A Ku-band  low  woise  downconyerher E,‘-or sakellite TV
recegion

A. \v\'\roa“cjﬁ(m

The l(rex\:uv\cx( band  between Mb35 GHz awd AQ’]BGHz (s QUOCQ{QD\
as o downlink  band %or many J\(Hgmn’( salellite  ceruces. The subbavd
gmm AB.A5 GHz Yo ATGHz awd in ?uvjtmk\m the two S,etﬁmeﬂ)(s §row\
AB.35  to AL G awnd %mw\ AA. 45 4, AL 1GH2 are allocated as fhe
downlink  bands Eov internabional  salellite Communications iﬂc\u&img
betha Xe\e?\t\ov\e civeuits  and inkernational  television  distribution. [he
cabbond  between AATGHz and 125 GHz Wil Froba\oh! be u,seo\ L\f
J(\ne pDWULAL Airect \oro&dcqslf ’televis‘\ow Sajﬁeut'{es. FimU\, J(\/\e seg~
mewnt %row\ 12560, Yo 4215 GHz s again L)ejng wsed ¥0Y nodional
and {v&emo}&io\nq\ satellite cevvwv\un(co\hovxs ino\u&'m% %e\e‘)\/\ov\e Circu-
‘\ks, o\ajm limvxsvv\\ssions QV\& l&,ekevisiovx d\'\skri\ou)(io\rx

Communications salellites are u.sua\h, launched into Seosko&iov\ury
orbits  about 26BPPkm above the eorth's eotucﬁor. The  distance %{om
wser  stakions cxc,cessm3 k\ne, satellite s lt\mve{-ove v ‘ﬁ\l\t Mb@{b% ko
range. Present satellites OV\\\' carry vather weak  transwitlers | the out-
Put power pevr C\r\ovme\ rawnges ¥r0w\ b 1o 4®W ¥0r COMIVNU VI LO-
bions  satellites  and will veadn 250W {or ‘!\ig\/\ power direct  broad
cast  cafellites . O; course  weol  safellite signals require kaqe re-
ceiving CkV\*va\qs.For‘r,u«m\el\( sakellites lxwrumsvv\ijt\{vq i the Ku -band usu-
(’“\\‘T we  igh yain spot beam  awtewnas ol jusi a Ifew degrees total
beamwidth o cover Popu\o&ec\ areas on the globe like  western Eum?o,‘
where  wof user stakions are  located. Television transmissions coming groww
bhece  sokellites  cam be veceived with  wmodermte size  antewnas | u&um\\\’
chm\oo\ic dishes of less than 3w diaweter, and are Beiv\3 used. to
%ee({ \nrge cable TV petworks.

ln awoleur conditions an excellent V\O'\SQ~¥|’€€ pickuwe can be ob-
tained  with Pum\oo\ic dithes of less  than 2w diameter even ¥rov\,\
Low power commum cotions  satellites coxr\fiv\::) APDW o 20W transwit-

Yers live the Intelsak Y and YA sokellite sexies, £0S- Cutelsak  sakellite



secies and  Telecow 4 wadellite sevies.

A solelite Ty receiving on\xi slation  includes  a qu\oo\ic dish av\kev\ml
a suitabe receiver awd an OrdiV\Q(L' TV set or monitor. The {r(rst receive,
downconverter is eo@‘«??ed with o low woise Preqw\\)\i&ier and is u&suq\w
installed  divectly  belind the antenna j[ee& to aveid \oss\f and expensive
microwove  Lranswission lives. The remaining compowev\‘(s of a sakellite
TV receiver are u\s\m\kﬂ instolled  imdoor  and indude @ second , tunabe
converter K‘or chavnnel selection ;@ second |F mm?\i&ier and  FM video
dewodulator , a sound IF and  dewodulator | an AN modulaker to genera
te o stondard TV sicy\a\ ond o power 3“‘?[’\‘] l;or the complete vece-

ver.

2. Block d\itxqmm 0¥ the &ownconverter
The  block diagram of the Ku-band low woise downconverter is

dhown  on gig./\ ﬁoge\\f\er with  the other ouldoor COVV\POV\QV\t ; Q para
bolic re*\ec&ov antenna. with o suitable g‘eeO\ %or o?em\ion in the Ku-band.

Mogj{ available ku-bum)t scxke\\&e TV transmissions re(‘\u‘we o Pam\oo\ic
dish o& A2 to A.8m diameler gor nowse &ree recey&ion i western

Eum?e d&?%&‘mg on  the \aurkicu\m satellite tmnsvvxi){\er ouL’CPwJL power,
antenna  puffern  and transpander  mode of operation ( half/ {u\l)_ Most
available  dishes | either new ov surf\ws| have o {oal to diawneter (H&

rakio o¥ 0.25 1o %4A suitable geeo\ 1[0\' fais {/b rakio s @ circular
Wmvegui&e—\r\om with a corrugo&e& glav\se ;or im\;roved Hlumination efr
&itiemu’. Sivme W )(\r\Q Pro\di(q\ covxs‘wu\c\iow o«x& u,\icﬁvwv\ev\\ )t\/w, &w\hm
is @ %\U\C\ROV\@\ part of the downconve dler | it will also be described in
this  actide.

The low- voise é\owmc)vwer\ev includes j(\/wte wodules @ a low-noise
aw\?\i&ier !(w AD.9s = AA TGNz N block  downconyerter 4@.35*-4/\"]6&{6/
035546 GHe and an IF amplilier for B85 *A66H. The two stage
low - noise am?\;%(w wses fwo  P5um gate le./\sﬂn 5avumvv\ arsenide FETs
CFYy 43-23 mounted  on @ B.6 mm thick g\qss%i\oer—teﬂovx laminate.



The block  downconverier miodule includes o {ixeo\ tuved FET oscillofor
al MAGHz | a sing\e ended ackive mixer skouse using  an /‘/wm 3:&9,
length qallium arsenide FET CEY49 and an |F Preo,mP\iher stage.
The block  downconverter  module  is alo built on o D.6mm thick
3{ass¥i\oer —J(eHovx laminate.

The IF ump\iher module includes  three QW\P[C&{Q\“ stages  wsing
silicon biPO\dr microwave transistors and a 15VDC suPPL\, requlator
¥or the other fwo modules e%if)red\ with Ga As FETs.

AL the Ku- band comnecdtions dre wade with shor{ \evujhns o‘
RG-A444 3.6 mm diameber semirigid cable and SMA  connectors.
BNC conv\ec}tors are usz& n the \F ][qu\wQV\C\I range .

The  low noise  downconve der requires @ sv\ﬂ)\v} vo\‘cqge O‘, +4A2VDC.
A Prmc’tlco\ SO\ULJHOV\ (3 1(0 {—eerl k\/\e Suﬂ)\\f \/o\&uge l{\l\rm;g\/\ *\I\e, same
coaxial  cable %eeoliws the \F signal toe the indoor unit. The same solu-
fion i \9QW\5 nsed with  almost all c0vvxmerc(cx\\\1 availoble  low-noise
(}\OWV\COV\VQV‘erS.

