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SeCtlon1 .
Introduction

Functionally, the Model 2020 provides in a double width
NIM ‘module, an ‘exceptiona! ‘spectroscopy: amplifier, a

gated, active baseline-restorer-a pulse pileup rejectorand-

a live-time cofrector. The amplifier's:iexcellent dc stabitity,
ultra’low noise, broad gain-range and wide choice of shap-
ing time-constants makes it ideally suited for applications

invelving ‘Germanium, Silicon; Scintillation; Gas Propor~

'.tlonal and Surface Barrier detectors.

'Canberra s near-Gaussian filter shaping has been refined
in the Model 2020 for improved pulse symmetry, minimum
sensitivity of cutput amplitude to variations in detectorrise
time, and maximum signal-to-noise ratio. For a given
- shaping-time constant, the improved pulse symmetry mini-
mizes the pulse dwell-time by tucking in the trailing skirt of
the unipolar pulse shape. This allows a faster return to the
baseline. The result is superior energy resclution, count
rate and throughput performance. Unipolar shaping is
achieved with one differentiator and two active filter inte-
grators. The differentiator is placed early in the amplifier tc
insure good overload recovery, The integratorsare placed
late to minimize noise contribution from the gain stages.
The amplifier offers 12 front panel switch selectable pulse
SHAPING time constants of 0.25,0.5, 1, 15,2, 3,4,5.6, 8,
10, and 12 usec, and allows optimum resclution/count rate
-performance. A front panel adjustable pole/zero can be
user trimmed to match the preamp fall-time constant and
minimize undershoot fotlowing the first differentiator for
improved overload and count-rate performance.

Simultaneous UNIPOLAR and BIPOLAR outputs-are
.available at both front and rear panel BNC connectors. The
unipolar output includes a baseline restorer which samptes
the output signzal and maintains the baseline at reference
ground. The baseline restorer allows the unipolar output to
appear dc coupled by imposing the unipolar output signal
on a corrected dc tevel, 0 £ 5 mV dc. Thus, to realize best
spectroscopy performance, the UNIPOLAR cutput should
always be used when interfacing to'dc coupied ADCs. The
BIPOLAR output is normally used for crossover.timing
applications. To obtain the proper UNIPOLAR/BIPOLAR
crossover timing relationship, used with coincidence tim-
ing systems a2 usecoroptiona! 4 ysec UNIPOLAR output
delay is provided, jumper selectable.
-

The gated dc restorer offers automatic features on both the
restorer threshold and restorer rate, assuring the besi pos-
sible fow and high count-rate performance. Ampiifier per-
- formanceis very much dependent on the restorer rate and
thresholg settings. The Model 2020 includes circuitry
which automatically and continuously samples the ampli-
fier output noise and countrate, and automatically sets the
respective restorer threshold and rate with precision for
optimum performance. The restorer is also flexible. The
discriminating researcher can override the automatic re-

storer features. Setting the RESTORER RATE &nd
THRESHOLD switches to.theirmanual positions, High and
VARiable respectively, allows manual operatjon of the re-
storer.. A .front.panei.LED is. provided as a user ‘aid for
settlng the restorer.threshold manually.

The fiembn!rty of. the restorer is further enhanced by provid-

ing 8YMmetrical.or ASYMmetrical restorer selection. The

symmetrical restorer mode is used for detector systems
which exhibit basetine discontinuities resulting from
excessive noise and/or high-voltage effects, preamp reset
pulses and preamp secondary time-constants. The asym-

“metrical restorer mode virtually eliminates charge accumu-

iation and correlated noise on the restorer holding capaci-
tor, This restorer mode is especiaily suited for use with
high resolution detector systems that exhibit minimal
baseline discontinuities and whose signals have a clean
monotonic return to the baseline. The result is superior
reso!utron/count rate performance when compared to
more conventional metheds.

The internal live time correcter and pileup rejector pro-
vidésthe capability of quantitative gamma spectrum analy-
sis nearly independent of system count rate, By connect-
ing the ADC's Linear Gate (1.G) sigral to the Model 2020
and connecting the Model 2020°'s REJECT and Dead Time
(DT) signalstothe ADC and live timer, the Mode!} 2020 and
associated ADC together perform pileup rejection and five
time.correction. During the amplifier and ADC processing
time, the Model 2020 inspects for pileup and permits the

ADC 1o convértonly those detector signais resulting from

a single energy event. Tc compensate for pulses rejected,
amplifier and ADC dead times, a system dead time is gen-
erated by the live time correction function. The system
dead time is the composite dead time of the ADC and
Model 2020, extending the collection time by the appro-
priate amount. A front pane! LED is provided as a user aid
for setting the PUR DISCriminator.

1.1 APPLICATIONS

This section is not intended to serve as a complete list of
applications.’It is intended to identify some of the impor-
tant features, and to indicate areas where they might be
applied.

The Mode! 202C Spectroscopy Amplifier's selection of
shaping-time ¢onstants allows it to be used in surface
barrier, proportional counter, Nal and Ge detector applica-
tions. The choice of shapings also allows the best possibie
performance by tailoring the system for the confiicting
requirement of optimum signai-to-noise ratio and high
count-rate performance. The excelient stability and low
noise contribution enhances the use of this amplifier in
most-applications.



1.1.1 High Count Rate Systems

Normal passive restorers fail at high rates simply because
.of increasing undershoet observed as the count rate goes
up. The gated restorer in the Model 2020 accumulates very
little signal charge on its holding capacitor, thus minimiz-
ing the undershoot following a series of piled up pulses.
This allows excellent resolution at high count-rates. Loss
of resolution athigh count rates is virtually non-existent if
the pileup rejector is _useg{.

1.1.2 Plleup Rejection/Live Time Correction System
Nuclear spectroscopy with high court rates can be made
more accurate by testing for pulse pileup and rejecting

contaminated pulses. Pulse pileup produces distortions in~

the higher ranges of the spectrum because successive

.shaped amphf;er pulses tend to merge, and cause aberra- -~ -
- tions in the premse amplltude of any single pulse as mea- -

REJECT

sured by the ADC. Since many spectra have higher count
rates at the lower energies, the pileup of these pulses
strongly affects the less intense higher energy counts-and
can result in significant errors. A pileup reject circuit pro-
vides substantial improvement to the spectrum.

I pulses are rejected from further analysis by the circuitry,
the system is “dead"” for some portion of tim: 2. 1t is custom-
ary to'correct for dead orbusy time in the .22, this dead

timeshouldalso be activated when a pileup reject circuitis
operated withthe ADC. The Model 2020 provides the capa- - ..

bility for: actwatlng the dead time signal when pileup
occurs

Typical.appfica'ti'ons are shOwn in Figure1.1and1.2foriwo
systems, with Ge and Nal(Tl) detectors.

ADC "
input ’
Ge Detector o 2020 gors . | DATA
1 Amplifier ADG . | - MCA
3105 SBystem Buﬁy (DT} :
High '
Voltage
Figure 1.1
Ge Detector and Exiernal ADC System
REJECT
ADC *
S Input o _
- - :
: e 20200 | . MCA
Nei '+ PMT 2007P --Amplifier .| - with
internal
A - ADC
\ .

3102
High
Voltage

System Busy (DT)

Figure 1.2
Nal({Ti) Detector and MCA System



Section 2.

Controls and Connectors

A complete understanding. of the purpose of the various

controls and connectors is essential for proper operation
of the Model 2020, and'itis recommended that this sectmn

be read before proceeding with module operat;on -

2.1 FRONT PANEL CONTROLS

- T=SUPER FINE GAIN

“tion of better than1 in
16.000 or- 0. 0083%.

FINE GAIN S
Fen-turn locking dla% o
precision potentiometer
selects variable gain fac-
tor of X0.3 to X1.3.

INPUT POLARITY
Two-position toggle
switch to set the Model -
2020 far the polarity of
the incoming preampli-

fier signal.
~] F

P/Z ...

Screwdnver ad;ust
potentiometer tc.opti-
mize Pole/Zero setting.

RESTORER RATE
Two-position toggle
switch to set the baseline
restorer rate (slew rate);
AUTO: the baseline re-
storer rate is automati-
cally optimized by inter~
nal circuitry as a function
of the unipolar output
signal duty cycle and
count rate; High: when
selected sets the base-
line restorer to a fixed
high rate.

RESTORER MODE

Two-position toggie
switch to select SYMmet-
rical or ASYMmetrical
basefine restorer modes.

THRESHOLD
AUTG/VAR
Two-position switch to
select the internal auto-
matic threshold cr the
user set variabte thresh-
old. LED indicatoris a

visual aid for setting VAR
threshold.

INPUT
Accepts positive or nega-
tive preamplifier pulses.

Reference Appendix A,
Specifications.

Figure 2.1
Front Panel Controls

COARSE GAIN
Six-position rotary
switch selects gain fac-
tors of X10, X30, X100,

X300, X‘IDOO al‘ld XSOGD. :

MULTIPLIER
Multiplies SHAPING
TIME setting by X1 or X2.*

SHAPING TIME
Six-position rotary
switch: provides basic
shaping time constants
of 0.25, 1, 1.5, 4, 5 and
€ psec.

PUR ON/OFF
Two-position switch o
enable or disable the
PUR/LTC.

PUR DISC

Screwdriver adjust
potentiometer to set the
PUR DI8Criminator
threshold level, LED
indicator is a visual aid
for setting DISC thresh-
old at optimum level.

BIPOLAR OUTPUT
Provides positive lobe
leading bipolar shaped
pulses. Reference
Appendix A,
Specifications,

UNIPOLAR QUTPUT
Provides positive near-
Gaussian pulses. Refer-
ence Appendix A,
Specifications.



2.2 REAR PANEL CONTROLS

INPUT
Paraliel connectad to
front panel INPUT;
accepts positive or nega-
tive preamplifier pulses.
Reference Appendix A,
Specifications.

