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Per anot her enbodi nent, the present invention provides
a nethod conprising obtaining a frequency synthesi zer
wha0sM577pF edet er mi ned operating characteri sti cCBCIIg2007/081784
within a predeterm ned tenperature range; obtaining a
heater nodule with a heater el enent operative to
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signal to a transmt frequency; a receive frequency
downconverter for downcon verting an incom ng signha
frbﬁpa ires e ivvebfindipgenc ylutioitiag bower (Fré gudnioyyn ameieiition space
o 5eqzuency@yrgme@zer nmodul e coupled to the transmt
16 upconverter and to the receive frequency
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t he'S8fcPoshiram b’ ‘a“‘rf ‘ ﬁ%r* LIRS "gﬁ - ‘rrtﬁ_f‘at’r‘n@“k ation
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synt hesi zer to adaptively adjust tenperature of the
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(QAM signal's. BRIEF DESCRI PTI ON OF THE DRAW NGS
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space in accordance with the prior art. Flgure 2 |s a
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acceffdanégtw}‘h‘*‘”‘ﬁf“ “&&r‘%néﬁ“‘vyb 4 he“pra “"f‘%‘* tef fodti of
FioubdV @b @fanckigline Sbbdmantlf agkrdbagnam; d>,d,. | ustrating
details of the frequency synthesizer nodul e of Figure
2, in accordance with an embodi ment of the present
| et Q0; oL QU A 18udnb) askidiragtamdid LUt FALLPOf Figure 2,

detalls of the frequency synt hesi zer nodul e of -
in aceordance with an embodiment ot the present nve 1t

e By

Figure & iy a graphival diagram ilhastrating wotal power dissipation of the heater module of

Figure & relative to tomperature and varfous input vollages (Vi) in accordance with an

embodiment of the prosent invention,

iy 3 graphical diagram filhustrating total poswer dissipation of the hester module of

i‘l‘x?

Figure S relative to tomperatore and an input voltage (Vi) in accordance with an embodiment of

[ I T T LR Ta Ty
RS TSl sinvaniien.



Figure 1, in accordance with an enbodi nent of the
present invention. Figure 5is a circuit diagram
WO 00857738 i ng details of an exanpl e heater nodedBUS$007/081784
Figure 2, in accordance with an enbodi nent of the
present invention. Fi gure 6 is a graphical diagram
illustrating total n,.of the heater
nodul e of Figure 5 r fi *ﬁﬁjépﬁﬁg Efature and vari ous
i nput voltages (Vin), in accordance with an enbodi nent
of the pr esent invention. Figure 7 is a ra hi cal
di gt Ay 1’FGST~F‘5¥?WQ Progtad “‘p@\ﬁé? ag iesiop At ishinghe trhie make and
sae REBLEL ] qu €0, 0% bl QUEE opiekBleald MR Py ‘Ipqmt’ m%{%\ B0 s,
an mp{\t vol tage (Min), in accordance W t ( )
Yaripyrooell iepitosof thehye ’Bﬁ@&éht&i’q rvehit ixoiﬁv@EMMi_SDw art, and the generie
prive D% PT! CNHTQ}%\, f%\QU@ 1\{,‘1 ﬂ‘gmgs‘%%@i EKR&J aﬁ%ﬁmh%ﬁeﬂ% el degz“t ons without
ena e any person's
n.mtw:he; ismw*msa‘inn\zma’n@msstpnwmdzsd iimx Athepreant aexﬁs@aofh ama ttended to
s,ﬂ%flfﬁ% %{Bﬁigio'qk%hm il gﬁ iff”e ﬁtuszsgd:‘égb wn?giltsgr s TJN% S the
prinSichd, Fadintsmat hecldngs diahded ike:igeneri ¢ princi pl es defined
herein may be applied to these and ot her enbodi ments
and applications w thout departing fromthe spirit and
SCop&+afis § hRcl B¥Eak i BRraTRUSHiIrd INE riieSeRt: 10DVI8REIRRLSwith an
not |ntended to be linited to the enbodi rr_ents shovvn
etibplifepgl P8 tHetH s ded tRet ‘Wbdfe@?“\éb‘é‘ﬁ?e“é‘bﬁs AP ERELW PR
coughdd®n RE DD Ploegy nudheal, %@t% a@&gsﬁfﬁ%@&!kﬂgﬁugl $66 OBRANI S 1415 inchdes
‘herein. Fi ure 2 is a block dia ramlllustratlng a
s QA meidalely £ & n‘é“»‘s»ywem}:»‘f@@tmﬂaﬁa owddricbe Woshitd. The QAM
qb?g!€$2¥\gmuf ?‘f‘g%‘“\i?‘aggg‘“gqup qggdz h%eram@iSSm transaiit the
\w“l\ﬁ@;a;g\ \n it e n}f@owm edictiiglia 0f plan swiud t‘rfe@ewa aRteRndls

S:Rgludes. d o115
it atge SovdRy o G SR LR AR g
FreoQAM wodpl: aat*ort lﬂjﬁm ;s ;malmluepﬁuﬁ s s c‘f\l’&.&ﬁ{tﬂﬁlﬂ\@ynw QAM signal frons the
mul ti.pl exer | ] coupled to tr e
onhid ofie G5yt bl Bl R ol PG Fibp g B senats o
and i@émﬁ@aé,il\m‘l,ud&s a QAM denodul ator 125. whi ch denodul at es
i ncom ng QAM signal. The QAM denodul ator 125 is
coupled to the frequency nultiplexer 120, which in

t urg: dus1iqey pm% OEEREQIME T NS NN ;n@x QLB GNAL frequency
fromthe cbU 11 Th frequency multipl exer 120

saitfiRet 1<0ns oty éﬁé’ﬁﬁ* oo BEBipdraghee Q‘WI g ‘ljﬁh] Y of g 10U
105 QL e M 1] B outgoing (JAM signal and the incoming QAM signal. The

frequency noultipleyer 130 s coupled to 8 transmnit frequency upropverter 133, which nres g

requency synthesizer modale 178 0 upeonvert the transmit frequency of the oulgeing (2AM

signal from s o al oy intermediate transmuit frequency {e.g. about 2 Gy to tw transait

frequency {e.g., sbout 638 G The travsmit frequency upconverter 135 s coupled 0 8 power

