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X-2159

WATER-COOLED

POWER   TETRODE

The   EIMAC   X-2159   is   a   ceramic/metal,   water-cooled   power
tetrode  designed  for  very-high-powered  medium-frequency  or  high-
frequency  broadcast  service  and  very-low-frequency  communication
in  the  megawatt power range.

The   X-2159   has   a   two-section   thoriated-tungsten   filament
mounted  on  water-cooled  supports.  The  two  sections  may  be  fed in

quadrature  to  reduce  hum  contributed  by  an  ac  power  source.  The
maximum  anode  dissipation  rating  is  1250  kilowatts  steady  state.

Large-diameter  coaxial  terminals  are  used  for  the  control  grid
and   the  three  rf  filament  terminals.  Filament  power  and  filament
support  cooling-water  connections  are  made  through  three  special
couplings  with knurled  and tbreaded  clamping rings.

GENERAL  CHARACTERISTICS1

ELECTRICAL

Filament:  Thoriated-tungsten,  two-section
Voltage per section    ............
Current  at  18.5  V  per  section   ......

Amplification  Factor  (Average),  Grid  to  Screen  ....................
Direct lnterelectrode  Capacitance (grounded cathode)2 :

18.5  ±  0.9    V

700A
4.5

Cin   ...............................................                         1650    pF

Cout    ..............................................                           260    pF

Cgp......................................

Direct Interelectrode  Capacitance (grounded  grid)2 :
10pF

675   pF
260   pF
1.0   pF

Frequency of Operation:  for use above  30 MHz,  contact:
Product  Manager,  Power  Grid  Division,  EIMAC  Div.  of Varian.

1.    The design  of  this tube  is  subject to  change.  The data  supplied  is for guidance only.  Before  establishing  a  final
equipment  design with  this tube,  contact:  Product  Manager,  Power  Grid  Division,  EIMAC  Division  of  Varian.

2.    Capacitance values  shown  are nominal,  measured  with  no  special  shielding.

(Effective 7-1-73)     ©     1973  by  varian Printed  in  U.S.A.

EIMAC    division    of   varian    /    301     industrial    way    /    sam     carlos    /    california    94070



X-2159

MECHANICAL

Maximum  Overall  Dimensions:
Length.......

Diameter......

Net  Weight    ......

Operating Position   .
Cooling........

Base  Terminals  .  .  .
Recommended  Filament Connectors  (not supplied  with tube):

Filament Power/Water  Connector  (3  required)  ........
Filament  rf  Connector  (1  required)   ...............

Maximum  Operating Temperature:
Envelope,  and  CeramicAIetal  Seals    ..............

23.75  in;  60.32   cm
17.03  in;  43.26    cm

175 lbs;  80   kg
Vertical,  base down

.....    Water  and  Forced  Air
•..........,            Special

Ei;IMAC  X-2175

EIMAC  X-2181

200OC

RADIO  FREQUENCY  LINEAR  AMPLIFIER

GRID  DRIVEN
Class  AB

ABSOLUTE  MAXIMUM  RATINGS:

DC  PLATE  VOLTAGE   ......

DC  SCREEN   VOLTAGE   .....

DC  PLATE  CUFIPIENT     ......

PLATE  DISSIPATION     ......

SCREEN   DISSIPATION     .....

GRID   DISSIPATION        ......

.   .       22.5    KILOVOLTS

..          2.5    KILOVOLTS

..         125    AMPEBES

.   .      1250    KILOWATTS

.   .            15    KILOWATTS

.   .         4.0    KILOWATTS

TYPICAL  OPERATION   (Frequencies  to  30  MHz)
Class  AB|,  Peak  Envelope  Conditions

PI ate  Voltage
Screen  Volta
Grid  Voltage
Zero  Signal  Plate  Current   .  .
Single  Tone  Plate  Current  .  .
Single  Tone  Screen  Current 2
Peak  rf  Grid  Voltage2.....
Plate  Dissipation   .......
Plate  Load  Resistance   ....
Plate  Power  Output   ......
Efficiency............

