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A NEW STANDARD dengAh WARRANTY FOR ORTEC ELECTRONIC INSTRUMENTS

ORTEC warrants its nuclear inmumunt ‘products to ba. free from dafem in workmanship and. rnateriah othar
than vacuumn tubes and semiconductors, for s period of twenty-four months from date.of shipment, provided
that the. oqulprncnt has been used in a proper manner and not subjected to abuse. Repairsor replacement, at
ORTEC optlon;, will be made without charge at the ORTEC factory. Shfpplﬁg expense.will be to-the sccount
of the customer except in cases of defects discaverad upon initial operation, Warranties of vacutim tubes and
semiconductors, as made by their menufacturers, will be extended to our clistomers only to the extent of the
manufacturers’ labliity to ORTEC. Specially selected vacuum tubes:or- semiconductors.cannot be warranted.
ORTEC reserves the right to modify the design of its products without inciitring mponﬁhﬂity for modification -
of previously manufactured units. Since installation conditions are beyond put control;: ORTEC does not
assumne any risks or liabilities associated wIth mothods of installaﬂon othcr than smlﬂad in meimtmctiom
or Inmllatlon nsults. :

QUALITY CONTROL

Before being approvod for shipment, each ORTEC instrument must pass a strinnent sot. of quality control tests
designed to expose any flaws in materials or workmanship. Permanent records of these tests are maintalned for
use.in warrenty ropalr and as & source of statistical Infurmation for dmign lmprovemanu. '

REPAIR SERVICE

ORTEC instrumants not in warranty may be returned to the factory for rnpairs or chockout nt modat expense
to the customer. Standard procedure requires that returned instruments pass the- same-quality control tests as
those used for new production Inttnmaents. Plaase contact the fsctory for imnmions bafore ;hipplng-
equipment. .

DAMAGE IN TRANSIT

Shipments lhoutd bo examined Immediataly upon receipt for evidence of extarnal or eonoealed damage The
_carrier making delivery should be notified immediatély of any such damage, since the carrier is normally.liable
for damage in shipment. Packing materlals, waybills, and other such documantation should be pressrved in-
order to establish claims. After such riotification to the carrier, please nﬂﬂf# ORTEC.of the ctncumstanea 80

that we mav assist in damlge claims and In providing replacement eqmpment b mcmrv '
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ORTEC 450 RESEARCH AMPLIFIER

1. DESCRIPTION

1.1

General

The ORTEC 450 Research Amplifier is an extremely versatile instrument module, intended for use with
afl pulse-type radiation detectors and preamps and also for linear amplification of any frequency spectrum
within the design limits of the amplifier. The unit exhibits superior performance for overload recovery,
resolution, linearity, and stability and has a very low noise.

Its many features provide a wide flexibility in applications. The amplifier may be operated with
single-ended or differential input with either polarity, and the differential mode is especially useful when
common mode noise is present. The low frequency bandpass has a selectable range from 100Hz to 1 .5BMHz,
while the high frequency bandpass has a separately selectable range from 8kHz to 1.5MHz. The switch-
able time constant choices have been selected for optimization of nuclear spectrometry systems.

The 450 produces three different types of linear output pulses. The Fast Bipolar Output is a fixed band-
width pulse with rise time of 150 nsec. It is normally doubly differentiated for a zero crossover point at ap-
proximately 700 nsec. In thewide band mode, the bandwidth extends from 100Hz to above 2.0MHz. The

gain range from input to Fast Bipolar Output is 2.5 to 3000, directly readable on Front Panel Gain
selection.

The Bipolar output has a selectable pulse shape, using both the Integrate and Differentiate time constant
selections. When the wide-band mode is used, bandpass through this output is from 100Hz to 1.0MHz.

The Unipolar output has a selectable Pulse shape for optimum filtering, baseline restoration (switch se-
lectable) for low frequency noise reduction and improved count rate performance, polarity, and -3V,
16V, or £10V range vohage selection to interface all analyzer coupling ADC requirements, and can be de-
layed to simplify gating of the signal. When the wide-band mode is used, the bandpass through the Uni-
polar output is from 100Hz to 1.5MHz, and the gain range is from 4 to 5000, Unipolar. 8BLR, polarity,
range and delay are independent of Fast Bipolar and Bipolar Outputs.

Semi-Gaussian shaping by the active filter network optimizes the signal to noise ratic. The relative input
noise, using a 3usec time constant, is less than 3.5uV RMS. Noise varies approximately inversely as the
square root of the time constant. For a gain of 50 or more, input noise is independent of the gain sgtting.

The 450 Fast Bipolar and Bipolar Outputs can be used for crossover timing when used in conjunction with
the crossover circuit in an ORTEC 407 Crossover Pickoff unit or 420A Tirning Single Channel Analyzer.The
420A 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 450 is less than 0.1 ochm. The output can be connected to other equipment
by either a single cable going to all equipment and shunt terminated at the receiving end {and series ter-
minated at the amplifier if reflections are a problem) or separate cables for each instrument with each
cable series terminated at the amplifier.

Gain changing is accomplished by changing the feedback ratio of operational amplifiers. In using this
technique, the bandwidth of the feedback amplifier stages involved in gain switching is maintained
essentially constant regardless of gain, and therefore rise time changes with gain switching (which cause
crossover walk) are limited to small capacitive effects across the feedback resistors.

The Delayed output of the 450 is useful for experiments involving both energy analysis and coincidence
timing. In this case, a timing signal for coincidence can be derived from the crassover of the Fast Bipolar or
Bipolar Output. Energy analysis is performed on the output of either the Unipolar or Bipolar signal, and
the delay time compensates for the time loss in crossover timing and time delays in the coincidence
circuit. When using the Fast Bipolar Output for timing, the delay may not be necessary.




1.2

1.2

The 450 is contained in a three unit wide NIM standard module. The unit has no self-containad power
supply; power is obtained from a NiM standard Bin and Power Supply, such as the ORTEC 401A/402A.
The 450 design is consistent with other modules in the QRTEC 400 Series, i.e., it is not. pouibie to
overiead the bin power supply with a full complarnem of modules in the Bin.

Pole-Zeto Camollaﬂon

. _Pole-zero caneellatnon is a method of eliminating pulse undershoot after the flrst cllppinn (differentlat-

ing) network.! The technique employed is described by referring to the waveform and equations shown
in Figure 1-1 and 1-2. In a non-pole-zero cancnlloﬂ amplifier, the. exponentlal tail on the preamplifier
output signal “(usually 50 to 500usec) causes an_undershoot whose peak amplltude is roughly:
Undershoot Amplitude  _ Clipping Time -
Clipped Pulse Amplitude ~ Preamplifier Pulse Decay.Time -

For a 1usec clipping-time and a BOusec preamplifier pulse decay time, the maximum undershoot is 2%
and decays with a 50usec time constant. Under overioad conditions, this undershoot is often sufficiently

' large to saturate the amplifier during a considerable portion of the undershoot, calsing excessive dead-

time. The effect can be reduced by increasing the preamplifier pulse decay: tiris-(which generally re-

- duces the counting rate gapablllties of the preamplifier) or compensntirlg for the undershoot by using

pole-zero canceﬂation

Pole-zaro cancellatlon is aecomptlmed by the network shown in Figure 1-2. The pole( 531 fTo)due 10

g .=the preamplifiar pulse decay tlma is cancalled by the zero (S + T of the network In effect, the

. dc path acrass the clipping capacrtor adds an attenuated replica of the preampllfler pulse to just cancel

the negative undershoot of the clipping network.

Total preampllfisr-ampliﬁer pole-zero cancellation requires that the preamplifier output pulse docav time
bp a single exponential decay and matched to the pole-zero cancelistion network. The vuriable pole-zero
cancellation network allows accurate cancellation for all preamptifiert having 35;.wec or grentsr decay.
times.