The  low noise  downconverter  was ori%‘mo\\\q o\es€3w\e¢1 {»or the
A0.95 <AL GMe  satellite  band  since most  satellites transmit in
J(\z\i.s (re%‘uev\m’ quse,T\/\e civewt  can also be w\o&iiﬂed Yo o)oerqjte
in the A2.5:42.75 GHz salellite band and the necessary mod(‘-\‘mhov\s
will be described latee in this arbicde. Al the values given on the cir
anit  diagroms  and  the  dimensions given on the &rowu(v\as however

WP?\’Y fo the standard  AG95 = A7 GH.  yersion ‘

3. Corruaated  hoen }IeeA
The corrugq&etx horn %ee& showwn own M.z_ is wade o} a s lhort

Levxgt\/\ of circular wuvesa(c\e,w\/\ose open end acks as the horn aper

&ure‘ A waveg\xi&e ‘E(s coax Jwamsikiov\ Ouz\& aw cm\juskq\o\c covrugo\ku{

%\QV\%Q.
To  adreive o 300& Wumination eH{ciev\cq fhe &eecl horn  should

iluminate  the parabolic dish sur‘m:e, as uv\\'g@rw\\\j os ?oss'\\o\e with



litle spillover. Of course the beamwidth of the feed should be
motched to the focal mperlc\ue Q,V\SLQ of the Fumbo\ic dish  wsed This
angle i3 in fuen  determined bx, the dish focal to diameter ratio. The
beamwidklh ol circular woveguide horn QeecL is w\qivx\\r determivied
‘a\‘ the inbernal  diameter ol the queauiAe.Tke ditmensions shown on
{(9.2_ are  suibable [for Pc&m\oo\ic reflectors Mav‘w\g o fr/b rakio  petween
635 ond D40

The mvru{;}q\ea {r\unge lnproves the  illumination m\'\f{orw\{lcxl and
decreases the sidelobes of the lorn &QA.T\QQ {luwination eH—ic{ev\oxi may
exceed 16% and this brings an {mProvemen‘k of[ between 0.5 and 4148
n JL\/\e overall an{'ennm 3in1.‘n t\ne case OI; SFQCG c‘.OW\mu\n\'cq*iov\g, a
decrease of the eHeckive antevna, tempem&ture due to the veduced spil[over
should  also be noted. A very sim‘ie exp\qv\akiov\ of the FrmciPle o ope-
ration of o corrugq{e& surloce (f[lomge) is as  follows: the corrugated
Surf(m:e ev\%rces fwo {gq\motarj conditions: the *ovxsm‘&‘tq\ electric Ivie\&
ould  be zevo due Yo twe conductive rims and the *M\Sevx\:io\,\ ngnghg
fild diould also be zevo due Yo the Yi deep corvugabions between the
rimS.T\r\e (,ovvx\o'mea\ e“eci o[( \oo&\/\ ‘oou\n&ow covxo\.ihovw (B t\f\od( f\/\e
%m\o\ iv&ev\sih[ must ¥a\\ to zevo onm the Hav\(ﬁe mrche.Thas FroJ\w
Ces « rc;\u‘\ic»vw\\\T S\TMMefY\ricq\ {:La‘r toﬂ)eo\ beawn with very  low  side-
lobes thak s ideal gbr the  Mumination o[( quabo\ic Te“eckofs,

A ccrruga*e& S'.A.f‘o\(,e is alvo  called a scalar surgro\(;e inthe G-
Terakure  since it behaves emac’(hj m the same way *Or botin magne-
bic  ond eledric ¥iel&s_ Corrcs‘nov\c)\ing\j corrugofteo\ horms  are akso called
sco\qr horns.

The Posi&ion ol the cwruaq’ce& Qﬂmqe ox\ov\g the \quego\\'éke shauld be
Q&J’us’ted %or best  results. Us\m\\w the distance between the open end
0\' thwe \Nque%m&e and  the suclace ot thwe tbrru.cgoke& Q\uvx%e ranges
betweew zero awd X/A(,

N ccedlar waveaunide horn  can  receive ond Jor Lramsmib qr\oihqri\y

Pn&qr'\zec\ waves | incduding fwo '\V\&eyew&w& orﬁ\r\ogowa\\\f Po\wizeil waves



at the same Lime. The aduel Po&uv\zoftiow of the hory %eeé Ehere-
{—ore only depends o the wovequide  wode  launcher  used ~ the
wax Yo wmve%u&&q Yromsition. Since  wost  low power sakellites  wse
\'mcox po\qﬂu&iov\ , either in a 3in3le P\ome 0or in JLwo ork\/\ngmﬂw\ F\uv\es
%or [V(eab,enu‘ reuse  purposes | o \Mmr\w ‘;o\arizeo\ %ce& is re%\kireo\_
A suibable  wmode laundher v a 5‘\mi)\e /L/a( Probe inserted in the
waveguide wall  abouk k3/4 §rom the waveqdide shorked  end | where
X3 is the wavelenath inside the Wo\veﬂuu{e. Og course  the  mednanical
support dracture must allow o smooth and easy ao\jmsj(mech of the feed
Fo\ur(zo&ion PLome.

H(g\/\ {)ower direclc broow\cqs‘f saét@uijces w'\u P”"”“u‘r use Circular
Fo\arizo&(ow, botia rig‘/\lc hond  and [eﬁ lr\omo{l between AAT GHz and
A256H.. Cireular Polarim)ciov\ con sfmFLY be obtained {rovv\ Qliv‘eqrh’
Po[qrize,& mode  imside  a circular wmveg“‘ae ‘0‘1 MserJCMS o few
{umiwg serews  abt 45° ith fesFeo\’ to the po\miuﬁiw P\qv\e o{. {he

Unem\.\i Po\qﬂze& modee.

4. Low - noise aw\?\IE(er

The  wain gu‘v\c\iov\ ol the low-woise RF O.VV\P\(‘vier ( see [((3.3)
is Yo tmprove the  overall  downconverter poise Liqure . Beside ‘nawiv\j
a \ow noise Qigmre ik g\qow\cX also \f\uve suHiciev\J( %q‘\V\ 1(0 Yre\nevx&
the overall woise [(igure be'm3 o\egmo\ec)\ by the noise 3ene(ake& in
the {—O“Ow‘mcj mixer Skage.

0\:\\\1 %O»Uium arsenide FETs  can Prov«)\e wseable  gain values at
((relluevxcies G\,\mve ’(@ GHz.T\ne mawn Parame*er O& a CSCLAS FET H/\o&
ivx%\,\hevxces its  wicrowave Per%ormomce is the %a,&e \emﬁ\/\. /1/“\,\ 34}.@
\‘Qv\%ﬂ/\ FETs can still Provicke about 6d8 o{. gain at A26H: with an
associaked  woise %igme of abouk 448 D5um gufce \ewﬁ\n FETs are mudn
befter + abouk 4D dB c>¥ gain - can be obtained with a woise gigufe o{
about  2.5dB. @.QS/AW\ fjoﬁe lems\?\f\ FETs are of course even \oeﬂer"o\kt

t\nexf are also very expensive and wot \,e{ v‘cgm\mr\\‘ available on the warket



The CFY 418 trawmsistors  used  in this Project are %,S/(AVV\ 3a)ce lemgfh
FETs Pao\amgec\ in the economical "micro-x" paok«ge and are wma-
nugac’mre& by Siewens. Other w\qvw\][o\&mrws also Su‘)f)l}’ similar
{Zransq'sl?ors with simf\o\v microwave Per[—orvvxavmes and ot similar
Prices.

The qumitic reactances o} a {ransistor qu\(ouje have a cownsi-
&em‘olt (’/Hect on 10\/\& J(mnsisjtor Perlforwance_ n Jﬂac microwave \(reiw@
<y rqvx,cje_To imProve the per{—on«vxqvxces of their Produ\cfﬁg manw{m}ur«m
u.sumuj trq o use these uwnavoidable qusijﬁcs Yo qu{eutl\r compensa-
te  the Favas()\ics 0% the lransitor (,\/\{() ab least m fhe %v%gv\oﬂ
bands  where  the  trawmsisor  will wost Likely be wsed. It s therefore
casier fo watch a Poxckqge/o\fnktrqmig\w in the A2GHz {.re%\we\rﬂ band
ﬂAgn o.k %rextw,v\cies bebw ZGHL‘.

