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Abstract

This report is an update of the design study available as

report IPP I11/55 or IPF 80-2. Recent improvements in detector performance
and calibration techniques are presented and a possible high repetition rate
Nd:YAG laser system is described which promises high flexibility of operation
and reliability. Further, the collection optics is now designed to obtain a

spatial profile with each laser pulse.

Results from a pilot experiment on ASDEX using a single pulse Nd3+:Glass

laser and avalanche photodiodes are presented and discussed.
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1) High repetition rate Nd3+:YAG lasers

la) Status of the Nd3+:YAG laser for ASDEX

JK Lasers has a contract with IPP to deliver a YAG laser system providing 1 J in a
single polarization at repetition rate up to 100 Hz for at least a 1 second period.

This laser would allow to measure electron density and temperature in a 90° scattering
experiment at ASDEX within an error of less than 10 % up to 100 times per sec.. The
development of the Nd3+:YAG laser system to meet the required specification has been

divided into three phases, i.e.

1) the demonstration of a prototype system meeting the minimum required specification

of 50 pulses/sec with 1 Joule energy per pulse
2) the evaluation of options for reducing the system beam divergence

3) extension to a system of 100 Hz.

In Nov. 1980 JK Lasers has met the required specification for 50 Hz operation. This

laser consists of an oscillator and two amplifiers with 3 "x 1/4" Nd:YAG rods through-
out. A Pockels cell between parallel Glan type polarizers was used as interstage

isolator between the amplifiers. The 1 J/pulse output is maintained with £ 1 %
stability over the whole period of operation. It is encouraging that this system can be
operated for at least 2 seconds. Best results were obtained with a 1 second warm-up period

before Q-switching.

Beam divergence measurements showed that 90 % of the energy of the first pulse and

about 75 % of the 50th pulse is contained within a 5.5 mrad cone.
With regard to phase 2 JK Lasers is testing a low divergence oscillator working in the
TEM 4o - mode followed by 3 amplifiers to reduce the overall divergence by a factor

of at least 3.

JK Lasers believes that they have solved the basic problems with the 100 Hz power supply



system and that the 100 Hz laser system can be delivered in March 81. Application
at ASDEX is envisaged for summer 1981.

b) A laser concept for the proposed JET scattering system

As pointed out already in Part 1 of the design study the laser should emit at least 1 Joule
of energy to ensure reasonable signal to noise ratios for single spatial point measurements.
This value has to be increased by a factor of about 5 when multi spatial point measure-
ment is envisaged. Such an energy can be obtained e ither by using a single oscillator-
amplifier chain or by operating several lasers in parallel. This latter possibility becomes
attractive when oscillators are available which emit sufficient energy to saturate already
the first subsequent amplifier. Then the volume of the active medium needed fo generate

a certain energy is the same for a single oscillator-amplifier chain as for several lasers
operated in parallel. The operation in parallel will now be considered in more detail since

it offers some advantages compared with the more conventional approach.

Of course the most difficult problem arising from parallel operation is how to combine the
beams into a single one suited for a scattering experiment. This obviously requires beams
of low divergence. In the following we will discuss the possibilities offered by already
existing laser systems. A number of producers (e.g. Quantel, Molectron) offer serial
systems which emit 0.7 J at 20 Hz repetition rate. The beam diameter is 7 - 8 mm and the

beam divergence is 0.6 - 1.5 mrad (full angle).

Ten of these laser beams can be combined by mirrors to form an array of parallel beams
shown in cross section in fig. 1. Synchronising the lasers with an accuracy better than

the gating time of the detection system is easily feasible. Fig. 2 points out that a number
of different combinations of timing the lasers is possible:

High pulse energy operation (7 J) at 20 Hz repetition rate (fig. 2 a). By synchronising the
lasers in groups higher repetition rates at lower pulse energies (40 Hz, 35 J; 60 Hz, 2.1 J;
100 Hz, 1.4 J) can be achieved (fig. 2b - d).

Furthermore the laser system can emit periodically burssof pulses. Within such a burst




measurements can be performed at a repetition rate limited only by the speed of the

data acquisition.

The described array of laser beams can be focused in different ways. For a single point
measurement with high accuracy one would expand the beam by a large factor and focus
it to a short, small diameter beam waist. Measuring the profile along the whole plasma

diameter calls for no beam expansion (e.g. using Molectron MY 34-20 lasers) which
together with a focal length of 6 m yields a beam waist of less than 16 mm diameter over

the whole plasma diameter.