The netwark is factory adjusted to 5Qusec which is compatible with all ORTEC FET preamplifiers. Im-

~ proper matching of the polezero cancellation nepwork will degrade the overload performance and

13

cause excessive pile-up distortion st medium counting rates. Improper matching causes gither an under-
oompansatlon {undershoot Is-ngt eliminated) or an overcompensation (output after the main pulse does

not ret.urn to the baseline and decays to the baseline with the preamplifier time oorman't) . The pole-zero

adjust is sccessible from the front panel of the 450 and.can be adjusted eesily | by obming the baseline
under overload conditions with -a monoenargetic source-or pulser having the sama dscay time as the
preamplifier input, o

.Active. Filter

-~.4.

Also at this point, there is-an optimum pulse shape for the Optirnum slgnal-to-noise ratio. Unfortunatalv,

~ this. shape (the Cusp. shown. In Figure 1-3) is very difficult to simulate. A pulse shape that can be

" ', .simulated (the Gaussian In Figure 1-3). requires a ﬁnuln RC. differentiate and n oquai RC integrates

" where n spproaches infinity. The Laplace transform of this transfer furmlon is:

G‘s‘, s+17a L,_ s+"17ﬁc n——aco

o

o where the f;rst factor is: thn single. dnfferentiate and tho second. factor is them |mogrates.'l'he 450

U .-Active.Filter attempts to simulate. thi;,tran,sfor fune.tion wlth the simplest posible

The ORTEC 450 Active Filter Is shown in Flwre 1 4 togather with tha wuﬁiom whlch deflne its
transfer function. This is an RC filter network, eliminating inductive elements and achiewng the desired
results with a significant reduction of size, complexity, and cost.
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Figure 1-2. Differentiation (Clipping} in a Pole-Zero Cancelled Amplifier
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Figure 1-3. Pulse Shapes for Good Signal-to-Noise Ratios
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200327

c| = C2 and R‘ = .RS and R| = R3

Figure 1-4. ORTEC 450 Active Filter

The 450 is designed with independent switch selectable integrate and differentiate time constants
of 0.1, 0.25, 0.5, 1.0, 1.5, 2, 3, 5, and 10usec.

1.4 Baseline Restorer

All stages of the 450 are designed to operate with equal efficiency with either polarity pulse to +10volts,
or a full 20 volt peak-to-peak sine wave. The Baseline Restorer circuit restores only for positive pulses,
and an input polarity switch is included on the front panel for that purpose.




2. SPECIFICATIONS

INPUT

QUTPUTS

FAST BIPOLAR OUTPUT

BIPOLAR OQUTPUT

UNIPOLAR QUTPUT

PERFORMANCE
Gain Range
Temperature Stability
Gain
DC Level

Input Noise

Integral Non-Linearity
Fast Bipolar
Unipolar
Bipolar

Overload Recovery
Fast Bipolar

Bipolar & Unipolar

Filters

Positive or negative, normal or differential through
front panel BNC connectors; £12V max; each input
impedance is 1000L), dc-coupled, with no limit on
signal shape. For pulse operation the fall time constant
should be >35 usec. Common mode rejection ratio
is =»1000:1 at greater than 71 usec time constant,
=10,000:1 at 60 Hz '

All outputs are on both front and rear panels. Z, <15,
front panel, provides £10V into 1002 load. Z,=93%2,
rear panel. All are dc-coupled, and short circuit and
duty cycle protected.

Bipolar; t, ~120 nsec, gain 2.5 to 3000; crossover walk
%+2 nsec for 50:1 dynamic range; with Differentiate
Out, fixed bandwidth is 100 Hz to >2 MHz, gain 2.5
to 3000

Bipolar, except when the Differentiate selector is set
at Out and fj5=100 Hz; otherwise, frequency response
is determined by choice of Integrate and Differentiate
time constants. The low frequency response is set by
two equal Differentiate selected time constants

Provides separate selection of polarity, delay, and gain
{X1, X0.6, X0.3}, as well as baseline restoration rate
selection (Hi, Med, Lo, or Out), high and low fre-
quency response are determined by selected Integrate
and Differentiate time constant

2.5 to 3000, for equal time constants, or 4.0 to 5000
for wide-band mode on Bipolar and Unipolar Outputs

0 to 50°C
<150 ppm/OC of rated output
<B0uV/OC

Using 3 usec pulse shaping, <3.5uV rms for gain
settings >50, measured on Unipolar Output; <18uV
rms on Fast Bipolar Qutput ~

Less than 0.2%
Less than 0.05%
Less than 0.05%

Recovery from 500X overload in  approximately
8.0usec. _ _ .

Recovery from 800X overload in 2.5 non-overloaded
pulse widths when PZ Adjust is correct

Pulses are shaped by Active element, with independent
Integrate {Low-pass) and Differentiate {High-pass) se-
lection )



CONTROLS

COARSE GAIN

FINE GAIN

PZ ADJ.
INPUT MODE

BAL

UNIPOLAR OUTPUT RANGE

INTEGRATE

DIFFERENTIATE

BLR

DC ADJ
DELAY

CONNECTORS

FAST BIPOLAR
BIPOLAR
UNIPOLAR

NORMAL INPUT

BIFFERENTIAL INPUT

Nine-position front panel switch, for gain factors of
X5 through X2000

Ten-turn precision potentiometer, for continuously
variable gain factors from X0.5 to X1.5. Product of
Coarse gain and Fine gain settings vields total gain for
equal time constants

Front panel screwdriver adjustment to optimize the
amplifier to the preamp; adjustable from 35 ussc to dc

Front panel switch selects Normal or Differential input,
and polarity

Front panel screwdriver adjustment to obtain optimum
common mode rejection, and to equalize the POS.
polarity gain

Front panel switch selects polarity and galn {X1,
X0.6, or X0.3) of the Unipolar Output

Low-pass filter time constant selector, front panel
switch; choices are 0,1, 0.2, 0.5, 1.0, 1.5, 2.0, 3.0,
5.0, and 10.0 psec, and Out

High-pass filter time constant selector, front panel
switch; choices are 0.1, 0.2, 0.5, 1.0, 1.5, 2.0, 3.0,
5.0, and 10.0 usec, and Out (for wide-band with
74 7~ 3.5 msec)

Front panel baseline restoration rate selector;
Hi for duty cycles >20%
Med for duty cycles >6% <20%
Lo for duty cycles <6%, and
Qut

Multi-turn screwdriver adjustment for Unipolar Output
baseline; range £1.0V

Normally 1 usec, selected In or Out by rear panel
switch. Other delays are available upon request

BNC, on front panel for Z, <1£2, and rear panel for
Z,=93Q

BNC, on front panel for Z, <182, and rear panel for
Z, =930

BNC on front panel for Z, <182, and rear panel for
=930

BNC on front panel

BNC on front panel
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PREAMP POWER ' - Standard ORTEG powar connector, for. matmg pre-
' . amplifiar. Amphenol tvpe 47-10090; rear panal

' POWER AND MECHAN!GAL o

. Power Hequlr,ad S T saev 240mA M2V BBMAS
: .24V 220mA | -12V° BBmA. o

Shipping Weight -~ ~ 751Ibs {34 kg)
Net Weight . - ;_,,.‘-‘55|ha(25kg)

Dimensios . Standacd triple. width NIM module (4,05 x B.714
' ' mches) par AEC ‘Report T1D-20893 (Rwi '




3. INSTALLATION

a1

3.2
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thord lnlhlllﬂon Consldu‘tiom

The 450 used in conjunction with a 401 A/402A Bin and Power Supply, is intended for rack mounting,

- and therefora it is nacessary to ensure that vacuum tube squipment opouting in the same rack with-the
450 has sufficient cooling. air eireulating to prevent any localized heating of the all-ssmiconductor

circiiitry used throughout the 450." Tha tamparamn of oqulpmm mounted in racks caf mllv axceed
1200F (5000) untess precautions are taken,

Connection to Preamplifier

The preamplifier output signal is connected to the 450 through the BNC connector labeled NORMAL
INPUT.. The input impedance seen at the input is 1000 ohms and is de-coupled to ground; therefore,

the output of the prumpliflar must be aither ac-coupled or have 2ero dc voltage under no signal
conditions.

