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AN ANALOG STORE AND MULTIPLEXER
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ABSTRACT
The report describes an electrohic analog puis§ storage unit.
Used in coﬂjuﬁdtioﬁwithom-line computers, the unit allows high-
resolution pulse-height analysis of eight-parameter coincidence events

byAuse of a_single ADC;
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I. INTRODUCTION

In multiparameter pulse-height anaiysis experiments, an "event"

- consists of several analog voltage pulses in coincidence. These ..

pulses must all be digitélly encoded. Averége counting rates are .

!

v usuélly low in such eXperiments, but since several pulses appeaf

simultaneously, processing must be done in parallel, often requiring

two or more analog-to-digital converters (ADC).

. An alternative to providing parallel ADC's is to store the pulses -

in analog form and process them one at a time, with a single ADC.

This proceduﬁé becomes more attractive economically as the number of

parémeters is increased. }The major problem is to avoid adding any
l : _

uncertainty to the pulse Height‘due to its having been temporarily

stored. Since the storage time may vary, this means that the stopagév;

device must have very good long-term memory.

A suitable analog storage circuit was developed by Goulding for -

use as the stretcher in a 4096-channel ADCl). This circuit provides a

drift of less than 1 mV per millisecond, on an output waveform whose

.-amplitude (0,03 to 10 V) corresponds linearly to a l-is input pulse...f_

Figure 1 is a block diagram of the analog stofe an& muitip;exer,:j~'
and,indicates the way in which analog pulse information:is firét‘étoréd.
in the stretchers, then transmitted to the ADC. A step-by-step explé—?:
nation‘bf'the operatidn is included below. In fig; 2, é éircﬁit diagram'

of the stretcher is given. A detailed description of the stretcher
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operation:is found in reference 1.,  Several analog storage and multi-
' plex units have been used in data systems at LRL in Berkeley for several

years. The main elements of a typical system are shown in fig. 3. ‘

An analog multiplexer unit contains eight stretchers, each with an’

input gate and low-level discriminator. These are tied to-control'logic

‘and an outputlmultiplexer. The_multiplexer samples each stretcher levelt

“upon demand, and generates a pulse'whose amplitude is proportional.tof
the stretcher'voltage} This pulse usually is fed to a 4096~channel ADC
of the type described in reference 1, but any other ADC. could be used.

"No measurable degradation in resolution has been detected in high-

- resolutionvmeasurements of complexbgammafray spectra when the analog B

: store was inserted between the amplifierzand ADC.

One of thercritical elements‘of this unit is thelmultiplexvcircuit

":which converts the yoltage levelsjoutput'by the stretchers into voltage
'pulses suitable for inputito the ADC., -Theprelatively simple circuit to

accomplish this job is.shown schematically in fig., 4,

By the use of‘diodes in pairs, to compensate for changes of voltage
With temperature, thermal drift problems in the multiplex circuit are
reduced so that the dominant cause of drift is in the stretcher unit 'f
itself. Thermal base~line drift in the stretcher has usually not been .
a problem under our operating conditions (temperature stable to 2° or.
3°C). In some Situations, the observed temperature dependence of 4 mvp

-~ per 10°C has required the use ‘of base-line stabilization techniques.'”

\/
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II. OPERATION

Operation of the cifcuit can be understood with the aid of fig. i.
Input‘analOg pulses are fed direcfl& (usually in coincidence) te eech.
stretcher from a corresponding amplifier and detectori A low-level
discriminator ‘included with each stretcher triggers upon receipt of an
input pulse, | |

The output from any one of the discriminators will trigger a 6-usl

delay (D1), at the end of which a general CLEAR pulse is triggered.
‘Unless a validation or "coincidence" pulse is received within * 3 us

of the first analog input pulse, the CLEAR‘pulseiwill reset all stretchers,

leavihg them ready to accept new information. If the coincidence pulse
is received, the CLEAR pulse is inhibited, and‘ipput gates to all eightl. ‘
stretchers are closed, 3 ﬁs after receiét of the vaiidation pulse, The
wide aliowance of £ 3 us on pulse-arrival time redﬁces the timing problems

when complex pulse processing is done before the pulses are fed to the

stretcher. (In most applications fast coincidence gating is dene before

theAsignals reach the_analog multiplexer.)

