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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. "
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It is the 1ntent10n of this article to describe the construction and
“operation of the hardware and the software that constitutes a h,OQG channel
bi- stablllzed pulse height analyzer, data processing, and control syslem.

The ay%tem was de51gned for studylng me,ic y-ray spectrums at the 1?h

Cyclotron.

Figure 1 shows a simplified block diagrem of the system. TIn opéraiion, a
'; y—ray of a given energy is stopped in the Ce of 81 solid state detector and
converted into a given number of hole-electron pairs. These carriers are then
collected.by the high field due to reverse bias voltage.of 300—1500 volts aﬁd '
appeaf as a charge pulse, Q, and a small voltage signal is applied to the
preemplifier of V=Q/C where C is tﬁe<capacitance of the detector and any stray -
capacitance. Two types of preamplifiers have been used: The charge sensitive
tyoe has a stfong feedback which integrates the input and produces a signal . .
proportlonal to Q and 1ndependent of changes in C; this is useful if C has a
tendency to change due to changing bias voltage or perhaps to deterioration
from beam pérticles; the voltage sens?tive’type which produces a signai propor-
tional to Q/C. ‘ ) _ ‘
The 31gnal now passes through a variable gain ampllfler, a linear amplif]er,
and a linear gate, and then into the ADC. Here it is converted into 12-bit
words and transferred in parallel into the PDP-5 computer for data storage,
idata display, and feedback confrol As the computer data memory periodlcally
fills up, the computer suspends its normal data—taklnp function while it )
‘transfers the data memory contents onto magnetic tape, using a D2020 tane control.
This forward path, thus far, is essentially a 4,096 channel P H.A. o '
. The gain, or more correctly, the transfer function of the sysfem may be

changed-electrlcally in two ways. First, the gain may be changed by a variable

ar———one 4 1in v s swwaress wes apam
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gain amplifier which effects a gain change by changing an snalop voltage level

applied to on F.E.T. actihg as a variable feedbnck resistor.

Second, the spectrum may be shifted "en masse' up or down by another analog
voltagé applied to:a'pedestal adjustment in the linear gate. The linear pate
is open only when a desired y-ray passes through the beam telescopc and nl o
produces a pulse in the timing preamp. These two methods of effecting a transfer
function change are used to stabilize the trdnsfer function agninst drift by .
employing feedback from the computer as the data is being entered into storage.
Previous systemsvhave used a variable gain amplifier only and héve heen ref- "

"12 This particular system employs both

erred to as "gain stabilized systems.
gain and bias stabilization.

 This method of stabilization utilizes a naturally oécurring peak in a
yuray spectrum, commonly obtained for calibration purposes from a smull radio-
active .source. The peak is known theoretiéally to a high degree of accuracy
and is, of course, absolutely invariant. Since this refTerence right at the
beginning of the system is used, the stabilization with reference to this peak
compensateé for drift in any amplifier and includes even the rundown circuitry
in the ADC. ' '

A iinear transfer curve is convenient for visualizing the stabilization
process. Geqerally, channei zero does not correspond to zero volts inpht
because, first of all, there is always neoise present and to eliminate storape
of this noise, a threshold voltage V£ is set (Fig. 2), or secondly, a bLias
"cut” mey have been made to select only the upper portion of spectrum to analvze.

SuppoSe,'for eiumple, that the pain increased, as showh‘by the dotted
transfer line in Fig. 2, then the computer recognizes the peak shift, within
the limits Qf a window, W, and‘makes a correction by decreasing the sain a fixed
small amount with the variable gain amplifier for each pulse that is unalyzed
until the peak is back to its desired position. The mechanism for this fecdback
is shown in Fig. 3.‘ A reversible scaler, normally reset to 512, is continually
monitored by an D/A whose output is the actual correction voltage for feedbuck.

