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1.0 INTRODUCTION

1.1 TIMING TECHNIQUES USING LINEAR SIGNALS

Linear signals are used as the source of timing information in both the leading
edge timing method and the crossover timing method. Measurement or determina-
tion of the time of flight of neutrons, identification of particles, and measure-
ment of angular correlations all require accurate timing techniques; the
assignment of "time of occurrance" to nuclear events is of primary importance.

In leading edge timing, a level (amplitude) sensitive discriminator, such as a
Schmitt trigger, is used to detect the leading edge of a linear signal. The
only requirement that must be met for the level sensitive discriminator to
detect the leading edge is that the amplitude of the signal must be greater
than the trigger threshold setting of the discriminator.

When the leading edge of a linear signal is used as the source of timing infor-
mation, the primary concern becomes "walk," i.e. a shift in the location of a
timing mark caused by sensitivity to the amplitude of the pulse that generated
the mark. Therefore, the basic disadvantage of leading edge timing, particu-
larly when RC shaped signals are used, is inconsistent timing information that
is caused by variation in amplitude of the linear signals. Figure 1 illustrates
the "walk" associated with the leading edge timing. Note that even though sig-
nals A and B appeared at the same time, the variation in their amplitude caused
them to reach the trigger threshold A at different times. 'This difference in
time, AT, is the walk.

The walk is reduced if the trigger threshold is lowered (Trigger Threshold B).
However, the minimum level to which the threshold can be reduced is to a
threshold that is just above the peak noise level of the system; reduction to
this level does not totally eliminate walk. If the trigger threshold is less
than the peak noise level of the system, timing errors increase.

In crossover timing, the time at which the crossover point of a doubly differen-
tiated signal occurs is used as the source of timing information. The crossover
point or zero crossing of a doubly differentiated signal is the point at which
the pulse crosses the baseline (Fig. 2).

A.variable hysteresis discriminator is used to detect the crossover point. The
requirements that must be met for the discriminator to detec,t the crossover are
that the am litude of the input signal must exceed the biased threshold level
(VJhresho]df of the discriminator and that the trailing edge of the input sig-
na must all below the reset level (OV) of the discriminator. When the ampli-
tude of the input signal exceeds the VThreshol level, the discriminator is
armed; it does not reset until the input slgnaY falls below zero volts. If
the amplitude Of the input signals falls below the VThreshold level, it iS
completely ignored (waveform 4, Fig. 2).

.
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When the crossover.point of a linear signal is used as the source of timing
information, the primary concern is the crossover walk of the input signal
(Fig. 3). The input signal "walks" if slewing occurs in the main amplifier.
Slewing is a non-constancy of pulse shape which results when-the constant
rise time condition at low signal levels gives way to a constant rate-of-

i

rise condition at high signal level (Fig. 4). If it becomes necessary to
compensate for crossover walk in the input signal, the reset level of the
variable hysteresis discriminator is set off zero in either direction for
compensation purposes. Figure 2 illustrates a yield of zero walk with the
crossover technique. See Section 4.2 for the procedure used in determination
of walk associated with the input signal.

The technique of crossover timing offers the simplest approach to extra,cting'
a reasonably accurate "time-of-occurrence" from a linear signal. In doubly,
differentiated RC (or active RC) signal processing the crossover time, in (
real time, is approximately two time constants after the detected event is
presented to the system in the form of a step function of voltage or charge.
For double delay-line clipping, the crossover occurs at one clipping time from
the leading edge of the input step function. In both cases, the crossover re-
presents a point midway between the initial and final values of the step func-
tion. Figure 5 illustrates the real-time delay of the crossover timing technique.

In cases where the linear signal is to be further processed as a result of its
time of occurrence, proper linear delays must be added into the system. This
is usually done with delay am

Ii
lifiers or long lines. In either case, the de-

lays will not exactly match t e inherent delay of the crossover point. To
match the linear and digital delays, a linear delay greater than the delay of
the crossover:point must be chosen and the digital signal ,delay must be ad-
justed to match the linear delay.

1.2 MODEL TC 446

The Model TC 446 Crossover Pickoff is designed to provide highly accurate timing
reference signals for nuclear instrumentation systems. It detects the time of
the crossover point of a doubly differentiated signal emitted by a nuclear pulse
amplifier and then generates a logic signal with a minimum of walk (1 nsec
maximum for 1O:l range in amplitude).

