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Introduction

This voltage monitoring device was designed and constructed for
the APC group for use in a series of experiments to be conducted at
the Fermi laboratory. ‘ThQSP experiments will utilize a 30" hybrid
spactrometer, conéisting of a 30" bubble chamber, a system of
proportional wire chambers (PWC), a fast particle identifier (CRISIS)
and a forward gamma detectnr (FGD). The seot up allows measurement nf
the incident beam nver 300 maters, and measurerment of the fast
nutgoing track tn six meters, increasing the aceuracy in path
measurements,

The construction of the voltage monitor was motivated by the use of
the FGD., The FGD consists of a converter, a vertex locator and an
absorber, A X enters the canvnfter,_four radiation lengths of Pb
glass, and is converted into a shower of e's, &'s and Y's. The
Lerenkov radiation produced by the eo's and &'s is detected by an array
nf photo multiplier tubes (PH), After the converter shower is near
its maximum size it passes through the vertex locator and into fhe
absorber, 24 .radiation lenegths where it. is. completely aﬁsnrbed. There
are approximately 250 PV tubes in this system and the desired
invariance in the gain of the P tubas, and hence the desired
invariance of the PV tubes'® ‘supplv voltages resulted in the con-
strietion of the voltage monitnr, Because nf the large numbar of
voltages to monitor, it was not econnmically feasible to buy a

Ccommercial deviee for this function.
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While the device was still in the planning stage, it was decided.
to expand its capability to 511 channels to accomodate any other
voltages that might require monitoring.

The following are the specifications.
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Specifications 1

The system will monitor un to 511 channels with channel zZeTo
left unused., Fach channel will monitor either polarity. The system
‘will sound an alarm if the voltage monitored changes by more than
a specified percentage,

The input impedance of the system is 200 KA and the input voltage
for all channels is + 5v. Any users with high voltage sources should
$tep down his or her voltage to this valus. (See fig, 1 for recom-
‘manded circuit.) The users' step down resistor chains should not
Arift more than 154, The desired current to the system is avprox-
dmately: 50 mh.

The input impedance to the Analog to Digital Converter is 1 FA.
This is obtained by a buffer syvstem before the ADC, The output of
the ADC is eight bit and 5v. will correspond to 200 binary., A 2%
change in a monitored voltage corresponds to a change of four least
cnunts,

Three modes of operation will be incorporated and consist of:

é. An initialization mode which will run one full cycle
(all 511 channels)and read the voltages to be monitored
into memory. These voltages are presumed to be correct
and will be used for all further comparisons. 8K of
random access memory (R8¥) 1is nsed, This mnde is controlled
_by.a guarded switch fn prevent later destruction of

recorded valuves,
(6)
1. A . o . - s .
¥, Plahyv, D, Lewis % S, Oh, "Specifications of a3 Voltace Yonitoring
Devioe," APC Fngineerine Note 79-1, (Feb, 28, 1979)
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b, A run mode, which is continuous full ecvecle monitoring.
This moderis interrupted when a deviation between the
monitored and recorded value exceads four least counts.
When this occurs, an audin and a visusl alarm are triggered
and a display will read out:

i) sign bit
ii) scaled recorded voltage
1i1) scaled monitored voltace
iv) channel number

¢, A manual mode that allows single channel monitoring and
.single channel correctinns tn.rechdad values in mnﬁnrv.
Corrections to memory must be dona in the manual mode so
only tﬁat channel is changed. There are two channel
incrementing switches, one that advances channels at a
rate of 20 per second, and one that increments singly.
There is also a channel correct switch.

The run mode and initialization mode operate at a minimum of 50/&3
per channel, 26 ms minimum fmll operating cyvcle., The actual
overating rate is 2 ms per channel.