UNIPOLAR OUTPUT
Parailel connected to
front panel UNIPOLAR

tive near-Gaussian -
pulses. Reference
Appendix A,
Specitications.

ICR .
Provides a positive true
logic sighal correspond-
ing to the PUR/LTC
ingoming count rate. —--

PREAMP POWER
Provides power for any
Canberra preamplifier.
Model 1708 Preamp

requires a special.cable. -

FUNCTION
Ground
Clean Gnd
+12V dc
- 24V .dc..

e
(= IEN o B U
=

L heaVids
_m1eMde

Fi'éure 2.2 .
‘Rear Panel Controls - -

OUTPUT, provides posi- N

Lo .
BIPOLAR OUTPUT
Parallel connectedto™ -
iront panel BIPOLAR .-
OUTRUT; provides posi--..
tive lobe leading bipolar
shaped pulses, Refer-
ence Appendix A,
Specifications: .-

PUR INHIBIT
Receives alogic puise
from pulsed optical
preamplifier. See Appen- -
dix A, Specifications. -

oT

Provides:a negative logic
signat to ADC!s Live ...
Timer for live time cor-
rection,:See.Appendix A,

Specifications.

PUR

Connecior for LG and
reject signais and com-
mon ground. Reference
Appendix A,
Specifications.




2.3 INTERNAL CONTROLS
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:-Secho'n 3.
Amplmer Operatlon

The purpose of 1h|s sectnon is to famlllaraze the user with
the operation oftheModel 2020 Ampln‘ner andtocheck that
the unit is functioning correctly. Since it is difficult to deter-

‘mine theexact system: conf:gurat;on in'whichthe 'modale

will ‘be ‘used; explicit-operating instruttions:cannot-be
given, However if the following procedures are carried out,

the userwill gain sufficient familiarity’ w;thth:s mstrument' -

to permn $ '

pe 'use m the system at hand

31 !NSTALLAT!ON

The Canberra Mode/ 2000 Bm and Power Supply, or other
binand power supply systems conforming to the mechani-
cal and electrical standards set by AEC Report TiD-20883
_ (rev) will.accommodate the Model 2020. The right side
cover of the two-width NIM module acts as a gulde for
_insertion of the instrument. The module is securedin place
“by turning the two front-pane! captive screws clockwise
untilfinger tight. It is recommended that the NIM bin power
.switch be OFF whenever the module is installed or
removed.

The Model 2020 can be safely operated where the ambient
air temperature is-between0°C:and +50°C (+120°F-max-
imum), Perforations in the top . and:bottomsides permit
cooling-air to cireulate:through the module: When ‘rack
mounted ‘along- with“other -heat generating -equipment,
adeqiate.clearance should-be provided:to allowfor suffi-

" cient air flow through both the perforated top and bottom
covers of the NIM bm

3.2 SPECTROSCOPY SYSTEM SETUP S
Figure 3.1 shows a typical gamma spectroscopy system :
Prior to instaltation, the internal-controls shouid be set1o
their desired positions. See Figure 2.3 for the locations of
the controls.

a. Jumper plugs J1 and J2 change the UNIPOLAR out-
put delay from the factory set OUT (Prompt mode) to
the IN (Delayed 2 pysec mode, or 4 ysec with option
2020-4). Jumper plugs J3 and J4 seiect the front
panel BIPOLAR and UNIPOLAR output impedance,



The output impedances can be changed from the
factory setting of <1 ohm to appreximately 83 ohms.

The rear panel UNIPOLAR and BIPOLAR outputs
have a fixed impedance of 93 ohms, series connected.

When using the front panel low impedance output,

short lengths of interconnecting coaxial cable need -

not be terminated. To prevent possible oscillations,
|0nger cable iengths should be terminated at the
receiving end in a-resistive load equal to the cabie
impedance (93 ohms for type RG-62 cable).

The 93 ohm output may be safely. used with RG-62
cable up to a few hundred feet. However, the 93 ohm
impedance is in series with the load impedance, and a

" 'decrease in the total signal range may occur. For
example, a 50% loss will result if the lcad impedance
is 83 ohms,

Another jumper plug (J7) is provided to select a Lin-
ear or Exponential restorer response. The Linear
response is optimum for the faster shaping-time con-
stants and their associated noise spectra. The siower
shaping-time constants produce noise spectra hav-
ing proportionately lower frequency components,
requiring a different restorer response. The Exponen-
tial respense is better suited to these shapings.

The Model 2020 is shipped with the restorer response
jumper plug in the tinear (L} response position, which
will give the best restorer response for shaping time
constants ot 0.25 through 4 us. These are the time
constants generally used with Coaxial Ge, propor-
tional counter, surface barrier, and scintiltation pho-
tomultiplier detectors.

The exponential (E) response will give the best re-
storer response for the 5 through 12 us shaping-time
constants. This time constant is most often used with
Planar Ge and Si{Li) detectors. The exponential
response may also be used with the other shaping
time constants without loss of resolution perfor-
mance, provided that the input count-rate remains
be ey 20 kcos

Addit:onaily there isa ]umper plug to invert the logic -

sense.ofthe pileup rejector'siincoming inhibit {INB}
signal {J5). and ‘another for-the output reject (REJ)

_ sighal {JB).Both are factory set for positive true logic. -

Either orboth may be set for negative true logic by the
operator,

‘bfinsert the’ Model 2020 into’ a standard ‘NIM bin. --

Preamp power is provided by means of a connector
located:on the rear pane! of the Model 2020 amplifier.
~ Aliow the total system to warm up and stabilize.

Y SOUF’CE

(_..- :
}_
PLe Ge 8075 | O
Detector ADC
]
?_:3,5 . Monitor
o ope
Supply l Seop

MCA

Figure 3.1
Typical Gamma Spectroscopy System

¢. Set the Model 2020 controls as irédicated below:

. SHAPING 3 psec
" COARSE GAIN ' 100
FINE GAIN 7.2
PUH ON/OFF OFF
S RESTORER MODE ASYM
RESTORER RATE AUTO

RESTOHER THHESHOLD AUTO

d. Use the Super Fme Gain Control when matching
gains of several detectors or when establishing aspe-

~-cific gain (energy per channel}. This control provides
100 -times more “resolution than the FINE GAIN
Control.

e. Set the INPUT POLARITY switch to match the output
polarity of the preamp (positive {(+) for a Canberra
Mode! 2001 Preamp). This will gwe approximately a

9V output when using a preamp gain of 100 mV/MeV o

and a *Co radloactrve source.

. Installa"Tee” connectoron the Modei 2020 UNIPO-':

LAR output. Connect one end to the ADC INPUT on
the Analyzer. The ADC must be direct coupled for
linearinput signalsto fully.exploit the rate capabilities

ofthe. Mode|2020 AirCanberraADCsare dccoupled _ ;'- .

a. Connect the other end of the “Tee connector to an- :

osmiloscope 10 momtor the UNIPOLAR output

' 3.3 SPECT: ')scopv PERFORMANCEADJUSTMENTS :

a. POLE “RO.usinga Ge Detector and a #Co source.
The b way to adjust the pole/zero is with the RE-
STORER MODE setto ASYM, RESTORER:RATE set.
to AUTO and HESTORER THRESHOLD setto AUTO




The pole/zero trim is extremely critical for good high

count-rate resolution performance. Adjust the radia-

tion-source count-rate between 2 kcps and 25 keps.

While observingthe UNIPOLAR output on the scope,

adjust the pole/zero so that the irailing edge of the

unipolar pulse returns to the baseline with no over-or
- undershoots.

Figure 3:2a showsthe correct setting of the P/Z con-
trol, with Figures 3.2b and 3.2¢ showing under- and
over-compensation for the preamplifier decay time-
constant. Notice some small amplitude signals with
long decay times in Figure 3.2a. These are due to
charge trapping in the detector and cannot be cor-
rected by the P/Z control.

NOTE

Athigh countrates, the P/Z adjustment is extremely critical
for maintaining‘good resolution and low peak shift. Fora
precise-and optimum setting of the P/Z, a scope vertical
sensitivity of 50 mV/div shouid be used.

Higher scope sensitivities can also be used, butresultina
less precise .P/Z adjustment. However, most scopes will
overload fora 10V input signal when the vertical sensitivity
is set'for 50 mV/cm. Overloading the scope input witl dis-
tort the signals’ recovery to the baseline. Thus the P/Z will
be incorrectly adjustéd: resultlng nn a loss of resolution at
high count rates. e

To pr_event overloading the scope, a ci'a"mping circuit, such
as Canberra Mode! L.LB1502, Schottky Clamp Box, should
be used.

b. Pole/Zero Adjustment Using a Sguare Wave and
Preamp Test Input
1. Driving the preamp test input with a square wave
will allow.a more precise adjustment of the ampli-
fier Pole/Zero.

2. The amplifier's COARSE GAIN, SHAPING, and
INPUT POLARITY controls should be set for the
intended application.

3. Adjust the square wave generator for a frequency
of apprommatelyf kHz '

4. Connect the square wave generator soutputtothe
Preamp’s TEST INPUT.

5. Remove all radioactive sources from the vicinity of
the detector.

6. Setthe scope's Channel 1 vertical sensitivity te 5
V/div, and adjust the main time base to 0.2 ms/div.
Manitor the Model 2020's UNIPOLAR output and
adjust the square wave generator'samplitude con-
trol (attenuator) for output signals for = 8 V.

NOTE: Both positive and negative unipolar pulses '

will be observed at the output.

