efficiency Luin'tﬁmi,s’  Blue ;nG ’h 7 b~ | Adplin: (8ﬂﬂr39 min) | Rise Electron ;
» oo et ] Gat gde Luminous | Blue SR T
at 420 nm/. - Typ, | Ty | “Supply Tor Tvo. - cation T, Sn Time | ‘22" [.S.
i e i Vottage i o ,TTYP_= e - i TYP- | Typ. A
e (Alim) (Vde) | (Aflm) |(Allm-b)| nA) | mA) | (s) | () | (ps) =
15 50 7.0 2600 0.25 0.035 5x10°8 0.1 1 0.7 3.2 _ R1644U
15 50 7.0 3000 25 3.5 5x105 1 5 0.24 3.5 100 R1645U
15 50 7.0 3600 250 35 5x10° 3 10 0.3 3.8 120 R2286U
15 50 7.0 2600 0.25 0.035 5x103 0.1 1 0.16 0.4 — R1563U
15 50 7.0 3000 25 3.5 5x10% 1 0.22 0.55 70 R1564U
15 50 7.0 3600 250 35 5x108 3 10 0.28 0.62 90 R2287U
15 50 7.0 3000 25 3.5 5x105 1 5 0.15 0.4 559 R2809U™
15 50 | 70 | 3000 25 | 35 505 | 1 | 5 | 03 | 35 | 170 | moozau
Unit: mm
@ R1563U, R1564U, R2287U, R2809U ©R2024u
e —— 64 = -470— -
@1 BMIN. “ flghﬁi‘l
g PHOTO-

1
ALUMINUM®*
HOUSING
1
=P
<
ENC-R CONNECTOR N
(GATE INPUT) —HV
BNC-R CONNECTOR ~ (MHV-R}
(ouTPUT)
GATE MCP
Kyl =F %
-(; —==—- SIGNAL
P QUTPUT
100% 300F
T i
1000P SOK | 12M 20M BM
-k AW W Wy
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Tubes for High Magnetic Environments

(For further information, a technical data sheet is available.)

o 5] Spectral Response ®| Maximum Ratings@| Cathode Sensitivity
Type Tube | Qutline cuweg Peak | No. of Ar;gde Averagee E%;‘i?:?;:g Luminous
No. | Diameter | No. | Gode | R@nge Y::;fﬁ . §¥2§.i’§ e ‘\3,?;:_‘:;: o igg‘nm Typ.
inches(mm) {nm) (nm) (Vdc) (mA) (%) (uA/Im)
Triode Types
R2148 1(25) o E678-14C
R2184 2 (51) 2] 400K | 300-650 | 420 1 1200 0.001 20 80
R2046 3(76) (3 B
Tetrode Types
R2149 1(25) o E678-14C"
R2185 2 (51) (2] 400K | 300~650 | 420 2 1500 0.001 20 60
R2186 3 (76) (3] B
High Gain Types
R2021 1.5 (38) 0 e | smse | g 12 EB?B-‘MA: 2500 0.1 22 70
*R2490-01| 2 (51) (s} 16 E678-21A 2700 0.1 22 70

@ = :Newly listed in this catalog.

® Basing diagram symbols are explained on page 17.

® Typical spectral response characteristics are
shown on pages 76 and 77.

® x: A socket will be supplied with a tube.

=: Sockets may be available from electronics
supply houses or our sales offices.

The maximum ambient temperature range is —80 to

+50°C.

Averaged over any interval of 30 seconds maximum.

The supply voltage for Triode and Tetrode tubes is

equally distributed to each electrode. For High gain

types, see page 62 for the voltage distribution

ratios.

® Anode characteristics are measured with the supply
voltage and the voltage distribution ratio specified
by Note ®.

@

@@

Note that tubes for high magnetic environments also
have a excellent pulse linearity.

@ R2148, R2149 @ R2184, R2185
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(at 25°C
Cathode Sensitivity[ , T~ ‘ " ApdsChaacterlatios @ 00 el 0 e Y
— Bue | "% [ Anoge®|__ CurrentAmpiification | AnodeDark | Time Response |
e thode | Luminous | at st | .ogt- | (ahordOmin)  { Rise | Elestron} Type
Typ. | SuPPlY | Sensitivity| o 5kilo | 10kilo o i Time
i Voltage |~ Typ. | gauss gauss | gauss L T ol O (A 8
@WAImb) | (vdo) | (Anm) | TYP- e o Bp (nA) nA) | (s) |
R2148
5.0 7.0 1000 | 7.2x 107 12 7.8 7.2 0.7 - = — | R2184
R2046
R2149
5.0 7.0 1000 | 1.8x 1073 30 15 10.5 1.0 .- — — | R2185
R2186
i s 2000 ® 35 5 x 104 15x10% | 1.5x10% 30 300 25 12 R2021
' ' 2500 G 210 3x108 | 8x10% | 46x10% | 200 2000 2.7 14 | R2490.01*
Unit: mm
€ R2046, R2186
[ ¢76+0.8
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Position Sensitive Photomultiplier Tubes

(For further information, a technical d

ata sheet is available.)

:”: “' ‘@ !

| spectal Response |

.

 Photo-

| Area.

i

- Cathode |

~ Anode Characteristics

cathode . |
o | Cathode| £
o RMR
Ll z.:" ymigﬂe

 Supply

- nous

Current| Typ.

| Sensitivi

Lumi-|

.  Sensitivity |

Anode

-qui'r’s_‘ﬂf; ' Dark

.Haj’:iiaqf (
Typ. |

(]

L}imi- ]

L oo | vao) | o) Jeanminims] vao) | arwy

*R2486-02|3"Dia.