The concept of passing thelaser beam twice through the plasma by means of a retro-

reflector as reported in part 1 of the design study is maintained.

It should be noted that the proposed laser set-up using lasers operated in parallel besides
offering high flexibility of operation is relatively insensitive against failures: The break-
down of one laser causes only a slight reduction in energy (by 10 %). On the other hand
a failure in the oscillator of a single oscillator-amplifier chain inhibits entirely the
diagnostics. An amplifier stage which is not operated reduces the output typically by a

factor of 2 to 3 and thus also prevents any reliable measurements.

With regard to a possible laser development for the quasicontinuous scattering experiment
the use of oscillators only (operated in parallel) would be very promising. Required is an
output energy of approx. 1 J, a beam divergence of not more than 1 mrad and a repetition
rate of at least 20 Hz. Oscillators which emit 200 mJ at 20 Hz repetition rate with a beam
divergence of less than 1 mrad are state-of-the-art /1-4/. According to JK Lasers an

increase in both energy and repetition rate seems realistic.

The use of oscillators only would solve the problem of isolating the lasers against optical
feedback from the retroreflector. When laser systems with amplifiers are used Faraday

rotators or an electrooptical shutter must be applied for optical isolation.




2) Detection optics for obtaining spatial profiles

The detection optics described in the following will afford windows as indicated in

fig. 3. The windows will be made of quartz with diameters of

60 mm for laser input
150 mm for laser output and

250 mm for the two observation windows.

The optical path of the laser beam is the same as described in part 1 of the design

study. It traverses twice the torus vessel and is then dumped near the laser system.

There are 2 problems connected with the collection optics:

1) imaging of the long scattering volume ond its division in a

number of individual channels

2) transfer of scattered light out of the torus hall to the detection

system.

Since the observed cross section of each scattering volume has a dimension of less than

2 cm and will be observed with f-numbers of 12 - 22 an overall image reduction of

up to 6 is necessary to get all the scattered light onto the 3 mm-diameter-detectors.

The corresponding f-number on the image side of the optics will therefore be up to f/2.5. Since
it is intended to use fibre optics for the transmission of the scattered light it is reasonable

to reduce the image size by the given amount already with the collection optics.

Imaging of the scattering volume can be performed either by pure reflective or pure
refractive optics or by a combination of both. However, f/2.5-reflective optics will intro-
duce large losses. We therefore envisage a refractive optics, which according to Fa.

Zeiss will not be a problem. To avoid radiation damage the path of rays is bent and the

f/2.5-optics is located in a shielding tower.

Collecting and focusing optics are coupled rigidly as described in part 1 of the design

study . This measure ensures insensitivity against vibrations.
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In order to reduce the requirements on the collection optics two systems are proposed

(figs. 3 and 4). The systems image the inner and outer part of the plasma diameter
respectively. Considering the optics for the inner part of the plasma diameter the maximum
solid angle of the collection system (f/12) is determined by the size of the largest available
quartz window (250 mm dia.) and its distance from the nearest scattering volume in the
plasma (located at the plasma centre). Then chosing a f = 1000 mm lens, this lens should
have a diameter of 450 mm to image the whole inner part of the scattering volume without

vignetting.

In case of the second collection optics which image the outer part of the laser beam an
unreasonable large lens size would result using the whole aperture of the 250 mm dia. ob-
servation window. Therefore the same type of lens is chosen as used for the other collection
system. Contrary to the collection optics for the inner part, the solid angle of observation

for the second system is then determined by the size of the imaging lens (fig. 4).

By positioning quartz lenses of long focal length (f ~ 4.3 m, f/16 and f~ 2.5 m, f/10)
near the observation windows, the size of the high quality, large f-number lenses positioned

in the shielding tower can be reduced.
The transmission of the collection optics including the window is assumed to be 0.6.

With both optical systems the image of the extended scattering volume is a straight line
inclined versus the optical axis according to the "Scheimpflug" -condition (see fig. 5).
The images can be divided into a number of individual channels defining the spatial
resolution by means of fibre optics (or small mirrors) as indicated in fig. 5. There is a
small amount of cross-talk near the edges of adjacent channels due to the finite solid
angles. This vignetting, however, occurs only for one direction of the incident rays.

Therefore the reduction of spatial resolution remains small.