The d&(HerQV\tQ between OF\'iW\uW\ noise  malehh  and oPi‘imwm gain
makch  is swall ot 426H; ¢ o« CFY A8 matched ]tor VG VM AN 9““;‘"
will ovx\t( show a AdB o\ggm\({w ion ol its woise fy(c_:)(ue. It i inkeres-
ting Yo wetice thak the source vefledion coefficients  for OPHWMM naise
matdh  and  wmaximum  gaiv watdh  have a simidar phase | the wagais
bude ot the OPkinwx noise {—igwre makdn  source  reflection  coefhiciewk
\oeiv\s much  smaaler than  the waximam foin  source ve,\f-\eck(ow coet~
*id’t\r\k-iﬂ\& above is also  valid {70\' other  similar tromsis\ovs spera-
\‘,m% in the A26H: R’“"\i’&“ﬂ rawnge.

However | the  specified tramsistor Perirormqvxce can only be ob-
baived i} the  trawmsistor s c,orreoﬂ\] instaled o o switable circuit.
A\\mos’( mu WALLY QWY @ trC\V\ﬁa\ors oave FaO\(o\geé\ n cases S\Li&q\o\e {—or
installabion Yo @ wicrosteip circait. AU Ky - band {(&q\quc‘\es OV\\\{JW“W\
based lominakes com  be considered as  substrate V\/\D\ktrio\\&) since OJMMRMI
(Luuxrh ond other suitable wabecals can ot be handled by amateyr
tools. The preo\w\p\i\ier is built on @ 0.6 mwm thick cj\ass‘i\oer - tetlon
laminote \mv‘\v\% an €, =26 so that all  the Grewt elements  have

reasonable  dimensions.



It i es\oeciq\\ﬂ 'lvv\qutQV\S( A vaio\e qood  source 3f0unri(w3/<{e-
coupling ‘\1; fhe sPec'\xieA gain is Yo be obtained and other ?'O‘D\W\s ta be
avoided Each FET has twe sowrce leads aund eadh source lead is bypassed
B\, o leadless  ceramic disc ca\)ocikw installed  in o hole ruhc\/\ed th the
tellon  \aminate (gu}. 6>. Since these capacitors  ace wode of high €
cecawmic  wakeriol | t‘«\e\l behave Pro\ckiux\l\1 os metal dises ab Ku ~band f(re¢L~
encies.

The  fwe stoge amplilier uses @ 5B N etched micvostrip line and shot
caPucik\ue kunimg tubs  made off thin Copper goi\ to malely the twoFET.
The tuning s necessary  Siwce the transistors and fhe laminale have fole -
rowces  ama the O\W\P\ii{\er has to be  wakcdhed toa real world  anfewna
[[ee& and  to the %o“owimj wiker shxq,g‘ whidh ave  not ideal 50 QL loads.
A guw&\'\Qr u&vqn\che oxy this d&&i%m mwrw&x s thot the same prin-
ted dircait  board Puﬁew\ con be wsed bekween AD and A3GH  ith j\n‘(
ve\aositmv\\ij the kum‘m% dubs. The QFFroxiw\a\e Pou)('\om 0% the k\AV\'\V\%
stubos ;(or The greo\\u\ewc\i rawnoe AB9SS = ANT6Wz  are indicoked on {icj,rﬁ.

The Su.Y‘)\\’ vo\huje is &e& Ht\mug\/\ Mk choles  and is !;ir,& bx’fasseA
LV low value “frmkeA“ tq?a&(\ovs so thal low [TYQULMV‘U{ {€30NANCES b{~{2‘/\e
3&{);&\1 nekwork  are &o\w\?u\e& l.:«1 the D6 yesistors.

\‘[ the “V“?\i‘(\’ar is Q\(vaec)\ Yo cover the ABIS to AATGHz band
it will Provi(}\ﬁ about 2248 o¥ gain of the band ceatee ond abouf

A3 dB ot the band uiges_

5. Block  downcomveder  module

Both  silicon 'st/\/\oﬂ\w diode  and GalAs FET wmixers are P(o\ck\qu
at Ku-band w[(ecﬁxmcies. The ao\vdwkwbes of a st,\l\ot(kxl diode mixer are a low
naise "\g\ual G to 848 and Liflle locd ascillator  drive powesn re%\red ~ about

AW per diode. Go As FET wmixers using /\/un Sq\.e \eng&\/\ FET, ocheive o
s\ios\n’c\j \r\irj\/\er noise giguwe bdweew AB ond 1248 and requice & \m‘g\/\er
local oscillator  drive power | aboul  AD W W per GahAs FET. Uv\ﬁ‘ov’mv\o\ke\\x the
gc\l\ot\\ui diode wixer woise fﬁ%we also  depends o a \QYSQ odent on the



noise %icﬁuﬂre 03‘ twe F amF\ix‘\eY usedh. The excellent woise \[igu\re s?eci‘h
cakions ave wsuq“\' obtained  with wnarrowband  low woise (4.548) \F
owv\p\\&(ets.gince o sotellite  downconverter vequires  a broadbooud |F
amplitier (935 to 46 GH) the wose figue of the lafter can hadly
be Weld  below 548  across the whole \F bandwdth and the averall
Per&orvvxm\ce of a sc\no’(\\u‘ dicde wmixer am)rootc\r\es that 0& a GaAs FET
micer. On the obher hand | & FET mixer has a swall  conversion gaun
thatl s su“iciev& Yo wake s noise g(c‘)u\re alwmost (n&eeen&ev\’( of the
%\\owivx% \F cxvvx?\i%ier.

Ptxo\m%eo\ mixer diodes have ‘r\ig\/\ Fums{iic reactances that can L\arou?
be ftuned oul over o wider \mv\o\wiéﬂx.()n the ofer hand ,\oeaw\ lead.
diodes 0“‘1 have  swall qu\si\ﬂc reactances  bul are very o\iHrm\\ to
handle  due Yo fheir swmall P\f\is(cq\ size. Fivxo\“\1| a Gahs FET s uc’ma\\«,
cheaper  and easier fo use than a set of suitable diodes.

T\r\e block  downconverter wodule  shown  own giﬂ' b pses o S(V\S\Q ended
GaAs FET mixer in a c}rouv\c\eo\ source conk?)um\mv\. Both  RF and LO
g'\%v\als are aFP\\e& Yo the csu/*e o& an /\/AM gqte \emjlf\:\ FET CFY 19
and the IF sigvxa\ is taken l;rovv\ the drain. Note thal the adual Square
low  wixing process s uckwx\w a vertical process inside the FET stracture
and s therelore not dependent on the FET gate length The latter only
M%‘wev\ces the ou’tpuff \F s\qy\q\ &rectmwc\‘ response.

To  enhonce the ixer Perfrofw\qv\ce the qate network showld  have
a low ivv\?eo\QV\Uz lor the output IF signal and the drain network shoud
have o \ow i\N\?QC)\Q‘(\CQ i;ov e inPw’( RF and LO s{gna\s_ The 30«}% nex-
work is & branching ;;\ier Yo couple both LO awd RF sigaals Yo the
iKer goie.T\ne brav\c\f\iV\3 network  wses  tuwed My open stubs  bo reject

ﬂ/\g, \AV\WO\V\)YQA &;rcoﬁxev\c‘\es : \;\/\e RF S(cy/\,q\ ch\’\l\ '\V\o\u&es o \.0 Si%vxo\l fm?

Q\l\d\ k\:\e \0 S(%ﬂa\ qu\,\ '\v\c\\\c\% a p\F g(cy\o\ trqf). T\f\e, %V’Q?S ore \Omker)k
ok kA_ gmw\ e \omvxo\l\'m% Po'\vx& Yo reduce Pheir ivx&\u.evxul on the desired
gicy\w\ Pu&\r\s, Four >L/4 dokes  are uwed lo re,jeot s‘\osv\cx\s w the IF §re,ek\m!\

Ty vange and provide o low | resonance X;me iwxgeé\‘mce o} twe IF gru\mw.