The TC 446 consists of an input buffer amplifier, a variable hysteresis dis-
criminator, a delay generator, a'pulse-width generator, and output drivers.
It accepts 0 to 1OV bipolar pulses (positive lobe leading). The threshold
ranges of the variable hysteresis discriminator are LOW: 1OOmV to 1V and
HIGH: 1OmV to 1ODmV; a toggle switch and multiturn potentiometer are used
to select and adjust the trigger threshold.

Front panel connectors provide access to three simultaneous outputs: negative
fast (1.2V), negative slow (8V), and positive slow (8V). The delay of either
of the slow outputs is variable over a range of 0.1 to 1.1 psec by means of
the,OUTPUT DELAY control.
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2.0 SPECIFICATIONS

,INPUT PULSE REQUIREMENTS

Amplitude

Shape

Shaping

Polarity

Width

INPUT IMPEDANCE

THRESHOLD SENSITIVITY

COUNT RATE CAPABILITY

WALK (TIME vs PULSE HEIGHT)

PULSE PAIR RESOLUTION

OUTPUT DELAY

Range

Linearity

Accuracy

OUTPUT PULSE CHARACTERISTICS

Slow

Ampljtude

Shape

Width

Rise and Fall Times

Polarity

0 to 1ov.

Bipolar.

RC, delay line, or constant fraction.

Positive lobe leading.

. Greater than 50 nsec.

lko.
.

High: 1Omv to 1oOTtlv; Low: 1oOmv to
lV, front panel switch selectable.

Limited by pulse shaping constants of
linear amplifier.

Logic output pulses from crossover of
input signal: 1 nsec maximum for 1O:l
range in amplitude variations; 10 nsec

maximum for 2OO:l range in amplitude
variations..: “' Determined with 0.1 usec
active RC shaping (TENNELEC TC 200 or

,. TC 220 Linear‘Amplifiers).

650 nsec.maximum when set for minimum
delay. (This increases as a function
of increased delay time and output
pulse width.)

0.1 to 1.1 usec.

0.25%.

2.0%.

8V (open circuit).

Rectangular.

0.5 usec. Internally adjustable from
-0.25 to 2.0 usec.

30 nsec.

Either; simultaneously available from
separate connectors.
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OUTPUT PULSE CHARACTERISTICS (Cont'd)

Fast

Amplitude

Shape

Width

Polarity

Timing

OUTPUT IMPEDANCE

TIMING SIGNAL TEMPERATURE STABILITY

OPERATING TEMPERATURE RANGE

CONTROLS

Output Delay

Threshold Sensitivity

Threshold Adjust

CONNECTORS .

Input

Fast Output

slow outputs (2)

Power

POWER REQUIREMENTS

ACCESSORIES FURNISHED

PACKAGING

NET WEIGHT

SHIPPING WEIGHT

1.2V (open circuit).

Unlpolar.

-20 nsec (FWHM).

Negative.

Occurs simultaneously with leading
edge of slow output pulses.

.
5Oo, all terminals.

0.2 nsec/OC maximum at 100 nsec delay.

o" to 5o"c.

Linear calibrated lo-turn dial (front
panel).

Two-position .toggle switch (front
panel).

Screwdriver-ad'ustable multiturn
potentiometer tfront panel).

ENC (UG-1094/U), front panel.

BNC (UG-1094/U), front panel.

BNC (UG-1094/U), front panel.

NIM standard power connector (rear
panel).

t12v @ 9DmA.
t24v @ 9hA.
-24V @ 45mA.
-12v @ 75mA.

One instruction manual.

No. 1 AEC NIM standard width.

3 lbs (1.3 kg).

5 lbs (2.2 kg).

WARRANTY Two years,
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3.0 CONTROLS AND CONNECTORS

3.1 OUTPUT DELAY

This linearly calibrated lo-turn control is used to vary (delay) the time at
which the output logic (digital) signal is generated once the input signal
arms the crossover discriminator circuit. The delay range is 0.1 to 1.1 usec
as read from the dial.

