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‘Section 1. |
 Introduction

The Canberra Model .2043. Time Analyzer generates™a’
rectangular analog output pulse whose peak amplitude
over a 0 to +10 volt range is' linearly proportional to the
time interval between a START and a subsequent STOP
, input. Built-in features such as the Time Single Channel
" Analyzer, COINCidence/ANTICOINCidence gating,/
RESET, and STOP INHIBIT enhance the utility and
flexibility of this module for the spectrum of nuclear/
analysis needs. '

The basic time-to-amplitude conversion (TAC) is used-to |
- analyze correlations between random nuclear events that
!, occur within a selected interval of time, for'time of flight,
positron lifetime, pulse shape analysis in particle studies,
and for pulse pair timing in position sensitive detector
systems. The Model 2043 offers 15 time ranges from 20
nanoseceonds to 1000 microseconds to span these needs.
- The positive tinipolar TAC-output is essentially flattopped
for accurate measurement by a multichannel analyzer
| ADC. i :
. Internal gating prevents a TAC output pulse for (1)
] overrange START to STOP time differences; (2) STOP
inputs received prior to an accepted START: and (3)
| START or STOP signals received during the converter
busy time. The front panel OVERRANGE LED is
| illuminated for the first condition to simplify setup of the
. instrument. - =

'+ The COINCidence/ANTICOINCidence gating ‘feature
permits prompt (early)sgating of a START/STOP pulse
pair and is best used. to ‘minimize conversion time.on
unwanted pulses. The GATE input must be received at
least 10 nsec prior to and overlap the START input. |

The RESET/INHIBIT input permits late anticoincidence
gating. It is used to terminate a conversion cycle and
prevent subsequent conversions.while driven. This mode
prevents a TAC output for slow energy analysis
restrictions, for example. '

For user convenience, the START, STOP, GATE, and
RESET/INHIBIT inputs accept positive or negative NIM
pulses without the need for polarity selection switches.
The circuit provides an input impedance of 1k ohms or 50 |
ohms (internally selectable) for positive voltage signals,
_and 50 ohms nominal for negative NIM current pulses.

 The rear panel STOP INHIBIT adjustment allows”
| rejection of STOP input signals in a range of 1% to 100% of
each time range. This is useful in suppressing noise
| inputs in some applications such as linear accelerators,
and prevent false outputs. AMONITOR output is provided
for the user to observe the lockout time following a

__output be generated normally. _

L TIME dial setting, but less than the sum of TIME + A Tl ME |
settings. An internal jumper plug permits the user to gate |
the TAC output with the SCA directly, or to let the TAC |

The TAC and SCA output pulses may bé delivered
immgdiately upon completion of the START to STOP
conversion by using the MINimum DELAY switch on the
front panel, or may be delayed over a range of 0.5 to 10.5
usec using a 22-turn screwdriver adjustment
potentiometer. Both the TAC and SCA outputs are
simultaneously adjustable in width (internal jumper plug
for 0.5, 1.0, or 25 'usec) and the two outputs are
synchronous, so timing jitter on the SCA output is |
. essentially non-existent. :

VALID START and VALID STOP auxiliary logic outputs
are also provided. The VALID START output duration is |
. the time interval between an accepted START input and
the end of TAC reset time, and thus represents the full
conversion busy time. The VALID STOP output duration |
is the time interval between an accepted STOP input, and
the end of TAC reset-time. Converter reset occurs after
generation 'of a TAC  output, upon receipt of a
RESET/INHIBIT input, or upon detection of an overrange
condition (no.STOP input received within the selected
time range). Reset time is a fixed 1 usec on the X1, X10,
and X100 MULTIPLIER ranges and 10 usec maximum on
. the X1K and X10K ranges. il R
b tert et L i T =T
- The VALID START, VALID STOP, SCA and MONITOR
outputs are each available by internal selection as positive
voltage pulses or negative fast NIM current pulses. The
voltage outputs are also adjustable in peak amplitude for
compatibility with interfacing instruments. Each positive
output is source matched with a 50 ohm series resistive
termination to prevent ringing due to reflections on
" unterminated cables, and the resulting multiple counting
- frequently experienced. The instrument is shipped with
' socketed resistors for each output which limit them to +5
nominal (open circuit) for direct interface tocommon TTL
circuitry. The user may remove the resistors as desired to
obtain a+8V nominal open circuit voltage for instruments
requiring the NIM pulse level, or +4'V nominal into the 50
ohm load termination which some other instrufhents
._provide. This flexibility allows the userto adaptthe output
signal to his needs without risking the problems
+ encountered with improperly driven cables and critical
timing pulses. , ik s |