There exist two possibilities for transmitting the collected light to the detection system

located outside the torus hall:




1) fibre optics which are already used for defining the individual
scattering volumes.

2) a relaying system of lenses as used in periscopes.

Of course, handling of the fibre optics is more comfortable than to set up the periscopes.
Therefore fibre optics would be preferred if they are suited for this purpose due to their

physical parameters.

The only known type of fibre fitting to the requirements is the high purity fused quartz
fibre (Fiberguide Industries) proposed for use on TFTR and also by JET design study 8. 2.
Its main physical parameters are (see data sheet no 1):

1) Core-fibre area ratio of 80 % which leads to a theoretical geometrical
bundle efficiency of 72 %. The producer specifies a value of > 60 % for
manufactured bundles (up to f/2).

2) Transmission at 1 um (see JET design study 8.2) is less than 10 dB/km. This

yields losses of less than 10 % for a necessary length of about 50 m.

Thus the overall transmission of the collection and transmission optics including the

fibre optics is about 25 %.

The use of these fibre optics would also allow to change the rectangular image cross
section to a circular one which is adapted to the active area of serial commercially

available detectors.

Of couse the proposed system using fibre optics critically depends on the availability of
this special type of fibres (only one producer known at the present), on their actual trans-

mission losses and on their radiation resistance. Therefore tests are urgently required.

Short fibre optics (transmission = 50 %) would also present a simple means to dissect the
extended image of the whole scattering volume into individual spatial channels if the

second possible solution is chosen. In this case the ends of the fibre bundles could then
be rearranged within a circular area. This measure would facilitate the application of a

single periscope with large cross section. Another possibility is the use of a number of




periscopes. Then the requirement on the periscope optics could be reduced.

At input and output of the relaying periscope system a high f-number lens ( ~ f/2.5,
transmission ~ 0.8) is needed. The relay system itself consists of about 20 lenses of small

aperture ( ~ f/15, transmission ~ 0.98) for covering the approximate 40 m distance.

The overall transmission of collection and transmission optics up to the spectrometer is

12 % for this solution.

3)  Spectrometers

The spectrometers must be capable of resolving the smallest spectral bandwidth considered
for an individual spatial point (A A min ¥ 2.0 nm for the spatial point no. 2) and must
show highest possible transmission for both components of polarization (the scattered light
is unpolarized). Furthermore its étendue must be at least 1.5 x ]0-2 cmzsr. These require-

ments can be met by a filter polychromator arrangement described by Mahdavi /7/.

The Mahdavi set-up shown in fig. & is used to measure unpolarized scattered light. Assumed
is a value of 98 % for transmission and reflection efficiency of the polarizing cube (CVI
specification: T= 98 %, R=99.5 %), a transmission of the quarter wave retardation plates
of 98 % and a reflection and transmission efficiency of the interference filters of 70 %. Thus

an overall transmission of the spectrometer for unpolarized light of 50 % results.

This value is further decreased by a factor of about 0.7 since an additional interference

filter will be used in each spectral channel for stray light suppression.

The parameters of the proposal extended to spatial scan are summarized in table 2:




Table 2

No. of spatial points
spatial resolution
scattering angle

solid angle of observation

transmission of collection
and detection optics

=10 =

inner plasma radius

11
R =0.5-14cm
4° _7°
1.6 -4.8x10 " sr

5 %

outer plasma radius



.

4) Recent improvements in detector technology

RCA in the meantime has achieved a major improvement in the quantum efficiency
of their Si avalanche photodiodes. The quantum efficiency at 1.06 ym is now 45 %
and thus superior to that of the General Electric avalanche photodiodes. The RCA
diodes can be delivered with customer specified sensitive area cross sections (e.g.
rectangular) and with integrated preamplifiers. The specifications for a 7 mm"~ area

Si avalanche photodiode including an integrated preamplifier are:

60
45 % at 1.06 pm

gain M

quantum efficiency

excess noise factor F

NEP

3 at full gain
1.6 x 1073 W Hz" 12 at 20 MHz bandwidth

Diodes of 7 x 1 mm2 sensitive area of this type have recently been delivered by RCA

for the scattering experiment on ASDEX (see data sheet no. 2).

5) Minimum errors attainable by the two channel ratio method

Due to the change to a spatial multi-channel detection system the use of two channel
spectrometers becomes attractive. This method is discussed in detail e.g. by /5,6/.

