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Broadcast Technoloqy

When Eimac and Continental Shared
a Tube and Transmitter Fiasco

By Reid Brandon

[August 2018] When designing and building
transmitters, it take a lot of cooperation and
communication to make things woReid Bran
don recalls what happened wheomeof that
did not happen

The history of the Eimac 4CX40,00080ad
cast tubds an interesting oneomingat one of
the darkest chapters in the company's past.

That tube was fraught with problems after it was
designed into an FM broadcast transmitter at
Continental Electronics Corp (CEC) in Dallas in
the early 1980's. Then, aftenly five years in
production, both the tube and the transmitters
that used it would be discontinued.

19 8 Hi&s8 POWER FM

In the early 80'sFM broadcasting was moving
up to higher power and there were lots of oppor
tunities for higher power transrtets as stations
were upgrading their systen#st that time, Var
ian owned Eimac and it was part of their Elec
tron Device Business.

CEC acquired the design rights the cavity
developed by Collins Radio in tHate1 9 7,0 6 s
from Rockwelt Collins inorder to move swiftly

into the FM broadcast mark@Rockwell wanted

to concentrate on military prograrasits major
business thrust, just as Varian would at a future
date.

The Collins design used a 4CX15,0Q0Arela
tively inexpensive tube due to tg production
rates since it was being used in many other
applications. It was truly a "general purpose
tube.”

RockwellCollins designs hagushed the output
powerof the 4CX15,000A t@ver 27 kW(in the
831-G3 model).But thetube life was proving to
be less than ideal.

LOOKING FOR HIGHER P OWER

Thus, CEC engineers undertook the develop
ment of a ongube 60 kW FM transmittemtro-
dudng it at the NAB show in 1983. It would be
come their model 817A.



Ken Sides,the CEC Design Engineer, chose
Eimac's 4CX40,000G for the new design.

The 4CX40,000G featured pyrolytic graphite
grids (PG for short), a relatively new material
being used in power grid tubes. PG had several
desirable characteristics, one was the 1zeao
coeffigent of thermal expansion, meaning the
physical shape remained precisely the same
even when was heated to very high tempera
tures and PG grids woulehot melt or warp as
wire grids did under extreme conditions.

Eimac had
developed
a lasercut-
ting system
that permit
eduniform-
ity and pre
cision grid
dimensions

Laser Cutting A Pyrolytic Graphite Grid Cup
(courtesy Pete Nuding Photography)

Sadto say even thouglthe processvas mech
anized the cost per grid was many times more
than conventional wire grids and that led to a
4CX40,000G costing significantly more than a
pair of 4CX15,000A's.

The 4CX40,000Glsowas a massive tubat 55
pounds,four times heavier than 4CX15,000A
which weighs a little under 13 pounds.

A DECENT PEDIGREE

The design itself seemed to be more than sulffi
cient.

Eimac had been supplying a similarttede
with PG gridsfor use in 50kW SSB trans
mitters - the 4CX40,000GM (G indicating Gra
phite and M for Marconi, the welknown UK
firm). The only difference between a 40,060
and the-GM was a slightly different grid pattern

for better IMD performance in th&sM, other
wise the two tubes were identical.

It should beemphasizeat this pointmn the story
that the 40,000GM was a very reliable product,
with none of the tubes supplied to Marconi ever
failing or were returned for any reasdnshould
also be revealed here that Thales, the great
French tube company, had licensed Eimac to
use PG fogrids and several Eimac high power
tetrodes successfully ed PG grids for high
power shortwave broadcast service.

THE 40 KW TETRODE FI ASCO.

Neverthelesscomplaintsbegan coming inaon
after CEC started delivering 817A transmitters

Customes were unhappyboutthe input tuning
drift i most station engineers were going to their
transmitter sites almost daily to retune the input
circuit.

Therefore, CEC sent their prototype 817 trans
mitter to Eimac to reduce the time required to
evaluate tubehanges, as webliminating any
delays in shipping tubes betweenrafifornia and
Texas.

Dave Meacham, an Eimac staff engineer in the
Advance Product Development Lab, believed
the high Q associated with the input circuit was
responsible for the tuning ifir He suggested
using a steppetnpedance transmission line for
the grid input circuit

However, Ross Faulkner flatly rejected that
proposition.