Mesh [ 12(X)x12(Y) | 40(X)x40(Y) 3 5
403K [300~600| 420 1300 0.1 60 7.0 1250 | 6.0x10 60 1.0x10 20
* R2487-02[3"'x3" 12 18(X)x17(Y) | 55(X)x45(Y)
@ *: Newly listed in this catalog.
® Typical spectral response characteristics are shown on page 76 and 77.
@ The maximum ambient temperature range is —80 to +50°C.
® Average over any interval of 30 seconds maximum.
(@ At the wavelength of peak response.
Unit: mm
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Photomultiplier Tube Assemblies

(For further information, a technical data sheet is available.)

Hamamatsu offers a variety of integral assemblies of tubes, sockets, voltage dividers and magnetic shields. These photo-
multiplier tube assemblies can be operated by simply supplying an optimum high voltage.

Head-On PMT Assemblies

H3164 | H3165 | H1051 | H3167 | H3171 | H1161 | H1949 | H2431 | H2520 | R1250-03
R1635 R647 R1166 | R1450 | R3082 | R329-01 |R1828-01| R2083 | R2490 | R1250
-1250 | -1000 | -1000 | -1500 | -1250 | -2000 | -2500 | -3000 | -2500 | -2500
340 1000 90 400 430 910 1200 520 300 1610
50 50 OPEN 50 50 OPEN | OPEN | OPEN | OPEN | OPEN
| 01195 |615.2x116(024.1x114|0 24.6x140| $33x141 | $60x215 | 60x235 | $53%200 | 960x155 | ¢ 142x360
@ E;ccludlng connectors
Side-On PMT Assemblles with Built-in DC-DC Converter Type Power Supply
H957-01 H957-06 H957-08
R212 931B R928
+15 0.5
150
—400V ~-900 V

Resistance (0 ~10 kQ) or Voltage (0~4 V) Programming

Dtmensiﬁn"‘s (d‘ia. «*"L mm)

¢ 32 x 100
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Current AmCPIification Characteristics

here, please consult our sales office)

(For tubes not liste
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Voltage Distribution Ratio

The characteristic values tabulated in this catalog for the individual tube types are measured with the voltage-divider
networks having the voltage distribution ratio shown below.

‘D;sfﬁbimdd Nyhjﬁépf}“.

Voliag ‘Dis“frfbut!on Ratie

Ralle v et s e g
Codes | Stage| =="i‘5'““y°*9‘?9"‘f‘-?d@v iy s
4 K Dyl Dy2 Dy3 Dys P
Q) 1 1 1 1 1
5 K Dyl Dy2 Dy3 Dy4d Dy5 P
@ 1 1 1 1 1 1
6 K G Dyl Dy2 Dy3 Dy4 Dy5 Dy6 P
® 2 2 1 1 15 24 44 56
7 K G Dyl Dy2 Dy3 Dy4 Dys5 Dyé Dy7 P
® 1 — 1 1 1 1 1 1 1
8 K G Dyl Dy2 Dy3 Dy4 Dy5 Dy6 Acc Dy7 Dy8 P
® 2 - 2 1 1 1 1 1 — 1 A1
® 111 1 1111 — 1A
@ 1.3 48 12 18 1 1 1 1 05 3 25
3 — 15 1 1 1 1 1 — 1 1
® 7 — 1 15 1 1 1 1 — 1 A
9 K Dyl Dy2 Dy3 Dy4 Dy5 Dy6 Dy7 Dy8 Dy9 P
1 1 1 1 1 1 1 1 1 1
10 K G Dyl Dy2 Dy3 Dy4 Dy5 Dy6 Dy7 Dy8 Dy9 Dyi0 P
an 1 —_ 1 1 1 1 1 1 1 1 1 1
@ 1 1 1 1 1 1 1 1 1 1 1 1
@@ 156 — 1 1 1 1 1 1 1 1 1 1
2 —_ 1 1 1 1 1 1 1 1 1 1
3 2 — 1 1.5 1 1 1 1 1 1 1 075
2 2 1 1 1 1 15 2 3 43 5 6.2
@) 3 — 1 1 1 1 1 1 1 1 1 1
3 — 1 1.5 A 1 1 1 1 1 1 1
3 — 15 1 1 1 1 1 1 1 1 1
4 — 1 1.5 1 1 1 1 1 1 1 1
@ 6 —— 1 1.5 1 1 1 1 1 1 1 1
11 K G Dyl Dy2 Dy3 Dy4 Dy5 Dyé Dy7 Dy8 Dy9 Dyl0Dyi1 P
@ 1 — 1 1 1 1 1 1 1 1 1 1 1
12 K G Dyl Dy2 Dy3 Dy4 Dy Dyé6 Dy7 Dy8 Dy9 Dy10Dyi1 Dy12 P
@ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 28 1.2 18 1 1 1 1 1 1 1.5 15 3 25
@ 2 — 1 1 1 1 1 1 1 1 1 1 1 1
4 0 1 1.4 1 1 1 1 1 1 1 1 1 1 (Note 1)
@ 4 0 25 15 1 1 1 1 1 1 1 1 1 1
& 0 1 14 1 1 1 1 1 1 1 1 1 1 (Note1)

13 K G Dyl Dy2 Dy3 Dy4d Dyb Dy6 Dy7 Dy8 Dy11Dy12Dy13 P

8 0 1 1 1 1 1 1 1 1 1 1 1
14 K G1 G2 Dyl Dy2 Dy3 Dy4 Dy5 Dy6 Dy7 Dy8 Dy9 Dy10 Dy11 Dy12 Dy13 Dyi4 P
25 75 0 12 18 1 1 1 1 1 1 1 1 15 15 3 25
16 K Dyl Dy2 Dy3 Dy4 Dy5 Dy6 Dy7 Dy8 Dy9 Dy10 Dy11 Dy12 Dy13 Dyi4 Dy15 Dy16 P
@ 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Note 1. The shield pin should be connected to Dy5 except R1017.