There is a remote display and analarr in the contrel room,

Ad justments however, can only be made at the main vannel,

The system requires four operating voltages, +5, -5, =15 and -15
volts, The prwer dissipation is annroximatelv 500mi,

Tach channel is protected by diodes limiting the input veltage to

+ 6 v, Light emitting dindes (LWD) indicate improper voltages,
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Desion

A complete schematic of the system is included as‘Appandix I. The
first component of the design consisted nf the multiplexer. CMOS
components were used since they allow direct transmission of analog
signals, being voltage controlled devices rather than current
controlled devices as aré TTL components, Since the voltages tn be
monitored were not determinate, it was decided that the voltage step
down to meet internal requirements shnuld be external to the svstem,
Usars would then be required % stev down their own voltages takineg into
account the internal impedanco.and send the system + 5 volts as
mentionad in the specifications., The user is thnnvrnsnnnsiblq for
keeping track of his or her own scaline factor. The + 5 volt inout
was then stepped down internally to + 2 vnlts which corresponded to
an outout from the ADC of 200 binary. 1%, + W resistors were used for
the internal resistor chains. The internal resistor chains‘warn
protacted by two dindes pegged to the voltage limits and overlnads trig-
gered an LRJ, TBvery 18 channels were tied together by the dinde
protection lines, and thesé lines went to two Op-amps to ensure
sufficient current to render the LED's visibie. (See fig. 2 and fig. 3)
The Op-amp will saturate at approximatelv 2mV, The 1 KL resistor
ensured that the current was sufficient teo drop this., The diodes
used, TN914's, haé a sufficiently rounded FTiring voint to allow

this current when they were forward biased in excess nf .2 volts,
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Setting the limiting voltages at + 2,3 volts then pegs the internally

stepped down voltage to + 2,5 volts and friggers the LRD when the

input voltage excends 6.5 volts,
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The voltages were multivlexed usine 32 CD h067’s,‘CNOS 16 to 1
multiplexers, and two CD 4515's, 4 to 16 line décoﬂoré. The fact that
both positive and negative volltages were being transmitted required
these CHOS commonents tﬁ ba operated at +5 volts VDD and -5 volts VSS,
to meet the operating requirements VDD 3, V. >, V5SS and VDD - VSS £ 1 5v,
Wach of the 32 CD 4067's multiplexed 16 channels and was overated by
tha four lowest bits of the 9 bit address. The two 4515's were
operated by the next four bits and sach selactedone nf 16 CD L0A7's
andbenabled it in turn. The 9th bit of the address selacted the CD 4515
to enablp:

The outnut of the multinlexers was then sent to a comoparator tn
test whether it was positive or nesative. The outout of the comparatoer
then selected a path for the multinlexer antout to the ADC by means nf
CD L066, Quad Aﬁalng Switeh, the path for negative signals passing

through an invertar, The signal was buffarsd before reaching the ADC

by an op-amp in a unity gain configuration,

' (11)
2Thm Linear Integrated Circuits Data innk, Texas Instruments 1976, p. 5-15.



The choice of resistors used in the inverter was determined by the

frequency requirements for 500 cos. 3
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3Linaar Tntesrated Circuits Data Bank, Fairchild Semiconductor, 1976,
p. 1285 ff, ’
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The output from the ADC wasle bits 1l scaled against 10 v.
The 2 v, ADC input therefore corresponded Ln 200 binary, and only
‘the first 8 bits were used from the ADC., The output from the ADC was
5 vnalts high and 0 volts low, Since it was later necessarv in
interface this eutput with TTL components, it was decided tn leave
the output unchanged and operate the rermaining CFOS components at +5
and 0 volts. |

The same coﬁnter ountput that addressed the channel to be con-
verted also addressed eight 1k X 1 bit RAs, Since the CD 4515's and
CD L4067's are operated at + 5 volts to accorndate both input polarities,
it is necessarv to convert the +5 volt and 0 volt address befaore it is
sent to the miltiplexing components, The address is sent tn an array
nf on-amps acting as comparators against 2.5 volts. The output of
the comparators is + Vsat., + 15 volts, ani this is stepﬁod down by
a resistor chain to + 5 volts, The addrass lines to the RAMs are

‘tanved off before the conversion,

4o RAM
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(fig. 7)

b .
The slew rate of the Op-amps is .7_ﬂs/v. This requires approx-
imately 40 us set up time for the converted oilse,
(14)

Linear Interrated Cirenits Data 2Zook, Fairchild Semieconductor, 1976,
n. 12-85 ff,
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Data is written into the RAMs when Chirc Selact (CS) and Write