Oddly, one of theB17A transmitters usinghe
4CX40,000G was operating findBut all the
other station®iad tube problems.

Some tubes failed catastrophically with internal
shorts and broadcasters attempting to find re
placement tubes were told Eimac was unable to
make them fast enoughbeing a relatively new
tube type thg hadnonein stock anywhere.




THE FINGER POINTING BEGINS

Of course Eimac received all the blame for the
problem.

As to the internal shorting phenomenanhwas

discovered an insulator disc located between the After a short pause, Dr. Rogers séidve | | ,

top of the screen and control grids was melting
inthe highRFf i el d t her e.
Chief Engineer at the time, had a tube built with
an industrial sapphire insulator instead of the
conventional aluminabut it failed alsoi not
surprising because its melting point was even
lower than that of alumina.

Atthistime,] was t he
keting and fortunately for me | had nesponse
bilities as the product managérJohn Button,
and marketing manager George Badger were
getting all the heat over th&CX40,000G
problems.Although | was busy peparing the
new 4CX12,000A/8989 for its debut into the
FM broadcast market my time came when |
was dragged into the matter.

One morningwhile sitting in George Badger's
office, | was put in the
myself in a telecom with Dr. Jimy Rogersthe
engineering manager at CEC. He had called to
ask George for a solution to thH&CX40,000G
problem and George clicked his phone into-con
ference mode and introduced me to Dr. Rogers.

A SINGLE TUBE OR TWO

At the time,l had recently visitec prestigious
San Franciscarea class C FM station operating
two CEC 816R transmitters, each runnaigput
25 kW combined into a low gain antenna.

Using two 4CX15,000A tubes, this approach, if
used with anRF combiner or magic Tee, per
mitted switchingoff one of the transmitters for
maintenance while the other continued to eper
ate thus eliminating the need for a standby or
alternate transmitter.

Anew- guyo i n

WhenDr. Rogers asked me if | had any recom
mendations for their 817A problerisgpromptly
suggested CEConsider the combineansmit
ter approachl had seenusing the trieeand
proven 4CX15,000A.

SO
thatdos just not an optio
Johoomairtkt, e Eitmacdesl | i ng a s

(Side rote: Dr. Rogers would later leave CEC
and go to work at the SSC accelerator program
in Waxahachie Texas a different debacle that
ended when Congress abruptly killed the-pro
gram in 1993 after spending over $2 Billipn.

Ei mac mar

THERE ARE NO SECRETS IN

THE BROADCAST INDUST RY!

By now, gation engineers and owners of 817A

transmitters were speaking with each other on
an almost daily basis, sharing their issues and
concerns.

There wereevenrumblings that legal proceed
ings might bepursued So, ultimately, Varian's

A h adrporate asked CE® hoegive full refurcds to the

stations involved and/or replace all the model
817A transmitters with dual tube transmitters
combinedi just what | had proposed to Dr.
Rogers.

| believe most, if not all of the statis, agreed
to switch to the combinettansmitter approach,
despite some having problems fitting two trans
mitters into the available spacé€hat issie led
CEC to introducing a more compact plate -sup
ply or "power pack" as it was called.

Even sousinga combineetransmitter approach
would, in most cases, mean pushithg dual
4CX15,000A's to over 27kW per tube in order
to provide over 55 kW

As the 4CX15,000Aalready was maxeebut
another tube was needed.




A 4CX15,000 BY ANOTHERNAME

It was now1985 andCEC was sold td/arian,
which was managing the situation as best it
could, now having the unique position of own
ing both the tube supplieand the transmitter
manufacturer.No matter the solution, it was
Variands hot potato.

In working out these817A problems Eimac's
plant manager Tom Yingst left Eimac to be
President of CEC. As soon as Tom was in-Dal
las, he asked Eimato build a proprietary tube
which was designated type ¥130/9019.

