The streak camera is an ultra high-speed detector
{
which captures light emission phenomena occurring
in extremely shorttime periods.
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Streak Tube

This booklet has been put together in order to introduce the operating principle
of streak cameras, show some examples of how streak cameras are used,
offer guidelines on how to select a streak camera, and explain the terms used
in connection with these instruments. We hope those who are interested in
streak cameras and those who are considering buying a streak camera would
find it useful. If you are looking for information on a specific product model,
HAMAMATSU has individual catalogs available which describe the various
models in greater detail. Please refer to those catalogs for the model in which
you are interested.
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What is a I
Streak Carmera?

Although we call it a "camera®, a streak camera is quite
different from the video cameras and still cameras that we
load with film to take pictures of the people and objects
around us.

The streak camera is a device to measure ultra-fast light phenomena and delivers intensity vs. time vs. position (or
wavelength) information. It's name dates back to the early days of the high speed rotating drum cameras. These
cameras would "streak" reflected light onto film. No other instruments which directly detect ultra-fast light
phenomena have better temporal resolution than the streak camera.

Since the streak camera is a two dimensional device, it can be used to detect several tens of different light channels
simultaneously. For example, used in combination with a spectroscope, time variation of the incident light intensity
with respect to wavelength can be measured (time resolved spectroscopy). Used in combination with proper optics,
it is possible to measure time variation of the incident light with respect to position (time and space-resolved

measurement).

Operatin g Principle

Fig. 1 shows the operating principle of the streak camera. The light
being measured passes through a slit and is formed by the optics
into a slit image on the photocathode of the streak tube. At this point,
four optical pulses which vary slightly in terms of both time and
space, and which have different optical intensities, are input through
the slit and arrive at the photocathode.

The incident light on the photocathode is converted into a number of
electrons proportional to the intensity of the light, so that these four
optical pulses are converted sequentially into electrons. They then
pass through a pair of accelerating electrodes, where they are
accelerated and bombarded against a phosphor screen.

As the electrons produced from the four optical pulses pass between
a pair of sweep electrodes, high voltage is applied to the sweep
electrodes at a timing synchronized to the incident light (see Fig. 2).
This initiates a high-speed sweep (the electrons are swept from top
to bottom). During the high-speed sweep, the electrons, which arrive
at slightly different times, are deflected in slightly different angles in
the vertical direction, and enter the MCP (micro-channel plate).
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As the electrons pass the MCP, they are multiplied several thousands
of times, after which they impact against the phosphor screen, where
they are converted again into light.

On the phosphor screen, the phosphor image corresponding to the
optical pulse which was the earliest to arrive is placed in the
uppermost position, with the other images being arranged in
sequential order from top to bottom, in other words, the vertical
direction on the phosphor screen serves as the time axis. Also, the
brightness of the various phosphor images is proportional to the
intensity of the respective incident optical pulses. The position in the
horizontal direction of the phosphor image corresponds to the
horizontal location of the incident light.

In this way, the streak camera can be used to convert changes in the
temporal and spatial light intensity of the light being measured into
an image showing the brightness distribution on the phosphor
screen. We can thus find the optical intensity from the phosphor
image, and the time and incident light position from the location of
the phosphor image.
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Fig.1 Operating Principle of the Streak Tube
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F eatures

« Simultaneous measurement of light intensity on both * Measurement ranges from X-rays to the near infrared
the temporal and spatial axis (wavelength axis) rays

By positioning a multi-channel spectroscope in front of the slit (for A streak tube (detector) can be selected to match any wavelength

the incident light) of the streak camera, the spatial axis is range from X-rays to near infrared rays.

reckoned for the wavelength axis. This enables changes in the

light intensity on the various wavelengths to be measured e Ultra-high sensitivity (single photoelectron can be

(timeresolved spectroscopy). detected)

The streak tube converts light into electrons, and then multiply it
electrically. By this, it can measure faint light phenomena not to be
seen by the human eyes. This enables monitoring of extremely
faint light, even single photoelectron can be detected.

