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Jochen Jirmann, DB 1NV

A Stable Crystal-Controlled-Source
for 10,37 GHz

Two famili es of equipment ha ve evolved lor
l he 3 em ba rld, the simple, tm sta bil ised Gunn
or FET oscillators for portable, wIde-band, FM
equipment and complex qu artz- stablnsed
systems for tixed-stetlon SSB. Unfortunately
many people have co ns iderab le anxieties
about vere ct or multipl iers which tends to ell ­
plai n the dearth of usable co nstruction art i­
c les about th em (such as th e X9 multiplier by
DK2VFIDJ1 CR).

Thi s article describes a sfm pie-tc -cc nst ruct
oscillator chain which delivers more than 10
mWat 10,37 GHz without using complex mil ­
led and rota ry part s .

1.
THE CONCEPTION

The author has constructed two well·known mod ­
ules, lhe 1152 MHz multiplier (OCOOA) (1) and
the X9 multiplie r DK2VFtDJ1CR (2) and wrth so.

DB 1NV

me important improvements has developed a
simple and reliable concept. The block-di agram is
shown in lig. 1 which represents the two un its 10­

qemer.

2.
THE 1152 MHz GENERATION

The 1152 MHz mullipl ier chain is aimost exactly
iden tical with thai 01the DCODA 005 modu le , ex­
ce pt the follow ing modifications were carried
out: -
- an FM modulator was includ ed as an integra l

part of the crystal cscnator .
- the discretly·bu ih voltage regulator was repla­

ced by a 76L06.
- instead 01100Simple N2 circuit etme mod ule's

output, a th ree stage, micro -str ip filter has bee n
inc luded wh ich ensures a 50 dB suppress ion
of spurs and harmonics ,
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Fig. 1: Block diagram of complete mUltlplie-r chein
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L7:

m:
0 2:

L2. L3­
L4:
rs. L6

BF t 99 . BF 224 or equiv. BEC senes
BFW 92, BFA 96 (T-p1astic case)
BF A 96, BFT 12 (T-p lastic case)
MRF 227, MRF 629 (T039 with emitter
10 case )
BB 105, BB 505
BB 109, SA 138 0r rt need be. 881050r
8B 505

le l : 78108voltage regulator
All trimme r-caps : Valvo toil 7,5 dia
All cepec aors:cer amic 5 mm lead spacing
All elec trolyte s: Tantalum
Resistors: 0207 construction

T1 :
T2,T3:
T4:
T5 :

2.1. Components tor tM PCB DB1NV 003

$eml-conductors

Winding details

L t : 5,5 tums, 0,3 CuL 0 114 mm form WIth
UHF core
1,5 turns , internal d,a 7.5 mm
1 J.lHchoke
wire loop 6 mm inlemal era. t 2 mm
hole spaci ng
10 turns, 0,5 mm CuL , internal ere.
3 mm

- easily OOtaillable, Valvo loi l-trimm ers were
used exclusively throughout,

- all stage s are built acco rding to the recommen­
dations of DJ1ZB and are sure-fire and easy to
tune .

- the outpul power can be adjusted by one
trimmer

- the PCB coul d be reduced 1070 mm.. t45 mm
ltIereby fltl lng into a standard tJn-plate c0n­

tainer .

Figures 2 alld 3 show the cJrC;uit diagram , the
PCB layout, and the component placement of the
PCB D8 1NV 003 ,

Ag . 2 : Cire uit &che"","Ue ol lhe 1152 MHzge~lor
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Fig. 3:
Component layout of 1152
MHl generator (. aoldell'd to
groundon upper-slde of PCBI

LB:
L9:
Ll0, L11:
L12:

'46

1 /-lH chelle
wire loop 6 mm inlern el dia .9 mm high
Broadband choke VK 200
10 turns 0,5 mrn CuL. iOlerna! die
3 mm

L13: 1,5IurnS,inlerneldia , 6 mm
L14: 1,25 Iums , inlemaldia, 6 mm
L15: 2 turns , inlernal dla , 2,5 mm
L16 - L18: Micros trip-bnes
wire: 1 mm dia Silvered
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Fig. 4:
Electrica l representation of

the X9 mu ltip lier
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1.
Component part s of the $ RD

