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A NEW STANDARD TWO-YEAR WARRANTY FOR ORTEC ELECTRONIC INSTRUMENTS

ORTEC warrants its nuclear instrument products to be free from defects in workmanship and materials, other
than vacuum tubes and semiconductors, for a period of twenty-four months from date of shipment, provided
that the equipment has been used in a proper manner and not subjected to abuse. Repairs or replacement, at
ORTEC option, will be made without charge at the ORTEC factory, 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, as made by -their manufacturers, will be extended to our customers only to the extent of the
manufacturers’ liability to ORTEC. Specially selected vacuum tubes or semiconductors cannot be warranted.
ORTEC reserves the right to modify the design of its products without incurring responsibility for modification
of previously manufactured units. Since installation conditions are beyond our control, ORTEC does not

assume any risks or liabilities associated with methods of installation other than specified in the instructions,
or installation results.

QUALITY CONTROL

Before being approved for shipment, each ORTEC instrument must pass a stringent set of quality control tests
designed to expose any flaws in materials or workmanship. Permanent records of these tests are maintained for
use in warranty repair and as a source of statistical information for design improvements.

REPAIR SERVICE

ORTEC instruments not in warranty may be returned to the factory for repairs or checkout at modest expense
to the customer. Standard procedure requires that returned instruments pass the same quality control tests as

those used for new production instruments. Please contact the factory for instructions before shipping
equipment.

DAMAGE IN TRANSIT

Shipments should be examined immediately upon receipt for evidence of external or concealed damage. The
carrier making delivery should be notified immediately of any such damage, since the carrier is normally tiable
for damage in shipment. Packing materials, waybills, and other such documentation should be preserved in
order to establish claims. After such notification to the carrier, please notify ORTEC of the circumstances so
that we may assist in damage claims and in providing replacement equipment if necessary.






ORTEC 463 CONSTANT FRACTION TIMING DISCRIMINATOR

1. DESCRIPTION

The 453 Constant Fraction Timing Discriminator contains a “Constant Fraction of Pulse Meight Trigger'
(CFPHT)' - for high resolution time spectroscopy. The CFPHT time pickoff is enabled by a precision
lower level discriminator, variable over a range of 50mV to 1000mV. The entire circuit is dec-coupled, render-
ing it free from count rate dependence.

A bridging input with selectable triggering fraction and shaping delay make the 453 suitable for a wide variety
of timing applications. The fast linear output from a detector system can be furnished to the 453 for time
pickoff, and bridged to other modules for linear applications.

With fast scintillation detectors and a narrow dynamic range this unit provides time resolution equal to or
better than leading edge timing.® For wide dynamic ranges the time resolution is vastly superior to leading
edge timing.! >3 The walk over the full 20: 1 dynamic range is typically within £120 psec,

The 453 provides excellent wide dynamic range time resolution with Ge(Li) detectors when used with the
ORTEC 454 Timing Filter Amplifier.*”> The constant fraction timing technique has also been shown to
provide improved time resolution with Si surface barrier detectors.®

In addition to the constant fraction timing mode, the 453 may be operated as a fast zero-crossing discritninator
or a leading edge discriminator,



2. SPECIFICATIONS

INPUT (Bridging):

The bridging input permits reuse of the input signal. Terminate the bottom connector in 50 ohms with
either a 50 chm terminator or a terminated 50 ohm cable.

Connectors: 2 BNC connectors bridged (shorted) together; front panel

Common Input tmpedance: >>900 ohms {for input <100 volts}, dc-coupled

Polarity: Negative -

Amplitude: -50mV to -1000mV; protected to 20V dc, and £100V at a 10% duty factor

Rise Time: t, 22 nsec

Reflections: Typically <<20% for input rise time 22 nsec up to 100V (with input terminated in 50 chms)

LOWER LEVEL DISCRIMINATOR:

Function: Enables the CFPHT time pickoff. The lower level must be exceeded by the input to produce a
timing output. .

Control: 10-turn, precision locking potentiometer

Range: -50mV to -1000mV {direct reading}

Temperature Drift: <1mV/0oC, 0 1o 500C; maximum shift <30mV, 0 to 500C
Linearity: Integrat nonlinearity <+0.3%

FRACTION:
Control: A 6 position front panel switch selects the triggering fraction £

Positions: £= 0, 0.1, 0.2, 0.3, 0.4, 0.5 (f = 0 with the walk adjust set full counter-clockwise provides leading
edge timing from the lower level discriminator)

5002 EXT. SHAPING DELAY (JNPUT/QUTPUT):
Function: Front panel input and output provide for external selection of the 50 ohm CFPHT shaping delay
Connectors: Front panel, BNC
Input/Qutput Impedances: 50 ohms, de-coupled. Terminate in 50 ohms when not used.
Internal Delay: =1.3 nsec

MONITOR OUTPUT:

Function: Front panel output for monitoring the CFPHT zero-crossing pulse shape, and for adjusting the
walk

Connector: BNC, front panel
Output Impedance: 50 ohms, de-coupled
Gain: 20,075 into a 50 ohm load (referred to the bridging input)

WALK ADJUST:

Control: A 20-turn, front panel potentiometer (screwdriver adjust) adjusts the CFPHT zero-crossing
threshold for minimum walk

WALK AND DYNAMIC RANGE:

2. CFPHT Mode: Walk typically <+120 psec for an input putse height range from -50mV to -1000mV with
f 20.2 {using pulses from a Naton 136 scintillator mounted on an XP 1021 photomultiplier). Walk
approximately proportional to signal rise time for slower rise times.

b. Leading Edge Mode: Time shift versus amplitude =1.6 nsec from 2X threshold to 10X threshold {50mV
threshold, ty <2 nsec).



INT/EXT RESET SWITCH:
A two position slide switch {front panel) selects either the internal or external reset mode.

a. Internal Reset (tNT): The system is reset when the input pulse falls approximately 26mV below the
{ower levet discriminator setting.

Pulse pair resolution 225 nsec plus input pulse width above lower level {includes 25mV reset hysteresis).

b. External Reset (EXT): The system is reset by a pulse provided at the Externat Reset Input. System reset
can be delayed up to 30usec where desirable {system resets automatically at ~x40usec).

