M'\croé&ri? Lransyverlers ql[or 923 and A3 cm

A. \V\troo\uot'\ovx

The W\icros\r‘\‘) tec\/mo\mgj 1S C.erkqin\\.[ well  known to (m\{bml\f wovr-
\dng in t\f\e QF 0or  WUCYOowave &ie\d since W\osl(o(- bo’(\/\ Fro%essiov\o\
awnd o.wxokQ\»Y e%uupmewk s a& \em\ Parlﬁq\h{ bui\t usin% k\nis {edav\o\og‘(.
Due Yo iks wi&esyma& we e nawe vvﬁcros’(r\\;“ itsell  does net reakl\f
Lell wudh  about  the construckion of o certain piece of ectuipmev&‘ ran-
ging Lrom swn ple Lransmission  lines  and mcﬂ(c\/\‘w\a transformers builk
in Micro&*r‘\\) and  combined with Qompﬂnev&s quuxfmkuren{ n ot‘her 'kec\m-
V\o\ocj'\es (co\vikxh Louxial, wavegw\cke§ lL() covvmp\ejte c.ircuiks inclmlMg sivxgle
resom‘&ors, covwF\ex giltersi powser si)(\'ﬁers ,couplers, chokes | mq’(c\nmcj JUrnmé
](orvvxers| ’Luvx'mcj sjm‘os‘ swall cupqci{ors and  even anjcevwms! lV\ the pro
duction ofr Pfo‘essiovm,\ eqvw.Pvmevdi the vvxicroskr‘\P J&ec\/\.vmlmﬁ brw\gs a
significant reduction of the vv\avmjrqctwmj time  and C,OV\SQ%AQV\{L\/ a re
duckion 05[ the overall cost [n addition to this a number of theovetical
{,00[5 l W\easurivxg ins‘(rumevx{s avxri covauter Progr‘aw\s were developeo\
to reduce both the o\csigv\ time and the Proo\ucjciow line {uvu‘ng of
J[\Ae &Mg\e circuijcs.

Uhgortwnallehi W\OSJ( Ckwwulieurs Ao va( ‘/\ave access to J(\ne exf)ensive
Pmkss\'oma\ msj(mvv\ev\*a’t\‘on or codeewaide&o\esigv\ (CAb> tools.
On the ofther hand | many  very  common o\es{gv\ Prob\ew\s can not
be easika solved 197 theoretical tools or CAD programs Lilte(reql wov[d)
LosS\f lavwvml\es \/mvmg an Oleisol[fOPiC o\ie\ecjtric consjtomf & or seymicon
duclor devices °Per°‘h"‘3 in their  nonlinear region (W\ixers, varador
qv\o\ trow\s(sicor mu\hph’ers | power cxmp\'\\[ievs)ol[ course Jthefc are
other evew less Preclicﬁalota gactS like the influence of the various
shields Q\Ao\/or e resonances of the wetal case Qc‘tuau(j con~
{uimng J(\/\e vv\icros’(riP circaib. Prowticq\ exfevimen)(s are t‘/\\u neces
sary inoany case | evewn with the best CAD program.

Fortuwa\e\\{ we amalewrs ow\\1 have wodevate re%\x\vemen\s Like
narrowband o?erq\,‘\oﬂ or  gdin tolerances. Since  mmost o¥ the Compo -

nenls used tn our designs  ave usm\\j not su%ic‘\ev\lt\\f haracterized




ol microwave {recwenc‘\es in their data  cheets , like  cheap F(as’&ic case
fransistors  or convevlional Slass{i‘ber—e?ox\r \Qmmo&e' Yhe logic&x\ AeSign
protedure s to ’°‘*‘3V‘LY calcwlate or estimate the circwil quvmekers
av\o\ Ur\ey\ ch‘tica“\j op{im'\ze JW\e, circuijt Pergormqnce_

Micros\vs? circwits are usuo\\\xi bult as o double sided Prmjte&
c;rou‘\* \ouarO\.TL\e tmwsvvx'rbs(on \mes Qno\ oﬂr\er vvﬁcms*ﬁi) covvxPone\(\*s
ave a\\ eﬁ\/\eo\ on  ong sio\e 0¥ lL\/\e PC%-T\M ok\/\er sio\e is not
edhed  since I ads s SrounJ\ plane {or The travsmission lines and
othee cow\?ov\ew\s. Since  the distance  between the transwission lines and
the ground plane ( thickwess o} the laminate) and fthe widths o} the
\iv\tﬁ aye SW\O\\\ c,ovv\Pure()\ to the wave\ewgt\/\ anak Yo OJK\/\er c‘\rcuijt d‘,
Mmewsions | T s assumed thal  wost ng the electvic and W\agnejtic
bield s constrained 1o the close rox(mit\! of the transmission line.
Since The w\ouﬁnQL\(c and. eledeic %‘\e\é\ intensities decrease mfu‘dH witly
&iskame, w\\gros{r‘\y Creuits uw\m\lﬂ do wot require  dny shields o adol_‘\
fional %row\d PLov\es. Additional wetal P[omes or even closed metal
lboxes gev\emllsl ovth have o ver\, Smau l'v\l}lwence ovxﬂl\c C{rcuvilc_
Unfortavatdy closed  metal bores have self yesonances  witha very
L\(B\/\ Q—gac%ofs_}\t J(\/\ese Farkicu\or l;reo‘\uevxc‘\es {‘v\t\’ can ‘\V\JEfod\uce
CoV\s‘\Aeraue uv\qu\ec)\ Cow‘)\ivng even \oe*wee\/\ P\l\‘\sicqlb’ d\s‘(av\,t icro-
s&ri? tromsmission  lines . There ave man eH;c\ev\k solutions %or such
Pro\o\evv\s and  sowe c,f( them will be shown later in this artide, Ac-
%uux\\\’ ik is v\ecesscxr\( ’(a W\J\erajcav\cl t\r\ul( imFroPer s\memiv\j mm’ Qven
mJ(mtlu\Ce new Pro\olevm cﬁ WICro WOVe ¥re(Luev\c{es!

Se\eo’&ive civeuits oﬁ microwowe greo\/wevxc(es may be imp\tmev\*eé\ usivg
Ma or % w\icrmjtr‘\? resonalors  ds stand  alove resovators  or arramaeo\
i wove or less comFlex %\’(ers, I the awmateur literature tuo basiall
(lih[evevxjc des(cy\s ave descr‘«\be&.-rke 1[(0% uses «guk\ Size J}(xeo\ J(w/\eol
resondtors  and f\r\e(exrove requires  Very cdose tolerances o} the PCB law\‘l
nafe and the circuil ?uﬁem otohed oato it. Due to the wanu facta-
ring {olevonces  the loaded Q‘\jwtw o[f the $'\V\3\e resonakors has to be



LEFt \,OW QV\A e Ldv‘ge V\UJIV\bQV 0{' VQSOV\Q\OY'S are re(L\k‘\reo\ J(O O\Qtﬁiw {L\Q
desiced Spucious {rectkencies re‘>ec{i0v\,A lavge nuwmbe ¢ cs[r resonalors in
series  calls gor o low Loss[ expens'we te{lom lawinate as Su,bSJ(qute
W\al(er‘\a\. Prokoticu\ etFerimewlfmg is d{ﬁ{cu\* O‘V\(Jx Cos\-\’\f‘

TL\& other c}\esigﬂ O\Prroac\/\ emFtoﬁla $\‘3m‘¥‘\cc\w“\1 3l/\ortQA )741, reso-
vm\ors (QQ&W\B rrucﬁtm\\x’ as coils> \0\1 cu?qc(hve {(ivv\mer& %uikq\ole J[rim-
mevs (I“OW a ver broaA {uniwﬁ runge,Ungorkuv\ode\\r J&\/\is (1\30 meomns
that  the cireuit iy be easiLY tuned on the WYOng  mixer siolelouwo\}
harsnonic  or other spurious {reiuev\c\” Since the trimmer does ol adt
ovv.hj as @ Jmnin element but it also Provio\es a signi{\‘cqvﬁ Fm‘c o{
the cu};qciw \re(ku'weA n ﬂ\e cirou(lv, the {'/un‘W\S may become very s[norp
val orikicou\ GMO\ the w\ec‘/\aniw\ S‘[a.loitf{\( (Fas{’ {uniw9 0\nﬁi> may noJ( be
mH;ciev\‘t_T\nis is esFedalL\f {me when using c\/\eq]; Yammers ot ori-
givmu\{ desigv\eJ\ J[OV microwave ][reiuencies close to their minimum capa-
uj(\{ %ui&oﬂo\e YAiCrowaQve vavwv\ers are ab Least awn oro\er o¥ magv\ijmo\e
More e xpensive and are vt easily available. ln any case the cirouit
conlaing  an unFre&\c{qble variable = the Pams\'t(c reactances o} the {'.riwj
mers used - and  this wakes the dtwl;\‘mo&iovx i awakeur conditions con-
sid\em\o\v wore O\LHicu\k.

