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" Qetober 1, 1962

TO: Holders of TN-62-43

FRMM: J. Jasberg

SUBFECT: Supplement to TN-62-43, "Experimental Results of Tests on Two
Microwave Detectors: The 'Bolomistor' and the Pencil Dicde"

The following comments on TN-62-43 by the manufacturer of the "Bolomistor”®
may be of interesi:

"It might be of interest to note that the reversal phenomenon which
you have oObserved was characteristic of the material used in the
early days of the 'Bolomistor’devices. This was due to using &
lead-telluride which d4id permit some associlation of the sodium dopent
with oxygen with time, resulting in snomalous effects. Our supplier
has advised that the problem has been solved, and accordingly we have

not noticed this reversal here for scme time."
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THE "BOLOMISTOR" AND THE FENCIL DIODE
K. B. Mallory, J. Jasberg, and M. M. Brady

INTRODUCTION

Two unusual types of microwave detector, the Bolomistor! manufactured by
MSI Electronies in Richmond Hill, N. Y., and the 6173 pencil diode manufactured
by Lewls and Kaufman, have been experimentally examined to determine the feasi-
bility of thelr use as broed dynamic range detectors.” The Bolomistor physi-
cally looks like a 1H21 type crystal and comprises an internal structure resemb-
1ling that of & point contact diode. The device is not a rectifier, dbut it operates
on the Seeback effect and is thus square-law over much of its operat. ng range.
The pencil diode investigated is & space-charge limited dicde operated at a low
enocugh signal level thsat its chearacteristic is predominately square law. The pen-
eil diocde was tested in a mount supplied by the manufacturer, vhile the Bolomistor
wag tested in s stendard crystal mount. All rf tests vwere made at epproximately
2856 Mc. A rough comparison of the characteristics of the units agasinst a 1N21
type cxystal is shown in Pig. 1. HNote that the crystel is still the least nolay
of the three devices, but that the two devices tested heve a brosder square lav
region in their characteristics.

THE BOLOMISTOR

The Bolomistor is & semiconductor device relying on the Seeback effect to
produce an output signal proportional to input power. It is avallable in elither
ho @ or 50 db ranges with minimum sensitivities ranging from - 60 dbm to O dbm.
Prices range from $20.00 for the least sensitive of the 40 db range types to $85.00
for the most sengitive of the 50 db range types. Fhyslcally the unit is packaged
in a 1821 iype mount and requires the same electrical connections ss does a cry~
stal. The manufacturer cleims that the units ere ussble from 800 Me to 12.% Ge-
tests were made in this lebormtory at or sround 2856 Mc. A total of ten Bolo-
nistors were examined: three B-120 (minimum sensitivity of - 20 dbm, 40 db range).
three B-100 (minimum sensitivity of O dbm, 40 db renge), and four B-130
(minimum sensitivity of - 30 dbm, 40 db range). A standard crystal mount vith
coaxial two-stub tuners was used for all tests.
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Input Impedance

The input Iimpedance of the units tested vas found to be quite low: from
VSWR meagurements it is evident thst the rf input impedance in en untuned co-
axial mount is in the neighborhood of Tive oma. With two~stub tuners it is
possible to match the Bolomistor in an untuned mount to the impedance of coaxial
1ine to an input VSWR of sbout 1.015. The match achieved is not dependent on
pover level; l.e., the inmput YSWR is independent of power level over the operating

renge of the Bolomistor. Within any one type the Bolomistor appears to be more
uniform from unit to unit than crystal diodes. When s mount ~as tuned to an in-
put VSWR of 1.05 with ome unit installed, substitution of other units of the same
type resulted in input VSWR's of no greater than 1.30. However, if units of an-
other type (i.e., B-100 units installed in a mount tuned for a B-120 unit) are
substituted, the input VSWE way be as great as 15. One can then conclude that it
i not recessary to retune a mount If only & ressonsble match is desired, as unite
of the same type sre chenged. If, however, units of another type are substituted,
the mount must be rztuped.
OQutput Impedance

The 1000-cycle outpul impesdance of the B-120 units as found to be from
2 to 5 ohms.
Characteristics

The characteristics of three B-120 Bolomistor units are shown in Pig, 2.

