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AnHOomayus - PaspabotaH MLLUY, koTopbiii UMeET CTPYKTYpY
U XapaKTepuCTUKN aKTUBHOTO MONOCcHoOMNporyckatoLero cuneTpa.
NF = 0,8 Ab B nonoce yacToT 460...470 MI'L, nNpu koacbduumeH-
Te ycuneHua 21 Ab 1 BHEMNONOCHOM MoJaBMEeHUU Ha vacToTax
395 MI'y n 535 My 6onee 60 Ab. BepxHAA rpaHuUa rfMHenHo-
CTW BXOAHOW nepedaTouHoW xapaktepuctukm ICP = 15 dBm.

FM63pV|,qu-V|HTerpaana;| cxema MLUY umeeT pasmepbl 30x18x9
MM”.

|. BBeaeHune

OcobeHHocTb npuema criaboro curHana ¢ KA «Pe-
cypc 01-3» Ha yactoTe 465 Ml 3aknoyaeTca B TOM,
YTO NPUEM OCYLLECTBIAETCA B AManasoHe 4acToT, npe-
LErNbHO 3arpy>eHHOM MOLLHbIMW paguocurHanamu, Ko-
Topble SABMASAIOTCA WCTOMHUKAMWU WMHTEPMOAYSALMOHHBIX
uckaxeHuit. CyL|ecTBYIOT cnocobbl MUHMMU3ALUKU UH-
TEPMOAYNALUMOHHBIX WCKaxeHui. [poekTupytoTcs ycu-
NUTENN C PacLUMPEHHBIM AWHAMWUYECKUM AMana3oHOM,
Kak B CTOPOHY yMeHblueHus wymoB FIT TpaH3ucTopos,
Tak U B CTOPOHY YBENMYEHUSA BEPXHENR rpaHunLbl JIMHER-
HOCTU NepefaToOMHON XapaKTEPUCTUKN - BXOAHOW TOYKM
komnpeccumn (ICP) n cBA3aHHOR C HEW BXOOHOW WHTEpP-
MOAYNALMOHHON TOYKON TpeTbero nopsagka (IP3) [1,2]. B
nocriegHee Bpema cosgaHbl PHEMT TpaH3ucTopbl C
oyeHb Hu3kum NF 1 goctatodHo Bbicokol ICP. Ho cHu-
3UTb UHTEPMOAYALUMOHHLIE NCKaXeHWa A0 AONyCTUMO-
ro ypoBHS B psAfe crny4yaeB He ynaétcd. CyllecTBYeT U
Lpyroii cnocob CHUMXEHWUA WHTEPMOAYNALMOHHLIX UCKa-
XKEHWIA, 3TO BKMoYeHWe Ha Bxoae MLLY nonocHonponyc-
Katowjero unetpa (MNrd). PeaneHble MNP ¢ npuemne-
MbIMU CENEKTUBHBIMKU NapameTpamu UMeloT notepu 2,5
+ 3 ab, npMMeHeHWe Takoro punbTpa nNpUBEAET K yBe-
nuyennio NF Ha 2 + 2,5 gb. BospacTaHune koshduumeH-
Ta Wyma U, ABMAETCA OCHOBHEIM OrpaHUYeHneM npume-
HeHunA npecenektopos MLLY, B ocobeHHOCTM B Tex chny-
Yyasx, rae orpaHuYeHbl MOLLYHOCTU NepeLaBaeMoro Cur-
Hana. MNepcnekTUBHLIM ABNAETCA KOMMPOMWUCCHOE pe-
LeHune, 3aknovatowjeecs B ToMm, 4To MNP nuterpupyet-
CA B CXEMY U 3aMeLyaeT ero BXoAHbIE/BLIXOAHbLIE corna-
cylowume uenn. B KoHkpeTHOM cniyvyae MUY wumeet
CTPYKTYPY W XapakTepUCTUKKN akTuBHOro Mo,

Il. OcHoBHaA 4YacTb

B kauecTBe 6a3oBoi snekTpuyeckoi cxembl MLLY
NPUHATa cxema ¢ OOLMM UCTOKOM UM aBTOMaTU4ECKUM
CMelleHNeM Mo TOKY, a Takke pPe30HaHCHbIMW corna-
CYIOWMMMN LenaMn Ha BXxoAe/BblxoAe TpaH3ucTopa
(puc.1). VT1 - GaAs noneson TpaHauctop ATF10136
UMeeT [LOCTAaTOYHO XOpOLUME 3NEeKTpUYEeCcKne napamert-
pbl. Tak, Ha YacToTe 0,5 T4 1 ONTUMaNbLHOM TOKe CTOKa
2022 MA, koadhduumneHT wyma NF He npesbiwaeT 0,4
ab, koadhdunumneHT yeunenna Ga > 20 ab, ICP > 20 gbwm.