After a further delay (D3) ef 2 ps, a'2—ué_pulse is generated_whoSe
amplitude is proportional to the output level of the first stretcher.
This pulse can be fed to any external ADC. An ADC BUSY signal from the
external ADC should then rise, and fall again only when the ADC.has '
finished its conversion cycle, The trailing edge of the ADC BUSY
retr;ggeré delay D3, resulting in an output pulse whose emplitude is
proportional fo'the_ievel held by the.second sffetcher, and so on,

I
]
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After stretcher N has been sampled, the general CLEAR signal is produced.

43 ;42 f e_l;jﬂ'ﬂ

The number cf'stretchers; N,‘to"be sampled iseselectedfbetween 1 and‘B .
by a'frontbpanel switch. o - -
; - ' S o : _ 67
If the ADC BUSY signal should be nresent when the‘input signals '
arrive-initially, theffirst'cutput pulse toethe Apc_would 5¢¢ufvon1yv*
~'after the Abc BUSY signal returns to zerd; 1
The "tree":decodér‘circuit (fig,‘l) ncrmeily hés;aliieight cntputst
at a slight;yfneéetire vcltege lerei. When the'2—us.strobe pulse reaches
"jit':that cutput selectéd by.thev3-bit'scalér rises to +,10‘V5 Thisvhasf S
B the effect of’ openlng the dlode gate from the correspondlng stretcher
" for 2 us, thus prov1d1ng a pUISe of that wldth,fand of amplltude_pro-‘
'portional to the.cutput voltage of‘the stretcher. An integrating time-
constant of 0.2 us, precedes ‘a. whlte emitter follower whlch can drive a’

120 Q2 cable to an ADC, (See'flg. 4)

If no re3ponse were obtalned from the’ ADC the general CLEAR pulse

would be generated after a delay of 10 mllllseconds.

For szmpllc1ty in c1rcu1try, the multlplex readont selects each -
stretcher in turn, and a 3-bit parallel dlgltal code is prov1ded to
positively 1dent1fy the stretcher number.

These instruments have heén.successfully used in mnitipareneter
experiments.heving evént rates as low as one per hour and as‘high as _'e? 79
2000 per second. ;In'most cases,fthe‘digitai'EOdes from the ADC_have"
heen fed.to computers which store the digitel codesdevent by event;_

’

i
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on magnetic tape while simultaneously proéiding a CRT dispiaybof,_

selected interesting regions of the spectrum.

L)
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FIGURE CAPTIONS
. . : . !
1. Block diagram of analog store and multiplexep;”lInputvsignals

to the analog stretchers are accompanied by a "¢oincidence" 9ﬁ-§ s

(validation) pulse, which Céuses input gafes’to close and transmits

a pulsélcorrespondihglto the voltage on the first stretcher to an’

external ADC. When the ADC BUSY signal rises and then falls égafn,‘

the éecond level1is transmitted.

2. Schematic diagram of stretcher circuit.

3. Block_diagfém of typical interconnections for a multipabameter

pulse-height expérimént.
4.." Analog multiplex circuit details; .Use.6ffpéirs‘of:diodes .

carrying equal curfents minihiies thepmél base-line drift.



SIGNAL

— 70 sDC

T /DENTIFICATION

(- L
g
| STRETCHED e e e e e e e
| ANALOG sievars | _Amdlog 1
: RETCHER. 7EST o OUrPUT PULSES N_n_ N n n NN _n_
ANALOG n STRETCHERS Pre ) ‘ : I
INPUT n Nl ] ]
PULSES T - 3;2‘3:2 SrreE” L1 v
I . DECODER 3 B/7 1| smer
as ! PATES SCALER >
LS i ADVANCE I ADC
L ° ] s RESET ;
m 0 ‘ .
Y >-— STROBE |
INTTBIT ‘_1_ - _l_ i DR JU [, |
INPUT .
PuLSE \ ./ SELECTS : .
RECOGN/IZED NO. OF STEPS
( “ s7aer”
} s70P |
: |16
- -< q :
‘6 S v Us Y
DELAY > RE JD/FF. }
' i hatiad |
INHIBIT
I J‘IT
7 Y comcrDEvCE” 3.5 ¢ 23 .
( EvaBLES SYSTEM ) | DELAY . 2 L_'-‘— '
. | U ™ ADC
( SAFTY ) —_ P’%ﬁ’f‘f - T T o : - Busy
reserl - logay | L -

