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STANDARD WARRANTY FOR ORTEC INSTRUMENTS

ORTEC warrants its instruments othar than preamplifier
FET input transistors, vacuum tubes, Tuses, and batteries to
be free from defects in workmanship and materials for a
period of twelve months from date cf shipment provided
that the equipment has been used in & proper manner and
not subjected to abuse. Repairs or regiacement, at QRTEC
option, will be made on in-warranty Astruments, without
charge, at the ORTEC factcry. Shipping expense will be to
the account of the customer except in cases of defects
discovered upon initial operation. Warranties of vacuum
tubes and semiconductors made by the'r manufacturers will
be extended to ORTEC customers oniv to the extent of the
manufacturers’ liability to ORTEC. Specially selected
vacuum tubes or semiconcuctors cznnot be warranted.
ORTEC reserves the right to modiiv the design of its
products without incurring responsibi:ity for modification
of previously manufactured units. Sinze installation condi-
tions are beyond the company's cont-2!, ORTEC does not
assume any risks or liabilities associazzd with methods of
installation or with installaticn results.

QUALITY CONTROL

Before being approved for snipment, 2ach ORTEC instru-
ment must pass a stringent set of zuality control tests
designed to expose any fiaws in mate- als or work manship.
Permanent records of these z2sts are ~aintained for use in
warranty repair and as a sc.rce of s-ztistical information
for design improvements.

REPAIR SERVICE
If it becomes necessary to return this nstrument for repair,

it is essential that Customer Servizes be contacted in
advance of its return so that a Feturn Authorization

Number can be assigned to the unit. Also, ORTEC must be
informed, either in writing ar by telephone [(615)
482-4411], of the nature of the fault of the instrument
being returned and of the model, serial, and revision {"'Rev"
on rear panel) numbers. Faiiure to do so may cause
unnecessary delays in getting the unit repaired. The ORTEC
standard procedure requires that instruments returned for
repair pass the same quality control tests “hat are used for
new-production instruments. Insruments that are returned
should be packed so that they wiil withstand normal transit
handling and must be shipped PREPAID via Air Parce! Post
or United Parcel Service to the nearest ORTEC repair
center. The address label and :ne package should include
the Return Authorization Nuroer assigred. Instruments
being returned that are damagsd in transit due to inade-
quate packing will be repaired 31 the sendar's expense, and
it will be the sender’s responsit ity to make claim with the
shipper. instruments not in warranty will be repaired at the
standard charge unless they havs been arassly misused or
mishandled, in which case the user will t2 ~otified prior to
the repair being done. A quotzzion will 2e sent with the
notification.

DAMAGE IN TRANSIT

Shipments should be examinec ‘mmediatzly upon receipt
for evidence of external or ccrzzaled darage. The carrier
making delivery should be notif'zd immegiztely of any such
damage, since the carrier is normally fiace for damage in
shipment. Packing materials, .wvavbills, and other such
documentation should be presz-ved in <-der to estabiish
claims. After such notification <5 the car-2r, please notify
ORTEC of the circumstances 30 that zssistance can be
provided in making damage claims znd in providing
replacement equipment if necessary.
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ORTEC 464 POSITION-SENSITIVE DETECTOR ANALYZER

1. DESCRIPTION

1.1. PURPOSE

The ORTEC 464 Position-Sensitive Detector Analyzer
accepts and analyzas two input signals that originate in an
ORTEC P Series Position-Sensitive Detector. One of the
signals has a peak culse amplitude proportional to the full
energy absorbed from an event in the detector. The other
signal has a peak pulse amplitude that is a significant
fraction of that for the full-energy pulse, and the fractional
ratio indicates the relative point of impingement of the
event along the length of the detector.

The 464 generates two output signals, either or both of
which can be examined with one or more single-channel
analyzers and mating scalers or with a multichanne]
analyzer. The choice betwesn these units depends on the
number of points of interest in the analytical results. The
energy output of ne 464 duplicates the energy input pulse
amplitudes and can be used for energy spectroscopy. The
position output geak amplitude is +10 V when the two
input pulse amplizudes are squal and is a oroportional
fraction of +10 V vhen they are nc:i. The position output
can be 2xamined 1z determine the Jistribution of points of
impingement of ths events giong the ength of the detector.

A preamplifier anc an ampliier are
WO inpuJt channels petween the de

2quired in each of the
122101 and the 464, and
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their relative gains and pulse shaping-time constants must
be equal for proper analysis. Each of the output circuits
from the 464 is comratible with the input requirements of
either single-channel o muitichannel analyzers.

1.2. PHYSICAL DESCRIPTION

The 464 is a NIM-standard single-width module that must
be operated in a standard bin and power supply together
with other related instrument modules. It accepts the two
required input signals through BNC connectors on the front
panel, normally connzzted from 460 Delay Line Amplifiers
in the system. Eithzr or bhcth outputs can be used,
depending on the ty:zz of infermation that is desired, and
both are available trrough BNC connectors on the front
panel.

There arz two discrminators 'n the 464 that determine
whether an input siarz: amplituze is sufficient to constitute
a pulse of interest. 712 Noise Disc control is screwdriver-
adjustable and is noraily set =3 prevent response 1o noise
in the system, in 2 range >f 50 t0 500 mV at the
fuil-energy input. Tr= Energy Disc control is a 10-turn
precision potentiome:sr that can be adjusted through the
entire 1- 1o 10-V dv-amic rang2 of the input through the
energy channel and <2 thus disriminate against pulses that
represent energies beicwy a level 27 interest.

