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This report covers the objectives, history and develop-

ment of a Ka—Band Local Oscillator and a Ka—Band Transmitter

Bxciter~ as described in the Statement of Work and Specifica-

tions, RFP No. N0014—TS—R—0017.. RDL, Inc. submitted a

• / technical proposal. in response to the above RFP on Decem—

~ ( ber 33, 1972.
• 

I Contract No. N00014—73-c-0394 was subsequently awarded
- • (

• to RDL on March 19, 1973 and the specifications were sub—

\\ seq~1ex tly revised per Attachment Number 1, Dated Sept—
( ember 14, 19~ > Three hardware items were developed, tested

and delivered: 
-

Line
- • - Item Quantity Model No. / Item

1 1 M06K161 Ka—Band Varactor Multi—
• • plier Chain, Transmitter

Excite5~
• 2 1 )lOlKl6l ‘— Ka—Band Varactor Multi-

plier Chain, Local
• Oscillator) VJ~4,J~7

3 1 ?4OlKl62 Ka—Band Varactor Multi-
plier Chain. Local
Oscillator
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2.0 Ka—BAND VARACTOR MULTIPLIER CHAIN, LOCAL OSCILLATOR

RDL MODEL NO. MO1K161

2.1 OBJECTIVES

The local oscillator is a solid—state, state—of—the—art,

varactor multiplier chain, providing a high spectral purity

output in I(a—Band. The local oscillator was designed with
I

the objective of meeting or exceeding the specifications

contained in RFP No. N00014—73—R—99].7, Paragraph 4.2 (sub-

sequently revised per Contract No. N00014—73—C—0394, Attach-

ment No. 1, revised September 14, 1973). The provisions of

( 
• MIL—E—16400 (Navy) were used as a general guide for design and

j fabrication wherever possible.

2.2 HISTORY

This unit has three highly stringent requirements: small

size, low F.M. noise, and low spurious and harmonic outputs.

In discussing these three criteria, it is shown that no practical

approach will fully meet the electrical requirements of the local

oscillator. Therefore, four methods of developing a clean

signal were considered, showing the merits and downf ails of

each, and which method would most closely meet the requirements

of RPP No. N00014—73—R-00l7. These methods and subsequent

• d.veloisnent are slnnTnarized again in this report.

• i. . . 2 -
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• The noise requirements for the L.O. are described by

paragraph 4.2.1.5 of the RI?. The A.M. and F.M. single

• sideband—to—noise ratio are of particular interest in the band

20.0 Hz to 10.0 MHz removed from the carrier. Regardless of

the scheme of frequency multiplication or processing, some

general statements may be made about the effect of mu].tipli—

• cation upon both A.M. and F.M. noise close to the ca~rier.

In the case of F.M. single sideband noise, the noise is

degraded by 20 x log (N) where N is the frequency multiplica-

tion factor. This is a limitation derived from modulation

( theory. In the case of A.M. noise, disregarding A.M. to P.M.

conversion, the A.M. single sideband noise after multiplication

will be less than or equal to the noise at the input relative

J • to the carrier. This is due to either specific A.M. limiting

schemes or the normal degree of A.M. limiting in most multipliers

and frequency dividers. If the multiplier were perfectly linear.

and the A.M. noise at the output would be the same as the input

(relative to the carrier). Since the A.M. noise is not a

• - problem, the remainder of this discussion will concentrate on

techniques for minimizing F.M. noise and spurious.

I ’ . • 3
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There are two basic limitations which were considered.

• 

- 

The first is the F.M. noise from a 5.0 MHz atomic standard ,

• such as the HP 506Th, the inte~ided system frequency st~ iv~ard.

Pigure 1A shows this characteristic at 5.0 MHz and multiplied

by 7488 to the 37.44 GHz output frequency (this is the center

of the 1.0. frequency bands finally chosen). Since 20 log

7468 = 77.5 db degradation, it is shown that curve does not

cross the —60 dB F.M. noise specification line until 700 Hz

from the carrier. When this reference is followed by a high

Q crystal filter, (Figure 1A) and then multiplied, it shows

( that the F~.M. specification is met at about 150 Hz from the

carrier. This curve, showing the reference, and the crystal

filter is the best noise close to carrier that can be realized,

regardless -of the processing system used.

The second basic limitation is obtaining frequency

agility. Figure lB shows an HP5O61A reference multiplied to

117 MHz through a Fluke 6160A synthesizer. The 6160A adds

some residual noise to the reference. When this combination

is multiplied to 37.44 GHz , it is worse than having only the

5.0 MHz reference multiplied to 37.44 GHz.

• 4
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From these two points, the following conclusions were

drawn; the atomic standard is the limiting factor for F.M.

noise close to the carrier, the atomic standard can be iii—

proved by the addition of a crystal filter, and some additional

noise must be added to obtain frequency agility.

In the four approaches presented , comparison noise data
I

were shown (Figure 6) assuming the atomic standard was processed

-through a crystal filter. In all methods, the final multiplier
0

was consolidated as a X80 block.