It offers in our case - besides reducing the number of detectors - the advantage that the
effect of the detector noise on the SNR is reduced (the width of the spectral channels

is larger than in the case of a multichannel detection system and therefore more photons
impinge on each detector). We therefore propose to use this technique for the quasi-

stationary scattering system.

In the following the minimum attainable errors due to the statistics are estimated for the

case that the two channel ratio method is used.
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For the determination of the signal to noise ratio for each channel the detector specifi-
cations and the parameters of the detection optics as given above are used. The en-
hancement factor of the plasma background radiation is taken to be 100 and the gating

time of the electronics is chosen to be 50 ns.

As has been shown in part 1 of the design study the deviations of the scattered spectrum
from a Gaussian distribution are small within a wide range of temperatures. We have
therefore used the nonrelativistic spectra for the calculation of the errors of the electron
temperature. This procedure simplifies the evaluation of the numbers of scattered photons

within each spectral channel since the tabulated error function can be used.

The blue wing of the spectrum is observed with two spectral channels according to fig. 7.
For this situation the fractions of the total number of scattered photons within each channel
are listed in table 3. The ratio R of the photon numbers within the two spectral channels

as function of the electron temperature is determined and depicted in fig. 8.

For 6 representative spatial points the signal to noise ratios for each spectral channel were
calculated according to the formulae given in part 1, p. 29, Nr. (22, 23). These errors

in the measurements are then proceeded to yield the error of the signal ratio R according to

Ll (ST

The error of the electron temperature is determined graphically from fig. 8. Figs. 9 and 10
show the errors in electron temperature for different temperatures at electron densities

of 1 x 10]3 c:m-3 and 1 x ]0]4 cm_3 respectively. For these calculations all spectrometers
were optimized for Te &2 1 keV (equal numbers of scattered photons in both spectral
channels). The given errors correspond to a laser energy of 3.5 J in the scattering volume.

Assuming a transmission of the laser optics of 0.5 this is achieved in the described 20 Hz

operation mode.




Al channel
AN 1/2 (1 keV)

0-0.25 0.25-0.75 0.75-2.5 2
Te/keV
0.5 16.74 % 23.55 9.71 50.00
0.75 13.81 21.73 14.44 49.98
i 12.02 20.05 17.82 49.89
2 8.57 15.62 24.29 48.47
3. 7.01 13.18 25.95 46.14
4. 6.08 11.61 26.01 43.7
5. 5.44 10.5 25.5 41.4
Table 3
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6) New calibration techniques

As already proposed at the last workshop on Thomson scattering at the JET torus,

Raman scattering should be used for density calibration of Thomson scattering systems.

The advantage of Raman scattering as compared with Royleigh scattering for this purpose

is the frequency shift of Raman scattered light. This shift offers the possibility for cali-
bration even in such cases in which the unshifted Rayleigh scattering signal is not detectable
due fo high straylight level. Furthermore the Raman scattering signal is not disturbed by
Mie scattering of microscopic dust particles. The latter is of special importance in forward
scattering systems and may cause an overestimate of Rayleigh scattering calibration signal .
At the last workshop we proposed the use of SFé as a Raman scattering medium using its
fundamental vibrational Stokes line. SFé' however, seems to be an unproper gas in
tokamaks because it may stick at dipole molecules like HZO at the wall due to its high
polarizability. In the following discharges it may cause too high an impurity level in the

plasma.

For this reason we looked for the rotational Raman cross sections of hydrogen and
deuterium-following the proposal of /8/ - two gases which should be allowed in a

fusion experiment,

The frequency shift of both molecules is large enough for application in a scattering ex-
periment at JET because of the small momentum of inertia of H2 and D2.

Therefore we measured and calculated the ratio of Raman to Rayleigh cross-section for
hydrogen and deuterium. The measurement was done in a scattering cell neor atmospheric
pressure using an argon ion laser and lock-in technique. In this experiment we could
determine the cross sections of the first three rotational Stokes lines. The statistical

error for the most intense lines is of the order of 10 % for the ratio Raman/Rayleigh

cross section.

Because of the simplicity of the hydrogen/deuterium molecules we also could calculate
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the ratio Raman/Rayleigh cross section using data for polarizability and its anisotropy

from literature /9, 10/.

Calculated and measured values agree within the error bars. In table 4 and 5 calculated
values of Stokes and Antistokes lines of hydrogen and deuterium are listed. They contain

also the electron density which scatters the same as 100 Torr of H,, and DZ' respectively.