This new tube was introduced at the G98AB
show, hoping it would bring a solution to the
problems inthe FM transmitter service. In
actuality a YCG130 is nothing more than a
4CX15,000J with different labeling, containing
a dense mesh type of filament but otherwise
verysimilar to a 4CX15,000A

Unfortunately, @ibe life in CEC's new 816R5
transmitter using Y€30's would prove to be
no better and in some cases reliability wasn
worse than that of the 4CX15,000A because it
was being pushed to nearly 30 kW.

Againi and rightfully soi station engineergut
theblame on théube and the YG130 soon had

a bad reputationMeanwhile,E2V was building
a4CX15,000A with a mesh filament and it was
working well in most instances well enough
thatEimac was suddenly losing sales as a result
of CEC promoting it as an alternate tube.

CEC MAKES HEADLINES i
IN THE WORST WAY!

Not long after Tom Yingst had settled in the
President at CEC, Varian sent Joe Bradley there
as Vice President of marketing.

Joe had been "manager of strategisibess de
velopment" at Varian and they wanted to grow
CEC's government business just as Rockwell
had doneyuite successfully.

In turn, Tom suddenlyfelt he needed to move
on and left CEC abruptly, taking the positioh
President at Harris Broadcast Quincy. Per-
haps he saw the future, because that same year
Bradley would be caught in a bribery proded
CEC made headlines as the Pentagon went
looking for companies that were conspiring to
raise contract costd/arian had to suspend all
governmen business for a period and paid a
major fine as a result. Employee morale at CEC
was very low.

ENTER THE 4CX20,000E

Ken Branton,a field service engineer at CEC
and exCollins Radio employee, was directly
involved with solving FM transmitter issues,
including the short tube lifen the 817A.

In a conversation with me, he raised the idea of
using a 4CX20,00A/ 8990 assembled with a
smaller anode cooler so it would fit the CEC
transmitters. Ken knew Harris and BE transmit
ters using the 8990 were getting excellent tube
life (40,000 hours in most cases) and he wanted
to see if an 8990 could be made that wad
place YG130's.

The only major change required would be repla
cing the 6.3V filament transformer with a 10V
transformerbut Ken was willing to test a hybrid
tube in his spare time at CEC

| shared his desire to try this scheme and suc
ceeded in corincing the very talented Eimac
engineer, Jack Jackson, to make a couple of
sample tubes.

The new tube was designated type 4CX20,000E
(as Harris was using the 4CX20,000D in its new
30 kW FM transmittersbut thatis another ster

y.)

Ken and lanticipated this would bring about an
easy solution to the problem that was afiect
both CEC and Eimac's reputations but little did
we know how hings wouldagainquickly turn
sour.



https://www.nytimes.com/1988/07/02/business/us-stops-payments-on-programs-believed-tainted-in-fraud-inquiry.html

A CORNER OFFICE TANT RUM Unfortunately CEC customers were still experi
encing short tube life with the Y-C30.
One day, according to Branton, Ross Faulkner
discovered the prototype transmitter that was THE SECOND ATTEMPT
being built Aunof fici alBRINGSSUBGCE®Sy scrap parts
Ken rounded up at CEC.
A decade latera proposed new iBandOn-
Ross demanded it be dismantled immediately! Channel (IBOC)system was coming into use
Ken called me and described how irrational whereby a digital signal was transmitted along
Ross wasabout the matterl was astounded with a conventional analog program.
when | learned thisbut | suggested he keep the
sample tubes in the hope that things might CEC wanted to be able to compete in this new

change someday. market without having to design a neamplifi-
er. Richard Garrett asked me if | still had the
Within a year Ken retired and CEC'eeld Ser- sanple 4CX20,000E tubes and | promptly ship

vice Manager, Dave Chenoweth, asked me if I ped them to CEC agaiithis time CEC assign
wanted the two tubes that had been stowed ed it an official engineering project amsig

under Kenods des k. I a snkted dhe new transmitter the @L6R6C.Nn  t h e

tubes to Eimac and | storetiem with tubes

used as demos at NAB shows. Using a simple plate blocker change and a dif
ferent filament transformer the 4CXPOOE

BUT ROSS FAULKNER WAS STILL HOT performed well and one tube ultimately provid

ed five years of service. Andwith a slight
TechSym bought CEC in 19D, well after the change to the operating bjake 4CX20,000E
fallout from the Bradley evenaind it was then amplified IBOC properly and enabled CEC to
that | made a trip with Ken Peterson to visit an  sell into new opportunities for hybrid analeg
engineer at CEC. digital FM.