The first Method No. 1, shown in Figure 2, is the most

( straightforwar d method. The advantages of Method 1 are that

it is cheap, very simple, and that it offers frequency agility

(i.e., the Fluke 6160A may be tuned 116.75 to 117.25 MHz for

- outputs of 37.36 to 37.52 GHZ). There are two problem areas:

spurious and harmonics related to the iinput frequency, and other

spurious present at the input generated by the Fluke 6160A. Of

particular interest are the frequency bands of 36.80 to 37.00 GHz

and 37.90 to 38.10 GHz as shown in paragraph 4.2.1.4. The

spurious and harmonics in these bands should be <-100 dB.

- •  .
• 5
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It was known from technical inquiry of NRL that there

were actually only three L.0. frequencies of interest:

• . 37.38, 37.44 , and 37.50 GHz coi~responding to receiver

• frequencies of 36.84 , 36.90, 37.98 and 38.08 GHz. After

the contract was awarded • the requirement was changed to two

discrete frequencies: 36.06 and 36.12 GHz. For simplicity,
I

we discussed the problems related to these frequencies only.

• Various proposed input frequencies and their, related spurious
0

in the —100 db forbidden band s are swtunarized in Table 1.

In the first example (Method 1), these correspond to input

( frequencies of 116.8125, 117.0000 and 117.1875 GHz. We can

see that there are from three to four spurious in these bands

from the input frequency only. Through judicious filtering

techniques in the multipliers, the spurs would be <—60 dB, but

• nbtaining —100 dB from microwave filters is extremely difficult.

However, none of these spurs is closer than 45.00 MHz from the

related receiver frequency. Since the receiver bandwidth will

be a maximum of ±1 MHz, these spurs, although not technically

~meeting the specifications, would not present a problem.

6
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• A greater fault of Method 1, however, is the treatment

of other spurious not related to the input generated by

the Fluke 6160A. The frequencies and levels of these spurs

are virtually unpredictable and may be very close to the

carrier , although they would be (-80 db. The input to the

-. X4 multiplier of Figure 2 cannot be made extremely narrow
I

and therefore it was assumed that these close in F.M. spurs

O would be enhanced by 20 x log 320 = 50.1 dB (worst case),

just as the close in F.M. noise. There would be an unpre-

dictable multitude of spurious near the output frequency and

( near the abovementioned spurious that fall inside the forbidden

—100 dB bands. Therefore, Method 1 would not meet any of the

provisions of paragraph 4.2.1.4.

Some improvement could be made upon Method 1 by going

to Method 2 shown in Figure 3. This utilizes the same scheme

as Method 1, except that a “clean-up” phase locked VCXO is

used at the multiplier input. A VCXO at 117 MHz is phase

locked to the Fluke 6160A at 117 MHz. Since the VCXO is itself

very stable, a low loop gain and a very narrow loop bandwidth

may be utilized. Within the loop bandwidth of a phase locked

oscillator, the output follows the noise characteristics of

( the reference +20 x log N to the output. However , the phase

- - 
- • 

• 

locked oscillator would follow the characteristics of the VCXO

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I ~~~~~~ ,- — ---—---- •-, --—— — -. -
~ 