The two columns labelled || E] and [1+1 E] take into account f2he fact that pure
rotational Raman scattering has essentially quadrupole characteristics as compared with
the Rayleigh and Thomson scattering, which is essentially dipole radiation. So it does
make a difference whether one uses a polarization filter in the observation path ( ] ET)
ornot ( I +1 E]).

The relatively large values of the Antistokes lines, especially those of D,,, offer the

2
possibility not only to calibrate ruby laser systems but also the qusistationary Nd-YAG
experiment, the detectors of which become insensitive on the red shifted wing of the
scattering spectrum. Furthermore, in the quasistationary experiment one has the possibility
of integrating over the entire pulse train during calibration so that even small Raman

cross sections (Antistokes) prove to be useful for calibration.

A first application has been performed at ASDEX. Using up to 25 Torr H, the standard ruby

2

scattering experiment has been calibrated. Stokes as well as Antistokes scattering could be

observed.
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2
possibility not only to calibrate ruby laser systems but also the qusistationary Nd-YAG
experiment, the detectors of which become insensitive on the red shifted wing of the
scattering spectrum. Furthermore, in the quasistationary experiment one has the possibility
of integrating over the entire pulse train during calibration so that even small Roman

cross sections (Antistokes) prove to be useful for calibration.

A first application has been performed at ASDEX. Using up to 25 Torr H,, the standard ruby

2
scattering experiment has been calibrated. Stokes as well as Antistokes scattering could be

observed.
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7 Results from a pilot experiment on ASDEX

A test experiment on ASDEX has been performed using a Nd:glass laser emitting

13 J with a pulse duration of 20 ns. Fig. 11 shows schematically the éxperimental
set-up. The laser beam is passed vertically through the center of the plasma and is
focused in the horizontal plane (@ &2 6 mm). A Brewster angle Schott KG 3 filter
glass plate at the exit window serves as a beam dump. No baffles have been intro-

duced up to now into the vessel to reduce the stray light.

The laser beam is viewed at 90° at the center of the plasma. The detection optics
; 2 .
image an area of 25 x 4.2 mm" onto the entrance slit of a 0.25 m Jarell-Ash mono-

chromator. No viewing dump is installed. The solid angle of observation is 1.4 x

]0—2 sr.

The grating monochromator is modified into a two-channel polychromator: Two lens
segments positioned in the focal plane of the polychromator image the focusing mirror
onto two tapered light guides. The ends of these rods are in close connection with

the sensitive areas of two 3 mm @ GE 50 EHS Si avalanche photodiodes. In the first
crude set-up of the collection optics the overall transmission was measured to be 1.2 %.

The contribution of the different optical components to this low value is as follows:

Part: Transmission:
window (ordinary sheet glass) 0.57
lenses (collection optics) 0.8
coloured glass edge filter (discriminating against 2. order) 0.47
interference filter for stray light suppression 0.8

The cross talk between the channels of the polychromator and the attenuation of
the 1.06 pm light scattered into these was measured to be 1:1000. Radiation at

1064 pm was further discriminated by a factor of 1000 with the help of a 16-cavity

interference filter.
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The signals of the photodiodes were fed to commercially available integrated trans-

impedance amplifiers (TIEF 152) followed by a further amplifier stage. The sensitivity
of the spectral channels was measured with a pulsed light source filtered spectrally by
another monochromator. The power of the spectrally filtered (tunable) light source at

different wavelengths was calibrated relative to each other with a power meter.

The major problem of the measurements turned out to be the high stray light level caused
by the broad spectral emission of the Nd:glass laser. With the help of a Lyot-filter placed
in the laser oscillator/11/the stray light level in both channels wa: reduced to a tolerable

magnitude (lower than that of the scattered light).

Fig.12 presents typical recordings with this preliminary arrangement. The oscillograms of

two shots, one with plasma and one without, are shown.

The results of the experiments which are relevant to the proposed scattering experiment on

JET are summarized in the following:

1) The enhancement factor of the bremsstrahlung radiation at 950 nm was determined from
the dc current of the photodiodes and from the values of Te and ng derived from inde-
pendent measurements (ruby scattering, interferometry, ECE). lts value turned out to
be of the order of 100 for the investigated set of ASDEX discharges. An exact value
cannot be stated yet since the observed plasma volume is not defined precisely (no

viewing dump).