The 460 incorporates pole-zero ca_ncellation- in order to enhance the overioad charactéristlcs of the
amplifier. This technique requires matching the network to the preamplifior decay time constant in

~ order to achiewe perfect compensation. The network is variable and factory adjusted to 5Qusec to

match all ORTEC FET preamplifiers. If other preamplifiers- or more careful matching is desired, the
trim lswceuhlo from the amplifier front panel. Adjustment is accomplished easily by using a monoener-
getic -source and observing the amplifier. baseline after esch puise overload condition, adjustinu the
PZ ADJ. for minimum overshoot,

Preamplifier power of £12V and 24V is available on the preamp power connector, on the rear panel.

When using the 460 with a remotely located preamplifier (i.e., preamplifier-to-ampiifier connection
through 25 feet or more of coaxial cable), ensure that the charecteristic impedance of the transmission
line from the presmplifier oltput to the 450-input is matched. Since the input- impedance of the 450
is 1000 ohms, undlng snd termination will normally be preferred; i.e., the tranamission line should be
series term!natod &t the output of the pmmpllﬂer Al ORTEC prmpllfiers contain series terminations

7 wh ich are sither 93 ohmis or varlablo.

Diffarentlat inputs of the 450 can be used slmultaneously to reduce common mode noise picked up by
long cables pessing noiss generating areas>* In this mode of operation, the preamplifier signal is

_connected to the NORMAL INPUT and a saparate identical cable in intimate contact with the first

cable {the use of Twinax cable is preferable) is coninacted from the preamplifier ground to the DIFF.
INPUT. In order to balance the noise cancefiation, it is sometimes necessary to insert a smail variable

 resistor between the actual preamplifier ground. and the center conductor of the second (ground signal)

cable. In the event the output polarity of the ampliflar pulse is negative, the polarity is reversed easily

by the lnput Moda salector,
Connection oqust'Pulso Generator

'3.3.1 Connection of Pulse Generator to the 450 Through a Presmplifier

The satisfactory connection of a test pulse generator such gs the ORTEC 419 or squivalent de
pends primarily on two conslderations: {1) the preamplifier must be properly connected to the
450 as discussed in Seetion 3.2, and (2) the proper input signel simulation must be supplied
to the preamplifier. To ensure proper Input slgn:l simulatlon, rdcr to the instruction manual for
the partieular preampliﬂer bcing used.

' 3.3.2'Direct Connection of Pulse Generator to the ORTEC 460

Since both inputs of the 460 have 1000 ohms input impedance, the test pulse generator will

normally haveto be terminated at the amplifier 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 to the 460 are dec-coupled -to the first amplifier stage. The ORTEC 204 or the 419 Test




34

3-2

Pulse Generators are designed for direct connection, When either of these: units is-used, it:should -
be terminated with a 100 ohim terminator at the amplifier input. (The small error duo to the
finite: input [mpodance of the amplifier can normally be neglagted ) st e )

- 3.3.3 Spomal Test Pulso Generamr Gonslderatlons for Pﬁle-Zerq Cancallation

- Tha pole-zuro unneeliatlon network in the GRTEC 450 is fnetory ad]ustod for a EOpsecdacav
time to-match ORTEC FET.preamplifiers, When the tail pulser {such as.the ORTEC 204 or 419} is
connacted directly to one of the amplifier inputs, the pulser should bs modified .10, obtain a
BOusec decay.time if overioad tests are to be made (other tosts are. not affccted} See Section

. 6 2 for the-details on this- mo;lification

_1f a preamplifier is used and a tail pulser comectodf . the pmmplifi'g}.__ puiaer input, similar
. . precautions are necessary. In-this case, the effect.of the pulser deeav must be. removed, i.e., a step
input should be simuiatocl Detalls for tl'us mddifmtlon are also given in. Saction 6 2

Connootlon to-Power - Nunlur sumdard Bin, ORTEC 401AI492A

Tho 450 oormins' no- mternal powor supply and therofore must obtam paower from F ) Nucleer Standard
Bin and Power Supply such as.the ORTEC: 401A/402A, Turn off the bin power supply before inserting

. or removing madules, The ORTEC 400 Series is clesigned 3o that jt-is not possible to overload the bin
power supply with a full complemsnt:of mpdulss fnn-the Bin; however, this. may not be true when the

'Bin cantsins modules other than those of ORTEC design; in this case, the power supplv voltages should

3.6

be checked. after insartion of the modules. The DRTEC: 401N4(12A has test.points on.the power
supply control panel to monitor the dc voltages,

Slupino Oomldirations

The shaplng times on the ORTEC 450 amplltlar are swutch selactable in mps of 0. 1 0. 26, 0 5 1, 1.5, 2,
3, 6, ‘and_10usec. The.choice: of the proper shaping tims is generally a oomprominjmwnen operating at

_ ‘hlgh oounting rates and operating with the best signal-to-noise .ratio. -For ani;lfillatinn countars, the

energy rasolution largely depends on the scintillator and therefore a shaping tlme .of about four times
the decay time_constant of the scintiilator is a reasonable choice {for.Nat, a 1uuqchaping fime-is about
optimum). For gas proportional counters, the collection time is normally fn the 0.5 to Sisac range and a
2, 3, or busec shaping-time will-genératly give optimum resolution. For silicon semiconductor detectors,

a1 or2usec. shaping. tirs;- and: for germanium dutéators & 2 or Susec shaping time,will:generally provide

optimum resolution. Whun a-chargasensitive preamplifier.is used, the optimum shaping time will also be
at the point of minimum output noise. Since the 450 maintains nearly constant gain for all shaping
modes of equal time constents, the optlmurrl shaping time can be obtained by usmg an rms volt-

. meter to monltor the output noise.

3.6

The 450 sliows a choice of either unipolar or bipolar output. The bipolar dq.';tput should be used
when the analyzer system is dc-coupled and high counting rates are desired where noise or resolution is a
secondary consideration. The unipolar output puise should be used in applications where the best
signal-to-noise ratia- (resolution) is desired. This area is primarily- high resolution spectroscopy using
semiconductor' detectors. Use of the unipolsr output with baseline: resturatlon wul also give good
resolution at higher countmg rates.

Use of Delayed Output

The Prompt output is used for normal spectroeoopy appllcatlons. TFhe Delayesd ‘output (equal in am-

plitude to the Prompt output, ‘but delayed by Tusec) is Used in coincidence experiments where the
output must be delayed to compensate for time delays in obtaining the coincidence information.
The considarations regarding the proper. choice of shapmg for the Delayed output_ were discussed in
Section 3.5.
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Outpuit Termination

The source impedance of the 0-10 volt standard linear outputs of most 400 Series modules is approxi-
mately G.1 ohm. Interconnection of linear signals is thus non-critical since the input impedance of
circuits to be driven’is not important in determining the actual signal span, .g., 0-10 volts, delivered to
the following circuits. Paralleting several loads on a single output is therefore permissible while observing
the 0-10 volt signal span. Short lengths of interconnecting coaxial cable {up to approximately 4 feet)
need not be terminated. However, if & cable longer than approximately 4 feet is necessary on a linear
output, it should be terminated in a resistive load equal to the cable impedance. Since the output im-
pedance is not purely resistive and is slightly different for each individual module when a certain
given length of coaxial cable is connected and is not terminated in the characteristic impedance of the
cable, oscillations will occasionally be observed, Thess oscillations can be suppressed for any length of
cable by properly terminating the cable, either in series at the sending end or-in shunt -at the receiving
end of the line. To properly terminate the cable at the receiving end, it may be necessary to consider
the input impedance of the driven circuit, choosing an-additional paraliel resistor to make the combina-
tion produce the desired termination resistance. Series terminating the cable at the sending end may be
preferable in some cases where receiving end terminating is ‘not desirable or possible. When series
terminating at the sending end, full signal span, i.e., amplitude, is obtained at the receiving end only
when it is essentially ‘unloaded or loaded with an impedance many times that of the cable. This may
be accomplished by inserting a series resistor equal to the characteristic impedance of the cable intern-
ally in the module between the actual amplifier output on the etched board and the output connector,