EXTERNAL RESET INPUT:
Connector: Front panef BNC
Impedance: $0 ohms, dc-coupted
Polarity: Negative
Puise Width: 25 nsec
Pulse Height: (a) to trigger (one state}: 600mV minimum; (b) to not trigger (zero state): 200mV maximum
Protection: Input protected to 5V dc,and 100V at a 2% duty factor

TIMING OUTPUTS:
Fast Negative Logic Qutputs:
Number of Outputs: 2, fully buffered from each other
Connectors: Front panel BNC
Load: Intended for driving a terminated 50 ohm coaxiat cable
Amplitude: Nominally -16mA {current drive), -800mV on 50 ohms, limited at approximately -1 volt
Width: =5 nsec
Rise Time: 2.5 nsec

Positive Slow Logic Qutput:

Connector: One front panel BNC output

Amplitude: Nominally +5 volts {4 volts minimum)

Qutput Impedance; <10 ohms, short circuit protected, dc-coupled
DC Offset: <t500mV

Width: Nominally 500 nsec

Rise Time: <10 nsec

PROPAGATION DELAY {Negative Outputs):
Delay Jitter: Typically 30 psec fwhm for a 100mV input with a 2 nsec rise time
Temperature Drift: <7 psec/oC {0 to 500C)

TEMPERATURE OPERATING RANGE: 0 to 500C

COUNTING RATE LIMITATIONS:
Complete de-coupling of the module eliminates time dispersion due to changing counting rate. Maximum
rate limited only by pulse pair resolution {<40 MHz)
POWER REQUIREMENTS:

+24V  140mA  +12V  215mA
~24V 135mA  -12vV  230mA

WEIGHT:
Shipping: 5 pounds (2.3 kg)
Net: 2,75 pounds {1.25 kg)



DIMENSIONS:
Standard double width module {2.70 x 8.714 inches} per TID-20893 {Rev.)

RELATED EQUIPMENT:

The 453 obtains its power from an ORTEC 401A/402A Bin and Power Supply (or equivalent). The input
can be furnished from any detector which has a negative puise output; optimum operation with semi-
conductor detectors such as ORTEC GelL1) or Si can be obtained by using asn ORTEC 454 Timing Filter
Amplifier to shape the detector output pulses ahead of the 453. The outputs are compatible with all
ORTEC 400 Series modufar instruments, used to measure time or determine time coincidence, or to count
autput pulses. ’



3. INSTALLATION

3.1

3.2

33

34

35

General Installation Considerations

The 453, used in conjunctionwith the 401A/402A Bin and Power Supply, is intended for rack mounting.
It is necessary t0 ensure that other equipment operated in the same rack (particularly vacuum tube
equipment) has sufficient cooling air circulating to prevent any localized heating of the all-transistorized
circuitry used throughout the 453, The temperature of equipment mounted in racks can easily exceed
the recommended maximum unless these precautions are taken. The 453 should not be subjected to
temperatures in excess of 1200F (500C). To obtain the best in temperature stability, the 453 should not
be exposed to high velocity drafts of cooling air, especially if the temperature of the cooling air is not
stable.

Connection to Power — Nuclear Standard Bin, ORTEC 401A/402A

The 453 contains no internal power supply, and therefore obtains necessary operating power from the
nuclear standard bin and power supply, ORTEC 401A/402A. Turn the power supply off when insert-
ing or removing modules. The 400 Series is designed so that it is not possible to overload the power
supply with a full complement of modules in the bin. However, this may not be true when the bin
contains modules other than those of ORTEC design. In such instances the power supply voltages should
be checked after the insertion of modules. The ORTEC 401A/402A has test pointson the power supply
control panel to monitor the dc voltages. The power supply voltages should read within £0.5% of
the nominal values of proper operation of NIM standard instruments,

Warm-Up Period

The lower level discriminator in the 453 is oven stabilized. For this reason a warm-up period of at least
15 minutes should be aliowed before making adjustments of the lower level discriminator threshold.

It is generally recommended that the total system of bin and modules be allowed to warm-up for a
period of at least one hour before making precision measurements with the equipment. This procedure
permits the convection currents and temperatures in the erwironment of the system to stabilize.

System Connections

The 453 is capable of accepting and producing signals with very fast rise times {~2 nsec). To preserve
this fidelity of response, care must be taken in making system interconnections. All inputs and outputs
of the 4b3 (except the positive slow logic timing output) are designed to handle signals on property
terminated 50 ohm coaxial cables.

Long cable lengths inevitably cause degeneration of the signal rise time. To avoid noticeable degeneration
on 2 nsec rise time signals, the use of RG-58 cable should be restricted 10 lengths less than 6 meters
(=20 feet). For longer lengths, a coaxial cable of quality equal to or better than RG-8 should be used.
RG-8 will begin to degrade a 2 nsec rise time noticeably for lengths greater than 30 meters (=100 feet).

For fast rise time signals, reflections caused by BNC cabie connectors, tee’s and unions, etc., can be a
significant problem. Use of such connectors should be kept to a minimum.

Reflections and rise time losses in cables are most serious where linear signals are involved. In the case
of the 453, particular care should be taken to avoid these problems on the fast linear signal provided
to the bridging input. Reflections or rise time degeneration can cause loss of the time information
content in this signal, consequently degrading intrinsic time resolution of the system.

453 Input/Qutput Terminations

Fonsiderable flexibility has been designed into the inputs and outputs of the 453. The following
information will be useful in deriving fuil benefit from this flexibility.



3.5.1 Input {Bridging)

The bridging input of the 453 consists of two BNC connectors shorted together (bridged) behind
the front panel. The common connectors drive a high input impedance {%=1000 ohms}, making
it possible to reuse the input signal. If the input signal is to be reused in another module, simply
connect the input cable to the top bridging input connector, as shown in Figure 3.1 {a}, and use
the bottom bridging input connector to connect the signal to the next module through a 50 ohm
coaxial cable. Make sure that this second cable is terminated in 50 ohms, either by the input of
the next module or by a tee and 50 ohm terminator on the input of the module. If the 453 input
sighal is not to be reused, terminate the input cable by adding a 50 ohm terminator to the bottom
bridging input connector {Figure 3.1 (b)). To minimize reflections it is recommended that the
signal source be back-terminated in 50 ohms, where practical.

