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Abstract 
SI streak cameras with time resolution better than 10 DS are now currently available at 

the Centre d'Etudes de Limeil. 
They integrate a standard P 500 image converter tube slightly modified to allow the SI 

photocathode's deposition. Almost 70 % of the tubes have 1.06 vm sensitivity greater than 
50 uA/w and 60 % are in the 100 to 400 uA/w range. It is also possible to regenerate the 
1.06 um sensitivity when necessary, thus solving the difficult lifetime problem of these 
tubes. Dynamic range of a few hundreds is possible for 47 ps I.R. laser pulses and more 
than 64 for 12 ps pulses. 

Introduction 
The diagnostic of 1.06 pm high power laser has ever been a difficult problem to solve ; 

although the SI photocathodes have been used since decades for night vision or astronomy 
purposes in the near infrared. The \ « 1.06 um wavelength is very close to the threshold 
of the sensitive layer so that even slight chemical or physical modification may change 
the spectral response in such a way that the sensitivity o at 1.06 um decreases quickly 
with the time. Depending on the stability of this SI layer, the photocathode's lifetime 
may vary between hours or less up to some years for the best image tubes. 

We present in this communication the work performed at the "Observatoire de Paris (Dé
partement Optique et Photometric)"* for photocathodes deposition and Limeil for test pro
cedure and assembly in standard image converter tube structures provided by R.T.C.**. Sll 
and SI photocathodes developed for "Lallemand-Duchesne Electronographic Cameras"!'2 have 
been demonstrating for a long time their efficiency for astronomy purposes. We first des
cribe these techniques and their adaptation to the specific requirements of picosecond 
time resolution. 

Picosecond streak mode 
To improve the time response of an image converter tube (I.C.T.) in the picosecond 

streak mode, three main points have to be taken into account, apart from the intrinsic 
photocathodes characteristics : 

- The space charge effects, occuring in the electron beam between photocathode and 
screen, drastically limit the current density to a maximum valve JM ; it may Induce an 
upper limitation in the time resolution, dynamic range (Child Langmuir's Law) and also 
in the spatial resolution mainly because of the transverse electrical field developed 
by the high volumic charge density3. 

- The resistivity of the first transparent layer may induce local perturbations in the 
photocathode's voltage, proportional to the extracted photoelectronic current, and may de
grade the spatial resolution. 

- The sensitivity at 1.06 um has also to be as high as possible since, when a is smal
ler than 3 to 5 uA/w4 non linear photoelectronic effects may take place in the photoca
thode Itself and may induce non linear transfer function of the streak camera. 
* The authors greatfully acknowledge the INAG's support which has allowed to perform this 
work 
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Photocathode elaboration 

- Semi transparent conductive layer 
At first a deposition of an electrical conductive film (Sn02) is done5 at high tempe

rature on the glass window. By carefully adjusting the sprays, coating having a resisti
vity 23 1-v as SO P./D and a transmission of 93 % at 1.06 urn have been obtained. This 
layer is insensitive to the further mechanical or chemical cleaning required before deposi
tion of ;he SI cathode. It also provides the-low resistivity substrate (= 100 n/o) necessa
ry for picosecond time resolution achievement. 

- 51 :A5 0 Cs) layer 
Once the glass window has been prepared and mounted on the P 500 S structure, the 

tube is ready for the SI photocathode evaporation, (See Figure 1) : a hole drilled in grid 
n* 2 is used to introduce the crucible from outside through the small glass tube. 

screen anode grid n*2 grid n*1 photocothode 
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Figure 1. P 500 S image converter tube cross 
section 

Figure 2. Spectral sensitivity of tube n° 1 

The different basic processing steps described by Sommer are used for formation of the 
photocathode as follows : 

- Silver is first evaporated onto the SnC-2 layer until the white light transmission is 
reduced to approximately 50 t of its value before the evaporation. 

- This transmission is increased by oxydizing the silver layer for two minutes with a 
130 V d.c.glow discharge in oxygen. 

- A second silver evaporation is then performed and the deposition stopped when the 
light transmission is reduced to 30 t of its value after the oxidization. 

- The tube is heated to 130°C, whereafter '.he Cesium is introduced as the photocurrent 
is being monitored. The introduction of Cesium is stopped when the photocurrent begins to 
decrease. At the same tine, the photocathode is rapidly cooled to condense the excess of 
Cesium on the cathode and a carefully controlled superficial oxidization is carried out. 

By making short cycles of rebalcing at a suitable temperature the chemical reaction near 
the optimum point can be stopped. 

With time, free excess Cesium in the tube condenses on the photosensible layer and in
duces a drop in sensitivity especially near the threshold. By rebaking the tube, a part 
of this Cesium reacts with the unreduced silver oxide while the excess is diffused again 
throughout the volume. 
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General performances 

We present now some Important features of the image converter tubes and cameras. 
- Spectral sensitivity 
Figure 2 shows the spectral sensitivity of a typical I.C.T.. (tube n* 1) between 0.45 

and 1.1 um. The maximum sensitivity is obtained near 0.85 u» and the 1.06 \im response is 
250 wA/w. The dashed curve represents the same data in electron per photon. Table 1 shows 
the 1.06 um sensitivity measured on 8 among the 12 tubes which have been made. 

Table 1. Image converter tube sensitivity 
Tube n' 1 2 3 5 7 8 9 10 12 

°1.06 «PA-*"1) 2$0 l7S 145 110 SO 3 145 180 400 
°1.06/o1.319 107 159 47 

It also shows the sensitivity of tubes P 500 SI at 1.06 and 1.319 um. Except a low 
value for the tube n° 8 (3 uA/w), the 8 other tubes have a good sensitivity, in the 50 
to 400 uA/w range, and allow reliable measurement at 1.06 un. 