* The rear panel outputs are internatly series terminated in 932. It must be remembered that this imped-

ance is in serles with the input impedance of the load being driven, and in the case where the driven load

is 900 ohms, a decrease in the signal span of approxlmatelv 10% will occur for a 93- ohm trans-

mission line,

-

A more serious loss occurs when the driven load is 3 ohms and the transmission system is 93 ohms.
in this case, a 50% loss will occur. BNC connectors with internal terminators are available from a
number of connector manufacturers in nominal values of 50, 100, and 1000 ohms, ORTEC stocks in

limited quantity both the 50 and 100 ohm BNC terminators. The BNC termlnators are quite convement
to use in conjunction with a BNC tee, ‘

Shortmg or Overloadmg the Arnpllfier Qutputs

All outputs of the 460 are dc-coupled with an output impedance of about 0.1 ohm. If the output is
shorted with a direct short-circuit or the amplifier counting range sxceeds 35% duty cycle, the output
stage will limit the peak current output such that the amplifier will not be harmed.




4. OPERATING INSTRUCTIONS

4.1

4.2

4.3

Front Panel Contrals

GAIN: A Course Gain switch and Fine Gain ten-turn locking precision potentiometer select the gain
factor. For equal time constants, the gain is read directly; switch positions are 5, 10, 20, 50, 100, 200,
500, 1000, and 2000, and continuous Fine Gain rarige is 0.5 to 1.6 (600 to 1500 dial divisions}. For
wide band selection, gain to the Unipolar and Bipolar outputs is multiplied by an additional factor of
1.5.

if using unequal integrate and differentiate time constants the output pulse gain will be different
from that read on the panel. For instance, with small differentiate time and large integrate time, the
gain will be much smalier than normal; and conversely with large differentiate time and small integrate
time, the gain will be much larger than that selected.

INPUT MODE: A selector switch, to accept linear inputs of either polarity through gither the Normal or
Differential input connector. : .

PZ ADJ: Control to set the Pole-Zero Cancellation for optimum matching to the preamplifier pulge decay
characteristics. Range 3busec to de. .

DIFFERENTIAL BAL: Trimpot control to obtain optimum common mode rejection for a differential
input, and to match normal Pos. and Neg. gain.

SHAPING TIME CONSTANT: Two switches for independent se§ecﬁon of the Integrate__and Differentiate
time constants. Marked in usec. Pulse shaping time constant selections are 0.1, 0.25, 0.5, 1, 1.5, 2,
3, 5, or 10usec, and Out.

UNIPOLAR QUTPUT RANGE: Switch selects the polarity and gain for thé Unipolar output only. Full

scale voltage ranges are +10V, 16V, and -3V. Gompatlble with present and past generation analyzer
ADC input requirements. .

RESTORATION RATE (BLR): Switch, to select the Baseline Restorer function. Hi is for duty cycles
>20%, Med. for 6 to 20%, and Lo Is for duty cycles <5%. OUT disables the function.

DC ADJ: Controls the Unipolar Qutput dc level, with an offset range of £1.0V.

Rear Panel Control

DELAY IN/OUT: A slide switch to determine whether Unipolar outputs will be delayed {In) or will be
prompt (Cut).

Front Panél Connectors (All Type BNC})

INPUT: Two connectors, used for either Normal or Differential input pulses. Each accepts either positive
or negative input pulses, 12V max, into 1000 ohms, dec-coupled. There is no limit on signal shape. The
preamp pulse should have a decay time constant of greater than 35usec for. proper PZ cancellation.

OUTPUTS: Thres connectors - one for each type of output Zo <0, 10, Each output can provide up to:
+10V, and it is de-coupled and short circuit and duty factor protected for 350 mW max rms output
power sach (£35% duty cycle).

FAST BIPOLAR: Bipolar, positive portion leading, rise time <150 nsec, flg = 160 kHz, crossover at
~800 nsec, gain range 2. 5 to 3000.

Crossover walk <2 nsec for 20:1 dynamic range. Bandwidth 100 Hz to above 2 MHz with Differ-
entiate Out

BIPOLAR: Bipolar, with pulse shape selected by the Integrate and leferentlate switches. With Differ-
entiate switch at OUT, bandpass is from 100-Hz to 1.0 MHz,
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4-2

- WUNIPOLAR: This output features separate selection for full voltage range, polarity, -and ‘baseling

-~ restoration fate. The DC level is adjustable for offset to 1.0V for the full 10V range. The Unipoler

. pulse shape is datermined by the settings of the Integrate and Differentists shaping time constant
switches. Unipolar range, polarity and BLR and Delay are independent of FAST BIPOLAR and
BIPOLAH O’utputs. See Figure 4-1 for output pulee weveforms -

-'nmmconmm T

OUTPUTS: Thm tvpe BNC oonnectors one for each type of output, Same a5 tl're three Ouptut con-
~ nectors deecrlbed for the fmnt panal, except Z5 = 939.

_' PREAMP POWEFl Standnrd power oonneotlon for a matmg ORTEC preempllﬂer. t24v and £12V.

lnltlal Tutlng lnd Oheerntlon of Pulne Wavoforms

Refer to Soctioﬁ 6 for informetron on testing performance and obeervlng waveforms at front panel test
points. Figure 4-1 shows some typical waveforms.

Gonoral comfdimlom for Oﬁemlon with Semiconductor Detsctors

4.6.1 Callbration of Test Pulaor

: ‘l‘he ORTEC 419 pulser, or equivalent, may easily be oellbreted s0 that the maximum pulse
" height dial reading {1000 divisions} is equivalent to 10 MeV Iose ina silloon radiatlon detector.
The procedure is as follows

(1} Connect the detector to be used to the spectrometer system, i.e., preamp, maln amplif;er
] and blaeed ampllfier

li‘l' Allow partlcles from a source of known energy (a.-particles, for examplel to fall on the
- detector

- (3} Adjust tho amplifier gain and the bias level of the biased amplifier to give a sultable output
puise. (See typical pulse waveforms and time alignment Finure 41) ‘

{4) Set the pulser PULSE HEIGHT potentiometer at the’ enerw of the a-particles striking the
detector {e.g., for a 5.47 MeV a-particle, set the dial on 647 dlvlslonsl

(6) ~ Turn on the Pulser, use the NORMALIZE potentlometar and attenuators to set the output
* due to the pulser for the same pulse helght as the pulse obtained in {(3) abave .

{6) The ‘pulser is now. calibrated; the dial reads in MeV if the number of dial drvisions is divided
by 100.

4.6.2 Amplifner Nolse and Fleeolution Measurements 7 |
As shown In’ I'-'iuure 4-2; the preamplifier, amplifier, pulse’ oenerator oeellloecope, and a wide-band
_rms voltmeter such as the Hewlett-Packard 400D are required for this measurement. Connect a
suitsble capacitor to the input to slrnulete the detector cepeciterlce deerrecl To ‘obtain the resolu-
tion spread due to amplifier noise:
M Mnalre the rms noise voltage (Ermg! at the ampllfler output.

{2) “Turn on the ORTEC 419 mercury relay pulse génerator and adjust the puilser output to any
convenlent readable voltage, Eo. as determined by the oscilloscape. -

(3) The full width st half maximum (fwhm} resolution spread due to emplrfler noise is then

2 68 Erms Edial

N (fwhm) 2
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Figure 4-2. System For Noise and Resolution. Measurements

where Egjg| is the pulser dial reading in MeV and the factor 2,66 is the correction factor
for rms to fwhm (2.35) and noise to rms meter correction (1.13) for average-indicating
voltmeters such as the Hewlett-Packard 400D. A true rms voltmeter does not require the
latter correction factor.