4

anspiifier 140, which o turn s coupled o a diplexer 145, which in furn 18 coupled to the
transmitireceive antenna 1500 Although the ODRU 110 is shown o molude ondy ove tranamit
Pequency upoonverter 135, one skilled o the art will recognize that any pumber of fransmit

frequeney upooyveriers can b used.



The ODU 110 includes a frequency nultipl exer 130,
which is coupled to the frequency multipl exer 120 of
W@ b@sEXI33105 and cooperates with the frequencyPCT/US2007/081784
mul ti pl exer 120 of the IDU 105 to comuni cate
ther ebetvveen the out goi ng QAM si gnal and the i ncom ng
Lgnal.. e freguenc qultlit:) O i.s coupl ed
to’ *a" ‘t‘ nsi"ht ‘f*F BGERGY CHFEsh P EY “\i\‘th cHF §é§"‘a‘*‘“
‘““«-{‘f 3r3ﬁqyenc\y‘ ‘“éyﬂtth@&kgiﬂ[\amﬁ“l ﬁk.lkksﬂﬁg & <Uﬂﬁﬁﬂve{4:\th§f ij £ & FENOWE
transmt frequency of the out goi ng M si gnal from its
o1 r‘gt“h‘ai*"“ RHENEEr redh dice NedBHEHEY SPrsgtenesiuliel 7§ 1o dowaconvent
the ¢ @« Ql& @il )e £ Ot Y @nsitnd LeAUSNOY M Behi @boelétr«tdsdn
GHz). he’ transmt frequency upconverter 35
meeuweamt 6-ta Apoke TPl e icerva Gopephide v et néw & wwm 08
secrGOHRLIEDHL0. A IRk eXer  148s WALGR MoLuT D500 .
B L A R e R L
the ihstnsiioywrctovd im:ztaude \ogwﬁa@heut Fansttrn st’t»afmequ@r}éywm o & second
by {?5;"" ane S}Qﬁiltl fq i Iipe “uta sv‘wms J“?C‘o pi ze
y ROTBET 5 F S SR r'equenc’y upé“onver“ters can
dowhenused The « QP dkd G fﬂﬂiatﬁhﬁf niufiplateelsoa %Iizsawmol@et BCY conversion
b 0 np[ | fier 155 which is ‘ﬁ led to recei ve\t
¢ UFIEEH G AR S PG ACT ARRR B B R EFS RO 1O0 e
¢inf 08 8haanPLidigtd ADS« kEncouphed @A EeeedNe T BGURNEY in the o
domnconverter 160. which, uses t he freguency
1 EYREWES T ATE UGS 0T SY R S HE AR nvefftﬁﬂtthei* Léi’:él Rpgther, although
st £ BAURRGY 11bQ:cley ¢ ARRMLveR23B 5 GHRY iRl l8oiliRE: @ﬁnt\ngm > @WMhenoy
S|gnal to an |nter nmedi ate recei ve frequency é _
syntighiggradeiHz Y, srpsiledpabyen f‘ribﬁuewy ﬁd‘émebn‘v riveherggbongh e
ontl $1LQu “e;d,, Q18 SECRD er LGRLVE b RayencY: (tgmsqu Qlitied in
165, ich uses a |ocal osti I‘LI at or to downcorvert
the arthellirpnternedivane tpebeivy ectireupaoy J(;en.:‘g@ gveaoutn it @:Ez)
of the incomng QAM signal to a second internedi ate
recei ve frequency (e.g., about 126 MHz). The second
I egeiny ey ;fnr,émuzen@y ~"*d@mc\aﬂuﬁe»tief mbBEe i1 85 Goupligded @ stshdie
eropelsE SN T S B X 3205 AETIOUN, L BHEREY hengoscihos
B *éts*fﬁ'”et"si‘ oi Hﬁ}i‘ PRSI “FFeqUeNey U pEBRVErT B nggsis
redudigink het ceerivianl neguaney ddawaceny entirkixdothREke et Ngabic
descri bed as control | ed by th same freguency
\,mpéylllﬁ:%he\s‘] t%\e?c \rh‘jid Lé??ﬁ_i]g\«! Bﬁl‘et. S I’ii}rﬂe{aﬂiinh tlt»iﬁéi fafituiwqi‘ 8. avoids
he REGQENLZErERA b EeRARALE IR UNEREHSY BE RESLZLHS 7R BYnponents fe.g.,
alter atlvely be used. Further, although t he secondI
costly gebf Ve i edne At L BRe CRVEREIsc BT §07 e g pasgides bette
GG QMO 8o DN kG Fef eﬁé@t&@%ﬁ%@h&ﬁ "s‘%ﬁﬁssn@'d!uk m&lzz%m s 10 mest
one skilled'in the art will recogni ze that it can
wirelgy g oﬁww‘h@rﬁ regilitehetighengbles ODUSRKY Heguashotistiesizer 173
ook Qg&%‘@ ffcgluﬁ L eﬁ&t@ﬂFXhtdxﬁ‘{‘{ﬂfw(‘\‘@[xﬁ&ﬁ% 084 Uﬂ\ may
one sk| iIn the art Tecogni ze fhat  a
redumuhdyen! oft f@@c.enyteas.iztfmegcayt«sdpm.mmx/ gzrutx;ar £ nx:faaﬂgtabe:y wqit«msi:ﬂsz‘

mod SR ¢ w way assure that #S temperature is always maintained above 89 1o avoid cold

3¢0)

G

3

temperature lovels where phase hits are most Bikely. The frequency synthiesizer module 173 5
desuribed i groater dotai] below with reterence to Figure 3.