ln the fransvedters described in this artide a Okih[evenj( solwtion,
wos success{\x\\\’ fested . The M‘m in the  transveclers ave wade 01[
single or  coupled L length Ma vesomators. The Me miuoS\v{Ps are
elched  very cdose to the linal dimewsions and the kuw\ivg 5 Perfror_
med by qo\jus\ivxj the length o} the resov\o&iv\a strips at the hot end
(S€€ a\so gig./() C\Lﬁivxa k\/\e ‘Ao\ QV\& 0% l\\I\Q S{r'\? Pm&uces \qvae {re—
aency variations and s o} course an irreversible operabion. A g:v\e Irfe~
quency Qt{jusj‘mevé( can be oblaived by w\deriﬂg a short Kevualt\,\ 05[
A B silven P\uked copper wive akthe hot end o} a 2 or 2.5 mm wide
s&r’\() (c\r\amder\s\ic \W\pe&ume 60 or 50 Q vesyedlve\xf on an AL wmwm

thick g[(xsﬂ‘i\oev- epoxy \qw\iv\u\e\_
O course a reliable wethod has to be used o defect the acual



resonowﬁc {fectmwc’\es 0{ t\/\e micros\rips‘ A Vef\i S§mp\€ meH/\o& s J(o use
a swmall dieledtric rod (Flas\ic screwdriver ¥or RF ?ern‘*e coreS> and. ap-
Frouc\n it to the hot end  of the microsteip. The presence of the dielectnic
rod  causes a decrease of the resovant &recluevmx( of the wicrostrip. Mo-
V\‘.{ovivxg j(\/\e ouf({m)( o% the circui& it can  be (mmeo\im{d\l {oum{ oudi
whelher the vw‘croririp resonator s too shorl- {he presevice 0¥ the o\;e;
lectvic  rod  increases the ouﬂmf& g\'gvxal cor whether it i too LOV\S—
— {he presevce of the dielectric rod decreases {he oukput siavux(.

Where \mr(jer ca‘oqci\\‘ variakions are reoLuireA due to the lower loaded
Q (like in the 4296MH, powex o.myl({iﬁr) a swmall pieve o} thin Copper
lq’te s usecX in P\me oxr the &il\ler Plu«{efk wire Jco lmv\e Hf\e c(rmilc.

ln both  Lramsverters jror A236 MU, and 23@4/232(25 MHz the ch_wire&
RF Se\ec\',ivit\f is not  concewbrated in o simjle multiresonaltor ){i\'ter bt it i
diskribated awong the RF owvxP\if[ier stages both in the  receive signql
Pnﬂn and in the kmwsm(j( sigvm\ F“ﬂ" . vvxamt\! n J[\/\e ][orw\ 0; Two Ye-
S()V\&\or g{\{evs ( See gig_ 2) w\(\ic‘\/\ are usecl (d i\r\e sawe kiw\e as W\q\~
o\/\iv\g devices  between two qmph{-ier stages.

To obtain a wseable value ot cou?\ma between two ’14 resonators
there are two basic qrmngemenhi both w\icroxtﬁf)s pqraUe( and ori-
ented v the sawme  diredion (¥i9.2Q> and  bolh W\\‘cros{rips Pamlle\
but oriewted in OFFosiJce direckions ({rg,ﬂw._”\e couf;lmg chac{J(ors allow a
more conyewienl seledion of the *&ps o the wmicrostrips  awd Provh{c also
BC J\ecouF\‘m(B 0% the Qmp\i{-ier &kouges.

Designma -\4\/\.@ kY‘QV\S\lQY*QrS Purhcu\or care was J(Q\(QV\ j&o use etdu-
sively L\I\eup and msi\\f availoble wakerials awd QOMPonev\ﬁ without de-
csrq&‘mg the overall Pezrg—orwmm(,e or bhe re?roc)\\xc\\)i\ilnf-got\n Yransverters
are built on low cost qlassfibec epoxy FR4 laminate  whida O\Tm&\f has
noticeable losses ot 2304 Mde and this is Pro\ou\o\\I its greveno\r it
][or \’“3\'\ Q selective ci\rw({g.EXm‘ojﬁ gor the RF power o\mp\i%iers all the
J(,mvwi&*ors ave Package& n \ow cost P\m’((c cuscs_Tke, rg?roo\ucibi\’\{\f can

only be enhanced \oq' &esiqvxincj out the needs Qm cribical cow\POV\QV\)CS




like o\niP Capaci*ors or wicrowave trinwmers . Al the critical RF 3younols
are J(,\Aere,‘[orc &'\re(ﬂ\, conmnedied o fthe %ro\m& plane on the other side of

JL\/\e PCB or JW “Pfi“&eo\‘\ uxpo.c(*or& T\(\C Yevv\tkiV\\V\S cqpaci\or: are Cowvew-

tional  ceramic  disc (vvmx. diameter 5 wwn) or Pe;art hﬂ’e” \Niﬂq wire [eculs)
even those  Used o couple the wicrostrip resonakors | since wo dl‘Herence
could be  weasured in the elecinal Per%or wionces  when NP\O«CW\g thew,

wik\/\ &\r\e wore ex?ev\s‘we and gmgi\e c\/\ip cu?cxci\or&.

2.Block diagrams
T‘Ae Btodg diqgmms o&r j&\/\e Q?)cw\ uwl A?)CW\ M§CTO§J(HP J[runsvev)(ers are

shown  on S;(nges 3 and 4 respedi\;e\j. Bothh {mmverl(ers are o% modular con-

drackion ;| each "box  on the block diagrams represem’cinj a single wiodule
Lui& own ilﬁs Oww Prinjtecl circat boar&, Se;mm’(e mixers Qre \oew\s use& n
the transwil and  receive signut chﬂ\s_ Since  the single ended Bi?olqr

JDm\ns.'\‘s’(or Mixees Ore J&ermiv\o\hov\ sem'\%we, euc\/\ converter  has iks Own
L&st LO muﬁi?\ier sjtqge or ﬁ*qses.

Bothh  transverters include o solid  state RF owteana  switdh  with
PIN  diodes o YQP\uce expensive and Po’(ev&‘m\\\f unreliable  coaxial re\m,&
The VOX wodule is wsed Yo iteface the tramsverters to any  conventiowal
A‘MﬂHz \oase l(mv\sce‘wer \/\qv\vxg a_ Covamwon kmwsm;’t /ve<ei\le an{ewm Connechsr_
The VOX wodule incudes an RF detector &r'wmg a solid shate DC suFFL\’
sw‘\{c\/\ , O receive \F preowvw? qt 444 MHZ wiﬂ'\ a L)Qse s’(q,’tiow TX Projcec‘t~
iow circwit and a power attenuator 1o reduce the base station TXPower
Jco {eec\ the Jcmv\smis( Covwe\rjteh_ Os course  {he o‘;emﬁov\ og the VOX vv\otluke
mast  be “{mmee-n{“: T mwst nat limit the operoiiom\ Per{orvmance of
the transvecter in any ciccumstances. On the other hand the YOX module
simP\i*ies the oPerm\iov\ and  increases  the relitx‘oilif\,‘ since o siV\gle
connedrion  cable is used befween the base RTX and the trawsverter awd
the circuit og the transverter wn wndt be dqw\qge& lr)\, a wron3 conmeclion

or a f;om\’t\, cable.
The 23 cm  tromsverter  has a $im3\e local  oscillator mo&u\fe,s'\m



the 41296MH- Segmey\t is being used {or narrow boond oFem‘t\'ow i most
COUV\&Y“\QXT\I\E LO powev &P\(ﬁivuj at LT6MHz is wade with a %impte
c,agmci’ﬁm o\'wiu\Qr (%;g. AC)) The A% cm {mmvevﬁr l'\cx/s J{wo local osdllo&m-
modules  since only the 2264NHz  segment is allowed in sowe countries
(lhly) and. 0"L7 the 2270 MU. segwxew{ is allowed i some other coun-
{ries (Germaw),?ov"mno\{e\\’ i yugoslqv'\c\ anol in mwany other counfn'es
both segmevﬁs are allowed awnd transverters covering both  subbands are
rea\ured ‘to ke (,ovhra)(i\o\e Wiﬂ\ 0.“ Possib\e correspono\ew{s. A d.‘oole S\u(‘ccl«
is reT;_iVCA\ in this case 1o swilch between the ou{fm{s ol the LO wioduks
and the LO mrwjts of the converters. I{ oPem{ion n a simj(q subband
is OV\L\, rett»\‘\reo\ tlr\e, LO w\odule o(LJ(JFuCt wm\/ L)e connec{ezi as in t‘/\e chw\
£ransvevtew.