The  mixer dreain  stub oPem’tes in a 34 4 wede of RF and
LO &(C%\UN\C\CS to enhance the conversion eH(ciev\cxf, For IF {feo\\wencks
it behaves as a chc\cikor and  builds ‘Logeﬂ\er with L, a low pass
filker awd an imFeti\ance mabdhing  nefwork to decrease the mixer
ou&yuk \‘W\Feo\m\ce.

The band width occai)ie& 5\1 a {:re%uevxc\{ modulated TV signal Jfrqvl
vaﬁﬁeo\ t\/\rowg\'\ a SQ&Q\\&Q tranFOV\Aer is uwux\b’ Le\'weem 25 ow\cl
36 Mz, A receiver {fcc@em\f s%ub'\\{hf of {ew MHz s l(\/\ere][are re-
oLuireJ\ and  fwis can sivv\[;\\1 be wet \ox, a gree running vv\fc.roslﬁri? FET
oscillator ot AG.AGHz. An /\/um 3&&@ \ev\gﬂn GaAs FET CFYAY can pro-
vide  both the vec‘\u\'\veo\ s&u\oi\\*\‘ and smH(tiev\\ Oukfux power o {—eeo\
the  mixer s‘(aﬂe.

To wake osallate o GaAs FET ot {rer\k;\evmi@s avound ADGHz aw
external gee&buc\( signal  pafh  has to be Provio\u{ from the drain to
e %o&e . C,ovxsic)\er\v\% e S quowvxet(rs o% a Fuo\(age& Yromsitor his can
be gcui\k{ adneived 5\1 ivxsw\ohvx3 ¥row\ 3rouw\o\ fhe  source leads usin3
two A cokes. The  oscillation gve%\uewo\[ 'S W\q'\v\\\T defermined by the anke
dub  whida opero&es wm e ¥4l wode E\/\ctu&mg the internal reactances
of the Yeansistoe chip and Fm\m%e_T\ae dvain  stubs are reoLuirel to pro-
vide o stable iw\Feo\ovxoe n o wide grccx'uevxo\‘ range and  thus Fm"e“t
oscillations  ak unwanted S}reotwvxcles.

The suﬂ)\ul \:o\*age is geo\ Wroug\f\ @ h/bf choke  awnd s Ln”:qssec\
b~1 o® “Prin&e&“ canck\Or s{mi\ur\\l as w the low -woise qmp\i*ier g{“qaes_

The block  dowwconvercter wodwle  includes  dn |F ouv\P\i{-ier stage
using & BFQ 69 silicon \D;Fo\m WMiCrowove trawsistor . The sufp\j voltage
{OY the wrixer and |F QVV\P\“RQ\* ﬁmjes is {—d through |\F drolkes L, and

I,g_ Agaim \ow volwe resis&ofs are \oe'\ﬂg useo\ ﬁo owo‘\o\ mes(ﬂg fesonan

€es.

6. \F omg‘)\\‘&ier %.25*-/\.6 GHe awd +5VDC Vegw\&*mr
The IF qmp\i"\er includes three  stages e,c\y"‘)ye()\ with  silicon bipolar
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microwave btransistors (see ¥\‘cj. 5.). Since  the gain  of bipolar transidors
decreases mpi&\xf willh ncreasing %re%mwcw in the low microwave region,
the broadband |F amplifice should contain sudable networks to compen-
sate  the galn  rise ak  low gre%uevxciey A simple  solution s Yo conned:
the collectors of the trawsistors 1o inducdtive loads (L+|L5 and \_65
and cou\)\e the Sigv\o‘\ to the &o\\ow‘mg s{acje ﬁ\/\roug\/\ a small chO\cAJ[OT.
w thic woy Fhre ow\P\z\ier will  have « reo\wv\q\o\q ;\0& gatin o} about
25 dB in the band center anad gu“‘mg about 5 dB ot band eo\ges,”»
move 3<1M is ret\:ﬁreé\' S;or instance to {—eeAO\ \Ov\ger cable to twe
indoor  unit 1 and (g can be ve?\ace& \7\1 the belter BFQA O ’t\ﬂ)e
Yransistors increasing the overall gain b\f abouk 5 dB_Ov\ the other
l'mm)«l o&t \QO\SJK Owne S*QSQ can be de\e*eol \'g J[\/LQ, coqx(a\ calole to ﬂ,w,
indoor unit s very  short,

The IF amplifiec  rectives  the FALNDC  supply voltage through the
same coaxial cable from the indoor uwnit | decoupled by the choke Lg
and @ geec)\ﬁ\:\rowj\/\ cq‘mc‘\\w.T\Ae supply Vo&q%e of OV T[o\r the GaAs
FET &‘L‘“?\’QA shges is oblained using @ T8P5 voltage rcgukq\"()f ivtegrated
Geeuil . lts i"‘P‘A and  oubpal are \oqusSeA b\’ /1/AF multilayer  ceramic
ca?uc't‘wrs to Yrevevxk \mwo\ﬁec\ oscillations.

The (F dwplilier {3 ot built on a Prmke& circat  board he
com?menks ace redﬁ\,\i ‘astolled  into o suitable mebtal case. The
1805 voltage regu\a‘tor 1€ is installed koge’(\(\er with e two \o‘”)ms
Crk‘md.\'ofs on a  Swall piece 0\} onetdaed  PCB \ﬂW\iV\O\\'Q}\N\/\iO\I\ also
acks as @ cooling K-(V\ S}or \ve  T805. Note ‘that althoughh the current
droim  of BV s below APPm A itis recomended o uwse an AA requ-
lator n o TO-220 ch\gqae bo avoid the thermal o\riu oi( the BV
supply vollage awd as a  coasequence o drilt of the ApA GH:

osc‘\uo&w\‘

1. COM&(V»&'\OV\ and QSSQW\\O\\! 0‘ sL\/\e A\OWV\conue&Qr
T\r\e \oW-v\o(st RF amp\i}ier and HML \o\ock o\cwwcov\\leY)(Qr mo(}\u\%




are  construcked on fwo double sided  printed  circuib  boards made of
3.6 mm  thik 9lass\[(be\n— fellon  lowinate having am gy =2.6. The cor-
respwc\'\ng wpper side  wasters are shown on {;63.8. The  lower side
should  not be etdned since it acts as a groumi plone ](or the wacrostrir)
transmission  lies. Other ke{kon laminates of the same {hickness can
oo be used: the wost standard €y = 2.65 lominate without any modki-
{(m’nov\s while  other  lower € lovwinates  with jusjt o s\»‘gh’( mFosilc(omivﬁ
ot the &u\v\ivx% stubs.

The  teflon printed cicenit  boards  have Yo be ‘irs\' carclully drilled
as shown ow &icj-‘i g\'V\ce \e&-\w\ s a \’e“f sott mo}vertox\ ‘OV\L‘f ‘.\/\Dr?
(vxew\.> poiv\ﬁ are o be wsed ot low %FeeA. Swall Amm d(c\me/{‘er
holes &cw fhe source bias resistors are not  shown  on {;3,‘3_) in d,mi
cose  these resitors  cam also be soldeced to the walls of the case
L\ous‘xms twe civeuit (g(a-'\@‘) The ADP T b\ﬂmss CQFC\C({'OF in the block
Jownconuerter s nstalled n the center 0{T he g*(‘\\o wsed  as awHaort
%ov the tEV SMFFLTTMQ othee lead s of course 3rcum\ﬁ& through an
Amm  diomeber ole inthe printed cirewi’ board.