The TAC output signal is provided on the rear panel as a
source matched 93 ohm output, and on the front panel as |
a 10 ohm output for use with short lenghts of cable (less |
than 1 meter) interfacing to an MCA. Both are direct

| START signal as a logic pulse \ﬂfidth- ) coupled and essentially pedestal-free, :
| The single channel analyzer (SCA) portion of the Model The START, STOP, and 'C_;ATE inputs are accommodated

2043 operates on the TAC output pulse amplitude, and [ i
i il Lo : ¢ i on Is. T event
| places equivalenttiming restrictions on the time spectrum 1 on beth front and rear panels: To SR e el

i : | i t NIM fast lo i
being accumulated. The “time window” of interest is Stub pulse reflections on these e cuCiou

i - the user selects the front or rear inputs via internal jumper
, adjustable from 0 to 100% of the selected time range by ] ;- g
the settings of the front panel ten-turn locking dlal plugs. The balanced50 ohm termination is thus preserved

i ) s ! | t ired i i
| potentiometers. An SCA logic output is produced for f[)ir:ninhgesctj;s;iri(tas line fof maxirg
‘every TAC pulse whose peak amplitude is greater than the ! e e

umg noiseyimmunity and

| e



‘Section2. |
Specifications |

- ) . i S

.21 INPUTS
START—Accepts either a positive logic signal or dc level
with amplitude =2 V, or a negative logic signal or dc level
| with amplitude =-250 mV; width =2 nsec at above limits;
i Zn =1k ohm for positive signals (internally selectable by
| sjumper plug to 50 ohms) ‘and 50 ohms for negative |
| 'signals; dc coupled; leading edge initiates time |
conversion cycle; front and rear panel BNC connectors. ‘

- I STOP—Input spemﬂcahons identical to, START input; |
leading edge termmates time conversion cycle; see |
INTERNAL GATING LOGIC for restrictions; front and |
rear panel BNCconnectors. 1

| GATE—Accepts either a positive logic signal or dc level |

| with amplitude =3 V, or a negative logic signal or dc level |
| with amplitude =-500 mV; width =50 nsec; Zin=1k ohm for
positive signals (internally selectable to 50 chms), and 50 !

. ohms for negative signals, dc coupled; provides external |

i means of gating the TAC output in either COINCidence or i

‘ ANTlcoincidence. GATE input must begin 10 nsec prior: '
to and overlap START input signal; front and rear panel |
BNC connectors. |

'_ RESET/INHIB—Input specifications identical to GATE
input; serves as a late anticoincidence input and |
terminates conversion cycle; front panel BNC connector. |

' 2.2 OUTPUTS ‘
TAC—Provides positive flattopped rectangular unipolar

. bulse; constant shape independent of TIME RANGE or |

-amplitude; amplitude proportional to accepted |
START/STOP input pulse time difference; adjustable
. delay (0.5 to 10 usec) and width (0.5, 1.0, or 2.5 usec); rise |
time =250 nsec; dc coupled; front panel Zouw <10 ohms |
and rear panel Zow = 93 ochms BNC connectors. Output |
i range 0 to 10 V for 0 to 100% of selected time scale.
& VALID START— (converter busy tlme)—Prowdes
|nternally selectable positive voltage pulse of 50r8 V, with |
‘ rise and fall times of =25 nsec, or by another internal
| selection a negative current pulse of -16 mA with rise time
t of =5 nsec; Zow =50 ohms, dc coupled; duration equal to
« time interval between accepted START input and end of |
‘I‘cyc!e reset time; front panel BNC connector.

VALID STOP—Output pulse specifications identical to
VALID START; duration equal to time interval between
accepted STOP input signal and end of cycle reset time; |
front panel BNC connector. |

SCA—OQutput pulse specifications |dent|ca| to VALID |

_START; leading edge in time coincidence with, and'
‘duration equal to, TAC output; front. panel BNC
‘cennector. ;

STOP INHIBIT MONITOR—Output pulse specifications |
identical to VALID START; provides observation of rear |

panel STOP INHIBIT RANGE adjustment rear panel BNC |
connector - SUREA

e 4'_\--4-

— == > . 7

2 3 PEFIFOFIMANCE a
TIME RESOLUTION—-<0 01% of full scale plus 5 psec|
FWHM for all ranges. __ed
| TAC INTEGRAL NONLINEARITY—< £0.1% from 5 nsec"l
| to full scale on X1 MULTIPLIER range; < £0.1% from 1%
| to 100% of full range for all higher ranges.