2) The noise due to plasma radiation was investigated with a spectrum analyzer in the
frequency range up to 50 MHz. A comparison with the noise due to an incandescent lamp
creating the same dc current of the photodiodes indicates no deviation from shot noise

behaviour.

3) The absolute values of the signals of the scattered light are in close agreement with the
calculated ones using the measured parameters of the set-up. They indicate a laser

energy of 8 J in the observed plasma volume.

4) The SNR of the scaitered light signal was measured to be 16 in spectral channel 1
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(close to the laser line) and 11 in channel 2. Using the plasma parameters measured

independently and the calibrated sensitivity of the detection system, the correspon-

ding theoretical values are 20 and 15, respectively.

(With regard to fig. 12 it should be noted that most of the noise on the trace stems from

rf interference due to the Pockels cell pulser in this preliminary set-up).

5) A direct comparison of the parameters of the proposed scattering experiment on JET

with those of the experi ment performed on ASDEX is given in the table below:

ASDEX 90°
700 eV, 2x10'3 em™S
K=100, T=0.012
2.5x0.4x80 cm®
dfx = l.4x10-2 sr
8J
channel 1 channel 2
3 3
no. of scattered photons 7x10 5x10
on detector
no. of plasma 3)(]02 Ix]03
radiation photons
1 3 3
no. of photons equivalent 2x10 2x10
to detector noise (nD/F) (GE diode)

experimental values

Since the experimentally observed SNR values on ASDEX agree well with the predicted ones,

the performed scattering experiment represents a relevant test of the detector characteristics

on which the proposed experiment on JET is based.

JET 8°

1 keV, 1x10'3 cm™

K=100, T=0.1
1.5x1.5x800 cm3

dQL = 8x]0-3 sr
0.7 J
channel 1 channel 2
5.2x10° 4.6x10°
3.4x10° 1.2x10%
2.7x10° 2.7x10°
(RCA diode)

predicted values
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Figure Captions

Fig. 1

Fig. 2

Fig. 3
Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

Fig. 10

Fig. 11

Fig. 12

Array of parallel laser beams

Timing of the lasers

Position of observation windows and distribution of spatial channels
Imaging optics (schematic)

Fibre optics array for outer plasma radius

Proposed spectrometer (Mahdavi)

Spectral channel distribution for a two channel spectrometer.

Ratio of number of scattered photons within two spectral channels

versus electron temperature.

Error of electron temperature measurement versus tokamak radius. Spectrometers
NG 13 -3
optimized for 1 keV, o I1x10 " cm

14

Same as Fig. 9, Bl 1x10 r:,m-3

Scattering arrangement on ASDEX

Typical results from the first measurements on ASDEX
Distribution of spectral channels:

K_]: 987 nm - 1059 nm / K_2: 882 nm - 1014 nm
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T':“f:r-? i ?G‘E F E data sheet no 1
‘;::' =] ) J

| ﬂﬁn — =Ty '
EFJQ FREES ,

| 119 PARK AVENUE o SUMMIT, NEW JERSEY 07901 o (201) 522-1877

¥ODEL BSSSE-A
High Efficiency Low Loss Coherent Bundle

M¥odel BSESSE-Ax= Rundle iq ccnSLructeu of specielly designed
SUPERGUITE-3TK or AKEVDROGUITE-2TE fibvers depending on customer
needs. The cross sectional dimensions and length are customer
specifiecd. The cross-sectionel dimension is usually maintained
axially for ~ 2cm. The fibers are designed to have a core-fiber
area ratio of > BO%Z. The fibers are aprroximately close packed
at the bundle ends so thet the bundle efficiency is > 60%. Price
is determined on a per job besis as it iIs 2 function of tke fiber
: cost (whlch depends on bundle volume) and construction time (which
: Cepends on bundle cross sectional area). Fiber cost follows the
B enclosed price list. Bundles sre ccherent to meximize information
trensfer, however, for most cross sections, the fiber diemeter
is too larbe ki35 1naee transmission.