7. Reduce the scope vertical sensitivity to 50 mV/div.

NOTE

When ad;ustmg the P/Z using the square wave technlque
the'talibrationsguare wave generated by the osciiloscope
canbe'used."Most scopes generate a 1 kHz square wave
used to calibrate the vertical:gain and probe compensa-
tion.-Connrect the scope CALIBRATION Output through
ari‘attenuator to the'préamp test inpit and repeat Section
3:3:bisteps through 8.

Figure 3.3a shows the correct setting o: the P/Z control.
Figures 3.3k and 3.3c show under and over compensation
forthe-preamplifier decay time constant. As illustrated in
Figure3:3a,the WUNIPOLAR output signat should have a
cleanireturnio the baseline with no bumps, overshoots or
undershoots.

C ‘Restorer Mode -
Thé‘baseline restorer in the Model 2020 is flexible in
that both the SYMmetrical and ASYMmetrical modes
are offered. In the SYMmetrical mode, the restoration
“eurrentsiareidentical for above-and below the base-
Aine Forthe ASYMmetricalmode the restorer current
“‘abovethe'baséline (referenced to a positive output),
is‘much less thdn that belowthe baseline.

“ The'ASYMmetrical restorer mode offers superior high
-countrate periormance for high resolution Ge spec-
“troscopy. The SYMmetrical mode is used on Ge sys-

tems with low quality preamps, scintillation and pro-
portional counting, and Si systems.

< The:BYMmetrical mode should always be used for
“ detector:systems which .exhibit baseline discontinui-
“tigsresulting from.excessive noise and/or high volt-
agereffects; preamp reset pulses and preamp secon-
srdarytime-constants.:Secondary .preamp fall .time
-+ gonstants resultin unipolaroutput undershoots mak-
o mg |t dlfflcuit to pole/zeroihe amp lifier.

d. Restorer Threshold
Normally,the restorer threshold will be set to AUTO.
The Model 2020's restorer circuitry will automatically
set the threshold to optimum point, just above the
system’s:naise level. The AUTO setting realizes best
" performancefor most conditions.

The user also has the option of setting the threshold
marually by changing the THRESHOLD switch to
VARiable. The gain and shaping should be selected
with pole/zerc properly set prior to VARiable thresh-
otd adjustment. Tc set the threshold properly, the
adjustment must be done with the system connected
as for normal use but with no radioactive source on or
in the vicinity of the detector.

The THRESHOLD DiSCriminator has a positive
range of 0 V to + 200 mV. The negative threshold is
fixed at -500 mV, referred to the UNIPOLAR output.
To adjust the DISCriminator, first set it to the 0 V
position {fully counterclockwise). The threshold
indicator LED should be fuily ililuminated.



Now increase the threshold by turning the control

= clockwise untilthe LED indicator begins to blink. The

:restorer: threshold -is now set properly for normal

- v.pperation;:On detector systems which exhibit exces-

+-ogivemicrophonics, therestorer threshold may haveto

=+ be'raised by an'additional amount. For this case, mon-

““itorthe-unipeolar outputbaseline. Set the VAR thresh-

old as low as possible without introducing basetine
:nstabl nty :

e Restorer F{ate

© UaNithithe restorer rate switch setio AUTO, the restorer
“is automatically set ‘for ‘optimum performance

‘thrptighouttheusable input count rate range for the

shaping selected.

1 desnred the restorer rate may be set to High. This
mcreases 1the: restorahon current approxmately
: -4 tlmes SRR :

p The ngh restorer raze can be used where a higher
= thans=normal:restoration rate is required. Improved
~=amplifier: performance may be realized at extreme
high input-counting rates or where more control is
required to maintain the baseling, such as with some
~Nal(T)):scintillation detector systems. The High res-
- toration rate is normally not used since there will be a
-logs-of resolution due to-increased correlated noise
“inherentdin:dc restoratlon

f. Restorer Response
Fastershaping time constants (0.5 through 4 us) give
©fige to butput-noise ‘spectra having different fre-
“quency components than the slower shaping time
“igonstant(5through 12 us). The Model 2020 provides
““arestorerresponsefor-each of the two conditions: a
“Hinear (LY résponse forthe faster time constants and
an exponéntial{E) response for the slower time con-
stants. Jumper plug J7 (see Figure 2.3) selects the
required response. Shipped in the linear (L) positicn.
See Section 3.2.a forfurther information.

g. ADC.Controls:

© To get optimum resolution, the ADC’s Lower Level
Discriminator (LLD) should be set just above the
noise so that the effects of trailing edge pileup are
“minimized.

PN AN
frimrtrrdr

Figure 3.2a
Correct Pole/Zero Compensatlon

.

- g e e e e e .

"Figure 3.2b
Undercompensated Pole/Zero

H H M i 1
.- ; [ : 3
ok i R R i i

Figure 3.2¢
Overcompensated Pole/Zero

Oscilloscope
Vert: 50 mv/div
Horiz.: 10 us/div

Source *Co
1.33 MeV peak: 7 V.amplitude
Count Rate: = 2 kops
Shaping: 3 us



o

e

pidddd
44

T

bdodof bbb dof
i

b

i

|

-

3.4 RESOLUTION VERSUS COUNT RATE
“AND SHAPING

The 4. ,usec shapmg—tlme constant is optlmum for Ge
detector systems over a wide range of incoming count
rates, For high resolution, longer shaping-time constants
offer a better signal-to-noise (S/N) ratio, resultmg in better
resolution, ‘However, as the count rete increases, the
effects of pileup will degrade the resolution much sooner.
The optimum shaping-time constant depends on the
detector characteristics {such as its size, configuration
and coliection characteristics), preamplifier and incoming
count rate. Below is a list of optimum shaping-time con-
stant ranges for other common detectors.

Figure 3.3a
. Correct Pole/Zero Compensahon

Scintillation Photomultiplier

Silicon Charged Partlcle -

Cooled Silicon®

Gas Proportional Counter

Lithium Drifted Germanium [Ge(Ls ]
Planar Germanium

0.5 through 2-- .
8 through 12
0.5 through 2
2 through 4

4-through 12

Figure 3.3b
Undercompensated Pole/Zero

Figure 3.3¢
Overcompensated Pole/Zero

Oscilloscope
Vert: 50 mV/div
Haoriz.: 50 ps/div

3. 5 RESOLUTION DESTROYING iNTERFERENCE

“a:Vibration transmitted to the detector and cryostat.
This'can be through the floor or mounting, as well as
direct audio coupling through the air.Vibration isola-
tors in the mounting and scund absorbing covers

- -around 1he detector can reduce this problem.

b: -The close proxrmlty of a radic station can be picked

“:yup’by the “dipstick” of the cryostat. Good contact

between the dipstick and the cryostat can often heip

" solve thisproblem. Bewareofgroundmgthe cryostat

“anddipstick-‘as this may increase power line fre-
gueney (50 or 60 Hz) ground loops. :

¢. Groundiloops and power line frequency interference
~can‘be caused by:long-cable connections between
‘the ‘detector, ~preampiifier ‘and -shaping -amplifier.
There is no general solution for-this probiem: As a
first step, the preamp should use the power supplied
-by:the main shaping amplifier. Second, the system
should-have asingle point house ground. For exam-
“ple, on :a general system connect the NIM bin fo
house ground:via the ac line cord. [solate ail other
egquipment requiring ac voltage from the house
ground. Connect all the chassis in the system to the
grounded NIM bin using heavy braided wire.

d.-High voliage power supplies. Generally, an ac line

h powered . HVPS should float from pewer line ground

with the only ground being made at the preamplitier
throughthe high voitage connecting cable.

e. Analyzer EMI {electro-magnetic interference). If the
detector is located within 3to 5 m (10 to 15 feet) of a
‘muftichannel analyzer containing a ferrite CCRE
memory, it can receive EMI. This is due to high
memory-core-currents during the memory cycle of
the analyzer. The only practical cure for this problem
is°10 operate the analyzer in the "Live” Mode of
accumulation. in this way, the memory cycle oper-
ates only while no signal is being analyzed.



g. Htrouble is isolated to ground loops and/or RF EMI,
detector system loop-buster accessories are avail- -
able to help minimize these effects. An application -
note entitled “System Consideraticns with High

i Ampllﬂer paraS|t|c oscnlatlons If the cable connect—
- ingthefront panel outputs of the amplifierto the ADC
e exceeds 3to.6bm (101015 feet) in ferigth, oscillations
- CAN-0CEHY, The cure is 1o use RG-62 cable (93 ohm

.. impedange) and terminate the ADC end of the cable

o Witha 83,1 ohm metal film resistor. Alternatively, the
_...-93 ohm output impedence of the amplifier can be
. used with no terminator, . .

Section 4
'PUR/LTC Operatlon

Resolution Detectors” is available from the factory.

The Mo'de'!'202(} and associated ADC work together asan
integral system to perform pileup rejection and live time
correction. The associated ADC can be an MCA’s infernal
ADC; oranycurrent Canberra NIM ADC. Older Canberra
MGAs-and ADCs can be adapted-for use with the 2020 8
PUR/LTC curcwts consult the factory

4.1 PUR/LTC SYSTEM SETUP

a. Connect the Model 2020 and 8075 ADC as shown in

“Figure 4.1,

b. Set the Mode! 2020 controls as follows:

COARSE GAIN
During the ampl ifier and ADC processing time, the: Model FINE GAIN
2020 Amplifier inspects for pileup, utilizing the ADC'’s Lin- INPUT POLARiTY
ear Gate {LG) signal'when making the distinction between “SHAPING  .: e

leading edge ‘and trailing-edge pileup. The Model 2020
initiatés'an ADC reject sequence when pileup is detected
ditring the*ADC'’s Linear Gate time (LG) permitting the
ADGC to convertonly those detector S|gna%s resulting from
single energy event.-

To compensate for dead times associated with rejected
pulses and:-amplifier processing times, the Model 2020
© generates a:dead time:(DT) signal which extends the col-
fectaon t|me by the approprsate amount.