3.2 THRESHOLD SENSITIVITY

This two-position toggle switch is used to select the trigger threshold range
of the variable input hysteresis discriminator of the TC 446. The ranges are
LOW: 1OCmV to 1V and HIGH: 1QnV to 1OOmV. .

3.3 THRESHOLD ADJUST

This screwdriver-adjustable multiturn potentiometer establishes the level at
which the input signal arms the crossover discriminator circuit within the
trigger threshold range selected by the THRESHOLD SENSITIVITY CONTROL.

3.4 RESET LEVEL (INTERNAL CONTROL)

This screwdriver-adj~ustable  potentiometer, located directly to the rear of the
positive SLOW OUTPUT terminal, selects the amplitude level at which the cross-
over circuit resets; the reset level is factory set at zero. The RESET LEVEL
control is used to compensate for the walk in the preceding amplifier system.
See Section 1.1.

3.5 PULSE WIDTH (INTERNAL CONTROL)

This screwdriver-adjustable potentiometer, located directly to the rear of the
~A711 in the upper rear corner of the printed circuit board, is used to vary the
width of the SLOW OUTPUT signals from 0.25 to 2.5 usec.

3,6 FAST OUTPUT

This BNC connector rovides access to a negative, unipolar l.2V (open circuit),
-20 nsec wide (FWHM7 pulse that occurs. simultaneously with the leading edge of
a slow output pulse.

3.7 SLOW OUTPUTS

These BNC connectors provide access to positive or negative, rectangular 8V
(open circuit), 0.5 psec wide (internally adjustable from -0:25 to 2.0 psec)
pulses.
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4.0 OPERATION PROCEDURES

4.1 FIRST TIME OPERATION

Every instrument from TENNELEC, Inc. is thoroughly checked before it leaves the
plant. However, it is possible for damage to occur during shipping, and it is
advised that a few tests be run before the instrument is put into actual opera-
tion.

Visually check the Model TC 446 upon receipt for possible external damage. If
it appears to be damaged, proceed according to the instructions given in the
SHIPPING DAMAGE section of this manual.

It is recommended that the power supply of the bin be off when the TC 446 module
is inserted. .

It is preferable, but not essential, that the user become familiar with the
controls of the instrument by making initial checkout tests with a pulse
generator-main amplifier system instead of with a detector-preamplifier-main
amplifier system as the signal source. Instruments recommended for initial
operation of the TC 446 Crossover Pickoff are an oscilloscope (triggered sweep,
30 MHz or greater bandwidth), a pulse generator (square-wave or tail pulse
generator such as the TENNELEC Model TC 800 Precision Pulser and Model TC 812
Pulser), a main amplifier (TC 220), a standard NIM power supply (Tennebin 2
or equivalent), and shielded cables with BNC connectors.

4.2 GENERAL OPERATION &

Connect the instruments as shown in Fig. 6.

Set the controls as follows:

PULSE GENERATOR

Pulse Height
Decay Time Constant
Polarity
Attenuation

MAIN AMPLIFIER

Shaping
Time Constant

!%ity

TC 446 CROSSOVER PICKOFF

Output Delay
Threshold Sensitivity
Threshold Adjust

Maximum.
Maximum.
Positive (+).
None.

I$$l;s~~fferentiated.

Direct. *
1OV plus peak amplitude.

0.1 Psec.
High. .
Full CCW.
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.
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GENERAL OPERATION (Cont'd)

OSCILLOSCOPE

Sweep 0.5 PseciDiv.
Vertical Sensitivity 5V/Div.
Trigger

Mode External.
Slope Positive (+).

Turn the pulse generator ON and observe the positive SLOW OUTPUT of the TC 446.
(If no signal a

P
pears, check the main amplifier output for a lDV, positive-lobe-

leading signal. Observe the signals at the negative SLOW OUTPUT and the
negative FAST OUTPUT. Traces and time relationships similar to those shown
in Fig. 7 should be seen on the screen of the oscilloscope.

Vary the OUTPUT DELAY control over'its entire range and,observe the linear
relationship between the dial readings and observed delay. (A dual trace
oscilloscope is convenient but not necessary for this observation.) To
match linear and digital delays, a linear delay greater than the delay of
the crossover point (See Section 1.1) must be chosen and the logic signal
delay must be adjusted by means of the OUTPUT CONTROL.