* Superb temporal resolution of less than 0.2 ps
The streak camera boasts a superb maximum temporal resolution
of 0.2 ps. This value of 0.2 ps corresponds to the time it takes for
light to advance a mere 0.06 mm.

¢ Dedicated readout system

¢ Handles anything from single event phenomena to A dedicated readout system is available which allows images
high-repetition phenomena in the GHz range recorded by a streak camera (streak images) to be displayed on

A wide range of phenomena can be measured simply by video momtqr and gnalyzeq in real time. Th|s.enables thg data to

replacing the modular sweep unit. be analyzed immediately without the delay of film processing.

conﬂ'gU[‘afion streak camera, a trigger section and a readout section are

required. The basic configuration of this system is shown below.

System , | .
_I I | » In order to measure ultra-high speed optical phenomena using a

The trigger section controls the timing of the streak sweep. This section has to be adjusted so that a streak sweep is
initiated when the light being measured arrives at the streak camera. For this purpose, we use a delay unit, which controls
how long the trigger signal which initiates the streak sweep is delayed, and a frequency divider, which divides the
frequency of the external trigger signal if the repetition frequency of the trigger signal is too high. Also, in cases where the
trigger signal cannot be produced from the devices such as a laser, it has to be produced from the light being measured
itself, and this requires a PIN photodiode.

The readout section reads and analyzes streak images produced on the phosphor screen, which is on the output side of
the streak camera. Because the streak image is faint and disappears in an instant, a high-sensitivity camera is used.
Analysis of streak images is done by transferring the images through a frame grabber board to a computer.

In addition to the units which make up this basic configuration, there are spectroscopes, optics, and other peripheral
equipments which can be used depending on each applications
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Fig.3 Basic System Configration of Streak Camera



Definitions
of Terms

I'ime Characteristic / Unit / Gate / Trigger

e Temporal Resolution

This is the boundary of the resolution which distinguishes between
two events which are consecutive in terms of time. In HAMAMATSU
catalogs, the temporal resolution is defined as the FWHM (full width
at half maximum) of the intensity of the streak image in relation to an
incident light pulse whose temporal width (pulse width) can be
infinitely close to but not equal to zero.
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Fig. 4 Temporal Resolution

¢ Picosecond (ps) / Femtsecond (fs)

One picosecond is equal to one-trillionth of a second (10-12 second).
Light in vacuum travels 0.3 mm in a picosecond. One femtosecond
is equal to 1/1000 th of a picosecond (1/one thousand trillionth of a
second, or 10-15 second).

* Gate

This is an operation carried out in order to render the streak camera
temporarily insensitive.

If light positioned before and after the light in the field being measured
is allowed to enter the streak camera, the photoelectrons produced by
that light will be scattered and multiplied inside the streak tube,
causing optical noise to appear on top of the actual streak image, and
lowering the S/N of the streak image. In order to prevent this problem,
the streak camera is equipped with a cathode gate which blocks the
photoelectrons produced on the photocathode and an MCP gate
which stops electrons from being multiplied in the MCP.

* Gate Extinction Rate

This is the ratio of the phosphor screen brightness when the gate is
open and when it is closed, in relation to incident light which is
constant in terms of time.

e Dynamic Range

This indicates the light intensity range which can be measured with
the streak camera. In this booklet and HAMAMATSU catalogs, the
dynamic range is specified as the weakest pulse which can actually
be measured, instead of the noise level, which has conventionally
been used to define the dynamic range. In other words, the ratio
between the strongest pulse and the weakest pulse in the range of the
input/output linearity ( y = 1) is taken as the dynamic range. Generally
speaking, there is a tendency for the dynamic range to become lower
as the temporal resolution improves.

e Trigger Delay

In order to obtain a streak image in the center of the phosphor
screen, the trigger signal has to arrive at the slit earlier than the
incident light. The trigger delay is used to achieve this difference in
timing.