Signal Source

300

Coaxial cable o:-;;c
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Input Timing
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Figure 3.1. Use of the 453 Bridging Input
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3.6

3.5.2 Monitor Qutput

The monitor output shouid be observed on a terminated 50 ohtn coaxial cable. However, no
terminator is required on the output connector when not in use, since the monitor output is
reverse terminated internally in 50 ohms.

3.5.3 5002 External Shaping Delay Input/Output

When an external 60 ohm shaping delay is not used (e.g., leading edge trigger mode) the external
shaping delay input and output connecters should be terminated in 50 ochms.

3.5.4 Fast Negative Timing Qutputs
The negative timing outputs are designed to drive a 50 ohm terminated cable. However, it is nat

necessary 1o terminate either output when not in use. Complete buffering prevents interaction
between the two outputs.

3.5.5 Pgositive Timing Output
This output is intended to drive 93 ohm cable (RG-62) for the purpose of operating scalers and
slow logic circuitry. For cable lengths longer than 2 meter (=7 feet) it is recommended that the
cable be terminated in its characteristic impedance. This output can also drive a terminated
50 ohm cable, but with a slightly reduced amplitude.

Input Offsets

Since the 453 is dc-coupled from input 1o output, it is necessary to ensure that the signal provided to the
input has no dc offset (<5mV).



a, OPERATIN% INSTRUCTIONS

4.1

The Constant Fraction of Pulse Height Trigger (CFPHT) Mode

In order to set up the 453 for a particular application as a Constant Fraction of Pulse Height Trigger it is
necessary to understand the principle of operation. The CFPHT has been treated in great detail for
timing with photomuttipliers in several papers.'**+" |ts application to timing with silicon surface
barrier detec_tors,‘ and Ge(Li) detectors®'® has also been discussed. For this reason, only the basic
principle of operation of the circuit will be dealt with here.’

4.1.1 Principle of Operatio_n

The purpose of the CFPHT technique is to trigger at a selected point on the leading edge of the
input pulse, such that the effective triggering threshold occurs at a fraction £ of the full height of
the input pulse. As illustrated in Figure 4.2 (a), if the input pulse height is Vg, and the selected
triggering threshold is Vy, then the fractional triggering threshold is defined as

Va 4.1)

Figure 4.1 shows a simplified block diagram of the 453. In order to generate the proper pulse
shape for triggering at a fraction f on the leading edge, the output of the input buffer is fed through
two paths. In one feg of the system the input pulse is attenuated to a fraction f of its original
height (controlled by the front panel FRACTION switch), In the other path the pulse is inverted
and delayed by an interval Tg. Both signals are added together in the summing buffer to form
a zero-crossing signal. The delay Tg (50 ohm shaping delay) is chosen so that the inverted pulse
adds to the attenuated pulse after the attenuated pulse has reached full amplitude. In this manner a
bipolar pulse is formed with a zero-crossing point corresponding to the desired fractionat triggering
threshold on the teading edge of the input pulse, as shown in Figure 4.1. A zero-crossing discrimin-
ator triggers at the zero-crossover point to provide the time pickoff information at the 453 output.
Since the tiine of zero crossing is independent of pulse height, the timing walk of the system is

negligible. ,
it
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. _ 500
b Oupst Shaping Delay Tput
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Figure 4-1. Simplified 463 Block Diagram
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4.1.2 Choice of the 50 Ohm External Shaping Delay

Frequently the input pulses do not have a flat top, but instead exhibit a well defined peak am-
plitude as illustrated in Figure 4.2 (a). In this case 2 more careful choice of the 50 Ohm External
Shaping Delay is required. Once the desired fractional triggering threshold £ has been selected, the
shaping delay must be chosen to provide a delay equal to the time between the point at which the
leading edge crosses the fractional triggering threshold and the peak amplitude point. In Figure
4.2 this delay has been labeled Tg. The example given is for f = 20%.

In the 453 there is approximately 1.3 nsec internal delay in the shaping delay circuit. This means
that the required external 50 ohm shaping delay, tg, should be calculated from

td= Tdg— 1.3 nsec (4.2)

For moderately long delays RG-58 coaxial cable may be used. It provides a delay of approxi-
mately 4.7 nsec/meter {1.5 nsec/ft}. The selection of the external shaping delay may be checked

by observing the output pulse shape at the Monitor Qutput. The pulse shape should correspond to
that shown in Figure 4.2 {c).

For timing with Ge(Li) detectors using the amplitude and rise time compensated {ARC)
technique® > the 453 is not used in the conventional CFPHT mode. Refer to the application
notes on Ge(Li) timing for the proper selection of tg in this case.

Typical examples for the choice of the triggering fraction and shaping delay are given in the
application notes (Section 6} for timing with scintillation and Ge{Li} detectors.



4-3

V20.3 Walk Adjustment

Once the triggering fraction and external shaping detay have been properly selected, the cross-over
discriminator threshold may be adjusted in the follownng manner 10 mininmize the walkwith
changing pulse height.

v

. Connect the desired signal source ‘(detector, etc.} to the 453 bridging input with 50 ohm
coaxial cable.

"2, Terminate this cable in 50 ohms by applymg 2 60 ohm terminator to the second connector on
the bridging input.

© 3. Set a suitable source of radiation in front of the detector. The source should be chosen so
that the detector output produces a wide range of pulse heights {20:1).

- 4, Adjust the detector system gain 50 that the maximum pulse height of interest is 1000mV
(negative polarity} at the 453 input.

B, Set the 453 lower level discriminator to 50mV (or higher if it is necessary to avoid triggering
oh noise).

v'8. Connect one of the fast negative timing outputs to the trigger input of a sampling oscilloscope
with a terminated 50 ohm coaxial cable of length <1 meter (<3 feet).

7. Connect the 463 monitor cutput to the input of the sampling oscilloscope with a 50 chm
coaxial cable of length =2 meters {6 feet). Ensure that the cable is terminated either by a .50
ohm oscilloscope input impedance, or by a tee and 50 ohm terminator if necessary.

+8. Turn the walk adjust control (front panel} to the full counter-clockwise position.
9. Check that the oscilloscope is triggering properly on the 453 timing output.

10. Set the oscilloscope sensitivity to 2 nsec/fecm (horizontal} and SmV/cm {vertical)] align the
"4 .a.e!ayato observe the monitor pulse.

