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ABSTRACT : This  paper  describes  reliable  solid-state  stripline 
frequency  multipliers  that develop  an  output  power in  excess of 16 
watts  at S bahd. An overall  efficiency of 46 percent  is achieved  for 
two  cascaded  doublers  that  have  adequate  varactor  diode  tempera- 
ture  derating to  permit  continuous  operation at 90°C heat  sink 
temperature.  The  stripline  construction  techniques  use solid  di- 
electric  with  '/*-inch  ground  plane  spacing  permitting  an  extremely 
rugged  compact  package. The wide  dynamic  bandwidth of these  de- 
vices  permits  the  design of high  linearity,  wide-band,  solid-state 
telemetry  links. A technique  is  described  that  permits parallel  opera- 
tion of varactor  diodes  with  inherently  high  isolation  that  ensures 
equal  power  sharing. The general  design  steps are also  discussed. 
Data  are  presented  that  illustrate input-output  power  linearity, 
temperature  stability,  spurious  signals,  and  bandwidth. 

POWERED FREQUENCY  MULTIPLIERS  FOR S-BAND TE- 

I 
INmonucnoN 

N THE past  year, we have experienced an increase of 
activit,y  in the 2200- to 2300-MHz telemetry  band. The 

trend in each of these  applications is for higher power and 
wider bandwidths  in  smaller  and smaller packages while 
still increasing the overall  reliability.  These  requirements 
we believe are best satisfied by an all solid-state  telemetry 
t,rnnsmitter. Until recently, the major  problem  in  a high- 
po\ver 8-band  transmitter  has been the amplification and 
frequency  multiplying of the  CW signal. The  latter  part of 
this problem will be discussed in  the remainder  of this 
paper. 

OBJECTIVES 

The major  objectives that guide  our design approach  to 

1) high reliability 
2 )  maximum efficiency 
3 )  minimum  tuning  controls 
4) easily packaged and  adaptable to high volunle  pro- 

duction. 
Re!inbility is of prime  importance  and  this  in turn dic- 

tates several  restrictions. For instance, we limit the maxi- 
mum  operating diode chip temperature  to  150°C  in all 
designs. The use of solid dielectric stripline  circuitry con- 

a multiplier  chain are  tabulated  as follows: 

INPUT TRANSFORMER 1 OUTPUT  TRANSFORMER 
I 

Fig. 1. Typical mrrltiplier circuit. 

tributes  to high reliability- by e!iminating individual 
lumped  circuit  components. Designing for  maximum 
efficiency also contributes  to a highly reliable design in 
that  the power dissipated in  the diode is minimized. Also, 
the drive power required  from the transistor power 
amplifier is reduced,  thereby lo\\-ering the overall power 
input  to  the  transmitter. . 

The dynamic  bandwidth of the multipliers is sufficient 
in that a minimum  number of tuning  controls is needed to 
tune  the  entire  telemetry  band.  By using solid dielectric 
stripline  construction exclusively, the design lends itself to 
high volume  production at  minimum  costs  because the 
circuits  are  photoetched and  very reproducible. 

CIRCUIT DESCRIPTION 
A typical  multiplier  circuit is shown in Fig. 1. The  input 

matching  transformer is one-quarter  wavelength long at  
the  output frequency and  the  characteristic impedance is 
chosen to  match  the real part of the diode  impedance to 
50 ohms. The two  open  circuit stubs on the  input  trans- 
former complete the  input  match  and provide  filtering of 
the second and  third harmonic signals. The  output  trans- 
former  matches the real and imaginary  diode  load  imped- 
ances to 50 ohms. The open  circuit stub  on  the  output line 
acts  as  a filter at  the  input frequency. The  dotted line 
capacitors  in the  input  and  output lines are uncased 
ceramic chip coupling capacitors.  These  capacitors  isolate 
the entire  circuit so that a  dc bias voltage  can  be developed 
by the varactor diode. 

A typical  multiplier  chain consists of two 
circuits  in series as  shown in Fig. 2 .  