SPECIFICATIONS
Loss 15dB/¥m € .63\
Efficiency > 60% € f/2 or smaller cone optics
Lengfh 0 to 10M (lcnger if possible)r
Typical Cross Section: 12.5mm X 3mm
Radietion Resistent: ¥ade of synthetic silice & high purity silicone

End Preparation: Flat & pollshed

--Example of use: Fusion Research (Multichannel Thomscn Scattering |
Apperetus) s |

= A 1s customer job icdentificetion number
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Phoicdiode

Developmental Types

E’REE Efgtrggﬁgg: data sheet no 2

MODIF IED C308350z, C30950F, C30950G

Very Wide Bandpass Silicon Avalanche
Photodiode - Preamplifier Modules
B Responsivity at T, = 25> C - B Spectral Response Range
5.6x10° V/W at 800 nm (50 MHz] [10% Points | -
1.9x10° V/W at 830 nm [100 MHz] 400 to 1000 nm, 400 to 1100 nm
4.9x10° V/W at 830 nm [200 MHz] ' % :
H System Bandwidth [3 dB Point] -
8B System Noise Equivalent Power DC to 50 MHz, 100 MHz, 200 MHz
[NEP] at Ta=25° C -
2 7x10°"* W/Hz''2 at 900 nm B Low Power Consumption
50 MHz) ; i ;
7.&:10"“ W/Hz"? at 830 nm = :V;ﬁz:easnge of Amplifier Operating
o (100 MHz]
2.6x107"? W/Hz'? at 830 nm B Hermetically-Sealed Moditied
[200 MHz] TO-3 Packages

RCA Developmental Types C30950E, C30950F, and
C30350G are Silicon Avalanche Photodiodes with a

Mechanical Characteristics

Type Dicde Chip [Dia.|
hybrid preamplifier supplied in a single modified 12-lead C20950E C30317 i2.3 mm)
TO-8 package. C3C950F C3532022 {05 mm)
The avalanche photodiode usad in these devices is made e CIINGZE 10.5 mmy
.using a “reach-through” structure which provides very
good response betwean 400 and 1100 nanometers and
very fast rise and fall times at all wavelengths. The pre-
amplifier section is designed to neutralize the input
capzcitance of a unity voltage gain amplifier. An emitter
follower is used as an output buffer stage. '
To obtain the wideband characteristics, the output of
these devices should be AC (capacitively) coupled to a 0 i | l
50-chm termination. The module must not be DC coupled 108 : ! !
to loads of less than 10,000 ohms. - : ;
) B2 _ E é , SEeN
Maximum and Minimum Ratings, 2 ; G, \
Absolute-Maximum Values g I \
Photociode Bias Voitage: . TR =
At Ta » 770 Cueunnnnnrneenaaiooe., 600 max. v N | I /’l \ \
At T -2 0. L i, 300 max. v E "’f : /‘i/ . L
Protccdioge Total Current (All temp.) 5 . —— : T T
AVErAge .iceasiancns. <asemsseceiiiase 100 max. {A ;, . ; ; -[_ .\ y ‘\
Peak ... B s i ray e tuna e i s 100 max. MA § | i~ ‘.‘\ ; :
. +125 max. -V -
Preamoiifier Voltage ...-...ccoo ool [ s ty 3 ’_./ .‘l“
incicart Radiant Flux, $u: o s %
Average value ...-cevvronnncnnnnnaaa... 1.3 max. BW 200 00 %00 s 55 e o
Peai value .....ccomecccannn i ... 1.3 max. mw C3C950E WAVELENGTH - NANOMETERS
Ambient Temperature: g‘;:;::;__-_ e
Storage. Temg-coesesresennuiuiniunan.. -50 to +100 ’c
Operatng. Ta...coeeneee L, -40 to +70 'c . Figure 1 - Typical Spectra; Responsivity Characteristics

.

For tursnerintormalion of apgjica0n assistance on these devices. €ONAact your

RCA Sales Representative or Photadarecior Marketing, RCA., Ste Annede
Believue. Quebec. Canada gy 3, 3 (514) 457-9000

1

Jevsiopmentat lype S8VS*Y 08 mypur e are wntenaed for Intarmatign 16I00ed by ACA ¢ 23iayed 10 be sccurate and

reiiable Hiwesel 09 ripueabiny g sssamed by RCA for

evprenrey evsuation The 1g, detignation and data are
RABwLT 10 change, aniedt 3iRery, . arranged. Ma abljatsng
we aoa—ed 1or AOUEP S0 Pang g myautacture it
these Sow-es o mILENEE

st use nat for 3Ny nlingemenig of garents or ather rrghts of
theed ooty AT may reir tegin g uge Mo ficsmie
Ganiz ) Bs ML a4t
patent g al HLA