»_-Fig.-; 1, . Biock _di'agr_ah_

> CODE

-L-

XBL 695487

£988T~TI0N



P

. FEFLBACK. LamFP

. BooTurr 4P .
+24V . . : . . . - . t2ev
‘ ) I .W\N } p&TH Pozs 2el ‘
412V - . o . IV ) . LA 336Kk 1000-F +izv
2% PO L ~ ! Tz re
3 zsfsn fﬁﬁ g Hl ’5'7314. §, 8 X Sl 4 MDGZ)WS - R60 ;"9 j o7 LBy : 283
: 1 @4 v AN 7 4 ol I | s e frvhs @
- @ cer t Q4 AL .
- ezo Y ¥ e Y CViaa T8
Sl B '
:U - ¢ w ¥
Crerse | Y
MO i TTER 4| *RE
D0DE 2N709 | Seg ) 1N
um&-i,u', s Dcs_
"= o5 NEIN 227
i i [ C 3 - GND
1 - . B
Ureercuen| 4507 e | ,/L : -
c4pP. e .
R DesTAL - . Y
ETIR ETEER '
-2g/] B2skF ) 121K R _2a/
A i . . DI, . :
. . N ~ mw‘ D
+24/ P : _ ke ; : +24V
20001 «8W R5S | L 25 E L es9
+/2y /SOK-Z 8% 55k +H2V
1 4 4 izo
zﬂ',l, S S /oK . o S/ v T e80 Q ”é
“ ‘ )
3 1% & L
4 255k fzo"b 2338 234 o1 2720 264
) X7 - ) 2% A, 195 26 22k
—1 el {“’ T )
[ \V3135 ¥ !&&!LC% 21706
Ci
1N F E: il
pn N 8 % X — QL% 3 n
ST e TSAN T | B ) RIZREA A
\'TN > 22k LY 7 ) . \\)) 22008 .- GaD
GD. & s RIT R < R RE50: K5l . L o5 N % RE3
Ci ey 1 e o E Je Al thr STk s K E _ F"fmg g“ S /}7 .y
f — . . & RSB . . = g67¥
b |2 : ) | TR B ‘ E X )
é;——zg T,
. o — —10v . . é . . ’
0V -GATE - D/5c. D1sc oul :
B e | 8 57 nN®gg LB 8 @ 1
S8, IN. : NOTE S UNLESS OTHERWISE NOTED NPT 7’”,45* - i S : ) STHET OuT
/. DIODES NG CK EQUIY, . 7O APC
@'@j:——’(,, > 2y 2. Rewysroies CHxbw Ya) 5Ps . : : .
Ba-L. -9:; : iy X . MpE Sewih TO. : .
:_15 TG AaF 3, W SHOWS MAN S/I6NVRL oW PATH
g e s GaD - ’

XBL 695-492

Fig. 2. Schematic diagram of stretcher circuit

’
i
L

mB-

£988T=T4ON



ANRLOG

12-847

| AMPLITUDE CDDi

3-8:7 CoDE

.

ANARLOG INPuT
PULSES FROM AMP. ouTPUT

% PULSES
g B ) _
. s7orE. ADc Busy,
> AND . : ]
W MULTIPLEXER A2 i
‘:: ' IDENTITY CODE
- (3-38/7 )

* cowc/o,ewcz”T T
L EVENT

COMPLETE

‘57&4?/966' COr1P

ON = LINE
COMPUTERL

MAG . T4PE
(&venr- By -

EVENT

STORAGE )

MULT [ -
DIMENSIONAL
DA74
DISPLAY

Fig. 3. Block diagram'df typical interconnections
for a multiparameter pulse-height experiment.,_

" XBL-695-488

—Gn

Lgsstédaor)_ o



:.OT-

4. Analog multiplex circuit details..
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.




’3-‘3;‘-9 + m—

TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

R





