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AHHOTAITHA U3znoocen cnocob 001208peMeHHON cmabuiuzayuy 4acmomsl meepoomenvhoco cenepamopa KBY ouanasona
nymem noooepicanus NOCMOSHHOU MeMnepamypsbl pe30HaHCHOU cucmemvl. B kauecmee makoii cucmemvl UCNOab3Yemcs
OMKPIMbLL ~ PEe30HAMOpP, PE3OHAHCHAS.  4ACMOoma KOmopo2o0 8 OCHOGHOM —onpedensemcs e2o Onunou. Temnepamypa
PE30HAMOpa  KOHMPOIUPOBANLACH — NOIYNPOGOOHUKOBLIM — OAMYUKOM, @ CMAOWIU3AYUS MEeMNepamypbl  OCYWeCmeIsLIaAch ¢
nomowpto 2nemenmog Illenvmove, BKIOUEHHBIX MeNCOYy MENIo8bloenowuUM daemenmom (Ouooom I anna) u paduamopom. [lna
CO2NACO8AHUSL BLICOKOOOOPOMHO20 OMKPBIMO20 Pe30HAmMOpa C HUBKOUMNEOAHCHBIM UCIOYHUKOM JAEKMPUHECKUX KONeOaHUll
NPUMEHEHO MHO2036€HHOE CO2NACOBAHUE AKMUBHO20 JIeMEHMA U OMKPbIMO20 pe30HaAmopd, KOMOpoe paspedicano Chekmp
6bIXOOH020 CUCHANIA KAK NO NONEPEeuHbIM, MAK U N0 NPOoOONbHbIM munam xorebanui. Yacmoma cemepayuu ¢ ouodom Ianna
cocmasuna 36 ITy, modynsyuonnas xapaxkmepucmuxa eewepamopa S = Af: /AUy = 6 MIy/B, 6vixo0Has mowHOCMb He
menee 50 mBm, mounocme konmpons memnepamypbl t = £ 1°C 6 unmepeane usmenenus eéneuinen memnepamypol -
20- +30°C, pabouas memnepamypa 35°C. B pesynomame zenepamop ¢ OMKPbIMbIM PE30HANOPOM UMENL YX00 Hacmonbvl
menee 0,5 My ¢ meuenue 7 wuacos. s cpaeHenusi yXo0 HACMOMbl AHAIOSUYHO2O 2eHEPamopa ¢ GOJIHOBOOHBIM
pesonamopom 3a mo oice epemsa cocmasun oxono 20 MIy. K momy oice cenepamop ¢ OMKDbIMbIM PE3OHAMOPOM U
mepmocmabunuzayuell bvicmpee biX00UN HA pedcum cmadbunuzayuu yacmomvl. CmaduIbHOCMb 4aACMOMbl, OYEHUBAEMAs NO
Memxam anamuzamopa cnexmpa, He xysce uem 1-107mun’. Joneoepemennas memnepamypuas cmabunvocmv (Af/N/AT =
+1-10°°C. Cnedyem ommemumv, umo pe3oHamop 60306yIHCOAemcs HA KEA3UOCHOBHOM Mune Konebanui, 4mo no3eonsem
ocywecmeums  OONOIHUMENbHYIO NePecmpolKy 4acmomvl 3a cyem usmenenus Oaunvl L pesonamopa ~0,25 [Ty npu
CHUdICEHUU MowHocmu 2eHepayuu Ha 3 0b. [1o00bHbIM MemoO0oM MOXCHO maKdce co30amv meepOomenvHble UCHOYHUKU C
doneogpementoll cmabunbhocmuio 6 obaacmu yacmom 150-300 ITy.

