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STANDARD WARRANTY FOR CRTEC ELECTRONIC INSTRUMENTS

DAMAGE IN TRANSIT

Shipments should be examined immediately upon receipt for evidence of external or con-
cealed damage. The carrier making delivery should be notified immediately of any such damage,
since the carrier is normally liable 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, notify ORTEC of the circumstances so that we may assist in damage claims and in providing
replacement equipment when necessary.

WARRANTY

ORTEC warrants its electronic products to be free from defects in workmanship and materials,
other than vacuum tubes and semiconductors, for a period of twelve months from date of ship-
ment, 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 the methods of installation, 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.







PRECAUTIONS FOR BEST SIGNAL-TO-NOISE RATIO

The following precautions should be observed in order to obtain the optimum signal=to=noise

conditions when using the ORTEC 440A.

1.

2y

Always use maximum preamplifier gain.

The NORMAL=HI coarse gain switch must ALWAYS be in the NORMAL
position unless additional gain is needed when the coarse gain binary
switch is in either X32 or X64 positions. The coarse gain switch must
NOT be in the HI position when the coarse gain binary switch is in the

X1, X2, X4, X8, X16 positions.

Select the shaping time which gives the lowest noise as viewed on an
oscilloscope (all gain changes with shaping are compensated for in the

ORTEC 440A).



ORTEC 440A
SELECTABLE ACTIVE FILTER AMPLIFIER

1. DESCRIPTION
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General Description

The ORTEC 440A Selectable Active Filter Amplifier incorporates integrated
circuits and modern network techniques to provide a versatile, research grade
amplifier. The high resolution, stability, and wide gain range characteristics
of this amplifier coupled with features of broad range shape selection and
prompt and delayed outputs ensure proper operation with semiconductor detec-
tors, scintillation counters, and ionization chambers in a wide range of experi-
ments.

The instrument has both Prompt and Delayed outputs which can be switch
selected independently from each other for either Unipolar or Bipolar pulse
shaping. In addition, the Shaping Time is switch selectable in steps of 0.25,
0.5, 1, 2, and 4psec. Pulse shaping in the 440A is accomplished by special
filter networks utilizing active filter circuits to obtain a pulse response not
easily obtainable with passive networks. This active filter improves noise
performance and reduces the overall amplifier resolving time. Pole-zero can-
cellation is also employed for good overload performance (X1000 at maximum
gain).* The cancellation network is adjustable to match all commercially
available preamplifiers.

One of the features of this instrument is its constant gain for all outputs and
all shaping modes. This feature allows shaping selection (Shaping Time and
Unipolar or Bipolar output for each output) without the necessity for elaborate
gain adjustment and ensures "dynamic range" balance for both outputs.

Both positive and negative inputs are permitted allowing polarity inversion,
and in addition, two inputs are provided which can be used in a differential
mode to reduce common mode ground loop noise by a factor of 200. The input
impedance of both inputs is 1000 ohms. When long preamplifier cables are
used, the cables can be terminated in series at the preamplifier end or in
shunt at the amplifier end with the proper terminating resistance. The 440A
has complete provisions including power for operating any ORTEC solid state
preamplifier such as the 109A, 113, and 118A. Preamplifier pulses should
have a rise time of 0.25 microseconds or less, and a decay time greater

than 40 microseconds for proper pole~zero cancellation.

1 C. Nowlin and J. Blankenship, "Elimination of undesirable undershoot in the
operation and testing of nuclear pulse amplifiers," Rev. Sci. Inst. 36(12): 1830 (1965).
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The 440A can be used for crossover timing when used in conjunction with the
crossover circuit in an ORTEC 407 Crossover Pickoff unit or 420 Timing
Single Channel Analyzer. The 420 output has a minimum walk as a function
of pulse amplitude and incorporates a variable delay time on the output pulse
to enable the crossover pickoff output to be placed in time coincidence with
other outputs.

The output impedance of the 440A is about 0.5 ohm. The output can be con-
nected to other equipment by either a single cable going to all equipment and
shunt terminated at the far end (and series terminated at the amplifier if re-
flections are a problem) or separate cables for each instrument with each cable
series terminated at the amplifier.

Gain changing is accomplished by constant impedance "T" attenuators. By
using this technique, the bandwidth of the feedback amplifier stages involved
in gain switching remains essentially constant regardless of gain and therefore,
rise time changes with gain switching (which cause crossover walk) are limited
to only small capacitive effects across the attenuators.?