— •—- —- ,--•- ____ w,,•.,—.-• -~•r--~ ----- — 
~~~~~~~~~~~~~~~ — k .  ___~ - — _~~~~~ _~~~~_ 

- . . . . :•. ~ - —

0

C
outside the loop bandwidth. It was estimated that the 117 MHz

vcxo would have greater spectral purity than the reference

- 
• 200 Hz and greater from the carrier. Closer than 200 Hz from

-the carrier, the 20 x log N rule applies, and the spectrum

would look like the reference multiplied to the output frequency.

‘fliree to four spurs of the input still occur in the —100 dB

bands4 but as previously noted , are never closer than 45.00 MHz

- from the receive frequency. The only advantage, therefore, of

Method 2 is that it eliminates a lot of “clutter ” from about

500 Hz and out from the carrier. Spurious occurring from the

( 6160A still remain from 500 Hz into the carrier. Method 2 is

more costly than Method 1 because frequency agility of the

source has been lost. A different VCXO must be employed for

each desired output frequency.

Some of the a 4vantages of Method 1 and 2 could be obtained

by Method 3, as shown in Figure 4. This employs a 468 MHz

• VCO phase—locked to the Fluke 6l6A synthesizer. The advantage

of this scheme is that it offers complete frequency mobility

-• as with Method 1 and it attenuates the 117 14Hz spurious at

the output. As listed in Table 1, the number of possible spurs

-
• in the forbidden —100 dB bands has been reduced to only 1 or 2.

-

. 
( depending on the L.O. frequency. These spurious would never

- 

be closer than 72.00 MHz from the receive frequency which is

B
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_ _-
~~•_-. 

• - - • • — -~~~~~~~~ _ _ _— —  _ --— —_ --- - - - - —

0

(

better than the 45.00 MHz obtained in the other schemes .

However, the loop bandwidth required for this VCO is much

greater than for the VCXO of Figure 3 and would provide very

little, if any, improvement in the noise and spurs generated

by the Fluke 6160A in the region 20 Hz to 1 MHz from the

carrier.

Through technical discussion with Fluke, it was-learned

that in order to predict the spurs from the Fluke 6l60A,
0

the exact frequency must be pinpointed. It had become obvious

that the selection of the input frequency, and thus the multi—

( • plication scheme, is critical. It is known that spurs generated -~

by the last digit that is dialed on the Fluke 616QA (i.e.,if

the 1 MHz position is used , 1 MHz spurs will occur around

the output frequency. Likewise, if the 1 i~~z position is re-

quired, 1 ~~z spurs will occur around the output frequency) .

In the three methods proposed thus far, the input frequencies

would be 116.81250, 117.00000 and 117.18750 MHz . The last digit

required is in the 100 Hz digit. Therefore, 100 Hz spurs would

occur surrounding the carrier, except in the 117.00000 MHz case

which would be 1 MHz. The three schemes proposed thur far

would provide virtually no reduction of the 100 Hz, 200 Hz. etc.

spurious. It became evident that 117 MHz was not the best choice

• for the input frequency to the multiplier.

9
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(p A X3 multiplier could be used prece~ing the-xBO, j~~. . • •

which case the required input frequencies would be 1S5.75~ 
- 

- 

- 

- 

-

156.00 and 156.25 MHz , as shown in Table 1. We could ~~~~~~~~~~~ ..

that the closest spurious from the 6160A would be at 10. ~~z

from the carrier, which has a big improvement over 100 Hz...

Examining Method 1 used as a X3, however, revealed Fh~.t- ~~~

correction of 10 KHz spurs could be obtained. Method Z ‘uld

not be used either, because a fundamental vcxo is u~ ree1f wf-fr-

at 156 MHz. Method 3 showed some improvement with the. n~~

input frequencies, however, the required loop bandwith, using

the VCO had to be wide enough so that very little improv~m~r&

C in the 10 ~~z spurs would be made. -

It became obvious , then , that a fresh approach was required

to obtain acceptable spur levels . A simplified diagram of

this fourth method is shown in Figure 5. From Table 1, it c~~

be seen that at 468 MHz , the xniniimmi frequency incr~ nent is
I

250 ICBz. If the 468 MHz applied to a divide by 15 circuit , 
-

frequencies of 31.15, 31.70 and 31.25 MHz will occur with a

minimum frequency increment of 50 Icaz. REL had already developed

digital countdown techniques which enable division by any

integer from frequencies well over 500 MHz . Also very stable

VCXO’s are available in the 31 MHz region.

4.

10
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Referring to Figure 5, then, we proposed that the pTh1r~

• 6160A be eliminated entirely and the HP5O61A, 5 IEZ., c’uei~~ -

beam standard be utilized directly as a reference signaL ’ .

The 5 MHz reference would be followed directly by the ~L~r$t~L

filter shown in Figure lB. - 

~~~~~ : - 
- -

• The crystal filter shown is a practical unit tha~ is

somewhat reasonable in cost. More exotic filters are ~~~ 4T~~Le

which can filter the atomic standard to nearLy —1.50 ~~/kz ~+~~ml~

to—noise ratio at 100 Hz from the carrier... With t!h 4~~ type of

filter, the noise specification could be met at appro~ime~~ly

• 50 Hz to 75 Hz from the carrier. These filters are ma~j ~~~~~
( more expensive than the unit proposed . - -

•~ -~. -

In Method 4, the filtered 5.0 MHz signal and the 31 1~ z

• VCXO are divided to 50 KHz , the smallest increment ~~~~~~~~~ Th~

signals are compared and the 31 MHz VCXO is phase 1O !k~~ , using~

a very narrow loop which attenuates the 50 KRz fti.~w the 31 ~~z
• I

signal. The loop also contains a 50 ~~z notch filter far ~~ii!i —

tional attenuation. Three VCXO1 S were proposed; 31.150 J~ z.

31.200 MHz, and 31.250 MHz. (These were later reduced 
- 
to ~~~ p

and changed to 30.05 and 30.10 MHz.) Frequency selection. is,..

done by a manual rotary switch at the oscillator unit. .. The F it.

noise, at this point , looks like the reference imiltip~T!~~~ to

(

11
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• 31 MHz out to about 400 Bz from the carrier. Farther away,

-the signal takes on the VCXO characteristic. - -~ -

- 
• Thus, we have a 31.20 MHz reference with 50 1~~z spurs

<—130 dB relative to the carrier. This reference is used to

~thase lock a 468 MHz VCO. Since the 31.20 MHz reference is

• very large compared to the second phase lock loop bandwidth,

-
, 

• • 

- 

the level of 31.20 MHz spurs near 468 MHz would be down

4 f <—140 dB. 
-

- The frequency spectrum now consists of the 468 MHz output

‘with 50 ~~Iz spurs <—106 dB and 31.20 MHz spurs <—140 dB. This

( 
- spectrum is then multiplied X80 to the output . The 50 ~~ z spurs

would be enhanced by 20 x log 80 = 38.1 dB (worst case) becoming

<—68 dB relative to the output. The 31.20 11Hz spurs would be

attenuated significantly by the filtering of the multiplier

- stages. In the worst case, these will be enhanced by 38.1 dB

to be <—102 dB and will never occur within 1 MHz of the receiver
• 

frequency .