The )\/4 Mokes are %wow\é\e& &\r\mu\%\/\ 20or 25 mm®  holes Using
swall  pieces of  thin copper 5‘;0(\ ek to e sowe  widlh as The wivre-
strips Yo be Sroun&e& and anﬂ)eé\ avound  the de edge to pro-
vide  the shorbest  possible %mun&‘w\% Fa‘c\A_T\/\ev\ these  holes  way be
kq‘)?e)\ wsing swall square  pieces of tinned copper Lol (see %37)

The leadless source lgxumss disc curqcito‘rs should  be FressetX
into  The resgeckiuc Brm®  Woles . Both the copper Clao\o\inﬁ around
these cufmc;kors and the copper &o{\ to be added  should be well
biwned Yo ensure gooo\ solder we‘“mg and  thecelore o low ogvounding
(“Auc\i\;i‘t\( ((see %(3 ; @)

The A5pF couP\iv\?s canci’mrs are swall vectongles ot thin teflon
lavainate a5 shown in ‘(34'\[. Due to the small Ehickness of the insulation
these cupqc(’tovs should be imme&icx\e\/\‘ Mecked (—or shorls &Her installation
At Ku -bond %reukuqvxcies the  vivtaad c&?ac'\h\:e wolue of these mpaci‘mvs
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18 karger due Yo resonance QH»QCJ(S.

The remaining components can  now be ins*q“e(i,og course  the GaAs
FETs will be jnstalled last. GaAs FET vvxav\u%lckﬁurers taenero.u" <tote thal
ey Proo\ud Moy be o\o\vmxge& 57 ‘W\?myer \'\an\iv\cﬁ O\urmg installation
due %o electrostalical o\'\sc\nomges Through  the very soall  avea j\kV\Ct\OV\S_
The \r\w\&\i\ng ‘;mce&ures &\f\‘:\/ sugget are however wsually not  very clever
nor suﬁic'\e\nt to ?rotec’& the delicale  microwave semiconductors. Groxmckiv\s
onese\ll's \)03»\1 vv\‘\o_\\/\'t be %o\k&\ 1[or an opero&cw i¥ there is an accidental
fault i fhe eledtrical inskallation of tne laboratory!

T\AQYQJ\-OYQ, | awm going to describe  here  a Simple and So\¥e Proccdmel
bth for the Goa As FETs and for the operator.

2. Work own an ordiv\qn[ wooden table siffing ow o  wooden chair. Wood is aw
'\v\su&u&iv\% material  however it covm\\xc’tivikﬁ i< suH{c‘\evxl( Yo prevert the N&_
up of large eledbrostatic charges.

2. Disconnect  the So\()\erin\‘j iron gmvm maing  when so\cler'w\cj gven n‘% you
are usimcj o se‘xuok\on l(mmfrmme( since electrostatic c\mrges are d'\ve(ﬂ\’
Frofmv\'\ov\m\ to the m?ac‘x‘ties of the c\/\mﬂa«l bodiies.

3. Be‘—ove each SOL&QX'\V\S opem’(iovx Louch  with your ¥\‘V\c3er bothhy  the kip
ol the soldering  iron and  the gqround plane of the printed  civeuit board
Lo ec\u\q\ize e Po‘ten\'\o\\s.

Fo\[owmg these siW\p\e rules | have wet \19X Aestvojeé\ euen @& simg\e
Ga As FET although | hoave soldered  more than %wev\’w Ga As  Lransistors
during the ckew\opemevﬁ of the described  downconverter. T\am, of these
have evew been soldered several times since the oviginal Fro\ok\ﬁes did
nob work  satisfactoril O course any so\der'\vxcj oFerokiOV\ should DV\L\1 be
done  with the DC power switdied GH and the civeuit  disconnected
{row\ dther  civcuits  awd Jor  test ?,(Lm\?v\ner\&, Cledvical eq\\x‘\fvv\ev@( that
FmJ\uces induced charges Like CRT displays  or induced \mUage or current
g?i\LeS dould also  be switdied oH Q\M‘W\cj the installation oJ( GaAs FETs.

Following  the assewloly the low -noise  amplifier printed civeuit board
can be ;w\me&iq\e\\{ installed  in o suitable wetal  box as shown on figdD



The block  downconverter printed  circuit board  should be {»irsk rouua\'\bT
a\i%v\e& \ egpecia\\\l the osaillator §reo\t~ewc\{‘ belore installation in a suitable
mebal  case. lhe walls  of the \/\ousins ave 22wmm wide strips of
thin  bross P\aﬁe‘ the cover is waade %row\ 35 mw  Thick  aluminum
P\&‘(e ond the bottom s the same Prinke& cirouit  board. Fce&t\/\mq%\,\
cmyaci&ovs are soldered into hols wmade i the walls  of the metul case.
The BV6 Aw overvo\tcx%e Pro&ec’c(ov\ zener diodes are installed exkevnall\’_
Each  wodule requires s own zewer diode since vo\kuae s[:i\ms Cdn
olso be induced n the SV S“V?\\j wicing for emvv\pte due to accidental
short  civeuils.

A piece  of absorber ‘ouvvx has Yo be inttalled below the cover
to dampen  the unwanted Pams;\ic resonances  of the housing.

Ku - band gmotxev\cies require SMA  connedors. SMA  connedors  ave
u\swx\\j wsed  Vogethrer with  short  lengths  of 2.6 i D sem§r(c3(cl cable .
To increase the wmednanical strength  of the QQSEW\M\j a N4 brass wnat
is screwed onlo the cable end and then soldered to the case . lhe
internal diomeker of the M4 thread  has Yo be SL[S\/\JEH eﬂ\argeo\ with the
aid ota  swmall round ¥i\e to ¥i\' the oukter joc\Aet o& the Sevvxim‘gio\
cable. \% soitable  SMA  connectors  are available these can also be dimcﬁt{
coldered onke the case.

BNC  coanedors  are suitable for the \F [rreqixencw range between 0.85
ond A6GHz. Fewole BNC cownectors can be o\.ireJH soldered  outo the
mebol  coases as shown  ow ¥19.)\/\‘

The  components o the \F amg\i¥i€r ore installed i a D5 wm
Long | 28 wm wide and 45 mwm high box wmade of thin brag sheet
(see %u‘g./\h and {ig AQ.)

8. A\igv\\mev&, and keﬁmg of the  downconverler
There  are many di“erev@& poss&\a\e aligament procedures d\epevxolma on

the  instrumentation available . Since ot awateurs ov\\ul \ave Little  wicrowave

insteu mentation qvni\c\\o\e! on Q\\‘(BV\VV\QV\& Froceo\\ue fhat  reguires O wivimum
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awmount o} Pro%essiowq\ nsteumente will  be shown | Using s(mrte howe-
Y\I\Q‘iﬁ (‘Y\B&TUVV\QV\\ZS \,ll(_e a \N(Olebﬂv\d\ noise (5€V\GTO\{OV‘ QV\OK ei“(FYV\QV\{ an ﬂVV\(E
beur Okl.v-eo\dw hos  Like o A4236MHz converter and a receiver with o
disconnected AGC gor noise Fgu&fe /godvx measureynents.

The  tharee %*Mje \F amplifier does not  require  awny adjustiment.
Reasonable  yalues of DC currents (MOW\A ASV\/\A\) ﬂowi\/\g {\nrous\/\
the transitors To, Ty and Tg already ensure that  the ampl({ier is
or)eﬂlk]v\g cgrrecl(,\\{.Tke +5VDC ‘“‘H‘“je VQS(L‘LO\XVOT should atso  be checked
before cmnec)ﬁiv\cﬂ the two wodules with GaAs fransistors.