The walk characteristics of the TC 446 are depicted in Fig. 8. Walk is plotted
as a function of attenuation from 1DV and as a function of the reset level of
the discriminator. This family of curves is usefulin predicting the offset
of the RESET LEVEL control required for compensation of walk that results
from walk in the input signal.

4.3 WALK IN LINEAR AMPLIFIER SYSTEM DUE TO AMPLITUDE VARIATION

Instruments necessary for determination of walk associated with the amplifier-
main amplifier system are the same as those listed in Section 4.1. Also needed
is an attenuator box that is of the same impedance and sequence as that of the
pulser.

Connect the instruments as shown in Fig. 9. Set the pulse height controls of
the pulse generator* and the gain controls of the main amplifier to produce
signals of full-scale output voltages. Set the attenuation factor of Attenuator
No. 1 to zero and the attenuation factor of Attenuator No. 2 to 10. Monitor
the output of Attenuator No. 2 (main amplifier full-scale voltage/attenuation
factor of Attenuator No. 2). Alter the attenuation factors :of Attenuator
No. 1 and No. 2 while observing the crossover point of the output signal at
Attenuator No. 2 according to the following sequence:

Attenuator No. 1

i

1:

Attenuator No. 2

10

z
0 '
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The deviation of the crossover point of the output signal of Attenuator No. 2
constitutes crossover walk; this crossover walk is the result of amplitude
variation that occurred in the preamplifier-amplifier chain. This determina-
tion is based on the assumption that there is no,variation in amplitude occur-
ring in the attenuator box. Walk introduced by the attenuators may be measured
using this same technique. Simply connect the output of Attenuator No. 1 to
the input of Attenuator No. 2 and proceed as described above.

NOTE: *In this test, it is mandatory that the oscilloscope be properly set;
the crossover point of the output signal of Attenuator No. 2 (prior to the
addition of attenuation factors) must fall on the center of the oscilloscope
;;;yA;;le. The procedure for proper setting of the oscilloscope is as

:

1. Set the sweep speed to the value which is to be used'in the observation
(10 to 20 nsec).

2. Set the vertical gain so that a reasonably large slope is produced at the
crossover (45O is sufficient).

3. Reduce the sweep speed to the point~where the baseline of the input signal
can be observed.

4. Using the VERTICAL POSITIONING control, set the baseline on the center line
of the gradicule.

5. Increase the sweep speed to 10 to 20 nsec/div.

6. Set the crossover point of the observed signal at the center of the gradi-
cule of the oscilloscope by adjusting the Horizontal CENTERING control.

5.0 CIRCUIT OPERATION

A complete circuit diagram of the TC 446 Crossover pickoff is included at the
end of this manual.

5.1 INPUT BUFFER

The input buffer of the TC 446 consists of IC-1 and Ql. This stage performs
the buffer function plus that of scaling. The output dynamic range is -10 nsec.

5.2 BIAS CURRENT GENERATOR and FEEDBACK SWITCH

The bias current generator consists of IC2C, Cl2 and Q3. The current is con-
tinuously variable from -50 PA to lOmA over two ranges that are selected by
Sl, the THRESHOLD SENSITIVITY switch.

.
.
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The feedback switch consists of D5 and D14. When the input current to the
,discriminator (through Rll) exceeds the bias current, the discriminator
changes states. This action raises the anode of 014 to -+4V which results
in D5 being cut off. With D5 cut off, the bias on the discriminator becomes
that set by R51; the input side of the discriminator must fall below this new
bias level before it can reset to its initial state.

The rise and fall times of this discriminator are about 10 nsec.

5.3 DELAY AND PULSE WIDTH GENERATOR

The delay and pulse width generator is made up of IC4, IC5 and Q8 through Qll.
The delay is generated by the application of a constant current, developed
through 99, into C26. When the linearly rising voltage exceeds the reference
level seen by the comparator, IC5, a stop signal is generated; this discharges
the timing capacitor, C26, and simultaneously triggers the pulse width genera-
tor (a one-shot multivibrator).

The output of the pulse width generator drives the two slow outputs and triggers
the fast negative output generator.