\ Qotimized Energy Qutput

3---: 460 ’)——-—-v
l,/

ORTEZ
Amplifier
Setat 2 us

Fig. 1.1, System Configuration of Typical Appiication of the 464 Position-Sensitive Cetector Anaiyzer,




A Busy Output signal is generated through the intervals
when signals are being processed in the 464, |t can be
monitored, counted, or used for external gating control or
other functions as desired. When input pulses are processed,
there is normally an interval of about 12 Ms during which
the signal is present at the Busy Output connector,

1.3. RELATED EQUIPMENT

The basic design of the 4584, coming from the institute of
Physics at the University of Aarhus in Aarhus, Denmark,
serves a system that includes an ORTEC P Series one-
dimensional position-sensitive surfacs barrier Jetector, one
124 Preamplifier and one 125 Preamolifier, two 460 Delay

Line Amplifiers, and a 428 Detector Bias Supply. These
systermn components are connected as shown in Fig. 1.1,

Since the optimum shaping of e energy signals for use in
the 464 differs from the optimum shaping for energy
analysis, a third 460 Deiay Line Amplifier may be used as
shown in the optional circuit indicated in Fig. 1.1,

The 460 Delay Line Amplifiers and the 428 Detector Bias
Supply are also NiM-standard modules that can be operated
in the same bin and power supply with the 464. The
preamplifiers are not modules but obtain their operating
power, through the 460 Amplitiers, fram the bin and power
supply.

2. SPECIFICATIONS

2.1. PERFORMANCE

Integral Nonlinearity Tres integra’ nonlinearity of the
division of the position ‘nout signa: by tne snergy input
sianal will be better than 1% for posizon incuts \n the range
of 0.2 to 10 V and for energy inputs in the range of 1 to
10 V.

Temperature Coefficient The posizion outou: signal will
change <0.01%/°C over a "ange of 20 to 50°C.

2.2. CONTROLS

Energy Disc Front pane! 10-turn potentiomeser for select-
Ing the energy above which signal crocessing is performed
and thereby rejecting all energy inputs below the selected
value, resulting in a reduction of the deac -ime of the
system,.

Noise Disc Front panel 10-turn screwdriver potentiometer
for setting a threshold level just above the noise. When the
input exceeds this level, all succeeding pulses are locked out
by the input gate until the input pulse decays back down
through this level to prevent pulse pileup after the peak of
the desired pulse is sensed.

2.3. INPUTS
Energy Input Front pane’ BNC connector accents unipolar

positive delay-line-shaped, semi-Gaussian-shapea, or bipolar
positive-portion-leading incut signals over a range of 1 t0 10

V.o Z,, = 10008, dccouplea: maxim
saturation, =10.5 V.

.M iNput wvithout

Position Input Front pane. BNC r~cnnector  accepts
pesitive delav-line-shaped, ser:-Gaussiar-shaped, or bipoiar
positive-portion-leading input sanals cver a range of 0.2 to
10 V. Zm 100082, de-coupled: max.~um input without
saturation, =10.5 V.

[ ik

2.4. OUTPUTS

Energy Output Front panel BNC connector provides 0- 1o
10-V positive output occurring 6 us after E 4 input peak;
rise time, =2 us; dc-coupled, Z, = 93.1Q, pulse width, 5 us.

Position Output Front panel BNC connector provides O-
to 10-V positive output occurring 6 us after £ input peak;
rise time, 2 us; de-coupled, Z, = 93182 pulse width, b us.

Busy Output Rear panel BNC connector provides 5-V
positive output; rise and fall times, =0.5 us; pulse width,
~12us, Z, =518

2.5. ELECTRICAL AND MECHANICAL

Power Required +24 V, 150 A, +12 V, 160 mA; =24 V,
75 mA; =12V, 75 mA.,

Dimensions NiM-standard sinale-widih module {1.35 by
714 in.) per T1D-20893.



3. INSTALLATION

3.1. GENERAL

The 464 is designed for installation and operation in an
ORTEC 401/402 Series Bin and Power Supply or equal.
The Bin and Power Supply is designed for relay rack
mounting and is usually installed in a rack that houses other
electronic equipment. Therefore any vacuum tube equip-
ment or other heat source that operates in the same rack
witn the 464 must be sufficiently cooled with circulating
air to prevent localized heating of the transistorized and
integrated circuits in the 464. The maximum safe operating
temperature limit for the 464 is 50°C (120°F), and the
temperature of equipment mounted in racks can easily
exceed this limit unless precautions are taken.

3.2. CONNECTION TO POWER

All the operating power must be obtained from the
standard bin and power supply in which the 464 is installed
for operation. Always turn off the power befors inserting
or removing instrument modules. The ORTEC NIM mod-
ules are designed so that a full complement of modules in
the Bin will not overload the Bin power supply. However,
this may not be true when the Bin contains modules of
other than ORTEC design, and Power Supply distribution
veizages should be checked when other modules are
insarted. The ORTEC 401/402 Series Bin and Power
Sucoly has test points on the Power Supply control panel
tc monitor the dc voltages.

If <ne 464 is operated outside the Bin and Power Supply
wiTn an axtension cable, be sure that the extension cable
inc:udes the Power Supply grounding circuits specified in
the recommended standards of T1D-20893. Both high-
Laiity and power-return ground connections are specified
to 2nsure proper reference voltage feedback into the Power
Suzoly, and these must be preserved through extension
caries. Be careful to avoid ground loops when the moduie is
operated outside the Bin.

3.3. INPUT CONNECTIONS
Faure 1.1 is a typical system configuration for the two

it '3 important that the two signal paths provide equal gains
an¢ time-constant shaping selections and aiso that cable
leratns are equal to preserve critical timing relationships.

Although it is implied in Fig. 1.1 that the input pulses to
the 464 be furnished from 460 Delay Line Amplifiers, any
pair of pulse amplifiers may be used. Delay line shaping
with 0.5- or 1.0-us time constants has been found to be the
best for optimum position resolution, but each input can
accept unipolar semi-Gaussian shaped or bipolar pulses with
a positive leading portion as tong as both circuits are the
same.

