


VHCLASSIFIZD

Report Number: ORNL-191
This document censists 20

pages.
Gopy P of 210 Series &

Issued%ﬁéﬁa{ L, f'

Contract No. W-T405, eng 26

INSTRUMENT DEPARTMELT

METHODS FOR REDUCING INSULATOR WOISE &ID 15wk GE

ty
F. M. Glass

Date Issued

NOV 171348

0OAK RIDGE NYaTlONal LA BORATORY

operated by
Carbide and Carbon Chemicals Corporation
for the
stomic Energy Commission
Post Office Box P
Oak Ridge, Tennessee

UNCLASSIFIED

‘| ”’nmi“ 'nlﬁlA’immi“EiiRcv Il

3 4456 030338 5




UNCLASSIFIED

OREL=-191
Physics-Instrumentation

DISTRIBUTION:
l. Ge T. Felbcek (C&CCC WoY.-N,Y.)
2-4s 706-A Library
5, 706=B Library
6« Biology Library
7« Health rhysics Library
8+ Training School Library
9«13, Central Files
l4. D. C, Eardwell
15. C. D. Cagle
164 J. A. Lane
17, A, Hollaender
18 &+ J. Murphy
19¢ M. L. Peterson
20, J. He Frye, Jr.
2l, C. Ns Rucker
22¢ Jd. C. Stewart
23+ e Lie sginberg
24, S. K. Sapirie (AEC-Townsite)
25, d. Iie Roth (ALC~-Townsite)
26-125, F. M. Glass
126-133. Argonne National Laboratory
134, armed Forces Special Weapons Froject
135-136, atomic Energy Commissiun, Washington
137. Batellc Monorial Iastitute
138143, brockhaven National Laoberstory
144, ZDBurean of Ships
145-148, Cearbide & Cerbon Chemicale Corporation (K-25 rflant)
149-152. Carbide & Carbon Chemicals Curporation (Y-12 Plant)
153, Columbia University (Lunaing)
154, Columbia University (Failla)
155-160, General Llectric Company, Richland
161, Hanford Operations Office
1€2, Fown State College
163~164, Kellex Corporation
1865-168, Knolls Atomic Power Laberatory
169~171, BLos Alamos
172, lassachusetts Institute of Technology (Kaufmsnn)
173, Massachusetts Institute of Technology (Gaudin)
174175, Wound Laboratcry
176=-177., National Bureau of Standards
178=179, Naval Radiological Defense Laboretory
180, N=aPA Project
181, WNew York Operations Office
182-183, North Americen Aviation, Inc.
184, ~Jatent Adviscr, Washington
185-106, Sandia Base
187201, Technical Information Division, OROC
262, UCLA Medical Rescarch Leboratory (warren)
203-207¢ University of Celifornie Kadiation Laboratory
208-209, University of Rochester
210. Western Reserve University (Friedell)




ABSTRACT

A recent study of the insulator preblem involved in radiation
detection instruments disclesed the fact that insulators, in high
impedance input circuits,are the predominate source of background
noise when subjected to high voltages and high humidities. Methods
for eliminating this trouble in some ¢f the commonly used circuit

components and new and superior insulating materiale were found.
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METHCDS FOR REDUCING INSULATOR NOISE AND LEAKAGE
October 19, 1948

Serious insulation problems have arisen with the advent of
radiation detection instruments. 1In certain types of detection
devices such as alpha chambers, proportional counters, and elec-
trometers having high input impedances, the necessity for goed
insulators cannot be overemphasized. In many instances where back-
ground noise is of sufficient amplitude to make accurate counting
difficult or impossible, the spurious counts can be traced to in-
sulator noise. However, as a result of our experience with past
applications of insulators in the electronic field, engineers are
prone to take the quality of insulators for granted. We carefully
select the best insulating materials availlable, and then overlook
the fact that the insulator may be made into a constant source of
trouble by improper milling or molding technique. It is the intent
of this article to point out some of the insulator troubles encount-
ered and to suggest scme preventive measures.