TAC DIFFERENTIAL NONLINEARITY—< 2% from 5
| nsec to full scale on X1 MULTIPLIER range; < +2% from
1% to 100% ofifull scale for all higher ranges.

: : 3
SCA TIME/A TIME INTEGRAL NONLINEARITY—
< %0. 5% of full scale,

TAC OUTF’UT TEMPEHATURE STABILITY—better than
+0.01%/° C (+100 ppm/° Q) of full scale.

' SCA TIME/A TIME TEMPERATURE STABILITY—better
than £0.01%/° C (100 ppm/°C) of full scale.

OUTPUT DELAY/OUTF‘UT WIDTH TEMPERATURE |
STABILITY—better than 0.01%/°C(+100 ppm/® C) of full
scale,

TEMPERATUHE OPERATING RANGE—0 to 50°C.,

TAC OUTPUT DROOP—-<D 015%/usec of output delay
on all ranges. '

TAC RESET TIME— Fixed 1 usec recovery time on X1,

11X10, and X100 MULTIPLIER ranges, and 10 usec on X1K
~and X10K MULTIPLIER ranggs; occurs after each normal
output and each overrange. 'jr
| |

GATE PEDESTAL~Essent|aIIy zero pedestal factory g
callbrated . .

SCA OUTPUT TIME WALK—‘None, with respect to TAC
output

[ MINIMUM START TO STOP CONVERSION TIME—
~2 nsec. !

COUNT RATE CAPABILITY—AIIl inputs and outputs are
dc coupled for optimum count rate independence,
maximum internal count rate is limited by the converter
busy time (time interval between accepted START input
and end of reset time).

INTERNAL GATING LOGIC—Prevents TAC output for
(1} overrange STOP signals; (2) STOP signals prior to an
accepted START, (3) START/STOP inputs during
converter busy time (eliminates pulse pileup).

2.4 CONNECTORS
All signal connectors are BNC type

s




Sectlon 4
Operating Instructions

“GENERAL ' J
zThe purpose of this section is to famlllarlze the userwith T
i the operation of the Model 2043 Time Analyzer and to |
‘check that the unit'is functioning . correctly. Since it is |
difficult to determine the exact system configuration in |
which the module will be used, explicit operating ‘
instructions cannot be given. However, if the following
'kprocedures are carried out, the user will gain sufficient |
rfamiliarity with the instrument to permlt its proper use in
,the system at hand. A
4 2 INITIAL CHECKOUT .
Before attempting to use the Model 2043 Time Analyzer,
!the user should remove the left side-cover of the
instrument and set the internal jumper plugs to provide
the desired input and output characteristics. Reference
Section 3.4 for the locations of these jumpers. It is
(recommended that these selections be performed with
1the power OFF,

Inputs : e ;
{The START STOP; and GATE ""lh'b"uts are each
accommodated by selecting individually the use of the .|
:front or rear panel BNC connectors provided. The front |
and rear BNC's are not wired together because the
{unused (unterminated) line presents a stub reflection to* |
Ethe fast logic signal wavefront, and the resuiting ringing
W|It deteriorate instrument performance. Therefore, the
ruser must set the jumper plugs for START, STOP, and
GATE inputs to either REAR or ERNT (front) as desired.

‘The input circuits for START, STOP GATE, and
gHESET/INHIBlT each accept positive voltage or negative
{currentsNIM pulses without the need for polarity selection
tswitches. The input impedance for the negative current
puise is a nominal 50 ohms. The input impedance for the
' positive voltage pulse may be set for an effective 50 ohms,
or 1k ohms, to accommodate the characteristics of !
: different sourcing equipment. The user should select the |
150 ohm impedance if the input pulse is to come from an |
I instrument having an output impedance of less than 10
ohms. This will minimize reflection-induced ringing
which could cause a degradation of performance in the
Model 2043 due to its very sensitive input circuits. For use
with instruments which provide a 50 ohm nominal output
impedance, the 1k ohm position of the jumper plug is

recommended. i

Outputs:

The VALID START, VALID STOP, SCA AND MONITOR |

.outputs each may be selected individually to provide the
| specified positive voltage or negative current NIM pulse to |
{represent their specmc functions. The positive voltage |

i pulse may further be selected to source eithera5V or 8 V| '

e

(nominal) open-circliit voltage level to accommodate the |
threshold and interface needs of other instruments. The !
| positive voltage pulse.output provides a 50 ohm nomlnal i

source _impedance to prevent ringing and puIseJr

¢ the logic SCA output pulse; it may also bel Used to gate the
| TAC output. The user should set this jumper plug as

| corresponding to the desired pulse width. Note that the

| Once the internal jumper plugs have been et to provide
| the input/output characteristics desired, the user should
i make external cable connections tothe instrument to set 11
| up afamiliarization test. Again, these connections should

| normally be done with power OFF.