Each of the two input circuits in the 464 is dc-coupled. So
that ac coupling can be used when desired for these circuits,
each input includes a jumper that can be removed to cause
the input signals to be furnished through a 0.47-uF
capacitor into the 464 circuits. The jumpers are lccated on
the printed circuit and are marked EQ5 for the energy
input circuit and EOB for the position input circuit.

3.4. OUTPUT CONNECTIONS

Coincident output pulses are provided for the position and
energy outputs. The pulse shape through each output is
optimized for use with analog-to-digital converters. Since
these pulises are in coincidence, they can be furnished
directly into a two-parameter multichannel analyzer to
obtain spectra that are related to position on the detector,
or either output can be furnished through a single-channet
analyzer to gate a single-parameter multichannel analyzer
for the alternate output circuit. Either output circuit can be
analyzed independently if desired.

The Busy Cutput connector on the rear panel furnishes a
control signai that rises to about +5 V for about 12 us each
time an input is accepted into the 464. This signal can be
used to monitor the count rate, control some auxiliary
gating, measure dead time, or furnish some other logical
criterion for operation in the experiment.

3.5. WARMUP REQUIREMENTS

Tne analog-divider integrated circuit in the 464 requires a
warmup period for stabilization before position informa-
tion can be generated accurately. Permit a minimum
warmup time of 30 min, and do not remove or interrupt
the power pefore or during operation unless additional
warmup time is allowed following such interruption.




4. OPERATION

4.1. GENERAL

When the 464 is installed ir 3 NiM-standard Bin and Power
Supply and power is turned on for the Bin, the 464 is
turned on. It will then generate two cutput signals that are
in coincidence for each cair of incut signals that are
furnished to the module.

There are only two adjustments on the 464 front panel, and
both are discriminator levels that relaiz to the input pulse
amplitude through the enerzy input ¢ ~cuit. The Noise Disc
control can be adjusted witn a screv.driver and should be
set at the minimum level that eliminates response to noise
inputs; this can be monitorz3 at the aajacent test point on
the front panel. The 10-turr orecisior Snergy Disc controf,
with 1000 direct-reading dial divisiors. selects a minimum
acceptable energy level basez on the a~plifier output pulse
range and operates in a rangs of 1 thre.gh 10 V.

As long as the measured ene-gies are ~1 MeV or more and
are represented by energy “out pulses at the 464 within
the linear range of 1 thrc.gh 10 V/ each corresponding
position input pulise within e range 2.2 through 10V will
be less than or equal to trz energy =ulse amplitude. The
464 measures the ratio ¢ opositicr oulse amplitude o
energy pulse amplitude ar genera:zs a vosition output
pulse that identifies the rat =. The reizzions are based on (0
V = a ratio of 0} 10 (10 " = a rat'z 2f 1) and are linear
through this range.

4.2. TIMING CONSIDERATIONS

The logic of the 164 dezrmines ~n1en an input peak
amplitude occurs for the 2-3rgy inp.: pulse and gates off

both input circuits at that time. The position output is
generated and based on the relative amplitudes through the
two channels at the peak detec: time. Thus it is important
that the peak of the position insut pulse occur at the same
time to ensure a proper corovarison to be made. This
requires that hoth channels use identical shaping-time
constants and that the circuits between the units in each
channel use identical cable lengins.

43. AMPLITUDE CONSIDERATIONS

The gain of each of the two independent pulse processing
circuits that lead to the inputs of the 464 must be equal,
and the dc offsets (if any) that are furnished from the two
main amplifiers must be mini~ zed. A difference of gains
will produce incorrect rositicn Jutput information and a
difference of dc offset will degcade the iinearity, especially
in the lower portion of the dyna=ic range.

4.4, OPTIMUM SYSTEM QPERATION

A complete discussion of sysiz™ operaticn with a typical
system is given in ORTEC Acciication Note AN-20. This
apelicaton note includes a @'szussion 0F the function of
each circuit element and the e of 1ts adjustments, plus
an explanation of ballistic de’ - ¢, which s a phencmenon
peculiar 1o these types of meas..-3ment

Since the optimum tims-constanst sl
position information and of smergy inicrmaton oan be
quite different, the use of a arate ene=rgy channel for
energy spectroscopy is recorended and is suggested in
the optional circuitry shown in Sg 1.1,

Tor puroases of

5. CIRCUIT DESCRIPTION

5.1, GENERAL

The 464 PSD Analvzer ac:zpts two -alated analog input
signals and generates two ~dependen: analog outputs as
shown in the block diagrar- of Fig. 2.1 The energy input
path leads through a gating zircuit > orovide the energy
output pulses, and this patn has unizy gain so that the
output pulse peak amplituczs will duc ‘cate the input pulse
peak amplitudes and can bs used for INergy spectroscopy.

When the energy inout arziitude risas through the noise
and energy discriminator levz-s, gach a’scriminator responds
independently, Both respcrses are “zquired in order to
generate an output. When e peak ~f the energy input
pulse is sensed, the noise s riminat~ response starts the

generation of a busy output and this gates off both input
paths; no further input variat.ons can affect the outputs
until both energy and position cutputs have been furnished
and until the input amplitude d2zays down below the noise
discriminator level. At the pea~ detect time the response
from the energy discriminator =riggers a delay monostable
that will enable both the energy and the nesition outputs at
the monostable recovery.

The pezk amplitude of the eneay input oulse is held in its
stretcher circuit. The amplitude present in the position
iNput circuit at the time the er=-gy peak is detected is also
held in its independent stretche-. and its peak is assumed 1o
be present. The two stretche seak amciitudes are fur-
nished through the analog diviter (o generate a position
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Fig. 5.1. Block Diagram of the 464 PSD Analyzer.

output signal proportional to their ratio in the range of O to
+10 V. For example, if the position signai is 30% of the
energy signal amplitude, the analog divider will generate an
output of +3 V.