Ken was the newProduct Manager at Eimac,
having replaced George Baddemo had left to
join Svetlany. We looked forwat to a pleasant

visit that morning But when we entered the lob REAL TI M E BU I I_T-I N

by the receptionist said she couidt issue us
visitor badgesShe said Ross Faulkner would be INSTRUMENTATION
out to see us. :

T Comprehensive
Ross came into the lobby aindwithout even a -~ Monitoring &
handshaké launched into a ransaying CEC P
would never do business with Eimac agand
telling us we had wasted a trip because he was

not going to let us see any of his employees that i Access
day!

Ken and | looked at each other in disbebhed =

left shaking our head$A few years later R@s nautel.com/AUl nautel

Faulkner left CEC andnot long after thathe Learn more »
died a bitter mai.

t


https://www.fcc.gov/document/digital-power-increase-fm-stations
https://www.fcc.gov/document/digital-power-increase-fm-stations
http://www.nautel.com/?utm_source=Manufacturer listing&utm_medium=Logo&utm_campaign=Nautel

Outside of this story, | dmot believe anyone
ever honored Ken Branton for conceiving the
20,000E and making it possible for CEC to
regain some of the respect it lost over the
4CX40,000G fiasco. The 4CX40,000G was
made obsolete and none have been made since
then.

The 4CX20,000E was never produced by any
other tube manafcturer perhaps due to the 4im
ited number of sockets using it but CPI contin
ues to make the tube Ken Brantconceived as

a solution to the tube problems that had faced
both companies.

THE FINAL DAYS OF ElI MAC PG TUBES?

When CPI sold the Eimac property in San-Car
los the plant was moved to Palo Alto where

avail abl e space was %

machine shp was relocated to another city and
the two large PG furnaces (s@hoto dated
2007) were stored thereyncovered in the
parking lot.

Pyrolytic Graphute Furnaces
Eimac San.Carlos 2007

The soon to be sc’r\ap furnaces for PG production

A few years later they were sold for a pennies
on the dollar in favor of using a smaller furnace
because the CEO, Bob
ed nicer than the othees a cl ear
what sure looks likbadmicro-management.

Fi

In 2016 as a result of poor maintenantee last
remaining PG furnace at CPI was destroyed in
an explosion and it too was scrapped.

Without the ability to produce PG cups-site
as needed for power grid tubes, the need to
outsource grids makes the futusé Eimac PG
tubes very uncertain.

The last remaining CEC 817A transmitter, the
one CEC sent to Eimac for evaluation, was still
being used to test 4CX20,000 tubétowever,
when the technician who had operated it since
EOB4yretirddit vmas scrapped bedzaisimese evéss
no one left who knew how to operate it.

Perhaps thistory of the 4CX40,000G and the
4CX20,000Eis one more piece of evidence that
we now have reached the end of the tube era in
broadcasting.

This is thethird article in a seriesby looking at
some of the famous and/or special tubes that
were produced over the years by Eimac.

Reid Brandon (W6 MTEF)
tube division for 27 years, until his retirement in
2013.

Would you enjoy more ddles on broadcast history like this?
Click herefor a quick (30 seconds) sign up form for the-tinee-aweekBDR Newsletter.
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APPENDIX

A couple of items you might find of interestlow:

1. A product announcement by John Allan, Eimac's marketing manager, helped support the
new 4CX20,000E:

The 4CX20,000E Power Tetrode.

The Eimac division of CPI is now delivering production quantities of the 4CX20,000E power tetrode for new
FM transmitter construction as well as retrofits of transmitters now using the YC-130.

Available from Richardson Electronics, the 4CX20,000E is a ceramic/metal power tetrode intended for
use as a VHF power amplifier.

It features a type of internal mechanical structure, which results in RF operating efficiency. Low RF losses in
this structure permit operation at full ratings to 110MHz.