sty

— reflections, which can cause Spurious effects orf Multiple™

pulse counting. The negative current-pulse output is
;shunt terminated in 50 ohms (nominal) for the same .
_reason.. ]

'The user rﬁay selett the ‘positive veltagg,pulse byf'seﬁlng

the appropnate jumper near the identified output top zt, -
and the negative current output by setting to -. ;I',he.f
positive voltage pulses are normarly setto 5V, and can be ‘
individually increased to 8 V by removing a socketed 1.5k |
ohm resistor near the Qutput functlon 1umper

SCA IN/SCA OUT;
The Time SCA function may be used to sumply generateJ

desired: SCA IN to have the SCA gate the TAC outpdit,
SCA OUT to have the: SCA functlon by Jtself only.
Width: i
The TAC output pulse may be’ set for'a ‘nominal width (at
the 50% Ievel} of 0.5, 1.0, or 2 5 mlcroseconds to!
accommodate the pulse requrrements of the ADC being
used. In each case, the risetime of the output pulse "°’|
controlled to 0.25 microseconds to prevent slew-rate’
induced errors in the peak detector of the ADC. The user |
should set the WIDTH jumper plug into the sockets‘

SCA output pulse (either positive or negatwe} will have;
the same width as the TAC output : i

p

[
2043 Scope
Pulse Generator
Function Generator OSTDPTAC fe62 |
T 0 -
FSTART o i © 500hm
Pe (e o SERIES k
5§00hm
21
.
sync RG-58
I— =
Flgure 4 1a |

. Checkout Setu_g_'1

e -~ = < = B Bl
| *Note:
| propagation delays of the Model 2043, a cable about 3m!
{ (10 feet) in length should be used between the tee!
i connector and the START input to obtain a useful TAC1

Because of the internal analog and logic|

output usmg thls setup. __|
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" Figure 41b
Typical TAC Output Signal ——

- e e
The ‘most straightforward method to verify propetl'
operation and/or calibration of the Model 2043 Tirnef_i
Analyzer is to apply a known fixed-frequency pulse to‘
both the START and STOP inputs and to observe the |
ramplitude of the TAC output. As illustrated in Figure4-1,a'
‘pulse waveform (either positive or negative) is first
‘applied to the STOP inputand th
‘START input. The input signal should be adjusted to
deliver =2 \L.if using positive signals, and = -250 mV for..’
negative signals. Note that with START and STOP linked i
together, the net input impedance will be reduced to as |
low as 25 ohms in this demonstration, and will attenuatea:
1 pulse generator's normal output. The small skew delay of.
the cable, and internal gating of the Model 2043, will force
the instrument to recognize a START-STOP pair with a
time difference equal to the period (inverse of frequencg;
or pulse rate) of the input. * 9

-glfé;)r a reference condition, a 1 MHz pulse with a width of up%{

0.5.microseconds, or a suitable square wave from a., .(bottom)

f
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laboratory function generator, may be used initially. Tt is7_
suggested that the Model 2043 be configured as follows:
Internal Jumpers: {

* START, STOP, and GATE each to FRNT i

* all impedance jumpers set to 50 ohms !

* SCA initially OUT ' |

* WIDTH initially 1 usec f
* all +/- jumpers initially to +

Front Panel:
- TIME RANGE to 20
* MULTIPLIER to X100
+ COINC/ANTICOINC to ANTICOINC
* DELAY to MIN

Rear Panel:
* STOP INHIBIT to OFF | '

{
Given the above setup,
output pulse of 5 V peak
change in the frequenc
then result in a proport
the TAC output. By re

the user should observe a TAC

amplitude on an oscilloscope. A
y (rate) of the applied input will |
ional change in the amplitude of |
ducing the rate to approximately |

~1 0.45 MHz (2.2 microsecond period), the user may verify |

¢ 'that the TAC output

| -
en linked by a “tee” totheq

|

1

i

- VARiable, these two outp

disappears and the front panel |
OVERRANGE indicator will come on.

With the DELAY switch in MINimum, the TAC and SCA

output pulses will be seen to occur 150 nsec (nominal) |
after the STOP input pulse. With the DELAY switch in |
ut pulses can be seen to vary

between 0.5 and 10.5 usec (nominal) after the STOP input

pulse, depending on the adjustment of the direct reading

ten-turn DELAY potentiometer.