The resolution spread will depend upon the total input capacitance, since the capacitance de-
grades the signal-to-noise ratio much faster than the noise. A typical resolution spread versus
external input capacitance for the ORTEC 120 Preamp and the 4b0 Amplifier are shown in
Figure 4-3. .

4.6.3 Detector Noise Resolution Measurements

The same measurement described in Section 4.6.2 can be made with a biased detector instead
of the external capacitor used to simulate the detector capacitance. The resolution spread will
be larger because the detector contributes both noise and capacitance to the input. The detector -
noise resolution spread can ba isolated from the amplifier noise spread if the detector capacity
is known, since. .

Ndet® + Namp® = Ntotal®

where Niota is the total resolution spread and Namp is the amplifier resolution spread with the’
detector replaced by its equivalent capacitance.

The detector noise tends 1o increase with bias voltage, but the detector capacitance decreases, thus
reducing the resolution spread. The overall resolution spread will depend upon which effect is
dominant. Figure 4-4 shows curves of typical total noise resolution spraad versus bias voltage, using
the data from several ORTEC silicon semiconductor radiation detectors, '




4.6.4 Amplifier Noise and Resolution Measurements Using a Pulse Height Analyzer

Probably the most convenient method of making resolution measurements is with a pulse height
analyzer as shown by _the setup illustrated in Figure 4-5,

The amplifier noise resolution spread can be measured directly with a pulse height énalyzer and the
mercury pulser as follows:

{1) Select the energy of interest with an- ORTEC 419 Pulse Generator, and set the Active
Fitter Amplifier and Biased Amplifier GAIN and BIAS LEVEL controls so that the energy
is in a convenient channel of the analyzer,

(2} Calibrate the analyzer in keV per channel, using the pulser {full scale on the pulser dial is
10 MeV when calibrated as described in Section 4.6.1).

{3) The amplifier noise resolution spread can then ‘be obtained by measuring the full width at
half maximum of the puiser spectrum.

The detector noise resolution spread for agiven detector bias can be determlned in the same manner
by connecting a detector to the preamplifier input. The amplifier noise resolution spread must be
subtracted as described in Section 4.6.3. The detector noise will vary with detector size, bias con-
ditions, and possibly with ambient conditions.

4.8.5 Current-Voltage Measurements for Silicon and Germanium Detectors

The amplifier system is not directly involved in semiconductor detector current-voltage measure-
ments, but the amplifier serves well to permit noise-monitoring during the setup. The detector
noise measurement is a mora sensitive method of determining the maximum detector voitage
which shouid be used, because the noise increases more rapidly than the reverse current at the
onset of detector breakdown. Make this measurement in the absence of a source.
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Figure 4-6 shows the setup required for current-voltage measurements. The ORTEC 428 Bias
Supply is used as the voltage source. Bias voltage shouid be applied slowly and reduced when noise
increases rapidly as a function of applied bias. Figure 4-7 shows several typical current-voltage
curves for ORTEC silicon detectors.

When it is possible to float the microsmmeter at the detector bias voltage, the alternate methad
of detector current measurement shown by the dashed lines in Figure 4-6 is preferable. The.de-
tector is grounded as in normal operation and the voltmeter is connected to the current
monitoring jack on the 428 Detector Bias Supply.

4.6.6 Recommended Method for Preamp-Main Amp Gain Adjustments as a Function of Input

Particle Energy

With the input energy at a constant, or maximum, known valus, the total system gain of the
preamp and main amplifier can be adjusted to an optimum value by utilizing the following
general considerations:: :

(1} The primary design criterion for the preamp is best signal-tc-noise ratio at the output;
therefore, the preamp should be operated with the gain switch in its maximum gain posi-
tion. This will result in the best signal-to-noise ratio available, and at the same time the
absolute voltage amplitude of the preamp signal will be maximized. .

{2)  Since the fine gain control of the 450 is an attenuator it should be set to as near maximum
as possible by manipulation of the coarse gain. ‘

{3)  The unipolar output range should be set to the input range of the analyzer.

4.7 Operation in Spectroscopy Systems®

4.7.1 High-Resolution Alpha-Particle Spectroscopy System

The block diagram of a high resolution spectroscopy system for measuring natural alpha-particle
radiation is shown in Figure 4-8. Since naturat alpha-particle radiation only occurs above several
MeV, an ORTEC 444 Biased Amplifier is used to suppress the unused portion of the spectrum,

Alpha particle resolution is obtained in the following manner:

{1}  Using maximum preamplifier gain, medium amplifier gain, and minimum biased amplifier
gain and bias level, accumulate the alpha peak in the multichannel analyzer,

{2} Slowly increase the bias level and biased amplifier gain until the alpha peak is spread over
5 10 10 channels and the minimum to maximum energy range desired corresponds to the
first and last channels of the analyzer.

(3} Calibrate the analyzer in keV per channel using the pulser and the known energy of the
alpha peak (see Section 4.6.1), or 2 known energy alpha peaks.

{(4)  The resolution can be obtained by measuring the fult width at haif maximum of the alpha
peak in channels and conwerting to keV.

4.7.2 High Resolution Gamma Spectroscopy System

A high resolution gamma system block diagram is shown in Figure 4-8. Although a biased amplifier
is not shown (a larger channel analyzer being preferred), it can be used if only a smaller channel
analyzer is available and only higher energies are of interest.

When using lithium drifted germanium detectors cooled by a liquid nitrogen cryostat, it is possible
to obtain resolutions from about 1 keV fwhm up {depending on the energy of the incident
radiation and the size and quality of the detector). Reasonable care is required to obtain such
results, Some guide lines for obtaining optimum resolution dre: : o '

*Also See ORTEC Lab Manual A", Second Edition.



{1) Keep interconnection capacities between the detector and preamplifier to an absolute
minimum {no cables).
(2) Keep humidity low near the detector-preamphfler junction,
{3} Operate in amplifier and prearhplifier gain regions which provide the best signal-to-noise ratio.
(4) Operate at the highest allowable detector bias to keep the input capacny low.
-(B) Select the time constants for optimum signal-to-noise ratio.

4.7.3 Scintillation Counter Gamma Spectroscopy Systems

The ORTEC 450 can be used in scintillation counter spectroscopy systems as shown in Figure 4-10. :

The amplifier clipping time constants should be selected in the region of 0.5 to 1.0usec for Nal or
plastic scintillators. For scintiflators having longer decay times, the time constants may be changed.

4.7.4 X-Ray Spectroscopy Using Proportional Counters

Space charge effects in proportional counters operated at high gas amplification tend to degrade
the resolution capabilities drastically at X-ray energies, even at relatively low counting rates. By
using a high gain, low noise amplifying system and lower gas amplification, these effects can be
reduced and a considerable improvement in resolution can be obtained. The block diagram in
Figure 4-11 shows a system of this type. Analysis can be accomplished by simultaneous ac-
quisition of all data on a multichannel analyzer or counting a region of interest in a single channel
analyzer window with a scaler and timer or counting rate meter.

4.8 Unlpolar Output Ranges

4.9

The operation of the 450 in the system is quite straightforward. The OUTPUT RANGE SWITCH
selects the span of the output voltage to be -3V, 6V, or 10V for the Unipolar Output. This
allows a matching to all ADC inputs. On some ADC’s the input has a zero offset adjust, which
feeds a dc level on to the input in the normally operating ac-coupled mode; however, when the
direct access is used, this dc offset adjust is to some degree disabled by the cutput impedance of
the driving amplifier (in this case, the 450 which controls the amount of that dc.voltage). For
this reason, the 450 provides a wide range of output dc level adjustment. This voitage level may be
adjusted by R91 (DC ADJ.) to be either positive or nagative up to 10% of full scale.

Baseline Restorer (BLRI‘.