The delay monostable triggers an outout monostable that
enables both the energy and the position outputs to be
generated. The amplitude available for the energy output is
equal to the peak amplitude of the energy input. The
amplitude available for the position output is a signal
between O and +10 V that is generated in the analog
divider.

At the end of the output monostabie time its recovery
triggers a reset monostable whose main funciion is to
quickly discharge the stretch capacitors in both input
circuits and prepare for the next pair of input signals.

The busy output is generated from the peak detect time
until the completion of the reset function. This interval is
about 12 us. At the end of the busy output interval the
iNnput gates are enabled to accept the next pair of input
signals, and the cycle is complete.

Refer to schematic 464-0101-S1 ang to the component
assembly drawing, 464-0200, that are ‘ncluded at the back
of the manual for the circuit analysis that foilows. A list of
repiaceable parts is included for furiner identification of
the components that are inciuded in the 464,

5.2. ENERGY INPUT

The energy input signal, in a range of +1 through +10 V, is
furnished through CN2 on the front panel. If jumper EO5
remains in the circuit, the input signal is dc coupled to all
of 13 internal paths and the output dc level furnished from
the driving amplifier should be adjusted to O V. If the
jumner is removed, the signal is ac coupled through C40.

Haif of the input amplitude is furnished from divider R4
and R28 to nin 2 of IC7, where it is compared to the
adjusted level of the energy disc control. The range marked
on the panel is +1 to +10 V, while the effective range at pin
3 of IC7 is actually +0.5 to +5 V. When the energy
amplitude exceeds the threshold, 1C7 generates a positive
output through its pin 7.

The input amplitude is also furnished through divider 8130
and R13 so that 50% of this amplitude is furnished to pin 2
of IC8, where it is compared to the adjusted level of the
noise disc controt. The range of the noise disc control is
actually about +10 to +225 mV, so the noise discriminator
always responds to a smaller input amplitude than the
energy discriminator, even when it is set for minimum
energy -signals. When the input amplitude exceeds the noise
discriminator threshold, {C8 generates a positive output
through its pin 7.

The energy input amplitude is also furnished through Q28,
Q30, and Q31 to charge stretch capacitor CH1 untii a peak



is detected. The capacitor charge is fed back through Q32,
Q33, and Q34 to the emitter of Q30 and Q30 is cut off
when the input amplitude starts 10 decrease; this peak
detection controls Q39 and generates the peak detect signal
in 1C16.

At peak detect, 1C1{6) goes low to initiate the busy interval
through 1C5(8), 1C6(3), 1C6(6), and IC6(8). The low
output at 1C6(8) is inverted by Q43 and coupled through
Q44 to turn on Q29 and short the input circuit to ground.
No further input signal variations can affect the peak stored
on CB1 until reset occurs. The low at 1C6(8) is also inverted
by Q41 and coupled through Q42 to furnish the busy
output through CN3 on the rear panel. The stretched peak
stored in C51 is retained until the capacitor is discharged
through Q35 at a signal from 1C4.

Potentiometer R77, on the printed circuit, adjusts the zero
baseline level for the energy input circuit under quiescent
conditions.

5.3. POSITION INPUT

The position input signal, in a range of +0.2 through +10 V,
is furnisned through CN1 on the front panel. If jumper EOB
remains in the circuit, the input is dc coupled to Q15 and
the output dc leve! furnished from the driving amplifier
should be adjusted to O V. If the jumper is removed, the
signal is ac coupled through C18.

The input amplitude is furnished through Q15, Q17, and
Q18 to charge stretch capacitor C20 until a peak is
detected. At peak detect time in the energy channel the
busy signal from IC6(8) through Q43 and Q44 turns on
Q16 and shorts the input to ground. No further input signal
variations can affect the oeak stored on C20 until reset
occurs. The peak stretched signal is retained on C20 until
the capacitor is discharged through Q22 at a signal from
1C4.

Patentiometer R27, on the printed circuit, adjusts the zero
naseline for the position input signal circuit under quiescent
conditions.

5.4. PEAK DETECT

The energy input signal is furnished through Q28 to the
base of Q30. The levei stored on CB1 is fed back through
Q32, 033, and Q34 to the emitter of Q30. As the input
signal starts to increase, Q30 is turned on and remains
turned on through the rise time of the puise. This condition
also turns on Q39 and furnishes a high input at pin 3 of
IC16, so the ocutput at [C16:7) is low.

When the peak is reached and the input amplitude starts to
aecrease, Q30 is cut off because its emitter level has
followed the charge levei on C51, and this cuts off both

Q31 and Q39. There is no discnarge path tor 51, so the

peak amplitude is retained. The input at pin 3 of IC16 goes
to ground and, since it is now more negative than the input
at pin 2, IC16 generates a positive peak detect ouiput signal
at its pin 7. As explained in Sections 5.2 and 5.3, the input
circuits are gated off and the peak detect signal remains
locked on until reset occurs.

5.5. POSITION OUTPUT GENERATION

The stretched peak of the position input is coupled from
C20 through Q19, Q20, and Q21, through jumper EO3 10
(C13(3). The stretched peak of the energy input is coupled
from C571 through Q32, Q33, and Q34, through jumper
EO1 and through buffer 1IC12 10 1C13(6). Buffer IC12is an
amplifier with a gain of unity.