The block  downconverter  moduwle  chould now be  connected . The
Operok‘\ovx of the AP.A GHz FET oscillator should  be checked and the
gv‘en\'\\xewc\\ a\i%v\eéx bo the  deesived value . When T5 s osd\\q‘tim} wrrecft\\',
its  current drvain thoud be ovound ABmA (to be weasured as a  vol-
&age l\rm\\ on the  source bias resiskor)_TO\kc\/\?ﬂg the drain  and %a*e
dubs ot the same time with your g-iV\%er dnould  block  the oscillations
ond  the currevit  drvain  should fall to about Mbw\/\.w similar  yalues
ave wnot  cltained ( Lolerances obl T20% ave (1“0wed> then the volue o} the
V\OW\'\V\O\\\\{ MDQ) L source bias resistor  should be W\oo\i{{e&.)\)otﬁ that o wide
spreqd\ of the transter curve lge = %(Ugs} is wormal for GaAs transistors.

T\l\e grec\\}qvm\‘ 0‘ &\r\e osd\\o&or can be Q&jm‘(&f\ \0\1 t\/\e Tg 306\6
stub \eng*\/\. As elched ow the te*lov\ Priv\)tec\ circutt board  this stub is
s\(fﬁ\r\ﬂ.\( Yoo \csm) and  the oscillation I‘Ye(tv\tv\c\{ is (yev\em\k\1 200 to
400 M, too low. The 3roun&m9 S’(riv should be cqre&m\\x/ removed  and
the ga\g dub  dhortened using & small gi\e Pro&uc'mg o 3mm wide
wk wm the lowmivate. Siace  the %ake of the FET is wet  conmecked du-
ring s opem\ion obsecve  oll the V\cm&\'\v“j Prem\,&{ov\s as when solde-
ring  the GaAs FETs. The gate stub  should be shortened by abouk A to
ASmm 1o obtain ADAGH. Fine grewev\w corrections  tan be wmade L\‘
a swall wpmi*i\/e k\AV\RV\SS stub ~ a small piece of thin copper SfoiL
wldered aboul in the ceater of the qake stub.

Un(‘or)§uﬂm\e\\’ s wob easy Yo weasure the ‘fe%u\eV\C\f of the local



oscillafor  with  awatewr  instruments. The  ideal  solubion is a Specfmw\
Qvux\.\{zer or o sensitive waicrowoave ¥reoLuEV\C\1 counter conneced to the inFut
0"( e Mod\u\e.\gy the sigm\ s not gg&H;dev\’( , then the L0 lmxp Yeso -
nator has to be ’tevv\?orqri\\, detuned | but this will also shift the oscilla-
tor %Yec&)\e“u‘ L\r about iS%th.A\kervxo\’(Ne\\‘ a sc\r\oj(\\p‘—guvw\ w\o&u&el
well  known Krrom the eqr\\f amateur  Wwicrowave uc{iv&\’ , can be used
to downconvert the FET oscillator sigv\o& to the VHF [low UMF range
where & can  be monitored easiL\(.E\Nv\ the gﬂ\mous Lecher wives
although  spaced \0\1 A | are shill very accuroke ot ApGHe | but «
cheap  and sensitive  detector s wot reouki\u( available . Nosorp’(iovx resonalors
are  also  accurake , but h\!\ej need o sewsitive detecdor too.

Ack\ux\\j s mH;g'\w’t to Lviv\3 the oscillater %reo\i«qnc\’ Yo withiv
T5p Mie | Line u&\}usl»mev\\s can be done later. The block downconverter prin
jﬁecl in‘c,u(* COn VoW ke iV\SkuUeA\ TN %u(h\o\e case oS S\aoww on {33,4(25_
The vo\ﬁxge ow the source of Ty (mixer l(\’O.Y\gis\or\ should  wow be checked
on the wixer ftest V°Mk‘ With  the LO deive signal QFP\iQO\ the current
tarough Ty thould be within T and A m A to obtain the best wmixer wnoise
¥(3u\re_ Diso&lma the oscillator a5 described earlier the Ty source yoltage
should gu\\ \ox1 obowt 5@OmV. The source uoﬁuge increase  in an ackive
FET wixer when QPP“{“‘{) the LO drive signol has precisely the same
meaning 03 the rectilied curvent of disde wixers: it does provide an
insight  jwto twe nowlinear wmixer g?em}(icm and an  estivnate  of the wixer
eHic'\ev\cxf.

The  wixer and the low- noise awplifier dhould  now be aligned for
the wakimum  available gain i the  desired {reawnu' bond  between A5
and AATGM, . A sivv\y\e noise 3eneru’tor can be used as the signal
source. Awn tnversely polarized B-€ junction of a BFQAGY transistor s o
giw\?\e and eH{dev\)& noise  source i ok A2GH: it can suﬁykx, over 3048
ENR with o zever currevt of about SwA. Siace wmany suitable designs
weye al\rmc\j ?b\\o\‘\s\f\tc‘k in this and  other wmagazives the consteuction o¥

o woise  sowrce will nob  be discussed  here.
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l{ @ hoise csemm’tor is \oeivxci wsed as the sigual  source then o
cemsitive  Ceceiver s rec&uirec)\ fo detedt the sigwu\ ot the \F oufipuft o¥
Yhe block  downconverter module. A suitable IF valee is A296MHz cince
it &q“s almost  in twe ceuter of the IF pnssb(xvui (.85 to 4,6 GHz and con-
verters are req&ib\{ available f(or This {reluev\cv‘—[he 4296 MHz converter
dhould  be comneded to a (Possilol\{ wio\ebov\d) receiver e,q\wi}apeol with a
(inear detector and the AG(C o\fs(OV\V\QC{Q&_ A noise {(3ure meamrememf
set receiver s ideal Iror this Pwpose_0¥ course | the veceiver should be
@(meea\ with o manual  gain control (attenuator) to ddju\sjt the S(g»/xq,\
Leve\ to o\yko\iv\ o smtqbke OU-’((M{’ Mol.‘m&\‘ov\ own t\/\e S-me/JCer.

W o W\J\e‘ow\& noise gewerqstor is use0\ as 9(9\/\0\[ 3enerajror,
care  should be takew not to tune the low- noise QMF\({%er and the block down
converter Yo the image %re%uevmf.A %oo\ ?rooj( solukion is to bui\dx two horn
Iree&s ( see *ig.z., the cormgu&eé\ Havubes ace ot \19X necessqr\(\).OV\e horn i
connecked Yo the iV\Yu’( of the low-noise ump\{gier or  block  downconverter to
be u\isv\e& ond  the other is conneeled o the ou*fu& o the woise ge\r\erq*or.
T\/\e Lowsest tuio“ [‘re«\\u&v\q oXr the wuvegui(X& (W\OAQ T€44> ts Qrouv\i S-F]EGHL
%or the given internol  diawmeler o¥ the \/\oer\r\iS is o{ course below
the wanted &reowwui range AB9S + A4 GHz  but above the iwage &req\mency
mﬂge 8.5‘T 3.?-5 GHz,T\Aercgme k\:\e \r\or\/\ %eed 1§ a S'\W\F\e qvxo\ \/er\1 QH—i—
denl  image re\'xec\mv\ &(\&er

T\r\e no\se 3enero§or signa\ \eveL Lon e&si\\' \oe. uo\jus\e& b\{ ‘U\e CX(S\'QV\ce
between the two ‘orw uper’mres_T\/\e Low - voise preamplifier can be tuned to
the adual  lorn l}ee& ivw?e&ovxc,e since,  the  overall swskew\ noise, ;(3\“’9, is bhe

Ov\\.\i im?or’tuvﬁ Purqmeﬁw_

As fiest the adjustment o the block downconverter  module alone
should  be cow\?\e‘ué\,w switable  instramentotion is available the LD signal
JLmP dhould be tuned %or wininaum L0 \eqkmac at the iv\?w’t connedtor.
Otherwise it swould wot be  touched since ik is already efdied very dose Yo
the rQC\:{wc&\ Aiensions . Thew  the  woise \aevxeru\‘or signal  should be {»cck 1o
fhe iv\?w\ os described  above awd the Posihw of fhe Jm\/\‘.v\c& stub  should be
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gm}.\m{.T\l\e J&univxg st is @ swall  piece of copper ¥oi\, about 2x3mam”
to be woved along and acvoss the 5@ & wicrosteip wsing o thin  vod
of insulating waterial and @im\\\f soldered  n the Posihcm thot gives the
MOX vy Conversion %Qm,T\/\(s o?eraho\n way both shilt the oscillator
{reutwvxc\, \0\1 a X;ew Yen MHz ownd i\g\r\ﬂ\’ increase  the wltage af fhe

mixer Yest Po‘m’t. However bothh  Yhese xe,“-eds hove almost  wo (V\Etuev\ce
on  the performance of the converter.