"PUR ON/OF
RESTORER RATE -
RESTORER MODE
RESTORER THRESHOLD

c. Set the Madel 8475 controls as follows:

CONVERSION GAIN

gK
RANGE Set as required by MCA

OFFSET Equal to the MCA's memory size

The followmg |nstruct|ons applyto obtam maximum perfor-
mance when utilizing the Model 20620 and 8075 ADC and
applyto thesetwo instruments: For a complete germanium
detector system, refer to the system's instructions.

PUR PUR <
; - % B = ]
b oge. . ooso. | DT DeadTimel &4 e
® 0 e —— MCA’
3 Detector Amplitier s T RN R
y Sodree Unipotar  ADC

Timing

K Output IN

Fast
Discriminator

3105

H.V.
Supply
‘Nuclear
Counter

Figure 4.1
Gamma Spectiroscopy System With
Pileup Rejection and Live Time Correction



4.2 PERFORMANCE ADJUSTMENTS

a. Monitor the UNIPOLAR OUTPUT of the Model 2020
on Channel 1 of the scope; adjustthe P/Z, see Section
3.3.20r 3.3.b. The 122 keV ¥ Co peak will be approxi-
mately 1.65 V.

b. IMPORTANT! Remove all excitation sources fromthe
vicinity of the detector,

c. Set the MCA to COLLECT.

d. Setthe Model 8075 SCA LLD threshold just abovethe
system noise level.

e. The following step is to optimize the discriminator

.sensitivity; 1o insure that the discriminator threshold- -+~

is at its lowest setting above the noise levet:

On the Model 2020, adjust the PUR DISC control fully
counterclockwise. The DISC LED indicator will con-
tinuously glow and the ADC's % Dead Time indicator
will show 100%. Adjust the PUR DISC control clock-
wise-until the DISC LED indicator begins to blink. The
DISC Threshold is now properly set.

f. If the VAR restorer threshold is to be used, adjust as
indicated in section 3.3.4.

g. The % Dead Time Meter should now be at zero with
only occasional deflections when a transient or spur-
ious event is received.

h. IMPORTANT: If the Amplifier GAIN or SHAPING or
the Detector or Preamplifier are changed, the Model
2020 PUR DISC control must be rechecked or
-adjusted. The MCA/ADC LLD must be set just above
the system noise ievel.

4.3 PILEUP REJECTION WITH A LIVE SOURCE

a. Bring a source such as *Co near the detector. Adjust
the Co-source for an tnput count: rate of. approxn-
mately 50 kcps e

b. Set the MCA s memory 1o first-ha!f.

¢. Setthe MCAto Collect. Adjust the Model 2020 gain to
allow.collection of the primary -and-sum peaks.:if a

gain-adjustment was necessary, readjust the PUR S

B DISC as descrlbed in step 4.2.e.

d. Set the MCA 5 preset to 60 Live seconds

e Drsabfe Collect. Clear Data, then enable Co!iect e

Accumulate a spectrum
1. Set'the MCA 8§ memory to second -halif.

g. Accumulate a spectrum with the Model 2020 PUR
ON/OFF switch OFF. Enable the MCA’s OVERLAP
function and compare the first half of the memory
(PUR ON) to that of the second half (PUR OFF), see

Figure 4.2. Note the reduction in amplitude of both the
sum peaks and background. Also note the

“improved resolution of the sum peaks. The back-
ground reduction and improved resolution are di-
rectly indicative of the Pileup Rejector’s capabilities,
since only sum peak pulses which are indeed 100% iny
coincidence shoutd be processed.

4.4 LIVE TIME CORRECTlON WITH A LIVE SOURCE
a..Set up the equipment as indicated in step 4.1.

b. Confirm oer'forrhance adjustments indicated in step
4.2,

¢c.. Set the MCA's preset to 500 Live seconds.

d. Position a radicactive source, such as %7n, near the
Ge detector and adjust for an incoming count rate 0t 1
keps. Once in place, the ®2Zn source shouid not be
moved or altered in any way for the remainder of the
experiment.

e. Collect a spectrum for 500 Live seconds. Record the
%2Zn peak’s net AREA,

. 1. Tothe 1 kcps of %Zn, add approximately 5 kcps of

*7Cs to make the total incoming rate 6 kcps.

g. Collect a new spectrum for 500 Live seconds, and
record the $52Zn peak’s net AREA.

h. Repeat steps f and g in 5 kcps increments up to 30
kecps.

i. Comparethe*Zn peak netareainstepsfthroughnto. =
that in step & and compute the percentage change. "+

j. Set the PUR ON/OFF switch to OFF. Repeat steps'c .

through i,

Since:the ‘detector-source {¥Zn) geometry was main- - -
tained.and the preset Live.Collection time was held con- - .
stanti:the #Zn'net-area can be used as a standard when .-,

comparingthe.effect of baokground (**’Cs) count rate. -

NOTE: Each tlme the background count

13705) is

changed, allow the detector to stabilize a fewmin- -

utes before collectlng the spectrum.’

Wuth the PUH OFF Iarge changes will be observed in the

- Zn:net-peak area-as-a function of count.rate. With the

plleup re;ector set ON, changes.in the 55Zn peak netarea - -
will :be: significantly reduced, the Live Time corrector .- ..
extends the:collection time.compensating -far amplifier .

processmg tlme and #Zn-events rejected due to plleup

: Performance may vary and-is dependent on factors such

as ADC type, ADC calibration, spectrum energy distribu-
tion and detector characteristics such as geometry, size
and ballistic deficit.

-1
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Section 5. o
Theory of Operatlon

The following-is a description of the circuitry used in'the
Model:2020-AMF/PUR/LTC, Components are referred to
reference designationssuchas Q2;'C5and R10. Throtgh-
out thefollowing tircuit description, refer to the cireui
block dlagram 3chematn:s and t:rmng sequence

5.1 BLOCK DIAGRAM DESCREPTION

(Drawing B-21728)
The preamp signal enters the front panel INPUT BNC {J3)
or ‘rear -panel INPUT (J103), passes: through the input’
buffer, Q19and Q20; and'is differentiated by C&:through
Ci1y

‘R6"and/orf: R7 as selected by S2b and S4a and--
.. pole/zero comperisated by R77, R78,R80,0rR82,and RV7. "

select‘ron.-T.he:al.'ri;.n.iified signal is then 'integrated by the
complex-pole integrators, Between the twointegratorsthe

- signal is either buffered or inverted by the po!anty ampli-

The time. constants-are selected by SHARING sw1tch 84 -

and the'MULTIPLIER switch, S2. The differentiated signal:-
is amplified by Amp 1, Amp 2 and Amp 3, or by Amp 1 and

fier, depending on the switch position of-83.

The o’ut-put-:Of-‘th'e-'sec.on'd integrator drives both the unipo-
far and bipolar.outputamplifiers. The unipolar.outputsig-
nalis-connectediofront and rearpanel BNC-connectorsJ2
and Ji102. The bipolar output signal is connectedto front
and rear panel BNC connectors J1 and J107. The unipolar
output signal also.drives:the restorer-and auto threshold

. circuitry. The restorer comparator gates the restorer trans-

conductance amplifierand provides aclear-signatfor.the
THRESHOLD PUR circuitry. The output of gain-amplifier

" Amp 3 is connected to the PUR/LTC &ircuitry where the

Amp-ﬁB'_t)‘n!y,ide'pendin_g Qn'the-CQARSE'GAIN switch (1)

analog signal is shaped-and used forpileup rejectlon ang
live time correct:on %



5.2 AMPLIFIER CIRCUIT DESCRIPT!ON
(Drawing B- 17873) '
'5.2.1 Gain Amplifiers

For.optimum signal to noise rat:o most of the gain is -

. accomplished before integration. To avoid excessive atten-
uation’between gain stages and maintain fow outputnoise,
.only amplrfiers Amp1and Amp3 are used at low gains. £:s
& resiilt, the'input ampllfrer Ampi1is always the dominant

-noise solirce. Amp 2'is added 1o the circuit athigh gains.

This enables ‘each of the ‘thrée gain stages to operate-at:

R retatwely low closed “loop garns prowdmg stable operatron

: Ampllflers Amp 1 (01 through 06) Amp 2 (O? through

" Q12) and Amp 3 (Q13 through Q18) are all basically the
i same: confrguratlon therefore only Amp 1 wrll be: fully :
S -descnbed

522 Amp 1

. ‘The differential input ‘pair Q1 drives the common base

“transistors Q2 and Q3. Transistors Q2 and Q3 are operated
~atlow currentlevels, providing a high-outputimpedanceto

~driveioutput: transrstors Q5 and 06 through the common -

source FET Od

'C'i 5 provrdes feedback for closed toop stabii rty and al!ows -

-the amplifierto-follow-a 100 nanosecond rise time input
signal with very low distortion. Transistors Q5 and Q6 are
‘biased on by D51 and R22 respectively, with the junction of

'R26 and:R28.providing a low impedance output. .

The di'ffere'h'ti.ation' network and pole/zero canceliation cir-
cuitry are both located at the inverting input of-Amp 1.

. -BHAPING switch 54 and MULTIPLIER switch S2 select the

. -passive differentiator.capacitors C5 through C11, passive
“differentiator resistors'R6 and R7; and pole/zero compen-

~sating resistors 'R77; ‘R78,°R80, and RB2 for the selected - .

‘time constant. The pole/zero control {RV7) sets the degree

iy ~of pole/zero. compengation. The dc balance controf (RV1)

"-is-factory sét'so that'chaniges of the FINE GAIN contro!
{RV6) will not shitt the output dc ievel of AMP 1 and to

minimize the dc offset that appears at the output of Amp 2.