The function of 1C13 is to divide the amplitude at its pin 3
by the amplitude at pin € and t generate an output level
proportional to the ratio of the input signals. When the
ratio is O, indicating a measurement at the reference end of
the position sensitive detector, the output at iC13(4) is O
V: as the ratio increases toward 1 the output increases
linearly toward +10 V. RB3 and R56 adjust the slope and
level for high range signals, and R55 and R54 adjust the
siope and ievel for the low and of the output range.
Together, tese four potentiometers are used to calibrate
the linearity of response througn the range of operation for
1C13.

The output of 1C13 at pin 4 is clamped at ground through
Q23 unti! sutput monostable 1C3 is triggered. When Q23is
cut off and the output generator {a gated amplifier) is
permitted 12 furnish the signal through iC14 and Q24 to
CNB, the level that is furnished through CNb5 is equal to the
level generated in 1C13.

The function of the jumpers, EO1 and EQ3J, is to permit
each of the two input levels to be furnished from an
external scurce during calibration. The jumpers must both
be in place in the printed circuit during normal operation so
that both signals are present at the 1C1 3input.

5.6. ENERGY OUTPUT GENERATION

The energy oceak amplitude that is furnisned through EO?
to the anaioa divider is also furnished through divider R131
and R96 -o pin 4 of 1C15. However, untii output
monostabie (C3 is triggered, this signal is clamped 1o
ground through Q37. When Q37 is cut off bv IC3, the
energy pea< amplitude is coupled through 1C15 and Q38;
the gain =7 the stage is such that the original peak
amplitude s Juplicated in the output puise that is furnished
through CNE, the energy output BNC on the front panel.

5.7. LOGIC

At peak det2:t time, gates 1C1(A! and 1C1(3) are enabled. If
the noise =.scriminator has not been triggered, there is NO




is detected. The capacitor charge is fed back through Q32,
Q33, and Q34 to the emitter of Q30 and Q30 is cut off ~

when the input amplitude starts to decrease; this peak
detection controls Q39 and generates the peak detect signal
in IC16.

At peak detect, IC1(6) goes low to initiate the busy interval
through 1C5(8), ICB(3), ICBI(6), and ICH(8). The low
output at 1C6(8) is inverted by Q43 and coupled through
Q44 to turn on Q29 and short the input circuit to ground.
No further input signal variations can affect the peak stored
on C51 until reset occurs. The low at IC6(8) is also inverted
by Q41 and coupled through Q42 to furnish the busy
output through CN3 on the rear panel. The stretched peak
stored in CB1 is retained until the capacitor is discharged
through Q35 at a signal from iCA4.

Potentiometer R77, on the printed circuit, adjusts the.zero
baseline level for the energy input circuit under quiescent
conditions.

5.3. POSITION INPUT

The position input signal, in a range of +0.2 through +10 V,
is furnished through CN1 on the front panel. {f jumper EO6
remains in the circuit, the input is dc coupled to Q15 and
the output dc level furnished from the driving amplifier
should be adjusted to O V. If the jumper is removed, the
signal is ac coupled through C18.

The input amplitude is furnished through Q15, Q17, and
Q18 to charge stretch capacitor C20 until .a peak is
detected. At peak detect time in the energy channel the
busy signal from {C6(8) through Q43 and Q44 turns on
Q16 and shorts the input to ground. No further input signal
variations can affect the peak stored on C20 until reset
occurs. The peak stretched signal is retained on C20 until
the capacitor is discharged through Q22 at a signal from
I1C4,

Potentiometer R27, on the printed circuit, adjusts the zero
baseline for the position input signal circuit under quiescent
conditions.

5.4. PEAKDETECT

The energy input signal -is furnished through Q28 to the
base of Q30. The level stored on C51 is fed back through
Q32, 033, and Q34 to the emitter of Q30. As the input
signal starts to increase, Q30 is turned on and remains
turned on through the rise time of the pulse. This condition
also turns on Q39 and furnishes a high input at pin 3 of
1C186, so the output at IC16(7) is low.

When the peak is reached and the input amplitude starts to
decrease, Q30 is cut off because its emitter level has
followed the charge level on C51, and this cuts off both
Q31 and QB39. There is no discharge path for C51, so the

peak amplitude is retained. The input at pin 3 of IC16 goes.
to ground and, since it is now more riegative than the input
at pin 2, 1C18 generates a positive peak detect output signal
at its pin 7. As explained in Sections 5.2 and 5.3, the input
circuits are gated off-and the peak detect signal remains
locked on until reset.occurs.

5.5. POSITION OUTPUT GENERATION

The stretched peak of the position input is coupled from
C20 through.Q19, Q20,and Q21, through jumper EO3 to
IC13(3). The stretched peak of the energy input is coupled
from -CH1 through Q32, Q33, and- Q34, through jumper
EO1 and through buffer IC12 to IC13(6). Buffer IC12is an
amplifier with-a gain of unity.

The function of IC13 is to divide the amplitude at its pin 3
by the amplitude at pin 6 and to generate an output level
proportional ‘to the ratio of the input signals. When _the
ratio is O, indicating a measurement at the reference end of
the position sensitive ‘detector, the output at 1C13{(4) is O
V; as the ratio increases toward 1 the output increases
linearly toward +10 V. R53 and R56 adjust the slope and’
level for high range signals, and R55 and R54 adjust the
slope and level for the low end of the output range.
Together, these four potentiometers are used to calibrate
the linearity of response through the range of operation for
IC13.

The output of IC13 at pin 4 is clamped at ground through
Q23 until output monostable IC3 s triggered. When Q23 is
cut off and the output generator (a gated amplifier) is

permitted 10 furnish the signal through 1C14 and Q24 to -

CNB, the level that is furnished through CN5 is equal to the
level generated in 1C13.

The function of the jumpers, EO1 and EO3, is to permit
gach of the two input levels to be furnished from an
external source during calibration. The jumpers must both
be in.place in the printed circuit during normal operation so
that both signals are present at the IC13 input.