Knioueevie cnosa: wacmoma; 001208peMeHHAss CMAOUAU3AYUSL YACTIOMbL, MEePOOmMeNbHbIl 2enepamop, memnepamypa, KBY
OUanaszom,; OMKpPLIMbL pe30HAMOP
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ABSTRACT A method for long-term frequency stabilization of a solid-state generator of the EHF range by maintaining a
constant temperature of the resonant system is described. An open resonator with resonant frequency mainly determined
by its length is used. The resonator temperature was controlled by a semiconductor sensor and the temperature
stabilization was carried out using Peltier elements connected between the fuel element (Gunn diode) and the radiator.
The multi-link matching of the active element and the open resonator, which rarefy the spectrum of the output signal in
both transverse and longitudinal types of oscillations, was used to match a high-Q open resonator with a low-
impedance source of electrical oscillations. The generation frequency with the Gunn diode was 36 GHz, the
modulation characteristic of the generator S = Af: /AUx 6 MHz/V, output power was not less than 50 mW,
accuracy of temperature control t = + 1 °C in the range of external temperature changes -20 - + 30 °C,
operating temperature was 35 °C. As a vresult, the open resonator generator had a frequency drift of less
than 0.5 MHz for 7 hours. For comparison, the frequency drift of a similar generator with a waveguide resonator
for the same time was about 20 MHz. In addition, the generator with an open resonator and thermal
stabilization —entered the frequency stabilization mode earlier. Frequency stability, estimated by the labels of
the spectrum analyzer, is not worse than 1 - 107 min!. Long-term temperature stability (Af/)/AT = = 1-10°%/°C.
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It should be noted that the resonator is excited on a quasi-basic type of oscillation, which allows additional frequency tuning by
changing the length L of the resonator ~ 0.25 GHz with a decrease in the output power by 3 dB. A similar method
could be used to create a solid-state sources with long-term stability in the 150-300 GHz frequency range.

Keywords: frequency; long-term frequency stabilization; solid-state generator; temperature; EHF range; open resonator

BBenenne

Jnsa cosmanus cuctem cBsa3u KBY npmanasona
TpeOyrOTCA  UCTOYHHMKMA  U3IYYCHHUS C  HU3KUMHU
YaCTOTHBIMHA IIyMaMu u JOTTOBPEMEHHOM
CTaOMIILHOCTBIO YacTOTHI [1-5]. BhIcOkas cTaOMIIBHOCTH
TeHEePaTOpOB MWIIMMETPOBOTO JHAIa30HA MOXKET OBITH
JOCTUTHYTa pa3IMYHBIMH crocobamMu. OnWH W3 HHX
3aKJIFOYAEeTCS B MHOTOKPATHBIM YMHO)KEHHEM YacTOTHI
KBapIeBOIO reHeparopa u CHHXPOHHU3AIIH
noinydeHHelM curHagsoM KBY reneparopa, npyroii
UCIIONB3YET CUCTEMY TOACTpoiikn yacToTel KBY
reHeparopa II0 ONOPHOMY CHTHAIy, HOJXy4eHHOMY
MHOTOKpPaTHbIM  YMHO>KEHHEM 4YacTOThl TeHeparopa,
CTa0MJIM3MPOBAaHHOMY KBapleBbIM pe3oHaTtopoMm. O06a
criocoba TpeOYIOT 3HAYMTENBHBIX alllapaTHbIX 3aTpar,

CITOKHBI B HacTpoiKe u HUMEIOT
HEYA0BJIETBOPUTENIbHBII CIIEKTP Tperuit yTh
3aKJIFOYAE€TCSI B  HEMOCPEICTBEHHOM HCIIOJIb30BAHUU
BBICOKOI00pPOTHOM Koe0aTeIpHON CUCTEMEI co

CTaOMIBHBIMH pa3MepamMu.
Ieas padoTsl

Cosnmanue BBICOKOCTaOMIILHOTO HCTOYHHKA
JNEKTPUUCCKUX KoJIeOaHui MHUJLTUMETPOBOTO
JMana3oHa C BBICOKUMH CHCKTPATBbHBIMUA CBOHCTBaMHU.

Cradmiau3anus 4acToThbl

B wHCTOYHHKAX MHUIMMETPOBOTO JHana3oHa K
KoJieOaTenpbHON cHucTeMe HEOOXOAWMO TPEIbSBISATH
pS TIOBBILICHHBIX TPEOOBAaHWIl, a WMEHHO BBICOKAs
COOCTBeHHAst  MOOPOTHOCTh,  PA3PEIKEHHBIH  CICKTP
KonieOaHui, CTaOWIIBHOCTh TI'€OMETPHUYECKHX pPa3MepoB.

B JJIMHHOBOJIHOBOM YacTH MUJUIUMETPOBOTO
JMara3oHa YCIIELIHO WCIIONb3YIOTCS 00beMHbBIE
LWINHJPUYECKUE pEe30HaTOpHI, BKJIIOUECHHbIC no

PCAKTUBHO 0Tpa>Ka}0meI71 CXEMC.

B cpemHel u  KOpPOTKOBOIHOBOW  4acTH
MUJLTUIMETPOBOTO Jrana3oHa Goiee
MIPEANOYTHTENBHBIM SIBIISIETCSI UCTIONIb30BaHNE

OTKPBITHIX C(epO-yroNKOBO-3MUICIIIETHBIX PE30HATOPOB,
MO3BOJIAIOIINX TOJNYYUTh HEOOXOJMMOE pa3pekeHHe
CIICKTpa, KakK IO MONCPCYHBIM, TaK W IO HPOAOJIbHBIM
THTIaM Koniebanwii [6,7].