Tnable (W%) are low. Data 15 read ent whon CS is low and W° is high,
- Pemory is addressed when C3 is hich, and the ontont is at a hich
impedance state during cs high, As shown in fisure 8 abnve, each
Ram contains one of the eicht data bits far =ach addresé. The 10th
address bit, not shown,is held low, Figure 9 shows the interconnaction
vbatwaen the counter, ADC and RAMs in the write mode,

The clock pulse to.the counter. increments the channel and
multiplexes a new voltage to the ADC, The clnck pulse also goes to a
CD 4047, a Nonostabla/Astabla Multivibratsr», used in this instance in
the monostable mode to préduce a delaved »ulse trigsered by the falling
Aodg@ of the clock pulse, This delaved mulse starts the ADC cnnvarsipn
and allaws sufficient time for the multinlexed analng signal to

stablize. (This takes intn account the slew rate of the nn-amps.)

(15)



m@&.g\zxe&

MU LTIPLEXER sl
4 Arcdoq
P e ey LN
F0v ¥o SV conversion 3 ta Dy,
/\.../'.\—.A’ ——
/ItI&QJLEANM L S “? e ﬁ - .
l'ﬂ\ et &N w—————
}I ! ' i ‘ ! {1 ‘ l I{i ar $o..\\.:>k\z~l&Q c S O\d'em\'
oo I ol D MCHT I bR -
$ CO 4 45 RAM sc % +o Dg
h‘ls&gr.&{ L4 '
Fallwg edge 9 b wddess Tht adeleess

BEEEEEENE L iy gt

—E RAM ()l . e e MiE pan () &

CE
Y V D
I e Houy Ol
Fagerebon
?\xw\\m\s a&g N
(fig. 9)

AL

%hnﬁ tha Start Convert (SC) inont of the ADC recieves the rising
“adoe of the éalayed pulsa, the Data Readv outout of the ADC goes high.
“The Data Ready (DR) Qutput is tied to the CS's of the RAMs, and ité
transition to high allows the RAY memory address to change. The AbC
starts conversion on the falling edge of the delayed pulse and the
When the conversion is completead

convarsion takes approximately 30 ms.

The DR signal also goes tn 2 second monnstable,

(T

S returns low,

w

trigeered on the falline edee but using 0 as the ontput.
The transitinn of DR tn a low mutmit therefare onlses the W% invputs
nT the RAVs low for a sufficient amonunt of time tn write tha ADC

amtrut inte memory.,  The svster then waits for the next clock milse,

(16)



In the normal operating mode, the second ronostable is disconnected

and Wi is held high, keeping the RAMs in a read mode,
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The pulse widths used are much egreater than is necessarv. The
requirement of one second to check all channels gives 2 ms. per channel,
This allows huge margins. Operation on a new channel commences on the
falling edge of ¢.. 50 s for the start convert pulse width would have
been sufficient to accomodate the op-amos' slew rate. 500 4s have
baen allocated. The conversion time is indopendent of the circuitry.

.5 us wonld have sufficed for the write vulse., 150 us have been
allocated, and 1300 ps are still lef£ ovar, The dalaved pulse widths
from the.monostables are determined bﬁ arn BC tirme constant where

Tw = 2,48 RC, For Tw = 500 _/ts., R = 160 EL and C = 2000 nf.5 For

(17)

5
COS/r0S TInteprated Circuits, RCA Corn,, 1974, v. 235



Tw = 150 us, R = 30 KL and C = 2000 pf,

wWhen the circuit is in the normal overating ﬁode (ﬁ% held high),
the outout from the ADC and the outmat from the RAM is subtracted
and compared with binary 3, three least cnunts, If the remainder is
less than or equal to three least counts, the next clock mulse is
enabled, If the remainder exceeds thres least counts, the following
~elock pulses are inhibited., The subtractiorn and comparison involves
four CD 4063's (4 bit comparators), two CD L£030's (Quad exclusive
or gates), two CD 4008's (4 bit full adders), and eight CD 4066's
(imad switches). Two CD 4063's and the eizht CD 4066's are used
to determine which of the two 8 bit numbers is larger and load the
larger number into the X invuts of the Z-7 subiracting eircuit to
avoid negative values. See figure 11, Th= Y input, (the smaller
nrber) is then complemented by the exclusive or gates, This
complement is then added to the X input with 1 carried in to the
lowest bit, The opération is therafare ¥ = X + 1 vhich is equivalent
to X - ¥ if XY, which we have ensured bv *the lnading scheme, Sea
figures 12 and 13,