Finq“\f the  wodular construction  allows @ wumber of variations | in-
L\w\mg woduwles  built in other ’&ec\/mo\og{es Qv\o\/or Lranswit ov\l»y and re-
Ceive onL\j EDY\\IQV‘%HS Primar\‘L\, ]{or t\/\e sateu(ﬁe U\PUV\I( bano{ quumd AZM
MHz and  downlink band around 2486 MH. rcspeojtive\\t.

3 Receive copverters

T\/\e receive covwev‘l‘ers Xor Q?) cm (%35) avul Ag cwm ({\cj 6) are
Eas(cm\\\f osr io\ev&\cq\ o\e;igv\ except gor the obuious c\/\awges due iCt! t\l\c
Q\V\Aoﬁ Q./\ gre\l\mm;ﬂ TO&EO. Beﬂ\ covwerters \r\ove, &wo RF QMP\i%{ﬁr
skmbes (Tl. QV\ATL)l the wan RF Se\ecjﬁv"tkl be'mg 9ven \9\’ j%\/\e two Ye~
sovm*or w\*erS\age ﬁ;a\kers,—n\e iV\\Du,t resovxn)mr (m\x, Provi&es a broad sde_c

{'wijtvl to ve'}ecit fvur away iv\{er{erevxce , Since ks nsertion loss lhas Lo be \cepjt
Low l\0 avoid wnoise gi%u.fe &%rm&o&\ow.

T\r\e Yeceive M\xers QW\P\O‘I o S‘\V\%le, b\Po\ur tmm\ﬁcr» Bo)(\/\ LO and RF
siqvux\s are o.\o‘)\ie& 1o the base of the wixer {ronsistor k\nroug\'\ ;\/4 lives
(Lm and L 4 om %ig.% Lo and Ly om %3.6) The purpose o% these  lines isto
\rov»sg[orw\ the re\o&‘me\\j low 0wlY~o¥—qus‘()qv\<)\ iw\peo\nv\ce ob the [[‘\\l\gn
into o \!\‘\%\:\ impe&av\ce at the base 0& the wixer brmgistor. ln this way the
RF gl\)&er does ot dlienudie  the LO s'\%wx\ and the LO (ilter  does et aften



_ ’] _

uate the RF s’ugww\.To increase The conversion gain o& o fransistor mixer
the base wust be e%{:\ciewﬂj Toumo\e& for the  output {rec@mq and the

lledor  must e eHi(Aew‘Y\\’ grounded gor the inpuf {requencies. The base

of the receive wixer trawsistor s \air’tm\\\1 %m\u\AeA for 144 M2 ’ckrouﬂh
the AOwF cm?aci&or._ﬂ\e colleckor is conmected Yo o low pass W {i“‘er/iwl
Feo\ance ma,Jtc\Aivuj network  {uned to 144MHz. The ][irst Cq,f)qcil(or o]( the

{i&er is priv&e& on &\/\e PC()) to winimize ils Pq\rasi’(i( ino\\kotivi&j.

The 2% cm  convertee  includes o single %rc%we\r\oj dowbler stage (T3)
Lo obtain  the AAD2MH; Sigv\a,l grow\ 576 MHz. The A% cm transverter needs
bwo {requency doubler stages (T3 andTa) to obtain [irst 4033 (188N
dnd Qcmuj QAGQﬁ(Qﬂ())MHL 1Cmm the origmal Hhap (544) MU SiSVLal-TthSiS{Or
mu\h?lier s’(ages l/wve a  similar req\fwevv\@mt as  waixer sfoulea concerning Jt\/m
i/\rud’ and oukfmt iw\Feo\o.mes: fhe base should see o low .‘w,};erluwce )[Or
thae ouu*?uﬁ §mwm1 avd the collector should  se o low ivv\ye&mce ¥or the
'\\n?uk «gre%ﬂnc\‘,_nﬂe fundtion o the two stubs Ly and Ly om \[igé(lﬂ at
6P MRz including {he parositic iw&ucfttu‘.h‘ of the Yransistor ch\(QSQ) is bo
Prouic\e o short civeuil for the oukpuk ¥PQ(\‘\&,QV\£A! of the wulliplier stage.
At lower gre\u\ev\c\es o Qq?o\c{*or between  bose and  ewitter s wally sui-
S'\c'\ew* ( low impedance lines L4y om ¥i3_5 and L 44 om g\g.@.

The 23 cm converter reaches aw overall noise g(gwe o} around 3d8.
Since  the RF Fergormance‘s 0% the {mmis*crs wseéx K(&\\ 0“ m?io\\\’ wi*\q
increasing gru\‘wemw, the Per%orm&v\ce of the 43 cmn converbee s Conside
rm\o\\i worse‘k\ne overall naise ¥i3ure ‘oe‘w\g around Td6. This l’)er(orvv\amze
can also be reached \m’ a ](af s'\mp\\er m’ter&'\ai\n\ mvi’tj diode covwer‘ter,
however the vv\uvxu{chture of the iv\‘te\r&'\gijrul r,owihf vequires & considerable
amount o} work awnd the wixer owd wmultipier diodes are not easil
uvo{\\ub\e qu &\nexj uctuo.\\\f cost more “\M\ UL“ %\M’» P\Oékit caze J(mwsi&lrovs
used  in the W\‘\cros\r‘\P converter Osf course it is Possi\o\e to use better
Lransistors  since  the jmmvxg elements m\reoﬁq present  in the circudt
owable o  corredk mo&g\/\iv\a gor almost QV\\]! Bip\ur microwave  trawsistor.



4‘Tr<xnsmit converter omo\ power avv\'p[i{(g_r for 93 cmm

The transmit  converter for 4296 (41240) MHz s shown own )[;3_7,
The gre(wmc‘f doubler ( Ta) lrmvv\ 76 MMz to MEI MH. s very similar
to that i {he receive converter. The tramsmit mixer (1) s q_g.'wﬂle en
ded Cowgigurofﬁow using  a 5mﬂte ’)i‘)o(ar trawnsistor . Beth L0 and 444
MHz [F signals are qw[ico\ fo the base of the wixer tramsistor. An ad-
c)u’ciovml /1@0\3 &ﬁewuutor (s P[aceo\ n ﬂ\e H: signal paﬂ« since i{T s wore
(onuevx'\ewlc {0 Ferx[mvv\ {\Ae \9qu 5Jtu,{‘iov\ TX signql Qﬂewun{‘/iov‘ "y {wo Covl
seculive s&e?s uvoidmg some otherwise critical connections.

T\'\e Jtmvww\i* wixer s K(o“oweA \)\F lEwo selective RF Qmp\(ﬁier s{qges
(Ta,. and Te) of A296 MU, The 1501‘4117 give 1/4_ resonators are mmP\e*d\f
SuHic‘\ev@c to  atfenuade Al wnwanted signals like the LO of M52MHz and
ofher wnwanted products qenerated i the wixer stage. The secoud amgli-
\(ier S\Qge wﬂ)\ies aboul 26 wW osf power ot A296MH.  awd the transmit
comlev‘lter cawn m\rem)\\l \oe useJ\ as o lDW Power Jxmwswﬁ)t\,er in HM‘. 25(/»\
band.