1.    Adjust  to  specified  zero-signal  plate  current.
2.    Approximate  value.

RADIO  FREQUENCY  POWER  AMPLIFIER  0R

OSCILLATOR    Class  C Telegraphy or  FM

(Key-down  Conditions)

ABSOLUTE  MAXIMUM  RATINGS:

DC  PLATE  VOLTAGE   .........

DC  SCREEN   VOLTAGE   ........

DC  PLATE  CURRENT    .........

PLATE   DISSIPATION     .........

SCFIEEN   DISSIPATION     ........

GRID   DISSIPATION         .........

22.5    KILOVOLTS

2.5    KILOVOLTS

125    AMPERES

1250    KILOWATTS

15    KILOWATTS

4.0    KILOWATTS

TYPICAL  OPEPATION   (Frequencies  to  30  MHz)

Plate  Voltage     .......
Screen  Voltage     ......
Grid  Voltage   ........
Plate  Current  ........
Screen  Current 1.......
Grid  Current 1     .......
Calculated  Driving  Power
Plate  Dissipationl .....
Screen  Dissipationl ....
Grid  Dissipationl   .....
Plate  Load  Besistance   .  .
Plate  Power  Output   ....
Eff i ci ency   ..........

1.    Approximate  value.

2
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PLATE  MODULATED  RADIO  FREQUENCY  POWER

AMPLIFIER   Class  C  Telephony

(Carrier  Conditions)

ABSOLUTE  MAXIMUM  FiATINGS:

DC  PLATE  VOLTAGE       ........

DC  SCREEN   VOLTAGE   ........

DC  PLATE  CuRRENT        ........

PLATE  DISSIPATION         ........

SCREEN   DISSIPATION     ........

GRID   DISSIPATION    ..........

17.5    KILOVOLTS

2.0    KILOVOLTS

100    AMPERES

800    KILOWATTS

15    KILOWATTS

4.0    KILOWATTS

TYPICAL  OPERATION  (Frequencies  to  30  MHz)

plate  Voltage     ..........
Screen  Voltage     .........
Grid  Voltage       ..........
Plate  Current      ..........
Screen  Current 1   .........
Grid  Current   1    ..........
Pk.  Screen  Voltage  (100% Mod)
Pk.  rf  Grid  Voltage   .......
Calculated  Driving  Power  .  .  .
Plate  Dissipation   ........

a:::eBjg::psi%tioTn.1.  :  :  :  :  :  :
Plate  Load  Resistance      ....
Plate  Output  Power      ......
Efficiency.............

1.    Approximate  value.

AUDIO  FREQUENCY  POWER  AMPLIFIER OR

MODULATOR
Class AB

ABSOLUTE  MAXIMUM  RATINGS  (per  tube):

DC  PLATE  VOLTAGE   .

DC  SCPIEEN  VOLTAGE

DC  PLATE  CURF}ENT    ,

PLATE  DISSIPATION     ,

SCPEEN  DISSIPATION

GFuD  DISSIPATION

22.5    KILOVOLTS

2.5    KILOVOLTS

125    AMPEF}ES

1250    KILOWATTS

15    KILOWATTS

4.0    KILOWATTS

TYPICAL  OPERATION  Twc)  Tubes  -Sinusoidal  Wave

Plate  Voltage     ...........

?cr::ecoYtoa|::gi :  :  :  :  :  :  :  ..  :  :  :
Zero  Signal  Plate  Current   ....
Max.  Signal  plate  Current  ....
Max.  Signal  Screen  Current2  .  .
Pk.  Audio  Freq.  Grid  Voltage 3 .
Max.  Signal  Plate  Dissipation 3
Plate/plate  Load Resistance      .
Plate  Output  Power   ........

1.    Adjust  for  stated  zero-signal  plate  current.
2.    Approximate  value.
3.    Per Tube.

NOTE:    TYPICAL  OPERATION  data  are obtained  by  calculation  from the  publ ished  characteristic  curves.  Adjustment of
the  rf  grid  voltage  to  obtain  the  specified  plate  current  at  the  specified  bias,  screen,  and  plate voltages  is
assumed.  If this procedure  is followed,  there will  be  little  variation  in  output  power then  the tube  is  changed,
even  though  there may  be some  variation  in  grid  and  screen  current.  The  grid  and  screen  currents which  result
when  the  desired  plate  current  is obtained  are  incidental  and  vary  from  tube  to  tube.  These  current variations
cause  no  difficulty  so  long  as  the  circuit  maintains  the  correct  voltage  in  the  presence  of the  variations  in
current.