The output of the full adder, X - 7, is than compared to the
three least counts by two CD 4063's. The comovarator has three
outputs, X-Y4 three inast counts, X - ¥ = thres least counts, and
{-=Y ythree least counts. The first twn cutnuts are run through
an OR gate reducing the lngical outouts to i - Y4 thres least counts

or X - Y Ythrea least counts.

(18)



Loading Scheme
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Thesa two outputs are fed to the enable invnuts of half of a
CD 4066 (Quad switch), The X-Y£ 3 least counts enables the clock
pulse to the counter, while the X-Y> 3 leastVCounts sets the counter's
clock pulse input to ground. The X-Y> 3 least counts also triggers
an L%D and enables the three displays, channsl number, ADC output and
RAF outout,

The clnck pulse generator is half of a C3 4911 (Quad NAND gate).
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(fig. 14)

The two IAND gates act as a multivibrator. The voltage waveforms

at the points numbered in figure 14 are:

< ) >
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T = -RC| InVtr __ + 1In (Vdd - Vtr)
(Vad + Vtr) (2Vdd - Vtr)
= 2.2 RC Maximum variations in 7 ars less than 54,

For 512 channels per sacond, Rte = 500 ESL, and C = 2000pf., For
20 channels per second, Rte = 250 Kflland C = 1 uf,

The display components nf the systerm reauired intarfacing with
TTL devices, The binary number mist be crrvertad o binarv coded
‘dacimal (BCD), and then to a seven segmant entont, 3irarv to BCD
ennverters are not mamfactured in CF0S,  The nine bit address, eight
bit ADC ontrit and eight bit RAM ontbut are run thrauch C3 4050's, hex
ffers, to meet the current sourcing regnirsrents for TTL components,
:and are then enabled by the X-Y > 3 least cnunis line, The enable
function is aconmpliéhoﬁ by an arrav of A7) rates, SN 7L08's, Tach
gate has one input tied ton the K-V 573 least CAﬁrts line, VUhen this
is a logical high, the data on the other ivnre* 4= enabled, Otherwise

a Aisplay output of 0 is obhsarved,

AD Logic Table

A LB c A B
0 0 0
0 1 N
1 0 0
(o
1 1 1
(fig. 1€)
(2)
5 ' .
LOS/EOS Interrated Civenits, RCA Corn,, 1974, n, 532
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The data lines are then run threugh an arrav of SN 74185's,

binary to HBCD converters, in the following ecanfionration. 7
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The 8CD output then gaes to SN 7047's, =0 40 7 Sagm;nt Aecadar/
drivers, which run the displays,

Reset is accomplished by vnlsing the SC irout of the ADC after
enrrecting thaA30urcé vnltage, Tf the recnried value in mamnry'is +0
be changed, the 500 cps clock milse is diSCArhoct;ﬂ, the ennnter is

advanced to the channel to be correctad, and the write input is

¥

rulsed high., There are two alternative clock oulses , a one shot pulse,

and a 20 cps pulse, that are used in the marnal mnde. The 20 eps
pulse uses the same configuration as the 590 cos pulse but with a
differant RC time constant, The one shot vulse is generated by two
HAND gates in an S-R flip flo»n configuratien. This avnids bounce
pulses, The 20 cps and ona shot clock milses are independent of the
i-Y £ 3 least ecounts enable line, The Aianlav c2n ba enabled Aurineg
the manual wode by setting the inmuts of ths A1) gates previenslv

described high,

(23)

;Tho TTL Data Hook for Design Tngineers, Texas Instruments Tnc.,
1976, 'p. 7-295



R/S Flip Flop & Truth Table

92}

Q

9 0 éﬂmhsl%t
State

0 1 1

1 0 0

1 1 Retains last state

if previous SR
state was 01 or 10

(fiz. 18)

