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OpaHOM M3 OCHOBHbIX MPOGMeM, CToAWMX nepen pa3padoTynkaMm MOLLHbBIX LUMPOKONOMNOCHbIX CBY-
ycunuTenemn Ansg CMCTeM CBSA3U, SABNSAETCA YMEHbLUEHUE YPOBHEN MHTEPMOAYNALUMOHHbBIX UckaxeHui (MMIN),
a Takke addekToB, HasblBaeMblX aMnnuTtygHo-pasoBon koHsBepcuen (APK). Yrtobbl noBbICMTb
3(pPeKTBHOCTL NOAOBHBIX CXeM, HEOBXOOUMO: MUHMMU3UPOBATbL HEMWHENHbIE UCKaXEHWsi, NOMydYeHHble
npy npeobpas3oBaHUM 4acTOTbl, @ TaKKe YMEHbLUUTb WCKaXeHWs, BO3HMKalLlMe B CaMOM Kackage npwu
paboTte ¢ MHOro4acTOTHbIM cuUrHanom. [ns 9Toro NPMMEHSIIOT KOPPEKTOPbI NIMHENHOCTU XapakTepucTuk. Ha
NpakTUKe CroXHO BbIBpaTb CXEMy KOppeKTopa XapakTepucTuK, MNOTOMY M3BECTHa OonTuMmM3auus Mo
pasnMyHbIM NMoKasaTensm: NMosioce NponyckaHusi kaHana, Tpebyemon acdekTnBHocTn nogaenexHus MU n
T.n. B HacTosILLEee BpemsA M3BECTHBI TAKME CUCTEMbI KOPPEKLNM XapaKTEPUCTUK:

- CUCTEeMbl JIMHENHOIO YCUINEHUS C UCMONTb30BaHNEM HENMMHENHBIX KOMMOHEHTOB;

- CUCTEeMbI C NPSIMOK CBSA3bIO;

- cUCTeMbl adanTUBHOIO LLUMPOKOMOSTOCHOIO NPeabICKaXKeHNs;

- CUCTeMbl C NoAaBNeHneM 1 BOCCTAHOBMEHUEM HECYLLEN.

B cuctemax aganTMBHOrO LUMPOKOMOMOCHOrO npefbiCKaxeHus nepen ycunutenem BBOAUTCSA
KOppeKTop, BKMYawLlmi B cebsa aneKkTpoHHO-ynpaBnsieMble aTTeHwaTop M gasoBpallaTenb, KOTOpbIn
BHOCUT npeabiCKaxeHne, 4tobbl nuHeapmsoBatb AX u DAX cuUCTEMbl «KOPPEKTOP — HENUHENHbIN
ycunutenby.

B cuctemax ¢ uudppoBon MoaynsiLMen HaxoasT NPUMEHEHME CXEeMbl, OTCMEeXnBalLLne N3MeHeHUs
CYHa3HOM 1 KBagpaTypHon coctaBnsowmx. K npenmyliectsam nogobHbIX CXEM MOXHO OTHECTU TO, YTO B
npouecc nuvHeapv3auuyM OKa3blBaeTCA BKIIOYEHHbIM HE TONMbKO BbLIXOOQHOW  yCUNWUTENb, HO MW
npeaBapuTenbHbI yeunutenbs 1M npeobpasoBaTtenb 4acTtoTbl. OObIYHO, MPUMEHSIS Ha MpakTuke NodobHY
CXeMy, BbICOKYl0 cTeneHb nogaenennss MW B BbIXOAHOM CMEKTpe MOXHO obecneyvnTb Ansi OOHOW HecyLlemn
4YacTOTbl WM ANSl HECKOMbKMX PSAOM CTOSILLMX YaCTOTHO-pasferieHHbIX KaHanoB cBs3u. [paktuyeckue
cxembl CBY-ycunutenen 6binm paspaboTtaHbl ans 4Yactot oT 200 My go 2 NMu. Ypoewn nogaeneHunss MU
3-ro nopsigka npu atom coctaensanu ot 25 ob go 40 gb.