Tke kmvxsw\il( power am?li{iev §°Y AQQ\G (427@) HHL (s s\noww on {:6384
B indudes Yhree GW\F\.EPN stages to increase the outpud power o around
A.BW_T\«\e waiv guvxc’tim\ og the m(crosstr‘\rs is 'Co vaic)\e M{ers\k,o,%e vvmkc\niv\j
with  wivimal insar{iov\ \oss.T\r\e girsjt two um‘)\iher sﬁges wse AFRYG
{mwsiﬁors, \N\/\(O\f\ cawn ?mvi&e 6”70\% power gqm oLJ( /12% HHL deyeno{MS on
the ou}c?ui power level and bias conditions. The girsl( BFR 36 (T4> operates
in  dass AR suFF\\IMg aboul ABBmW o the second BFRIG (Tz)_Th.s
{:ransisjt()r increases  the power level to  odouk 4¢¢MW.TLUS is F”’b“L’W the
moximum &{ﬁ power level o Plasl(ic case kmmsis&or li\a. the BAFRYG can
supyb,. For ‘m‘s\/\er power levels wrove expensive bransmission trawsistors ave
rc%u‘\re&' ch\mge& i wetal -ceramic  cases with @ stud or glomge 1[or heak
ck.ss'\‘;qlﬁo“.Tke fransistor  wsed in  the thid qmp\t&ier stage (T?,>|QN5(344I
does  not prov'\&c o very \f\iS\l\ gain (,a\oout 5 AB>' bat i is CLud*e ru%eJ
since it was J\esigm& ¥or teansmitter oPemi‘.ion_ Since  this Jcrqv\siﬁor is

.‘v\j(evvxa\\\, mqsto\/\eék ¥0( G}DQrW&iOV\ " t\/\e W(bcw, buvxo\, its iV\PuJC impedamce



o A296HMH:  has a very )m’gb\ reactive COmPoﬂenJ( compensqieri with

Lg am(l Lgv [_7 is an air wouv\(i A/Af oholce since as{ngle pr\‘v\fedt mi_

crosjr('ﬁp A/g choke was not suHicieva(.

sTransmit converter and power awplifiers for A3cm

Tkg tmmw\\% conyerter ¥0r Q%(bé\- (232®> MHZ 'S S‘I\GWV\ on {:ig.g.ﬂae
two {rettuev\cxf w\“H;F\(er %&a%es (T4 ovnasz) ](Y‘OW\ 540 (544) MH. to 2'{6@
(2A76) MUz are very similac to those in the receive converter. The val
st wixer (T3) is Prucl(icqu\r identical  fo that {or the 2% cm ]omm{, in-
cluoLMS the A44 MMz IF attennator. However due fo the ‘Mg\ner 1fretum\| the
ltmwsiskors have « lowee qain and wmore aw\f)\iffiev skqges are r‘eﬂ\u(rco\,
The residual L O sigvml and other w\qul(etx mixing Proo\udzs are Ve\o&ive\\,
l£$5 o\‘\ﬁqvxk %row\ t\r\e d\esire&\ &i‘avxo& uvul ﬂr\erexrore more giueriv\a is
rectx\rel\. Un%orlmvmlle\\/ lovv\‘w\o&e kosseb ‘oecome Sigv\fgimnjf ot 2.3GH: and
some  gain s also necessary {0 overcome the losses in the vm(cros\r\'F re-
sovtakws,

The two selective RF QW\P\(‘F“ stages (T4 and Ts) ](o\low.ng the mixer
vaich about \/\qH o][ the seleolnvit\’ reclwcre(i (Qﬂev\\mkton og uvxwom’teu[
$§3Y\0~\S) &m{ increase k\ne Wle&eo\ 2%%4/2?}2(23 MH *signq\ Leve,\ to a‘oow*
5mW.

Ths signal feeds the selective transmit power owv\Fl;%;er \[or QEW(/QSZQS
MHZ, showw  ow ¥i9. AQ. This uwfla{;er consists of ][our avmp\i{ier s‘maes_ The
](;n\ two sﬁges (T4 and Ta_) Provi&e the rewaining Selecﬂv'\ltu\ ond  about AD
dB of gain therefore increasing the Me\ru\ signal level Yo about 5OmW.
The !fouuw'wxg two skmges (T; and T) ngLoY BFR 3O trangistors. With «
cqfei-u\ inpu& vvw&c,\l\ivxg thesg can &uPP\T aboul ?)AB oSf gain per s{age
and  about 200w W 03[ power ab 23954/2’51@ MU .

Note JC\AQJ( (1.“ Hne owaPlf‘[ier trunsis\ors are Po{,cxriz.co\ in oLaSS A J[o ob—
tain the maximum Poss.‘ble gain . When bipo\nr {Tmnsisl(om are oFemJteol
i Qlasx A olosc &o Hneir MWGX TV WV useo.ble ¥reﬂ\uevxcx{ GV\O\ U& \f\\'g‘f\ g“g—

W . .o
v\q\ \eve\s “\1( S Vef\’ cLommmown '&0 o\oserve a, V\egoeﬁve veo\({\m*mv\ F\r\e-



nowenon = with the drive power aFFlie& the DC current gain  decreases
o.n(} Covtseculﬂ\le\\j ji\f\e Qouec}tor BC Qurfevxj( q\so Aecrtases-WiS Is actua“\r
:)\Ast the oPPos‘\{e of whal we are accustowmed to when working with
RF cxvmf)\igiers in class AB or B al lower %rectx\enc'\esl

The 208 wW available {romn the lost BFRI6 tramsistor are already
sLHic\ev\JY 1[01“ aQ Low Power trqmsuerter. \v\ t\a(s case onL<1 18 RFOW{MV\Q
swihd/\ sue\/\ as ﬂ/\of( descr(\oeo\ m JL\/\Q {:ol[ow‘\vxg Se,CJUOV\ v\ee&s {50 |oe
added  to com?\e*e the  microwawe qu’r of The Lransverter.

‘»\Owe\/ev,m the cose a S\ig\l\ﬂv‘ \r\ig\/\er ouk puk power and  sowewhal
beller receiver sens(\}vih‘ are des‘\re&‘ a tronsmit power QV\,\P[;FQ\- and
@ receive Preump\‘\gier are reguired . lo avoid jwterconnection losses both
S&mges are in{cgrtﬁe& &ogeﬁ\/\er with o PIN dicde RF antewna switda onto
a sivxglg Pr‘m&e& ctcait boord (see gig./M)The RF power J(mnsiﬁor("ﬂ)
BFQ 24 requires a utr\‘ce COW\‘)\?.X maj?c\f\'mg nebwork  to allow wsing
Similar wicrodrip ’(unmg elewents as n lowee level stages. T, BCZAS
is a bias regudajtor 1[0r i\/xe RF power Jcrawsis)tonlt shx‘oilizes H/xe, opera-
{?iV\S Foith( ot the RF tramsidor  around the oﬁtmnm value o} 414@:
A5¢ W\A 0¥ pC co“ec,&or cqurenJC tO couv\*er‘ t\/\e “V\egu{ive rec{T‘l{iCQ*iOV\"
Problew\.The obtainabe oud’pujc power SuLJCmckivxs e losses in the PIN
antenna.  swiltch | s in the 500 mW range ol the antenna connechor.

T\«e receive preamp improves the receive converter noise \[igu\re Io\,

qLou\T AEAB \N\/\ew Q%d”)et)\ wiﬂ\ ﬂne relahve\\/ C\/\eq? JCramsiaJYOr BFQE)S

6. RF antenna switches for 2%3cm and 43¢m

Microwave coaxial re,lmp ave still Very expensive compov\en{s due tothe
L\ig\/\ O\W\ouvx* 0% s\d“eA W\eclnawicat worlc re_ci\uive(i {c)r ﬂr\eir cons{ruc{ion
Since U/\Q\f are electro mechanical wW\PoMn‘\s ,ﬂqeﬂ are also subjec{ed
ll,o wear ouk OMJ\ are ﬂms PO&QV\{MK\’ unreliaHQAFth\o&eLﬂ ][or [ow

power Lramsmission  only and  woderole  inserbion loss and  cross talk
remu‘\reme“*s o solid  state re?\ucew\ev\l( is reow\'\\\f availoble - Po‘m\ar PIN
Aio&es [i\(e t\ne BA 3'78 cawn Ee usaJk to SWiJEC\/\ 5 Jco /{@\)\/ o][ RFFower



-

depev\o\im] on the circwit cw%gunﬁ(ov\ oK( the S\N\I(c\/\ and vumber o{ diodes used
The maximuw  switched power s limited  both by he power dissiruﬁom ra‘lina and
breakdown vo\{ucje osr The smg\e diodes. The BA21Y has however awnather very
in{eres’tim% ?voPert’-. the PIN diode steucture s Very sow also 1o turn  on.
Tkem%me RF VQ\J(QCAQS o SKH;Q'\Q\A\W \/\'\rj\/\ {we%«ev‘m‘ can not  switch the diode on
even i% the Fosﬁ:m hol{wave amph’(u&e ](qrbi exceeds the diode twrn on \/oltage
ot aboul DAV ln our Pm{;m\qr aFPlim\icm s means thot  these diodes o
nol  need any  redersedbias in the o co\'\&\kcjﬁm% stale even i oRF vol’(«ge
of wore then 2BV s applied 1o these  diodes during  transwmission.