Figure 3 is a blook diagram Hustrating details of the frequency synthesizer madule

accordance with an ombodiment of the present invention.  The freguencey syathesizer module 17

includes & frequeney synthesizer 203 and 8 header module 210, The frequency synthesizer 203

8



In one enbodi nent, the frequency synthesizer nodul e
175 is maintained at a stable tenperature to avoid
W@ 20vpesasure fluctuati ons caused by anbi ent teP@EDS2007/681784
changes, thus reducing the risk of phase hits.
Mai nt ai ni ng the frequency synthesizer nodule 175 at a
stabl e tenperat ur av0|d the caosts in [
e ‘P%béét‘éd “F HEr i f est §tﬁl’u‘rﬂ”ﬁﬁ O ‘g’bj E:r fﬂb ”}/‘%ﬁ/m"d%““ o2
foplih@r MECRSSh by bOmdNG @@55&{%@*@1\% & 8fcllarcs eh@ Ol 0N BEeraton of
assenbly of synt hesi zer 175 conponents (e.g., costly
the éﬁd&HPFWT*“VF“%%LfWﬁﬂkﬁha1%Wyﬁw@EBfﬁ?eﬁ%¥@ﬁé@ 15-230 seed not be
he &3&4 b atQrgy LROP: Fidb8lSal BhBadensRERN (HES, BRLLEY 115230 are
ef|n|t|on and nore opportunities for suppllers of _
i*f»r é‘é}u‘éh@y synthesidzes mﬁs tppRpsment 8 covaeare i gloagign of the

froqh@Q Oy SUSE ‘?m‘;gqm!@é? W EORAL Sy %‘Q@:mn aﬁ\gt‘k QQ‘“QHC\ &
?requency synt hesi zer conponents ?ron1d fferent
*4uvgmdaw&¢weMQﬁrﬁ&pxhenwfthatm@eqh@hcyhsvmthﬂsmzenzrmtmwml
L] 173, myreduce thermal testing. a4 cos
A aﬁ.sahu?vg, rlr gg&ii;(a n(}) LI S/Ui’i‘ﬂ, Wya fs.,O 1{?‘ 3 .-UR& L 1 ?r.,éu \u\‘e‘il}f*"! gres the ngﬁks

of usy\nt»hesl war thavdul 830148 zimz;y;aasrs ﬂﬁ,@x it*krats« mﬁ tr@md&rsa‘ttm
n§|ntalned above 0C.to avoid cald
““‘t“eﬁpé? a%/uré“ PEIRET RS S PIRASE R B i f~° {55 K&F Jrop filer
125 ThenkLegue BeY: s&at&&a& 2B 1Rl AdBubBy HESCHIRe MR vipw
reater detall below with reference to Figure 3.
sigegg e’ '3 F ¥ a bl ock diagramillustrating details of
t he frequency synthesizer nodule 175. in accordance
with an enbodi nent of the present invention. The
f r Eusniey eyt REbpy éﬁi“wﬁﬁuk dtagg Brupggd M udels Favfirfeparicybeater
cirn YL gl z81., 205,.and ol ¢al 8hyGULE i.zleQi.I Tj‘f@ \kf“fcgqg@ﬁ%(x heats
synthe3|zer 5051 ncl ud s a reference OSCI ["at or
he fpgupkeditiosacpias ébt orler rodpe ERLERy R2Omilncly ammpped by insulating
. Lﬁd to.a. loo 1 2 ur.n
“h*gf?bge“tﬁnt“$ﬁ1eﬂiﬁéé%{ﬂ % Qgqudcﬁa ‘fh “Qlegﬁir
embofimtiethf hsaqmanmy Lgyﬂt?m3t‘ﬂe mam%ampwpomé RicsnitSied heat toor within
onventlona “EQ’Q onengg. 230 need, not Dbe ﬂ
the i‘é*xp‘én*s‘f VE SEEFePUITY Y 88EG” ‘covﬁve%’ﬁ PERRPOEEHPoRB TR
mod(iS RRC et e -eDRPONERLS sdbb-i2 30 1atedieatied a@ndoiating the two
optionally maintained at a stable tenperature). For
CHCHE NG ERT %ﬁéb thy ratey ﬁ@l‘i%f E HhmRY PRKES f*?‘é&’l}eﬁ%ﬁm‘im fed heating without
oer8YRE la%s b2 88endOfnk 1951081005 Alok:-¥id 8805 Dt ,hesmf £ @Q&ml\ of
oscillator 215 supplies a referencé signal haV|ng
fregyspadeties pichidd PPy é“qu*eﬁ&’y‘1=<‘¢héd“i7@@ﬂ?%d Fendrardsr gpuency
synt QUL DU SLORALRavhing v@f ug‘@;gh@*QQYu ztbai ’Y(ﬁfi? B3 deflits of an sxample
response to a contro vol t age. The 20 conpares
heatyr edphias 8 agfileowbplieisy gk ifieomie h@lfveo 230 and the
phase of the reference signal fromthe reference
oscillator 215 to provide a control pul se
CO%EESBOﬂdegx@®NMhe‘phﬁwg&ﬁﬁﬁeﬁGmcaﬁwﬁheﬁimgﬂdfﬁbf 175, in
a\mé%iér\\a f eﬁ“ C}I‘gﬁ 6§1 nr 6 {w i%hl ;tw;’ékg,ni 1{1& {:ng]azh t ?so WO 21%4;, i‘jﬁt\iga“ modele 3 s
positioned tnside the envlosure 403 of the frequency synthesteey Eiu, In various enabodiments,