The dips in the characteristics of units #1 and #3 at lov power levels are most
likely due to some sort of phase reversal phenomenon at low signal levels. Note
that the minimum sensitivity for square-law operation for unit #3 is arcund

~34 dom and that the total squere-law range is almost 50 db. This has led us to
believe that the manufacturer merely makes a number of units and then selects by
testing those that sre wmost sensitive and have the broasdest range. The dip occ-
curring at sbout 12 dbm in the characteristic of unit #2 is a phenomenon that
was in no way mentioned by the manufacturer. Further investigations using de
ingtead of 1000 cps wmodulstion and indication showed that the voltage output of
the unit reversed polarity at this point. This would asmount to a 180 degree
rhage reversal in an sc signal; the charscteristic of Fig. 2 eppeers to continue
upward sbove the dip.

-3.



-

-

Cutput signal in db

On—s . i f*"““«v

~20a]

"
O
|

=40

w60

~10 | . //////

#3

o

¥IiG¢. 2--8B-120 Bolomistor characteristics.

Average input vower in dhm




TN-62-43

A plausible argument for this phenomencn would be that there is a
secondary longer time constant effect in the semiconductor (lead telluride)
that operates over a &iffefent vemperature range than the primary effect and
produces an opposite polarity signal. If this were so, then one could observe
a degrsdation of the shape of a square-wave sigpal st power levels approaching
the point where the phase reversal occurs. Investigetions with pulses a few
microseconds long have shown that this secondary effect is fairily fast, having
a time constant of sboul 5 microseconds. If the time constant of the reversal
were long, its effect on a short pulse would be evident in droop. The curves
in Fig. 35 show, however, that the effect is fast enough to seriously affect 2-
microsecond pulses., The effect that produces the droop or reverssal appears to
have a threshold; below gbout 10 watis peak 1s not obgerveble with 5 microsecond
pulses.

The maximum output signal obtaineble was less than 300 millivolts. The low
output impedance of the Bolomistor suggests that it would bhe easy to step up the
output signal with a pulse transformer. With the B-120 Bolomistors & 1:10 pulse
transformer worked very well and delivered gignals over 1 volt into 1000 ohms
st an cscilloscope.

Tests of Bolomistor cherscteristics in other lsboratories” substantiste our
findings on the square-law characteristics. ithough others have observed the
dip phenomenon, we have heard of no other invesitigetions of the output-reversal.

Pulse Response

Other than the degraded pulse responge in the region of ihe phase reversal
point observed in some units, the pulse response of the Bolomistor is negligibly
different from thet of e microwave point-contact crystal. At oscilloscope sweep
speads of 0.5 micrcsecnn&s/centimeter the Bolomistor response time appears to be
Just observably longer then that of a 1H21L or 1N23 type crystal.

Miscellaneous

The Bolomistef spparently burns out in a manner guite different from & cry-
stal. When its maxlmum power level is exceeded, 1ts cutput slowly drops off and takes
geveral seconds to decrease appreclably. After this has occurred, the characteristic
of the unit is changed considerebly Iin thet it is no longer as sensitive and fol-

lows a different law than before "burn out.” Unit #3 of Fig. 2 eventually was
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demeged at an average power level of 24 dbm and was discssembled and examined
under & microscope. Fhysically the construction of the unit is alwost identical
to that of the 1N21L family of poinb-contact diodes. Several pits of different
depth and width were cobgerved oun the semiconductor block; cne couvld conclude that
the manufacturer made several tries at assembling the unit.

At this writing there is po life test date aveilable on the Bolemistor, al-
though we bhave no cause to believe that the life ¢f these units will be any 4if-
ferent from that of a LN2L family diode.

THE PENCIL DIODE*

The type 6173 pencil diode, manufactured by RCA and Iewis and Keufman, is
a space-charge limited diode approximetely two inches long and 3/8 inch in dia-~
meter. The unlts tested were mounted in lewis and Kaufman type DS-5R mounts,
which are simple coaxial mounts employing quarter-wave sleeve matching with a de
return. The design of the mount itself is poor in that the diode is mounted in
a spring-contact well with the heater comnections at the bottom of the well. The
heater connections on the dlodes are merely support wires brought out through the
gless envelope., Instelling the diode in its mount is then quite difficult, for
the hester wires are difficult to align properly so that they do not bend when
the dicde is inserted in its well. Once inserted 1n its well the dicde and its
heater and videc connection block are screwed onto the rf section of the mount,
which means that the fore part of the diode is rotated in a spring contect ring.
The DS-5R mount with a 6173 diode and heater trensformer cost $131 when lewis and
Keufman's northern division was still in operaticn. Cescade Research, the south-
ern divisiou of Ilewis and Kaufman, advertises thet they now make the mounts and
diodes®. A4 mumber of the mounts nov owned by the Klystron Group were made by Cas-
cade. AL this writing Paysical Electronles of Pale Alto appears to be interested
in building e mount for the RCA 6173 diode.
Input Impedance