The final output frequency spectrum consists of the

carrier; 50 KHZ spurs <—68 dB down from the carrier ; two spurs

• of the 468 MHz in the —100 dB band s, <—60 dB down , and )72 MHz

• £LOw -the receiver frequency and spurious of 31.20 MHz . <—102 dB

downs and never closer than 8.75 MHz from the receiver frequency.

- 
- - ~~ e final expected composite F.M. noise spectrum is shown in

Tigure 6.
LL ~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ - - • •~~~~~~.
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C Method 4 was considered clearly the superior to Ya44w~ds

1, 2 and 3. It requires three VCXO’s and an additional ~ta

lock loop, however , this expense was weighted against the c~~ t.
- 

of the synthesizer used in the other three schemes.

The local oscillator has unusual mechanical constrainte

due to stringent size requirements and as a result was sub—~

- • 
divided into several separate stages . A possible separaHr~i

into three stages was shown in Figure 1 of the RFP . Through

technical inquiry with NRL , it was known that Stage 1. could be

further subd ivided into two sections to minimize the drastic

• effects of the cable loss. This subdivision is shown in

C Figure 7 of the proposal. 
-

Figure 8 shows the proposed local oscillator ( Method 4)

expanded and subdivided according to Figure 7. Stage 1,

4 
Section 1,- contains three switchable, phase locked 31 MHz v~.au’s

and the 468 11Hz phase locked VCO. Stage 1, Section 2 is separated
I

by a cable with approximately 10.5 dE of loss. 200 mW at the

input of Section 2 is amplified to 40 W at 468 MHz . This s~~ge

would require heat—sinking for 30 to 35 watts of dissipation.

The 40 watt signal is attenuated to approximately 9 W by a -

length of cable having 6.5 dB of loss. These power levels were

later revised , since the actual cable losses were smaller than
• • those assumed in the proposal. Stage 2 is a Xl0 multiplier

13
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C
and isolator generating 900 m W at 468 GHz. Stage 2 is

S

followed by approximately 1 dB of cable loss and a X8 
-

multiplier (Stage 3) . The design of Stage 3 is extremely

difficult due to the stringent mechanical requirements

shown in the RFP.

2.3 DEVEL~P1~~NT ‘

The final block diagram of the first local oscillator

is shown in Figure 17. Although numerous changes took place

on the design of the individual blocks during the development

of the first L.0., the final block diagram is virtually iden-

tical to the block diagram proposed and shown in Figure 8

of this report .

Many of the changes were mechanical. ‘ The RFP called for

three stages: the first stage to be 100 cubic inches in

volume maximum, followed by 70 feet of cable with 20 dB of

loss; the second stage to be 5 cubic inches in volume maximum,

followed by 2 feet of cable with 2 dB of loss; the third stage

- 

• 

-to be 3 cubic inches in volume maximum with no single dimension

to be greater than 2.5 inches .

As proposed, the first stage was separated into Stage 1,

• Section 1 and Stage 1, Section 2. This was done to minimize

• -the effects of the huge cable logs. The final cable losses
I,

14
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• 

- 
• - ‘eased the design of the transistor power amplifiers.

- Sections 1. and 2 of Stage 1 were separated by a 7.3 dB final 

- cable loss, Stages 1 and 2 were separated by a 4 dB final

c~ib1e loss and Stages 2 and 3 were separated by a 1 dB cable

- 

- loss. 
-

• 

• - During the contract , it was agreed that Stage 1, Section 2,
4

- 
• 

- Stage 2, and Stage 3 must be supplied in final mechanical

configuration but that Stage 1, Section 1 wou ld be supplied

in a standard instrument cabinet to facilitate delivery.

The designs of Stages 2 and 3 were modified to conform exactly

• to the available space in the pedestal . This necessitated the

I - 

- separation of the X4 and X2 multipliers, in Stage 3. by a cable

with approximately 1 dB of loss. The mechanical constraints on

Sections 2 and 3 were some of the largest problems affecting

their designs .

After the contract award , the government requested that

the number of frequencies be changed to two and that the

- 
frequencies be changed to 36.06 and 36.12 GHz . As a result ,

two VCXO’s were required : one at 30.05 MHz and one at 30.01 MH z.

~~e final frequencies and power levels are shown in Figure 17.

• The design of these switchable phase—locked VCXO ’s is essentially

identical to that propcsed . Both the 5 MHz reference and the

-
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Vc:x0’s are divided and phase compared at the same frequency

:of 50 KHz. However, this section vent through several generations

of development to optimize the amplifier gain and loop bandwidth

for automatic lock, stability, spurious and noise performance.