11. Slowly turn the walk adjust control clockwise until the monitor pulse moves abruptly to the
left on the oscilloscope display (Figure 4.3 to Figure 4.4).

12. Trim the walk adjust control until all pulses appear to cross through zero pulse height at the
same time {see Figure 4.5), If the walk adjust is too far clockwise, the paint through which
all pulses converge will appear above the baseline as illustrated in Figure 4.6. For a  setting
that is too far counter-clockwise, the characteristic shown in Figure 4.4 will result.

13. A finer adjustment of the walk may be made by observing the sha"pe of the peak in a coincidence
time spectrum and 1rimming for best peak symmetry.

Note that use of a slower rise time oscilloscope may distort the above adjustments. The oscillo-
scope rise time should be less than the signal rise time at the monitor output for proper adjustment.

4.2  Fast Zero-Crossover Pickoff Mode

The 453 can be used as a fast zero-crossover pickoff with the settings tisted below. The zero-crossing
pulse must have a negative leading phase.

1. Turn the FRACTION switch to # = 0.5.

2. Omit the external shaping delay, and terminate the 50 ohm external shaping delay output and input
separately in 50 ohms.



3. Adjust the walk as described in Section 4.1,3.

The acceptable input dynamic range for fast pulses extends from 50mV to 1000mV. For slow pulses
(rise times 260 nsec) advantage may be taken of the input limiter to extend this range. In the latter case,
the dynamic range is limited only by the input protection (£ 100V).

Sigure 4-3. Monitor Output With Sampling Oscilloscope Figure 4-4, Same as Figure 4-3, but with
igure 4:3. Mo Fr‘:; 453 Timing c',‘:q,“t Walk Adjust Slightly too far Counter-Clockw
" Walk Adjust: full counter-clockwise
Vertical Scale: 5SmV/cm

" Horizontal Scale: 2 nsec/cm
Fraction: f=0.2

- - - o "'L:' T -3
B T 2 S O
i R L 4
[ A .
Figure 4-5. Same as Figure 4-3, but with Figure 4-6. Same as Figure 4-3, but with
- Correct Watk Adjustment Watk Adjustment Stighly too far Clockwise



4.3
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Leading Edge Discriminator Mode

The 453 may be used as a leading edge discriminator in the following fashion.

1. Set the FRACTION switch to £= 0.

2. Omit the external shaping delay and terminate both the 5@ ohm external shaping delay input and
output in 50 ohms.

3. Turn the walk adjust control te its full counter-clockwise position.

The jower level discriminator will now function as a leading edge discriminator with a threshold variable
from -50mV to -1000mV. Signals up to 100V in amplitude can be accepted.

internal/External Reset Modes

Two modes of reset are provided in the 453 and are selectable with a front panel switch.

4.4.1 Interna) Reset

In the internal (INT)} reset mode, the 453 dead time is determined by the input pulse duration
above the lower level discriminator threshold. Once the CFPHT zero-crossing discriminator has
produced an output, the 453 atternpts to reset the lower level discriminator. However, the lower
level discriminator will not reset until the input puise falls approximately 26mV below the lower
level discriminator threshold. The lower leve! discriminator remains dead for approximately 25
nsec after reset. Hence the pulse pair resolution, tpp. of the 463 is given by

thp= 25 nsec + W {4.3)

where W is the interval {in nsec) from the time at which the input puise first crosses the lower
fevel discriminator to the time at which it falls approximately 256mV below the lower level.

4.,4.2 External Reset

In some cases the trailing edge of the input pulse is characterizied by a large amount of ringing
{damped oscillations), or a high ratio of noise to slope {e.g., a signal from Nal{TH).In these
situations the fast recovery time provided by the internal reset mode can give rise to multiple
triggering on a single input pulfse. Where this problem is likely to occur, the external reset mode
should be used. One of the timing outputs can be used to generate an appropriately delayed signat
for the external reset input. Tha delay should be sufficiently long to hold the 463 dead until ali un-
desirable effects on the input pulse have subsided.

The external reset may also be used to hoid the 453 dead untit logic decisions have been completed
in othet modules comprising the system. The external reset provided by the system may be de-
layed up to 30usec.

If no reset signal is provided, either externally or internally, the 453 automatically generates an
internal overrange reset which resets the 453 after approximatety 40usec. This function can be
disabled by removing transistor Q34 from its socket.

4.4.3 Extending the Range of Fractions

The front panel fraction switch on the 453 provides for £ = 0.1, 0.2, 0.3, 0.4, and 0.5. If other
fractions are desired it is possible to extend the range of values by inserting either a 50 ohm at-
tenuator or a fast amplifier in series with the external shaping delay as indicated in Figure 4.7. if a
fraction f is desired and the front panel switch is set at a fraction £, then the attenuator or the
amplifier gain should be chosen according to equation (4.4} or {4.6).
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f
fl=c !
F; (4.4)
where €g
B=& (4.5)
1
f
o fra {4.6)
where €o :
A=— 4.7)
€i

The amplifier should have a 50 chm input impedance and be capable of driving a fast positive
polarity signal {up to 1 voit high) into a 50 ohm load with negligible rise time slewmg - —

The attenuator should be a high fidelity 50 ohm T attenuator. Figure 4.7 {

equations (4.5), (4.8), and (4.9) shows the design criteria for such an attenuat::"“ o
- 1-8
Rl =50 l:m]ohms ‘48)
Ry = :0_(_)%2 ohms {4.9)
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Figuré 4.7. Special Circuits for Extending Range of Triggering Fractions



5. APPLICATION NOTES

5.1 Timing With Fast Scintillation Detectors

Figure 5.1 shows a typical system for timing with fast scintillation detectors using scintillators such -as
Naton 136, Pilot B, NE 102, NE 111, NE 213, etc. The 453 Constant Fraction Timing Discriminator
has been employed in the start channel. An external shaping delay consisting of approximately 32
inches (81 cm) of RG-58 is typical. Figure 5.2 compares the CFPHT time resolution to leading edge
discriminator results as a function of the fractional triggering threshold. From this graph it is apparent
the F= 0.2 is a convenient choice for this application of the 453.

Figure 5.3 provides a sample of the time resolution obtainable for a 10: 1 dynamic range. More extensive
discussions of timing with fast scintillators can be found in references 1, 2, 3, and 7.