Let us consider some of the common circuit components that are
a potential source of trouble as a result of pecr insulation,
Figure 1 shows a conventional preamplifier for use with an alpha
chamber or proportional counter. In the grid circuit we note that
the filter condenser, C-1, the coupling cendenser, C-2, and any
other supporting insulators ir the chamber or cable and cable con-
nectors are subjected to high veltage. All these components are

possible noise makers, especially in the presence of high humidity.
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Since the humldity is not always a contrellable factor in the use
of radiation detection instruments, it is necessary to provide
insulators which are noise free at humidities approaching saturation,

DESCRIPTION OF TEST

In order to determine the pudse characteristic, frequency and
cause of insulator noise in such circuits as Figure 2, a series of
tests were made under simulated operating conditions. The equipment
used in these tests consisted of an Oak Ridge Naticnal Laboratory
A-~1 amplifierl and preamplifier with a combined voltage gain of
300,600, a 5,000V pcwer supply, a 248 Dullont oscilloscope, a Higin-
botham scalerg, a Tobe line filter, and a humidity controlled test
chamber (see Figure 2). The test chamber was constructed with two
compartments. One of these contained the high voltage filter in
dry air to prevent surface noise on the .01 mfd. 10,000V glassmike
filter condenser. The other compartment, in which the insulator
under test was placed, was humidity controlled. A special noise
free feed through insulator that could take 5,000V at 96% humidity
was used te feed the 5,00CV through the partition. A hygrometer
mounted on the side of the chamber ard extending through the wall
made it possible tc keep a constant check on the humidity. The
humid ity was contrelled by pascing dry or saturated air through

two valveg provided for that purpese. 4 small fan motor on top of

. H. Jordan and P. R. Bell %.5.I. le, 703 (1947)

2y. A. Higinbotham, J. Gallagher and M. Sands R.S.I. 18, 706 (1947)
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the chember with the shaft extending through an air-tight seal drove

a small fan which thoroughly mixed the incoming eir, This errangement
provided a means for testing an insulator at any given humidity, and at
the same time meintained a zero count background, .

It wes observed thet all insulator noise could be traced to one of
four sources. The first and most annoying source of noise in good
insulators is surfece noise resulting from high humidity, When the
insulator is subjected to high voltage, random pulses are produced with
characteristics so neerly like those from ionization chembers, and with
amplitudes of such height as to make it impossible to discriminate
against them, when counting pulses of low amplitude, These pulses have
a rise time of 1/5 microsecond or less, and amplitudes &s high as 3C0
microvolts. Since shot effect and thermal noise in well designed amplifiers
may be s low as 3 microvelts rms or lower, depending on band width, it
is quite obvious that defective or noisy insulators may well be the de-
termining fector in the effective sensitivity of the amplifier.

The second source of noise, although annoying, need not be a serious
handicap, It is cecused by a change in dieslectric strain resulting from
a sudden change in voltage across the insulator. This noise appears
tc be piezoelectric pulses resulting from discontinuity in the mechanieal
motion of the dielectric when seeking equilibrium., As « rule this
phenomenon is mcre pronounced in msterials of crystalline structure,
However, cersrics, being comparatively free of this noise, are an exception.

Only insulating materisls considered suitable for radistion detection
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instruments were tested for this source of neise. liica was found
to produce the most pulses, while teflon, fluorothene, and poly-
ethylene produced no pulses. Tkhis noise is relatively unimportant
in any insulator if the high voltage is turned on one or two
minutes before the instrument is put in use and if no sudden changes
of voltage greater than 10CV occur while in operation. (See Fig., 3)

The third source of noise may offer some difficulty unless a
few simple precautions are taken., It is most pronounéed in poly-~
styrene or pclystyrene substitutes, and results from stresses set
up in machining, 4nnealing these materials at 65O C. fer an hour
or more will sufficiently relieve them of stresses set up in the
machining processes. These stresses can be visually recognized by
use of crossed polaroids, After the insulator has been annealed
care should be exercised in meunting to prevent unnecessary mechan-
ical strain. If thece two precautions are taken the insulator will
be free of noise as a result of mechanical stresses.

The fourth sourcs of insulator noise results from leakage
through the insulating material. The chief offender among frequent-
ly used insulating materials is mica-filled bakclite. Thie noise
is not present in high grade insulating material such as polystyrene,
mica, and teflon ard fluorothencB. Oince it is acsured the designer
will use only good irnsulating raterials, this article will carry no

further discussion on this type of noise.

3A fluoro-ethylene polymer, manufactured by Carbide and Carbon
Chemicals Corporation, Oak Ridge, Tennessee.