Replacement Information

*: The same dimensional outline, base connection and electric characteristics.
**: The similar electric characteristics and the same dimensional outline and base connection.

***- The similar electric but different dimensional outline and/or different base connection.

RCA Hamamatsu EMI Hamamatsu Philips Hamamatsu
. - 56DVP R1828:01***

SIdE*OI'I Types Slde-on Types 58DVP R!ESO“
931A 931A* 96618 1P2g* 150AVP R580"*
931B 931B* R105** 96658 R106" AEOCVE ey
4473 R372** 9781B 1P28* R212** 153AVP R878**

4526 R1923* 9781R 1P28A* PM1910 R1450* *
4552 R906* 9781RA R905* R372** %B-1000 606" RETE
4832 R636* R666** 9783B R106* XP-1001 RB78**
4840 R446* 97858 R446" R928" XP-1002 PM55"* R550°
8571 R1414***R300** *R2B71*** 9785Q8B R456* R955** X008 PMS55**
1P21 1P21* R105"* R105UH** 9786B R446** XP1004 R
1P28 1P28* 9786QB R456** XP-1006 R878*
:FP:EZT ?s;;;:F’ZB" Head-On Types XP-1010 R580*

XP-1011 R580**
1P28AN1 Ra72"* 60978 7606° " XP1030 R594""
P25 R1516" 9524B,9824B,9924B | R268** s YT
C31004, C31004A R406* 92568 Fi: T XP-1034 R594*

95268 R292**

Head-On Types 9530KB, 9530KR | Re77°~ XP-1110 R1213* R1166°*
4440 ROB0***6199" " 955808 RE62* i B
4463 R550* *PM55* * 9633KB 6199* R980** XE1290 Poelre ol .
s T e B XP-1911 R1166 Fil213 R1450
4501/V3, 4501/V4 | R331-05* R331** 963508 R2014** aifc R182?f1 =
e S — o XP-2202B 7696** *R878** *R2154
4516 R1213*** R1166*** 9656KL, 9656KR R878"* ARES 120 REA
4517 R980* 96598 RB69*** zead1gb i ke
4518 R878** 96988 R374**

5425 R1512* 9698QB R376" BT
4855 R580* 9734B R434* DuMont Hamamatsu
4900 R594*** 9734QB R292*** e
4903 R1387* 97578, 99578 RG78*** 22;; ?ggg..
6199 5199** 9758KB, 97588 R594"** 64 e
6342A 7696** 97918 RE77"** ==, 7596
6655A 7696** 97908 R1513*** = s
7102 7102* 9798B R1104**R374" *R453** = =
7767 R1213*** R1166"** 9798QB R376** e e
8053 Ra78** 9805K R878* it R
8054 R594** 9811B R329*** SR P
8055 Ri512** 98148 R329*** S ETE
8575 R329* 98178 R1017*** = s
8644 R1464*** 9822KB, 98228 R594*** PTRTED] R550° PSS
8850 R1332* 9824QB, 9924QB | R292* :
8852 R1333* 98258 R1166*** ngig 25;3‘
C31000A R1017** 98268 R268* v REoa"
C3100AJ R1640** 98298 R331-05° KiosTs ==
C31005 R821*** 9829Q R331* T a7
C31007B 6199** 9856KB RB78™** NS REBO"*
C31016G R1288" 9856, 9956 RB78***
C31016F R1924-01**
C31034 R943-02*** Hamamatsu
C31053A R594**
Catoes e Types To Be Replaced
C31059A R1282* T listed in the LA
C31059B R374** R1104** prg\ﬁius catalog ,Z?,ﬁ';i’;‘;?,ff“ '
C70042K R1464" " but not in this types
C70042Y R1166"** catalog ‘
C701028 RE3Z* R761-01 R1463-01**
R1194U R1644U***
R1770 R2937***
R1294U R1645U***
R712 R2228**
R1668 R3172" "
R1398 R3082* *
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ACCESSORIES FOR PHOTOMULTIPLIER TUBES
E678 Series Sockets

E678-11A 7 E678-11C

(For JEDEC
| ! ]

No. B11-88 base)

E678-11H 4 E678-11N

E678-12C E678-12D

E678-12A

(For JEDEC
No. B12-43 base)

E678-12E
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Unit: mm

E678-13D

E678-14A

(For JEDEC
No.B14-38

A .

base)

mﬁun ) -
B0 =
E678-14C E678-14H
H—y
— 35—
000‘ of'\ -al [
l*] 179 ie ‘T,
Qa1
$3.5 ! ==
— $26 —=
E in g~
LZS@ -

E678-15A

E678-19C

E678-20A

(For JEDEC
No.B20-102 base)

E678-21A

E678-1B
(For C1-2 cap
terminal)
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Socket Assemblies (For further information, a detailed catalog is available.)

Hamamatsu sells a complete line of compact socket
assemblies which are engineered to educe the
maximum performance from the photomultiplier tubes
while imposing minimum wiring tasks on the users.
Tight potting of the voltage divider and other circuits
using carefully selected silicone compound ensure the
reliability of the unit against humidity and other harsh
environments.

The socket assemblies are classified into three types

by their functions as described below.

B D Type Socket Assemblies

=

SOCKET

VOLTAGE
DIVIDER

T siLicone

HV  GND  giG.

The D type socket assemblies incorporate a voltage divider circuit. A high voltage
power supply and a current/electric charge signal processing circuit are required.
Four types are available according to the ground electrode, supply voltage

polarity and output signal form.