5.2 Timing With Nal{T1) Detectors

Figure 5.4 shows a time pickolf system for Nal{T1) detectors, which can be used in the system in
Figure 5.1. The 453 is used in the external reset mode with the 416 delay set at ~~1usec to prevent
multiple triggering on the Nal(T1) pulse.” Figure 5.5 compares leading edge timing to the CFPHT for
Nal{T1}. A fraction of £ = 0.1 is clearly desirable for Nal{T 1) timing. Figure 5.6 shows wide dynamic
range time resolution for this application.

5.3 Timing With Ge{Li} Detectors

Figure 5.7 illustrates the timing technique developed by Chase® for GelLi} detectors. This method will
be referred to as the ARC {amplitude and rise time compensated) technique. The left side of the
diagram is a conventional CFPHT timing system for fast scintillators. On the right hand side, ARC and
leading edge timing systems are shown for comparison.

oRTER
i
Hy.
o ALl
a3 Amplitiet Channtl
Tinear Our Analyzer o3t
omvac
425
Defay %00
Stop
ORYSEC
437A
P-L-' Wt“ ) Muti
. Ll
Converter o:r:g ul:;-:c Chaanel
Start Gate Md’lﬂ'
PA. Coincidence &
Toke ou'ralc Sonorater
as
-'-:{ Constamt f | SO0
263 |l ki Tmieg |r
::z . Discriminater]#- 02
LU ‘ ne 012 Exct Shoping
r—— = Delay (32" of RG-58}
n
Pressp 200928
K0 wa | 0 |- ol
HY. Suwly hmplifier [ 55m v
Aatyzer

Figure 5-1. A Typical System for Timing with Fast Scintillation Detectors (Naton 1386, Pilot B, NE102, NE2/3 etc.)
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The output from the preamplifier is brought to the shaping amplifier for energy analysis {440A, 450, or
451) through 93 ohm cable. At the energy analysis shaping amplifier input a BNC tee is used, and 93
ohm cable is employed to carry the preamplifier signal to the 454 Timing Filter Amplifier input. 1t is,
normally recommended that the cable be terminated in 100 ohms at the 454 input. However, one can
leave the receiving end of the 93 ohm cable unterminated and rely on the 93 ohm output impedance of
the preamplifier (for preamps.with 93-100 ohm output impedances) to provide series termination. Care
must be taken to ensure that the 454 input is situated at the receiving end of the cable, and aiso that
the BNC tee is directly attached to the energy analysis amplifier input. If the 454 is not at the end of the
cable, the reflected pulse from the unterminated receiving end of the cable can cause distortion of the
{eading edge of the signal as seen by the 454.

A detailed discussion of the operation of this system has been presented elsewhere.” *** Consequently,
the following treatment will be restriced to some of the setup procedures required for a typical system
employing a coaxial Ge(Li) detector.

The filters on the 454 should be set to “integration out” and “differentiation = 100 or 200 nsec”. A
typical setting for the 4563 is = 0.3 with an external shaping delay of approximately 14 nsec (totai).

The gain of the 454 must be adjusted to achieve the signal conditions discussed beiow.

Figure 5.8 {(a} shows the well-known spectrum of charge signal shapes for planar Gel(Li) detectors.*®
For a manoenergetic event, the charge collection time from the detector varies from a minimum of
tmin t0 @ maximum, tmax. Generally, tmax ~2tmijn. These two extremes produce pulse shapes with an
approximately linear rise. Between the two limits are families of pulses starting with the maximum slope,
followed by a break to the minimum slope. Several examples of these have been included in Figure 5.8
(a). Thismodel is, of course, an extremely simplified description of the actual process in Ge{Li} detectors.
For planar detectors the model is fairly accurate. On the other hand, the effects of geometry and volume
in coaxial detectors tend to wash out the shapes itlustrated in Figure 5.8 {a). The simplified model is
useful, however, in selecting the pulse amplitudes to be presented to the 453.

It the 464 differentiation switch is set to the OUT position, the resulting signal Tor a selected full energy
peak will appear similar to those depicted in Figure 5.8 (a). in Figure 5.8 (b} a fraction £, and an external
shaping delay of length Tqg have been selected on the 453 such that the heavy lined signal is observed at
the monitor output. Only the extreme rise times have been drawn to simplify the argument. Note that
both signals cross the zero baseline at the same time. All signals for which the slope does not change be-
fore the time t= T4 (1 - £} will cross through zero at the same time.

Figure 5.8 (c) illustrates the limitation on the maximum input pulse height to the 453. To preserve

linearity for the cross-over point, the 453 input must not saturate before the zero-crossing time
t=Tg (1 - ). This means that the maximum signal height at the 453 input is

-
Vimax = T'“c;“ (1- A volts (5.1)

For example with Tg = 14 nsec, tyin = 50 nsec, and f= 0,3
5
Viax = -1—2 {1-0.3)=2.5volts (5.2}

Figure 5.8 {d) illustrates the minimum input pulse height limitation for proper operation. To allow the
zero-crossing discriminator to trigger on the zero-crossing point, the lower level discriminator must



COUNTS

104

Frrti

'

103

ENERGY WINDOW =5 keVv
STOP CHANNEL

270 BASE: RCA 8575

1" x 1" NATON 136

20 : 1 DYNAMIC RANGE
4T = 380 pSEC.

START CHANNEL

| A |

10 |

Go(Li) LEADING EDGE vs. ARC TIMING
270 pSEC./CHANNEL
RUNS 30X-2 & 30L-1

FWHM 1/17/69

120

oaTac
200294

740 760 180

CHANNEL NUMBER (TIME —=)

L 1]

IllIII

Illllll

' 4
Figure 5-9. A Comparison of the Time Resolution Obtained with the Amplitude and Risetime Compensated
(ARC} technique Introduced by Chase* Versus Conventional Leading Edge (L.E.) Timing. A 5 keV
Windown Selected the 511 keV Full Energy Peak from the 30 cm® Ge(Li) Detector.



Voltager“

(a)
lnput Signal

(b)
Shaped Signal
for Timing

Time t=

tmax

;Zm Crossing Time

[c)
Maximum
Input Limit

Signal must
not exceed

1 Vot before
this time

T

Vinax

0 Voits

~1 Volt Input Limit

(d)
Minimum
Input Limit

exceed

tms time

}
mi

Sl!nal m“s\
¥

lower level

disc. by \

I

Discriminator

{ Lower Lovel
Threshold {V)

200325

Figure 5-8. Pulse Shape Considerations for the ARC Timing Technique.