ORNL~-191

Page -&-

CABLE CONNECTOCRS, <

Cable connectors head the list of trouble makers, Many of the
commercially available connectors were tested and none of them were
found satisfactory for pulse work when subjected to high voltages and
high humidities, The results of these tests are shown in Table 1,
This table shows the rverage counting rate for five samples each of
the connectors tested, Pulses were recorded over a period of ten
minute; for each individual test. E:ch time the voltage was advanced,
a two minute delay wass made before starting the next count, This
prevented the recording of counts as & result of change in dielectric
strain,

As a result of these tests engineers at Amphenol, working with the
O.E.N.L, developed s pulse fitting that is noise free at 5000V and
967 humidity. This cable connector has teflon insulation which can be
successfully cleaned when it gets dirty, The minimum surface leakage
path is 3", The shell has spring fingers for low impedsnce ground
connections, and the center connector is designed to give corona free
service., The Amphenol stock number on these connectors is #£2-804
and #82-805,
COUPLING CONDENSEERS

The date obtzined from tests run on coupling condensers were even
more discouraging than that obteined from the cable connector tests,
However, the ncise wss eliminated without design chenges, Only two of
the many condensers tested showed any promise of being satisfactory.
Centrelab's type #€50 high voltesge ceramic series were by far the best
condensers tested. They were found to be entirely satisfactory at low

humidities but very unsatisfactory at high humidities. Table 2 shows
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some of the data obteined from this test. Since these condensers
are noise free in dry air, a search wes made for a method of surface
treating the ceramic shell to make it less hygoscopic,

Silicones were discarded because the temperature necessary for
baking exceeds the melting point for the soft solder used in the condenser
assembly. Since it had already been demonstrated thst a good polystyrene
surface produced no pulses, several attempts were made to coat the
ceramic shell with pelystyrene, A successful method was finally
worked out, and is described as follows:

1. The condenser is washed in petroleum ether, or benzene, then in
180 proof ethyl alcohol, and finslly rinsed in distilled water,

2. It 1s then baked in a vacuum oven for sbout one hour at lOOOC.,
after which time the oven is cooled to 6006. and dry air admitted,

3. The condensers are removed from the oven and while still warm,
dipped in Amphanol 912 coil dope that has been cut by adding an equel
quantity of 916 thinner.

4o They are then air dried for 2 hours and baked =t 60°C, for one
hour. The condensers can then be sosked in water for seversl hours and
tested at 90% humidity at 5000V and no pulsing will occur.

FILTER CONDENSERS

Another source of trouble has been filter condensers, The Glassmike,
Plasticon ASG, silicon filled, made by Condenser Produchs Company, seems
to be the most promising condenser for high voltage applicetions These
condensers produce no puleing internzlly, but give considerable trouble
on the shell surface at high huridities, However, if the shell i1s properly

clesned, no trouble will be encountered below 3,000V at eny humidity.
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Alcohol alone will not do the job, as it is not a good solvent for the

flux thet is used in soft soldering the ¢nds on the glsss cese, To
properly cleasn these condensers, carbon tetrzchloride should be used first
to remove the flux, Then they should be washed thoroughly in alcohol,

If volteges higher than 3,000V are used the surface can be further impreved,
temporarily, by applying = very thin coat of ceresin wax., 7This is accomplished
by dissolving ¢ piece of ceresin the size of a pea in zbout four ounces

of benzene and dipping the condenser in the solution, The condenser

will then stend 5,000V zt 90% humidity without pulsing, This surface,

if not protected from dust, will soon be inferior to the plain gless

surface thet has been well clesned, Therefore, if volteges lower than
2,000V are used, it is strongly recommended thet no ceresin be applied,
STAND-OFF INSULATORS,

At the present there zre no stand-off or feed-through insulators on
the market that sre noise free, They shguld be machined frem teflem, or
flourathene, or molded from polystyrene, if possible, If molded from
polystyrene the molds should be so constructed thst the use of wax
is not required for unlosding the molds The mold should haye =n
optical finish, and te kept .immaculately clesn. From the stendpoint of
surface noise the insulator cannot be any better then any fereign
meterisls that might be deposited on the surfece, If teflon or fluorethene
is used, it can be easily machined, and no pmlishing is required, The
only precautions necesesery are to use a clesn cutting tool snd to prevent
the finished insulator from coming in contzet with the hends or anything
dirty or greasy. When machining end polishing polystyrene the following

techniques will produce good insulators,
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14 When turning on a lathe, as little chuck pressure as possible
should be employed, and the stock materisl within one~hz1f inch of the
chuck is not considered wsusble, With a milling machine one must use
as little clamp pressure as possible and take only light cuts to
prevent setting up mechanical stresses.