Say, for example, the gain has increased; then for every count which falls between

P and P + W, including P, the PDP-5 sends a "minus" pulse to the reversible scaler

which then effects a decrease in gain by a small fraction of a ‘chanhcl: conversely,
when a count is obtained between (P - W) and P, excluding P, the gain in decreased,

thus, the net effect of a peak shift due to gain drift increasing is a decrease

in count on the reversible scaler, although this net effect is achieved in &«

-2~ - ' Continucd



“ rundom three-steps-forward-one— step-back Lype of process. When the pealc g

stdbi]i?od the scaler continually jitters about a certain count by a F\w counts

; _hwcauoc of the gaussian distribution of the counts in a nuturally oceurrine: pbuk.

The zero adjustment or pedestal feedback is accomplished in a munner
gimilar to that of the gain; Wig. U shows this effect. The gain is an anpular
COﬁtrol about an oripgin; the bias is a parallel motion and the combination, is
in effeét, a- polar coordinaﬁe system which defines the strujght ii?e'trunmrur
function. Note that a change in bias affects both the bias reference peak and
the gaih reference peék by the same amount; a shift in gain, however, affects
the bias peak less then the gain. Tt -dis difficult to imagine the simultancous
effect of these two dependent corrections upon each other and a computer proqfum
was written to simulate the behavior of this system using the straight line '
transfer function as a model; the model predicted two typﬁs of behavior later
verified in operation. First, it'predicted a piecewise linear corrcction riate
to a step response, and secondly, an uns table system if the lower en(rwy
reference peak (the bias peak) effected much more feedback (channel shift per
count), than the gain peak. The simultaneous correction is illustrated in’
Fig. S. | |

‘ In actual practice, the y-rays come from two sources. First, there are
yY-rays from a targét which captures the pi mesons; these y-ray spéctra are of'
prime interest to the experiménter. Second, there are y-rays from two
calibration sources: these sources actually emit a pair of y-rays in opposite
directibnﬂ One passes into the main detector for stabilization: the ,vgonJ

passes. into an adjacent lower quality Si detector which produces a timing pulse

This timing pulse is used to mark or tag the second source of y-rays from the

target y-rays. Thus, actually, two complete and independent L ,006 channel .
spectrums are produced at the same time: One for calibration wh:ch has a minor
percentage of the total counts and one for primary data. Tig. 6 shows a block

dlagram of the system and shows the device numbers used for readxnp the various

data and for-produc:ng reset pulses. The main 1nput into the computer consists

of the 12-bit data word and this may be accompanied by the two gtablllzdtlon
flapé all of which are read essentially in parallel bv the computer'every time
an event ocouro, thUo, there are two types of data words. The primar" data is
d1 tlngujdhed from the stabilization data by the PY nce of a f]qw for Lh~
stubilization data. The only other inputs are an electrical turn on/off for
gating the otorape, and the two 10-bit sculer correction monxtoru,_which may he

used at the dis crotion of the opnrator.

-3~ : ‘Continued . . .



The interface hardware is essentially in threc sections. Tirst, there is
an interface between the ADC and the PDP-5. Second and third are the bias

and gain lntcrface for feedback and these are very similar to each other

Fig. T shows the gain and bias feedhaclk control bloclk diagram.  The stahilization

trlpger comes from the preamplifier for the stalilization (calitration) source,
Thw overflow prevents the reversible scaler from QXPDPvlng its eount N@Uuhi1lty;
it fmates off Lhe minus or plus input when it has reacted the emply or full count
status, respectively. ,

The feedback levels numbered 1 through b4 are actually:

FEEDBACh CHANKE L ChAVCP/COUFT I RFVLR°IILF uCALEP

uw1tch Po‘Jtlon . flain : Bias
1 0.0hT _ .065
2 | 0.173 .18
3 : 0.h7 ' 357!
L 2.9 -

A convenient setting for the experimeﬁt has been gain at position 3,
'and the bias position at 2. This will vary>with the resolution of the det-ctor
and energy window bLeing looked at.

The correct feedback settlnp depends upon the resolution of the detector

" and the enerpy w1ndow ao'oxpressed by kev/channel; the channel change per
count. of feedback qhouldvbe much less then the (resolutlon)X(channe]s/kev).
Using this criterion, mcasurements indicate that the effect of feedback onn
the system resolutiQn is negligible.