At this point the user ntay examine the VALID START,
VALID STOP, and SCA output pulses (see discussion of
SCA below) in either + or - modes. Figure 4-1 illustrates |
the proper method of connection to use when observing |
these outputs on an oscilloscope. Figure 4-2 illustrates |

typical SCA output pulses using the prescribed|
termination; Figure 4-3 illustrates the aberrations caused
by ungrounded oscilloscope probes (top) and|

oscilloscope input capacitance on direct viewing|
|

g - |

+ 2 V/cm.

Upper:

Lower: -0.2 V/cm.

Horizontal: at 100 nsec/cm.

| =
Figure 4-2
Typical SCA Out
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MS USE OF SCA FI FUNCTIONS , ‘ e
1l'The Time Single Channel Analyzer function is most
commonly used to restrict the :spectrum of pulse pairs
received by the instrument to a narrow range of most |
interest in a gwen experiment. These may represent
coincidences from several detectors rep resenting particle
disintegrations, annihilations, lifetimes, etc. The Time

amplitude conversion and generates a logic output for
input time differences within the bounds set by the front
panel controls.

| I i -

The TIME control onthefront panel sets the fower limit for I

SCA function evaluates the result of a given time-to- ‘

" the SCA regionor window, as scaled from 0 to 100% of any 1

- selected timie range. The A TIME control sets the width of
the SCA window over the same 0 to 100% range, so that

the upper limit of time is read as the sum of TIME + A |

TIME dlals -
TINECL)= 480 11:93 18 JAN g0 |
= 400 UNITE 1 0T= 477
pseTaL REF=(17-32)
8 CHE  VYFS= 16384 CRT=(B1-16) 4895 CHO
|
|
|
o ity |
|
= |
!
—_— e —— - 1 1 L}
Lcs G cHe | INT = 'tétdeese  Cps s 35372 | Rew 4853
400 SLC :

I

L
— frequency is var!ed up and down

FUPPERTRACE

|

; A TIME=6.0

Upper: Ungrounded Scope Probe

Lower: At scope without proper termlnatlon

| Vertical.:

at 0.5 V/em.
Horizontal.: at 100 nsec/cm.
Figure 4-3

SCA Output Pulses

i The logic output decision of the SCA tunction may be ~

' used to gate the TAC output so that only those pulses
within the set SCA limits will be delivered to an external .
ADC for analysis. This isidgne by moving the internal SCA '
OUT jumper to SCA IN

Usmg the setup of Section 4.2, if the user WIH move the
jumper to SCA IN, and set the front panel TIME dial
control to 2.0 and the A TIME dial control to 6.0, an
oscilloscope observation of the TAC output will be seen
only for pulses between 2.0 and 8.0 volts as the input test

2 H

LFlgure 4-4 depicts the dlfferentlat nonllnearity of the
Model 2043 as observed on a Canberra Series 80 MCA
using random noise pulses to generate a time spectrum
on the 100 nanosecond range, and with the SCA set as|
above. The sharp skirts of the spectrum attest to the'

p:(egli»sion of the SCA as built into the;_l‘\flrgqé'l 2043. i

|
without SCA

LOWER TRACE:
SCA IN, with
TIME = 2.0

I'-'Igure 4-4
100 nsec DIfferenlial

' INonlmearlty =



4.4 USE OF THE STOP INHIBIT FUNCTION

~that are caused by, or contaminated by, noise or by pulse

. reflections. If these unacceptable STOP pulses were not

rejected in some way, they would initiate unintended time
analysis cycles, contribute to the Time Analyzer's dead

| time, and thus affect the high throughput qualities of the
| Model 2043.

HE:

T-approximately 10% of

The self-contained Time SCA would reject these STOP
pulses by creating a time window which would restrict the

time analysis on a desired START/STOP pair.

adjusted by the operator to end just before an acceptable

STOP pulse. The Time Analyzer will not recognize STOP

. pulses which are below this«,tg;’lfeshold.

'By careful adjustment of thé:STOP INHIBIT control,
| unacceptable (early) STOP input puises can be
| suppressed, Time Analyzer dead time reduced and the

generation of false TAC outputs avoided. As an aid in |
setting the Inhibit threshold, there is a MONITOR output l

i BNC which provides a logic pulse whose width is equal to

' the blocking time interval following an accepted START

4 input pulse.