4.9.1 BLR Function

The BLR rate switch {S7) Has four positions, OUT, LO, MED, HI, and selects the rate of dc
restoration. The OUT mode is used in those instances whera the count rate is moderate and best
energy resolution (least noise width contribution) is required. The restore modes provide a select-

able restoration rate and therefore a very much higher count rate capability for the same amount

of pile-up distortion. The restorer should be used whenever high count rates (approximately

5-10 kets/sec) are to be encountered. The BLR switch $7 determines the restore capacitor which '

allows optimum restoration at all count rates. In the OUT position, the BLR is bypassed.
49.2 BLR In a System

Normaily, the 450 should be connected into the analysis system as the last function performed
prior to pulse height analysis. If there is a nonlinear elament such as a biased amplifier in the
system and that biased amplifier does not contain a dc restoration circuit, then it is necessary to
dc-couple the nonlinear element up to the nonlinear bias point and also dc restore prior to it in
order to obtain good pulse height resolution. Cf course, this means that if the output of that
nonlinear element is again ac-coupled, it is necessary to again dc restore before entrance of the
pulse height analysis system, e.g., multichannel analyzer, if the best pulse height resolution versus
count rate is to be obtained. These precautions are not necessary with the ORTEC 444 Biased
Amplifier at moderate rates, since it contains a dc restoration circuit ...

Figure 4-12 is a series of four graphs showing resolution vs count rate for different time constant
settings. These data were obtained with a specific detector and preamplifier, together with the
ORTEC 450 Amplifier, and cannot be sxpected to apply directly to other systems. The graphs
are included for use as relative guidelines, to aid in optimizing the settings of the BLR circuits in a
specific application. No pile-up inspection was used.
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Of course it is necessary that the pulse height analysis system be dc-coupled following the dc
restorer.

Some of the analog to digital converters associated with multichannel analyzers are not de-coupled
at their normal input and contain no method of dc restoration; however, some of these analyzers
do allow direct access to their linsar gate circuitry in the so-called Massbauer analysis mode. Other
ADC's have a bullt-in dc restorer capable of restoring the long time constant associated with the
ac-coupling capacitor in the ADC prior to the dc restorer point. In these cases, one may obtain
reasonably high count rate, i.e., in the order of 10,000 to 15,000 counts per second, of high
resolution data by dc restoration externally and coupling direct into the ADC in the normal mode.
This means that there are two steps of dc restoration. |f, however, very high count rates are to be
encountered, one should assure de-coupling in these ADC’s as well and dc restore externally by
means of the 450.

There are many ADC's in use in nuclear research and the varisty of input requirements is almost
as broad as the variety of ADC's used. Below are listed some specified ADC's and block diagrams
outlining methods of connecting the 450 into the system in such a way that it may perform its
function and supply an analysis signal to the ADC through a de-coupled network. Note that
in some cases it is necessary to feed two signals to the ADC. One of these, which is the de-coupled
signal to be analyzed, goes directly to the gate circuit, while the second signal goes to the normal
input and is used merely as a trigger signal to initiate analysis since some of the ADC's pickoff
the trigger signal to initiate analysis from the normal, i.e., 0-10V, input.

4.10 Typical Systém- Block Diagrams (Figure 4-13 through 4-16)

4.1

This section contains block diagrams illustrating how the 450 and other ORTEC 400 Series modules can
be used in experimental setups.

Methods of Connection to Various Analyzers

Below is listed a number of various manufacturers of multichannel analyzers along with the manufac-
turers recommended method of de-coupling of specific ADC's. Figure 4-17 applies where no trigger is -
needed, and Figure 4-18 applies where an external trigger is indicated. If information in excess of that
given is necessary, contact the analyzer manufacturers for further details.

RIDL {(NUCLEAR-CHICAGQC} Models 34-12B, 34-27, 22-Series

PACKARD INSTRUMENTS

INTERTECHNIQUE

Direct access available through the dc or MOssbauer input (trigger required).

NORTHERN SCIENTIFIC

Direct access available on all models {no trigger required).

NUCLEAR DATA

ADC Direct Input Trigger
Model Volts Modification Condition
ND-120 -3 Short out 0.01uF None Req.
ND-130 -3 capacitor on ADC
board, baseof T - 1
ND-110 -25 None (use Mdssbauer None Req.
Input)
ND-180F -3 ' None (use Direct) None Req.
ND-161F -3 Short out 0.018uF None Req.
capacitor on ADC

board, base of T - 1
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ADC Direct Input - Trigger
Model Volts _ Modification Condition
‘ND-2200 0-6 Shori out capacitor “No trigger -
' (Offset Baseline) 00D8 on ATC board réquired if
C operated in
_ open gate
ND-3300 + 10 . ) Short out 0.01uF Trigger
. : - capacitor on ALG required
board -

D. TMC ANALYZER AND ADC DIRECT INPUT REQUIREMENTS

Modsl No. _ Signal Required 7 Modifications
| 102 Analyzer . 0 to -4 volts Yes {1
230  Oto+8volts Yes (2}
401D Analyzer 0 to -4 volts Yes {1)
404C Analyzer o 0 to -4 volts _ Yes {1)
481 ADC 0 to -8 volts No
1001 Analyzer 0 to -4 volts . Ye  (3)
1004 Amlyi& Oto -.4 vbhs _ Yes {t)
1010 Analyzer . Oto-4vohts - Yes  (3)
217B ADC _ Oto-4volts - Yes  (3)

(1) Add signal input and trigger input for Linear Gate
{2) Add signal input and special trigger input
{3) Add signal input to Linear Gate circuit

E. TULLAMORE (Victoreen) signal 0'to +10V

Model No. Modification - Trigger DC Level

PIP-400 | Short C-203 None C ~+16V
SCIPP Series Short C-403 None ~+1.6V
ICADC - None - None ~QV

AL
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" Signal
{Positive or Negative)

ORTEC
R | 430 3 Pos. or Neg.
¥ Amplifior.. |
Direct Input
200334 SR | :
Shaping Amplifier
With Baseline Restorer
Figure 4-17. Analyzer Connection With l\!o Trigger Required
Signal -
(Positive or Negative)
Prompt
or Delayed D.C. or
il | Pos. or Neg. Mossbauer
450 - .
_ , {. - Unipolar Input A ﬂ c
Amplifier I
: p" st Normal
200335 input. _
Fast Bipolar
Output

Figure 4-18. Analyzer Connection When Trigger Is Requirad




6.. CIRCUIT DESCRIPTION

5.1

5.2

6.3

Ganeral Block Diagram

The 450 contains 9 feedback operaticnal amplifiers grouped in two sections. Section A {Figure 5-1} is
the fast wide-band and high gain section; Section B (Figure 5-2} is the signal conditioning section.

Section A

The signal inputs are selected for mode and polarity by the input Mode switch 51 and presented to the
first amplifier (1) which has a wide-band gain of 3.

In order to maintain zero differential gain from these inputs, i.e., high common mode rejection,®*
there is a differential balance control (BAL) {R2} provided on the front panel. The signal is then

" presented to the first differentiation (C5, R9, 7 = luséc} which incorporates a front panel pola zero
cancsl control (PZ ADJ.} R7.2 See theory Section 1.3.

Stage 2 is a wide-band amplification stage with feedback gain adjustable from 1 to 10, using the Coarse
Gain control S3A. The output of 2 is presented to the Fine Gain attenuator R18, which .is a precision

- 10-turn potentiometer with an attenuation range of 1 to 0.33 calibrated on the front panel as 1.5 to 0.5,

The output of the Fine Gain control is fed to amplification stage 3 which, like 2, is 2 wide-band ampli-
fier with a feedback gain adjustable from 1-10 using Coarse Gain control S3B. The output of stage 3 is
fanned out both to 5S4 and through a 0.Susec differentiating network (C17, R27) to form the Fast
Bipolar Output. Stage 4 then amplifies this signal by a gain of 1 1o 10 using Coarse Gain $3C and this

. output is presented to the front and rear panel BNC's as the Fast Bipolar Output. Stage 4 is protected

from shorts and excessive duty cycle by Q1 and Q2.