APPLICATION
MECHANICAL

A/OOwTJIVG   -   The   X-2159   must  be   mounted
vertically,  base  down.   The  i ull  weight  of  the
tube  should rest on the main  screen-grid contact
flange  at  the  base of the tube,  and all  lifting of
the  tube  should  be  done  with  the  lifting  eye
which   is   attached   to   the   top  of  the  anode
cooling jacket.

COOLJIVG   -   It   is   essential  that  high  purity
water  be  used  for   anode  cooling  to  minimize
power  loss  and  corrosion of metal fittings.
Good  distilled  or de-ionized  water will  have  a
resistance  of  1  to  2   megohmsper cm3.  Water
should  be  discarded  if  resistivity falls to
50,000  ohms/cm3.   Since the anode  is  normally
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at  high  potential  to  ground,  water  connections  to
the   anode   are   made  through   insulating  tubing.
These insulating sections  should be long enough
so that column  resistance is  above  100,000 ohms
per   1000  plate   supply  volts.   The   table   shows
minimum   anode   cooling   water   requirements   for
several   plate   dissipation   levels.

Plate  Dissipation Water  F`low Pressure  Drop
(Kilowatts) (GPM) (PSI)

500 130 15
800 205 30

1000 250 45
1250 310 66

This  data  is based  on an  inlet  water  temperature
of 40°C  and  an  outlet  temperature  of  70°C.  In no
case    should   the   outlet   water   temperature   be
allowed to exceed  70°C,   and   system  pressure
should  be  limited  to  85  PSI  maximum.

Water  cooling  is  also  required  for  the  screen

grid,    with   a   minimum   flow   of   2.0   GPM,   at   an
approximate  pressure  drop  of  25  PSI.   The  tube
outline   drawing   shows   which   of   the   two   con-
nections  should be used  for  inlet water.

Water  cooling  of  the  filament  supports  is  re-

quired.   Each  of  the  three  water  connections  in-
cludes   both  an   inlet   and   outlet   line,   with  the
proper  section  for  the  inlet  water  shown  on  the
outline  drawing.  Minimum  flow  for  the  F`1  and  F`3
connectors  should  be  2.0  GPM,  with  an  approxi-
mate  pressure  drop  of  10  PSI  for each connector;
minimum  flow  for  the  F2  connector  should  be  4.0
GPM,   with  an  approximate  pressure  drop  of  55
PSI.

Base   water  cooling   requirements  can   some-
times  be  simplified  if  the  screen  grid  and  fila-
ment   connectors   Fl   and   F3   are   all   cooled  in
series,  with  suitable  insulation  between  termin-
als.

In  addition  to  the  water-cooling  requirements,
cooling  air  should  be  directed  against  the  lower
envelope   surface,   in   the   area  of  the  ceramic/
metal  seals,  and  particularly  from  below,  up   in-
to   the   recesses   involving  the   control   grid   and
screen   grid  contact  surfaces.  Under  normal  cir-
cumstances,   a  general   purpose   blower  capable
of  supplying  a  minimum  of  one  hundred  CFM  (at
zero  head),  properly  directed,  will  provide  ade-
quate cooling  in  the  recessed  base  area.  Temper-
atures  of  the  ceramic/metal  seals  and  the  lower
envelope    areas    are   the   controlling   and   final

limiting  factor.  Temperature-sensitive  paints  are
available   for   use   in   checking   temperatures   in
these   areas   before   equipment   design   and   air-
cooling arrangements  are  finalized.

AJJ   base   cooling,    air   and   water,    must   be
applied  before  power  is  applied  to  the  filaments.
F`or  standby  operation,  with  no  direct  anode  dis-
sipation,    a   minimum   flow   of   5   GPM   of   anode
cooling  water  is  still  required  to  prevent  anode
overheating,  in  addition to base  cooling.