Now the Low- voise uvv\?\;¥(er cow be inserted  between the horn %w*
and  the block  downcomverber  wodule. The source bias resistors should be
adjusted o obtain o drain current of aboul A5 mA. Without any lﬁmi\/\%
o gain  of AL%to 44 dB cam be expeced from the S parammeters of the
fransistors. As first the {w\ers\a%e matdh  should  be oﬁimized {or naximum
30\'\V\.T\r\evx the Ou.\ipu&, makch  should also  be oF’tiw\iLecl IYor YMaX i AU 9O,
F\‘v\u\k\f the Fos{\ion and lewgt\r\ ot the inw& hmivx% stubs \:or the  maxivnum
gain  should be found. The i\q?u& ’mmmj stubs  ave however wob \16\7 soldered
in this ?osiﬁ"ow , Since  we aokwu\\\j want  the thwmvv\ noise atch | This
can simP\\r be obtained \eowmg the &uv\iv\cs stubs  {n the same Posih’ov\
and  shortening them to geb Ato 248 less 30\\&\.}\&““«&\1@\\1 the ehﬁufc 0{
o *U‘V\W\% stub  can be decreased Lx’ bev\A‘mxj up the open end o} the

copper io\\.
The QFY/\X transistors  are selected ‘0\1 the v\,\avxu}ack\uer QCCO‘"&M% Yo

the woise gcgurc indicated ‘bv two numbers. The CFY 483-23 selection is
szeciﬁieo\ Jto have o Q.?) d& noise [[((30\\'& at 426“\2- C—Onsio\erimj H/\e con-
tribakion of the jtouowiij stages o 3dB woise ¥€3ure is the thesretical
minimum Various  losses  belween  the horn geeé and  the {m‘\ transistor
will increace the woise ¥(3mrc Yo oabout 4d® in the band cewter and o
](ew decibels wore of band e&gt&.T\ne above estimnate was X»ouv\d\ in omd
&T‘eemevxjﬂ with Pmc,b'ca\ carrier to woie vakio measurements on sakellite
signals cov\si&eriv\tj the  satellite EIRP, the Lree space  insertion loss avnd the

YQ,LQ'WW\S antenna 30~‘\V\ .

A iuvw,& \ow noise C&vvx‘)\([rigr \(\ns some Sek‘{&\‘\/i’tj.—\‘\l\is 1S mse,&-u\\ &0
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prevent  the woise  [igure degradation due to awplifier noise in the image
%req’\\xenc% range , since the wixer ivxPud' network (s et very seLecﬂve.On
the other hand | sometimes it may be necessary to oP‘tivv\ize the O\lfan\
ment  loker {0 cover thae whole AQ.95 * AATGHz band better.

Ol course the quegm&e horn free& Provi&es o very high  {wage
rejestion  (F the wavegwide s wot teo thort . Albhough  the lengtlh of the

wcwegu\‘\(\e Worn  is nob  critical | O to 80 wmm s a Fro\otico& value.

g. Modifications g\-or obher {requ\evmq‘ ranges and other semiconductor _components

A\k\'\ov\%\/\ the described  low-noise  downconyerter was ()\es(gme& {or the
AP.95 to ALTGH:  segment ik com  be toned gor almost any K- bond sa-
tellite  downlink seo‘)vv\evx&,T\/\e \F %recx\uqvm\’ band  can \,\m\&\\, be O\I\QV\geOl,
the duoice P85 to Ab GHe VeFre':,ev\Jtiij e best (om?rowﬁse com(&erincj o~

vailable  sewiconduclors lrcnsom\o\\1 Pr(ce& cables | connectors and stund drdized
indoor  units. The oscillator %req‘\u&ncu‘ hos Yo be buned to the rcoLv\ire& valixe,
{irs‘\ Uo\, c\o\jus\ivxﬂ the gote shub \evxg\\,\\T\Ae drain  stubs should wnot be
shortened ‘ox, more Than Awm  each  otherwise theve s o\omger of pqmsih'c
oscquJnov\s n t\/\e XJCO SGHL rqvxge.T\r\en H/\e LO SiSV\Q( tTQF S\/\oulol Lve
adjusted | the RF signal  trap and &imu\, , aftee Posiﬂo»f\\'vxj the ‘mv\;v\S
stub, also the shovt meeV\sql(mvx dub  shouwld be corredted. The low-noise
ow\r\((:ier can be Q&J‘usj(cé i the same way as exrlm‘mco\ ear lier | how-
ever the Pos({(om of the Jto‘v\iv\(j stubs  will be cLuﬁe d(Herey\J( ][mw\ those
indicated on ¥19_ 3.

As o f)roxc,l&(cu\ exFeriW\ev\\ | hove towned a f’mw‘\} pe gor the 125 to
A2.715 GH. ][rentxevxc\f band  to receive the two {revxc\/\ Telecowm AA and 4B
satellites. Beside s\(g\nﬂ\‘ lower gain due Yo the \/\icj\,\gr ¥Ye°ﬁ*€“°\f olr
overoft(cm no 0&\/\er pro\o\ew\s wevre V\olteo\.og counyse *\\z\e \'\orv\ %eeo\ 'I\(XA\
o be redimensioned :aAb mwva ivner diameter fube was used | the Fro\oe
lewgth  was reduced to A7 wmm  while the Spacing {V‘OVV\ the shorted
\chvegmi&e evd  fewained AQVV\VV\( see {;I%Q)

A N ber o¥ VV\QV\\L\»C\C\t\A(\QTS o\ckuu\&\( “"W\A’ saitable GaAs FETS,



both @-5/‘“’“ 90&6 LEV\\()H’\ and ’1/uvm 9%JC€ (et’lgjf'/\ f\,Fes with  similar S'
—quqmg’rerg as the CFY A8 and CFY AR ’Uzpes. Alﬂnoujh these were net
\/eK prmck(calle krie&,no vv\q)‘m Frobtewxs should be exfeded exceFJ{ {:or the
obvious reFoSf*(OV\MS og {\Ae tuw‘mg skubs. O{ COUrse H«e FETS gl,\wtol
be Po.dmge:l i suitable microwave packages. Ceramic Paokages still oHer
a better performance te price ratio thon P(&s{(c packages | which are alo
more  sensitive to improper handling and  high temperatures encountered

du,riv\g the SOLo\erivuj o‘)emﬁons_

AQ. Condusion

- band  downconverters %or small  television receive—onw cakellite eortin
gtahows ave m\req&\ﬂ o s\o\mlowd\ pro&ud own k\ne Fro&ssiono\\ eot«i?VV\CV\t marluk
These  downconverters  uwsually  wse the some IF band. | genet“a“\’ between
906 awd ATQP M. (% Agphi.) The (v\Pu& connedtor at  Kiu-band Qreqkuemes
s o w&vegu'u\e Q\m\gg ow\O\ a Sui‘m\o\e \f\om &eed\ s usu\cx\\v SLLP?“QO\ So,pamjﬁd‘.
To (}\ecreo\se t\z\.e eH&c\ os‘- the %eeo\ m(smo\*c\r\ on the woise P%U\Ye 0% H/\Q
low woise preqw\f\i&ier, a low loss civculatoe with one port  terminated with
o watched  lood (isolator) g usua\\\’ inserted  between the wavegm‘@\t to
vv\\‘cxos\r‘\? transition  and the girsl( gm\o\ﬂ(er shxgt. A circulater (s a O\iﬂi_
cult 1o %et and  an QXFQV\XNQ itewmr bk {or‘mv\cﬁe\ in  amokeur conditions
each converter Caw  be '\V\&'\vic)ma\\\j q\(cy\gc)\ ond o swall decsmrkuﬂovx o¥ its
Per&crvvxavmes will ovx\\1 be woticed of bond eo\aexs_