B cucrtemax NMHENHOro ycuneHus ¢ UCMNOMb30BaHUMEM HEMNUHENHbIX KOMMOHEHTOB, NMOCTPOEHHbIX C
NpUMEHeHMeM METOOO0B FWHEWHOIO YCUNEHWs, NPUMEHSIIOT CUHTEe3aTopbl paauoyacToThl. [log atum
CUMTaeTCHd, 4YTO «IIMHEWHbIN» CNEeKTP BO3HUKAeT TOMbKO Ha Bbixode nepepatyuka. [lpu aTtom Bce
HenNuHerHbIe NPOLIECChl BHYTPU CaMOro YCUNUTEnNsi OCTarnTCs HEN3MEHHbIMMU.

[na nuHeapusaumm coBpeMeHHbIX MOLLHbIX CBY-ycunutenen 6a30BbiX CTaHUUIN COTOBOW CBSA3W, B
HacTosilLee BpeMsi pa3pabaTbiBaloTCs OBYXNeTreBble CXeMbl KOPPEKTOPOB C MpsSMOW CBs3blo. B nepson
neTne NpouMcxoauT nogasnieHne Hecywen, sbigenedme MW n nHeeptuposaHme nx no ¢pase, a BO BTOPOW
netne — nuHernHoe ycunenne MW, nocne yero nponcxoaut nogasneHne UMW B BbIXOOHOM CEKTpE.

maBHOM npobGrEMON KOPPEKTOPOB C MpsIMOMA  CBA3bI0 ABNAeTcss cHwxkeHue KIO 3a cuet
CYMMVPOBaHWsi CUrHanoB Ha Bbixofde ycunutens. MNosbicute KO nogobHbIX cuCTEM BO3MOXHO, MPUMEHNB
HEeCMMMETPUYHbIE CYMMaTOpbl Ha CBA3aHHbLIX NUHUAX. Mpu 3Tom B 6annacTHOM Harpyske pacceuBaeTcs He
MOnMoBMHA MOLLHOCTM Hecywux (kak B 3 gb HanpaBneHHom oTtBeTBuTtene), a okono 10 %. Kpome Toro
OaHHOe KOHCTPYKTOPCKOE peLleHne MO3BOSISIET NPUMEHUTL GannacTHble CONPOTUBIIEHUS], pacCYUTaHHbIE Ha
MEHbLUYIO MOLWHOCTb. OfHAaKO MOMUMO 3TOr0 HEOOXOAMMO YYUThIBATb aMMUTYAHbIE U (ha3oBble OLNOKM,
BO3HMKaIOLLME NPU CIIOXEHUN CUTHANOB Ha BbIXOAE YCUMUTENS.

Ons nogaBneHuWs HecywmMx Ha BbIXO4e CyMMaTtopa, Ha OOWH BXO4 KOTOPOro nogaetcs
HeWCKaXKeHHbI BXOOHOW CUrHarm, a Ha BTOPOMW BXOZ — BbIXOAHOW ycwuneHHbI curHan ¢ MW, Heobxoammo,
4yToObl MX amnnuTygbl Obinn Obl oauMHakoBbl, a caBur ¢as Obin Obl 180°. Ha npakTuke cyllecTByeT
onpegeneHHbIi NOpPor OrpaHUYeHNst Hecylwmnx. 3Hasi MoOporu OrpaHUYEeHWUst HECYLMX, MOXHO onpeaenvTb
cTeneHb UX NoAaBneHns Npu BXOAHON MOLHOCTM — P4 1 BbIXOOHOW MOLLLHOCTW B cyMmmaTope — Py, .

Bo3amoxHbI ABa BapuaHTa MUHMMM3aUMM as3oBbiX OWMOOK. [lepBbii BapuaHT 3akr4daeTcsl B
paboTe C MNOCTOSHHLIMW YPOBHAMUW BXOAHbIX CUrHanoB. BTopom BapuaHT nogpasymeBaeT BBedeHME
OOMOSNHUTENBbHBIX aBTOMATMYECKUX CXEM YMnpaBlieHUs, KOTOpble MOCTPOEHbl MO MPUHLMMY KOPPEKTOPOB C
npenbICKaXkeHWeM U CBOAAT K MMHUMYMY aMmniuMTygHble 1 pa3oBble OWNOKKU B Lieny NoaaBieHns HECYLLMX.