COMPOUND

: ;%T(gi:hfggef- sthgg:s  Applicable PMT Type ;N'oj. , gé?i%d: Etfe‘s::;gﬁl Output Signal S‘f‘**}?pgshslg_mbly :
Head-on| 7 x24 10 R2937, etc. Anode/— DC/Pulse E2379
10 (3/8") 8 R1635, R1893, R1894, DC E1761-03
R2055, etc. Anode/~
: DC/Pulse E1761-04
13 (1/12”) 10 | R647, R759, R760, R1463, DC E849-34
R2077, etc. il DC/Pulse E849-35
Anode/— or Cathodel+ DC/Pulse E849-36
19 (3/47) 10 | R632, R750, R821, R1166, R1464, wssacy iBisise —
R1617, etc.
28 (1-1/8”) | 11 | R268, R292, R316, R374, R431S, Anode/— DG/Pulse E990-07
R376, R712, R1104, ete. Cathode/+ Pulse E990-08
38 (1-1/2”) | 10 | 6199, 7102, R189, R580 Anode/— DC/Pulse E2183
RA50, R1387, R1508, stc. Cathodel+ Pulse E2183-02
51 (27) 10 | 7696, PM55, R208, R550, R878, Anode/— DC/Pulse E1198-03
R1507, etc. Cathode/+ Pulse E1198-04
R375, R669, etc. Anode/— DGC/Pulse E1435
12 | R329, R331, R1221, etc. Anode/— Pulse E934*
R1332, R1333, etc. Anode/— DGC/Pulse E2380
R943-02, etc. Anode/— DC/Pulse E2380-01
76 (3”) 10 | R594, R1511, etc. Anode/— DC/Pulse E1198-03
Cathode/+ Pulse E1198-04
127 (5") 10 | R877, R1512, R1513, etc. Anode/- DC/Pulse E1198-03
Cathode/+ Pulse E1198-04

*E934 is designed for high-speed and high-current pulsed applications and is furnished with a special magnetic shield case.




(D Type Socket Assemblies cont’d)

Ground Electrode/
- PMT Diameter No. of : Wy of SUbR Output Signal Socket Assembly
' m (inchesy Stages Applicable PMT Type No. \P,gll_?; gz of Supply utput Sign Type No:
Side-on 13 (1/127) 9 R1413, R1414, R1546, R1547, DC E850-12
Anode/—
R1657, etc. DC/Pulse E850-13
13 (h1!2”) 9 R300, R306, R427, R444, Anode/— DC E657
wit
anode cap R500, R889, R1503, etc. Anode/— or Cathode/+ DC/Pulse E657-03
28 (1-1/8”) 9 | 931A, R105, R106, R166, R212, Anode/~- DC/Pulse E717-21
R4486, R636, RE28, R1516, etc. Anode/~ or Cathode/+ DC/Pulse E717-35
Bl DA Type Socket Assemblies
sockeT || The DA type socket assemblies incorporate a current to voltage conversion
L amplifier in addition to a voltage divider circuit. High voltage (for PMT) and
VOLTAGE low voltage (for amp.) power supplies are required. Since the high
PIIpER impedance output of the photomultiplier tube is connected to the amplifier
AM at a minimum distance, the problem of external noise induced in connecting
T cables can be eliminated.
Low 56 i In addition, the C1053-03 and C1556-03 which are BNC connector input type
YOLTAGE amplifiers are available.

St : Divider Circuit Input Voltage | Current to Voltage Maximum Frequency
Tyne No. |« Applicabin BWT Supply Voltage for Amp. Conversion Factor| Output Voltage Bandwidth
C1053 28 mm (1-1/8"") Head-on —1500 Vdc
C1053-01 | 28 mm (1-1/8”) Side-on Max. 13 33 g;‘ g“guaz) DC to 5 MHz
C1053-03 | BNC connector input Not included

+12~+ 15 Vdc 0.3 VIpA
C1556 28 mm (1-1/8’") Head-on —1500 Vdc
C1556-01 | 28 mm (1-1/8”) Side-on M. 10 Vp (at 10kHz) | DC to 10 kHz
C1556-03 | BNC connector input Not included
Bl DP Type Socket Assemblies (for 1-1/8” Side-On PMT)
1 SOCKET
q QQ?Q B[ loLtes The DP type socket assemblies feature a built-in voltage divider and DC-DC
H ——= converter type high-voltage power supply. By applying a +15 V supply, easy
sopeLy T T—siLicone operation of PMT is possible. A current/electric charge signal processing
| ] coweouno circuit is required.
=i T
GND sy \ SIG.
—HV CONTROL

‘Type No. | Applicable PMT |  Voltage ot T gt L R PMT Output |  Dimensions
e - Range g ] atgoov o
C956-04 35 dia. x 7

28 mim (1-1/8”) dia 150 mA max. | —400~—900 Vdc |+ 0.05%/h 10 B Ve % 18 o
C956-05 Side-on | +15+1 Vdc Max. f'_1ka 35 dia. x 50 mm

(after 15 min.) ( = Z)

C956-06 120 mA max. | —200~—1250Vdc tw = 1Tus 35 dia. x 76 mm
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Magnetic Shield Cases

Photomultiplier tubes are generally very susceptible to
magnetic fields, which normally decrease the gain of
the tube. It is, therefore, necessary to cover the tube
with a magnetic shield case to minimize the magnetic
effect when the tube is located in the neighborhood of
a transformer or other intense magnetic field sources.
Hamamatsu E989 series magnetic shield cases are
made of permalloy which has high permeability, and
are suitable for most commercially available photo-
multiplier tubes.

| B Magnetic Shield | Inside Diameter |  Thickness .
PMT Diameter Case TypeNo. |  (mm) (mm) {mm) L)
Side-on 13 mm (1/27) E989-10 14.5 05*0.1 47 £ 0.5 10

