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Annomayus - B pa6ore nccienoBaHa BO3MOXKHOCTb YBeJIHYEHHE aMIUTUTYAbl CBEPXKOPOTKUX UMIYJIBCOB U $OPMHUPOBAHUS
MOHOLMKIa [aycca myTeM CIOXEHMsSI CHUIHAJIOB C HECKOJBKHX IeHepaTopoB. [Jist 9TOro 6bUIM HCIONB30BAHBI KOJIbIIEBbIE
CyMMAaTOpbl KOHCTPYKLUH YWUIKWHCOHA, KOHCTPYKLHSI KOTOPBIX Gblla BbIOpaHa H3-3a HU3KHUX [OTEPh M BBICOKOHM pa3BsI3KU
BXOZ0B. BBINIO Mpou3BeieHO MOfeTMPOBaHKe S-TTapaMeTPOB CYMMAaTOPOB C Pa3HBIMH FeOMETPUYECKUMHU [TapaMeTpPaMH B IOJIOCe
gactor g0 5 I'Tu. I[Tony4eHHble pe3ynpTaThl COBMNATM C SKCIIEPUMEHTATbHO M3MEPEHHBIMH XapakTepucTHKamH. C MOMOIIbIO
CYMMAaTOpPOB IIyTE€M CJIOKEHHS] CBEPXKOPOTKHUX UMITYJIbCOB OAMHAKOBOM U Pa3IMYHOM IOJISIPHOCTEN ObUIa YBETHYEHA aMIUTUTYAA
MOHOIIOJISIPHOTO HUMIy/abca U cHOPMHUPOBAH HMMIYIbC GUIONAPHOM (OPMBI. [JaHHBIM MOAXOA BO3MOKHOCTBIO MOLCTPOMKH
[apaMeTPOB BBIXOLHOIO CHTHAJA [yTeM MOA60pa 3afiep>KeK 3aMyCKAIOLIUX CUIHAJIOB.

Kniouegvie cnosa - CIIIT curnanbl; cBepxKOpoTKHe HMIynbchl; CBY; cioskeHHe HMIYIBbCOB; KOJOKOIBHBIM HMITYIIBC;
GUIOJISIPHBIM UMITYJIBC; MOHOLUMKII ['aycca; aennTenb YUIKHHCOHA.

BBengenue

OpHOW W3 MepCHeKTHBHBIX 0651acTed paguoso-
KallMd SIBISIETCS] HCIOJB30BaHUE CBEPXKOPOTKUX
umnynscos (CKHU) B popme konokona 'aycca, MoHO-
nukia Faycca u ny6nera Taycca. [Togo6GHbBIe CUTHATBI
HMMEIOT BBICOKYIO paspellallnylo crnocobHocTs. Ofn-
HAKO, MpU UX GOPMUPOBAHUM BO3HUKAKWT MpobIie-
MBI, CBsI3aHHBIE C OLHOBPEMEHHBIM oObecliedeHHeM
MaJiod [JUTENbHOCTH U BBICOKOW aMIUTHUTYABI. Ecin
st popmupoBanus konokonbHbix CKU wucnonbay-
I0TCSI U3BECTHBIE PEIIeHHUsI HA OCHOBE CBEPXOBICTPBIX
nepekyJYaTeie, HalpuMep, JUOLOB C HAKOIUIEHH-
eMm 3apspaa (IH3) [2; 10; 13], To mis opmupoBaHUSs
MOHOLIMKIIOB ¥ Ay6JIETOB B GOJIBIINHCTBE CIIy4a€eB HC-
MOMb3yeTcsl MaccuBHas (GpUIBTPALUsl KOJOKOJIBbHBIX
HUMITy/IbCOB. TaKOM METOR UCKaKaeT CekTp u $popmy
cursana, 4yto cHuxaet B nenoM KIIJl reHepaTtopa 3a
cyer (l)I/IJ'[praLII/II/I HHU3KOYAaCTOTHBIX COCTABJIAOIINX.