Due to the residuadl  diode resistance i the on state  awmd other Pamgi*(bs
the insertion  loss of The RF amtenma  swikch  chown on {:ig_ A i oround
0.548 i the 23 cm bad and around AdB in the 43 cm band. Acurde
inserbion loss  measurements ave di%m\& due o the mismatches ot coox
to vvxicrosj(r'\f Jimv\sihovxs'micms{ﬁp vadiation and other causes. The crosstalk
Qﬁeh\mhc)V\ s S\L“}dev& &ov k\l\e Gpp\ico&iow s\/\oww \'\m'\hv\g k\l\e A% em TX
power 1o bebw AW to aveid RX front ewd  dawage.

The RF anlewna  switdn is  controlled by the  two supply VOl\'m%es
tAZVRX  amd A2V TX switched by the VOX  wodule. The silicon diodes
AN4A4R iy secies with the supply o} the "shu PIN diodes  are ret\xiveJ\
to speed wp the  switdhing, since the S“FP\Y voltages do ot fall wme_

diu{e\\f ko zevo m&’(er 8 {mv\svv\'\k/rue\uc Or Yveceive /Jtmmmi’c switchover.

1 [ ocal oscillod(or modules

Two dig{evev&c local  oscillafor  modules were oleve\opeo\ eSSQV\j{iq“\t to
ollow {»or differvent J&\”Jes of cvxis’m\s fo be used.One local oscillator module
s designe& {o\r Low ¥rec‘k\wnc\1 thicd  overbone cr\is\‘m\s {or 37 Miz or 451K,
(See {ig. ’{3) while the other (su I((C_)- ’M) 'S ({eﬁigwed\ ][Or \'\igl/\ S}feft&ev\or
{‘\%Jt\n overtovie cr\jsjm\s ](of J6MK  or 3P MHo. Both  local oscillator wodules
SLLP])L‘j the  same oufyvﬁ power o% abold ABwmW  jn the E%MHI'SMBHHZ
or 544 N gre%ewC\r range . ks howewer Fre{verred to have the actual
](ru\twv\c{es gty Lower. \7( the Leg(vm\ng of the wmicrowave warrowband ®q-




ment coincides with  the besithivxg o} the 446Nz band it is ver\fmce\T
fo hove didarbs {row\ \/\‘.3\/\ power stations Ofem’(iv\% im The 2w amateur
band since wmost  commercial base bransceivers are not shielded enou)h.rurther’
most  modern  PLL svvxt\/\tsizcr transceivers do wdt  allow Quny ‘mvﬁv\s lOelow U,\c
begning o} the A44MH: band and i} the framsverter local oscillator dnifts
in the corred direction ‘qu’t of the wicrowave band s ho [owger accessible!
It s {\/\erekre vecomended To convert the ¥irsjt 40P kH. o¥ the  microwa
ve bands where almost all wnarrowband ch(ivitY takes P(aCe in the
A&4 600 = 445,00 MUz subband  which  rewnains very cﬁ&ivf( gvewn o\uriv\S
peak contest acivity.

lt & re\mjﬁve\\, easy Yo aesigm reliable oscillators with  low {re(‘:uv\cx(
thicd  overtone crxfsjmks_T\me oscillakor shown on %3, A3 should start to
osd“ul(e w'\“\oul( cxvu’ k\m\v\%‘ *\M’, %uvxcjcicm ofr ﬂ/\e in(iuclior L,‘ n J&\«e evv\ijg
Jter o¥ J(,\/\43 Osci\\fk*o" '(ruvxsis*or (T«) s J(O l‘nl/\;\oi& ostqJ(iOV\s txt U/\e 1[uv\-
dowental resonance %rectxev\c\f ol the Cr\p’m\AT\Ae oscllator s Jesisvxeé« ‘or
qu\\e\ resgwnance sf:ec(&{ui Qr\fslm\s and with sowme cry%’fﬂk\s a \/\ig\ﬂer va-
lue CQ‘JRL&{\K {rimmer may be rchuired.

The  collector of the oscllator tramsistor should  be grounded {or the os-
cillator {renkuewcw_ However c,ovmechng the colleckor ol To to & cirewit  resonant
“3‘ an ost'\\\txl(or \r\ormomc Xreuwev\cxr i\f\is cawn \oe cowvcniemﬂﬁ extrqc{:e,& J{\r\ué
5‘““"“3 o separale VV\\A.\‘hP“Qf s’t«xge.T\ae {o\\ow"mg {weo thges ave (,ov\veveﬁom\
{r?«a\\\kwcx{ mu\h‘z\‘\ers.l.dltgll_g and Lr, avre al[ Pﬁn*e& on Une circuit boqrd_
The  inductive couplimi between L4 and Lg s suH;cienJ( so that uSuuku\1 no
couf)\‘mg choq’(of is ret\Au‘we&.T\ne %\LFPW vo\lmge ol {he oscillator awd Jol
\ow‘\v\g stage is stabiliced {or obvious reasons. :

9P MH: and 96 MH= crystals usually oPem&e on the {ilth overtone
resonance . Suitable  oscillators ave wore critical esyeciu\\w ‘\jf 6 veasownable
{—'\ne %reuwem\( &&Ju&mev\’( range fhas *o be ?rovi&eﬂ. The oscillator  shown
own ‘13. 44 is cles‘uy\eck ffor series  resovnawce speci{(e& cr\'s{u\s. lh cm\f case
s V\eceSsc\r\i to qccumx\e/\\{ *«uv\e the m})l\ci‘ﬁve &ﬁw\w\e‘r stociq\rﬁ& Jto

L,\ ’U) 0\0’((\‘\/\ a s’tqb\e osd\\d(ov\ o& the de\ire& f‘rettuev\cw



The  oscillator is l[ouowe& by fwo muui?\ier stages | the on\w diH’"‘"’l
ce I{mm the previous  module \oe'w\g i the fwo indudors L, and L4 reso
nating at 238 MMz , whih are air wound self S“ﬂ""J“"‘S coils in Fbuceo][
the Pr'\v&e& inductors. A(ﬂam the S“F?L‘f Vollmge o} the oscillator is stabili-
sed  to TS5V

As mlrea@ mentioned when describing the block d\‘qgmmslqdiod,c
O switdh s reﬂuiwed to comned two local oscillator produles to the trug
smit and receive converters (see ;ig. AS) . Note that {nere ave no DC ole_
(ouiaLim) m?qc(’mrs on the Sigvm\ lines  since  such ccquc&ors are Oireo{)-
present  on the ow’cPuJ:s of the L0 modules and on the in]mks of the rece-
ive and  transmil converters ‘% a s(ma\e L0 wwodule s S‘LHiCiEV\J( a sim
Plier so\u’tiov\ cawn \oe U\SQ& as skoww on j}it} /“)l\(mwever 1&0 Ob{m‘n
A switable power SPM’ it s Necessary Lo F\u\, with  the value o} the
CO\PRC&M‘ ond the \Q\n%t\f\S 0¥ the cables xeed‘mg the LO si3\¢\q\.

g VOX module

T\r\e, t,'\v*cu'\lt Aiqgram Oi( &\Ae VOX wiodule is S\/\own own %3‘/1,7,“0&][
(J( the ‘oqse station Jtmnsw\ilc’(ev ouecvul( power s dfsslpq\erl on the Loeui
w\ade o§ QW)D_ IVQ_W resiskors, A sW\a“ {r&&'\OV\ is Mowevev Yec{t&ieo\
t"f the OAAL diode. The obtained DC signal  switches on T (8C Q?)r])'
whidh i fuen discharges relatively mP\‘o\\\f the 4.7/AF CQPaci{or thougla
the Ak resistor. The chavging o} the capacitor is comsiderably slower
doe to the ASP kL vescstor. These two resistors Prc\dicul\y determine Hee
hW\C QOV\SJYOU\&S 0¥ *\I\Q VOX circ,u'\)ti a %mt swi&c\:\ o 0% H/Lc {?ramsmi)f

section and a &elm{ed reburn o the receive wmode Yo allow ¥or Speec\/\

pauses n SOB oPemjﬁon.