28 mm (1-1/8") E989 336 £0.8 0.8+ 0.1 80£1 66
Head-on 10 mm (3/8”) E989-28 12 £0.3 0.5+ 0.1 48 + 0.5 9
13 mm (1/27) E989-09 16 £ 0.8 0.8 £0.1 75t 0.5 28
19 mm (3/4”) E989-02 23+0.8 0.8 £0.1 95+ 1 50

28 mm (1-1/8) E989-03 32+0.8 0.8 £ 0.1 120 £1 90
38 mm (1-1/2") E989-04 44 £} 0.8 £ 0.1 100 = 1 102
51 mm (27) E989-05 60 £ ¢ 0.8 £ 0.1 130 £ 1 180
76 mm (3") E989-15 81 %1 0.8 £ 0.1 120 £ 1 200

127 mm (57) E989-26 138.4 £ 1 0.8 £0.1 170 £1 600

Thermoelectric Coolers

The thermionic electron emission from the
photocathode generally predominates over the
electrical leakage or other factors which constitute
the dark current of the photomultiplier tube. It is
possible to reduce the dark current and improve the
detectivity of the tube by cooling the photocathode.
Hamamatsu provides a variety of thermoelectric
coolers specifically designed for photomultiplier
tubes.

A C2761

. TypeNo. ~ Applicable PMT L7 Cooling Témp. *  Remarks
C659S 1-1/8" Dia. Side-On -15°C
C6598 1-1/8", 1-1/2 Dia. Head-On -20°C

C2761 1-1/2”, 2" Dia. Head-On below —-30°C Temperature controllable
C2773 MCP-PMT below —30°C Temperature controllable

* at +20°C water coolant
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Regulated High-Voltage Power Supplies

The output of a photomultiplier tube
is extremely sensitive to the applied
voltage. Even small variations in
applied voltage greatly affect
measurement accuracy. Thus a highly
stable source of high voltage is
required. Hamamatsu regulated high-
voltage power supplies are designed
for precision measurement and
available in various configurations
and performances, including modular
types for PC board mounting, bench
top types and a —5 kV output type for
MCP-PMTs.

Configuration Type No. Remarks I%?;Fr,il{; Outp;;r:lgc:taga Maé‘l‘"?:rff ut V:;-;?:t;a
Modular Type C2456 Very small size - —190 ~ —-1100 Vdc 0.5 mA
C1309-01 Large current output = —400 - —800 Vdc 2 mA
C1309-02 General purpose = —200 - —1100 Vdc 0.5 mA +15 Vdc
C1308-04 High stability = —200 -~ —1100 Vdc 0.5 mA
C1309-06 High voltage output ~ —-400 ~ —1500 Vdc 1 mA
Bench-Top C665 Portable, high stability =4 -200 ~ —1190 Vdc 5 mA
= C448A High current output = +250 ~ £1500 Vdc 15 mA
c752.01 High voltage output +/- | £500 ~ £2500 Vdc B | yiortile
2230 High voltage output +1- | 250 ~ £3000 Vdc 5 mA ;?'(‘)?g:ﬁng
C2633 Computer programmable +if— +200 ~ %3071 Vdc 5 mA
Cc2356 bbb B - ~1000 ~ —5000 Vdc 0.5 mA

Photon Counters and Related Products

Photon counting has become widely used as a
method of light detection at very low-light levels. As a
leading manufacturer of photomultiplier tubes,

Hamamatsu provides photon counters

and related

products. For further information, please feel free to

contact Hamamatsu sales offices.
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ELECTRON MULTIPLIERS

Electron multipliers (also called ion multipliers) are microscopy, and electron spectroscopy such as AES
specially designed for the detection and measurement and ESCA.
of electrons, charged particles such as ions, vacuum A variety of electron multipliers is available in head-on
UV radiations and soft X-rays. Hamamatsu electron or side-on viewing configuration. Each type has Cu-BeO
multipliers have high gain and low noise, making dynodes connected by built-on divider resistors (1 MQ
them suitable for the detection of very small or low per stage) and is supplied in an evacuated glass bulb.
energy particles by using the counting method. They The first dynode can be replaced by a photocathode
are well suited for mass spectroscopy, field ion of Cs-l, K-Br, etc.
Dynode > Characteristics Anode Maximum Ratings
- i . | Current to All | Anode | Anode (A] '
Type |Out| Number Radiation| Supply | Amplifi- | Rise | Other |to First | to Last | Average|Operating
No.  |line of Structure |Material | Opening |Voltage| cation |Time | Electrode | Dynode | Dynode| Anode | Vacuum
: Stages . ; Typ. Typ. | Capaci- | Voltage | Voltage | Current| Level
e : tance
(mm) (Vdc) (ns) (pF) {Vde) | (Vdo) (uA) (torr)
Head-On Types
R474 | © 16 Box-and-Grid | Cu-BeO| 8x86 2400 | 1x10% | 9.3 5.0 4000 350 10 1x107*
R515 | @ 16 | Box-and-Grid | Cu-BeO| 8x6 2400 | 1x10% | 9.3 4.0 4000 350 10 1x107
R596 (3] 16 Box-and-Grid | Cu-BeO | 12 x 10 2400 1x 108 10 2.0 4000 400 10 1x 1074
R595 | @ 20 | Box-and-Grid | Cu-BeO | 12x10 | 3000 | 4x107 | 12 9.0 5000 | 400 10 | 1x10™*
R499-:01| @ 18 Venetian Blind| Cu-BeO | 16 x 16 2700 [(1.8x10%| — 6.5 4500 400 10 1x1074
*R2362 | @ 23 Mesh Cu-BeO | 20 dia. 3450 [5.0x10%| 3.5 23 4000 350 10 1x107*
Side-On Type
| R1481 [ o | 10 ]Circular-Cage| Cu-BeOl 4x13 | 1500 |1.o x 103| — | 2.0 [ 2000 | 200 [ 2 [ 1x1074 ]
@ : Averaged over any interval of 30 seconds maximum.
*: Types with large radiation opening of 58 mm and 105 mm in diameter are also available.