-5.4. OUTPUT STAGES

.The three output stages of the TC 446 are the two slow output stages and one
fast output stage. The two slow output stages consist of 912, 914 and 913,
Q15 which-operates as saturated amplifiers and emitter-followers, respectively.
916, 917 and D22 make up the fast output stage; the output is developed by the
impulse current from C39 through 917 and RP3.

6.0 APPLICATION

The need for logic signals within a nuclear instrumentation system arises when
measurements of time at which events occur are required and when on-line compu-
tations are made. The Model TC 446 Crossover Pickoff is most useful 'in a system
designed for fast/slow or fast coincidence measurements. By far the most cormnon
application of the TC 446 is to provide logic signals to the coincidence analyzer
in a fast coincidence system. Figure 10 illustrates a wide dynamic range fast
coincident system.

i .’

7.0 SERVICING

In the event of a component failure, replacement may be done in the field
or the instrument may be returned to our plant for repair. There will be
no charge for repairs that fall within the warranty.

8.0 SHIPPING DAMAGE

Upon receipt of the instrument, examine it for shipping damage. Damage
claims should be filed with the carrier. The claims agent should receive
a full report; a copy of the report that is sent to the claim agent should



be sent to TENNELEC, Inc., P. 0. Box D, Oak Ridge, Tennessee 37830. The
model and serial number of the instrument must be included in the report.
Any remedial action taken by TENNELEC, Inc.,
tion contained in this report.

will be based on the informa-

9;O WARRANTY

In connection with TENNELEC's warranty hereinafter setout, TENNELEC
suggests that should a fault develop, that the customer immediately
notify the TENNELEC Customer Service Manager. He may be able to pre-
scribe repairs and to send replacement parts which will enable you to
get the instrument operating sooner and at less expense than if you
returned it.

Should return prove necessary, the TENNELEC Customer Service Manager must
be informed either IN WRITING, BY CABLE, or BY TWX of the nature of the
fault and the model number and serial number,of the instrument. Pack
the instrument well and ship PREPAID via Air Express to TENNELEC, Inc.,
601 Oak Ridge Turnpike, Oak Ridge, Tennessee 37830. As stated in the
warranty, DAMAGE IN TRANSIT DUE TO INADEQUATE PACKAGING WILL BE REPAIRED
AT THE SENDER'S EXPENSE as will damage that obviously resulted from
abuse or misuse of the instrument.

.Quotations for the repair of such damage will be sent for your approval
before repair is undertaken.
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TENNELEC, Inc. warrants that the products charges shall be at the ewpenss of the purchaser.
or components manufactured by it shall be free
from defects in material or workmanship for a

Damageintrsnsitduetoinaaequats  packaging will
ba repaired at purchaser's expense. Any repairsor

period of twoyears from the date of delivery to replacemants by the purchaser without TENNE-
purchaser.If such productorcomponent  is deter-

B

mined to be defective by TENNELEC, its sole war-
LEC’s approval,anv willful abuse or any evidence
that the product or component was not properly

#

rarity obligation shall be limited to either replacing used and maintain&, would automatically void
or repairing such defective product or component ’ this warranty.
or allowing credit therefor, at TENNELEC’s TENNELEC makes no warranty whatsoever in
option. Such warranty is further conditioned upon
the purchaser’s giving prompt notice of any such

respect to products or components not manufac-
tumd by it but instead the applicable warranties, if

defect and satisfactory proof thereof to TENNE-
LEC’s customer service manager; thereafter upon

any, of the respective manufacturers thereof shall

TENNELEC’s approval, the purchaser shall return
apply. Likewise fuses. batteries and input transis.

such defective product or component to TENNE-
tars in ultra low-noise amplifiers are specifically

LEC’s factory at Oak Ridge, Tennessee, all trans.
excluded from this warranty.

THIS WARRANTY IS IN LIEU OF ALL It

portation charges prepaid. TENNELEC shall be OTHER WARRANTIES, EXPRESSOR IMPLIED. &$+
responsible only for transportation charges incur-
red in returning such product or component to

STATUTORY OR OTHERWISE, INCLUDING zi3,
WARRANTY OF MERCHANTABILITY AND

purchaser. All customs. brokerage and duty FITNESS. ka

TENNELEC
P. 0.60x D

Oak Ridge, Tenn. 37630

Telephone (6161483.8404

TWX 810-672.1018
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