In    all   cases,   both   air-flow   and   water-flow
interlocks   should  be  used  to   remove   all  power
from  the  tube  in  case  of  a  cooling  failure.  How-
ever,   cooling  normally  should  be  maintained  for
a   brief   period   after   all   power   is   removed   to
allow for tube cool-down.

ELECTRICAL

FILAMENT  OPERATION   -   Special  procedures
must  be  used  in  the  application  and  removal  of
filament   power.   Cooling  water  flow   must  be  on
and   at  the   correct   level   before   any   voltage  is
applied.    Then   a   voltage   of   (approximately)   4
volts  should  be  applied  (per  section),   and  held
for  a  minimum  of  30  seconds.   Voltage  can  then
be   gradually   increased   until  the   full  operating
filament   voltage   level   is   achieved,   but   at   no
time  should  surge  current  be  allowed  to  exceed
1600   amperes   per   section.   To   remove   filament

power,   the  voltage  should  be  reduced  gradually
to  (approximately)  4  volts  and  held  at  this  level
for   a  minimum  of  30  seconds  before  all  voltage
is  removed.

The  peak  emission  capability  at  the  rated,  or
nominal,  filament  voltage  is  normally  many  times
that  required  for communication  service.  A  small
decrease   in   filament   temperature   due   to   a  re-
duction   of   filament   voltage   can   increase   tube
life    by    a   substantial   percentage.    It   is   good
practice  to  determine  the  nominal  filament  volt-
age   for   a   particular   application   that   will   not
affect   the   operation   of  the   equipment.   This  is
done  by  measuring  some  important  parameter  of
performance,   such   as   plate  current,   power  out-
put,     or    an    increase    in    distortion,    while   fil-
ament  voltage  is  reduced  in  small  steps. At  some
value  of  filament  voltage  there  will  be  a  notice-
able  reduction  in  plate  current  or  power  output,
or   an   increase   in   distortion.   Operation   should
then  be  at  a  filament  voltage  slightly  higher  than
the  point  at  which  performance  degradation  was
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noted.   The  voltage  should  be  measured   at  the
tube  base  terminals  with  a  197o  accuracy  rms  re-
sponding   meter   and   periodically   checked,

GRJD  OPER4rJOIV   -   The  X-2159  grid  is  rated
at   4000  watts   of  dissipation.   Protective  mea-
sures  should  be  included  in  the  circuitry  to  in-
sure  that  this  rating  is  not  exceeded.  Grid  dis-
sipation   is  the   approximate   product   of  dc   grid
current and  peak positive  grid voltage.

SCREEIV  OPERATION   -   Base  cooling  (a±t  and
water) must be on  and  at  the correct  level before
tube  operation  is  started.  The  power  applied  to
the   screen   grid   must   not  exceed   15  kilowatts.
Where no  ac  is  applied to the  screen,  dissipation
is   the  product   of  dc   screen  voltage   and  dc
screen  current.  With  screen  modulation  the  dis-
sipation  is the  product of rms  screen  current  and
rms  screen voltage.

Plate  voltage,   plate  load,  or  grid  bias  volt-
age   must  never  be   removed  while  filament   and
screen   voltages   are   present   since   the   screen
dissipation   rating   will   be   exceeded.   Suitable
protective  circuitry  must  be  provided  to  remove
screen  power  in  case  of  such  a  fault  condition.
Tetrode  tubes  may  exhibit  reversed  screen  cur-
rent  to  a  greater or   lesser  degree  depending  on
individual  tube  design  and  operating  conditions.
The   screen  supply  voltage  must  be  maintained
constant  for  any  values  of negative  and  positive
screen currents that  may be  encountered. Danger-
ously  high  plate  currents  may  flow  if the  screen
power   supply  exhibits   a  rising  voltage  charac-
teristic  with  negative  screen  current.  Stabiliza-
tion   may   be   accomplished   by   use   of   a   shunt
regulator circuit  in the screen voltage  supply,  or
other suitable techniques.