The 4CX20,000E provides high gain in FM broadcast service and is also recommended for RF linear power
amplifier service. The anode is rated for 20 kilowatts of dissipation with forced-air cooling and incorporates a
compact, highly efficient cooler of new design.

Eimac vice president of marketing John Allan said the 4CX20,000E incorporated most of the features of the
4CX20,000C and was designed to mechanically fit into the same socket and chimney as the YC-130.

fi Wexpect that customers will be pleased with the longer lifetime of this tube and the excellent performance
in their transmitters, o he said.

Replacing the YC-130 in existing equipment will require a replacement of the filament transformer, as this
tube operates from 10 volts, and a service bulletin for converting the Continental Electronics 816R is
available on their website at www.contelec.com.

The YC-130 will also continue to be available, offering a choice of tubes to Eimac customers and supporting
fielded transmitters.

Printed in SUPPLIER NEWS by Richardson Electronics, 09 May 2005
(NOTE: the photo used in that press release was of a 4CX20,000C not a 4CX20,000E)



http://www.thebdr.net/
http://www.ferret.com.au/c/Richardson-Electronics

2. A DATA SHEET FOR THE 4CX40,000G

4CX40,000G
AIR COOLED
g TECHNICAL DATA i
=S POWER TETRODE
The EIMAC 4CX40,000G is a ceramic/metal power tetrode in-
tended for use in audio or rf applications. It features high-
stability pyrolylic graphite grids and a type of internal mechanical -
structure which results in high rf operating efficiency. Low rf . X
losses in this structure permit operation of the tube at full ratings -
up to 250 MHz.
The 4CX40.000G is recommended for FM broadcast service, rf
linear amplifier service, and for VHF TV linear amplifier service.
The anode is rated for 40 kilowatts of dissipation with forced-air § ¢
cooling, and incorporates a highly efficient cooler of new design. - >
GENERAL CHARACTERISTICS!
ELECTRICAL
Filament: Thoriated-tungsten Mesh
YoItBEe: & cv aimamoms ©n o 00 W aTOnEE % Wi W NS 8 5 6 150 £ 0.75 V
Currenl @ 150/ Volls o % i ias vanmi a5 98 STemie B8 2 s aas 170 A
Warmup: see FILAMENT WARMUP recommendation . . .. . ... ......... 120 sec
Amplification Factor (average), @ Iv = 10 Adc
Orid b0 SCPeel Frmii S 5t St on e wms Yk 4l ey e TR B (aSh g T 8§
Direct Interelectrode Capacitances (cathode grounded) 2
Ol 5% % oo o, 000 S M@t i TR S s 5 B Reh @ doie -G ST % SEEE 445 PF
GO, . oot aew 20 Sife. iy BV Bl SRS R AT 5. i SR S el e R 8 B R 35 pF
OB von o i 0ace duee o e W T YR W ONTeRiE W EIE Bhe e e e (4 & R 1.8 pF
Direct Interelectrode Capacitances (grid & screen grounded) ?
CIn: v i S SRR R S e T o B AV U 5 B sy 169 pF
Colly 5 3 S FBETATERIR W SRRS RIS RTNEI, M S WP SR h TR AR 36.5 pF
Clir: wie a8 FonemaiRBo e, W @ SNrasmmeey 5% b B SRuaTai 5 SR inh Mg 0.17 pF
Frequency ‘of ‘Maximem Ratings: (CW) 5o s 6 % o 5 eiiie 53 e 408 50 504 o o ol 250 MHz

! Characteristics and operating values are based upon performance tests. These figures may change without notice as a result of addilional data or
product refinement. Varian EIMAC should be consulted before usine this information for final cquipment design.

2 Capacitance values are for a cold tube as in a shielded fixwre 1n ce with El ics Industries A { Standard RS-191,

403000 @ (Effective 20 Oct 81 - Supersedes: Sept 79) Printed in U.S.A.

Varian EIMAC / 301 Industrial Way / San Carlos, CA 94070

3. ADATA SHEET FOR THE 4CX30,000E




@ TECHNICAL DATA

Y
e 2 = RADIAL BEAM
| | POWER TETRODE
4CX20,000E

The EIMAC 4CX20,000E is a ceramic/metal power tetrode intended for use as a VHF power amplifier. It features a
type of internal mechanical structure which results in high rf operating efficiency. Low rf losses in this structure
permit operation at full ratings to 110 MHz.