It can also be seen that tubes n" 1 to 3 still show some sensitivity at 1.319 un ; the 
ratio of sensitivity (<Ji.06/al.3l9' between 1.06 and 1.319 un has not been measured for 
the other tubes. 

- Linearity measurements 
This test i s carried on in the s ta t i c mode with a CW Yag laser. The photoelect.uuic 

current created is proportional to the input l ight power at 1.06 un and 1.319 \im (slope 1) , 
indicating thus a normal photocathode's behaviour at these wavelength. 

- Photocathode's regeneration at 1.06 um 

The lifetime of SI Image converter tube is well known to be severely limited at 
1.06 un se , whenever possible, the photocathode*s sensit ivity has been re-checked at this 
wavelength. I t s evolution in tine i s plotted in Figure 3 for tubes n' 1, 2, 3 . One can see 
that for each tube i t has been possible, by rebaking i t , as explained previously, to rege
nerate the sensitivity at 1.06 um, sometimes ever, up to the in i t ia l value ; such a regene
ration is possible a long time (18 months for tube n° 1) after manufacturing the tube 
since i t i s possible to nearly tr iple the sensi t iv i ty from 35 to 110 uA/w. 

S-ich a process, which is quite easy to perform, i s obviously of the highest interest 
for a l l applications in the 1 um spectral range. The l i f e t ine of the image tubes i s 
greatly increased and this benefits both quality measurements and budget points of view. 

It i 1,01;* 
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Figure 3. Lifetime of Image converter Figure 4. Dynamic range of the SI streak camera 
tubes and sens i t iv i ty ' s for a 12.5 ps pulse at 1.06 um 
regeneration (T » 2 ns) 
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- Dynamic calibration of the cameras 
As it was previously mentioned, we have to overcome both parasite effects (photoca-

thcc= —1-sga's shift and space chare,e) by reducing the current density in the I.C.T. This 
has been obtained by optically coupling a double-proximity focused microchannel plate in-
censxrier. A satisfying trade off was found by using photon gain between 200 to 40C for 
recording pulses in the 10 ps range. 

- Experimental set up and results 
The test equipment consists of a passively mode-locked phosphate glass laser oscil

lator delivering a 1 mj train of pulses. Tne cavity provides 7 to 15 pulses and a Pockels 
cell selects a single pulse which is switched out. An étalon provides the classical time 
and amplitude calibration (attenuation of factor two from pulse to pulse) '. 

- Standard camera 
Figure 4 presents the overall camera response to a 12.S ps laser pulse (tube n* 2). 

The intensifier's gain is set in-the 200 range and the film used is Kodak 2485 which has 
an interesting sensitivity but rather high gamma which may. induce some dynamic range li
mitation. Nevertheless a dynamic range in excess of 64 at 12.5 ps has been obtained. 

The reduced data from this same record are shown in Figure 5. Since successive pulses 
are attenuated by a factor 2, it is possible to plot the FWHM (T) of the laser pulse as a 
function of intensity (.). In fact, we have plotted the pulse width T normalised to the 
average width T 0 * 12 ps at low intensity. From that diagram it can be understood that the dynamic range, defined in terms of the 20 % broadening of the normalized =- FWHM& is in 
excess of 64 considering that, if 1 is the peak to peak noise corresponding to the FWHM 
of the first measured pulse we only observe a 4 % broadening for level 64. 
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Fiqure 5. Time response versus input 
intensity (tube n* 2) 

Figure 6. Time response versus input 
intensity (tubes n" 1) . 

The second example (See Figure 6) is related to measurement carried out with tube n" 1. 
He have analysed 8 different temporal profiles of the same recorded laser pulse, each of 
them being analysed with the same microdensitometer slit (100 urn x 800 urn) on different 
points along the photocathode's spatial axis. The points (o and .) are related to a single 
time profile and show the normalized pulse width's evolution with intensity. He may 
observe that, for all the intensity levels, the temporal broadening (< 15 t) is included 
in the general dispersion, so that the dynamic range is greater than 256. In order to 
confirm tnis point we have plotted (X) for each Intensity level th3 FWHM average from the 
8 profiles and normalized to 47 ps. The temporal broadening appeals more clearly and the 
dynamic range is at least equal to 400 for the 20 t upper limit. 

- Camera with electronic readout 
For operation purposes (high power laser time profile diagnosis) a slow scan Isocon 

readout device (DATAIC) has been fiber optically coupled without using any image intensi
fier. Figure 7 plots the 42 ps output pulse of a YAG laser recorded through an étalon for 
calibration purposes. This DATAIC has been in operation for 18 months at Limeil on OCTAL 
laser and is an invaluable tool, instantaneously providing the information on time profile 
and "quality" of the laser beam necessary for laser-matter interaction experiments. 
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Figure 7. Laser pulse recorded through an étalon (DATAIC system) 
- Frequency conversion 
It is also to be noticed that frequency conversion measurements have been conducted 

by recording on the same laser shot the fundamental pulse at 1.06 pm and simultaneously 
the second (0.53 ym) and third harmonic (0.35 um) generated by KDP crystals, thus demons
trating the ability of these SI image converter tubes to work in a very large spectral 
range for 20 to 40 ps pulses. 

Conclusions 
We have achieved the deposition of SI photocathodes in standard P 500 S image converter 

tube structures with a high manufacturing yield. The low resistivity of the semi-
transparent conductive undercoating and the quality of the Ag O Cs photocathode have allo
wed to reach a dynamic range (= 400 for 47 ps and > 64 for 12 ps) compatible with I.R. 
laser plasma experiments. The absence of multi-photon effects, the possibility of regene
rating the 1.06 nm photocathode's sensitivity prevents from parasitic effects and provides 
since two years an efficient tool for laser experiments at Limeil. 
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