The voltage  on the AMuF VOX time constant mrac&or drives o DC
QVV\F\'\“\&\” wade ap 03} CHOS inverters &mm \C, (4049 U8). The DC g
Pl:‘iev has o buit in \n\’skeresis and drives  the two PNP suPPh{ switdy
feavsistors T (BC2A3) and Ty (Tip 32). A circwit with  PNP transidors

wos 53\20&&‘)\ Since ’\l& o\—j(ers /% ‘(ecl\\\( Wi vam Vo\‘m%e gu\\ Q.cross Hl\e
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Swiht\l\'\v\g {\’uvms‘(s\or& OS( course care S\nom\d 'oe kaen V\of Jto accidevx—
iu\\\i shoet  twe TA2VRX or tA2V TX lines towards ground since the
Su?FL\f switch  Lransistors  will be &qmqgeA[

The VOX wodde oalso includes an alfenuator to reduce the base
TX sfgvm( level ¥or e TX wmixer. Note lowever that the A2 crn mixer
requices o \’“‘3\"” leve\lnsiyxo.\ thanm the 22 cm  wixer and H{\Qre}ore Some
resistors  need Yo be changed (values in brackets ow ¥‘\3-/\"3 The altenva-
toc  vesistors ave  selected so thal about AW of RF power ot 144 Mi= MH
drives the transverter | the base station TX load s designed ffora 3\
base  station output.

Since  the VOX cicenil com wot know in advonce when the base
sakion TX  will be swildwed on, a Pro{ecjﬁov\ circwit in the  focwm ofa
power Limter s re\\x\reo\ o avoid buraing oul the receive conve rier
when swi’m\n‘w} grom recef)hon Lo bransmission. The action of the limiter
with twe two BA24% diodes is later reinxorced\ with  the QPFlica{(ov»
of a DC bias to the diodes. The [uaction of the |F amp (Ta) is to com.
Femo&e 1!\1\9_ \osses in Jt\/\e Pro’(eckiovx crcuil  and base skq)(iovx TX load.

For OPeral(ioV\q)\ covvenience two LEDs may loe mskul\e& grom Jﬁhe
+A2VRX and T AZVTIX supply voltages Hmroug\« suitable series resislors
to (Jmuvnl 1o imdicate the statas o& the  transverter.

3. Construction of the trawsverters

As a\reoiy mentioned i the ivtroduction all twe wricrowave circuils

ot both transverters ave bailt in microstcip Jtednvxologx( on an A6 wnm
(A/M,“) thick 3l,qss¥i\oer epoxy laminate FR 4. T‘/\e corresFOV\o\iV\cj PCB
masters are shown on fiqures A9,28,24,22,23,24,25,26 and 27
O% course Ov\l\1 the upper side is shown since the lower side copper clutg
ding s not etched! Note thet al though the circuit diagram of the RF an.
ftewna swibdr s the same for both 23cm  and 13 cm there ave two
d.iHerevx’( Privxke& Circu‘\& kocxrc\s tiue {70 JC\/\e diﬂere\/\‘( J(‘reter\c‘\QS [VlVOl_
ved !
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Figuees 32 2% 34,35 36,3%,38, 33 and 40 show the locations
of the various compovients on the printed circuit boards- This informa-
tion i however wot suflicient | since s et possible Yo describe the -
sltu.“o&}on 05; Q. wicrowave covm?ovxevxji jus& wi\j\n iJ[s Qlec)cﬁcﬂ\ S\1W\b0l,,
The various vv\ouw\k\vxcx details are shown ow L%, AR

Plastic case teunmsistors are installed in 6vam diameter loles drilled
at the marked Po&'kiom. NOJ{e 't\/\all all the {mwsisfor leo.ols are covw\ec{ul
in the s\nuv{esj( FOSsiUc way ,esrecialh the  emitter lt is the emitler para-
sitic induchvﬂj that Pr;mqri\\' limits the gain ofa  wicrowaye transistor!
Power Lransistors in the wmetal /ceramic  stud Fqclcage are installed  in
M diameter  holes . As ¥irsjt, two thin copper strips  of the sawe width
as ﬂ\e tmm‘\s\w evv\iﬁ'er ‘.eads avre 30ldere& " FOS'(JC'\OV\ Jco Proviele erciewjf
emitter 3r0uwdin3-Tkem an Amm t\m’clz. copper th)&, o¥ ab least A5 x25mm?
with o sutable hole in the cemter for the tramsistor stud is soldered iuto
Place. Fivm“j the trawsistor leads are trimmed 1o the rexl\u‘we(i levuf(\/\
(do not ¥ov13e)[ to sui’(qblxi w\ark_ the collecior!) and the transistor is {{rsjt
Screwe({ on , H/\e, V\u’ﬁ loc\ted WQH/\ "8 lock\uoxs]aer ( avxd onl,\i JCl/\evx HILC tm@
wstor leads can be soldered .

The ceramic cufo\c{&)fs s\'{ould loe v\,\ouV\Jced \N\‘H/\ J(.\Aﬁ, S'/mr)(ed P°S~
sible  leads . In ¥mk|t‘vxe leads  are ¥irs{ trimmed 1o aboul Amm [;r‘ow\
Jc\/\e cu?uc'&or \ood\’. \Nhen )t\/\e mfuci&or is sololercn{ .‘V\’N F\uce t\r\e remqimv\s
lead s comy\e‘ce\\f covered with sdder. In a yqr][ecﬂ\, built tramsverter wo
umi&or \erx&s are visi‘o\e \ N\ t\«e \Ow volue ceyawic co.puc;kom are disc
k\wb DX 3%5 v c\iqme*er excerjt J;m‘ j§\l\e APF chucikOrs \N\r\\'c\/\ Qare Fmrl
{t\“)es. H{g\'\er value  ceramic m?o\ci{Ors Qre VV\\kui[m’er J(‘.”)es W\I\it\l\ also lflowe
very  synall dimensions.

The SULPP\\I lo\”mss ux‘mc'\tors  both  ceramic  and tantalum “droFs)\ _
hove one  lead cyrouvxdu\ i\r\rowa\n o Koamn hole  divilled in the PCB Since
the actual ?osi)ﬁon of these Qm?ucikorS is wot very eritical  these  holes
are not warked o the pr‘mke& Circuit \OOQTAS!

The resistors do et P\m, any vole in the wicrowove circpd ond the-
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refrore their installation is wot so critical. ln any  case it o necessary to
think  about the Pmms‘\‘(ic cupqcihmes introduced Ln, the resistor [eads-
~these  shouwld be no tovujer than hecessary.

Last but the wost iw‘ror’rov\{,tb\e 9rouvuiiw3 o} the 1/4 mtcroﬁrip re-
wna*ors.T\Ms S\I\oulo\ be dovu. em.oﬂ\’ " )(‘Ae savine wG\, as in UI\C Projmk\”peﬁ
dthevwise both  the resonant {:re%\(uhw and the cougling to the active devices
in the circuit will C\Auwse\. At the  worked Fos(*lo\/\ a ASmm dawmeter
hole is drilled . A dhort lewgth of Awm diameter Cu Aq wire is inserted
in the hole awd well coldered ot botly sides. Note that the wire is Plaoed
J\LSA\ in the currevt waaximaum o fhe vesovabor and its Pamsilcin inductan
ce therelore has a woticeable effed on the resovaber performances.