The alarm will trigger if either the vnltzge ronitored Aiffers
from the recorded value by more than threes lesst coﬁnts or if, in the
‘Tun mode, the clock pulse fails, The clock rulse and the X-Y£3 least
counts are run through buffers and then thraush peak followers. When
either of these inputs is high, +5 volts, %the sutout of the neak
follower will be 4,4 volts (There is a £ v~1t drop across the diode),
#hen either of the invuts drrps to grovnd, <he antmut of the fallower

. . -+ /RC . .
will deceyv eXvonentialy, 4.4 e / . Bv chrnsing RC much laveer than

w

ons in K=Y durine

}-te

the frequency of the clock pulse and the Z1:cinat
the arithmatic operation, the output will ~~lv dron ts a logical low
if either input drops low for a significant *ima, R was chnsen tn be
100 EJL and C to be 1 uf, giving a time cansiant of .1 second, See
fipure 19, The output ¢f the twn-prak foll~wers is run through an
A1) gate., If either input draps low, the nuinut nf the AND gate will
Arop low, and the falling edee will comrleren® the outnuts of a J-h

flip flop used in a clocked overation mnde, The alarm is fired by
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the Q output of the J-k flip flov, while the Q output indicato.s that
the system is running normally., The alarr can be silenced by pulsing
the clear input of the J-K flip flop low, The X-Y 2> 3 least counts line
will also trigger an L™D, indicating a voltage flucuation in the
monitored voltage, and will remain on until the voltage is corrected.
The and gate conne'cting the two peak followers is automatically
disconnected when the manusl mode is used, and the alarm will only

trigger if the X-Y L3 least counts drops low,

¢ XY 43 least X-¥Y3 im»cy
conands counks
heso
7 Hos50 Yl] Hosa é
Vc»ut;i;f) > , .
SZ'M 444 vmqw L_lg %}’cm
=
ANV —Nv\vl
V00 KA e -

45 — o
e fo simm -——@-—-ﬂj
A A r__, ¢ 5000
| 3

L
= v
+
25\;,__, 1} \\\.,__.l
f A\m '“

=15\

(fig, 19)
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J-K Flip Floov
Truth Table *

Clear __ Clock _ J I Q Q
L X X X L H
H L L L Retains last state
H L H L H L
H } L H L H
H { H H Complements

Don't Gare
High level * dWithout Preget input

Low level
Falling edge of clock pulse

(fig, 20)
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Test Results

At the present time, construction of the svstem is not jet
complete due to non-receipt of several components, However, a 64
channel proto-type was constructed and tested, The displays were
‘not included in this proto-tyve since we were nat able to obtain
the SN 74185's, binary to BCD converters. The ADC used for the
proto-type was also defective, one bit of the outout always remaining
low and another always remaining high., A new ADC and the SN 74185's
are expected to arrive in late July.

A heat test was conducted on the resistor chains and multiplexing
components with the monitored voltages varying less than .15, Since
this is one tenth of one least significant bit, it nresents no vroblem.
The tests on the conversion components and momorQ was instrumental

in determining the timing scheme, Tt was oricinallv planned to

a——

maintain W% low throughout the initialization mnde. Tt was found,
however, that the ADC's output would change tn a high impedance state
approximately 10 ns before the DR outﬁut went high., Since the DR
output controlled the change in address tn memarv, the high

impedance output from the ADC was the last data written into memory
prior to a new address, and this resulted in srronecus data being
written into memory. For this reason, a delared inverted pulse
triggered by the fall of DR was used to wfitn data into memory, and
the pulse width was limited to ensure tha®t the write operation was

completed prior to a new conversion,
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It was also originally planned>to use CD L066's, quad analog
switches, to enable the display. It was found, however, that these
switches are very susceptible to failure resulting from static
charges, and their internal protection was insufficient. They were
replaced by AND gates, A series of these switches is still used
to load the arithmetic components, and this is probably the weakest
part of the design., If the system were redesigned, a better scheme

would probably be to replace these by a series of AND and OR gates,

di 5D D, d4d do ded p o

| I I
\é_j N \/! N/
. Q/ | |

| |

This would require only four more chins, Revlacing all other CMOS
components other than the muitinlexing corronents which must remain
Cr0S, with their TTL egunivalent would prebablv result in a hardier
svstem, The only alternative to the use nf a C*0S multiplexer is the

use of reed switches controlled by decoder/drivers, This would be
exvensive and bulkv. These changes were nnt made since during the
two months tha‘nrnto~tyn@ was onerétiVP and under test, the CMOS

components Aid not fail once installed, and sinces mnast comonnents for
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the real system had already been nbtained,