Pmsress‘mv\q\ K- band  downconverters alo use  oscillators stabilized
with  dicledhrical  resonakors. These are some orders of waagnitude wore stable
fon  the free running oscillador  shown in tais orlicle. Sudn @ higla s’(q\oilik\[
is ve‘\y‘iver)\ m coble television lheadewd stations  where o number o} receivers
must  operake unotkended  reliably for wonths . An amaleur  veceiver (gusu\bt
howd Tuned amd any  downcomverter &ri“ can ‘\VV\YV\%A\O\S(Q\\‘ be corrected . ln the
chkico\\ use it was ditficult  to wobice this \'v\sio\\o'\\i’c\f since it Lallows the
ambieul dn\{/vx\‘xa\r\’( l(ew\pera\me c\{c\e while  the  veceiver was uwml\x’

tumned %row\ one dnavnel to another wiudh wiore gveimevxﬂxi.‘\—\/\e receiver was



- 2¢-

nob ecwiﬂ)e& with an AFC circu(H

)\\\ {\/\e \(\r\oowxa\ d\owwcoﬂverhrs \r\uve a ¥ixe()\ ‘mv\eJ\ local osv;\\—
lator  owmd  conyert ok the same bime the whole Ku- bawd segment
down Yo the m\o@(ive\u\ wide \F {:re%\»\ev\cx' band . A tunable o\owm,ovwe[
fer would be a beler technical solution gov‘ Siwg\e cdhaunel reception,
however ik seewms that  suitable COMPOV\QV\)(S to build Vu-band VCOs
are wot recxo\i\ul available.

P\\k\/\ou\cﬂ\,\ the ankenna gain and  the downconverter wnoise Qt%ure
are considered the most important parameters of o satellite  receiving
stabion | the performance of the IF circuits  ond in particulor the wideband
FM dewmodulotor s er\:&&\\\j impor\cm\. A noeurs uswx\\\i ow\\f hove  swakl
aukennas, Regardless of the size of the avoilable ambenna  there will always
be some S(oy\cl\s at the worgin of the s7skem 5ev\s(\‘\\n’¥\r Since the satellite
wideband FM vides Signo\\ containg @ Lot 0& fed\\mlluvxcw it is Possi\o\e to
extend  the *ves\/\oh{ o} o FM demodulator even \oexlom‘l the theoretical
anuQS.T\nerekre a S\Ai\m\o\e \F kumer /cke\rv\ov)\u\o\*or. u.stkok\ﬂ re,[(erre,c}\ as
the  indoor \.LV\"\XQ, will aleo  be described m a X—u&we article | im\u&imﬁ o
treshold  extension dewmodulobor &&q‘ata\o\e to d(%uev\{ S(%V\O\\ to voise m‘((ns,
o tunabe audio \F o veceive wost of the standards woed  anmd of curse
o wodulator Lo feed the signal &\vecﬂ\’ fo twe anteana connedior of o PAL
or SECAM TV get.
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solder

Soldtr

GG-AS FET source Lias rgsisfor

glGSS{ibenuWn laminate

SmmPdisk cap. S Emm® disk cap.
At . T ‘m &;".) PERSNT < m ——— s 1

OAmm thick copper fo'\\

lhs‘(ql\ahovy ox J(\mamp\(gier /M‘\xer 6a As FETS( T,\ ,Tz omd T4)

source biat Zmem wide solder solder Tmmwide glassfiber-toflon
OAmmthick laminate
copper stvip solder

NN

resistor solder ,?54‘,';‘ ) H;t'yc.t;, ’ GaAs FET

T =TI
a0 TSNS TSS ST

Emmddick cap-

Sram@ disk cap.

l 3[2&5‘&«-‘(4(% lamingte

OAmmthick copper f(o}\ solder sdddey QA mam tcele copger {d\

lnstallaion of the oscillalor  Ga As FET (l)

Fig. 6 - Installation of the GaAs FETs  and corres-
Ponding source E\quss Cuch&ors.



base or callector lcad §.5mm@ hole drilled inthe lawivade
sddex

transistor

cj\ass{-iberte*\m\ lawinate emitter lead \‘l
sdder

Inctallabion o} the AT IF amp Transistor (T5).

Sd&e_f
shorted, stub copper strip 2:9Smm hole glass‘-:ber—teﬂpn {aminate

solder

OAmmihnick copper {»oi\

C‘Jrouné{m% $\I\0Yl\e,c\. Sl( \k\osA

anu(,Z\'nt=Zi3.5MM rectangle of
Immmwide copper skeip / 0AEmmbhick qlossitoer teflon lammate

olde
Q*.L»\Q& soﬁ-\w\'\(mstr\? ® \ \ etded SOR wicroskt ;P

3lnss‘>'|ber- {d{\nv\ Laminakte

[w stallation 0‘, the A.Bf\: C°‘*P\‘“‘f; Qq?o\c’\kors_

F’lg. 1 - ‘\r\g’cq\\qﬁov\ de‘(q\\s 0% other tem\)o\ne&,



Ficj. 8 - PCB mqs\ers, upper side. lower side wot e’tc\r\ec)\,
0.6 thick %lu$s¥iber~ke{ton | ¢r=26.

out M.56Hz

() |
o
o)

! ~
¢

;

A

05

\

o

N
‘ Y
fun
——][j"
v
\\n

in M5GHZ INAA.56H,

Fig. 9. - PCB dﬁ\\ivxg F\om_ Nambers indicate  hole

diomelers i M.



cover= 05mm thick Al ’o(dc

. ,".""f’““. p——— T walls> 0:3mmthick
é" s o /bmss plate
/ - : SO(.J.er

male SMA connecor

'5.(mnm¢$€mi rig&o\.

l

M4 brass nut

Fig. 40 - lnstallakion  of  the printed  circutt boards

+42vDC
Supply to IC,

| F output +1298C
BNC female

20

55 !

Fig. 14 = Construction  of The 085+ 466H: IFamplitier



4 ‘/¢Jwrn oF

PEmmP Cu wire

[

.44

L,

Tadrain stab AnFeap to T base

S

Note that L is soldered abouk 5wmn, (L/.L ok A146H2) %fovv\ the open
end of the wixer drain stub.

L, L, and Ly

Cul wire

|_1|[_3 and L,, are |F >\/4 chokes . Total wire \evuaﬂ/\ = 60w .
The exad number of turns (about AB) s wnet \'V\APQY&QV\&A

L A0

Le,Ls and L are stvaight lines soldered between the trawsis-
tor collector terminals awd the feedthrough capacitors.

Fig. /\Q. ‘Comﬁmdiow d&o[\\s o% \_« {0 L»(_



Fiq_ A ‘TL\E IO cm diameter Ais\\ Po’\vﬁed Yo
lntelsat V A ot 27.5°W.

Fig. 9. -The “owldoor ouwit The Ps\m'\zuk\‘\ow o[‘ the
%Qe& is adjus\e& to receive “CNN“,



Fig. 3. — Delail ol the Xgee& ; F\'QQW\P\J[\QT and

?‘rs* drwm covverkey.

Fig. & - \V\Sié\e 0\' J\\I\Q dowvx(ovwer\tr (QV\GJ(\/\QY’
Proj(o\\wq\