The Delayed output of the 440A is useful for experiments involving both energy
analysis and coincidence timing. In this case, a timing signal for coincidence
can be derived from the crossover of the Prompt output. Energy analysis is
performed on the Delayed output in either the Unipolar or Bipolar mode, and
the delay time compensates for the time loss in crossover timing and time delays
in the coincidence circuit.

The 440A is contained in a two~unit wide NIM standard module. The unit has
no self-contained power supply; power is obtained from a NIM standard Bin
and Power Supply, such as the ORTEC 401A/402A. The 440A design is consis-
tent with other modules in the ORTEC 400 Series, i.e., it is not possible to
overload the bin power supply with a full complement of modules in the Bin.

1.2 Pole=Zero Cancellation

Pole zero cancellation is a method for eliminating pulse undershoot after the
first clipping (differentiating) network. The technique employed is described
by referring to the waveforms and equations shown in Figures 1=1 and 1-2. Ina
non-pole-zero cancelled amplifier, the exponential tail on the preamplifier
output signal (usually 50 to 500psec) causes an undershoot whose peak amplitude
is roughly:

Undershoot Amplitude Clipping Time
Clipped Pulse Amplitude Preamplifier Pulse Decay Time

2 J. Blankenship and C. Nowlin, "New concepts in nuclear pulse amplifier design,"
IEEE Trans, Nucl. Sci. NS-13: 495-513 (1966)
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Figure 1=1. Clipping in a Non=Pole=Zero Cancelled Amplifier
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For a 1usec clipping time and a 50usec preamplifier pulse decay time, the
maximum undershoot is 2% and decays with a 50usec time constant. Under
overload conditions, this undershoot is often sufficiently large to saturate the
amplifier during a considerable portion of the undershoot causing excessive
deadtime. This effect can be reduced by increasing the preamplifier pulse

decay time (which generally reduces the counting rate capabilities of the
preamplifier) or compensating for the undershoot by using pole-zero cancellation.

Pole=zero cancellation is accomplished by the network shown in Figure 1=1. The
1

ole ( ) due to the preamplifier pulse decay time is cancelled by the

pole (77 y y

zero (S + K/RC, ) of the network. In effect, the dc path across the clipping
capacitor adds an attenuated replica of the preamplifier pulse to just cancel
the negative undershoot of the clipping network.

Total preamplifier~amplifier pole-zero cancellation requires that the preamplifier
output pulse decay time is a single exponential decay and matched to the
pole-zero cancellation network. The variable pole-zero cancellation network
allows accurate cancellation for all preamplifiers having 40usec or greater decay
times. The network is factory adjusted to 50usec which is compatible with all
ORTEC FET preamplifiers. Improper matching of the pole-zero cancellation
network will degrade the overload performance and cause excessive pile-up
distortion at medium counting rates. Improper matching causes either an under-
compensation (undershoot is not eliminated) or an overcompensation (output after
the main pulse does not return to the baseline and decays to the baseline with the
preamplifier time constant). The pole-zero trim is accessible from the front
pane! of the 440A and can easily be adjusted by observing the baseline with a
monoenergetic source or pulser having the same decay time as the preamplifier
input under overload conditions.

1.3 Active Filter

When only grid current and shot noise (gate current and drain thermal noise

for an FET) are considered, the best signal-to-noise ratio occurs where the two
noise contributions are equal for a given pulse shape. Also at this point, there

is an optimum pulse shape for the optimum signal-to=noise ratio. Unfortunately,
this shape (the Cusp shown in Figure 1-3) is not physically realizable and very
difficult to simulate. A pulse shape that can be simulated (the Gaussian in

Figure 1-3), requires a single RC clip and n equal RC integrates where n approaches
infinity. The Laplace transform of this transfer function is:

s |
CO) = TR (RO n

Where the first term is the single clip and the second term is the n integrates.
The 440A Active Filter attempts to simulate this transfer function with the simp-
lest possible circuit.
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The ORTEC 440A Active Filter circuit is shown in Figure 1-4. The major attraction
of the active RC filter is the elimination of inductive elements resulting in a sig-
nificant reduction in size, complexity and cost. For a given resolving time (RC),
the time response of the filter network depends only on K (see the circuit equations
in Figure 1-4), For K =1, the transfer function simplifies to:

B /R _ 1/R3C?
e; $2+25 + 1 (S + 1/RCP
RC ReCR

which is an n = 2 approximation to the Gaussian pulse shape (see Figure 1-3).
For K= 2 (the actual case for the 440A, the transfer function becomes:

b 2/RECE 2/ RECR

e; %25 + 2 S+(+j) |[sS+a=-))1 i=.,3
RC ReC? (RC) (RC)
In this case, the complex roots cause an underdamped effect which reduces the
resolving time and results in a more symmetrical pulse shape (see Figure 1-3).