Onxum u3 JIOITOBPEMEHHBIX
JeCTaOIN3UPYIOLINX (axTopoB SBIISETCA
TEeMIIEpaTypHBI yXOI 4YacToThl Konebanuid. Teruo,
BBIJIENIIEMOE  AKTUBHBIM  3JEMEHTOM, a  TaKxke

KoJieOaHHs TeMIeparypsl BHELIHEH Ccpeapl, HpPUBOIST
K W3MEHEHMIO JIMHEWHBIX pa3MepoB KoieOaTenbHON
cucreMmbl. [losToMy, craOwnu3anusi TIeOMETPUYECKUX

IapamMeTpoB KoIeOaTeIbHOW CHCTEMBI IIO3BOJHT, IPU
COXPaHEHHH BBICOKOTO YPOBHS IIOJABICHUS IIYMOB
BONMM3M Hecymiell, JOOUTHCS BBICOKOM JONTOBPEMEHHOM
CTaOUIIBHOCTH.

TemneparypHas craOunuzanusi pa3MepoB, a
CJIEZIOBATENIbHO M YacTOThI, CBOJMTCS B OOIIEM cliy4ae
K  TpeM  OCHOBHBIM  IIpHEMaM: MIPUMEHEHHIO
MaTepHaoB c HU3KHM koaddurenTOM
TeMIepaTypHOTO pacimupeHus, TeMIepaTypHOU
JVHEHHOW  KOMIIGHCAlMM W TEpMOCTAaTHPOBAHHIO
KosebaTeIbHOTrO KOHTYpA.

Ha puc. 1
MPEATIOKEHHOTO  TeHeparopa.
TeMIIEpaTypHOU 3aBUCUMOCTHU
pasMepoB  3€pKajla M KOpIIyC
CyIllepuHBapa. MexaHunueckas JKECTKOCTh 0]
obecrieunBaeTcsi TeM, YTO  YTOJKOBO-DIIEJUIETHOE
3epkano 1 BBINOJNHEHO U3 CyNEpUHBapa 3a0JHO C
muHApudeckuM  koprmycom  OP. Cdepuueckoe
3epKano 2 yCTaHOBJIEHO Ha KOMIIEHCATope 3 U3 Me[H.
MexaHu3M TiepeMelieHns 3epkaia 4 oOecredmBaeT
noacTpoiky  ammHel  OP. TepmoperynupoBanue
OCYIIECTBIIAETCS c MOMOIIBIO AITFOMHHUEBOTO
TEIUIOOTBOMIA - paauaTopa 5 u asmeMeHTOB IlembThe 6,
YCTAQHOBJICHHBIX MEKAY HCTOYHMKOM KojeOaHuil 7 wu
BHEIITHUM paguaTtopoM 5. DIEKTPOMAarHUTHas >HEPrHs
BBIBOJUTCA  4Yepe3  CTAaHAAPTHBIM  MPSIMOYTOJBHBIHI
BonHoBoA 8. T'eneparop u OP momemieHsl B
TepMETHYHYIO Karcyny 9, 3alolHeHHYIO IEeHOIJIAaCTOM
10. Oxno 11 cayxur g JoCTyma K MEXaHU3MY
nojcTpoiixu 4. BbIBoj oSHeprum repmeTuzHpyeTcs
paauonpo3padyHbiM - OKHOM 12, B Tene  yroiakoBo-
JIIEAETTHOTO 3epKana YCTaHOBIICHBI JIATYUKA
TEeMIIEpaTypbl 13. OyHKIMOHANbHAS cxema
CTa0MIM3allMk  TEeMIepaTypsl M TEIUIOBBIX IIOTOKOB
MoKa3aHa Ha puc. 2.

OHa COCTOMT W3 CIEAYIOUIMX  OCHOBHBIX
JJIEMEHTOB: perynupyionme osyeMeHTsl llensthe |1,
JATYUK TEMIIepaTypel 2, KOMIapaTop 3, YIpaBiseMbIit
HCTOYHHUK IUTAHUSA PETYIHUPYIOUIMX 3JEMEHTOB 4.
TemnoBoit moTok W, BelmensdeMblid auogoM [aHHaA wian
JIIIA 5, pacmnpenensercss YacTUYHO IO PE30HATOPY
W), 1 B KOHEUHOM MWTOre 4epe3 TEIUIOU30JIATOp 3Ta
JIOJsT  TIOTOKAa TIOTajaeT Ha BHEMIHUM  paguaTop
(TTOKa3aHO IYHKTHUPOM).