; Figure 4-5 illustrates t

rpulser inputs. _.
==

14:358 14 FEB 80-‘
UNIT® 1 DTa 357
REF=(17-32)>
CRT=¢01-16)

VFS= 16384 4093 CHe

| |

—_—

Les 9 CHE 4933 M0
1999 ALC

INT = 33172773 CPS = 33172 RC= ant: 4t

r Figure 4-5 1
‘\Effect of STOP INHIBHT ona Tlme Specirum A

.1t is possible in some experiments to have STOP pulses |

TAC output to acceptable pulse pairs. However, this °
would still incur increased dead time and possibly block

v The STOP INHIBIT function has been designed to
overcome this limitation by setting a “time threshold”
which begins with an accepted START puise and is -

g

offect of a STOP INHIBIT set at |
e 1 microsecond range of the |
' Model 2043, as seen of a flat tlrne e spectrum using random |

\45 USE OF THE COINCIDENCE FUNCTION

‘The most common use of the Coincidence function is for
early (prompt) gating of START/STOP pulse pairs as an
raid in reduction of the Time Analyzer's dead time. Since
‘the internal logic of the Analyzer is set to rejectany STOP
pulses that arrive before an accepted START pulse, a
imeans of accepting or rejecting a START pulse will allow
‘the operator to control pulse pair conversion.

[ By selecting one of the two modes of gating and applying
a specified signal to the selected front panel or rear panel
GATE connector, the operator can enable or disable the
.acceptance of a START pulse, and thus the conversion of
any pulse pairs, depending on the establlshed criteriaofa
given experiment.

iIn the COINCidence mode, an applied GATE signal will
lenable the operatorto selecta START pulse for beginning
ia conversion cycle by causing the GATE signal to
coincide with the selected START pulse. Noncoincident
pulse pairs will not be processed by the Analyzer.

,In the ANTICOINCidence mode, the GATE signal will
linhibit the acceptance of a START pulse and prevent the -
occurrence of an undesired conversion cycle. All other

\pulse pairs will be converted.

|
“In either mode, anwapplied GATE signal will affect |

acceptance of a START pulse 'if the GATE signal-is
| received at least 10 nsec prior to the START pulse and
joverlaps it by approximately 50 nsec.

Note that if the Coincidence function is not to be used, the
mode switch mustebe left in the ANTICOINCidence
posmon and the GATE input ‘must | be left open.

T

l ]
UPPER TRACE: . . TSR T T
Typ|cal 1 usec time speat‘mm : 3

LOWER TRACE:

' Same as above with STOP INHIBIT set to. approx:mately.

10% of full scale., -~ " e

1

=



‘Section 5. {
' Circuit Description|

5.1 GENERAL

The Canberra Model 2043 provudestnme analysis be usmg
the time interval between accepted START and STOP
ifput signals to gate a precision current into a selected
integrating capacitor. The voltage accumulated on this
capacitor from the impressed charge (current x time) is
gated to the output as a rectangular analog voltage pulse
whose peak amplitude is directly and ||nearly
proportional to the input time intarval. This QUTPUT is'
most commonly fed to the ADC (analog to digital
converter) input of a multichannel pulse height analyzer
for data accumulation and display of the time spectrum
being studied.,

The paragraphs which, follow detail the operation of the
various sections of the Model 2043 circuitry, and explain
design features which assure cofnsistent excellence in
performance.

5.2 INPUT CIRCUITS

The START, STOP, GATE and RESET/INHIBIT inputs of,
the Model 2043 are designed to provide the user neW|
degrees of latitude and flexibility in instrument interface.
The circuit configuration is essentially identical for each
of these inputs and is described here forthe START input. |

|nput of Adb is thereby enabled.
e

_forthe ANTICOINCidénce Thode of gating, or the inverter
Q5 for the COINCidence. .mode. In this manner a positive -
voltage or negative current input signal is first normalized I
in polarity at the collectors of Q1/Q2, and then steered to (|
the desired polarity for enabling (COINC) or inhibiting ||
(ANTICOINC) recognition of a START pulse by |
controlling the J input of flip-flop Adb. This early gating
requires application of a GATE input at least 10 nsec prior |
to and slightly overlapping the START pulse that is to be |
gated. In ungated operation, the mode switch is left in |
ANTICOINCidence; Q1 through Q5 will be off, and the J

— — e

53 CONTROL LOGIC
. Given an enabling logic high on both the J input and CLR

to Adb, a START pulse sinks the clock input and sets the

. flip-flop (Q high, Q low). The Q output now enables the :

STOP channel flip-flop ASa by driving its J input high,
(thereby inhibiting any STOP signal received prior to a
recognized START) and switches off the clamp Q15 prior -

=~ to ramp initiation. The Q output of A4b clocks Ada to set

the latter's output. This cascaded structure provides a
propagation delay to assure proper clamp switchoff, and
matches the delay incurred in the STOP flip-flop A5a.