3HauntenbHo noBbicUTb Kl KOPPEeKTOpOB U YMEHbLUUTL ha3oBble OLWMOKU MOXHO, NPUMEHUB
aMnnuTygHble OeTeKTopbl B Lensax Koppekuun ¢asbl cxembl ynpasneHusi. B uenb HeobGxoammo BBeCTH
CyMMaTOpbl, Ha KOTOpble MOAAKTCH WUCKAaXEHHbIN W HEUCKaXKEHHbI CUrHanbl. JneKkTpuyeckas AnuvHa
KaXK4oro U3 AByx y4acTKOB MyTW OO cymmaTopa OOfmkHa ObITb pasnuyHon (Hanpumep, 175° n 1850). Takum
obpa3om ycTaHaBNMBaEeTCA CBA3b MeXAYy YPOBHEM MOLUHOCTM M a3oBbiM Haberom. [anee, B cnyyae
paBeHcTBa amnnutyd P, n Pg, Ha Bxoge uenu koppekummn asbl OyaeT HyneBoe HanpsbkeHue.
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WNcnonb3oBaHne amMniuTyOHbIX [OETEKTOPOB B LENsX KoppekuuuM asbl BbIFOAHO OTNUYaeT
MPeAIOKEHHbI KOPPEKTOP OT OCTarbHbIX, Tak Kak B 3TOM Clly4ae npakTu4ecku oTnagaeT npobnema
AOMOSTHUTENBHOW NOACTPONKM (ha3 B ABYX KaHarax B Lienv NoAaBreHUst HeCyLyX.
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THE IN CREASE OF THE EFFICIENCY OF COMMUNICATION SYSTEM RF-AMPLIFIERS
Samokhina E., Nefedov V.

For the present a great deal of RF-amplifier linearization circuits are known. The choice of the
eligible circuit is influenced by the requirements to the intermodulation distortion (IMD) level in the output
spectrum. The fundamental tasks of these circuits are: minimization of the generated nonlinear distortion at
the frequency conversion stage and minimization of the distortion originating in the amplifier while working
with a multicarrier signal. In practice it is rather difficult to choose any particular correction circuit because the
various circuits offer optimization on various parameters such as: the passband of the channel, required
efficiency IMD limitation etc. As an example of the modern power amplifier linearization circuits for
communication systems it is worth mentioning these:

- Broadband adaptive predistortion systems;

- Systems with carrier suppression and restoration;

- Linear amplification systems with nonlinear components;

- Feedforward systems.

In systems where digital modulation is applied the circuits trace not amplitude and phase variations
but inphase and quadrature components. The advantage of these circuits is that not only power ampilifier but
also preamplifier and frequency converter are involved in linearization process. The practical 1/Q feedback
circuits were designed for the frequencies from 200 MHz up to 2 GHz. Thus the third-order IMD limitation
levels from 25 dB up to 40 dB were achieved.

At the present time feedforward circuits are being developed for the linearization of modern power
base station amplifiers. The fundamental problem of feedforward correctors is the reduction of the power-
added efficiency (PAE) as a result of signal summation at the amplifier's output. It is possible to improve the
PAE of such systems having applied combiners on non-regular coupled lines. Thus not half of the carrier
power (as in 3-dB directional coupler) but about 10 %. Besides the given design decision allows to apply
ballast load designed for a smaller power. However it is necessary to take into account amplitude and phase
errors originating in the output power combiner.

For the carrier limitation in the combiner where the first input signal is undistorted and the second —
the output amplified signal with IMD it is necessary that their amplitudes would be identical and the phase
shift would be 180°. If the amplitude and phase thresholds are known it is possible to define a level of carrier
limitation. The simulation shows a greater dependence of the carrier limitation level upon phase errors rather
than upon amplitude errors.

Phase errors minimization is possible due to introduction of additional automatic control circuits
based on a predistortion principle. These control circuits can reduce amplitude and phase errors in the
carrier limitation loop to a minimum.
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