@ Typical Spectral Response of Cu-BeO Used @ Typical Current Amplification
for Dynodes
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(For further information, technical data sheets are available.)
A microchannel plate (MCP) is a secondary electron . . ; ;
multiplier consisting of array of millions of glass X-rays. Major features of MCP include high gain,
capillaries (channels) fused in the form of a thin plate. 2-d|men§|opal detection, faS‘t response, immunity to
Each channel has an internal diameter ranging from magietic f',e_lds ang smal! Slag,;
10 um to 25 um and is coated with a secondary In addition to types listed below, Hamamatsu
electron emissive material, thus each channel also provides a variety of MCP assemblies including
becomes an independent electron multiplier. MCP is single:; two- and threg-stage MCP with necessalry
also sensitive to charged particles, UV radiations and leads and output devices.
) j P : L Maximum
i : Dimension i 1 3 i : Characteristics Ratings
Type Oyter Effec- Open | Elec- Mini- 7 Maxi- @] = ®| Ambient
'No. |Diam-| tive |Channel | Bias | Area | trode | mum Plate Dark | mum | Supply| Temp-
- eter | Diam- |Diameter | Angle | Ratio [Material|Current| Resistance | Current | Linear | voitage| erature
: eter Gain Output 1
L am) | em) | () I (M) (Alem?) | Signal | (v) (°0)
3/4 inch (18 mm) Dia. Types
F1551-01 12 Inconel 7% of 1000
18 14.5 8 57 or 104 100~1000 |5x 10713 | strip -50~+70
F1551-03 20 Ni-Cr current 1200
1 inch (25 mm) Dia. Types
*F1094-09 10 5 Inconel 7% of 1000
F1094.01 | 249 20.0 12 58 15| 57 or 104 100~700 |5x10"13 | strip ~50~+70
F1094-03 20 8 Bl current [ 120p
1-1/4 inch (33 mm) Dia. Types
*F1552-09 10 12 Inconel 7% of | 1000
F1552-01 32.8 27.0 12 57 or 104 30~ 300 5x1071 | strip —-50~+70
F1552-03 20 8 Ni-Cr current [ 4200
1.5 inch (38 mm) Dia. Types
F1208-01 12 Inconel 7% of 1000
38.5 32.0 8 57 or 104 20~300 |5x1071| strip -50~+70
F1208-03 20 Ni-Cr current 1200
2 inch (50 mm) Dia. Types
F1217-01 12 5 8 Inconel 7% of 1000
50.0 42.0 57 or 104 10~200 [5x1078| strip -50~+70
F1217-03 20 8 Ni-Cr current | 1200
3.4 inch (50 mm) Dia. Type
Inconel 7% of
*F1942-04 | 86.7 77.0 25 8 57 or 104 10~100 |[5x107" | strip 1200 | -50~+70
Ni-Cr current
4.5 inch (114 mm) Dia. Type
Inconel 7% of
*F2395-04 | 114 105 25 8 57 or 104 5-500 |5x107"3| strip 1200 |-50~+30
Ni-Cr current
Rectangular Types
*F2370-01 |16 x 9.5| 13 x 6.5 300
*F2807-01 [62x 10| 55x 8 12 80 1000
*F1948-01 |25 x 25| 21 x 21 8 7% of
*F2806-01 [50 x 40| 45x 35 57 Inconel 10% 60 5x 1371 | strip -50~+70
* o current
F2805-02 (60 x 60| 53 x 53 15 20 1100
*F1943-02 |88 x 38| 81 x 31
*F2396-04 |97 x 79| 94 x 76 25 19 10 1200

@ *: Newly listed in this catalog.

@At 1000V, 1 x 1078 torr, 25°C

@ Strip current is given by: Applied voltage divided by plate resistance.
@At 1 x 1078 torr or less.
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A variety of MCP and assemblies

Examples of Products Using MCP

MCP-PMTs

Owing to superior time response and detectivity at low-light levels,
MCP-PMTs are useful photodetectors in the fields using lasers.
Especially, MCP-PMTs are very effective in time-correlated photon
counting which is widely used for biological science and material
engineering. (See page 54.) A technical data sheet is available upon

request.

Image Intensifiers

The image intensifier incorporates an MCP which is capable of image
intensification of more than 10,000 times. It is widely used in night
vision devices, and also its use is spreading to scientific and
measurement applications such as astronomical observation,
nocturnal animal studies, microscopy, and spectroscopy. A detailed

catalog is available from our sales office.

Streak Tubes

The streak tube is an ultra-high-speed photodetector that can capture
an ultra-short phenomenon in the order of picoseconds. It provides not
only temporal information, but also one-dimensional spatial
information. Hamamatsu streak tubes include an MCP which allows

high sensitivity.




CAUTIONS AND WARRANTY

Cautions
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HIGH VOLTAGE WARNING

Photomultiplier Tubes, Electron Multipliers,
Microchannel Plates, High Voltage Power Supplies.
The high voltage used by these devices may present a
shock hazard. They should be installed and handled
only by qualified personnel that have been instructed
in handling of high voltage. Designs of equipment
utilizing these devices should incorporate appropriate
interlocks to protect the operator and service
personnel.

PRECAUTIONS FOR USE

® Handle tubes with extreme care

Photomultiplier tubes have evacuated glass
envelopes. Allowing the glass to be scratched or to be
subjected to shock can cause cracks. Especially, for
tubes with graded sealing of synthetic silica, extreme
care should be taken in handling.