STOP input pulses are skewed to match the START flip-

flop Adb by using A5a"in" a self clearing’ pseudo-
A START signal may be introduced from either the fr,ko_nt 1 monostable mode. The clock inputsiof Adb-and A5b are
or rear BNC connectors. To prevent unnecessary ringing | | each prebiased to=~2.5 V to enhance response to narrow
and amplltude/tlmmg distortions from stub reflections i mput pulses Ade LT,

when using a very fast low level inputs signals, only one e — ot M el

cable is used at a time. The user selects this input by £ q = —— : R

lies

setting a jumper plug on the printed circuit board adjacent
to the receiving circuit to either FRONT or REAR.

The receiving circuit consists of a pair of high speed
transistors configured to accept either a positive NlMl
voltage pulse (=2 V), or a negative NIM current pulse (=

5mA). Q6 is prebiased as acommon-base stageto accept
the negative current pulse. Its emitter resistor sets the

circuit input impedance ata nominal 50 ohm level for such =

negative currents, but immediatety reverse biases to high
impedance for positive signals. The collector current of
Q6 is used to sink the clock input of the START flip-flop
Adb and thereby initiate a time conversion cycle. Prebias
for Q6 and several other devices is provided by Q12.

Positive voltage pulses are accepted by Q7, which|
operates as a saturating inverter to sink the clock input of
~Adb as above. The positive input impedance is nominally
| Tk ohm, with D2 steered by a second jumper plug to the
15 V supply to clamp positive-input overvoltages. To,
provide a nominal 50 chm impedance (when desired) for|
| posntwe voltage pulses, D2 is steered by its jumper plug to
| ground such that the emitter resistor of Q6 will again yield
+ the desired termination.

The GATE input cascades a second stage of the above

'« steering logic, and remotely enables the common base Q4

l With the START and STOP latching pulse edges now |

skew adjusted at the Q outputs of Ad4a and Ab5a
respectively, the time interval between the applied pulses
can toggle a differential current-switch to gate a precision

current into a capacitor. Q18 and Q19 level transiate the |
TTL signals to the bases of Q16 and Q17, which form that

differential current-switch.

-3 The Q output of STOP flip- flbp Ab5a initiates a variable

i DELAY one-shot in A7a. This one-shot allows full settling
_ of the.charge integrator after current gating, and provides
v a convement dead time :for external gating functions
related 't0 acceptance of the output pulse in a
multichannel analyzer. At the end of this delay period, a
second one-shot in A7b is initiated to-strobe the settled
‘ ' analog voltage to the output. An internal jJumper plug may
" be set for a strobe pulse width of 0.5, 1.0, or 2. 5 usec, as
‘ ‘desired, for compatibility with the ADC being used. The
gating between A7a and A7b is set to recognize the end of
A7a’s delay pulse, but to prevent the rising edge of a
CLEAR pulse during an overrange correction from
causing a false strobe-pulse. Specifically, the turn-on
delay of Q22 permits only a narrow (<30 nsec) window at
the end of A7a’s pulse in which the A and B inputs of A7b
are respectively low and high such as to permit triggering
the one- shot Under all other conditions A7b cannot fire.

=1
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trigger the reset puise. The width of this puise is nominaily
i1 usec on the X1K and X10K positions by switching on
Q23 to add C35 in parallel to C34. The Q output of A6b
drives Q24, which provides the higher sinking current
required to clear Ad4a, A4b, and A5a. The width of the reset
‘pulse is keyed to the capacitor being discharged by clamp
Q15 to assure full settling of all elements prior to the next

:ABb responds to the falling edge of A7b’s strobe puls\e'\t_gﬁ'.

| conversion. Q15 is normally on between conversions, |,

driven by the reset (low) Q state of A4b. Capacitor C33
. provides a small skew delay on Q24 to prevent the clamp
* action from inducing any transient on the end of the flat-
topped OUTPUT pulse. ——— —— -

* An overrange condition is detected by A3, which monitors
the dc voltage level on the selected integrating capacitor.
A3's Q output on pin 7 fires a one-shot to illuminate the

" front panel LED, and also generates an immediate reset
pulse to speed-up circuit recovery for the next
conversion. This pulse directly drives Q24 to clear flip-

. flops Ada, A4b, and A5a, and also -drives Q11 on to

, immediately clear any timing cycles underway in A7a or

| A7b. As the integrating capacitor voltage decays during

| discharge, A8 pin 7 returns low, and Q11 returns high,
~ thereby forcing a full-width reset pulse in.ABa by
triggering its B input. The integrating capacitor is now

" assured of a full discharge before the next conversion is
begun. S

5.4 INTEGRATOR
| As discussed above, Q18 and Q19 form a level translator
| between the Q outputs of START and STOP flip-flops and
| the differential cufrent switch Q16/Q17+-R49 prebiases
. Q19 on (Q18 off) between conversions, such that the
| integrating current is normally steered thru Q17 to

* ground. A low on the START Q at Ada pin 7 switches on °

Q18 and thereby Q16 (Q19 and Q17 off) to steer the
desired current to the selected integrating capacitor. A
low on the STOP Q at A5a pin 7 reverts the states of Q16

through Q18 to the earlier condition and haits the

- integration.