2., A sharp cutting tool that has been thoroughly cleened with slcchol
must be used. Sapphire cutting tools are recommended,

3. Polishing is done slowly with emersld or diamond powder and
distilled water using » cleasn lint~free rag. Chemois is not used as
there is alwsys some oil present. Slow polishing speeds sre Tequired
to prevent surface heating end consequent imbedding of the polishing
agent. Powdered carborundum may be used with extreme cere to prevent
overheating. Note: It is almost impossible to get a pulse free surfzce
using metallic oxide polishing rgentse.

L. The insuletor is then polished with talc until an opticelly
polished surface is obteined,

5. The insulator is then removed from the lathe with cleen
padded tongs and dropped in a conteiner of distilled water until ready
for use., The hends should never come in contact with the insulator during
the milling or polishing process. Once dirty, no satisfactory method of
cleaning polystyrene insulators has been found,

6, When the insulator is ready for instellation it should be
removed from the jer of distilled water znd rinsed thoroughly in fresh
distilled water and dried in a vacuum oven.

Note: Almost all surface leckege 1s @ result of poor polishing technigue

or mishandling the insuletor after it leaves the machine shop.
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SELECTOR SWITCHES.

High input impedance electrometers place the same exacting demands
on insulators as do the input circuits of high gain emplifiers, In
addition to the circuit components already mentioned as sources of
trouble, we hsve the prot.lem of procuring a good selector switch for
changing input resistora ts £he electrometer., These switches often must
have a D.C. leakage resistance exceeding lOl5 ohms at humidities as high
as 907, They must be ccmparatively free of contzct and stress potentials;
It is also often desiralle that they be compact for use in porteble test
equipment. Efforts to >btain these switches commercislly have been
unsuccessful, Therefcore an intensive study of the commercielly aveil;
able switches was made to determine the feasibility of sltering or
surface treating the most promising of these so thet they would fulfill
our needs, Centralsb's ceramic series, being the most promising of the
commercially aveileble switches, wes studied first, These switches
were found to be very good from the stendpoint of contect and stress
potentials, Tests were then run on leakage resistence, and very
discouraging results obtained. Tests in & humidity controlled test
chamber showed the resistance to vary from 5 X 1014 ohms at 2% humidity
to & X 1012 ohms at 90% humidity. This indicated that if the switeh
were properly cleaned end seeled ageinst moisture, the insulating
properties of the ceramic would be setisfactory for cur present needs,
Other minor changes in the switch cssembly mede further improvement by
lengthening the shorter leakage paths, After these switches had been
treated according to the following process, the leakage resistence

exceeded 1015 ohms, and were independent of humidity,




ORNL-191

Page ~123-~

1. The switch assembly should be removed from the indexing assembly
and cleened thoroughly with carbon tetrechloride end s stiff brush, then
rinsed thoroughly in ethyl alcohol, followed by a distilled water rinse,

2, The assembly 1s then baked for 2 hours a% 100° ¢, under
vacuum, after which dry air should be admitted.

3. The switch is then removed from the vascuum oven &and dipped
while still hot in Amphenol $12 coil dope thet hes been thinned with two
parts of Amphenol 916 thinner, agitsting it until 211 the bubbles which
form on the ceramic surface are gone, After dipping it will be necessary
to sling off all excess coil dope.