5-10

have been triggered before time t = Ty (1 - #). This implies that the minimum input puise height limit-
ation is

1
Vinin = —T'? (1-A VL (5.3)

where V|| is the lower level discriminator threshold. For Ty = 14 nsec, tyax = 100 nsec, £= 0.3 and
VLL = 50mV

1
Vmin= —?;49 (1 -0.3) X 50 = 250mV {5.4)

A single channel analyzer should be used on the energy pulse to restirct the accepted amplitudes in the
total system to those specified in equations (5.1} and (5.3).

The walk adjustment is carried out as described in Section 4.1.3 with the following exceptions. A
slower oscilloscope may be used (Tektronix 585 or equivalent} since the rise times are slower. All
pulse amplitudes below Vyin in equation (6.3} should be ignored since they will trigger ate as described
above. The lower level discriminator should be set as close to the noise level as possible provided it does
not cause early triggering.

Figure 6.9 compares ARC and leading edge timing methods for a narrow dynamic range. The system
in Figure 5.7 was used to obtain these results.

54 Use With a Fast SCA

in Figure 5.10 a system employing a fast single channel analyzer is illustrated, The 426 delay should be
adjusted so that the 453 negative timing output arrives at the C120B/N input slightly after the leading
edge of the TD101 output pulse. The TD101 pulse must also adequately overlap the 453 output. With
these precautions, the [eading edge time of the C1028/N AND output will correspond to the leading edge

of the 453 output.
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Figure 5-10.  Use of the 453 with a Fast SCA



5.5 Extension of the 453 Dynamic Range
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Figure 5-11.  System for Extending the 453 Dynamic Range to 100:1

Figure 5.11 shows a method for increasing the 453 dynamic range to 100: 1. The 453 #1 covers the range
from 50mV to 1 voit. A X5 attenuator (high frequency 50 ohm type) allows 453 #2 to cover the range
from 250mV to 5 volts. A blanking pulse is generated from the output of 453 #2 to prevent the pulse
from 453 #1 from passing through the C102B/N coincidence module whenever 453 #2 generates a tim-
ing signal. The TR 204/N complementary output signal width and the 425 delay are adjusted to achieve
proper blanking. The 425 delay and adjustable G. R. delay trombone® are used to match propagation
delays in the two channels. With proper alignment the output of the C106 “OR" circuit will provide
CFPHT timing over the full detector signal range from ~50mV to -5 volts.

*General Radio Corporation



6. CIRCUIT DESCRIPTION

The 453 circuit will be described with reference to the schematic diagram 453-0101-S1 and the block diagram
453-0101-B1. For the general principies of operation refer to Section 4.

6.1

Input Stages

The bridging input consists of BNC connectors CN1 and CN2 shorted together behind the front panel.
These connectors drive a direct coupled input impedance of approximately 1000 ohms. it is intended
that connector CN2 be used to terminate the input signal cable in- 50 ohms, using either a 50 ohm
terminator or a 50 ohm coaxial cable terminated in 60 ohms, Diodes D1 to D7 form a high impedance
voltage limiter to restrict the voltage presented to the input buffer amplifier to approximately +700mV
and -2000mYV. Compensation for zeroing the offset introduced by the base current of Q1 is provided
through adjustment of R5. '

Transistors Q1 to Q4 form the input buffer amplifier with a high input impedance and a fow output
impedance. The gain of this stage is approximately +1. The inverting amplifier consists of transistors
Q5 to Q8. Resistors R20 and R19 provide for a gain of -2 at the emitter of Q8. The series 51.1 ohm
resistor in the External Shaping Delay Output causes the gain at this output, referred to the bridging
input, to be approximately -1. The external shaping delay output {CN3) should always drive a 60 chm
load fo prevent oscillations, When a 50 ochm external shaping delay is connected between CN3 and
CN7, this Joading is provided automatically, The output of the inverter amplifier is dc-coupled and
has approximately zero output offset. The delayed output from the inverter amplifier is normally
connected to the summing buffer input (CN7).

The output of the input buffer amplifier is also fed to the fraction f switch, §1, through cable DL3.
This switch consists of 50 ohm input impedance T attenuators, In the f = 0 setting, two 51 ohm
resistors terminate both DL3 and DL4 such that the signal is not passed through the switch. This switch -
position is used for the leading edge trigger mode. In the f=0.5 setting, the 51.1 ohm series termination
at the input buffer amplifier cutput provides an attenuation of 0.5 for the signal. The output of the
fraction switch drives a second input to the summing buffer through cable DL4,

Transistors Q46 to Q51 form the summing buffer and monitor output. This circuit consists of two
identical dec-coupled, cascaded, common base stage. 146 and Q47 provide the input buffer for the cross-
over tunnel diode D18, and Q50 and Q51 form the buffer for the monitor output. In both cases the de
input and output offsets are approximately zero. Base-emitter junction offset compensation is achieved
with transistors Q48 and Q49. The emitter input impedances to Q47 and Q50 are both approximatety
2.5 ohms. Diodes D23 to D26 protect these inputs and hold the input impedance to the summing buffer
approximately constant when overloading input pulses are applied (>:700mV). Resistor R111 in
parallel with R113 {R110 in parallel with R114) yields an input termination for OL2 {DL4) of 50 ohms.
Approximately 80% of the input signal from DL2 (DL4) is fed to the cross-over discriminator buffer
through resistor R111 (R110}, while the remaining 20% is driven into the monitor output buffer
through R113 (R114). The low input impedances to Q47 and Q50 provide linear summing points for
the signals from OL2 and DL4. It is at this point in the circuit that the constant fraction zero-crossing
puise shape is formed. The output of the monitor buffer (coilector of Q51) is a 50 ohm coaxial cable
with its input shunt terminated in 51 chms. The shunt terminator permits the monitor output to be
left unterminated when not used. However, the output must be driven into a 50 obhm terminated coaxial
cable when observation of the monitor pulse shape is desired. The signals at the monitor output
exhibit an attenuation of &0.075 referred 1o the bridging input.