The input VSWR at 2860 Mc of six 6173 dicdes in DS-5R mounts received from
Lewis end Kaufman renged from 1.18 to 1.45. The input VSWR at 2860 Mc of eighteen
diodes in mounts received from Cascade ranged from 1.1 to 2.5, with eleven units
having en input VSWR less then 1.5. The cnly lewis and Kaufman dats sheet avail~
able stipulates a single-frequency input VBWR of 1.5 or less. Twelve 6173 diodes
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were measured in & single mount with resulting input VSWR's of 1.1 to k5. As
in the case of the Bolomilstor this indicates that there may be uniformity betuveen
selected units but not on a cross section of all units. There appears to be
guite a bit of rf leakege through the diode to the video output, for the input
VSWR is sometimes critically dependent on the length of coaxial cable connected
vetween the mount and the indicating instrument used.
Qutput Impedance

The 1000-cycle output impedance of the 6173 diodes in D3-5R mounts was found

to be between 400 snd 900 otms. The open-circuited, zero-signal dec output of the
units is about G.7 volts. Tais is due to contact potential and thermal emission.

Characteristics

A typical characteristic for a 6173 diode in a DS-5R mount is shown in Fig.
4, Note that the dynamic range presented iz about 90 db in extent, while the
device is square-law up to 1 milliwatt aversge power input. The characteristics
of the units tested were surprisingly wniform: eleven out of 18 units tested
had characteristics that fell within less than 2 db of each cther at power levels
below 1 milliwatt. Note that it is possible to obtain a 1-volt output signal
for an input power of 15 dbm. If these units are to be used &5 cw monltors,
sowe method must he devised to remove the residual signael that is present under
zero-signal conditions.

Miscellaneous

The high input VSWR's encountered with different diodes in a single mount
suggests that some sort of external matching might be necessary. No life test
data is availsble, although the manufacturer hints that 2000 hours is not an un~

raasonable figure.

SUMMARY
Both the 40 db type Bolomistors and the pencil diodes were found to have a

40 to 50 @b square-law region as compared to slightly over 30 db for a crystal.
The availsble dynemic range of the 4O db type Bolomistors is little greater than
their square-lew range, while the availsble dynpamic rsnge of the pencil dicde is
apparently in excess of 90 db. The Bolomistors have a noise level approximately
10 db gbove a 1H23B crystal; the pencil diodes have a noise level 2 to 3 db higher
then that of the Bolomiztor. Very little data is avelleble from the manufacturers
of these detectors, so it has not been possible to correlate with specified per-

Tormances.
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HOTES
The Dolomistor is a trademerk for a microwave detector menufactured by:

MSI Electronies Inc.
116-06 lyrtle Avenue
Richmond Hill 18, New York

represented locally by:
Feninsula Assccistes
1345 Hancock Street
Redwood City, Californis
The experiments reported bere are recorded in the following data books:
M.L. Deta Hotebook #351 issued to K. B. Mallory: pp. 6466,
M.L. Data Notebook #4471 issued to J. Jasberg: pp. 17-22.
M.L. Data Notebook #570 issued to M.M. Brady: pp. 96, 97, 102-120, 122-126.
SLAC Dete Motebook #55 issued to M.M. Brady: pp. 18-21.

Correspondence between A. P. King, Aevospace Group, Hughes Aircraft and
J. Jasberg of SLAC February 21, 1962.

The type 6173 pencil dicdes tested were manufactured by Lewis and Kaufman;
RCA mamufactures a 6173 diode (described in an KCA dota sheet dated 9/58).
The manufacture of lewis and Keufmsn 6173 diocdes and DS-5R mounts has now
been tsken over by Cascade:

Cascade Research Division

Lewis and Kaufmen Electroanics Corp.
5245 San Fernandc Road

West los Angeles 39, California

represented locelly by:
Flliott Recht Associates
175 South San Antonio Road
Los Altos, California

See, for exsmple, page 25 of the July 1962 Microwvave Journal.
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