Two small embellishments of note in the integrator
enhance linearity and stability on the shortest time
conversion ranges. D8 and D11 limit the cutoff bias on the
clamp transistor Q15 in a bootstrap manner from the
buffered integrator voltage, and minimize voltage
sensitive capacitance changes in the base-emitter of Q15.
Secondly, CV1 couples a charge from flip-flop A4b which
compensates the switching charge in Q15 and prevents a
low-end offset error which would limit linearity and
sensitivity to very shart time intervals. The result of these
efforts is a useable sensitivity to below 2 nsec, and a
differential linearity flat to below 5 nsec.

5.5 OUTPUT AMPLIFIER )

The integrator voltage, buffered as above, is gated to the
output by the action of the quad set of shunt analog
switches in Q28 through Q31. All switches are current-
driven through Q33 by the strobe pulse from A7b as
discussed above. The first pair of switches (Q28 and Q29)
are operated as normal mode shunts for lowest “on”
resistance. The second pair (Q30 and Q31) are operated
'in the inverting mode for lowest offset voltage. This
complement drives the input of A1 differentially to
minimize switching transients and cancel the switch
offsets by common mode rejection. Q32 provides the
current boost to drive external low impedance loads
'through coaxial cable.

»

The compensation around A1 has been set to permit a
fast, controlled pulse rise-time without any preshoot or
overshoot which would, interfere with proper pulse
capture by an ADC. Thisnetwork includes C40 and C41to
equalize and smooth the switching charge transients in
Q30/Q31, and C42 and C45 to shape the pulse rise time
and balance the inputs to A1,

The series output resistors R101 and R102 are used to
prevent cable capacitance from causing oscillation in the
output amplifier due to uncontrolled phase lags. R101
permits short lengths (< 1 meter) of coax to be used to
connect from the front panel to an ADC input. R102
provides a source matched 93 ohm output on the rear
panel for use with longer lengths of coax. The series
resistor will diminish the netvoltage presented to the ADC
somewhat, but may be the most advisable interface in
some setup conditions.

" 5.6 LOGIC OUTPUTS

——

The VALID START signal is derived from the start flip-flop
Ada Q line to represent the interval between the
acceptance of a START input and the beginning of reset.
The reset pulse width from ABb is then OR'ed with the
above width in A11d to drive a discrete totem-pole output
stage for positive NIM voltage outputs via Q42, Q43, and
Q44, and to drive a fast complementing current switch via
Q45 and Q46 to generate the fast negative NIM current
pulse.

The VALID STOP signal is derived similarly using the stop

flip-flop A5a Q line as OR’ed with the sameureset pulse .

width'in A11a, to drive a similar output network using Q47
through Q51.

The SCA output pulse is derived by using the selected
width of the TAC output as generated in A7b to strobe a
set of comparators A12 and A13 which are set up to
monitor the analog ramp voltage from the time
conversion. The front panel TIME control presents a
lower-level limit through A10 to the reference input of
A13. The selected voltage from the TIME control is
summed with that from the A TIME control in A9 to
present an upper-level limit to the reference input of A12.
The width pulse from A7b strobes A13 first to determine if
the analog ramp voltage from the time conversion is
above the upper limit. If it is not, A13’s output drives Q36
to strobe A12 to determine if the ramp is likewise above
the lower level limit. If it is, A12 generates a drive pulse to
provide a positive and negative output pulse as above for
the VALID START, using Q52 through Q56.

When it is desired to have the SCA logic pulse gate the
analog TAC output, A13’s drive pulse is coupled via the
SCA IN jumper.to drive Q33 and the analog switches Q28
through Q81. Thus, the same selected-width puise is
routed thru the SCA comparators to gate the TAC output.

The STOP INHIBIT function is accomplished in
comparator A2, which fires when the ramp voltage
exceeds a reference level set by the rear panel RANGE
control. The MONITOR pulse is initiated by an accepted
START input (A4a Q drives Q35 on and sets the positive
and negative outputs), and terminated by A2 as it switches
on Q34 and cuts off Q35. A2’s Q output is simultaneously
fed to the J input of the stop flip-flop A5b to enable the
next applied STOP input. i