5.6. ENERGY OUTPUT GENERATION

The energy peak amplitude that is furnished through EO*1
to the analog divider is also furnished through divider R131
and R96 w0 pin. 4 of IC15. However, until output
monostable 1C3 is triggered, this signal is clamped to
ground through Q37. When Q37 is cut off by IC3, the
energy peak amplitude is coupled through 1C15.and Q38;
the gain of the stage is such that the original peak
amplitude s duplicated in the output pulise that is furnished
through CNB, the energy output BNC on the front panel.

5.7.. LOGIC

At peak dezzct time, gates 1C1(6) and 1C1(3) are enabled. I
the noise ziscriminator has not been triggered, there is no




response in the 464 because the amg.’tude of the energy
signal is so small that it is equivalent ¢ a noise pulse. C51
will have charged to the small amclitude and cannot
discharge, but this does not matter cecause the stretch
capacitor will continue to charge from :he level to which it
has been charged when the first zcceptable pulse is
furnished, so there is no distortion.

If the energy signal has sufficient ame itude to trigger the
noise discriminator but not the energ. discriminator, the
peak detect signal generates & low at |C1{6) to trigger IC4
through 1C5(6), 1C1(8), and IC1{11), 2nd to start a busy
signal through IC5(8), 1C6(3), ICBIG, and ICBH(8). The
signal at 1C6{8) goes low; it is invertea oy Q41 and coupled
through Q42 to switch the output leve: “rom 0 to +5 V, and
it is also inverted by Q43 and cour:zd through Q44 to
furnish +5 V to the base of Q16 and Q29. I1C4 is triggered
at the reset of IC8, which occurs wran the input signal
amplitude decays through the disc minator threshold.
When 1C4 is triggered, it furnishes a r2gative output from
pin 1 to continue the busy interval a~1 a positive output
from pin 6 to turn on Q22 and Q35; 7~z transistors offer
quick discharge paths for the two strzzch capacitors, C20
and C51 respectively. At the and of 1= reset interval, the
busy interval is terminated and initial Jgic conditions are
effective.

If the energy signal has sufficient amc -ude to trigger both
discriminators, the logic of the above Caragraph is effective
and, in addition, the times fcr the de 2/ monostable, 1C2,
and output monostable, 1C3. are usec 10 delay the trigger
time for the reset monostabls, 1C4, ar = 0 extend the busy
interval through 1C5(8). Whzn outpiL: monostabie 1C3 is

triggered at the recovery of G-us monostable 1C2, the
positive output at tC3(6) is furnisned through jumper EO4
to the bases of Q11 and Q25. The signal through Q11, Q12,
and Q14 cuts off Q23 and permits the position output to
be furnished through CN5. Through the same time interval,
the signal through Q25, Q26, and Q27 cuts off Q37 and
permits the energy cutput to be furnished through CN6.

At the end of the output moncstable time, 5 us, provided
IC8 has been reset, the reset monostable is triggered and
discharges the stretch capacitors. At the end of the reset
interval, which is about 12 us after peak detect unless
delayed by slow recovery of IC8, the busy interval is
terminated and the initial conditions are restored to permit
the 464 to accept a new pair of signals for processing.

The function of jumper E04 s to furnish a continuous
enable signal to both Q11 and 025 during calibration and
test, but to accept the contro! signals from IC3 during
normal operation.

5.8. POWER DISTRIBUTION

Each of four dc power levels s accepted through a filter
from the bin and power supply and is furnished to the
circuits on the printed circuit coard. Power requirements
include £12 V and £24 V.

Integrated circuit 1C17 accepts an input from +12 V and
generates a +5 V output for .se in IC2, IC3, and IC4.
Integrated circuit iC18 accen:s <24 V zand =24 V and
generates both +15 V and —15 "/ these leve:s are both used
for analog divider 1C13.

6. MAINTENANCE AND CALIBRATION

6.1. TEST EQUIPMENT REQUIRED

The following test equipment, or equz | is required to test
the specifications of the 464

Digitat voltmeter

DC supply that can be setat 1 V21~ and 10 V £10 mV
Dual trace oscilloscope, Tektronix 547 =r equivalent

ORTEC 419 Puise Generator
ORTEC 451 or 471 Amplifier
ORTEC 406A Single Channel Analyze-

NOTE

Integrated circuit IC13 is in a temperziure-stabilizing oven.
Ensure at least 30 minutes of wninterrupted  power
application before calibration is attemcad.

\

6.2. DIVIDER ZERO CALIBRATION

1. Remove jumpers EOT and Z03. Move jumper EO4 to
its position 2. Connect the digitai voltmeter to the Position
output.

2. Connect point X, pin 3 of 1C13, to ground. Connect the
source of 1 V/10 V to point Z at the EQ1 jumper.

3. See the component location drawing, printed with
schematic 464-0101-S1 at the back of the manual. Identify
the location for potentiometers R53 through R56 on the
printed circuit board.

4. Adjust RBb for a minimum output voitage change when
the voltage at point Z is switched between 1 V and 10 V.
Make the adjustments on RB5 only with 1 V applied at
point Z.



5. Apply 10 V at point Z and adjust R54 for an output
level of OV £5 mV.

6. Repeat steps 4 and 5 to ensure that the output voltage
remains at 0 V 5 mV when the input at point Z is
switched between 1V and 10 V.

7. Disconnect point X from ground. Furnish the 1 V/10 Vv
source to both point X and point Z.

8. Adjust R53 for a minimum change of output voitage
when the source to both points X and Z is switched
between 1 V and 10 V. Adjust R53 only while the input is
at 1 V.

9. If RB3 requires a major adjustment to function
properly, return to step 4 and repeat through step 8.

10. Set the input to points X and Z at 10 V. Adjust R56
for 10 V £10 mV at the Position output. Check 10 see that
the output remains at 10 V 10 mV when the input at
points X and Z is switched to 1 V.