The input buffer amplifier output is buffered from the lower level discriminator tunne! diode by the
compensated pair of transistors Q9 and Q10. Q9 is an emitter follower driving the common base stage
Q10 through 196 ohms. Q11 provides a temperature compensating sink for the bias current in Q10,

The lower level discriminator tunnel diode D13 is temperature stabilized by the Klixon oven at about
800C. This oven draws substantial current from the +24 volt line (=200mA) for the first minute after
turn on. After about three minutes the operating temperature is reached, and the current demand drops
to approximately 20mA. Atleast 15 minutes should be allowed after turn on before using the module, to
allow the lower level discriminator to stabilize.



6.2

6.3

6.4

The lower level bias control consists of transistors Q12 to Q16. This is a voltage follower amplifier which
hoids the potential across R43 equal to the value provided by the front panel lower level discriminator
potentiometer, The field effect transistor Q12 linearly converts this veltage to a current driven into
tunnel diode D13. The current is variable over a range of approximately 5mA. Resistor R61 allows the
bias of D13 to be adjusted for calibration of the tower level discriminator control.

Q17 and Q18 form the current gate for the gross-over discriminator. When D13 is in the reset state
{low voltage state) Q17 is conducting and Q18 is off. The 13mA current from the collector of Q17
back biasescrossover discriminator D18, preventing it from triggering. Whern the lower level discriminator
triggers, D13 switches to the high voltage state and turns off Q17. Q18 now conducts the 13mA. This
action releases the gating current from D18 and allows it to fire. lnternal delays are arranged so that the
gating current is turned off just after the zero-crossing signal at D18 has begun to swing negative. If
D18 has been biased to trigger at the zero input baseline, the negative phase of the input signal prevents
D18 from firing. As the zero-crossing signal returns to the baseline and begins to go positive, D18 flips
to the high voltage state to produce a timing output.

Internal Reset Mode

In the internal reset mode the base of 021 sits at +1.0 volts, Transistor Q30 is turned off, and the external
reset input is disconnected and terminated in 50 ohms.

Q19 is an emitter follower providing fan-out drive for Q25 and Q20. The offset voltage of Q19 is com-
pensated by Q22 for the switching pair Q20 and Q21.

When D18 is in the low voltage stage, Q20 conducts and Q21 is turned off. As the crossover tunnel
diode flips to its high voltage state, Q20 is turned off and Q21 begins to conduct. Transistors Q23 and
Q24 constitute a constant current source. The output current is fed to the emitter of Q21. This current
is adjusted by R77 to be =125uA less than that required to reset lower level tunnel diode D13 when the
input pulse height to the 453 is exactly equal to the lower level discriminator setting. This adjustment
forces the lower level tunnel diode 10 reset when the input puise has fallen approximately 25mV below
the lower level discriminator setting. Once D13 is reset, Q17 turns on and resets D 18, causing Q21 to be
turned off. The propagation delay around this reset loop is =12 nsec. Consequently, the lower level
discriminator dead time is about 24 nsec.

External Eget Mode

In the external reset mode the external reset input is connected to the protected input of the switching
pair Q28 and 029. The diode protection circuit is similar to the ane on the bridging input. The external
reset switch also raises the bias at the emitter of Q22 to +1.5 volts, and increases the current to Q20 and
Q21 by 3.7mA.

Now when D18 is in its high voltage state, Q21 is stili not turned on. In the quiescent state, 029 is on
and Q28 is turned off. A negative signal on the external reset input turns Q29 off, switching all its
current through Q28 to the load on the base of 422. This action pulls down the base of Q21 and switches
the current from Q20 into D13, The lower level tunnel diode resets, and is held reset for the duration of
the external reset input pulse. As before, the resetting of D13 causes D18 to reset,

Output Stages

Transistors Q25 and Q26 form a buffering current switch to drive the timing cutputs. Q25 is conducting
in the quiescent state and Q26 is turned off. Q27 compensates for the ofiset voltage of Q19.

When the crossover tunnel diode triggers, Q25 turns off, switching its current into Q26, A negative
pulse is produced on the load consisting of R22 and DL5. Shorted delay line DL5 clips this signal to a
width of about § nsec. The clipped signal operates the negative output drivers through emitter follower
buffers Q35 and Q39. Both negative outputs are identical and will be described with reference to Q36
to (38. Transistor Q38 compensates for the voltage offset in Q35, Q36 is normaltly conducting ~16mA,
with Q37 turned off. The negative pulse from Q35 turns off Q36, switching the 16mA current through
Q37 into the 50 ohm output load. Due to the clipping line, the output pulse is aEnsec wide independent
of the pulse width at the bridging input. 1f the output {CNB8) is not loaded with 50 ohms, the 16mA
is drawn from the emitter of Q38 through the hase-emitter junction of Q37.



6.5

8.7

Q31 and Q32 form a common base amplifier followed by an emitter-follower. When Q26 turns on, a
positive 5 volt signal is generated at the emitter of Q32. This signal is differentiated by C35 and R93
plus R94,and used to trigger the positive output flip-flop (043 and 044). Emitter follower Q45 drives
the flipflop output into the connector CNB. A pasitive 5volt, 500 nsec wide, dc-coupled pulse is
produced.

Overrange Reset

The putse at the emitter of Q32 stays in the high voltage state as long as D18 remains in its high state,
During this interval, diode D19 is back-biased, and capacitor C26 charges with the base current of Q33
and the leakage current of D18. if D18 is not otherwise reset before 40usec, the voltage on the base of
Q33 charges to +2.8 volts. At this point the current flowing in Q33 is switched into Q34, causing
Q30toturn on hard. The emitter of Q22 is clamped to ground, and Q21 is forced to turn on. Tha current
from (21 resets D13 which, in turn, causes D18 to reset. As D18 returns to its low voltage state, Q25
turns on and Q26 is turned off. The voltage at the base of Q32 returns to ground, forcing capacitor
€26 to rapidly discharge through the emitter of Q32 and diode D19. Q33 consequently turns on,
causing Q30 to turn off. Hence the reset current from Q21 is shut off, leaving both tunnel diodes in the
tow voltage state, ready to accept another input.

Under normal conditions, 013 and D18 are reset well before 40usec, sither by the internal hysteresis
reset or by an external reset input. In this case, C26 is discharged by Q32 as D18 is reset. As a result, C26
never charges to a high enough voltage to turn Q33 off and trigger the overrange reset.