Z41, Z2 - pe3OHaHCHblE KOHTYpbl CBA3aHHble 4Yepes
koHAeHcaTop cBA3n Ceq, 0bpasytoLine BXOAHOW pUnbTp;
Z3, Z4 - PE30HAHCHBIE KOHTYPbI CBA3aHHLIE Yepe3 KOH-
aeHcatop cBAsn Ccp, 06pasyolme BbIXOAHOW UnbTP,
pesuctopbl R1, Ry onpefensioT pexumbl TpaH3ucTopa.
Cg1, Cgo—ONOKMPOBOYHbLIE KOHLEHCATOPI.

M3 Bcex TunoB unbTpoB TpeboBaHuam  rubpua-
HO-WHTErpanbHON TexHonormu Hawubornee NOMHO YAOB-
NeTBOPAIOT MUKpononockosble puneTpsl (MIMD) [3].

Puc.1. Puc.2.
Fig.1. Fig.2.

Tononorna MIMN® Ha B3BELIEHHOR MOANOXKE, NpuBe-
AeHa Ha puc.2. MuKpononocKkoBblid OUILTP COCTOUT U3
LVN3NeKTPUYECKOW MOATIOXKN C BbICOKOW AUINEKTpUYe-
CKOW npoHuuaemocTblo € = 80, HMXKHASA CTOPOHA KOTOPON
MeTannuanpoBaHa. Ha BHeLUHel CTOPOHE pacrnonoXeHbl
MUKpoOnosiocku, obpasylolime HeperynspHble YeTBEPTb-
BOJSIHOBLIE PE30HATOPLI, 3MEKTPOMarHWTHO CBSA3aHHble
apyr ¢ apyrom. BxogHoi MII® AorkeH UMETb MWUHW-
mMarbHble noTepu, obecneuynBaTb MakcuManeHylo usbu-
paTenbHOCTE NMPU MUHUMAITbHBIX pa3Mepax. BeimonHutb
OfJHOBPEMEHHO 3TU YCrOBMUS NPaKTUYMECKA HEBO3MOXHO,
cnefoBaTencHo, HeobXoAMMO ONMTUMMWM3UPOBaTL KOMMPO-
MuUccHble TpeboBaHusa. ONTUMKU3aLUS NpoBeLEHa Ha BUP-
TyanbHbIX MOAENAx, B nakeTe nporpamm «Microwave
office 2002» ¢ mMcnonb3oBaHMEM Kak 3rekTpoauHamMmye-
CKOro, TaK W KBasucraTuyeckoro pacyeToB. [loTepu B no-
noce nponyckaHus pacciymtaHHoro MIM® He npeBbiwaoT
0,4 ob. B kayecTBe BbLIXOAHLIX cornacytolmx Lenen npu-
MEHAETCA ABYX3BEHHbI MI®, aHanornyHbolii BXOLHOMY.
OcHoBHasa 3ajada BbIXOAHOro hunbTpa 3akfovaeTcs B
COrNacoBaHWM HU3KOrO MOSTHOrO COMPOTMBIIEHUA CTOKa
TpaH3ucTopa ¢ nocreayowummn kackagamm MLUY. Yepes
pe3oHaTop Zs, BLINOMHALWMA DYHKUUIO TpaHchopmaTo-
pa conpoTUBIIEHUIA, NOAAETCA NUTaHUE Ha TpaHaucTop. B
3aBepLUEHNE MOAENMPOBaHNA cocTaBrneHa mogens MUY
C ONTUMMW3NPOBAHHLIMW BXOAHBIM/BLIXOLHLIM (DUMbTPa-
MW, paccYMTaHHBIMU B anekTpoanHamuke. B pesynbTare
MOAENNPOBaHNA U UCCIEeA0BaHNUA AMEKTPOLNHAMMNY ECKUX
MoAernei NpousBeAeHa OKOHYaTENbHAs KOppeKLMsa Tono-
7orMK MraTthbl YCUNUTENSA U ONTUMMU3NPOBaHbI OCHOBHLIE
anekTpuyeckne napameTpel. Ha puc. 3 npuBeaeH acku3
Tononorn MLUY Ha kepammyeckoid NogNoMKKe C BbICOKOWA
ananektpuveckoin npoHmyaemoctbtio € = 80. o AaHHbIM
MogenuposaHua wuarotosneH MLUY—akTuBHBIA HUneTp,
rabapuTHbIMKU pasmepamm 30><18><9MM3.'3neKTpVHeCKV|e
napameTpbl usmepsanuce npu Up = 5 B 1 Toke cToka 22
MA. Ha puc. 4 npuBegeHbl pacyeTHas M 3KCNepuMeH-
TanbHas KpuBble KO3(hPULNEHTOB Nepefayn B Luanaso-
He vacToT 460...470 MI'u. MNopaBneHne curHana 3a no-
NOCOiA NponyckaHma Ha 4acToTax nepegayun 395 My wm
535 MI'y He meHee 60 Ab OTHOCUTENLHO MakCUMarnbHOro
YyCUIEeHMs.