Referring to Fig. 1, the block diagram labeled "detector"3 refcrr'to the
cryogenic chamber which contains the detector, llquld nitrogen cooling systen,
vacuum syétem, and three F.E.T. stages; this is shown in Fig. ©.

Timing resélution of the various detectors presented somewhat of a problem
initially since a narrow gate was desired to exclude ihe large quantities .of
background noise from the beam; Timinﬁ resolutidn on the order'of 20 ns has

been achieved although this deoendg upon the signal to noise and the type of

detector’ uqed This figure is under improvement at preaont
SOFTWARE
As noted above, the SOFtwarc ecrvea three basic functions:
1) Storage of data on tape.
?) Scope display.

3) Feedback to gain and bias settings on amplifier.

~ho . Continued -
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Qpe Storage

Cince the 1ncom1np ‘data could fall in any one of hOOllo channels | it was
not practlna] to censider pigeon-holing of the data ns it nrr[vex,‘(i.n;.f
1ncrement1ng the contents of address Gh2Tg when a datum fulls in channel
6L2Tg), as the PDP-5 memory also has only 096, ¢ words. Instead, incom{nu
. data is merely stored sequentially in a buffer of 30004 (133616) vords, and
tﬁis buffer is.transferred to magnetic tape when full. The disndvuutﬂmcn
of this approach are, of course, the increased quantity of tape necessary,
’dnd the increased analysis time of the tape onithe CDCGOON. Advantages are
“that the 1ncreaaed redundancy makes it impossible for a noise error on the.
tape to invalidate the data, and that "marker words' can be used to distinguish
between different types of data. qpecifically, a "TTT7g" in the data buffer
.uanlfleg that the datum followinP it corresponds to a y-ray from Lhu'ntub1]1b-
ing source and not from the target source. An 8192,y channel memory just for
data storage would have been nécessary to provide this capability if pigeon-
hdling has been used. ‘
| Egppe hisglgx »

The scope dl%play buffer occupies 10004 (51;10) addressces in memory.
‘Unlike the data buffer, it is pigeon-holed. The subsequent recduction in
resolution from %096 to 512 channels (on full scale display) is notbobjectionub]n
because the scope is not éapéble of distinguishing more than 512 channels in
any case. In order to set the peaks on vhich the pgain and bias settings will
» be made, it is necessary to be able to tell on the scope where a peak falls
with considerable accuracy (within a few éhannels) This is achnchd by th1PP
three separaﬁe display scales. Since the PDP-5 StOTEb numbers in octal, the
reduction in scale of the scope display is by a factor of 8. The sC0Ope scereen
is divided. into 8 oétants, and with the teletype, the operator can select
any one of the OCpants for a closeup display. Then the requltlng octant may
Le further broken down into 8 octants. Thus, the full 10 ,000g (hO“flo)
vchannels can be broken down into;1003 (6Lyp9) displays of 100, channels ench.
On each such display, a visual resolution of one channel is easily obtainable.
(See Fig. 9) | |

In order to minimize the reaction time of the computer to incoming data,
the scope display tskes place, one point et a time, only when:the”c6mputvr has
‘checked to see if there $s an incéming datum ﬁnd has found hothinﬁ; Cee the

~flow chart in Fig. 10.

~5- Continucd



Stabilization
The feedback function of the program is activated when the computer

receives a trigger signal at the same time as a datum. The datum is then

.~ assumed to come from a stabilizing source, and is compared with the peak conter

previouslyvselected by the cperator. If the datum is larger Lhun:the

selected peék, a pulse is penerated which decrease the gain (or bins)y und
vice versa. 3ince the only instability in the system is usually a slow dxxrt
stabilizing data does not need to be inputted too frequently (several” po
second is sufficieht,vcompared with an overall data rate Qf'several hundred
per oecond) '

Keyboard Controlled Options

In addition to the functions noted dbove, the_pfogrém also conta:na o
number of options controlled from the teletype keyboard, which provide
different modes of opcration to facilitate initial setup of equipment, cheeking,
out, and so on.