- :D49is afast—swrtchrng overioad protection dlode enhanc-
ing qood overioad recovery

.5 2.3 Amp 2and Amp 3

Amplifier Amp 2 is non-inverting with a gain of 30, deter-
mined by R30, R31, R50, and R51. 1t is switched into the
arnphf:catson ‘chain by COARSE GAIN switch §1 only for
gains above 300, Diode D3 prevents charge accumulation
on 027 durmg overtoad cond;tlons enhancmg good over-
ioad recovery :

-~ Amp 3 is an inverting amplifier with its gain controlled by - . .
- the ratid.of the parailel.combination of R56 and R58 and
~ inputresistors R52,R53, and R54, selected by the COARSE

GAIN switch: Diodes. D8 and D8 provide overicad protec- '

allowsthe gain stage tobe ac coupled with atime constant

of C37:and R58. This very long time constant contributes to
" the effeotweness of the dc restorer.

- 524 integrators

The first integrator comprises A6, R83 through R84, C46,

: tion, enhancing good-overload recovery. Capacitor C37 .

C47, C50, and £51. The .second integrator inciudes A8, . . -

R107 through-R118, C68, CEY, C73, and C74. These are

 low-pass active :fifters that.provide complex pole pairs . .
- which have:the Jocus of the .poles equidistant from the |
¢ -abscissaoniheS-plane. Thereal part ofthe complex poles. . -
. are equal to.the pole of the input differentiator. The active. .

filter networks are selected by SHAPING swrtch S4 and 82.

Amphfters AB and A8 are wrde band, hrgh slew rate, inte-
grated circuitoperational amplifiers. They are connacted
in a non- rnvemng conflgurahon with a de gain of 1.

5.25: Potarily Amphfler

The polarity-amplifieris situated between the two integra-
tors and'include A7,-Q23, Q24, and associated resistors.
Amplifier- AT.._is.a-wide band, high slew-rate, integrated
circuit.operationat-amplifier. When the INPUT POLARITY
switchissettonegative (-), the gates of FETs Q23 and Q24
are driven to.approximately =17 V, turning them off. Since
pin 3 of A7 is not tiedto ground and it is allowed to follow
the integrated input signat, the amplifier acts as a voltage
foliower: with -unity gain. When-the INPUT POLARITY
switch is'set positive (+), both FETs Q23 and Q24 turn on,
shorting pin 3 of A7 to ground. With A7 pin 3 grounded, the
amplifier has an inverting gain of 1.

5.2.6 Unipolar Output Amplifier
A4 anda poweroutput driver, Q28 through Q30, constitute
the output amplifier. integrated circuit A4 is a wide-band,

high slew-rate operational amplifier. The overall amplifier . -

{op-amp-and driver)-provides an inverting gain of 3.3 with
single:pole integration to minimize noise introduced by
amplifier/A4. Thedntegration time-constant is derived from
R125and/or R126, depending on the MULTIPLIER switch
position,.and-capacitors C86 through C91 as selected by
the SHAPING:switch. The output driver transistors are
biased Class "AB". Diodes D21, D24, resistor R266, and
current source Q28 form the biasing network for the output
transistors.
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5.2.7 Bipolar Output Amplifier

The bipolaroutput amplifier is composed of A3, Q25, Q286,
and (127. The negative unipolar signal from the second
integrator'is differentiated to produce the bipolar signal.
The tifne constants forthe ditferéntiator are determined by
the selection of R184, R185, 'and C75 through C80. The
bipolar signalisthen amplified and inverted by A3, which'is
a high slew-rate integrated circuit operational-amplifier.

" Theoutputdrivercircuit, Q25, Q26, and Q27, is of the same

design as the unipolar output driver circuit.

5.2.8 Restorer Gate Threshold Circuits

One of two'circuits; AUTO or VAR, may be selected by

~ 'switch ‘S8 to'set the reference threshold for the restorer
‘gate circuitry. The ‘AUTO circuit consists of A9, Q34 -
“through Q36, 85b and S1c. A9, Q34 and Q35 form.a -

closed-loop circuit 'whose operation resembles an op-. - -

amp. The AUTO THRESHOLD circuit menitorsthe unipo-
lar output noise level. Diode D26 causes this circuitto have
aunidirectional response, so that it responds only to nega-
‘tive excursions of the unipolar output noise. With S5b in
the SYMmetrica! Mode, a positive reference equafl to the

“average value of the unipolar output noise is generated at

TP17. In the ASYMmetrical MODE, the threshold is set at

“approximately twice the voltage of TP16. This voltage is

automatically set by the gain switch S1C and is determined
by the'resistive divider composed of R137 through R14C.

Q36 shunts the output of A2 when a positive logic INB
{inhibit) signal is applied to its base. This defeats the auto -

threshold when a preamp reset pulse causes a large nega-
tive sighal at TP7. The VAR THRESHOLD circuit is an
adjustable resistive divider made up of R177, R178 and

. RV, Enabling this circuit aliows the user to manually set

the threshold r_jovering a range of approximately +50 to

L A4200mV.

qA

The restorer gate circuit comprises A10, A11, Q37, and

" Q38. When a positive signal (greater than the threshold)

appears at TP7: the output of comparator A11 goes low,
shutting off Q37 C112 ac couples the signal to transistor
AScwhich gatesthe restorer circuit off. The ac coupling
prevents potential restorerlatchup problems. The negative
restorer gate A10 operates in the same manner for large
negative signals such as preamp reset pulses. The nega-
tive threshold is set to approximately ~500 mV by resistive
divider R174 and R175. Q38 is turned on by large negative

' signals and brings the positive threshold at TP18 to

approximately 0 V.‘Both comparator signal inputs are pro-
tected by the diode clamps D36 and D37.

5.2.9 Restorer
The restorer circuit consists of transistor array A5, Q31

-through Q33,Q48, 151, and Q52. Sha selects the SYMmet-

rical or ASYMmetrical MODE and 56 selects the AUTO or
High RATE. The restorer is a transconductance amplifier
which develops a current of the correct polarity as its
output {junction of Q32 collector and A5 pin 15). The
correction voltage developed on C110 is buffered by FET
Q31 and summed in at Ad pin 3, forcing TP7 to 0 V, main-
taining the baseline.

Jumper plug J7 selects the Linear or Exponential restorer

- response. In the L mode, the restorer operates with maxi-

mum gain and provides the hard response necessary for
fastershaping time constants. When J7 is in the E position,

- the restorer.gain-is greatly reduced and provides a softer
". responsenecessary.forthe slower shaping time constants.

in the AUTO.RATE position, the source and sink currents
for holding capacitor-C110 are set by R158. As the count
rate increases, extrasource and sink current is provided by

- i06-and D30, The HIGH RATE position switches Q48 on,
" whichincreases the source and sink current by a factor of

four. In the SYMmetrical MODE, the scurce and sink cur-
rents applied to C110 are equal. When S5a is switched to
the ASYMmetrical MODE, Q51 turns on and enables Q52
to conduct:for. positive signals at TP7. This reduces the

sink current applied to- C110 by a factor of 0.1, which...
provides a softer resterer response for positive output ...

{only) excursions.

5.3 PUR/LTC.CIRCUIT DESCRIPTION
{Drawing B-17873)-

5.3.1:8ignal Discriminator -
The amplifier signalfrom Amp 3 is attenuated, delay line
shaped and discriminated from noise by comparator A1 or
A2, depending on the position of the INPUT POLARITY
switchWhenthe signal exceeds the variable threshold set
by the DISCpot (RVB), the selected comparator generates
a positiveldogic pulse.

Q42, Q43, RV8 and asscciated resistors form current sour-
ces which develop a voltage on the reference pins of A1
and A2. The praper current source is selected by the
INPUT POLARITY switch S3c.

The front.panel DISC adjustment sets the reference volt- -
age just-above the noise threshold. Diode D45 provides
temperature.compensation for Q42 and Q43. The output of
A1 and A2{TP19) is connected to menostable A12b, which
provides the system trigger and drive signal for LED D81, a
user aid in setting the Pileup Rejector discriminator.

5.3.2"Reject/Dead Time Logic

The system-trigger pulse simultaneously triggers AlBa
and flip-flop A18a/A18b. A18 pin6is settoa logiz high. No
change takes place in A18a since its 'D’ input was initially
at a logic low. However, A16a will toggle if 2 subseguent
system trigger should occur,

A18 pin 6 aiso drives A17d setting DT (dead time notjto a
logic low {true). A17b and A13d buiferthe logic high signal
from A18apin5.1f LG enables A14d, REJect is setto alogic
high (true). The REJect signal operates on the ADC, initiat-
ing a reject sequence. The logic signal at Al6a pin 6 is
delayed by R234 and C131, inverted by A13c and con-
nected to A16b pin 12. Provided A16a was not cleared, the
positive transition of the LG (ADC finear gate signal)
clocks A16b pin 8 to a logic low. A17c and A17d are-open
collector NAND gates connected together forming a NOR
function. If A16b was set, its output would contribute addi-



tional time, via A14 and A17, to the DT signal. The LG

signal is buffered by A13fand A13e. When the UNIPOLAR
QUTPUT signal returns to the baseline, the puise former
{A13a and A14a) generates a negative logic pulse clearing
A18a/A18band A16a. Once those flip-flops are reset, A16b
will be clocked reset at the next LG signal. The INB signal
{positive true} or INB signal (negative true} can also ciear
AtBa, A16b, and A18a/A18Bb and wili keep DT low via A14
and A17c.

5.4 SEQUENCE OF EVENTS

For the following discussion, refer to the timing diagram.
-.The philosophy of the PUR/LTC design is predicated on

the following conditions:

1. The system input must be statistically random.

2. For each block of dead time generated by the
PUR/LTC, an uncontaminated pulse must be pro-
cessed and accepted by the ADC.