Stages 1 through 4 have variable feedback capacitors to optimize the risetime of the Fast Bipolar Out
put. The total gain of Section A from input to Fast output is 2.5 to 3000. Section A is converted into a
universal wide-band amplifier when S4C and S4D are closed by setting Differentiate switch 54 to the
Qut position.

Provisions are made on the circuit hoard to insert a larger differentiate capacitor in paralle! with C17
if a longer time to crossover of the Fast Bipolar Output is desired (C17a).

Section B

" The output of stage 3 is fed to the first selectable Differentiate switch S4A, which has a range of 0.1 to

10usec and Qut in 10 steps. This output is then coupled into stage 5 which has a special integrating fiiter
to raplace the original differentiation introduced. after stage T by R9, C5. Thus, the output of stage
& has transformed the 1usec differentiation time constant to a new differentiation time constant se-
lected by S4. The output of stage 5 is than presented to the Integration section. The active filter
Integration is selectable for time constants of 0.1 to 10usec and Qut in 10 steps by the front panel
Integrate selector S5. Stage 6 is the amplifier which provides the filter gain. This output.thien goes to
the Coarse. Gain control 3D which has a gain range of 1-10 in conjunction with stage 7. (See theory
Section 1.4). Stage 7 is the second active filter amplifier with the time constant selécted by the Integrate
selector switch §5. The output of stage 7 has been complately amplified and shaped and is conditioned
for an acceptable output. Stage 7's output is fanned out 3 ways. One is presented to the BASELINE
RESTORE RATE switch S7 {(BLR) which has a restore rate range of Out, Lo, Med, and High.

This output then goes through or around the baseline restorer circuit Q7-Q13.! This output theri goes to
the rear panel output Delay switch S9, which determines whether the signal is to be delayed or not. This

.- signal then goes to the Unipolar Output Range switch S8, which selects the polarity and gain of the

unipolar output driver stage 8. Stage 8 is protected from short circuits and excessive duty cycle by
Q3and Q4.

The output of stage 7 also goes to the second selectable Differentiate through the Differentiate switch
S4B to form the bipolar pulse, which is then amplified by stage 9 and presented to the Bipolar cutput
connectors. Stage 9 is protected from short circuits and excessive duty cycie by Q5 and Q6.
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The output of stage 7 is also connected to the DC Stabilization Amplifier Q14-Q18, which is used to
correct for baseline shift at the output of stage 7 due to pileup, count rate effects, temperature, etc.

This permits the Unipolar output to be completely DC-coupled and still maintain a very high degree of
DC stability. .

GAIN CRITERIA

In any amplifier or amplifier series, any error introduced within the amplifier, such as thermal or pickup
noise, is reduced by the amplification preceding: this error point when the error is referred back to an
equivalent input error. Therefore, for minimum induced error to the signal, it is imperative that for any
given gain most of the gain should be accomplished early in the amplifier,

In the 460 this criterion is followed by designing the Coarse Gain.selector switch $3 so as to decrease
the latter gain (stages 4 and 7) first {positions 2000, 1000, 500, and 200); then to decrease the gain of
the intermediate stage 3 on pasitions 100 and BO; and lastly to reduce the gain on the first gain stage 2 on
positions 20, 10, and 5. Thus, as the amplifier gain is increased by the Coarse Gain selector switch, it is
increased early in the amplifier first.

54 ORTEC Operational Amplifier Concept
The ORTEC operational Amplifier is a low noise, differential input, wid_e-band, high performance device
which hasuniversal applications by use of proper feedback. It is.encapsulated to insure good temperature
stability and to make it immune to shock, vibration and humidity.
The internal components are of high quality and are operated well below design maximums to insure
long-term reliability. In the rate event of a failure, the malfunctioning unit can be indéntified and replaced
quickly. . '
Té=ps Ve :
T=35-=ps k Td ™
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] o
Inputs £3
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Figure 5-1. 450 Block Diagram, Section A
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6. MAINTENANCE

8.1

6.2

83

“The OR“[E"C’ 450 Resesro

Test Equipment Required

The following test equipment should be used to adequatelv test. the speclflcations of the ORTEC 450

{n ORTEC 419 Precision Pulse Generator, or 448 Rasearch Pulsar
{2) Textronic Model 540 Series Oscitloscope with a Type-1A1 Plug-in or equwalent
{3) Hewlett-Packard 400D RMS Voltmeter

Pulser Modlfiutmm for Overiond Terts

_Ljﬁar imerpémn ‘& variabie pole-zero cancellation, factOry adjustod to
BOusec, and adjustable-from 36usec-to-BC:-Duiing Overioad Tests, the input from the pulser must have
a decay time which matches the pole-zera time adjusted in the 450. An ORTEC 448 Research Pulser
can provide a switch selection of the decay time to match the 450 pole-zero adjustment, When an
ORTEC 419 or 204 Pulse Generator is used to check overload, it must be modified as shown in

‘Figure 6-1, or the pole-zero cancellation reset to compensate for the fall time of the pulse generator

output, If the pulse output is fed into a charge sensitive preamp such as the ORTEC 100A or 118A,
through- a small capacitor to simulate the output of a semi-conductor detector, the decay time of the
pulser will cause an additional poie in the transform equation of the preamplifier output, and this
additional pole will degrade any overlcad measuraments. To eliminate the extra pole the pulser must be

- -pole-zero cancelled as shown in Figure 6-2.

Pulser Tests and Cniibmion

6.3.1 Amplltude Matchmg

Set the pulser output for positiva puises and connect the equipment as shown in Fugure 6-1.
Observe both the Unipo%ar and Bipolar output pulses with the oscilloscope, and adjust the ampii-
fier gain and pulse amplitude for 10 volt output pulses from the amplifier. With Coarss Gain at
2000 and readjust for a 10 volt amplifier output, observe both outputs for all shaping modes,
using the Integrate and Differentiate switches to select various equal Shaping Time Conatants. The

- output amplitude should not vary more than approximately 5% for any shaping mode. Turn
both the Integrate and Differentiate switches to the lusac Time Conmnt pmition for: the
following tests.

6.3.2 Gain Switching Accuracy

With Coarse Gain at 2000, adjust for a 10 volt output. Decresse the Coarse Gain switch settings
through its successively lower positions and observe the relative amplification at each step, The
gain variation should reflect the steps from X2000 to X1000, 500, 200, 100, B0, 20, 10, and 5, in
measurenvent of the peak output amplitudes of the 450 within 5%.

8.3.3 Fine Gain Range

Readi(m the Coarse Gain switch and the lnpﬁi émplltude for approximately b volts at the 450
__output, with the Fine Gain control set at 1000 disl divisions {for a factor of 1.0}. Adjust the Fine
Gain control through its range of 500 to 1600 dial dlvisions and ohserve the changes in output

amplitude. This range should corraspond to 8 range of factors from 0.6 throuah 1.6 (2B8V 10
7 BV 1 %) , \ ,

" 6.3.4 Overload Capability

Set the Coarse Gain at 2000 and_the Fine Gain at 1.5 for maximum gain. Adjust the puiser output
to obtairi a. 10 volt output from the 460. Increase the pulser output amplitude by X600, and
observe that the output of the 450 returns to the baseline in less than 2.6 timas the nonover-
loaded pulse width, The pulser decay time must match the 450 poln-zero adjustment {see Section
8.2) in order to pérform this test, An ‘external raference sourcé to the pylser may be. required to
obtdln ‘the amplitude of a4 X500 overiced for its output. It a square wive gonerstor is available,

with a Smsec width output pulse, this may be used mstead of the pulser for the amplifier input.
Slight adjustment of PZ trim may be necessary. :
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Figure 6-1. Pulser Modification for Overload Tests
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Figure 6-2. Pole-Zero Conhection for a Pulse Generator

6.3.5 Common Mode Noise Rejection

Connect the pulse generator output to both the Normal and Differential inputs of the 450, With
the Input Mode switch of the 450 at Normal Pos or Normal Neg, matching the pulse generator
output polarity, and with the 450 Coarse and Fine Gain controls set normally for system applica-
tion, adjust the pulse generator output amplitude for a 10 volt output from the 4560. Next, switch
the Input Mode selector of the 460 to the Differential position for the same input polarity. as
used for Normal, above. The amplifier output can now be reduced to a minimum amplitude
with the Bal. control on the 450 front panel, and should be less than 100mV from bassline to
peak for proper common mode noise rejection.