The next block, the phase locked VCO at 450 MHz, is also

essentially identical to the block diagram proposed. However,

• 
•: several design approaches were tried and several generations

of development were required on the final design. Originally,

the VCO was to be divided by 15, phase locked to the VCXO which

was to be divided to the 50 KHz reference, phase compared and

locked by an outside loop to the VCO. Difficulty was encountered

in optimizing the bandwidths of the two loops which interacted

and thus caused problems with stability and noise. The final

design treated the VCXO and the VCO as two independent phase lock

loops. The phase locked vcx0 is multiplied via a comb generator

and phase compared at the output in the conventional way. The

VCXO has very high gain and narrow loop bandwidth whereas the

VCO has wider loop bandwidth and less gain. These loops are now

quite independent. Again, several generations of development

• 

• were required to optimize gain and bandwidth for automatic lock ,

• stability. spurious and noise performance .

~
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( With the separation of Stage 1, Sections 1 and 2 and ~~~

reduced cable losses , the development of the two power

amplifiers became straight forward , using readily available

- power transisters. No hybrid combining was required. Refer

• to Figure 17 for power levels and frequencies.

The times ten multiplier in Stage 2 of the L.0.. was 
$ -

developed as proposed. The final configuration is only slightly

different  from that shown in Figure 2 of the amenduent to the

proposal. It became necessary to provide right angle connectors 
-

at both the input and output of the multiplier and to s~unt

the circulator vertically. This was needed to shorten the over—

all length and to accommodate cables. Cooling fins were also

added as a precaution , because of the anticipated severe tem-

perature rise in the pedestol .

The times ten multiplier consists of a lumped—e lement

low pass input matching structure , matching a single ch4p, high

breakdown , step recovery diode .’ At the output , the diode is

transformer coupled to a 3-pole combine filter.

The mechanical configuration ~f Stage 3 provided n~ re

difficult problems. Originally, as proposed, the times four

and times two frequency multipliers were to be integrated as

a single unit. However, this became incompatible with the

final pedestol design. It was necessary to separate the two

17
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multipliers by a short length of semi—rigid cable . The power

loss and added VSWR were overcome, however.

- - The t imes four utilizes an interd igital filter at input

and output with a high quality step recovery diode embedded at

the center. An idler is also provided for the second harxnonic.

Fins were also added as its only source of cooling.

• l~e times two multiplier is a self—contained unit with a

coaxial input and a waveguide output. An ultra high cutoff

gallium arsenide variactor is utilized. The cutoff frequency

of the output waveguide was raised to filter out unwanted

( spurious. An attenuation is provided at the output to turn the

power from the 10—15 mW range down to as low as 1. mW. A wave—

guide isolator is provided at the output .

2.4 CONCLUSIONS

The major accomplishment of the first L.O. is that the

power, spurious , switchability and mechanical configuration
t $

were achieved . Stage 1, Section 1, however , is not in final

inechanica]. configuration. This was an important objective for

the second L.O. Also , the noise performance is close to that

proposed. A graph showing the specification, the predicted

( performance from the proposal and measured data are shown in

Pigure 14. The measured results are approximately equal to a 
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or better than the predicted results from 1—XHz and gr~~+’~ - 

.

•

from the carrier. The major reason for this is- that a 5 PEz - -

crystal filter could not be u~ed at the input, because it

was highly susceptible to vi1~ration and acoustically coupled

noise. By eliminating this filter, the predicted and resultart

noise performance would have been essentially equivalent ..

4
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3.0 1(e—BAND VARACTOR NULTIPLIER CHAIN, LOCAL OSCILLATOR

RDL MODEL NO. MO1K162

3.1 OBJECTIVES

This local oscillator is identical to the first local

oscillator , model number MO1K161 except for the two output

frequencies which are 38.76 and 38.82 GHz. The requirement
I

-
. for a second local oscillator did not occur until aft-er the

-
• initial contract award. Through am endment to the contract,
4

the government requested a change in frequency of the first

local oscillator and the additions of a second local oscillator

( at new frequencies.

The objectives were, therefore, the same as those out lined

in paragraph 2.1 for the f i rs t  L.O. with the additional objective

of reducing the size of Stage 1. Section 1.

3.2 HISTORY

The history surrounding the design of the second local

- - 

oscillator is essentially identical to that of the first local

oscillator and is described in detail in paragraph 2.2. The

second L.O. is functionally identical to the second with the

only difference being the frequencies.

20

~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~ 
— - - -

— —~~~-~~~~~.---- ~ — ______4_~ ~-- - ~~
-

~~ -— ~~~~~~~ L~g__~



0

C
3.3 DEVELOPMENT

As mentioned earlier , the only new objective for the

- second L.O. was to reduce the size of Stage 1, Section 1.

The first and second L.O. ‘s are otherwise electrically and
- 

- ~mechanically equivalent.

3.4 CONCLUSIONS

The reduction in size of Stage 1, Section 1 was

- accomplished with a resultant size of approximately

- 8 3/4 x 3 3/8 x 6. The other accomplishments of the

- 
first 1.0. were duplicated. However , the measured noise

performance was slightly better. A graph showing the specifi—

cations , projected results and measured results are shown in

• 
- - . 