Himay be disposed at any position {e.z., central top, left top side, right top

o side, lower ol side, oto.) on any internal or external wall of the enclosuve 15 of

(s

e freguency synthesiosr 2 Hor within the enclosure 465 material Haelfl The heater ¢lement 343

dule 210 must be in thermal conununication, divectly or indirectly, with the

gr 205, Positioning the heater modale 2106 on an exdernal wall may add o



signal of the VCO 230. The heater nodul e 210 incl udes
a DC voltage source (V C) 235, which powers a heater
wW@R00805173240. The heater circuit 240 adapti vel BCHUB200%081784
a heater elenment 245, which adaptively heats the
frequency synt hesi zer 205. The heater nodul e 210 may
€,.C HFIete Y, W apped by nsgl g _nateri T -
i g O R BPRR R P B B0 R €y e e
SEICR iGLQIGB EDRRGOEIHdGAl kyshididiho R rhadi: MR N tront Jae: ?hﬁ;@%ﬁ‘{ o interferenes
nodul e 210{0 erates to delive proportlonal
EMJORTH O Fae R GRS Bt M0 PHID e HBERAAT Baler Brier s add to
isol@f ik hes fiFQAUeNeYSYNLBRS! ZRNh 2B AORLIQIDOE IR M}
the heater nodule 2 10 Uses the -48 Vnc vol tage supply
in the IDU 105 whil e totally i solating the two
Ci [Qyil t‘&\ AT 9{ ‘ﬁ‘i@n«. }éwx 'H RN gti\e({ im L{thmgltp@ Hﬂy i accordance
proV|de Uniformand controfled heat ting wt
withisneehhErng Witk sidguehay @ymmﬂesmzfei 2050 »ﬁzumn;«cm apacitor 2
}aedxgxms,@ L agn (Ut oL LEOM [ ATRALE. 0% e [LRAURN Y cieny
f uni ng over  consunp ar detart s
ThExhéatew B ERfuEne g @ymmheghﬁer IRﬁyatende&C kbeﬁbuw

.<Del th referenge S0 Flgure 4. Additional, defail A
res PRI A ERERER a2 h AR BTl ana 10

ReWThHE héefrerenre it & gt ey Batifrl Gbkieredl kA vilvaeks from the IDU

.dj.a ran1|LLustrat|ng detallz of the frequen Y "
105 s’yﬁ SIS 5 -Lﬁibdzmxgs Qi B nﬁa c%}ﬁf“ﬂ ‘hfciémw SR Y heater muiule
\s&},eﬂte@»dimnth ohuthegRLESEN v INYBNIFQRr: AR SHOMAILy 18w a5 Rutten

heat'er nodul e 210 i s positioned inside the enclosure
Voltagys) K esiply dganaptiey withdates Brrapde 2 (KA vER g sl heater element
250 §fhodi ﬂﬁ%&m&é@%xﬁ%@tﬁrﬁ,@f‘\%& %402 'E%\(\,,i?@ il §&@§~Fq %

any p03|t!on (e , central top, |eft top side, right o
Voltpoplegirdiey 7 @omar”fhsfep@s»i éﬁeﬁerlz«@m‘r”if‘eﬁmsn Waly sboen §s pnether ooyl
clenfY of B BLARL, QLich 8F PRlcualibe Bk RGOS ML ,dﬁ@égef

he “frequency syntheS|Zer B enclosure

nﬁ~ﬂ@6 matigridl itself. The heater clenent 245 of the

heater nodul e 210 nust be in thermal comuni cati on,

directly or indirectly, with the frequency synthesizer

20&mERgsKtb@nbﬂg'the;heﬁiemﬂnedmheeaalﬁxem“anaexbewﬁa&mum
aeall may add tolgpla e two circuits. Positioning ...
*§&¥ﬁefﬁeﬁ¥er*ﬁﬁaﬁﬁ Pl “bn aﬁ“(ﬁféfhéﬁ‘W§lP habm”ﬁ‘r%§§§m?9‘
the heatere oyl 21 defhiiel engynandhaded-oyshicelid, the

heat er nodul e 210 from el ectromagnetic interference

(EM). Positioning the heater nodule 210 within the

encl sy 4Q9. Mt ek @b vikSe o iRY: ﬁﬂdvtgwt§9b§t@nLthnmwﬁ
__two circuits, increase ef |C|ency and shield the
»iwireﬁéeterwﬁtaduwe‘sf@m \ﬁr@iﬁi@ww‘ﬁ:ﬁ?@]\me B Valtage Sepdgpg ¥ (U1 servos
tre AR N USLEALLG (HSLAL S B AR BLEN MDA 62 Mg .