® Helium permeation through silica bulb

Helium will permeate through the silica, leading to
noise increase. Avoid operating or storing tubes in an
environment where helium is present.

@® Handling for tube with glass base

Glass base (also called button stem) is more fragile
than plastic base. So care should be taken in handling
this type of tube. For example, when making up the
voltage divider circuit, solder divider resistors to
socket lugs while the tube is inserted in the socket.
Also, when cooling the tube at —50°C or below,
although tubes are guaranteed for operation down to
—80°C, use of contact pins instead of the normal
socket is recommended. This is to prevent the stem
from cracking from the difference in thermal expansion
coefficient between the stem and socket.

® Keep faceplate and base clean

Do not touch the faceplate and base with bare hands.
Dirt and fingerprints on the faceplate cause loss of
transmittance and dirt on the base may cause ohmic
leakage. Should it become soiled, wipe it clean using
alcohol.

® Do not expose to strong light

Direct sunlight and other strong illumination should
not be allowed to strike the photocathode, even when
the tube is not operated.

The data and specifications are subject to change due
to product improvement and other factors. Before
specifying any of the types in your production
equipment, please contact Hamamatsu.




Warranty

All Hamamatsu photomultipler tubes and related
products are warranted to the original purchaser for a
period of 12 months following the date of shipment.
The warranty is limited to repair or replacement of any
defective material due to defects in workmanship or
materials used in manufacture.

A:

B:

Any claim for damage of shipment must be made
directly to the delivering carrier within five days.
Customers must inspect and test all detectors
within 30 days after shipment. Failure to
accomplish said incoming inspection shall limit
all claims to 75% of invoice value.

No credit will be issued for broken detectors
unless in the opinion of Hamamatsu the damage
is due to a bulb crack or a crack in a graded seal
traceable to a manufacturing defect.

No credit will be issued for any detector which in
the judgement of Hamamatsu has been damaged,
abused, modified or whose serial number or type
number have been obliterated or defaced.

No detectors will be accepted for return unless
permission has been obtained from Hamamatsu
in writing, the shipment has been returned
prepaid and insured, the detectors are packed in
their original box and accompanied by the original
datasheet furnished to the customer with the
tube, and a full written explanation of the reason
for rejection of each detector.
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Typlcal Photocathode Spectral Response

Spectral Response.
L P e ‘< ‘ PeangveJangth,_) e el _
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SemltranSparem Photocathode (Transm:ss:on Mode)
O [ 100M Cs-l MgF2 115~200 140 130 R1081, R972, R1459, R2050
O 2008 Cs-Te S}i'_nthetic 160 ~ 320 210 200 R1893, R759, R821, R431S
silica
O | 200m Cs-Te MgF2 115~320 210 200 R1080, R1460
2018 Cs-Te Synthetic 160 ~320 240 220 R2078
silica
201A Cs-Te Sapphire 150 ~ 320 250 220 R1689-01
O [ 300K (8-11) Sb-Cs Borosilicate 300~8650 440 410 6199, 7696
O 400K Bialkali Borosilicate 300 ~ 650 420 390 R647, R1213, R268, R580, R329, R878, R1306, R1213,
R1250, R1635, R3082, etc.
O | 400U Bialkali UV glass 185~ 8650 420 390 R750, R269
O 4008 Bialkali S‘)"pthetic 160 ~ 650 420 390 R760, R292, R331, R585, R2059, R2496, R3172, etc.
silica
0 401K High temp. Borosilicate 300 ~ 650 375 360 R1281, R1288, R1282, R1044, R1640, R1317-05, R1519-01,
bialkali R1705
402K Bialkali Borosilicate 300-~650 375 360 R1645U, R1564U, R2286U, R2287U, R2024U, R2809U, etc.
'S) 403U Low noise UV glass 185-~680 375 320 R2693
bialkali
O | 500K (S-20) Multialkali Borosilicate 300 ~850 420 360 R1894, R1617, R1387, R550, R1513, R1925, PM55, R649
O | 500U Multialkali UV glass 185 ~850 420 290 R1463, R1464, R374, R1508, R453, R567, R1104, R2027
'®) 500S Multialkali S_);'_mhetic 160 ~ 850 420 280 R376, R375, R562, R2368
silica
Q| 501K Multialkali Borosilicate 300 ~ 900 650 600 R1333, R669, R1017, R649, R2066, R2228
| 700K (S-1) Ag-0-Cs Borosilicate 400 - 1200 800 780 R632, R316, R568, 7102, R1767
Opaque Photocathode (Reflection Mode)
O | 150M Cs-l MgF2 116-195 120 120 R1259
O 2508 Cs-Te S}Ir'rlthetic 160 ~ 320 200 200 R1657, R427, R166, R166UH
1 silica
O | 250M Cs-Te MgF2 115-320 200 190 R1220
O | 350K (5-4) Sb-Cs Borosilicate 300 - 650 400 350 R906, 931A, 1P21, R105, R105UH
O | 350U (S-5) Sb-Cs UV glass 185 ~ 650 340 270 R1414, R300, R212, 1P28, R444, R212UH
'®) 3508 (8-19) Sb-Cs Sl):'_nthe!ic 160 ~650 340 210 R306, R106, R106UH
silica
O | 351U (Ext'd S-5) Sb-Cs UV glass 185 ~ 700 450 235 1P28A
451U Bialkali UV glass 185~730 340 320 R372
452U Bialkali UV glass 185 ~750 350 315 R905
453K Bialkali Borosilicate 300 ~650 400 360 931B
453U Bialkali UV glass 185 - 650 400 330 R1516
454K Bialkali Borosilicate 300 ~ 680 450 430 R1785
455U Bialkali UV glass 185 ~ 680 420 400 R1784
456U Low noise UV glass 185~ 680 375 320 R1527, R2371, R2371-02
bialkali
457U Bialkali UV glass 300 -680 450 450 R2752
550U Multialkali UV glass 185~ 850 530 250 R1546, R1547, R500, R889
550S Multialkali Synthetic 160 ~ 850 530 250 R1503
silica
O | 551U Multialkali UV glass 185870 330 280 R446
5518 Multialkali Synthetic 160 ~ 870 330 280 R456
© silica
O | 552U Multialkali UV glass 185 ~900 400 260 R928
5525 Multialkali Synthetic 160 ~ 900 400 215 R955
© silica
554U Multialkali UV glass 185 ~900 450 370 R1477
555U Multialkali UV glass 185 ~ 850 400 320 R777
556U Multialkali UV glass 185 ~ 930 420 320 R936
557U Multialkali UV glass 185 ~ 900 420 400 R1913
558K Multialkali Borosilicate 300 ~ 800 530 510 R1923
558U Multialkali UV glass 185-810 330 280 R508
O | 650U GaAs(Cs) UV glass 185~930 300 ~ 700 300 R636
650S GaAs(Cs) Synthetic 160 ~930 300~700 280 R943-02
O silica
651U GaAs(Cs) UV glass 185-910 350 270 RE666, R666S
O] 750K Ag-O-Cs Borosilicate 400 ~1100 730 730 R406
850U InGaAs (Cs) UV glass 185~1010 400 330 R2658
O : Spectral response curves are shown on page 77.