6.3.6 Linearity

The integral nonlinearity can be measured by the technique shown in Figure 6-3. In effect, the
negative puiser output is subtracted from the positive amplifier output causing a null point which
can be measured with high sensitivity. The pulser amplitude must be varied between 0 and 10 volts
{using-an external voitage source for the pulser, except for ORTEC 448) and the amplifier gain and
pulser attenuator must be adjusted to give zero voltage at the null point with a 10-volt output. The
variation in the null point as the pulser is varied from 10 volts to zero is a measure of the nonlinearity.
Since the subtraction network also acts as a voltage divider, this variation must be.|less than: {10V Full
Scale) x (£.05% Max Nonlingarity) x {% forDivider Network) = +2.5mV Max Null Point
Variation.

6.3.7 Qutput Loading

With the same setup as in Section 6.3.6, adjust the amplifier output to 8 volts and observe fhe null
point change when the output is terminated in 100 ohms. The change sheuld be less thgn 50mV.

6.3.8 Noise

Set the gain of the 450 to maximum. Measure the noise at the amplifier ouiput at maximum
amplifier gain using the RMS voltmeter for single and double clipping. The noise should be less
than: - ‘ ‘

3.5uV x 3000 gain x 1.13 = 12mV for Unipolar cutput Jusec T = 7
SuV x 3000 gain x 1.13 = 17mV for Bipolar output oM i 'd

The 1.13 is a correction factor for the average reading voltmeter and would not be required for a
true rms voltmeter. Both inputs must be terminated in 100 ohms for this measurement.



639 Counting Rate Changes

Resolution spread and amplitude changes with counting rate can be measured with the setup
shown in Figure 6-4. Pulser puises are mixed at the amplifier input with preamplifier (must =
contain only one pole for best results) pulses from a ! 37 Cs source and the delayed mixed output
is fod to a 426 Linear Gate. A.421 Integral Discriminator and a 416A Gate and’ DelayGenerator
are used to open the linear gate at the proper time to accept a shaped pulser pulsa from the.ampli-
fier detayed output The pulser amplitude is adjusted to be near channel 400 in the pulse height
analvzor ‘and the '37Cs source peak should be about 20% (80 channsls) below the.puiser peak, -
The 37 Cs source position is changed until the counting rate as measured by the scaler and timer

. is approximately 50,000 ctsfsec Two spectra are thien aocumulated one with the '37Cs source
present and one with the ! Cs source removed.
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Figure 6-4. System for Measuring Resolution Spread and Amplitude Changes With Counting Rate

6.3.10 Troubleshooting

As shown in the block diagrams, Figure 5-1 and 5-2, the ORTEC 460 consists of a series of
nine similar operationa] amplifiers. The dc operating potentials for these op-amps are all
similar, as shown on the voltage chart, Figure 6-5. Proper sequential pulse shaping and gain, for
Iogncal stage-by-stage truubisshaotmg, are shown in the waveforms in Figure 6.6,

“To locate a faulty opérational arnpllf' or stage in the 450, apply an input pulse as described in
Section 6.1, with power connected to the 450. Check the powsr supply voltages on both the A
and B boards. and then procud to a stage-by-stage examination of the waveforms according to .
Flg\.lre 6-6. g ‘

; CAUTION

Be careful to prevent shorting any ad}acant pms wlth the probo tip whan checking the
operatlonal amptlfinrs for sither’ Vvaveforms oF voltagus

Proceed sequontlally through ths ampllfler until the f:rst m:age i Iocatad whm there is eithar
o output or a distorted outpat. Check for proper voltage at sach of the- pins. of the stage
where the trouble is indicated. If the voltages are not according to Figura 8-5, trace each circuit
‘outside the stage to find the faulty part(s). If thess parts are correct, the operational arnplifier
stage may be replaced with a new one. ‘

" With a signal present, pins 10 and 14 are thé contacts whate the output from thestagecanbe ~ - °
observed. H the pulse amplituda at thess plns goes to-£12 volts (saturation), the level atpin 7 is -
expected to follow to a fraction ‘this ~signal level with thn same polerity. If this does not
oceur, this indicates that ‘the-feadbéck loop of the op-dmp-should: be-examined for-open resist-
ors or poor connections. Note that the feedback loop for stage. b is furmshed bv the DC
Stabilizer Ampllfinr, Q14-Q18. '
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Troubleshooting Feedback Loop, Stages 5 through 7 ancl DC Stabilizer

If the output from stages B, 6, or 7 is distorted or noisy, or if it has a dc offset, use the
following procedure:

{1} Remove R117 (10K} from the circuit board.
{2) Add approkimately 4.7 megohms of resistance between pin 10 and pin 7 of stage 5.

"{3) Add a 2.2K resistor from the collector of Q15 to the base of Q1BB; in paraliel with
C108.

Stages 5, 6, and 7 are now independent feedback amplifiers, and may be checked individually.
The non-overloaded pulse performance of the total amplifier should be normal.

Afta_r the test is complete, or the trouble has been eliminated, restore the original circuit,

8 9
7
. ‘ 10
6 Operational Amplifier :
, 5 Pin Numbers 1"
4 Viewed from Pin Side 1é
3
13
2
1 14
Pin # _ Ndrmal Voltage
1 +24V, Supply
2 Ground ' )
3 +13V (Collector of input Transistor Q2)
4 OV. (Non-Inverting Input, Base Input Transistor Q2)
5 -0.6V (Emitter of Input Transistor (2)
6 -0.8V (Emitter of Input Transistor Q1)
7 OV _(Inverting Input, Base input Transistor Q1)
8 -0.8V (Coltector of Q11, Current Source for Input Differential Pair Q1 and Q2)
9 =24V, Supply
10 OV (*) Output _
1 +12V {except +13V from protection circuit for stages 4, 8, and 9)
12 Ground
13 -12V (except -13V. from protection circuit for stages 4, 8, and 9)
14 ov {*) 0utput Stage Drive Point (same signal as Pin 10 but at very high mpodance)

{(*) For Qutput Driver Stage 8 onlv, the setting of DC ADJ. contrql R24 can result ina baselme
offset as great as +1.0V dc. :
Stage 3 output may be as high as +150mV.

Figure 6-5. Operational Amplifier Pin Voltages
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BIN/MODULE CONNECTOR PIN ASSIGNMENTS
FOR AEC STANDARD NUCLEAR INSTRUMENT MODULES

PER TID-20893
Pin Function Pin Function
1 +3 volts 23 Reserved
2 -3 volts 24 Reserved
3 Spare Bus 25 Resarved
4 Reserved Bus 26 Spare
5 Coaxial 27 Spare
6 Coaxiat *28 +24 volts
7 Coaxial *29 - 24 volts
8 200 voits dc 30 Spare Bus
9 Spare 31 Carry No. 2
*10 +8 volits 32 Spare
*11 -8 volts *33 115 volts ac (Hot)
12 Reserved Bus *34 Power Return Ground
13 Carry No. 1 36 Reset
14 Spare 36 Gate
15 Reserved 37 Spare
*16 +12 volts 38 Coaxial
47 - 12 voits 39 Coaxial
18 Spare Bus 40 Coaxial
19 Reserved Bus - *41 115 volts ac (Neut.}
20 Spare _ *42 High Quality Ground
-1 Spare ' G Ground Guide Pin
22 Reserved '

*These pins are installed and wired In peraliel in the ORTEC 4G1A Modular System Bin.



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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