PLATE  OPER4rJOIV   -   The  maximum  dissipa-
tion  rating  of  the  X-2159  is  1250  kilowatts  with
water  cooling.   When  used   as  a  plate-modulated
rf  amplifier,  plate  dissipation  under  carrier  con-
ditions  is  limited to  800 kilowatts.

FAULT PRorECTJOIV   -   In  additior. to the  nor-
mal   plate-overcurrent   interlock,   sci.een-current
interlock,  and  coolant  Goth  air  and  water)  inter-
locks,   it   is   good   practice  to  protect   the  tube
from  internal  damage  caused  by  an  internal  plate
arc  which  may  occur  at  high  plate  voltages.  An
electronic  crowbar,  which  will  discharge  power-
supply   capacitors   in   a  few  microseconds  after
the  start of  a plate  arc,  is  recommended.

JZJGH   VOLTAGE   -   Normal   operating   voltages
used  with  the  X-2159  are  deadly,  and  the  equip-
ment   must   be   designed   properly   and  operating
precautions  must  be  followed.  Design  all  equip-
ment   so  that  no  one  can  come  in  contact  with
high    voltages.    All   equipment   must   include
safety  enclosures  for  high-voltage  circuits  and
terminals,   with  interlock  switches  to  open  pri-
mary   circuits   of  the   power   supply   and   to  dis-
charge high-voltage condensers whenever access
doors  are opened.  Interlock  switches  must  not be
bypassed  or  "cheated"  to  allow  operation  with
access  doors  open.  Always  r3member  that  HIGH
VOLTAGE CAN  KILL.

X-RADJArJOIV   -   High-vacuum   tubes   operating
at  voltages  higher than  10 kilovolts  produce  pro-

gressively  more dangerous  X-ray  radiation  as the
voltage   is  increased.   The  X-2159,   operating  at
its   rated   voltages   and  currents,   is  a  potential
X-ray  hazard.  Only  limited  shielding  is  afforded
by  the tube  envelope.  Moreover,  the  X-ray  radia-
tion  level  can  increase  significantly  with  aging
and  gradual  deterioration,  due  to  leakage  paths
or  emission  characteristics  as  they  are  affected
by   the   high   voltage.   X-ray   shielding   must  be
provided  on  all  sides of tubes  operating  at these
voltages  to  provide  adequate  protection  through-
out the tube's  life.  Periodic  checks  on the X-ray
level  should  be  made,  and  the  tube  should  never
be  operated  without  adequate  shielding  in  place
when   voltages   above   10  kilovolts   are   in  use.
Lead  glass,  which  attenuates  X-rays,   is  avail-
able  for  viewing  windows.  If  there  is  any  doubt
as   to   the   requirement   for   or   the   adequacy  of
shielding,  an  expert  in  this  field  should  be  con-
tacted  to  perform  an  X-ray  survey  of  the  equip-
ment.

Operation    of    high-voltage    equipment    with
interlock  switches  "cheated"  and  cabinet  doors
open in order to be better able to  locate  an equip-
ment   malfunction   can   result   in   serious   X-ray
exposure.

RADlo  FREQUENCY   RADIATloN   -   ANoid  ex-
posure  to  strong  rf  fields  even  at  relatively  low
frequency.    Absorption   of   rf   energy   by   human
tissue  is  dependent on  frequency.  Under 30 MHz,
most  of  the  energy  will  pass  completely  through
the  human body with  little  attenuation  or  heating
effect. Public  health  agencies  are concerned with
the  hazard,  however,  even  at  these  frequencies,
and   it   is   worth   noting   that   some   commercial
dielectric  heating  units  actually  operate  at  fre-
quencies   as  low  as  the   13  and  27  MHz  bands.



SPECJAL  APPLJCAr/OIV   -Where  it  is  desired                    Tube    Product   Manager,    EIMAC   Division   of
to  operate  this  tube  under  conditions  widely  dif-                     Varian,    301    Industrial    Way,    San   Carlos,   Ca.
ferent from  those  listed  here,write to  power Grid                     94070,     for    information    and    recommendations.
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