OcHOBHast 1011 MOTOKAa W, yepe3 3IIEMEHTHI
[Memptee 1 mepemaercs Ha paamaTop 6, KpOME TOTO,
uid  yayqmeHuss  3(QEKTHBHOCTH  CXEMBl  4YacTb
TEIUIOBOTO TOTOKa M3 mepenaercss Ha paauaTop IO
JIOTIOJTHUTETIBHOMY ~ HEpPETYJIHPYEeMOMY TEIUIOBOAY 7.
CxeMa TEpMOpETyIMPOBAaHMSA IUTAETCA OT BHEIIHETO
HE3aBUCHUMOTO HMCTOYHUKA NMHUTaHHA §.

IIOKa3aHa

Jls

KOHCTPYKINS

YMEHBIICHHS
TEOMETPUIECKUX
W3TOTOBJICHBI U3
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Puc. 1 —Koncmpykyus K6a3uonmuieckoz2o 2eHepamopa ¢ 001208peMeHHOl Cmabunusayueti 4acmomal
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Puc. 2 - @yHKI/[uOHCIJZbHa}l cxema cma6uﬂu3auuu memnepamypbol U OBUIICEHUS. MENIOBLIX NOMOKO8

B mpemioKeHHOM — HMCTOYHHMKE — HM3ITyYEHHS Ha puc. 3 moka3aHO M3MEHEHHE YacTOTHI
IPUMEHEHO MHOTO3BEHHOE COTJIACOBAaHME AaKTHBHOTO  TEHEpaIiH HUCTOYHHUKA c JIONITOBPEMEHHOM
anemMeHTa W OP, BKIIOYEHHBIX 110 PEAaKTHUBHO-  CTaOMIbHOCTBIO. OHM  CHATBI TIPH  TEXHUYECKHX
orpaxaromeii cxeme [8-12]. Uacrtora reHepamum f = mapamerpax aHammzatopa crektpa C4-60: momoca
36,4 ITu, MOIYJISIIIMOHHAS xapaktepucTuka  ob63opa - 100 k['1, paspemieHue B mojioce o030pa -
renepatopa S = Af. /AU; = 6 MI'n/B. Momnocts, 10 k['m Mexny Merkamu, 1ojioca MpOITYyCKaHMs
oThaBaeMasi B Harpy3ky, He menee 50 MBrt, tounocts  ¢ummbrpa mo IH — 1,0 xI'm, mnocrosHHas BpeMeHH
KOHTpoJisi Temneparypel ¢t = =+ 1°C B wunrepsane nerexropa 0,03 c.

U3MEHEHHs ~ BHemHeH  TemmepaTypel  -20...+30°C. Hns  cpaBHeHWss Ha puc. 4  TIOKa3aHbEI
PaGouas Temmneparypa pesonaropa 35°C. AQHAJIOTWYHBIE  XAPAKTEPUCTUKH IS BOJIHOBOZHOTO

reHeparopa 0e3 CTaOWIM3HPYIOMIETO PEe30HATOpA.
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Puc. 3 — H3zmenenue wvacmomul cenepayuu om spemenu pabomul 0Jis KEA3UONMUUECKO20 2enepamopa ¢ ouooom I anna
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CTaOMIIBHOCT,  YacTOTHI,  OILIEHHMBaeMas  II0
aHaIM3aToOpPy CIEKTpa, He Xxyxe uem 1-107mum.
JonrospeMeHHas TemiiepatypHas cTabuiabHocTh (Af/)/AT
= +1-10%°C. Cnenyer OTMETHTBb, 4YTO PE3OHATOP
BO30y)KIaeTCcss Ha KBA3MOCHOBHOM THIIE KOJCOaHUH W
JOTIOJTHUTEbHAS ~ MEPEeCTPOWKa YacTOTHI 3@  CUeT
u3MeHeHusl JUIHbI L pe3onaropa cocrasisieT ~0,25 I'T
TIpU CHUKEHUH MOIHOCTU TeHepanuu Ha 3 n1b. Metogom
MaciTabHOro MOJICITUPOBaHUS MOXKHO CO3/1aTh
OIHOIUOIHEIE TBEPIOTEIBHEIC HCTOYHHUKHU c
JOJTOBPEMEHHOM CTaOMIBHOCTBIO B 00Mactu gactot 150-
300 I'T'.