' The storage in tape memory can be suspended during set-up or vhile tape is
changed, qnd a special end of tape marker can be written when data storage on a

particular'tape is complete. Four words of the tape memory buffer are reservéd

" for a title to identify the data tape after analysis. These are filled in with

‘a keyboard option.

The scope display, besides having the different scale options already

mentioned, can be reduced vertiqglly by half, either manually, or automatically

when it growsvtd the top of the screen. Options can also select whether the
display inéludeé stabilizing data or not, and whether the display occurs while
data acquisition is'taking_place, or without concurrent data acquisitjoﬁ.to
provide a faster display time for better visibility. '

The peak centers for gain and bias stabilization are typed in via the
keyboard, and the operator may al#o turn either stabilizer on or off, or‘cause 
stabilization to'occur.without triggers. |

-Other keyboard characterﬁ cause the stafus of all options to be printed out,
lock the keyboard to prevent accidental activation of undesired options, and

unlock it.

DTADTTMF CONS IDFRATION"

A problem of some concern in thL design of the propram haﬁ boon the
minimization of "dead tlme,f or the time the computer is unable to record an

incoming event, because it is still busv handling the previous one. Clearly

- . Cortinued .



the deadtime should be less than the averég@ rate at which data arrives, il
the.porcentage of data lost is to be kept Tow.

A férmulu has been derived“ rclating deadbime, data rate and ﬁhv percentigee
of events recorded (efficiency). As applied to the prescunt experiwent, Lhis |
fbrmhlu_is:_ : A ' o
‘EA'— (1 ~A: -vA] : VB - 11

thie ratio of events recorded to events lost

[
Il

Where a
v = the average input data rate

A = the deadtime following each event, during which
the ADC and the computer perform th01r analysis
-and storage functions

B = the period of deadtime during which the
) computer suspends normal data taking while it is
outputting onto magnetic tape

n = the number of data processing cycles (A)vbetween cach tape
'~ storage cycle (B).

v is typically about 500 evernts per record. A is about 00 us: n,
which is equal to the word size of the. tape storage datn buffer, is 1535),:

B is 220 msec. Using these values in the formula gives

h = 500/sec.B00 ps - (1 - o 000/5ec.B00us) T%?g (500/5¢0.220 muec = 1)
a = 0.070 + 0.068 o

a = 0.138

The efficiency is then 190 ET.7%

1+a
Working out the formula for various values of v gives the theorztloql

" curve shown in Figure 12. As can be’ seen, the measured resulus are in good
agreement with the formula.
Figure 11 represents a measured probability distribution of an "effective

deadtime.”

This is a deadtlme Q such that multiplying it by the frequencv w11]
yield the same gquantity as the first torm in a, above. Thua
vQ = VA - (1-e VA)

Q is logically equivalent to the time whén the following conditions cbtain:
1) The computer has not yet reset the ADC and 2) an event>iq stored in the
‘ ADC waiting to be fead Calculation of the average effective doadt1mo Q From
the centr01d of the graph in Fig. 10 provides a rough check.op the effectiveness
of the efflclency formila, In the case shown, the average éffvctivn Jendbtiime
8 is about 295 us, as compared with the actual deadtime of 00 us. The reduction
is made possible by the ability of the ADC to "storé” a new dntum while the
computer is ntl]l ca]cu1atinp It can therefore be seen fhnf for prmcwﬂminm
: rnndom data, a temporary storage Luffer of one or Lwo words h(IWu‘n Lumpulcl nﬁJ
ADC is Just as effective a8 a 1arrv increasc 1n culcu1ut1un npuvd o

e T Cuutlnurd'. RN



/

In summary , the system has proven effective and easy to use, and the

’f]exlblllty of the PDP-5 and ADC combination has great]y facilitated

' ;mdn1ng modlflcatlons since thelexpcrlment began.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, 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 information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