The overrange reset circuit can be disabled by removing Q34 from its socket.

Leading Edge Timing Mode

In the leading edge timing mode the fraction switch is set to zero, and both the input and output for
the external shaping delay are terminated in 50 ohms. This procedure disconnects all inputs from the
summing buffer. The walk adjust control is turned to the full counter-clockwise position ta ensure
that the cross-over wnnel diode {D18) flips to the high state as soon as the lower: level tunnel diode
{D13) triggers on the leading edge of the input pulse. The remainder of the circuit functions in the
normal manner.

Cross-Over Pickoff Mode

In the zero-crossing timing mode a bipolar input signal is provided at the bridging input with the negative
phase leading. Both the input and output for the external shaping delay are terminated in 50 ohms to
disconnect the inverter amplifier output from the summing buffer. The fraction switch is set at f= 0.5 in
order to pass the zero-crossing input signal {with minimum attenuation) through the summing buffer
to the cross-over tunnel diode,

As in the CFPHT mode, the lower level discriminator fires on the leading edge of the input signal and
releases the cross-over discriminator to trigger on the zero-crossing point. The remainder of the circuit
function is identical to the CFPHT mode.
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Factory Repair Service

The 453 may be returned to ORTEC for repair service at a nominal cost. The standard procedure re-
quires that each repaired instrument receive the same extensive quality control tests that a new in-
strument receives. Please contact the factory for instructions before shipping the unit,

General Maintenance

The 453 should require no regular maintenance work other than replacing components which have failed
due to age. When components are changed in either the input limiter or the input buffer amplifier,
the input offset should be adjusted to zero according to Section 7.3. If components are chatiged in the
input limiter, the input buffer amplifier, the inverter amplifier, or any of the circuitry associated with
the lower level discriminator, the lower level calibration procedure in Section 7.4 should be followed.

In the case of replacement of [}13, adhere to the mounting schematic on the left of drawing 463-0101-51
carefully. Use heat sinks on the tunnel diode leads when soldering to protect the diode against cver-
heating.

DC voltages have been marked on the 4563 circuit diagram to aid in identifying a malfunctioning
component. The values in brackets are for the INT/EXT reset switch in the external mode.

Input Offset Adjustment

Potentiometer R5 is used to zero the dc offset on the bridging input. RS can be found on the circuit
board near the lower level discriminator potentiometer at the front of the module. Tune RB according
to the following steps.

1. Allow approximately 15 minutes warmup time after the power has been applied to the module.
Check that the +24V and 12V supply lines on the bin are within 0.5% of their nominal values.

2. Terminate the following connectors in 50 ohms:
{a) one of the bridging inputs
(b} the external shaping delay input
(c) the external shaping delay output
3. Observe the offset on the bridging input with a voltmeter,
4. Adjust the offset to zero mV {within *1 mV) with potentiomete_r Rb.

Lower Level Discriminator Adjustments

This procedure should be followed whenever any components have been changed such that the lower
level discriminator calibration could be affected (see Section 7.2).

1. The lower level discriminator tunnel diode is oven stabilized. For this reason, at least 30 minutes
warmup time should be allowed after applying power before proceeding beyond step 12.

2. Connect a pulse generator to the 453 bridging input with 50 ohm coaxial cable. The pulser shouid be
capable of generating a fast rise time pulse on 56 ohms with no overshoot. A rise time less than 10 nsec
is preferable,

3. Terminate the second bridging input connector in 50 ohms.

4. Set the fraction switch to f= 0.

5. Terminate the external shaping delay input and output separately in 50 ohms.

6. Set the EXT/INT reset switch to external.



10.

1L

12.

13.

14,

15.

16.

17.

18.

. Turn the lower level hysteresis adjustment, R77, {top of module} to the full clockwise position.
. Turn the walk adjust control {front panel} to the full counter-clockwise position.

. Set the lower Jevel discriminator control (front panel} to 50mV.

Select a negative polarity 50mV pulse from the pulse generator. Ensure that the pulser output has a
zero de offset (<timV). The pulser output preferably should be a square wave with a width of
about 100 nsec. ’

Connect one of the 453 negative outputs to a fast oscilloscope {preferably a sampling oscilloscope)
using a properly terminated 50 ohm cable.

Ensure that the condition in step 1 has been fulfilled.

Adjust the lower level zero adjust, R51, (bottom of module) untii the 453 negative output just
appears on the oscilloscope {60% triggering probability), This calibrates the lower level discriminator
setting.

Set the reset switch to INT (internal) and remove Q34 from its socket (top rear of module).
Set the lower fevel discriminator controt to 25mV (minimum setting).

Adjust the lower level reset hysteresis, R77, (top of module) to the full counter-ciockwise position.
Slowly turn the potentiometer in the clockwise direction until the 453 output is just reliably
triggered. This sets the hysteresis reset threshold to &~25mV.

Replace Q34 in its socket and set the fower level discriminator control to 50mV. Repeat step 13.

Replace the side covers on the module, making sure that the foam cushion contacts Q34 to hold it in
place.
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Pin

DRV EWN -

*These pins are installed and wired i parallel in the ORTEC 401A Maduler System Bin.

BIN/MODULE CONNECTOR PIN ASSIGNMENTS
FOR AEC STANDARD NUCLEAR INSTRUMENT MODULES

Function

+3 volts

-3 volts
Spare Bus
Reserved Bus
Coaxial
Coaxial
Coaxial

200 volts dc
Spare

+6 volts

-6 volits
Reserved Bus
Carry No. 1
Spare
Reserved
+12 volts
-12 vaolts
Spare Bus
Reserved Bus
Spare

Spare
Reserved:

PER TiD-20893

Pin

23
24
26
26
27
*28
*29

31

*33
*34
35
36
37

*41
*42

Function

Reserved

Reserved

Reserved

Spare

Spare

+24 volts

- 24 volts

Spare Bus

Carry No. 2

Spate

115 volts ac {Hot)
Power Return Ground
Reset

Gate

Spare

Coaxial

Coaxial

Coaxial

115 volts ac (Neut.)
High Quality Ground
Ground Guide Pin



The transistor types installed in your instrument may differ from those
shown in the schematic diagram. In such cases, necessary replace-
ments can be made with either the type shown in the diagram or the
type actually used in the instrument.
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