The various wodules are  inkerconnedted Using short  lewgthhs o} thin
{ek\o«\_ dielectric woaxial cable. Conventional- po\iehlev\e dielectric  cable could
also be used ,’oowever it iS Qonsidembl\’ move d(Hic,uV( to solder since
the diclediric wmelts! W i very iW\Por&uvx’t to covnect the cable ewds
J&O k\;\e W\icroslwiF ciru&ik exaclt\\’ as shown in %igv /lg, Moﬁ \\roublts \i\(e
sﬁmv\ge Purus'\\;‘\c Yesononces are uma\\u[ coaused \o«, a Yoo high Pams(hc in-
ductivity  of the cable braid 3roun&iv\3_ First @ suilable lewgth of cable is
ol and both  ewnds are Pfﬁ?q'ed as showwn Md\u{ing the Jﬁvw\‘mt} o} botly
confer condudors  ond braids. Thew o swall piece of copper or brass ple
abouk B*& pm? xor thin PTFE  cables (K6—438) and  somewhat {qrger
{W RG-442 or even RG-53 cables, is %ir&l( tivned  and then  soldered
Oown l\\/\ﬁ 3r0u\n<i‘)\awe 0‘» the vvxic_ros‘(ﬂ(; Qircui‘( - FW\QU\f t\r\e PrepqreA
cable end is soldeved in Posi*iovxl

The locol  oscillakor wiodoles and the VOX wodule are built on con-
ventional  single sided printed  circuit boards | whose wiasters are shown
own giguures 28, 23, 3(25 QV\A 34_Tke corresPonding QOVV\PQV\QV\tS \omkions ave
S\M)\NV\ own Sﬁ%ures 44'49_,4% uvui 44. A“ t\l\e COMPOVW/V\B are im‘m\\e& in
the conveational way except lor the BPFW 92 transistors whichore wiounted
below the PCR Yo min\mize’\\\qparas‘\kic lead iniucﬂvisties,()v\\\’ L\ig\/\ qua
UH plastic S(o'\\ diclectric  trimmers showld be used  since ceramic JL\”zes
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have iV\J{er(or electrical  and mechanical (Slm\ai\iw‘) Fergormance&‘n\e 9.%495?}7
trimwers in the DBAQ/576 MM vesomawt circuits  can be cov\ven\ew’(\ul Y?P\m
02& w‘\“\ 2*-69F lL\“;es ’(o (xl\ow Q. va\oojt\r\er odjus\menjt,

The \;ul\&\v\cj ordec of the various r/\g&ules should  {ollow the aligu-
ment Procedure. As g'\rg\ the N\a*\ve{?“}t;\:z&wles, such as fthe local OSCil‘
lakor wm&u&es| should  be \m\\’ﬁ Q\igv\e& and uccurad(e\\’ tested be{ore other de-
fev‘&ew& W\b\iu\es are \ae'\vua \aui\’(.ox course i% \Pu \(\uve o tol( o& [v\s\’ruw\e\g
tation accessible you  way also  invert the construction or&tr,kuj( this s
muall\' anob the  case ffor qvv\o&eu(s\,

Agier a“ W\Ml\x\es \r\mle ‘0€€V\ Lmi“ and J(eﬁe& J(‘v\e\t can \oe (ng(n!
ld i« suitdble metal container. No iwtermal shields are actually we-
cessary Jhowever all the waetal walls  and covers should be spaced at
least 2 em {—m\m Me  nearest W\icrosj&f‘\? lines Yo avoid o\ejmvuncj and/

or  wawanted cpup\‘mgs.

A8, A\ignment and testing of the transverfers

T\/\e Pr'mcip\e o‘ the m\igmmew)( has a\veqdw beewn described v the
introduction. Al the vv\‘\cros’(rxp resonolors have been etched very close
Jto their %im\ d(mqmionsT\mv%me on\\l a {ine J(\minj is \re%u'\veo\_uq
certain  resonalor has Yo e s\:\orj&e,c\ since its resonant ¥r61“€“C7 s too (ow’
do wever cul wore than B5mm a time! When solderimj on Or around
mcrofwiP resonators , remewber that  the 3\0.$S‘(i\oer~€‘>0x\( dielectric  constant
€ \nqj a fasi’cive J(em\:;erokure me“idev\&. Heo&'m& o VV\inOS)(fiY) resonatoe
wi“ &ecremse i&s resovmvmj( (re%uewchTeshn% and (X\igﬂmev{t s\'\oula k\r\ere‘
%c\re OV\\\{ Froceea u{—"tev‘ &\{\e Qirgul’( \r\as QOOLQA bmc\( fo Y00V kevv\?emjmre!

As {iri the local oscillator mu\t?\ier chains  have to be a\(gne&.
AL {he trimmers ond /or resonalors  are o\lign@& ][or the maximum
oxﬁt?u& al the re%xire& {rec‘\uev\cies | whidh ﬁ\/\ouu be W\on}JcoreA with o
suitable &rmtuv\cj counter and / or Lecher wires. Since t\ne Li})o[dr
tramsistors  mast  work i an pnonlinear  wiode for ercienT ][re%kevﬁ{ mul-

&\P\ico\{mn or conversion | a swilt in {he DC bias conditions | in qui-



C\kl(l" t»\e bC b‘k&e ‘\’,O Qv\l\ittelf \lokjtqge SL\O\ktA QLSO be Observeo\ . bug
to the Ted&‘\uﬁiov\ eHect i the BE Juw\cltiow‘ the bC, bose to emitter
voltage  decreases with  the mrp\cm*iov\ og the RF drive and way  even
become V\egdive with RF voltages o{— a {ew \/PP' The RE J’uncJ[(OV\ o}
the ¥o\\ow'\mﬁ tromsistor  thus octs as o RF probe jusjt where needed
— at the ouk?u}t of the s*cxge to be o\i%vxe&l.

The low level stages in the receive converter  should  be oligned Using
a suitable Sig\r\m\ source and a bae 144 MHz receiver with o sewsitive
"S- meter s Sinee the microsteip vesonators are q[reoxcl‘j Frelc\me& to the
desired {recLuev\q S wideband noise Sevxem’cm‘ con  be used as the Sig-
nal sourse. Al the resonators may be simp\w oiigm& ](or the maxivum
obtainable gain  since the Eipo\nr silicon  Lramsistors used in the transver
kers do wot s\/\ow cmxl V\ujc\ceqb\z dijn[erem,e Letweevx t\/\e opkimum noise
{igum maddh  and the maximam  qain waldh ab %retl\«mcies aboove AGH..

To q\igv\ the tramsmil converter ite output should be conneded 1o a
RE milli wallmeler (a 5O load with o sc\noﬁkj drode detec’tory.gince
J(,\ne LO %’\Snu\ s reloii\te/\w Ver\1 Q\ose to Jﬂ,\e wav&e& vv\ixivuj Pro&{ucf(
(QSP%(&“\’ i the A3 cm band) and the single ended mixer does ot
afeauake it , considevable care  chould be ‘taken Yo wijusl( the wicrosteips
to the corcect greotuev\cx“ Since  the v\nicros\)ri‘)s are etched close to Their
Qm& dimensions, this s‘\m?\j means Thatl the corred resovavce pust
be ‘uuw& with  wivor qc&jusjimev&s OV\\»’. 0% Course H/\e ou&pu’i si%v\ql
must  disappear immedialely whew rewoving the 144MHz drive %igvuxl-
I any  case the Sqw\ous Ledher wires are a very s'\w\P\e to build
but accurate ( better than 1%) greclwev\q meter.

Ov\oe the Yramsmit converter s qd\‘\us\e& and  tested fhe power am
Pl([('\e\' may be comnedied bebween the transmit convertec omd the RE
milli wattmeter. qum all {he Qiswsltmew\s are made 1o obtain the waxi-
M owt?ui power. Whew m&jux’ﬁmj the 22 um power amp (%iq.X),t\f\e
ADSL cesitor  im the cdleckor civewil of Ty should  be increased to 47
9 fo aweid burning ouk T, (BFRG) il the resovant civeuits are not \,@T
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well  aligned . In twe 43 e selective power awmplifier the bias resistors
o¥ the last two stages (T5 and To) should be selected to obtain the

M mm oukpuf power bt considering also the waximum allowed power
dissipation  {or {he transistors wsed |

As Olr‘e&&\, vv\evxkiom& in the in&ro&ucﬁov\, w\icros\ri\) circu\'{s v
t\(\eon{ do not re%nre o.iv\\f s\me\o\m%_ ln pmciice sOme Probbevns may ‘nair
en when the single circuits are installed in o wetal container and
connected  with  coaxial wblz.ever\1 closed metal box has an l'vx{mi{e
number of seu resonances \r\«v'mg % very ‘Aig\/\ Q J;qc’(or and the si-
buckion s gurt\nef complicated due to the presewce of various prin-
fed  civeuit  boards  and di”evevﬁ( length  wires and cables. Comio\er'mg
the Pmckicu\ dimensions o} the Prin{e& civouil boards ond wetal con
toiner | the  lowes{ *re(\:uvxcxj resonance  modes 1[01\ in the low GHe
rqnge_T\A\s is the reason w\m, this ?ro\o\ew\ is almost  umknown to people
\NO\"\((V\B below SOOMH, while it s « very  Covamon Prob\em ¥0r PQoPle
wmr\('ms above AGH,.