*Trigger Jitter

When a phenomenon is being repeated in order to measure it (streak
images are being summed), the position of the streak image on the
phosphor screen jumps slightly each time the phenomenon is
repeated, because of fluctuation in the operation timing of the sweep
circuit and other factors. This fluctuation is called trigger jitter, and is
one element which limits the temporal resolution of the system. It can
be a particular problem with high-speed sweeps. (With low speed
sweeps, the trigger jitter is lower than the time resolution, and can be
ignored.)

The trigger jitter is determined by the difference between the FWHM
of a single pulse and the FWHM when pulses are summed together.

AVERAGE FWHM OF A SINGLE PULSE

k\ 44 ps
IN THIS CASE, THE TRIGGER JITTER
ﬁ IS CALCULATED, AS SHOWN IN
THE FOLLOWING EQUATION, TO BE
+15 ps OR LESS.
AVERAGE FWHM OF Tj = (532 — 442)*~29.5 ps (< + 15 ps)
\120 PULSES SUMMED TOGETHER

53 ps

~-—— TIME
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Fig. 5 Determining Trigger Jitter

S weep Method / Measurement Method

* Single-Sweep

Essentially, this term comes from the fact that only one sweep is
involved (a single shot). In this booklet and in HAMAMATSU
catalogs, however, we use the term to refer to any sweep ranging
from a single shot to sweeps with a repetition rate of up to tens of
kHz. The measurement range which covers this sweep method is
from 60 ps to 10 ms. A ramp voltage is applied to the deflection
(sweep) electrodes during the sweep. (see Fig. 6)

e Synchroscan

This refers to a high-speed repeated sweep in which a highfrequency
sinewave voltage is applied to the deflection electrodes (see Fig. 6).
By synchronizing the repeated sweep frequencies, streak images can
be accumulated (integrated) at a fixed position on the phosphor
screen. This allows very faint optical phenomena to be measured with
a high S/N.

The repetition of the optical phenomenon is the same as the sweep

frequency, but it must be an integral multiple or an integral fraction of
the sweep frequency. The temporal measurement range is from
several hundred ps to 2 ns or 3 ns.
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Fig. 6 Sweep Voltages for Single-sweep and Synchroscan



* Synchronous Blanking

With the synchroscan method, because only vertical deflection plates
are used and repeated sweeps carried out in the vertical direction, if
there is incident light during the return sweep (the sweep from the bottom
back to the top), this will overlap the signal of the main sweep (the sweep
from the top to the bottom) as a suprious-signal. This makes it very diffi-
cult to obtain accurate measurements.

In synchronous blanking, a sinewave with a phase different from that of
the vertical sweep signal is applied to the horizontal deflection plates,
and the return sweep is forced off its course in the horizontal direction.
As shown in Fig. 10, the return sweep thus misses the phosphor screen,
allowing only the main sweep to be measured, and this enables accurate
measurement of high-speed repeated phenomena up to the GHz range.
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The image resulting from incident light during the return sweep overlaps
with the signal from the main sweep.

Fig.7 Sweep Path Using Synchroscan
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The use of elliptical sweep so that the return sweep does not pass over the
phosphor screen enables measurement of only the signal from the main
sweep. (The photo was obtained using the data analyzer to perform vertical
compensation for streak image bending.)
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Fig.8 Sweep Path Using Synchronous Blanking

¢ Dual Time Base

In addition to the synchroscan, by appling a ramp voltage to the hori-
zontal deflection plates, the repeated vertical sweep shifts in the hori-
zontal direction (horizontal sweep). This allows temporal imformation
to be captured in the horizontal direction as well as the vertical direc-
tion. The vertical axis represents the fast time axis, while the horizon-
tal axis shows the slow time axis. By having two time axis, it is possi-
ble, for example, to measure pulse widths and phase fluctuations
which are sufficiently longer than the repetition frequency of events
which repeat at highspeed.
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Fig. 9 Sweep Path Using Dual Time Base

Jitter measurement example of a mode-locked YAG laser and a
sync pump dye laser excited by the YAG laser's second harmonic
(top: dye laser, bottom: YAG second harmonic)

e Photon Counting Integration

Photoelectrons given off from the photocathode of the streak tube
are multiplied at a high integration rate by the MCP, and one photo-
electron is counted as one intensity point on the phosphor screen. A
threshold value is then used with this photoelectron image to clearly
separate out noise.