3. Ali contaminated pulses that occur during the pro-
cessing sequence will be rejected.

The processing seguence begins with the first input from
Amp 3 and ends when the UNIPOLAR OUTPUT of an
uncontaminated signal returns to the baseline.

To clarify the operation, the sequence df events will be
described for 3 cases: (1) No pileup, {2) trailing edge
pileup, and (3) leading edge pifeup.

5.4.1 CASE 1: No Pileup

For.this case there is no pileup; a single pulse from Amp 3
results in just one system trigger in the processing
* sequence. The seguence is initiated by the system trigger
setting flip-flop A18a/A18b and the DT signal to the legic

low {true) state. When the UNIPOLAR QUTPUT signa!

returns to the baseline, A15 pin 10 provides a clear pulse,
clearing A18a/A18b and ending the DT signal. Since A16a
was never set, AT16b is not set and contributes no dead time
when clocked by LG.

5.2 CASE 2 Trailing Edge Pileup

Case 2 is distinguished by two or more pufses from Amp 3
within the processing sequence, with the second pulse
beginning after the LG pulse. For this case there are two
system triggers, the first one sets flip-fiop A18a/A18b while
the second sets A16a. A18a/A18b sets DT to a logic low
{true) while A16a enables A16b. The LG pulse ended prior

. to the second system trigger, therefore A16b was clocked
.+ prior to A16a being set. Once again, there is no contribu-
"~ tion of dead time from A16b. At the conclusion of the

processing seguence, when the UNIPOLAR OUTPUT sig-
nal_returns’'to the baseline, A15 pin 10 provides a clear
pulse, clearing A18a/A18b and A16a. The DT signal is
resettoits logic high {false) state. REJect was not set since
LG did notenable A14d during the second pulse from Amp
3. :

5.4.3 CASE 3: Leading Edge Pileup

Case 3 is characterized by two or more pulses from Amp 3
within the processing sequence, with the second pulse
occuring prior to the positive transition of the LG pulse,
Both pulses are convoluted and are rejected. With the LG
signal acting as a leading edge pileup detector, the dead
time {DT) begins at the first signal from Amp3and encs at
the conclusion of the next uncontaminated input.

As in Case Z, there are two system triggers. The first ong
sets flip-flop A18a/A18b while the second sets Al6a.
A1Ba/A18b sets DT to a logic low (true) while A16a sets
REJect to a logic high (true). Since A16a was set, LG
clocks A18b to its set state. A17c and A17d are open
collector NAND gates connected in parallef, providing a
NCR signal contributing additional dead time. When the
UNIPOLAR QUTPUT signal returns to the baseline, A15
pin 10 provides & clear pulse, clearing A18a/A18b and
Al6a. The REJect signal returnstc a logic iow (false) when
LG goes high. However, the DT signal remains at a logic
low {true) since A16b remains set. With the next uncontam-
inated input, the sequence wili take place as outlined in
Case 1. Since A16a is now reset, the next LG signal resets
A16b and ends iis dead time contribution. When the UNI-
POLARQUTPUT signal returns to the baseling, A15 pin 10
witl clear A18a/A18b and A16a, ending the dead time {DT)
signal. The sequence is now complete.
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Appendix A.
Specifications

A.1 INP:ITS :

INPUT - Sicnepts -positive or negative pulses from an
associated ‘preamplifier; amplitude: £10 V- divided by the
selectéd gain, =12 v maximum; rise time: “less than SHAP-
ING tire constant; decay time constant: 40 us to ee for 0.25,
0.5/1,1.5, 2, 3, and 4 s shaping time constants; 100,ustoo'o
for 5, 6, 8, 10 and 12 us shaping time constants; input
;mpedance ==1 knohm front and rear paner BNC

: -.'COHHECtOI'S

LG (LiNEAR GATE) - Receives a standard TTL I0g|c S|g—""' s

“nal from the ADC. indicates to'the ‘Model 2020 that the
ADC has accepted and is processing an event; inputis TTL
compatible;iogic low when ADC accepts input; returning
to a logic high at the conclusion of the ADC acquisition
cycle; accessible through rear panel PUR Connector.

PUR INHIBIT - Receives a standard TTL fogic signal from
associated pulsed optical feedback preamplitier used to
extend the Mode! 2020 DT signal, inhibit and reset the
pileup rejector during the preamplifier's-reset tycle; inter-
nal jumper selects the option of either positive true or
negative true logic puises; rear panel BNC connector.

A2 OUTPUTS
UNIPOLAR OUTPUT - Provides positive, linear actively

filtered near-Gaussian shaped pulses; amplitude linear to .

+10 V, 12 V max.; dc restored; output dc level factory
calibratedto 0+ 5 mV front panel output impedance less
than 1 ohm or = 83 ohms, internally selectable; rear pane!
output impedance = 93 ohms; short circuit protected;
promptordelayed 2 us { 4 ys with 2020-4 optron} frontand
rear pape! BNCs. _ _ -

BIPOLAR OUTPUT - Provides prompt positive lobe lead-
ing linear active filter bipolar shaped puises; amriplitude
linear to +10V, 12 V max., negative lobe is approximately
70% of positive lobe; dc coupled; output.dc level £ 25 mV,;
front panel outputimpedance <1 ohm or =93 ohms: inter-
nally selectable; rear panel output impedance =983 ohms:
short circuit protected; front and rear panel BNCs.

DT (DEAD TIME) - Provides a negative iogic-'s'i'gnal and
when “OR"ed together with the ADC dead. time, at.the
ADC’s live timer, provides live time correction for the
amplitier and pileup rejector. Open collector with-1 kilohm
pull up resustorthrough 47 ohm output resistor. Loglc low
when systemisbusy, logic high otherwise. BNC connector
located on rear panel. . .

REJECT - Provides a standard TTL logic signal used to
initiate an ADC reiect sequence for corresponding piled
up events; internal jumper selects positive true or negative
true logic pulse; 50 chm output impedence. Accessible
through rear panel PUR Connector.

ICR (INCOMING COUNT RATE) - Provides a standard

TTL logic signal:corresponding to input count rate, posi- -

tive true, width-nominally 150.ns, -50:-chm output impe-
dance; rear panel BNC connector.-PUR must be selected.

A.3 FRONT PANEL CONTROLS

COARSE GAIN - 6-position rotary switch selects gam fac—--. S

tors of X10, X30, X100, X300, X1000 and XSOOO

FINE GAIN - Ten-turn locking dial precision potennome—

terseiects vanabie gaunfactorof XO 310 X1.3; resetabnlrty< s

0.03%:

SUPER FINE GAIN - 22-turn screwdriver potentlometerto
selectgain withan adjustment resolutlon of betierthan 1 in
16 000 or 0.0063%. B

INPUT POLARITY - 2- posit'on toggle switch to set the
Modet 2020 for the polarity of the lncomtng preampl fxer
signal.

B/Z - 22-turn screwdriver pole zero potentiometer to opti-
mize amplifier baseline recovery and overload perfor-

mance for the preamplifier fatl time constantandihe Model -

2020's pulse shaping chosen; 40 ustoe=for0.25,0.5,1,1.5,

2,3 and 4 ys SHAPING time constants; 100,ustorx:for5 B

8, 10 and 12 s SHAPING 1ime constants.

SHAPING TIME - 6-position rotary switch: provides 0.25,
1, 1.5, 4, 5 and 6 us basic shaping tirne constants.

MULTIPLIER - Multiplies SHAPING TIME setting by X1 or
X2 giving additional shaping time constants of 0.5, 2,3: 8,
10 and 12 us, a total of 12 shaping time constants.”

RESTORER RATE - 2-position todgle switch to set the
baseline restorer rate (slew rate); AUTO: the baseline re-
storer rate is automatically optimized by internal circuitry
as a function of-unipolar output signal duty cycle and

countrate; High: when selected sets the baseline restorer-

to a fixed high rate.

RESTORER MODE - 2-position toggle switch to select
SYMmetr;caI or. ASYMmetrlcai basellne restorer modes '

THRESHOLD AUTO/VAR 2 posmon toggle switch to

set the'baseline restorer threshoid; AUTO: the baseline
restorer threshoid is automatically optimized by internal
circuitry as a function of the unipclar output signal noise
level;VARIable: ‘provides a manual variable baseline thresh-
old adjustment.range of 0 V- to 200 mV'de. The negative
(referenced to the UNIPOLAR QUTPUT) threshold is set
at-500 mV dc. An LED indicator is provided as a user-aid
for set up convenience.
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PUR ON/QOFF - 2-position toggle switch to enable (ON) or
disable (OFF) the pileup rejector and live time corrector.

PUR DISC - 22-turn screwdriver adjustment potentiome-
ter for optimizing the pileup rejector discriminater thre-

- shold level. Provides a variable range of 0 to 550 mV. An

18

LED ingicator is provided to aid the user when setting the
PR DISC just above the system noise.

A.4 INTERNAL CONTROLS
UNIPCLEAR-DELAY - 2 jumper plugs prowded to select
UNIPOLAR output to prompt (OUT) or delayed 2 us (IN),

~ or 4 us:on-option 2020-4. Shipped in the prompt (CUT) - :
‘position.

-~ UNIPOLARZ;i=Jdumper plug provides Z,; =1 ohrn or=..
83 ohms for thefront panel BIPCILLAR output. Shipped in-

the <1 ohm posmon

: BIPOLAH Zout - Jumper pIug prowdes Z,n=1ohmor==93
- ohms for the front panel BIPOLAR output. Shipped in the
=<1 ohm pomtron

INB-INB/ - JumperplugJSailowsthe PUR INHIBIT input -

to accept either positive true or negative true iogic signals.
Shipped in the INB (positive true) position.

REJ-REJ/ - Jumper plug J6 allows the reject outputtobe a -
positive true or negative true logic signal. Shipped in the -

REJ {positive true) position.