Resonance Pro\o\ems can \mm\bf be solved by shielding | i {uc& shields
usually just  inkeoduce  wew resonances | Such problems can only be sol-
ved bsf reiucing the Q of the qutim\m resonanl  wode either \m’ \‘{trg
ducing  some Losskl watevial — absorber or b so\deriﬂg a few wnon induci
ve resistors belween the wesonomce  hot spots”

A\oser\oimj W\(x*evio\ S W\Oﬁ $ui{q\o\e Yo sove  vesomance Problew\s caused
Lx, the wetal box amd b\j the \qrge %\Lr[(«ue 3roun& plomes OF the wicro
%Jtr"\f Pr\n’(ed cicewit boards. Its  wiost QH(C\Q“)( location is between two
ground plones where The resononce eﬁed fakes P\mce, {»Dr example between
fhe  botlom of the wetal container and the %roumul the ol the wicro
deip  circuit board . 0% course  the cx\osor\o‘w\g wmaterial showld be installed
in such o Woy to avoid aam?iv\(j the \ue}u\ Wy\(x\.s in the vv\\‘crosjtrip cir
ch_ T\«e wmlab(l(f‘ and Pﬁce 0‘} Pro%essionq\ q\osm\oiv\S vvw&eriq\s w\ouf re
Presev\* a Prob\em however a  very c\/\ch alternakive s read\‘k\, available

on the warket @ the black con&ucltMS gouw\ usw\u\I need gor Pack\V\cj MOS
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integrated  circaits  and ofher ESD temsitive devices!
Bisud& resictors  Ccan also be used in P\qce o& the qbsorb(v\g (-ww\)
however ﬂne\f are more suitable to solue Pro\otevv\s caused Ln’ plr\isicall\'
smaller comyov\ev\ks like coaxial cables connecjrfv\g the various mfcrosjrr-‘p
circaits  together . The resonance does not take place inside the calole,lzetweev\
the ceater conducter and the braid | since the cable s counected to mat-
ched  (oads at both ends. The braid of the cable togebher with o metal
ground plave builds another transmission line. Gince the braid is grounded
at both ewds | vesonamces at -/ will ocour with a very high Q. Due
to Jt\'\e gin‘\)(e quasihc lorodu\ 9r0uwo\ivx3 iv\d\uftiv(k\‘ q,’( \oo‘(\:\ ewnds t\mese
resonawnces Qre cwp\ﬁ& Lo the wawves VroPago&im} 'W\silie the cable. N(thmu,\’
poor brad %rouv\&lwi makes  this problewa comi&em‘ob, worse. dudn resonan
Ces  cam eHaciev\k\j be dawmped by sotderwj one or wore APD L resistors
between the cable braid and the 3Y‘O\LV\A P(tme qvoio\{wj the Vol.{'uﬂe ho-
des 0¥ Qlu&v‘esonunces to be suFPressetL
Fivm\\\i some  cable \6‘/\3"(‘/\5 are critical in u'w\’ case , Pav’t(cu&arl\’ Yhose
{eedimﬂ the local oscillator  module &igv»«l to {\/\e micro&trir mw\*i}o\(er shgu
in the tramsmit and receive convertery . Dince i;rt’.t‘L\kev\cxf w\u\hy\ter s*lxges are
fermination  sewsitive  theie e“it‘\ev\c\j ma d@? bo zero with sewe unor
tomate"  cable leagths. Also the 42 cm Yeansmit qmpl;*(er chain may re-
quire  sowe cable lewgti lw:wurvx‘\vxg to optivmize the overall guin and outpuk

Power.

AA. CO V\c‘LusiOV\
The Yeawmsveders described i this artide lhave uchu\\\l been OPemJt;v\ﬁ

foc  over two gears and several Pro‘tok pes were built. A number o}

{,esb weve vvxo\&e Lw %‘mo\ ou’( ow\\1 Pc\?ev\jﬁm\\\' W\re\im\o\e c'\m\u)C con%cc‘,m_
rakions. The ovx\», wajor ‘oro\o\tm wos caused b\{ the %rertxev\u{ multi-
P\(ev ﬁmjes ‘ Pm‘kim\qd\{ the Yramsistors used in these stages. Reside the
well kwown X;m\\ues caused bxj carrent | voltage or dissifm*ed power over-
loads  gnother ¥q\kure mechontm wos observed . whew v‘e\cﬁ‘we\\f \r\ig\n RF



voltages are QFY\‘\QA to twe base of a RF transistor asit is wsually neces-
sary %-of e“idev\{ {rem\kev\(}\f vvxu.uip\.\‘co\*ion, A Po\rosi*ig sckoﬂ,\(\, diode _)“"l
clion  starts \;ui\&'\v\cj ™ PamUe\ with the BE j\mc’t(ov\ of the trawsis-
tor. Since the schottky  jumction kuee uvoltage is of the order of B3V
while  that o{ the BAE juv\chov\ remains around 0.7 V, this process
$k°\“\\1 decreases  the current gain (@)) 0‘ the 4(rfkv\sis}to\r down to ?.erol_
The process is Srn&ua\ and  moay be very slow - it may take a few
weeks  or evew  wmonths  of contingous operation before o Fer%orW\Q(\CQ
Aegm&o&(on can  be woticed. U was also (-ww\& out thal Ywere are Lar%c ya
rigkions i The %EV\S‘\‘Y(V‘\“\.‘ gor Yhis %ui\\ue wode of the same t rawsister
Jt\”Je suyp\:e& ij AiHerevx’f V\Aqux(o\c_lmrcrs_ ln xuc& it very d(Him\* to
observe  This gqihre mode  with {:irst closs CDW\POV\Q\AJ\S “aupP\Iecl Ex, repu
{alole muvxu%qc’mrers like Siewmens or Valve  withoul excee&ms the tran-
sisfor  wakimom  ratings.

Ov\ the other hond ) nowy &iﬂerev& tramsistors  can be wsed in
the  low level microwave sfages  Since the two resonator M(cros’(riP N-
fers  allow o broad Jmmmj ronge . Microwave ceramic case trawmsistors
(“micro X or "cevec Pac\(qge) all Provu{ecl covxs(dembl\{ more gain and bet-
ter noise gigures than their Plus\(c couhtevrqr{s, b ut ﬂne\1 are alwmost an or-
der o¥ vvxo‘gm*w{e wmore expensive - FOr’(uvxq\e\ﬁ two emitken lead trawsistors in
F\ushc packages became available rtoevxﬂ\‘ and these should wiatch the wi-
Cro wave Fer%ormovxce 01( Jd/te cevamic puclﬂlgeo{ JC\r‘(xvm"s’(mrs od' a rchi\\f qccer—
table peice.

Both  transverters were d&s(anto\ to keep the ahsv\m&\{ procedure as sim-
Ple as POSSi\o\e.TL\ere%}re ¥~Y‘€CL(A.€V\C\1 ‘{mP resovmjﬁorsl \oqLQV\CeA\ wmixees Omcl
other complex civcuils  that fequire costly instew mevtation [Yor their %es‘w%
and a\igv\vvxev\)t weve intentionall qvo(c)&kog course these circuils can also
be built in wx(cros\riF {ec\nv\ologxi l Reside the {mv\wer{er wodules many
ofver circuils  hove beew built sing the same w\(croﬁr(\; tec\/\noloaxfz
beacon  Lrawms millers gor the 2%2um ond A3cm bands and receive con-

verters  or various  salellite  bands: the AMGH. meteorological satellite
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band, the 4540 MU, Morecs downlink band and the 4575642 MHz
Naystor ¥r€<\:\€mc\1_ In ;qcﬁ the girslt converters built wsing the tech nology
described  weve tested ow Meteosal sigv\q\g at 1694.5 MH= .

v the proctisal  use it was found out that the cirewtls bwilb
v the stec\/\,v\o\ow described  are abe to o?evode in extrewme eNVirovi men
Yl conditions (bothy Yemperakure and  hawmi di*txi) as are wmkh found in
\/\ig\:\ moundain  codtest localions amd that \\Ae\1 can  withstond very roaghh

\r\o\m\\;v\g Like ga\\s on o rough rocky surface  without cle*\xvxivxgl.
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