Semitransparent Photocathode
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HAMAMATSU PHOTONICS K.K., Electron Tube Division
314-5, Shimokanzo, Toyooka—vil!aggéjlwata- un, Shizuoka-ken, 438-01 Japan
Telephone: 053962/5248, Fax: 053962/2205, Telex: 4289-625

Main Products

Photosensitive Devices
Photomuitiplier Tubes
Phototubes

Electron Multipliers
Microchannel Plates
Ultraviolet Detectors
Radiation Counter Tubes

Imaging Devices
CHALNICON

Vidicon (X-Ray to Infrared)
Image Dissectors

Image Intensifiers

Image Converters

Light Sources

Hollow Cathode Lamps
Deuterium Lamps
Mercury Lamps

Xenon Lamps
Mercury-Xenon Lamps

Hamamatsu also supplies:
Solid State Detectors
Solid State Light Sources
Measuring Video Systems

Information in this catalog is
believed to be reliable. However,
no responsibility is assumed for
possible inaccuracies or omission.
Specifications are subject to
change without notice, No patent
rights are granted to any of the
circuits described herein.

Sales Offices

ASIA:

HAMAMATSU PHOTONICS K.K.

325-6, Sunayama-cho,

Hamamatsu City, 430 Japan

Telephone: 0534/52-2141, Fax: 0534/56-7889,
Telex. 4225-186

U.S.A.:

HAMAMATSU CORPORATION

Main Office

360.Foothill Road, P.O. BOX 6910,
Bridgewater, N.J. 08807-0910, U.S.A.
Telephone: 201/231-0960, Fax: 201/231-1539

Western U.S.A. Office

2444 Moorpark Avenue, Suite 312

San Jose, Calif. 95128, U.S.A.

Telephone: 408/292-8603, Fax: 408/279-1886

United Kingdom:

HAMAMATSU PHOTONICS UK LIMITED
Lough Point, 2 Gladbeck Way, Windmill Hill,
Enfield, Middlesex EN2 7JA, England
Telephone: 01-367-3560, Fax: 01-367-6384
Telex: 927817 Photon G

France, Spain, Portugal, Belgium:

HAMAMATSU PHOTONICS FRANCE

Zone ORLYTECH - Bat. A3 - Allée du Cdt
Mouchotte, 91550 PARAY VIEILLE POSTE, France,
Telephone: (1) 49 75 56 80, Fax: (1) 49 75 56 87
Telex: HPF631895F

W. Germany:

HAMAMATSU PHOTONICS DEUTSCHLAND GmbH
Arzbergerstr. 10,

D-8036 Herrsching am Ammersee,

West Germany

Telephone: 08152-375-0, Fax: 08152-2658

Telex: 527731

North Europe:

HAMAMATSU PHOTONICS NORDEN AB
Kanalvagen 20,

$-194 61 Upplands Vasby, Sweden
Telephone: 0760/32190, Fax: 0760/94567

Italy:

HESA S.P.A.

Viale Teodorico 19/1, 20149 Milano, Italy
Telephone: (02)31 75 51, Fax: (02)34 13 84
Telex: 234-9121

Quality, technology, and service are part of every product.

Hong Kong:

S&T ENTERPRISES LTD.

Room 404, Block B,

Watson's Estate, Watson Road,
Nerth Point, Hong Kong

Telephone: 5-784921, Fax: 5-8073126
Telex: 73942

Taiwan

S&T ENTERPRISES LTD.

Taiwan Branch

No. 56, Nanking East Road, Section 4,
Taipei, Taiwan

Telephone: 02-775-2963-6, Fax: 02-721-6223
Telex: 22590

KORYO ELECTRONICS CO., LTD.
Min-Seng Trade Bldg.,

No. 342, Min-Seng East Road,

Taipei, Taiwan

Telephone: 02-505-6470, Fax: 02-500-6813
Telex: 25335

Korea:

SANGSOO SANGSA CO.

Suite 421, Sunmyunghoi Bldg.,

24-2, Yoido-Dong, Youngdeungpo-ku,
Seoul, Korea

Telephone: 02-780-8514, Fax: 02-784-6062
Telex: 22565

Singapore:

S&T ENTERPRISES LTD.

Singapore Branch

80, Genting Lane,

Unit 03-02, Genting Block,

Ruby Industrial Complex

Singapore 1334

Telephone: 7459235, Fax: 065-7469630
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