'R accordante w th an enbodi ment e present
L2 AwadtFopowThe theater hpdelaée210 i ncl udes | nput

Capacitor 2

At the adjust pin {ADH of the Voltage Regulator 7 (U1}, the following condition exists:

$ovoin T s Lo on 1 £
ot 13 = lady v 34 {2}

13



(Cl), Voltage Regulator 7 (Ul). PNP Transistor 5 (Ql),
Positive Tenperature Coefficient Therm stor (Posistor)
W©@2(0R9j773Heat i ng Resistor 12 (R oad), Qutput CaQEEUTB1007/081784
11 (C2). Base Resistors 3 (Rl) and 6 (R3). Emtter
Resistor 4 (R2), and Voltage Setting Resistors 8 (R4)
T and 10 (R6). The heater nodule 210 is powered by
*Bittery Voltage 1, which may cone fromthe |DU 105.
Conparing the heater nodul e 210 generally shown in
Figure 2 and the heater nodule 210 specifically shown
i n“Fi g8 &5 % he general VDC 235 of Figufe 2 is
specifically shown as Battery Voltage 1 (DC), possibly
in conbination with Input Capacitor 2 (Cl). The
whegengrale heHter bl awentol S50 odtecrrgine. o ls ispeatiRrsatdrynt of
Teu:SROWR (@8, Heating Resistor 12, possibly in conbination
W th Vbltage Regul ator 7 (Ul). The general heater
circuit 240 is specifically showm as all other circuit
elenmentso,of sLha heat ar . e.:210 of Figure 5. The
“iggﬁgggﬁ FHsOr a@’rg a<m:tt‘ie§r g%Légﬁ of Figure 2 is not
shown in Figure 5. The Input Capacitor 2 (Cl) operates
as.a. byp§SS|ng capacitor to allow the heater nodule 2
10"t 0 'be” renDter | ocated fromthe battéf& The CQut put
Capaciit:oheid Lahi@ )bl prpues stability of (ghe Vol tage
Regul ator 7 (Ul) and transient response of the heater
nodhui € 210. The out put vol tage (\Vout) ofi®t he Vol t age
Regulator 7 (Ul) is set by the ratio of Resistor 8
R4) and the sum of Posistor 9 (R5) and RSS|stor 10
wherRp) i PR WPty geRe gl sty curet B craiEpiaaserng Tousipge I i
respd@k 1208 LVl Q. PRLOLALA t{ﬂ@tuz\’pl i 6}99& at st\tlfh‘% @dl Ushecivel
pin {ADJ) at a reference voltage, e. g tV
above ground. The current 14 is equal to I4 =

o e (R, ROk o \@ . pin (ADJ) of the

: be d‘[ge?‘Reguia%\orgt ?L Ql oilomnng condi tion
exists lc + 13 = IadJ + |4 (2)Therefore I3 = ladj +
14, - 1¢ (3) where ladj is the ADJ pin b|a§ current of

t he® Voftagéiregulator and Ic is the col'f’ector current
of Transistor 5 (Ql). At Transistor 5 (Cn) t he

. follomnn I I.ons | ex| 1 Ib (4
Phe outpay vt tm 03 %na\toitag t ,Jc'atorxf %Ii‘: m?lx LaLt §<3tx(§ IR gh:‘.);t? Howlng formala
Vo™ 134V T+ BARS - RE} +{13HMR4 {8}

Operation gl reom femperate evel

oo battary input voltage level, the output voltage of the Voltage Regulator 7 (U s

5

wut vodlage, different only by a drop-out voltage of the Voltage Repulmor 7 (U

o

i s very small {e.g., invignificant), The power dissipation P1 on the Voltage Remdaior 7 (U s

aiso small The power dissipation on the Heating Resistor 12 {Ryaa) 18 given hy:



Ic = 1b x Beta Gain of the Transistor 5 (5) le =1lc Ib

(6) where Ib, Ic, and le are base current, collector
we@enosesit3mand emtter current of Transistor 5 (E)/PS2007/081784

respectively. I 1 and 12 are the currents across

Resistor 3 (Rl) and Resistor 6 (RS) respectively The

current of the Fbatln%)RQS|sto oadg |ven

by 4 A VO Gt PR S Ty U‘t ért VEPtEgehgFotatissipation
«f ol diagen Keguation J*«a(i%lazu\Q‘aﬂwb&iiw@ﬁ'&)ﬁﬂL atach USING: t e, 0

following formula: Vout = 1.24V [1 + R4/(R5 + R6)] +

(I13)(R4) (8) Operation at roomtenperature |evel At

| ow battiery i nput vol tage level, the Out Pt vol t age of

t he Vbltage Regul ator 7 (Ul) is close to the input

vol tage, different only by a drop-out voltage of the

Vol.t age. . Regul "ﬁl 9[ iz - ) end fos! e @fe&a?‘gﬁ Mt: :? g:‘d”l\i oy 3{0h

|nS|gn|f|can ) power JlSSlpa tion “
*hﬂV@hmageéﬁquLahomziﬁmmmﬁmiémahsnnsnakm_uﬁh@zbmWEWEﬁ; Asa
wyms«\sﬁ paj:\l\ogip& t(ig%; (utl;;eg;i ng& 0 Q%ﬁﬁ’%;m?iot aﬁli 8=.L 1 aceordance
sﬂﬁﬁh@&hmaﬁion of the heater nDduIe 210 is the sun1of

t he power dissipation of the Voltage Regulator 7 (Ul)

and the power dissipation of the Heating Resistor 12

( Rrgashver sREighiah PF oR 6k WolRde RAQatAS (Lheshat ihebyidgnpbto o fa

vol t age Ievel increases, the collector_current Ic of
FUPTRA HETEE OO drppatanay heddidag Beigie dRuehifgglepging due w the
lowd UEEENLILS 19 dBeea88s! ReAGRATARNE S h LBFGUALLQN of the

(3). As a consequencg “the out put vol tage (Vout ) of
Trangier VI Daljes Reger gt ToR | TR Ty end Badivs RenstarcodRdansleower
dinsiy f\lﬂ Eq’z‘a@“ig’%(@&, T?S @QV\'%[;}\ IS%HM;SIT{Q&D 1133 TR .,\ \ m-..lx; ;?; MY vaies