" 1rf , ; ,
1 mu ltiplier 1152110368 MHz• • LI ,+' '~ l

>:;' Part 2: wave-g uide !lange• I L _I! R 100
~ ,to,,

I' Part 3: short-circuit slid er
-a br ass 22,7 x 10 x 10 mm toc --t

I

fit in WIG
" ,

Part 4: ,J2 Iine, Brass tube,

jl -" I- -- 5 d is x 0,5, 18,5 mm long

~
, , Part 9: brass po st s

c' J-- 1- ",
12,7 mm x 3 mm die
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As can be seen, the circui t exhibit s no partICUlar
features , onfy the selection 01the verectcr repr e­
SEInIS a little lnal a nd error. The author found th at
the SA 138 (no longer mat1lJlactur ed ) and the 88
109 proved successful. Even some lN41 48 dio­
de s cou ld be used, following ad justment of the
working poinl by a suitable parallel resistor.

2.2. COfl5t ruction Notes

Those. Ilr'ho are not afraid of a _Ole metal-WOf1o;.
can COflstrue1 the outpUt liner Irom lines and trim­
mers supporled above the PCB plane, thereby
obtainng somewhat moreoutpu'l power ,The cce­
feet tune-up procedure lor a I'T'IUftlplier has eeeo
dean with soct teo thai II WI. root be repealed here
in detail. A diod e pcee wrth an indicator wi Nbe
useltA to adjUst each stage, ir1 tum , lor maxrnum
outputlllrlhen coupled 10 rtstuned O fClJit . The out·
pet should be a little over 200 mW lor the mero­
sIrlp 'I8fSiOrtand 300 10 400 m W for the ai r-d191ec­
tric vefSlOO.

3.
THE X9 MULTIPLIER

An SAO (step recovery diode) HP 5082·0830 is
emp loyed in order to multi ply the frequency trom
1152 MHz to the final f requency of 10368 MHz.
This ocoe is coosiderably dleaper than the eee­
lier type rCCOfTVTlended by OJ1en but has a
somewha l lower etficierw;y. Whereas D.JleRoc­
la lned effICiencies in the order of 10 10 15 %, the
Clrctlil recomme nded her e works with on ly 5 to
10 % according to the ocoe se lec tion. Diodes
possessing a higher breakdown vo ltage tend to
deliver more power.

As f ig. 4 shows, the multi plier comprises a match­
ing clrcu it lor 1152 MHz,eecooe jtse ll, as well as
a halt-wave , short-Clrctliled line associated wilh
!he diode. The hall-wave sec tion oscillates at a
greally reduc ed allenuation at the f lna l lreqoency
in accordance whith !he Cllrr8flt impul ses l hrough
!he ecce. The req uired finallrequency is then se ­
lected by a post~1ed wave-guide resona tor.
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More informat ion abou1 SAD mult ip liers ca n be
found in th e Hewlett·Packard AppliCat ion Noles
91Band 9 20 . Fig . 5 shows theoomponentparts ol
the mult iplier- The follOWIng ma terials are requi­
red : A 100 wave-guiCle, brass-plate 25 mm JI 10
mm and 3 mm dia . eJllemal. t .z rnm dra . imernel,
as well as 5 mm exrernel, 4 mm internal , d iameter
brass tubing . The bra ss tu bing may be oblained
from model hobby shops.

3.1. Construc Uorl

FIfSt of all, the W8\f9-9Uide section, part 1 in
fig . 5 (prefer ably made of CClpperOWIng to rts h igh
heat conductivity) . is suitably dnlled to recewe the
diode holder. The holding bloclt 7 is also driJe(l
and prepared for Ihe matching eirw it. Aft9f a test
assembly acoord'ng to lig. 6 the drilhng lor ee
diode-holder is checked 10 see thai it is in altgn ­
meet Wiltl the W,G hole . TlMl brass M 3 holding
screws lor the cklde-block are Il led down nush
wrth the inl'l9f" SI.WIace of the wave-guide. The two
3 mm eta. posts (pa rt 9) of the M er are ptaced in
the wave-guide, the W811&-glOOe nange (2) is pla­
ced over the end and the wtIoIe assemtlty solder­
ed together. The AI2 hoe (part 4) is soldered inlo
!he brass block . The choke (pa rt 5) is constructed
as shown in f ig . S by sliPPIng the twoS mm Ioog.
3 mm oa tubes over a 23 mm lenglh of SIlvered
1,5 mm ora. wire. The tubes are pla ced in posit ion