Power  splitting  and combining techniques using strip- 
line 3-dB directional couplers are employed to  sum  the 
outputs from  two  or  more  varactor  doublers; thus, a diode 
can  be selected \vhich will optimally  handle the required 
power per  stage. This  technique  permits reliable thermal 
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Fig.!2. Schematic  diagram of the  stripline X4 varactor multiplier Fig. 5. Unila1,eral doubler circllit. 
chain. 
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Fig. 3. Power splitting  and power summing. Fig. 6. Two doublers  mounted on a common heat sink. 
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Fig. 7. X4 freyllency mult,iplier including  circulator. 
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Fig. 4. Two-way power summer  test results. Fig. 8. Power output versus  frequency for two  unilateral  doublers. 
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Fig. 9. Efficiency  versus  frequency for 560- to  1lXO-MHz doubler. 
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Fig. 10. Graph of coherent  spur  levels  in  a  unilateral X2 stripline 
frequency  multiplier. 
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Fig. 11. Efficiency  versus  frequency for 1120- to 2240-MHz dortbler.  Fig. 14. Five-wat,t, FM S-band  transmitter. 
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derat,ing of each diode and minimizes output power 
vnrint,ions due  to environmental stresses. This  approach is 
employed in  the design of X-band telemetry  transmitters 
for five sponsored  programs  ranging  in output power from 
5 to 12 watts. The power splitting  and summing  technique 
employing 3-dB directional couplers has the following 
properties: 

1) Isolation between summing  ports. This eliminates 
instability ctxused by  interaction  between  summed  multi- 
pliers  and also constrains each multiplier to share the 
p o m r  load. A failure of one  circuit will not cause “run- 
away” f:tilure in  the remaining  multiplier. 

2)  Minimum  sensitivity  to  phase  and  amplitude  vari- 
ations  between the multiplier  circuits. 

3) Negligible insertion loss. 
A 3-dB  directional coupler connected as  a power splitter 

and as ;I power summer is shown in Fig. 3. Such  a coupler is 
easily constructed  in  stripline form. The approximate 
volume  per coupler a t  560 MHz is 0.2 cubic inch.  Measure- 
mentJs on individual couplers have shown  insertion loss of 
0.1 dB nnd the coupling is maintained  within kO.1 dB 
over :I 30 percent  bandwidth. A minimum of 29-dB 
isolation \vas measured on a 560-MHz coupler from dc to 
1 GHz. Fig. 4 shows the power summing test results which 
indicate that  the power summing efficiency of the 3-dB 
coupler dropped insignificantly to 99 percent for either  a 

Fig. 13 is a slvept  frequency  response  for  a 560-MHz 
amplifier followed by two “Unilateral” doublers that 
develop 16 Jvatts of CW power at  X band.  Note  that 100 
MHz  or  the  equivalent of the full 2200- to 2300-MHz 
telemetry  band is covered without  tuning  adjustments. 

Fig.  14  illustrates one of the smaller transmitters now 
under  development. This FRI: transmitter develops a 
minimum of 5 Lvatts at, X band  in  a 75 cubic  inch  package. 
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degrees differellce ill the phase of the power sources, all solid-state high-power telemetry  transmitter. After the  study 

addition to the isokttiori between multipliers,  these  circuits niyues, preselltly he is studying  the  application of stripline  techniques 
phase  he  was  assigned to several  programs to apply  the new tech- 

provide a “unilateral”  behavior. The unilateral  character- to a  solid-state power amplifier at  S-band frequencies. 
istic is such that  the  input impedance of each summed Mr. Maser is a member Of Eta Kappa Nu. 
doubler stage is independent of the loads  presented to it. 
The degree of independence is a  function of the diode bnl- 
ance  obtnined in each of the single doubler  circuits. With 

A. 

the all-stripline type of construction used in  these  circuits, 
little difficulty is encountered  in  obtaining the required 
phase tolerances. 

PERFORMANCE DATA 
Fig. 5 illustrates  a disassembled “unilateral”  doubler 

and a fully operational  breadboard. A dielectric separator 
is employed between the circuits to complete the assembly 
of the direct,ional couplers. Fig. 6 shows a mock-up of two 
high-po\vered doublers  mounted to a common heat sink. 
Fig. 7 shows a  unilateral  output doubler  driven  by  a single 
diode Ion-frequency doubler. This design includes a  drop- 
in stripline  circulator and represents  what we believe to be 
the optimum in package  density.  Performance  curves for 
two  “unilateral”  doublers  are shown in Fig. 8. The  input 
power in  this case was 35 watts  at 560 MHz  and a nominal 
16 watts was developed at  S band for a conversion effi- 
ciency of 46 percent. Bigs. 9 and 10 illustrate the perfor- 
mance of individual  doublers for 560 to 1120 MHz, while 
Fig. 11 illustrates the performance of an individual 
doubler for 1120 to 2240 MHz.  The performance of indi- 
vidual  doublers  as  a  function of varactor diode heat sink 
temperature is shown in Fig. 12. 
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