Vol t age Regul at or 7 starts’ i ncreasing
withjrdhgeecidrops gutit vl i agey o ﬁb%&&md483@pabn@n” W@h@«?hﬁhmmmf
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wotal power dissipation of the heater madule 210 remains nearly unchanged.
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v, As 3 consequence, the output voltage { Vo) of the Voltage
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crzasing stowly, Total power dissipation also decregses,
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voltage floating in the heater nodul e 210, which
operates as if the input voltage is positive. Since
wo b@sigaser nodul e 210 does not share the sanePGHUS®OY081784
voltage directly with the frequency synthesizer 205.
the heater nodul e 210 remains isolated fromthe
o \3 equency. s \ht heél zer 205 and hag iect orl1 Cnen
‘ﬁ‘enue\n y“s it WES FZEY ‘?%%‘“t‘tﬁ‘ﬁ%t Enm G Y eyt & s early
wrnbesperature | evel s Between roomtenperature (e.qg.,
+25C) and cold tenperature (e.g., -33 O, the
resi stance val ue of Posistor 9 (R5) remai ns nearly
uneghangedy iThereliongesp %x\’@ﬁ%@r HASE WP s&‘fm@f; WAL B S ontroticd
total power dissipation of the heater modu 10
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cardrObhNQRE Ll B Shpaht Qfpalgee shakt seﬂeeﬁ@atsl\ 89
rapi dly. At about +65C and above, the resistance
val ueof Posistor 9 (R5) is high, total power
di sglRatik 9RvabiSicS MBlhen ANEE t?ewklﬁ@&s@ ' ??EQQ)Q%J & ALY deBror mudute
_nearl y turned off. "In summary, i n one embodi ment , the
Y edireie Worer g mwwa’é@@ﬁw@t«rﬁ Hrid - USHER olilhed smbodiment of
Saft n&*‘@” el \f; mtt\é?;d‘»\%Pt s8I 43%&\!/ mi} %{%L £ otVQl"t @9@%1*«* ant
hout I nt erferl ng wth requency synt hesi zer
o »t tsmmta@ho Tiiat ey hatiechedt geadleendnits. 245 qmwb:ud%@mcw abosit
-.:--“'&{1 Zer\é‘? taee ‘%gfu’ @%énlt ”oogﬁ’%)d 8‘ ‘\Shreﬁn'ﬁa m* xg*mtegssz%%nm are
shovhebdie Foffodull eb@1 Qagnai, s:e&t,téte*@e:ﬂﬁesr{at‘sune of t he
frequency synt hesi zer 205 above 0C to prevent |ow
tenperatures where phase hits are nost |ikely. Wen
t he§ ;ﬁequemyazay athes ek iﬂ%mitﬁ p@ter RtsgSfon of the henter nushile
rrgerqtures abovve; +25C ” phase hl\tS are not as
210 1o T PR HEATR R TBHUT IS 10 g At dic Yo patks arpsiopRigt the
aroshi@ ab 8k icAD AU kg @il GretitbN&wef &xmnn LBekIRMPARATMAR: of 26V 10 84V
reaches +65C and above. Figure 6 is a gr aphi cal
fwh ib*l‘agt‘&“‘”‘?‘t S B étr‘h@ ft‘éitié‘ﬁ"?bb\%et‘ RN ‘étvt’%h‘f*’ HFepHEng hetween
syvheater spdule;1Oyyelative to tenperature and various
i nput vol tages (Vi n), in accordance with an embodi nent
of the present invention. As shown, total power
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of example on ned other variations and modifications of the above-deseribed embodiments and

methads sre possible in Bt of the fwegoing teaching. The embodiments deseribed herein are
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when tenperatures are bel ow +35C (effectively
regardl ess of Vin), drops gradually between about +35C
waewsapes +65C (again, effectively regardl essPCF/US100)/081784
and is | ow when tenperatures are above about +65C and
above (again, effectively regardless of Vin). Figure 7
is a graphical dlagran1lllxga. tlng total power
di ssi pation of the heater tte 210 relative to
tenperature and an input voltage (Vin), in accordance
with an enbodj nent o{ the present invention. As. shown,
thé' ﬁﬁﬁ%ﬁ‘p@ﬁ%-JH‘§§-%aﬁ?%ﬁ“ﬁ%@ﬁésmPﬁ%ﬁ9§kﬁﬁﬁ j8%Fdnge
of 428¥ik@:60V (while the tenperature is at or bel ow
roon1tenperature) IS relatlvely constant, remaining
bet WeeH Y, BWhEHE 2Ewyd aﬁﬁms}kﬁwﬂé’&# 2%) . The foregoing
des Gl Pl Q0 Ol it G Pi&% LELEM erhodl, ﬁ?ﬂ%éu& stkf&s lw émmm
present Invention is by way of exanp e only, and ot her’
synikaisbatsl opsraaredo nmmm watil otplindly tdies Svovetde stihi Beghensy
hodi nents and met hods are p033|ble in light of the
oregO|ng teachi ng. The enbodi nents descri bed herein
are not intended to be exhaustive or I|n1t|ng The
2, glrgﬁske &&R;/e'v%tﬁ v Izin?\a {J'?éltneazmsyh%(wn zér‘} \“{i‘f’ﬁ“&ﬁ‘ é*‘v‘\ﬁ \him with
an ofbaseshisUC anpensaiolr of (IDORPFHeshnge i"a@lie@ﬂﬁ\i\ﬁ&kjﬁ@? sadisposed in
. Adequency synthesizer housed within the enclosure; and
e EYeat er  modul e including a heater elenent in therma
conmuni cation with the frequency synthesizer and
operative to produce heat to adaptively adjust
3t ehpeFatHice SBitheer Pregueiidymdy Rthesiagrising an FRgsting maierial
GspbLEAERCKIYNLNESLEEL BRAL Rl bk m Lonfi gured in a
W reless radio systemw th an outdoor unit (ODU) and
an i ndoor unit (IDU), wherein the frequency
s SyoLheskegt | andlapaset, Lidie, SR The TR L SAMENCYraps
synthesi zer nodul e of ¢l aim 1, Turther conprising an
Ewm¢nﬁubanmngwnatenmak\dlsposed mnthln a mall of the
encl osure and the heater nodule. 4. The frequency
synt hesi zer nodul e of claim 3, wherein the insulating
5. materapowr apshatel @astle af ghomtil ool thhecheat s cloctromagnetis