Positions in the photoelectron image which are above the threshold
value are detected and are integrated in the memory, enabling noise
to be eliminated completely. This makes it possible to achieve data
measurements with a wide dynamic range and high S/N.
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Fig. 10 Separation of Photoelectron Image and Noise

e Time-resolved Spectroscopy

In time-resolved spectroscopy, temporal fluetuation in the intensity of
light at various wavelengths are measured. A spectroscope is set in
front of the streak camera, and light separated in the horizontal direc-
tion is collected and an image formed at the level input slit in order to
be measured. (See Application Examples 1, 2, and 3 on page 8.)

¢ Time and space-resolved Measurement

This is a type of measurement in which temporal fluctuation in the in-
tensity of the light are measured at the position of the light being
measured. This is done by using a lens system appropriate to opti-
cal images in the target range and forming an image on the input slit
surface of the streak camera. (See Application Examples 4, 5, and 6
on page 9.)
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Fig. 11 Time and space-resolved Measurement



I nput / OQutput / Readout System / Optical

e Input Optics

This is an optics which is positioned in front of the photocathode of
the streak tube. Its function is to make the light being measured into
fine slit ray and make it focused on the photocathode. It consists of a
slit section and a lens section. Various models are available, classi-
fied by the spectral transmittance and brightness of the lens system.

¢ Output Optics

This is an optics which is positioned between the phosphor screen
on the output side of the streak tube and the camera used for read-
out. It is used to form an image on the sensitive surface of the cam-
era which reads the streak image formed on the phosphor screen.

* Photocathode

This is configured of numerous layers of various types of metallic
film, layered on the surface of the window material, so that when
light strikes this surface, the light energy is absorbed and electrons
called photoelectrons are emitted. The wavelength range of the inci-
dent light from which these photoelectrons are generated, and the
conversion efficieney, differ depending on the material making up
the photocathode.

e Spectral Response Characteristics

The percentage of photoelectrons emitted from the photocathode to
the number input in the incident light varies depending on the wave-
length of the light. This is called the spectral response characteristic
and, depending on how definitions are used, it is expressed in terms
of quantum efficiency and radiant sensitivity.

¢ Radiant Sensitivity

This indicates how many amperes (A) of photoelectric current are
produced when 1 watt (W) of incident light is entered in the photoca-
thode. It is expressed as the proportion of the incident light to the
photoelectric current (A/W).

* Quantum Efficiency

This is the ratio between the number of incident photons on the pho-
tocathode and the number of photoelectrons generated. It is calcula-
ted using the following equation: No. of photoelectrons/ no. of inci-
dent photons x100 (%).

* Phosphor screen

This is a screen which produces light when electrons bump against
it. This is where the electron image is optically converted into a
streak image. The phosphor screen consists of a glass plate and lay-
ers of fluorescent material on the surface of the plate. The amount of
light generated by the fluorescent material is proportional to the kinet-
ic energy of the electrons. The peak and attenuation time of the spec-
trum vary depending on the type of phosphor screen used. Phos-
phor screens are classified by P numbers, such as P-11, P-20 or P-
43.

e MCP

This is an abbreviation for Micro Channel Plate. The MCP is an elec-
tron multiplier consisting of many thin glass capillaries (channels)
with internal diameters ranging from 10 um to 20 pum, bundled to-
gether to form a disk-shaped plate with a thickness of 0.5 mm to 1
mm. The internal walls of each individual channel are coated with a
secondary electron emitting material, so that as the electrons come
flying through the channels, they bump against the walls, and the re-
peated impact causes them to multiply in number. A single electron
can be multiplied into as many as 104 using this process.