BriBoabl

Pa3paboTaHHblii M ONHMCAaHHBIH TBEPAOTENbHBIN
TeHepaTop BOCHBMUMMIIMMETPOBOTO JHaria3oHa JJIUH
BOJH, OOJIaJaloIIMii CTONL BBICOKMMH TEXHUYECKHUMH
XapaKTepUCTUKAMHU, MOXKET HAUTH IIHPOKOE MPUMEHEHHE
npu uccinenoBanusix B KBY nuanazoHe, B pa3iuyHbIX
TEJIEeKOMMYHHUKAIIMOHHBIX CHCTEMaX B KadyecTBe
3a/1al01LEro reHepaTopa Wik reTepoJuHa paguopeneHbIX
JIMHAH CBSI3U.
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AHOTALIA Haseoeno cnocib O0oszompuganoi cmabinizayii yacmomu meepoomineHozo zenepamopa KXY odianasomy winaxom
niompumxy nocmitinoi memnepamypu pe3onancHoi cucmemu. B axocmi makoi cucmemu uKopucmogycmucsa iOKpumuii pe3oHamop,
PEe30HANCHA 4aACmMOoma sK020 6 OCHOBHOMY GU3HAYAEMbCA 11020 Oosicunolo. Temnepamypa pe3onamopa KOHMPOMO8ANACs
HAnienpoSIiOHUKOBUM OAMYUKOM, a cmabinizayis memnepamypu 30ilCHIO8ANAcs 3a 00NOMO20i0 elemenmie [lenbmove, nioKmoUeHux
Midic mennoguoinsaouum eremenmom (0iooom Ianna) i padiamopom. [{ns y32000cenHs: UCOKOOOOPOMHO20 8IOKPUMO20 PE30HAMOpa
3 HI3bKOIMNEOAHCHUM OJICepeNomM eleKMPUUHUX KONUBAHb 30CMOCO8AHO OA2AMONAHKOSE Y3200)CEHHA AKMUBHO20 eNeMeHmy |
8IOKPUMO20 Pe30HAMOPA, AKe PO3PIOACYE CNEKMP BUXIOHO20 CUSHANY K NO NONEPEYHUX, MAK i N0 NOB3008ICHUX MUNAX KOIUBAHD.
Yacmoma 2enepayii 3 diooom I'anna cknana 36 I'Ty, mooyrayitina xapakmepucmuxa cenepamopa S = Af/AUy = 6 MI'y/B, euxiona
nomyarcricmo ne menwe 50 mBm, mounicme xoumponio memnepamypu t = = 1°C ¢ inmepeani sminu 306niwnboi memnepamypu -20 -
+ 30°C, poboua memnepamypa 35°C. B pezyromami 2enepamop 3 ¢iokpumum pezonamopom mae opeligh vacmomu menwe 0,5 MIy
npomszom 7 200un. [nsa nopienannsa opeiigp yacmomu aHano2iuHo2o 2eHepamopa 3 XGUNeGUOHUM Pe30HaAmOopoM 3d MOl dice 4ac
cknano oauzeko 20 MI'y. [Jo mozo dic eenepamop 3 8iOKpumuM pe3oHamopom i mepmocmadinizayicio weuoule 8UX00U8 Ha PedAcUM
cmabinizayii wacmomu. Cmabinbhicme wacmomu, SKa OYiHIOEMbCA NO MIMKAX ananizamopa cnekmpy, ne 2ipwe wisic 1-107 xe7!.
Hoezompusana memnepamypua cmabinenicme (Af)/T = £ 1-106/°C. Cnio sasmauumu, wo pesonamop 36y0%cyemvca Ha
K6A3I0CHOBHOMY MUNi KOIUBAHb, WO 00360A4€ 30IICHUMU 000AMKO8Y 3MIHY YACMOmMU 3a PAXYHOK 3MiHU 008dcunu L pesonamopa ~
0,25 I'Ty npu 3nudicenni nomyacrocmi eenepayii na 3 0B. [100ibnum mMemooom MOHCHA MAKOIC CIMEOPUMU MEEPOOMINbHI 0dicepend
3 doszompusanoro cmabineHicmio 6 ooaacmi wacmom 150-300 I'Ty.
Knrouogi cnosa: wacmoma, doneompugana cmabinizayia yuacmomu, meepoominbuull eenepamop, memnepamypa;, KXY dianaszon;
BIOKpUMULL pE30HAMOP
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