and soldered. the whole Choke assembly msula­
ted with tenor tape . The sliding short-circuit
(part 3) is prov ided with 0, I mm copper !oi l surfa­
ces to sl ide on, thus making a better binding coo­
tact with the inner w8V&-9uide surfaces without
a prec ision mating being necessary

The luning-screw on the side wave·guide wall,
for ms a capacitance for the AJ2 section and is tun ­
ed for be st results - it is sometimes not nscessa­

'Y.

Before mounting the mat ching compone nts on
the PCB, the brass block (7) mu st be sui tably drtl­
led to provide sullicient cle arance for me solder
points on the uodetside 01 the PCB. The PCB

mustje on lhe brass block according to the com­
ponent layout.

After the assembly has been completed, the
diode is insert ed by 8f1sunllg that the hea t·sink
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cross section
of X9mu1tiplier

Diode

end (without ring) is placed in the screw-cap (part
6) thus using the greater mass of the wave-guide
to dissipate the heal. Use also a lill ie heat contact
paste for th is purpose Fig. 7 shows the comple­
ted multiplier

3.2. Tuning

The tuning of an SRD multiplier is not exactly easy
but the diodes are so robust that they cannot be
damaged during tuning. A good indication of the
correct tune point is, that when the tuning ele­
ments are turned, the power var ies smoothly and
without sudden jumps. A signal-generator ad­
justedto 1152 MHz and200 t0300mW output po­
wer is app lied to the BNC input socket. This bias
potent iometer isset to 3 or4 kH and the input trim­
mer adjusted for maximum voltage across the
diode.The output circuit is then adjusted for maxi­
mum output power, The short-circuit slider is
about 5 to 7 mm behind the diode. All elements
are then tuned in order to maximise the output
power by a process of it eration . as the position
of some controls may be mutually dependent.
The input power from thegenerator is then increa-

sed to 600 mW when the output power should sa­
turate at 30 to 40 mW.

The preset potentiometer may be replaced by a
fixed resistor if des ired. This turned out to be 3,5
kl1 on the protot ype and a standard 3,3 ku resis­
tor was used to fix the diode work ing point. This,
however, is temperature dependent and it may
have 10 be determined again later. Suitable cir­
cuits for this may be found in HP app lication notes
918and920.

4.
TESTING

The complete multiplier chain was fed into a ca­
vity mixer which had an IF amplif ier DB1NV 001
(3) connected to its output port. The assembly
formed a simple FM receiver . The output power
was adjusted for maximum receiver sens itivity
which occured at 10 mW, the noise figure being
9 dB. Test contacts with DG2N D confirmed the
usabi lity of the system.
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Flg. 7 :

X9 multiplier proto­

type

5.
REFINEMENT POSSIBILITIES

For stationary use, the simple crysta l oscillator
can be replaced with a low-noise FET in a tempe­
rature-corrtroued oven. For portable use, an osci l­
lator, able to be pulled 10allow a sw ing in output
f requency of 3 MHz, may be useful. For this pur­
pos e, a 96 MHz crystal, in an external c ircu it, may
be excited at its bas ic frequency (for greatest fre ­
quency pul l) and then mu ltipl ied by 5 and fed into
the existing crystal oscil lator stage which then
wo rks as a buffer. The 96 MH z sign al from the X5

multiplier must be inspected, however, for spec­
tra l purity.

The 1152 MH z ge nerator can, of co urse , be used
as a low-power tran smitter for the 23 em band but
the author has not conducted any experiments
w ith thrs po ssibi lity .
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