The only real discrepency between rated and actunal performance
was found in the clock pulse generators. The CHOS manual sueggasted
using another resistor between Rte and the inputs of the first NAND
gate (See figure 14), It was found, however, that this resulted in
damped oscillation on the rising edge of the clock pulse, oseillations
with a width of approximately 100 ns, damped to zero in about 1 us.
This was eliminated by not using the resistor. Since the resistor
was suggested only to decrease variatiors in frequency by one to two
parcent, there was no problem in eliminating it.

Finally, & low pess filter was added %o the visual alavm and display
enable lines., This was necessary sgin~e du~ing analog to digital
ronverceion. the ADC'S output was & high impsdance state, snd the sla'm
and enebie lines went high duving the -onvercion, With the low pess
“{1lter, the vicsual alarm and displsay enavle lines weve only afferted by

a veal dis~repen-y in the monitored voltaze,
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Summary

The resistor chains were mounted on two irput pannels, 103" x 19"
rack pannels, The dinde chains and the multinlexing components wers
mounted on two 12" x 19" fiberglass b&ards. A£11 other components
were mounted on five Vector D, I. P. plugboards (3677's). All CMOS
and TTL components were wirewrapped. The tlugboards were not used
for the multiplexing components due to the largze mmber of inputs,
The entire deviece was rack mounted, The »lugboard connectors mounted
‘on the back of the card cage allow access to 21) signals for diagnostic
mrnoses,

The construction of the voltage ronitor does not easily allow
further expansinon. The counter (CD 4040) is however a 12 bit counter
.and further channels cquld be obtained by the addition of CD L0O67's
(miltiplexers) and another CD 4515 (4 to 1€ Aecnder/driver) enabled
by the 10th bit of the counter, Tﬁe enable “nouts to the two original
L) 4515's would have to be passed through an AY) cate with the
camplerant of the 10th bit, The main Aifficulty wonld be ta exnand
the address Aisvlay. This.cnuld not be Anre simnly,

The allowed dnviation of the monitare”? vnltare can be changed
fairly easilv bv rewiring the comnaratnr {f?d.CU LnA3's) that tests
A=Y against thrépxleast connts, Tf, hayever, it was desired tn be
able tn Qarv the deviatinn with channel ru-ber, a further set of

components wonld have to be added., The sz2siest wav tn do this would
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be tn locate the special channels at the eni nf the array, (the last
channels), and to compare the address with the channel number of the
first special channel. The logical outout of the operation would
then be used to load the X-Y comparator with the desired number of
least counts.

The monitoring rate can be changed b7 revlacing the resistors and
capacitors which control the time constant nf the clnck pulse
generator. However, if faster monitorirg is desired, the delayed
pulses nead to be adjusted accordingly.

Individual component specifications can be found in the CFOS
and TTL mamals. The pin configurations of the components uéod
have been included as Appendix IT tn facilitate use of the schematic,

In conclusinn, althongh construction of the device is nnt complets,
tests nf the proto-tvpe, individual cornanents and those porfions of
the actunal device presently completed crnfarm to the specifications on
page six, The system does monitor 511 voltases nf either volarity,
sounding an audio and a visual alarm whan.a monitored voltage deviates
from its initial value‘by‘four or mors least counts, The audio alarm
can be silenced at the conirel pannel, The system does indicate the
address of the incorrect voltage, its value, and the initial value,
and all channels are rmonitored in one second, The initialization
mode is gquick and accurate. The correctinn tn memary mnde has been
tested and works, and the 20 cos qlnck and single milse generator work
as designed, . Thp.systam is temperatnrs and naise irmune,

Since the components that have not been tested are peripheral to
the device, it can be stated safelv that the device will function

properly and no problems in the completfion of the davice are exvected,
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