L/E - Ju.l.'nper--piug J7 selects a linear or exponential re-
'store’r--respbnee‘_"Shipped in the L {linear) position.

A.5 AMP PERFORMANCE

GAIN RANGE - Continuously variable from X3 to X3800.

 OPERATING TEMPERATURE RANGE - 0 to 50°C.

GAIN DRIFT - =+ 0.0075%/°C.

DC LEVEL DRIFT - UNIPOLAR output: < £10 uV/°C:

BIPOLAR OUTPUT: < = 50 uV/°C.

INTEGRAL'NON-LINEARITY ~ =4+ 0.05%, overtotal out- - =+

put range for 2 ,usec: shaplng

CROSSOVERWALK B!POLAHoutput <x3nsfors0:1 -

dynamic range and 2 ys shaping when used with Canberra
Model 2037A Edge/Crossover Timing Slngle Channel
Analyzer

OVERLOAD RECOVERY - UN!POLAR (BIPOLAR) output
recovery to within £ 2% (1%) of full scale output from

X1000 overioad in2.5{2.0) non-overlcaded pulse widths, at

fult gain, any:shaping time constant and pole-zerocancel-
Iataon properly set

NOISE CONTRIBUTION - < 3.2 4V true rms UNIPOLAR .
(7.1 uv BIPOLAH) output referred to |nput 3 ps shaping -

and amphﬂer gain=100.

"’; :

PULSE SHAPING - Near-Gaussian shape; one differentia-
tor {two for bipolar), two active filter integrators; UNIPO-

LAR time to peak: 2.35X shaping time; pulse width:.7.3X. . =
shaping time, BIPOLAR time to crossover: 2.8X shaping™ "~

time, time to peak, pulse width and crossover times mea-
sured at 0.1% of full scale output,

'RESTORER - Active gated.
- . *SPECTRUM BROADENING - The FWHM of a %Co 133

MeV gamma peak foran-incoming rate 0f-2 kcps- 10100

-~ keps and:a9 Vpulseheight will typically.change lessthan ...
s+ 4% for2usshaping, AUTO RestorerRate, AUTO Restorer s
_ Thresho!d and: ASYM ﬂestorer Mode, o

COUNT RATE STABILITY The peak posmon of a 60Co o
1.33 MeV gamma peak for an incoming count rate of 2kcps -

1o 100 keps and 8V puise height will typically shift iess than

w0 0.024%:for .2 us shaping, AUUTO Restorer Rate, AUTO Re-

storer. ThreshoEd and ASYM Restorer Mode.

“Note: These resu!ts may not be reprodumble ifassociated -

~detectorexhibits an inordinate amount of Iong rise
time signals. :

A.6 PUR/LTC PERFORMANCE :
PULSE F’AIR RESOLUTION -.< 500 ns.

MINIMUM DETECTABLESIGNAL Limited by detector/ .

preampnoise characteristics.

ADC FNTEH?ACE Compatible Canberra ADCs are

availabie and can be ordered usmg the following

designations:

Model! 8075

Mode! 8076

Model 8077 ~

Serles 35 PLUS MCA y

A7 CONNECTORS
With the exception of the PUR and PREAMP POWER con-
nectors, all signal connectors are BNC type.

PUR - Molex plug 03-06-1031.

PREAMP'_PQwE_R - Rear panel, Amphenol, type17-10070.

ACCESSORIES - C1514 PUR/LTC and DT cables.

A.8 POWER REQUIREMENTS
+24 Vido —130mA 412V dc — 1530 mA
—24Vdc—‘|65 mA 412_Vdc— 80 mA

A9 PHYSICAL
SIZE="Standard doubie-mdth NiM module 6.86 X 22.12

cm (2.70 X 8.71 inches) per TID-20893 (rev.)

NET WEIGHT - 1.3 kg (2.9 Ibs.)
SHIPPING WEIGHT - 2.3 kg (5.0 Ibs.)
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Spectrosco;

. Ly ¢
|
Feqrures
» Pile up rejection/Live time correction
» 12 selectable shaping time constants
« Super Fine Gain Control
« Unique active baseline restorer with:
1. Automatic or fixed restorer rates
2. Automatic or manual threshold
3. Selectable symmetry
o Noise < 3.4 uV
o DC drift =10 uv/°C

b o @

=i & i
Description
The Canberra Model 2020 Spectroscopy Amplifier offers the modern
spectroscopist more performance, features and flexibility than any
other nuclear pulse amplifier available today. Functionally. the Model
2020 provides in a double width NIM module an exceptional spectros-
copy amplifier, a gated active baseline restorer, a pulse pileup rejector
and a live time corrector.

Canberra’s near-Gaussian filter shaping. well known and now emu-
lated by others in the industry, has been refined in the Model 2020 for
improved pulse symmetry, minimum sensitivity of output amplitude to
variations in detector rise time, and maximum signal to noise ratio. For
a given shaping time constant, the improved pulse symmetry mini-
mizes the pulse dwell time by tucking in the trailing skirt of the unipolar
pulse shape. This allows a faster return to the baseline. The result is
superior energy resolution, count rate, and throughput performance.
Unipolar shaping is achieved with one differentiator and two active
filter integrators. The differentiator is placed early in the amplifier to
insure good overioad recovery. The integrators are placed late to
minimize noise contribution from the gain stages. The amplifier offers
12 front panel switch selectable pulse SHAPING time constants of
0.25,05,1,15,2,3,4,5,6,8 10and 12 us.
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Figure 1.
Typical Model 2020 Unipolar Qutput True rms Noise (referred to input
for gain of 100) vs. Shaping Time constant.

Figure 2.
Typical Model 2020 Resolution and Peak Shift Stability vs. Counting
Rate for 2 us shaping, AUTO Restorer Rate. AUTO Restorer Threshold,
ASYM Restorer Mode and a 1.33 MeV ¢Co Gamma Peak.
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The gated dc restorer offers automatic features on both the restorer
threshold and restorer rate, assuring the best possible low and high
count rate performance. Amplifier performance is very much depen-
dent on the restorer rate and threshold settings, so the 2020 includes
circuitry which continuously samples the amplifier output noise and
count rate, and autornatically sets the respective restorer threshold
and rate with precision for optimum performance. The restorer is also
flexible: the discriminating researcher can overide the automatic
restorer features. Setting the RESTORER RATE and THRESHOLD
switches to their manual positions High and VARiable respectively,
allows manual optimization. Afrontpanel LED is provided as a user aid
when setting the restorer threshold manually.

The flexibility of the restorer is further enhanced by providing SYMmet-
rical or ASYMmetrical restorer modes. The symmetrical restorer mode
is used for detector systems which exhibit baseline discontinuities
resulting from excessive noise and/or high voltage effects, preamp
reset pulses and preamp secondary time constants. The asymmetrical
restorer mode virtually eliminates charge accumulation and correlated
noise on the restorer holding capacitor. This restorer mode is espe-
cially suited for use with high resolution detector systems that exhibit
minimal baseline discontinuities and whose signals have a clean
monotonic return to the baseline. The result is superior resolu-
tion/count rate performance when compared to more conventional
methods.

Simultaneous UNIPOLAR and BIPOLAR outputs are available at both
front and rear panel BNC connectors. The unipolar signal can be
delayed 2 gs, or with the 2020-4 option by 4 us. The bipolar output can
be used for counting, timing, or gating.

The internal live time corrector and pileup rejector allows quantitative
gamma spectrum analysis nearly independent of system count rate. By
connecting the ADC's Linear Gate (LG) signal to the Model 2020 and
connecting the Model 2020's REJECT and Dead Time (DT) signals to
the ADC and live timer, the Model 2020 and associated ADC together
perform pileup rejection and live time correction. During the amplifier
and ADC processing time, the Model 2020 inspects for pileup and
permits the ADC to convert only those detector signals resulting from a
single energy event. To compensate for rejected pulses and amplifier
and ADC dead times, a system dead is generated by the live time
correction function, The system dead time is the composite dead time
of the ADC and Model 2020, extending the collection time by the
appropriate amount. A front panel LED is provided as a user aid when
setting the PUR DISCriminator.

The Model 2020's exceptional dc stability and ultra low noise ensure
that optimum performance is realized. Together with its broad gain
range (X3 to X3900), 12 shaping time constants, pileup rejection and
live time correction, the Model 2020 offers uncompromising perfor-
mance when used with Germanium, Silicon, Scintillation, Gas Propor-
tional and Surface Barrier detectors.

e 8 gn B ou )

Specifications

INPUTS '