11. Repeat steps 8 through 10 as required to obtain the 10

3. Set the 406A for Normal mode with ULD at 10.00 and
LLD as high as possible.

4. Move the 406A Input connection from the amplifier
output circuit to the 464 Position output. Adjust the 406A
LLD for a half-trigger.

5. Use the X10 Attenuator on the pulser to switch the
amplifier output amplitude between 1 V and 10 V. Adjust
R53 in the 464 until the 406A half-triggers with either 1 V
or 10 V applied from the amplifier.

6. Apply 10 V from the amplifier and check the Position
output voltage level. If it is not 10 V, adjust RB6 as
required.,

-

7. It Ro6required adjustment in step 6, repeat from step 4.

6.4. TEST POINT VOLTAGES

The following voltages are intended to indicate typical
orerating voltages in the 464,

Table 6.1, Typical dc Voltages.
V £10 mV output when the input to both points is either 1
Vori0v. Typical Typical
Checkpoint Voltage Checkpoint Voitage
12. Disconnect the 1 V/10 V supply from points X and Z.
Restore jumpers £EO01 and EO3 to the printed circuit, Q158E +0.5 IC13(2) +15
13 Adi Ro7 i ) p N e Q28E +0.5 IC13(5) ~15
. st as required for a Position ounutat O vV 5 e
- aured e * : Q21 0 IC16(8) £12
mV.
Q34E 0 i(ﬂmél) -5.5
14. Connect the digital voitmeter to he Energy outout. IC7:18) +12 a(8) +15
Adjust R77 as required for a reading of 0 V 25 mV C7eD 55 4(5) 15
oA o) N
6.3. DIVIDER FINAL CALIBRATION €88 1 72 5
C3id -5.5 1C17(1 +12
1. Connect the equipment as shown in Fig. 8.1, {C12(8) +15 1C18(7) ~15
- ‘ 1IC12(51 —15 Q14cC +1
2. Set the pulser and amwlifier controls as raquired © ‘ F_(D i o
obtain an output of 10 V frem the amplifier. iC15(8 +15 Q27C -1
FORNSIESY! -15 Q428 0
ORTEC ORTEC ORTEC l ORTEC 'OSCILLOSCOPE
419 | 451 1 406A First Cunne'c_:wﬂ | 464 — l Tgc——-:
i | ' ENERGY IN : i ; \ i
H p | ! i ENERGY OUT : ‘ i i
! ! : ST { c i N :
i IN i : IN/ 3 | POSITION IN : i
! s { / i 1 :
————=—= ; o C i = —
DIRECT ATTEN l ; UN 1 oUT ‘ ¥ i OUT‘\, Second Connection 5 i POSITION OUT n CH 3 CH?Z S
c Ot | o £ — ¢ —g—-—-——g—r——--G 10 0 i
1 T ; :
. 5
; A :
2 —
L
rig. 8.1, Test Setup for Sinai Calibration.



APPENDIX

REPLACEABLE PARTS

ORDERING INFORMATION

The Replaceable Parts List shown below contains informa-
tion needed for ordering spare and/or replacement parts.
Each listing indicates the reference designator number, the
part number, a description of the component, and the part
manufacturer and manufacturer's part number.

All inquiries concerning spare and/or replacement parts and
all orders for same should include the model serial, and
revision ("Rev" on rear pane!) numbers of the instruments
involved and should be addressed to the Customer Service
Department at 100 Midland Road, Oak Ridge, Tennessee
37830. The Manager of Customer Services can be reached

by telephone at {615) 482-4411. The minimum order for
spare and/or replacement parts is $25.00.

ORDERING INFORMATION
FOR PARTS NOT LISTED

In order to facilitate the ordering of a part not listed below,
the following information should be sucmitted to the
Customer Service Department:

the instrument mode! number,

the instrument seriai number,

revision (""Rev"’ on rear panei) number,

a description of the cart,

information as to the function and location of the part.

OswWN =

The sciid-state-device (diodes, transistors, and integrated circuits) types installed in vour instrament
may ditfer from those shown in the schematic diagram and parts ist. In sucn cases, nacessary replace-
ments can be made with either the type shown or the type ac:ually irstalled in -he instrument.

Replaceable Parts List

Description ORTEC Part No. Reference Designations

Capacitors

22 pF Mica 5% 500V 40883 C19, 41

47 pF Mica 2% 500V 41711 Ce6, 47

68 pF Mica 5% 500V 41702 Cc27

82 oF Mica 2% 500V 41705 C4

100 pF Mica 2% 500V 40886 C11,13

470 pF Mica 5% 500V 40892 C25, 28, 45

820 pF Mica 2% 300V 41707 C8,9

1000 pF Polystyrene 60596 C20, 51

0.002 uF 10% 1KV Disc 43629 C23, 24,30, 31,43, 44

0.0022 uF 10% 200V Mylar 40913 C10

0.0047 uF 5% 200V Mylar 40914 C12

0.01 uF 20% 50V DI 40855 C36, 37

0.1 uF 50V Disc 40846 C35

0.47 uF 63V MKS POLY WIMA 63652 C18, 40

8.8 uF 20% 35V Tan 49542 C1,2,3,6,7,14,15,16,17,21,22,26, 29,32, 33, 38, 39, 42, 46,
48, 49,50, 52, 53, b4, 535

220 uF 20% 10V 40953 C34

Diodes

IN756 Diode MOT 41127 D2,4,5,9,10,12,1%, 16

1N4153 Diode 75V SY L 44217 D1,3,6,7,8,11,13, 14,17
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Replaceable Parts List (continued)