:

The 440A is manufactured with switch selectable time constants of 0.25, 0.5,
1, 2, and 4psec (with R=1000Q, RC =T, and K= 2.




Equations:
e, = eq _ K/SC _ egq K
R+K/SC K + SRC

1 Q [¢] €q ~ €0
R R v e

Eliminating e, and solving for the transfer function:

e _ K/R®C?
e; S° + 2S + K
RC R2 C2

Figure 1-4, ORTEC 440A Active Filter




2. SPECIFICATIONS

2.1 General Specifications

2.1.1 The 440A is intended for use with a Nuclear Standard Bin such as the
ORTEC 401A/402A. About 2.6 watts of power is required for the
operation of the 440A in the quiescent condition. The ORTEC 401A/402A
can be operated on either 115 or 220 volts ac, 50-60 cps; if it is used
with 220 volts ac, the manual for the 401A/402A must be referred to in
order to ensure that correct connections have been made before operation
on 220 volts ac is attempted. The instrument is supplied from the factory

wired for 115 volts ac operation. The power input connector to the ORTEC
401A/402A is a NEMA standard 3-wire grounding type.

Preamplifier power of £12V and +£24V is available on the 440A rear
panel connector, CN6, an Amphenol 17-10090. All signal inputs and
outputs are on BNC connectors which are mounted on the front panel.

2.1.2 The instrument is intended for rack mounting in an ORTEC 401A/402A
Nuclear Standard Bin, but the Nuclear Standard Bin is suitably pack-
aged for cabinet installation if desired. The weight of the 440A is 3

pounds and its outside dimensions are approximately 8.75 inches high
by 2.70 inches wide by 9.75 inches deep.

2.2 Amplifier Specifications

INPUTS: Normal and Differential, no rise time limitation, 40psec minimum
decay time constant for pole=zero cancellation, 12V maximum, 6V
maximum to prevent saturation before clipping, 1000 ohms input
impedance both inputs.

PROMPT QUTPUT: Positive or bipolar, 0~10V linear with 11.8V saturation
into 1000 ohms, 0-9V linear with 10,5V saturation into 100 ohms.

DELAYED OUTPUT: Same as above, but delayed by 2psec.

SHAPING: Active filter resulting in approximately Gaussian shape, select-
able shaping times of 0.25, 0.5, 1, 2, and 4usec; choice of either
unipolar or bipolar shaping on both outputs; constant gain in all shap-
ing modes.

MAXIMUM GAIN: 1800

GAIN CHANGE RANGE: 770:1 total, 64:1 in factors of 2 by switches with
1% accuracy, 3:1 continuous fine control, approximately 4:1 with

NORMAL=HI switch.




LINEARITY: +0.075% over specified linear range.

NOISE: 10uV at maximum gain and single clip, 12uV at maximum gain and
double clip, both referred to input with 1usec shaping time.

SHORT CIRCUIT LIMITS: The amplifier will sustain a direct short on the out=-
put for an indefinite period for counting rates up to 10* cps.

OVERLOAD: Recovery within 2% of rated output from 1000 times overload
in 2.5 non-overloaded pulse widths at maximum gain and specified
input,

OPERATING TEMPERATURE: 0 to 50°C.
TEMPERATURE STABILITY: 0.01%/°C.

CROSSOVER WALK: +1 nsec for 20:1 dynamic range with 0.25usec bipolar
shaping (amplifier only), +2 nsec for 10:1 dynamic range with 1usec
bipolar shaping (amplifier and ORTEC 420 Timing Single Channel
Analyzer), +10 nsec for full range of gain change and 1psec bipolar
shaping.

COUNTING RATE: Gain shift less than 0.25%, resolution spread at half
maximum less than 0.5% for a pulser peak with a 50K cts/sec 127 Cs
background.

POWER REQUIRED: ORTEC 440A power supplied by ORTEC 401A/402A Power

Supply

DC input Quiescent

voltage current
+24V 50 mA
- 24V 30 mA
+12V 60 mA

-12V 80 mA




3.