* INPUT - Accepts positive or negative pulses from an associated
preamplifier; amplitude: =10V divided by the selected gain, £12 v
maximum; rise time: less than SHAPING time constant; decay time
constant: 40 ustoeefor0.25,0.56, 1, 1.5, 2, 3, and 4 ys shaping time
constants, 100 us to e for 5, 6, 8, 10 and 12 us shaping time
constants: input impedance: = 1 kilohm: front and rear panel BNC
connectors
LG (LINEAR GATE) - Receives a standard TTL logic signal from the
ADC. Indicates to the Model 2020 thatthe ADC has accepted and is
processing an event; input is TTL compatible, logic low when ADC
accepts input, returning to a logic high at the conclusion of the ADC
acquisition cycle; accessible through rear panel PUR Connector.
PURINHIBIT - Receives a standard TTL logic signal from associated
pulsed optical feedback preamplifier used to extend the Model 2020
DTsignal, inhibitand reset the piteup rejector during the preamplifi-
er'sresetcycle; internal jumper selects the option of either positive
true or negative true logic pulses: rear panel BNC connector.
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OUTPUTS
UNIPOLAR OUTPUT - Provides positive, linear actively filtered ne
Gaussian shaped pulses; amplitude linear to +10V, 12 V max.: de
restored; output dc level factory calibrated to O = 5 mV, front pang|
output impedance less than T ohm or =~ 393 ohms, internally selees.
able; rear panel output impedance =~ 93 ohms; short circuit prg.
tected: promptordelayed 2 us (4 us with 2020-4 option): frontang
rear panel BNCs .
BIPOLAR OUTPUT - Provides prompt positive lobe leading linea,
active filter bipolar shaped pulses; amplitude linearto +10V, 12y
max.. negative lobe is approximately 70% of positive lobe; d¢
coupled; outputdc level =25 mV: front panel outputimpedance <
ohm or = 83 ohms; internally selectable; rear panel output imped-
ance =~ 93 ohms: short circuit protected; front and rear panel BNCs,
DT(DEADTIME) - Provides a negative logic signaland when "OR"eq -
together with the ADC dead time. at the ADC's live timer, provides
live time correction for the amplifier and pileup rejector. Open cql.
lector with 1 kilohm pull up resistor through 47 ohm outputresistor,
Logic lowwhen system is busy, logic high otherwise. BNC connectar
located on rear panel. '
REJECT - Provides a standard TTL logic signal used to initiate an
ADC reject sequence for corresponding piled up events; interna| -
jumper selects positive true or negative true logic pulse; 50 ohm
output impedence. Accessible through rear panel PUR Connector,
ICR (INCOMING COUNT RATE) - Provides a standard TTL logic sig-
nal corresponding to input countrate, positive true, width nominally
150 ns, 50 ohm output impedance; rear panel BNC connector, PUR
must be selected.

FRONT PANEL CONTROLS ~
COARSE GAIN - 6-position rotary switch selects gain factors of X10,
X30, X100, X300, X1000 and X3000. :
FINE GAIN - Ten-turn locking dial precision potentiometer selects |
variable gain factor of X0.3 to X1.3; resetability <0.03%.
SUPER FINE GAIN - 22-turn screwdriver potentiometer to select
gain with an adjustment resolution of better than 1 in 16 000 or
0.0063%. !
INPUT POLARITY - 2-position toggle switch to set the Model 2020
for the polarity of the incoming preamplifier signal. |
P/Z - 22-turn screwdriver pole zero potentiometer to optimize
amplifier baseline recovery and overload performance for the
preamplifier fall time constant and the Model 2020’s pulise shaping
chosen; 40 ustoeefor0.25,0.5, 1, 1.5, 2, 3and 4 us SHAPING time
constants, 100 us to e for 5, 6, 8, 10 and 12 s SHAPING time
constants
SHAPINGTIME - 6-position rotary switch; provides 0.25. 1, 1.5,4,6
and 8 us basic shaping time constants
MULTIPLIER - Multiplies SHAPING TIME setting by X1 or X2 giving
additional shaping time constants of 0.5, 2, 3,8, 10and 12 s, a
total of 12 shaping time constants.
RESTORER RATE - 2-position toggle switch to set the baseline re-
storer rate (slew rate); AUTO: the baseline restorer rate is automati-
cally optimized by internal circuitry as a function of unipolar output’,
signal duty cycle and count rate; High: when selected sets the base-
line restorer to a fixed high rate. )
RESTORER MODE - 2-position toggle switch to select SYMmetrical
or ASYMmetrical baseline restorer modes.
THRESHOLD AUTO/VAR - 2-position toggle switch to setthe base-
line restorer threshold; AUTO: the baseline restorer threshold is
automatically optimized by internal circuitry as a function of the
unipolar output signal noise level; VARiable: provides a manual
variable baseline threshold adjustment range of O V to 200 mV dc..
The negative (referenced to the UNIPOLAR OUTPUT) threshold is sel
at-500 mV dc. An LED indicator is provided as a user-aid for setup
convenience.
PUR ON/OFF - 2-position toggle switch to enable (ON) or dlsabie‘
(OFF) the pileup rejector and live time caorrector. :
PUR DISC - 22-turn screwdriver adjustment potentiometer 107
optimizing the pileup rejector discriminator thresholid level. Provides
avariable range of 0 to 550 mV. An LED indicator is provided to aid
the user when setting the PUR DISC just above the system noise.



NTERNAL CONTROLS
UNIPOLAR DELAY - 2 jumper plugs provided to select UNIPOLAR
output to prompt {OUT) or delayed 2 us (IN), or 4 us on option
2020-4. Shipped in the prompt (OUT) position
UNIPOLAR Z,, - Jumper plug provides Z,, =1 ohm or =93 ohms
for the front panel BIPOLAR output. Shipped in the =1 ohm position.
BIPOLAR Z,, - Jumper plug provides Z,,, <1 ohm or =83 ohms for
the front panel BIPOLAR output. Shipped in the =1 ohm position
INB-INB/ - Jumper plug J5 allows the PUR INHIBIT input to accept
either positive true or negative true logic signals. Shipped in the INB
(positive true) position
REJ-REJ/ - Jumper plug J6 allows the reject output to be a positive
true or negative true logic signal. Shipped in the REJ (positive true)
position.
L/E - Jumper plug J7 selects a linear or expenential restorer
response. Shipped in the L (linear) position.

PERFORMANCE

Amplifier

GAIN RANGE - Continuously variable from X3 to X3900.
OPERATING TEMPERATURE RANGE - O to 60°C.

GAIN DRIFT - <+ 0.0075%/°C.

DC LEVEL DRIFT - UNIPOLAR output: = £10 pV/°C; BIPOLAR
QUTPUT: < £50 uV/°C.

INTEGRAL NON-LINEARITY - <+ 0.05%, over total output range for
2 usec shaping

CROSSOVER WALK - BIPOLAR output: <+3 ns for 50:1 dynamic
range and 2 us shaping when used with Canberra Model 2037A
Edge/Crossover Timing Single Channel Analyzer.

OVERLOAD RECOVERY - UNIPOLAR (BIPOLAR) output recovery to
within = 2% (1%) of full scale output from X1000 overload in 2.5
{2.0) non-overloaded pulse widths, at full gain, any shaping time
constant and pole-zero cancellation properly set.

NOISE CONTRIBUTION - < 3.2 uV true rms UNIPOLAR (7.1 uV BI-
POLAR) output referred to input, 3 us shaping and amplifier gain
=100 :
PULSE SHAPING - Near-Gaussian shape: one differentiator (two for
bipolar), two active filter integrators; UNIPCLAR time to peak: 2.36X
shaping time; pulse width: 7.3X shaping time; BIPOLAR time to
crossover: 2.8X shaping time, time to peak, pulse width and cross-
over times measured at 0.1% of full scale output.

RESTORER - Active gated.

“*SPECTRUM BROADENING - The FWHM of a %Co 133 MeV
gamma peak for an incoming rate of 2 keps to 100 kepsanda 8V
pulse height will typically change less than 14% for 2 us shaping.
AUTO Restorer Rate, AUTO Restorer Threshold and ASYM Restorer
Mode.

COUNT RATE STABILITY - The peak position of a Co 1.33 MeV
gamma peak for an incoming count rate of 2 keps to 100 keps and
9 Vpulse heightwill typically shift less than 0.024%for 2 us shaping,
AUTO Restorer Rate, AUTO Restorer Threshold and ASYM Restorer
Mode.

“Note: These results may not be reproducible if associated detector
exhibits an inordinate amount of long rise time signals.

Pileup Rejector/Live Time Corrector

PULSE PAIR RESOLUTION - <500 ns.
MINIMUM DETECTABLE SIGNAL - Limited by detector/preamp
noise characteristics.
ADC INTERFACE - Compatible Canberra ADCs are available and
can be ordered using the following designations:

Model 8075

Model 8076

Model 8077

Series 35 PLUS MCA
For use with older Canberra systems, detailed instructions are pro-
vided in the 2020 manual to allow the user to adapt his ADC to
interface with the Model 2020 for pileup rejection and live time
correction.

CONNECTORS
With the exception of the PUR and PREAMP POWER connectors, all
signal connectors are BNC type.

PUR - Molex plug 03-06-1031.
PREAMP POWER - Rear panel, Amphenol, type 17-10070.
ACCESSORIES - C1514 PUR/LTC and DT cables

POWER REQUIREMENTS
+24Vdec — 130mA  +12Vdc — 160 mA
-24Vdc— 165 mA -12Vdc— B80mA

PHYSICAL
SIZE - Standard double-width NIM module 8.86 X 22.12 cm (2.70
X 8.71 inches) per TID-20883 (rev.)
NET WEIGHT - 1.3 kg (2.9 Ibs.}
SHIPPING WEIGHT - 2.3 kg (5.0 Ibs.)
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Figure 3.
Typical Model 2020 Maximum Input Pulse Processing Rate versus
shaping time constant.

*Maximum Input Pulse Processing Rate: Maximum amplifier input
count rate (pulses per second) for which the amplifier's dc restorer
maintains the baseline at ground reference.
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During the amplifier and ADC processing time, the Model 2020
inspects for pileup and permits the ADC to convert only those detector

signals resulting from a single energy event,

Note the reduction in amplitude of both sum peaks and background. ]
Also note the improved resolution of the sum peaks. The background
reduction and improved resolution are directly indicative of the Pileup ] [

Rejector’s capabilities. since only sum peak pulses which are indeed

100% in coincidence should be processed.

110

Figure 5.
Model 2020 SHAPING selected for 12, 4 and 1.5 ps.

see Figure 6.

With PUR

With PUR
10 ON

Figure 6.
57Co spectrum at 80 keps and 4 us shaping.

Detector:  Canberra Model GC2020
MCA Canberra Model 9102
Amplifier: Canberra Model 2020
Spectrum: $7Co at 80 kcps
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Chapter 6

Spectroscopy amplifier circuit diagram

Fig. 6.23a:

{13
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Spectroscopy amplifier circuit diagram

6.23b:

Fig.