. quuIe.m
shiskimg propartios,

syng

8. The treguency syathestzer modude of claim 1, whersln the heater module fa substantially

cloptrically solsted from the frequensy synthe

ey

The frequeney synthestrar wodale of claim 1, wherein the beater module i3 posttionad

roar o within the enelosure,

8. The frequeney synthesizer modude of clabm 1, wherein the heater modale further includes
a posistor having an impedancy value adapied to vary based on temperature; and
& voltage regulator having an fnput pin adapted e receiving a varying input voltage, an

output pin adaped for providing a modifiable output vellage to the heater element for adaptively

able outpat voltsge, snd an

b

adiusting the beat geverated by the heater element based on the modifi
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5. The frequency synthesizer nodule of claim1l.
wherein the enclosure has el ectromagnetic shiel ding
wW@e@pestdes. 6. The frequency synthesizer noduP&r/v$2007/081784
claim11l, wherein the heater nodule is substantially
electrically isolated fromthe frequency synthesi zer.
. 7. .The trequen SY, ntheS|zer nmpdul e of cIa|n11
duivar S he o gt%(éi3 RGPS 08 MBOSI TP OR SR THBE Y SRR Hites &
w dihg: @ncl osure. 8. The frequency synt hesi zer nodul e of
claim1, wherein the heater nodule further includes a
posi stor having an inpedance val ue adapted to vary
G, baﬁﬁd§Q@ckeﬁﬁ§&.ﬁ ?@omﬂ@gh@uMGJ(ﬂ&enr§9Q$@EQﬁ hﬁX&ﬁth
an |nput pin adapted for receiving a varying |nput
W Wbkicageslain ghpuet 9t prvddapt sdciione Hre @wrdlth@maa when the
fmaji!rggal Ll.aple. output voltade 10 LheNeat el el IBAL, & Ok han
ptlve1y adjustlng the ﬁeat generate& by the heater
maxehenenbnbasedkowaahexn@duﬁwabiexeumpheuveYIBQevwaﬂﬂxx*ﬂrw
NGy 'ad{ gl I'?Ihﬁg daimstaﬁﬂg‘%%%e: a| xvygcgnsf}g‘ig LEFQ? T? is‘«.\ Wity E{?% ﬁ?ﬁ \}\.h} e 18
subsadjiaista pi dhovOihe The- tﬁ@maemeyxﬁymthe5|zer nndule of
claim8, wherein, for adaptively adjusting the heat,
the vol tage regul ator and posistor are configured to
i activat@et:hey hBater mel@Mentainie an-be dd IGURAGY rature threshold is
syntheS|zer s beIOM/roon1tenperature to activate the
shohaater el enent at | ess than maxi mum power when the
frequency synthesizer is between about room
. tenperature and a h|ghtenperature threshold, and to
L sublstianpial syt get poditecitdheneatearive etraht! sentptidiequen
onSOREr At is substantially at or above the
iﬁk QE {ghgﬁﬁature threshol d. 10. The frequency
syntheS|zer nodul e of claim9, wherein the
high Le“ eratuLe threshold is about 65C. 11. The
Gteney &t Resi zer nodul e of claim 2, operative to
comttiah; Gﬁ&q@ﬁhﬁﬁfﬁL££Eﬂm&ﬂﬁW monmbemers in the ODU
12, A e npr| sing GUENCY o itk the
oy e HASE 2 P HOT R fox e neher st b bl g e wenrp e
feqiBEUbaiBaw-Ngda heater eIenent in therwa
connunlcatlon with the fre%uency synt hesi zer; and
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1 the heater module 10 generate heat and 16 adaptively adinst the temperature ofthe
frequeney synthesiz
Th The wethod ofclabm 12, performed by 2 wireless radio with an outdooy umit (0} and ag
indony undt UYL wherain the freguency synthesizer s disposed in the QDL

v
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wlof claim 12, wherein insulating material s disposed between g wall of the

enclosure and the heater wyodule.