The 4CX20,000E provides high gain in FM broadcast service and is also recommended for rf linear power amplifier
service. The anode is rated for 20 kilowatts of dissipation with forced-air cooling and incorporates a compact, highly

efficient cooler of new design.

GENERAL CHARACTERISTICS'
N
ELECTRICAL MECHANICAL
Filament: Thoriated Tungsten Mesh Maximum Overall Dimensions:
Voltage .. .100+ 05 V LN ..o imsnsmamessusinsnenen 9.84 in; 24.99 mm
Current at 10 0 Volts s G0 SR Diameter.. .. 7.85in; 19.95 mm
Amplification Factor, Average Gnd to Screen..... 9.5 Net Weight.. .. 15.01bs 6.8 kg
Direct Interelectrode Cap (g cathode)? Operating Position........... Vertlcal Base Up or Down
Maximum Operating Temperature:
Ceramic/Metal Seals..............ccoooeeie. 250°C
o Anode Core............... .. 250°C
et COONNG .o Forced Air
T .. Special, Coaxial
Recommended Socket for VHF ........ Eimac SK-360
Maximum Frequency for Full Ratings (CW)..1 10 MHz Recaemended Bocket for'de 1 HF..... EimacSI-320
' Characteristics and operating values are based upon performance tests. These figures may change without notice as the result of additional
data or product refinement. CPI Eimac Division should be consulted before using this inf lon for final equip design.
Z In shielded fixture.
R L
— e — — A
s [ . .
C ications & Power Industries
Emac division




4. A DATA SHEET FOR THE 4CX40,000GM

TECHNICAL DATA

e

RADIAL BEAM
POWER TETRODE
4CX40,000GM

The Eimac 4CX40,000GM is a ceramic/metal power tetrode intended for use as a power amplifier in HF radio
frequency applications. Using an air-cooled anode that is conservatively rated for 40 kilowatts of dissipation, this
tetrode provides excellent gain and linearity for communications and broadcast applications up to 50 MHz. lIts
rugged pyrolytic-graphite grids provide excellent stability at high dissipation levels.

GENERAL CHARACTERISTICS'

ELECTRICAL
Filament: Thoriated Tungsten
Voltage woouessinsenmmmmnss 15.0 £0.75V
170 A

Cumrent @ 15.0 VOIS: .. cxvmssiuniamoniasin:
Direct Interelectrode Capacitances (grounded cathode)?

G S S 445 pF
COUL. e e 35.0 pF
CgP. et e 1.8 pF
Direct Interelectrode Capacitances (grounded grid)2
CNlcrmemrsmmsrsis s R s 169.0pF
COUt. i 36.5 pF
B0 | o T 0.17 pF
Amplification Factor, avg., grid-to-screen....... 8

Maximum Frequency for Full Ratings (CW)... 50 MHz
Maximum Frequency for Reduced Ratings . 250 MHz

MECHANICAL
Overall Dimensions:

LENGEN cosssninoremmissmsmmmmsmmsmanysnn 11.851in; 30.1 cm

Diameter ............coceeiiiiiiiiin 10.08 in; 25.6 cm
Net Weight...........ocoooiiiii 551b; 25 kg
Operating Position.............. Vertical, base up or down
Maximum Operating Temperature:

Ceramic/Metal Seals & Envelope................ 250°C
COOlNG ..o Forced Air
BaSE.. ..o Special, Coaxial

" Characteristics and operating values are based upon performance tests. These figures may change without notice as the result of additional
data or product refinement. CPI Eimac Division should be consulted before using this information for final equipment design.

2 Capacitance values are for a cold tube as measured in a special shielded fixture in accordance with Electronic Industries Association

Standard RS-191.

Communications & Power Industries

Emac division
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5. EVEN RICHARDSON ELEC TRONICS GOT IN ON TH E OPPORTUNITY TO SELL
CONVERSION KITS FOR CEC TRANSMITTERS.

Return to The BD R Menu
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