Ha aTom e pucyHke npuBefeH rpaduk 3aBUCUMMO-
CTK KoadbdpuumneHTa Wwyma oT YacTtoThl. NF, paccuntaH-
HbliA B nonoce pabounx YacToT He npeBbiwaeT 0,7 46, a
N3MepPeHHLI B peanbHom yeunutene 0,8 ab.

2002 12th Int. Crimean Conference “Microwave & T'elecommunication Technology” (CriMiCo’2002). 9-13 September, Sevastopol, Crimea, Ukraine 1 3 5
© 2002: CriMiCo0’2002 Organizing Committee; Weber Co. ISBN: 966-7968-12-X. IEEE Catalog Number: 02EX570



s21, dB NF, dB
25 2
0 15
.25 tf\ —>| 4
/-
.50 A 05
y A
75 0

035 04 045 05 055 F,GHz

Puc.3. Puc.4.
Fig.3. Fig.4.

NF, paccuuMTaHHbA B nonoce pabounx 4acToT He
npesblwaeT 0,7 4B, a M3MepPEHHLIR B pearibHOM YCUIU-
Tene 0,8 ob. CnepyeT oTMeTUTb, YTO BXOAHbIE O6paT-
Hble MOTEPU Y Takux TUMNOB YCUNMTENEN HAa OTHOCUTENb-
HO HU3KMX YacToTax Kak pacCcyWTaHHble, TaKk W peanb-
Hble, UMEIOT HU3KUIA ypoBeHb. [nA npepoTBpalleHuns
UCKaXXEHUs BXOLHOrO CurHarna BCreACTBUE MHOrokpar-
HOrO MepeoTpaXeHWs, BbI3BBAHHOrO paccorfiacoBaHuem
NPUEMHON aHTeHHbl M MLUY, HeobxoaMMo WCKMOYNTb
BCE NPOMEXYTOUHLIE 3BEHBA U cornacoBaTe MLLUY Heno-
CPEACTBEHHO C aHTeHHoW. O6paTHble MOTEPU Ha BbIXO-
ae peanbHoro MY meHee -20 gb, 4To BnonHe focTa-
TOYHO ANS ONTMMAarbHOro COrnacoBaHWs BLIXOA4Aa YCUITU-
Tens c nocnegylLwmMmMmm Kackagamuw/mogynsamMmm npuemHo-
ro ycTpoictea. PacyeTHbIN napameTp S22 Mogenu ycu-
NUTENS HE COOTBETCTBYET UBMEPEHHOMY 3HaAYEHUIO ANA
peanbHoro MLLY u cocTaBnisieT (7+8) Ab.

30 ‘

20 \/—\ ///ITP
0 /&J\T ocP |

oA | | T

350 400 450 500 F, MHz

Puc.5.
Fig.5.

Ha puc. 5 nokasaHbl pacyeTHble 3aBUCUMOCTU BXOA-
HOW TOYKM KOMMNPECCUM WU CBA3AHHOW C Heil BLIXOAHOM
Toukoin komnpeccun (OCP). BugHo, 4to ICP=15 gbm B
nonoce NpPonyckaHns MUHUMaribHa, a ¢ OTCTPONKOW OT
nonockl NPonNyckaHna pesko BospacTtaeT. O4eBUAHO, YTO
BEPOATHOCTb BO3HUKHOBEHUSI  MHTEPMOAYMALMNOHHbIX
WUCKaXKEHUI CBSI3aHHBIX C MNOMEXOBBIMW CUrHanamu
BONM3M NoNockl NponyckaHus 3HaYUTENbHO CHUXaeTcs.
3aBucumoctb OCP oT yacToTbl 6onee crno)XHas, B no-
noce nNponyckaHua yCUNUTens oHa MakcumarbHa U Joc-
TUraeT 22 AbM, HO NPKU OTCTPOIKE OT NOMOCHl NPOoNycKa-
HMA noHwxaeTcsa Ao 1+3 Abm. CBsA3aHoO 3To C TeMm, YTO
BHE MOSOCHl MPOMNyCcKaHWa TPaH3UCTOP BbIXOAWT U3 On-
TUManbHbIX PEXUMOB COrfacoBaHus.