INSTALLATION

3.1

3.2

General Installation Considerations

The 440A, used in conjunction with a 401A/402A Bin and Power Supply, is
intended for rack mounting, and therefore it is necessary to ensure that vacuum
tube equipment operating in the same rack with the 440A has sufficient cooling
air circulating to prevent any localized heating of the all-semiconductor
circuitry used throughout the 440A. The temperature of equipment mounted in
in racks can easily exceed 120°F (50°C) unless precautions are taken.

Connection to Preamplifier

The preamplifier output signal is connected to the 440A via BNC connector
CN1 labeled INPUT. The input impedance seen at the input is 1000 ohms

and is de=coupled to ground; therefore, the output of the preamplifier must
be either ac~coupled or have zero dc voltage under no signal conditions.

The 440A incorporates pole~zero cancellation in order to enhance the overload
characteristics of the amplifier. This technique requires matching the network

to the preamplifier decay time constant in order to achieve perfect compensation.
The network is variable and factory adjusted to 50usec to match all ORTEC FET
preamplifiers. If other preamplifiers or more careful matching is desired, the

trim is accessible from the amplifier front panel. Adjustment is easily accomplished
by using a monoenergetic source and observing the amplifier baseline after each
pulse overload conditions.

Preamplifier power of +12V and £24V is available on the preamp power connector,

CNé.

When using the 440A with a remotely located preamplifier (i.e., preamplifier-to~
amplifier connection through 25 feet or more of coaxial cable), care must be
taken to ensure that the characteristic impedance of the transmission line from the
preamplifier output to the 440A input is matched. Since the input impedance

of the 440A is 1000 olims, sending end termination will normally be preferred;
i.e., the transmission line should be series terminated at the output of the preamp-
lifier. All ORTEC preamplifiers contain series terminations which are either 93
ohms or variable,

Differential inputs of the 440A can be used simultaneously to reduce common mode
noise picked up by long cables passing noise generating areas. In this mode

of operation, the preamplifier signal is connected to the front panel INPUT and a
separate identical cable in intimate contact with the first cable (the use of
Twinax cable is preferable) is connected from the preamplifier ground to the

rear panel DIFF INPUT. In order to balance the noise cancellation, it is some~
times necessary to insert a small variable resistor between the actual preamplifier




3.3

3=-2

ground and the center conductor of the second (ground signal) cable. In the
event the output polarity of the amplifier pulse is negative, the cables must
be reversed from the above connection. In ALL cases the input POLARITY
switch must be in the POS position. o

Connection of Test Pulse Generator

3.4.1

3.4.2

3.4.3

Connection of Pulse Generator to the 440A Through a Preamplifier

The satisfactory connection of a test pulse generator such as the ORTEC
419 or equivalent depends primarily on two considerations: (1) the
preamplifier must be properly connected to the 440A as discussed in
Section 3.2, and (2) the proper input signal simulation must be supplied
to the preamplifier. To ensure proper input signal simulation, refer to
the instruction manual for the particular preamplifier being used.

Direct Connection of Pulse Generator to the ORTEC 440A

Since both inputs of the 440A have 1000 ohms input impedance, the
test pulse generator will normally have to be terminated at the ampli=
fier input with an additional shunt resistor. In addition, if the test
pulse generator has a dc offset, a large series isolating capacitor is
also required since the inputs of the 440A are de-coupled to the first
amplifier stage. The ORTEC 204 or the 419 Test Pulse Generators

are designed for direct connection. When either of these units is used,
it should be terminated with a 100 ohm terminator at the amplifier in-
put. (The small error due to the finite input impedance of the ampli-
fier can normally be neglected.)

Special Test Pulse Generator Considerations for Pole-= Zero Cancellation

The pole~zero cancellation network in the ORTEC 440A is factory ad-
justed for a 50usec decay time to match ORTEC FET preamplifiers.
When a tail pulser (such as the ORTEC 204 or 419) is connected directly
to one of the amplifier inputs, the pulser should be modified to obtain

a 50psec decay time if overload tests are to be made (other tests are

not affected). See Section 6.2 for the details on this modification.

If a preamplifier is used and a tail pulser connected to the preamplifier
pulser input, similar precautions are necessary. In this case, the
effect of the pulser decay must be removed, i.e., a step input should

be simulated. Details for this modification are also given in Section
6.2.