-
W aTera. - nder guy pateet ar

Trademarkis) * Registereg
Marcaqs) Reg:slradﬂlﬂ

Prntzd ays g 10-79
C30950E, C30950F, Clcssig




C303250E, C20¢50F, C39

(0]
w
(=]

G

Electrical Characterisiics’ At an ambient temperature [Ti] of 22 C and the DC reverse operating voltage [Va) value Units
supplied with each device.?
C30950E C30950F C30950G
Min. Typ. Max. Min. Typ.- Max. Min, Typ. Max.
Temperature Coelficient of Va
tor Constant Gain? ... ..iiiiirnrrvrnannss - 22 - - 0.6 - - 06 - v/°C
Rasponsvity”
AEBI0 s s s s s e 45x10° 5.2x10° - 1.7x10° 1.9x10° - 53x10* 5.8x10* - viwW
AR GO0 B e onammintamus mma s maminonis 49x10° 5.6x10° - 14x30*  16x10° - 41x10*  49x10* - V/W
1.1x10°  1.4x10° - - - - - - VIW
Noise Equivalent Power (NEP):

f+130 kHz, Af = 1.0 Hz

AL B0 M. . civevavavainas [ETTP PP - 0.029 0.057 - 0.079 0.130 - 0.260 0.570 pW/Hz'?

AL O0O DM ssssmeassynpr e - 0027 0050 - 0.093 0.210 - 0310 0.730 pW/iHz'?

KU A0BOTIM coesnmmmcsmsse e - 0110 0270 - - - - - - pW/Hz'"?
Output Spectral Noise Voltage Density:

f = 100 kHz - 100 MHz, :

U (1 2 R SRR S - 15 30 - 15 30 - 15 30 nv/Hz'?
Outpul IMPedance. ......oeeeencaiennnncens - 25 50 - 25 50 - 25 50 n
System Bandwidth. {5, (3 dB point).......... 35 50 - 70 100 - 140 200 - MHz
Rise Time, t.:

A : 800 and 1060 nm

10% 10 90% POINTS ot vvnannnnnnnncancnes - 7 10 - 4 5 - 2 2.5 ns
Fall Time:

A * 900 and 1060 nm

90°% 0 10% POINTS . e oevvenncrassaaannsnen - 7 10 - 4 5 - 2 25 ns
Linear Qutput Voltage Swing...........c..- 0.5 0.7 e 05 0.7 - 05 0.7 - Vv
VOAge SWING..coeeuencnreccsscsssnrnsonns - - 2.0 - - 20 - - 20 v
Output Offset Voltage ............cccvvnne- 0.0 -0.8 -1.0 0.0 -0.8 -1.0 0.0 -0.8 -1.0 v
Supply Current .. .oeeei i - 4.0 8.0 = 40 8.0 = 4.0 8.0 mA

1 All measurements are made with the device AC (capacitively) coupled Recommended Dperating Uultage
into a 50 (1 termination. — —
2 A specific value of Va is supplied with eacn device. The voltage values UR: 3 7 ve 220[:
i within the ran ti = -
& g:?uegsos; 275 4TSV ‘Spem i s/ o0 :’3 Z
C30950F, C30250G. 180 - 250 V Test by: *R«f‘r?,_?
3 At 830 and 900 nm. *
Date: Ro- il-2 )
pPin Connections | 150:2;5’ I &gﬂéﬁz MODIFIED C30950E : C30974E
1: Signal Qutput ugli::ss: —— ;‘;;“gn, Hedifications
2 No Connection, Do Not Use | ll f —=— : ns
3 -Vec Negative Bias for Amphiher S RerauA as i !__!____L Detector: C3097AE ('?mm X 1mm)

4: Positive Bias for Protociode

5: No Connection, Do Not Use

6: Case

7: Signal Ground

8: Temp. Sensing Diode - Anode
9. Temp. Sensing Diode - Cathode
10 Ground (Power Supply)

11 No Connection. Do Not Use

12° +Vcc Positive Bias tor Amphlier

WINDOW DIAC rl

053 (0.021)
0430 a1

1.1410.045)
074002317 N

Q n °
0.89 {0.035)

0.7110.028)

921L5-57V7

Dimensions in millimeters. Dimensions I parentheses are n inches

Figure 2 - Dimensional Outline

Responsivity: 3.5 x 1[]5 @ 1060nm

Sangridth: 15MHz (-3db)min.

Rise and Fall Time: 25ns max.

RCA:Solid State Division,EICI0 Optics and Davices!Lancaster, pa 17604
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