15, The method of claim 14, wheretn the iusulating material wraps at feast g portion of the

3 4
Poen e TYONENE T Ly
DEaisr Moauis,

method of claim 12, wheeeln the enclosure has electromagnetic shiclding properties,



using the heater nodule to generate heat and to
adaptively adjust the tenperature of the frequency
wayshessyer. 13. The method of claim 12, perfRCHER0DY081784
a wreless radio with an outdoor unit (ODU) and an
i ndoor unit (1DU), vvherei n the frequency synthesi zer
is.disp osedlnfE 14. The method of ,¢claiml1
- WhEFET RS GleEE i g rfﬁt‘%?’ﬁ hpatgrgnogp ‘psb%a%é@meén* B %mrf g
am@fe dheeenclasMrer and the heater nodule. 15. The method
of cl a| m 14, wherein the insulating material waps at
| east a portl on of the heater nodule. 16. The nethod
15, Of¢ %';%L, A2 wnher &l) wa;b@me ﬁ ORKLe -b@%e}zeﬁ PJIB\QJQS;E &
sh di ng propertles method of claim 1
wmw\her e| n the heater rmdul e [ s substantial ly
electrically isolated fromthe frequency synthesi zer.
18. The nethod of claim 12, wherein the heater nodul e
9. isi“‘pe&i:‘:tdé‘eﬁekiimSe‘é.m'i‘mrciwnt htmrmh‘@aerﬂ’mﬁ@s unem\ig The
met hod of, C? Ak RS S {,\z i a0 i i
i ncl udég y™ bos‘l Sf dr iﬁ%t‘v‘ 1’1‘“@ A PRBEY AR é’* ’él‘u n%déﬁprt‘e‘iﬂ
L 0 var ¥ swisdde rézﬁm&&‘fiﬁt Mi; & iziﬁﬁ?ﬂf&ddtx@ﬂctﬁ dgecd:BYill :at:@Fing input
aan anln ut apte or reC|V|n a varyin
e 31 B8 oo Bt B P B s By o oV e
m}@é sdn@pl erout dautx Nk 808k Qeb R NBALEe hoRbrRIBR: $:Q84 on the
adaptively adj ustl ng . t he heat generated by the heat er
el @Bt LAY vorrer HEd A aiFS aif weslitPutonpsiifage poand fan
adj st iRisR QRELALEVEl ¥ GQUPARS: 5O JLihe Jposi stor for
mal nt al ni ng a subst antially const ant voI tage at the
adj ust pin. 20. The nethod of claim 19, further
CO“PWS‘& N eI »9‘%{&;{} ‘én'ilﬁ \Y J@Qfﬁ%nﬁﬁ%'vﬂkﬁﬁ AR ANGA e
posistor to activa €l ement’, "for
posisad apdckived yhe é:dgr‘ust‘a*ngﬁ t&shemhmat’ Y adleimptthehdr, eque ﬁn:;ii'ffca ShOY
nt hesi L zer ' Lo, actl e
svne R b e Bt OO RTRE P Bl Bk BB RE MR

wwfv RAGUBN syt hesieziet H sibehwben rsakmmmm’:z@mm and a nh\h <Apmperature

nmperature and a h nperature thr eshol\dw an
e g“é‘gﬁs‘f AR “*gég‘cff Ok L PRE R B i SR GBI HEsantiel
3t thed IRPAPREAL MRS hS:SUPSiBlal |y at the high-tenperature
threshol d and above. 2 1. The method of claim 20,
wherein the high-tenperature threshold is about 65C.

[
ol

21, themethod of olaie 24, wherein the bigh-temperature threshold ts about 83°C

23, The method of claim 13, operative (o contrel one or miore fregquancy convasters in the
OIM

23 & method comprising:

obtaining 8 froqueney synthestzer baving predetenined operating characteristivs when
within a prodetermined eniperature range;

obiaining a hwater nrodule with o heater element operative to sdaplively geveraie heat
based on ambiont tomperature; awd

posifioning the heater olement in thermal communication with the frequency synthesizer o

adapitvely heat the Frequonsy synthesizer (o within the predetormined temperaturs vange.
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22. The nethod of claim 13, operative to control one
or nore frequency converters in the ODU. 23. A nethod

wW@upisEBNg: obtai ning a frequency synt hesi zerP¢EHUE2097/081784
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predet erm ned operating characteristics when within a
predeterm ned tenperature range; obtaining a heater

modul.e with a heater el ement operative to adaptively
genEFERE HEALT AL SMBHY Shbi ent tenperature; and
posiditsoningithe heater elenment in thermal

communi cation with the frequency synthesizer to _
adapt i Velys e HPUCHE WFeHgendy iwm\ﬁéé‘?kzéf‘m&t} SRR e @ ransmi
the.predetermned tenperature range.24. A wireless

radi o system conprising: an ODU including a transmt

f r equencyrepdonsesrt epsifcony cupt@n&emmgﬂm sourgoitngsignal Fom a
S|§g|n\a“lM Qi g:}ht\gag%w_;iv,._(g&_lgjcg,eq a receive frequency
dowhconvert e MICONV eT |ng an i ncom ng signal

froma wr‘eqar\ze\sffme:qzumyintanoapimmh\, iﬁmsmuémqwmanm,a\ evter and
frequency synthesizer. x g oupl ed t@i the tral tm

f redane e hRToerF areoRRat B R Ee s D PR BRC
domconvert@sh,mtlhﬁgfrequency synt hesi zer nodul e havi ng

an enclosure; a frequency nt besj zer housed within

the encl osuf E2UAY “é“ﬁ"é%ité‘ BT ARARETES 8L i ng

el enent in § QIR GRTAUAL 6 BbhiR Mtk th DRk L @BHBNEY tion with
synt hesi zer to adaptively adjust tenperature of the

f r equeNEY Sy PR SR gew izs&wraé\ W8 RS TRHE P D e STy

of cl aiym@4;;.f urther conprising an IDU and a

transcei ver antenna coupled to the ODU. 26. The

wirel ess radi o system of claim 24, wherein the

'aﬁgf\? i éﬁgﬂasr\g?xgg C’i&&ﬁ% %z;‘é} Q@ﬁ?m%‘%n AYAAREL W Bicoives

antenng coupled ?.* the O

The wireless radic systern of clabim 34, wherein the incoming signal and outgoing signal

arg quadrature amplitude modudated (QAM) signals,
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