CHANNEL

MCP

Fig. 12 MCP Configuration

e Material of Windows

This is a substrate formed by either the photocathode or the phos-
phor screen, and is made of material with a superb light transmission
characteristic. Various materials such as MgF2, UV transmitting glass,
and fiber plate are used as window materials. The window material
varies depending on the boundary transmittance wavelength of the
UV region.

* CCD Camera

CCD cameras are the preferred devices for reading the images from
the phosphor screens of streak cameras. Hamamatsu is offering vari-
ous camera types; including cooled or non-cooled, digital or analog,
slow-scan or fast-scan lens-coupled or fiberoptically coupled. So,
the ideal CCD camera can be selected for a given streak camera
model and application.

e Streak Trigger Unit (Frequency Divider)

This divides signals which have a repetition frequency too high to be
handled by a single sweep unit, and supplies gate trigger signals
and streak trigger signals to the single sweep unit.

¢ Delay Unit
This unit can be used to specify the delay time in steps as short as
30 ps.

* PIN Photodiode
It is a device to convert the incident light pulse into the streak trigger
signal for single sweep unit or synchroscan unit. For single sweep
unit, a slow reptition pulse laser is used as the applicable light
source. For synchroscan unit, a mode-locked laser is used as the ap-
plicable light source.



Applications |

H Semiconductor Physics (photoluminescence of GaAlAs)
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This is an example showing the photoluminescence of the compound
semiconductor GaAlAs undergoing time-resolved spectroscopy.The
specimen (GaAlAs) was excited using 580 nm picosecond pulses, and
'B;n i R the photoluminescence emitted when electrons return to the ground state
WAVELENGTH (o) pass through a spectroscope where they undergo wavelength analysis.
Following this, temporal resolution is carried out using a streak camera.
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2| Photochemistry (Picosecond time-resolved absorption of photochromic compound)
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SPIROBENZOPYRAN
The absorbance change of spirobenzopyran in polystyrene film are
measured by streak camera after the 355 nm excitation. The vertical
curve shows the temporal changes in the degree of absorption in the
first half of the 400 nm band and in the second half of the 500 nm band.
The horizontal curve shows the absorption spectrum around 1.5 ns after
excitation.

El Optical communication (Chromatic dispersion in single mode optical fiber)
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This is an example of a measurement of dispersion in time occurring in
optical fiber. A laser diode with a wavelength of 1.5 um generates many
pluses having different wavelength at same timing, which are input to
the optical fiber to be measured. The speed of the each optical pulses
transmitting through the optical fiber varies depending on its
wavelength. Thus, when the output light undergoes time-resolved
spectroscopy after being transmitted a long distance, the differences of
arrival time depending on each wavelength of a pulse can be measured.




A Fabrication of high quality thin films (Laser ablation of YBCO)

Time 8 Busec full

A Photo courtesy of Superconductivity Reserch Laboratory, ISTEC

H Laser induced discharge

A Photo courtesy of Assistant Prof. Honda
Graduate School of Engineering Sciences, Kyushu University

@ High energy Laser nuclear fusion

Space

A Photo courtesy of Institute of Laser Engineering, Osaka
University
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This example shows how, in order to create an oxide superconductivity
thin film, the particles generated by a laser shot to a target scatter onto a
substrate. We can see from the results that there are two components
involved: one which arrives at the substrate at high speed, and a slower
component which takes longer to reach the substrate.
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In this example, laser-induced discharge is measured. By focusing a
strong pulsed beam between electrodes to which a direct-current high
voltage has been applied, plasma is created, and this induces
electrical discharge between the electrodes.
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A | aser nuclear fusion reactor (photo courtesy of Institute
of Laser Engineering, Osaka University)

When a light element initiates nuclear fusion and changes to a heavy
element, explosive energy is given off which is nothing like the chemical
energy seen in combustion and other forms. Measurement of the
intensity and the response time of light produced through the explosive
flux-compression which takes place in the nuclear fusion reactor takes
place here, along with measurement of the density and distribution of
plasma ions and other factors.
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