lll. 3aknoYyeHue

PaspaboTtan MLUY umelowuii CTpYKTypy U XapakTe-
puctukn aktmsHoro MIM®. MLUY narotoeneH no rmbpua-
HO-UHTErpanbHON TexHomorum u obnafaeT CernekTuBs-
HEIMW CBOWCTBaMM HE XYXe 4eM Y MUKPOMOSOCKOBLIX
dunetpos. CoBMeljad  CBOWCTBa  Y3KOMOSIOCHOIO
unbTpa M manowymsLero ycunutens ¢ 6onbwnm au-
HaMU4Yeckum AuanasoHoM, paspaboTaHHbliA MLUY no-
3BOMAET MOHW3UTbL WHTEPMOAYNALUMOHHLIE WCKaXKEHUSA
Lo 6e30MacHOro ypoBHS Npu npueme criabbix cuUrHanos
B YCMOBWSAX CIOXHOW NOMEXOBON 06CTaHOBKM.
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LNA - ACTIVE BANDPASS FILTER
FOR 465 MHz
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Abstract — \We designed a LNA, which has the structure and
characteristics of an active bandpass filter. The NF is equal to 0.8
dB in the frequency band from 460 to 470 MHz at the gain factor
21 dB and off-band rejection of more than 60 dB at the frequen-
cies of 395 MHz and 535 MHz. The upper boundary of ICP linear-
ity equals 15 dBm. Hybrid-integral LNA circuit has 30x18x9 mm?
dimensions.

I. Introduction

Reception of a low signal from the satellite “Resurs 01-3” at
465 MHz is conducted within the frequency band, which is ulti-
mately loaded with power signals (the sources of nonlinear
distortion). The routine method of nonlinear distortion minimiz-
ing is insertion of a pass band filter (PBF) at the LNA input.
Real PBF with acceptable selective parameters have 2,5+3 dB
losses. Using of such a filter will result in increasing of NF by
2+25 dB. Noise factor increase is the main limitation for LNA
preselectors application. It seems perspective to integrate PBF
into the circuit and replace input/output matching circuits.

Il. Main part

LNA is based on the circuit with common source and reso-
nance matching circuits at the inputoutput of the transistor
(Fig.1). VT,-GaAs FET ATF10136 has good electric properties.
Layout of microstrip filter (MSF) on a suspended substrate is
presented in Fig.2. MSF consists of a substrate with high dielec-
tric permeability equal to 80. At the outside there are micro-strips,
forming irregular quarter-wave resonators coupled electromag-
netically with each other. The input MSF should have minimal
losses, ensure maximum selectivity at minimal dimensions. It is
impossible to meet these conditions simultaneously. Therefore, it
is necessary to find an optimal solution. Optimization was carried
out using “Microwave Office 2002” software. The losses in the
pass band of simulated MSF are 0.4 dB. Two-element MSF is
used as an output matching circuit. The main task of the output
filter is to match the low impedance transistor drain with subse-
quent LNA cascades. As a result, LNA model has been designed
with optimized input/output filters. Depicted in Fig.3 is layout of
LNA on a ceramic substrate. LNA-active filter with 30x18x9 mm®
dimensions was produced using simulation results. Electric pa-
rameters were measured at Up = 5 V and current drain of 22 mA.
Presented in Fig.4 are the calculated and experimental gain
curves. Signal suppression beyond the pass band at the transfer
frequencies of 395 MHz and 535 MHz is not less than 60 dB with
respect to maximum gain. The same figure presents noise factor
dependence against frequency. NF calculated does not exceed
0.7 dB, and NF measured is 0.8 dB at the most. Fig.5 presents
calculated dependences of input/output compression points. ICP
is minimal within the pass band and is 15 dBm. At tuning out of
the pass band it increases. The OCP dependence on frequency
is more complicated. It reaches its maximum in the amplifier pass
band at 22 dB.

Ill. Conclusion

LNA with the structure and characteristics of active MSF
has been designed. The LNA has been produced using hybrid-
integral technology and has good selective properties. At com-
bination of narrow-band filter properties with those of low-noise
amplifier, the designed LNA allows to decrease nonlinear distor-
tions down to the safe level at low signals reception.
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