Description ORTEC Part No. Reference Designations

Temperature Stabilizer

45T3-4 Temp Stabilizer KLX 48649 H1

Integrated Circuits

Type 309 5V Regulator 63755 IC17

Type 710HC 418156 I1C7,.8,16
Type 715HC 66149 1C12,14,15
Type ADS30L (Mult Divider) 66150 IC13

Type SG3501T +15V Regulator 66151 1C18

Type SN7400N 44073 tC1,6

Type SN7420N 44087 IC5

Type SN74121N 65448 IC2,3,4

Transistors

2N3904 47860 Q16,17,19,21,24,29, 30, 32, 34, 36, 38
2N3906 41089 Q15,18, 20, 28, 31, 33, 39, 40

MPS-3640 EG&G AB0323 43652 Q14, 25,26, 37

MPS-3646 43651 Q11,12,22,27,35, 41, 42,43, 44

MPS-6507 43653 Q23

Resistors

1082 CC 1/4W 5% 40202 R114,115,125, 126, 127, 128,132,133, 124, 125
122 CC 174w 5% 40281 R43,92

228 CC 1/4W 5% 40204 R58, 123

46.49Q MF 1/8W 1% T-0 40483 R10

4792 CC 1/4W 5% 40206 R41,90

51 CC /4w 5%, 40271 R24, 136

93.182 MF 1/8W 1% T-0 40589 R68, 102

10082 MF 1/8W 1% T-0 40489 R1

10082 CC 1/4W 5% 40209 R18, 23, 35, 46, 49, 63, 65, 67, 80, 83,97, 98, 101
1218 MF 1/8W 1% T-0 40577 R9

1802 WW 3W 5% DLE CW-2C 40709 R129

33082 CC 1/4W 5% 40216 R73

47082 CC 1/4W 5% 40219 R104, 116

56082 CC 1/4W 5% 40274 R122

68182 MF 1/8W 1% T-0 40513 R29,78

82082 CC 1/4W 5% 40224 R74,121

TKMF 1/8W 1% T-0 40515 R100

1K CC 1/4W 5% 40226 R20, 26, 34, 36, 38, 45, 84, 85,87, 94, 105, 109, 112
TK BRN Trimpot 3229W-1-102 40822 R27,77

TK 10-turn BRN Pot 3540 40818 R2

1K 20-turn BRN Pot 3006Y-1RCM" 22 43583 R8
1.33K MF 1/8W 1% T-0 40518 R3



11

Replaceabie Parts List (continued)

Description

ORTEC Part No.

Reference Designatians

1.6K CC 1/4W 5%

1.8K CC 1/4W 5%
215K MF 1/8W 1% T-0
2.2K CC 1/4W 5%
27K CC 1/4W 5%
3.3K CC 1/4W 5%
3.9K CC 1/4W 5%
302K MF 1/8W 1% T-0
4.64K MF 1/8W 1% T-0
47K CC 1/4W 5%

5K BRN Trimpot 3290W-1-502
B.62K MF 1/8W 1% T-0
3.81K MF 1/8W 1% T-0
3.2K CC 1/4W 5%
8.25K MF 1/8W 1% 7-0
10K MF 1/8W 1% T-2
10K CC 1/4W 5%

15K CC 174W 3%

20K BRN Trimpot 3299W-1-203
213K MF 1/8W 19, 7-0
33K CC 1/4W 5%

32K CC 174W 5%

Miscellaneous
10-turn HEL 2606 Cial

MOD Male Shield WIN 111-20853-1
MCD Shield Block "WIN 111-20851-1

Guide WIN 111-20855 EE8Q
Centact Pin WIN 160-0812P

40229
40230
40523
40232
40234
40236
40237
40590
405633
40238
43560
40535
40537
402472
40539
40545
40245
40248
43561

40553
40253

40289

40425
42934
42935
42936
42939

R5,12, 70,
R66, 103, 1
R4,13, 28,
R16,17, 21
R106
k51,110

107,113,117
08

130

. 22,25

R19,69,76.120, 124

R32, 81
R48
R39,88, 1°
R56
R7,59, 60,
R30,79
R15
R42,57, 91
R47,
R14, !
R6
R53, 54, 52
R40, 89

[CSINe])
> O
Gy O
N

[o8)

R
RbZ

Control for

w

-

(%)

2,064,986, 131

;.044,71,82, 86,93, 111

=2

p/o Power Cznnector

p/o Power Cannector

{2 used) p/c Power Connector

(5 used) v/ Power Connector
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BIN/MODULE CONNECTOR PIN ASSIGNMENTS
FOR AEC STANDARD NUCLEAR INSTRUMENT MODULES
PER TID-20893

Pin Function Pin Function
1 +3 volts 23 Reserved
2 —3 volts 24 Reserved
2 Spare Bus 25 Reserved
a Reserved Bus 26 Spare
2 Coaxial 27 Spare
5 Coaxial *28 +24 volts
7 Coaxial *29 —24 volts
8 200 volts dc 30 Spare Bus
a Spare 31 Spare
*10 +6 volts 32 Spare
*173 —0 volts *33 115 volts ac (Hot)
12 Reserved Bus *34 Power Return Ground
1z Scare *¥*35 Reset (Scaler)
14 Spare **36 Gate
12 Feserved **37 Reset (Auxiliary)
*18 +12 volts 3 Coaxial
17 —12 volts 39 Coaxial
12 Soare Bus 40 Coaxial
1¢ Reserved Bus *41 115 volts ac {Neut.)
27 Spare *42 High Quality Ground
27 Spare G Ground Guide Pin
2C Reserved

Pins marked *) are installed and wired in ORTEC 401A and 401B Modular System Bins.
Pins marked - *) and {**) are instalied and wired in EG&G/ORTEC—HEP M250/N and M350/N NIMBINS,
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