OpHUM U3 cnoco60B GOPMUPOBAHUS CBEPXKOPOT-
KMX MOHOUMIYJIBCOB ['ayccoBcKOM $pOpMBI GOJIBIIOH
AMIUTATYLbl SIBIISIETCS CYMMHUPOBAHUE HMIIYJIBCOB C
BBIXOJIOB HECKOJIBKHUX TeHepaTopoB [3]. B HacTosmel
pabore nuist opmuposanus apynonsipasix CKU npen-
JIaraeTCsl UCIOIB30BATh KOJIOKOJBHBIE MMIIYJIBCHI C
yIpaB/IsieMOW BpeMeHHOU 3amepskkod. Takas cucre-
Ma, COCTOSIIIAasi U3 HECKOIIBKUX F€HEPATOPOB U CyM-
MaTopa, IBIIeTCs] JOCTATOYHOU IMOKOM B HACTPOUKe
Y [IO3BOJISIET PErYIUPOBATh GOPMY C MUHUMABHBIMU
dHEPreTUYECKUMH noTepsiMu. OXHAKO TaKOH MOJXO[
TpebyeT peann3anuio C y4eTOM 4aCTOTHOT'O AHAIA30-

uskov@phys.vsu.ru (Yekos I'puzopuii Konemanmurosuu)

Ha CKU. [Tpu npsiMOM NOAKI/IIOUEHUN HECKONIBKUX I'e-
HepatopoB CKU [2] k o6uieli HArpy3Ke, KMEET MECTO
UX BIUsHME Ha paboTy apyr apyra [3], yTo npuBogut
K HCKa’keHHI0 MMIysbca. [loaToMy BaskHO obecre-
YUTBH pa3Bsi3Ky MeXAY BBIXOAAMH BCeX I'eHepaTOpOB
MOHOMMITYJIBCOB [JI51 YMEHBIIEHUS UX BIHUSHUE APYT
Ha fpyra.

[Iist clokeHHUsT UMITY/IBCOB B paboTe paccMaTpuBa-
€TCsl CyMMAaTOpP KOHCTPYKUHH YUJIKWHCOHA, KOTOPBIN
B IOCJIefJHEee BpeMs OCTATOYHO YaCTO MCIOJIb3yeTCs
miist coxenust CIITT curHanos [4-6]. OgHako B mpu-
Be[IEHHBIX MYOJIUKALNS He UCCIIEeNYETCsI BOIIPOC CYyM-
MHPOBaHHUS CBEPXKOPOTKUX UMIIYJIBCOB rayCCOBCKOU
dopMBrI.

B pa6ore mpencraBieH CyMMaTOp Ha OCHOBE KOJIb-
LleBOM KOHCTPYKLUHMHU YMJIKMHCOHA [Jis CBEPXIIHUPO-
KOIIOJIOCHBIX CUT'HAJIOB. DKCIIePUMEHTAIBHO yAaI0Ch
OO6GUTBCSA YBETUYEHHS AMIUTUTYAbI (pOPMHUPYEMOTO
HMITyJIbCa NPU MOMOIIM CYMMHPOBAHHUS BBIXOLHBIX
CUTHAJIOB C HECKOJIBKHX reHepaTopos [2]. Takke 65Ut
cPOpPMHUPOBAH MOHOLMKII, COCTOSILIMHI U3 IBYX KOJIO-
KOJIBHBIX CUT'HAJIOB.

Mopens cymmaTropa YWIKHHCOHA

CxeMaTHUYHBIM BHEIIHWM BUJ, KOJIBIIEBOTO CyMMa-
Topa mpencrasieH Ha puc. 1. OH ob6namaer gByMsI
BXOMaMH, 0603HAYEHHBIX <2> U <3> M OJHHUM BBIXO-
ooMm - <1>. [Ins pa3Bs3KH MeEXAY BXOAaMHU YCTPOU-
CTBa UCIHOJB3yeTCsi bannacTHeId pe3uctop R. Takxke
[IMPUHY TOJOCH paGOThl CYMMAaTOpa 3a[ai0T JIHHBI
Y LIMPHUHA MUKPOIIOJIOCKOB KOJIBbLIA.

© Bo6pewos A.M. u fip., 2021
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Puc. 1. KonbueBod cymmarop
Fig. 1. Ring adder

AHaTUTHYECKYI0 MOJIENb TAKOIO YCTPOMCTBA MOX-
HO MPEJICTABUTh YepPe3 HOPMUPOBAHHYIO MATPHULY Ye-
THIpeXMOMoCcHUKa [12]:
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OUMOCTb OTpe3Ka OJHOPOJHOM JUHUM C [UIMHHOM [
Y, =2z, /R; - HOpMMpOBaHHas MPOBONMMOCTDH aK-
THBHOW HArpysKM, yMHOXeHHas Ha [Ba; Y3 - HOp-
MUPOBaHHas MPOBOJAUMOCTh KOPOTKOT'O 3aMBIKAHMUS,
IJIsl UEeabHOTO CIIy4as MPEANOJIaraeTcs YTO ITOT
napameTp paBeH 6€CKOHEYHOCTH; A — [IJIMHA BOJIHBI.