Figure 15. Again, since the crystal filter had to be

eliminated due to vibration and acoustic performance, the
- 

measured results were approximately equal to or better than

the projected results.

II

a
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(
A simplified diagram of Method 1 is shown in Figure 9

and is the straightforward method of direct multiplication.

Thus , any F.M. noise or close in spurious from the Fluke

645A are enhanced by 57.7 dB = 20 x log 768. Since a broad

— band of frequencies is required , and the input must be moved

arbitrarily, no bandlimiting circuits may be provided at the

output of the Fluke 645A. Without the input frequency exactly

determined , the location and amplitude of spurious from the

Fluke 645A are virtually unpredictable. The amplitude of

spurious, however, are guaranteed to be <—100 dB from the

( output. When multiplied by 768 , the possible spurious cou1~

be as high as —42 dB relative to the output . Thus , we saw

- 

that Method 1 would not meet the requirements of paragraph

4.1.1.5.

The F.M. noise characteristics of the transmitter

exciter (Method 1) are shown in Figure 10. The characteristics

of the HP 5061A cesium beam reference are shown . The HP5O61A

translated to the output of the Fluke 645A are shown , and finally,

-j the Fluke 645A -multiplied to 37.4 GHz are shown. From the

graph , it could be seen that Method 1 would not meet the noise

requirements of paragraph 4.1.1.6 from 20 Hz to approximately

(. 350 liz. However , the system limitation , again as with the L.O.

was shown to be the HP5O61A reference.

23
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However, it was learned , from technical inquiry at ~~~~~~

that it is desirable to obtain a small frequency increlaoTlt

of 2 Hz or less at the Ka-Barid output . The smallest fzequeJ~~y

increment available from the ~ 1uke 645A is .01. Hz. If ~hjg

were multiplied X 768 as with Method 1, the smallest frequency

increment at the output would be 7.68 Hz, which is too great. .

Theref ore , a second method was proposed. A simp1~fie~ diagram

-

. 

of Method 2 is shown in Figure 11. A mixer has been added to

translate the Fluke 645A directly to 284.375 to 300.000 1~ z..

A high level Schottky mixer would be used and the mixer spnrinus

level for the minimum bandwidth required by paragraph 4-..1.L..L

is anticipated to be <—100 dB. The mixer output is then

- 
multiplied X 128 to the output. Therefore, th~ spurious level

for the narrow band case would be as h igh as — 100 dB + 43 ~~ =

57 dB. Fo-r the wideband case , the mixer spurious would be more

numerous , whose level are not exactly known and may be ~uh—
I

stantially worse than —100 dB. However, for Method 1, the

anticipated spur , level at the output was as bad as —42 dB and

we believed that the spurs from Method 2 would be as good or

better. Now the frequency increment is .01 Hz multiplied

X 128 = 1.28 Hz at the output and the objective has been met. .

24
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( The puip signal for the mixer is a 330 1~ z VCO, phase

locked to the 5 ~~ z reference for frequency coherence.- The

anticipated noise characteristics of Method 2• are shown in-

Figure 12. The HP5O61A reference is shown . The noise -

characteristics of the Fluke 645A at 45 1~ z and the 330 1~~z

phase locked VCO are both derived from the 5 b~ z reference

and are shown in Figure 12. Since these two signals are

mixed , it is apparent that the noise of the niv~ r output is - 
-

then multiplied X 128 and is shown in Figure 12.. The noise

would meet the -60 dB specification at approxim ately 800 Hz

from the carrier and does not get substantially better untiL

C 10 I~~z. 
-

We thus drew the following conclusions . Methods 1 and 2~

have approximately the saxie spurious levels at the output.

The noise performance of Nethod 2 wou ld be slightly worse

than Method 1, although they have the same performance close

to the carrier. Neither would meet the specification close to

• the carrier because the basic limitation is the HP5061A

reference. Method 2 , however, was preferred to meet the require—

ment of small frequency increments at the output .

I

’
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( A more detailed block diagram of Method 2 is shown in

Figure 13. All components were to be designed with the in~~ ’1-

of meeting all of the design goals and requirements of the - 
-

- RFP . The parameters that were considered to be design goaT~it -

are outlined in paragraph 4.1.1.1 and 4.1.1.2, and conce~~

output frequency range and power .

-~ 4.3 DEVELOPMENT

Shortly after the contract award , it was agreed that the

transmitter would also be provided in a standard instrument case .

This was done in the interest of delivery. In this case, the

( mechanical constraints were secondary and priority was placed

on electrical performance.