L. After allowing the switch to dry for 20 minutes in cleen,
dust-free air, the rotor should be roteted with 2 clean screw driver to
remove the coil dope from the contects,

5, After the switch hes dried for three additional hours the switch
may be assembled using e polystyrene connecting link or shaft between
the indexing essembly and the switch assembly. The metel spacers
should also be replaced by spascers made from in polystyrene dowels
5/8" in length, drilled and tepped for 5-40 scmews. Caution: Do not
drill all the wey through the dowel or spacer as this provides another
surface leskrcge path. Surfaces should be well polished, Also, the
hands or anything thet is greessy or dirty must not be allowed to come
in contazct with the ceramic insulation at any time after starting the
cleaning process. Switches should be kept in dust procf conteiners
until such time as they are used., If these instructions are followed
carefully these switches will be found to heve © leakage resistence
exceeding 1015 ohms regsrdless of humidity, Some of these switches have

been in service for eight months, end still appear to be satisfactory.
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METAL-TO~GLASS SEALS

Other insulators thet play an important part in many detection devices
are metal-to-glass (Kover) seals, They are often used in metallic chambers
to support the center electrode. Fortunately this type of glass is free of
noise if properly clesned and instelled, One successful method of cleaning
is to remove 2ll traces of flux from the surface with Zanon #5 thinner, then
wash in alcchol and rinse in distilled water. If aveilrble, dry in a vacuunm
oven., If the chember is to be operated with voltages exceeding 1500V,
seals heving a flash—over voltsge rating of 13 KV or higher should be used,
If these precautions are tsken, no trouble should be encountered with these
insulators,
CONCLUSTIONS

Insulator noise presents a difficult problem, Especislly is this true
when the counter volteage exceeds 1500V rnd the humidity is above 07/
Under such conditions the ovrobiem becomes extremely difficult when counting
pulses of amplitudes less then 150 microvolts, Vhen =sccurate counting at low
rates is required, it should preferably be done in an air conditioned room,
with a humidity not exceeding 50%, The insulators should be desirned to offer
a minimum surface leskage path of i", The number of perellel leskage paths
should be held to a minimum, From the standpoint of economy and performance
teflon or fluorothene insulation should be used, The lebor cost for machin-
ing teflon or fluorothene is about 10% of thet recuired for machining snd
polishing polystyrene, These materiels produce fewer pulses as a result
of mechenicel or dielectric strain snd produce fer less surfece noise at
high humidity., If a polystyrene insulctor is accidently touched by the
hand it i1s ruined., Teflon and flrorothene, on the other hend, may be

successfully cleaned many times, Neither type of insuleator should be dried
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by rubbing with 2 cloth es this charges the insulator causing it to zttract
dust. Only extreme care and patience will solve the insulator problem
in radiation detection instruments.
The suthor tzkes this opportunity to thenk Mr, P. R. Bell of O. K.
N. L. for bringing to the author's attention the need for this investigation

and for the meny helpful suggestions which he contributed.
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COUNTS/MIN,. AT

SAMPLE VOLTAGE 5% HUMIDITY 60% 907,
Amphenol 93-C & 93-M 1500 0 o) 7
3000 9] 0.2 420
530Q ) 2.5 60,800
Amphenol -P, L, 259 1500 o 0.2 420
3000 o 6L 60,000
5000 0 498 7;60.000
Cannon Q=1-22C & (Q~1-SL 15C0 C 0 68
3000 0 0 = 60,000
=1-22C With Polystyrene 5000 0 - 60,000 =>60,000
insulation instslled in place
of original insulation
brphenol AN, #UG-5€U 15CO 0 0 L 470
3000 == 60,000 > 60,000 = 60,000
5000 = 60,800 =>-60,000 >60,000
Amphenol 83-18pY 1500 0 0 > 60,000
3000 g8 1S >6C,000
— 2000 A 81 = 60,000
Amphenol 83-1SPN with 1500 50 571 704
phenolic insulation
3CC0 26,600 > 60,000 >60,000
50C0 > 60,000 =>50,000 ==60,000
Table 1

Table shows pulse repetition rate of cable connectors as a function of voltege

and humidity.
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PULSES. 4 MIN,

SAMPLE VOLTAGE AT 5% HUMIDITY 60% 907
50 uuf, Centralab ceramic 1C00 0 0 128
not treated

3000 0 28 ¥*

5000 0 578 K
50 uuf, Centralab ceramic
condenser with shell sezled 1000 0 0 0

3000 0 0 G

5000 0 0 0
L0001 microfarad 2500V 500 0 1 16
Sangamo silver-mica condenser

1000 1] 2 g167

1500 0 11 => 60,000

2000 6 122 = 60,000
.01 microfarad 5000V 1500 0 0 0
Glassmike condenser

3000 0 0 0

50C0 6] 0 1

Table 2

Table shows pulse repetition rate of condensers as a function of voltege and

humidity.
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