Two major changes were required in the transmitter chain

during development .. The first was the development of the 330 ~~z

phase locked VCQ used as a pump for the mixer. As proposed , the 
-

• transistor VCO at 330 MHz woul4 have been divided down to and

phase compared at 5 MHz. Using this scheme, various ccsnbina+iQns

of VCO , loop gain and loop bandwidths were tried , but resulting

in inadequate noise performance. The scheme was then repl ’c°1

with a phase-locked 5th overtone vcxo at 110 MHZ mu1tip1i~d

times 3. This resulted in improved noise performance. However,

( even better noise performance was accomplished us ing a fun—

26
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dainental VCXO at 110/3 - MHz multiplied times three and phase

compared at 110 MHz. The output was then multipLied t4~~~ -

three to 330 MHz. -

The other major change was that the third times fo~~

multiplier was changed to two times two multipliers. The

change was made after difficulty was encountered achieving

the combined bandwidth and conversion efficiency. The first

double utilizes interdigital filters at both input and ou.t.~~it.-

• and a multichip step recovery diode. The second times two

multiplier is a crossed waveguide structure utilizing a very

fast step recovery diode and a waveguide bandpass filter at the

output. An additional isolator was added between them.

Apart from these changes , the transmitter was developed

as proposed .

4.4 CONCLUSIONS

Most of the electrical requirements of the specifications

were achieved . The design goals of power output and 2 GEz band-

width were not fully met. However, 10 — 20 mW over a 1.6 ~~z

bandwidth was achieved , which was sufficient for system per—

formance.

(
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A graph showing the specifications, the projected noise

performance and the measured noise performance is shown in

Figure 16. The measured performance is better than the pro—

- jected performance of frequencies greater than 200 Hz from the

carrier, but worse close in. The measured data is better than

the specification at frequencies greater than 400 Hz from

- the carrier .

• The final block diagram showing configuration, power

levels and frequencies is shown in Figure 28.
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5.0 LOCAL OSCILLATORS

5.1 GENERAL DESCRIPTION

The Local Oscillator units (LO 1 and LO 2) are functionally

similar. The block diagrams (Figures 17 and 20 ) are identical

except for frequency and small differences in power levels within

-
- 

the system. Local oscillaitor No. 1 (Figure 17 has switch

selectable outputs of 36060 or 36120 megahertz . L.O. No. 2

(Figure 20) has selectable outputs at 38760 or 38820 megahertz .

Each L.O. is made up of a pair of phase locked voltage control

crystal oscillators, a voltage controlled coaxial cavity

oscillator, a two stage power amplifier and three cascaded

(Xl0 , X4, X2) diode multipliers.

The VCXO’s within each L.O. are phased locked to an

external 5 megahertz reference signal. In order to accomplish

the phase comparison, a coimnon frequency factor for the VCXO

and the 5 megahertz reference must be selected. Phase cow—

parison is done at the common frequency of SO Kilohertz for

both L.0. ’s. The frequencies of 30.5 and 30.1. for the first

L.O. requires a division of 601 or 602 while the second L.O.

VCXO’S at 32.3 and 32.35 megahertz are divided by 646 or 647

respectively. Control of the counters is via switches on the

panel of each unit. A pair of switches are utilized on the

I - 
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first L.O. while the second L.O. has a single toggle. . The 
-

switches simultaneously control D.C. power to the VCXD a~ select

• the required count and proper R.F. output. • 
- *

The amplified output of the selected V(~~O is used to

divide a step recovery diode which generates a frequency

spectrum of lines spaced at frequency intervals equal. to

the VCXO frequency. The 15th line at a nominal frequency of

450 megahertz is applied to a balanced phaSe detector ~Tr~iig~ 
-

with a small amount of power from the 450 megahertz voltage

controlled transister cavity oscillator. The resulting phase

detected output is amplified, filtered and coupled to a varactor

- 

- .  
diode within the cavity oscillator to control the cavity

frequency. The signal feedback caused the cavity to shift

frequency until no frequency or phase difference exists. At

this point the error voltage reduces to zero and no further

correction occurs. The cavity is then phase locked to the 15th

harmonic of the VCXO. The power of approximately 10 mihiwatts

is then amplified by a pair of cascaded amplifiers to 10 and

25 watts respectively. The 25 watts (minus cable 1o~a) at 450

megahertz is applied to a times 10 multiplier which produces a.

nominal 500 znilliwatts at 4.5 GHZ. Final output at ‘a—Band

is developed by a cascaded X4 — X2 which takes the 4.5 GHz

31 
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input signal and generates approximately 10 xnilliwatts of

L.O. power .

- An interconnection diagrax~ along with schematics of al].

- the active circuits are enclosed with this report. This data

is supplied to aid in understanding the system . If difficulty

-- 
is encountered during operation of the ecmipment , the matter

- should be referred to RDL. •

s- 

- 
-

-1~

5.2 L .O. OPER;TI0N -ff~ 
<

~~~~~
- ,

The L.O. ’ s are Drovided with two functional switches:

1) D.C. Power
(

_
‘
) _ \-‘- - 2) Frequency Select

To place either L.O. 1 or L .O .  2 in operation requires only

F 
• 

—. 
external + 28 VDC and 5 megahertz reference. -

The L.O. ‘s are packaged into five interconnected units

- which are:

1) Phase Lock Circuits

2) Power Amplifiers - - 

-

3) X1O Multiplier • 
- -

S -

4) X4 Multiplier - :~~~
-

5) X2 Multiplier

- .• - 32
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5.2.1 LOCAL OSCILLATOR No. 1

The phase lock circuits are all contained within

the rack mountable instrument type enclosure. An external

28 VDC must be connected to power terminals located at the

rear of the enclosure. The 5 megahertz reference channel

input is also located on the back panel. The reference level

• 
- -must be 4 milliwatts• The external amp1ifier~ and multipliers

should be connected with cables having a loss value equal to
0

that shown in Figure 17.

Frequency selection is designated as high or low

( and refers to the output frequencies of 36060 or 36120

- megahertz. Selection is done by throwing the pair (both

must be thrown) of togale switches on the front panel of

the phase lock box.

- Input Requirement L.O. 1

• D.C. Power + 28 \‘DC at 3 .6  amp

Signal 5 MHz at 4 milliwatts

5.2.2 LOCAL OSCILLATOR NO. 2

The phase lock circui ts  are all housed wi th in  a

6 x 9 x 3 inch box. The inputs/outputs and controls all

- located along the bottom front section just below the heat

sink fin structure. The 5 megahertz reference input and the

- 33
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I 450 megahertz output appear on the designated BNC connectors..

The external power amplifier and multipliers should be inter—

I 
connected with cables having the losses called out on

- Figure 20. Frequency selection and D.C. power are controlled

• by a center-off  toggle switch . Placing the switch position

on either side of center , designation high or low causes

the L.O. to output frequencies of 38760 or 38820 megahertz..

Input Recuirement L.O. 2

- . D.C.  Power + 28 VDC at 4.3.am~0

Signal - 

5 1.1Hz at 4 milliwatts

(

(
34 

-~ — . - - --~- - .• -. ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I



-

~~~~~

0

C 6.0 GENERAL DESCRIPTION TRANSMITmK

The NRL transmitter unit (Figure 28) is made up of an

externally stabilized very low noise frequency translator

followed by a chain of frequency multipliers. The inputs to

the system are a fixed 5 megahertz and a variable 30 megahertz

tuneable over a range of 7%. The output between 10 and 20

milliwat*s is developed at 36.6 to 38.2 6 Hz by a X144 multi—

plier . The 5 megahertz signal is used to phase lock a V~~0

operating at one—ninth the translation mixer input frequency

of 330 megaherts.

The circuits within units 1, 2, and 3 generate the

( -required low noise drive tc the up connecter mixer. The

primary reference for the system is the externally supplied

5 megahertz signal. The reference is applied to a cascaded

pair of multiplier s to aive a h igher frequency reference at

110 megahertz. A very low noise voltage controlled crystal
I

oscillator operating in the fundamental mode at 36.666667

megahertz is used to develop the drive for the cascaded X3 — X3

mult ipl iers .  Output of the f i r s t  times 3 at 110 megahertz is

phase compared with the high frequency reference to generate

the required error signals to control the VCXO . The filter

parameters are carefully set to guarantee the noise performance

of the transmitter. The second X3 multiplier at 330 megahertz

35
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drives the frequency translator. Each unit has been

assembled with rnultipole filters to prevent the propagat~fm~

of signal spurious. The lower sideband output of the m~~er -

at nominal 300 megahertz provides the drive signal for the

multiplier. The output of the mixer is a very low level signaL of

80 rriicrowatts. A cascade of three amplifiers boosts the drive.

power for the multipliers to approximately 20 watts. The

frequencies and nominal power at each functional interface is

given in Figure 28. The transmitter is completely cont~ 4ri&

within a 19 inch rack mountable instrument case.

A component location plan is given in Figure 29 . Each

subassembly is coded with a number which identifies the location 
-

within the enclosure. The same number is called out on the

block diagram and where appropriate on the schematic associated

with the modules. The information is provided to facilitate

undpr~t~ nñina of th~ i~~,-n ~~~ flo-I- -F rrr ~~~~~~~

In tha avant freque~icie~ or powers are not at the levels

assigned , the units should be referred to EDL for correction.

(

36

~~~~~~~~~- - -~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~jijj~



______ - 1 -  ‘ -
~~

- --~~~
- -i~~ J-~ 

- - -
~~~~~~~~~~~~

-
~~~~~

- - —‘
~

- -

— ~~~~~~~ .. ~~~~~
. 

~~~~~

0

C -

6.1 OPERATION TRANSMITTER

The transmitter has no operational controls . A D.c. •

power switch located on the front panel provides a local

on/off function. All inputs and outputs are located at

the rear of the enclosure. Input signals are via BNC

connectors; D.C. power on banana jacks while the PP outlet

at Ka is WR28 waveguide. 
-

To place the system on the air the following inputs and

4 levels must be provided :

D.C. Power 
-

1 +28 VDC at 2.5 amps

2 — 5 VDC at .019 amps

Signals

1 5 MHz at 4 niw into 50 -c~-

2 30 MHz (nominal) at 4 niw into 50 .c~.

.3 Control, TI’L levels

When the above inputs are supplied the transmitter is

made fully operational by placing the D.C. power switch on.

37
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