C NOMOIIbI0 MaTPHI TIPENCTABIEHHBIX BbILIE MOX-
HO OTIPEefIeNIUTh MATPUIBI pACCEsIHUE HA CpelHel ya-
crore f, paboyero nuamasoHa. DTa 4acTOTa COOTBET-
CTBEHHO OTIpeJie/IAeTCs U3 COOTHOIIeHUs [ = A, /4,
TZle JUTHA BOTHBI A COOTBETCTBYeT YacTOTe f,.

Marpuna paccessHHsI COCTOUT U3 S-TIapaMETPOB,
KOTOpasi OMUCHIBAETCS BBIPAKEHUEM:

1-2Y2
3T 02
1+2Y]
2
1 1-2v7 1-v.
— 1 + 2

S, =8, =—| —L
11 22
2(1+2v2 14Y,

2
C1f1-2v) 1-Y,

= ——L
2(1+2v2 14Y,

Puc. 2. Cxema reHepaTopa UMIyJIbCOB C HCIOJb30BaHMEM NUO0B
C HAKOIUIEHUEM 3apsifa

Fig. 2. Circuit of a pulse generator using diodes with charge
storage

Wcxopns U3 MoTy4YeHHBIX COOTHOLIEHUH MOSKHO CJie-
J1aTh BBIBOJ, UTO HJeasibHOe COTJIacOBaHMe, TO eCTh,
PaBEHCTBO MAPAMETPOB S;4 = S,, = S35 =0 U upeans-
HYyI0 pa3Bs3Ky MeX/Ay BXOAHBIMU IIJIedUaMU CYMMaTo-
pa S;, = 0 MOXHO IOCTUTHYTb, ECJTH:

Y. :L, Y, =1,
V2 3)
Z :zox/i, Ry =2z,.

B Takom cnydyae mMarpuua paccessHUe IJIs1 ULealb-

HOTO JIeJIUTeNs IPUMeT BU:

0 0

[s]=-j| 0 o0

o &5

1 1
V2 V2
MOI[CJII/IPOBEIHI/IC CJIIOK€HUSA UMITY/IBCOB

[nst aHanmu3a cxeM CYMMHPOBaHUsI, GbUIa IIOCTPO-
eHa MO[ie/Ib TeHepaTopa, onucanuas B [13] u usobpa-
>KeHHast Ha puc. 2. [Ipu napajiebHOM MOJKITI0UeHUH
OBYX T€HEPATOPOB K OLHOM HArpy3Ke ObUIO BBISICHEHO,
YTO Ha BBIXOLE CHUCTEMBI GOPMHUPYIOTCS HMITYJIbCHI
KOJIOKOJIBHOU GOPMBI, HO PU ITOM He HAGIIOLAETCs
YBeJIUYEeHHST aMIUTUTY/bl, & IJIUTEIBHOCTh UMITyJIbCa
pacTeT MMOYTH BABOE.

Barem ObUT pacCYUTAH CyMMATOP YHUIIKMHCOHA, KO-
TOPBIN MMOKa3aJ XOpOllee COBMAafeHHe C TeopeTude-
ckuMH GOpMyIaMHu, OITMCAHHBIMHU BbILLE. {7151 paciiu-
peHust paboyel MosoCck CyMMaTopa 6bla BEIIOTHEHA
ONTHMHU3ALMUS €ro TeOMETPUYECKUX I[apaMeTpPOB.
B kavyecTBe ONTHMH3UPYEMBIX APAMETPOB UCIIOJb-
30BaJIMCh, pafiNyC, LIMPUHA U IJINHA MUKPOIIOJIOCKOB
KOJIBIIEBOW 94acTH. [JIs ONTUMHU3ALUN OBUTH 3aaHBbl
Tpebyemble TapaMeTpsl A1 S;4 B Kopugope ot -3 1B
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PazBsizka BxoAoB cymMMaTopoB (S23)
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Puc. 3. S-mapameTpsl KONbLEBbIX CYMMAaTOPOB ¢ paguycamu 5, 10 u 12 mm

Fig. 3. S-parameters of ring adders with radii of 5, 10 and 12 mm

no -4 nb, nns 523 u S,, menbuie -10 nb B mosnoce or
0,5 mo 5 I'Tu.

B Mopenu GBbITH YITEHBI peabHble TapaMeTpPbl AH-
anektpuka FR4 (Er = 43, H = 0,8 MM, TaHreHc yria
notepb - 0,025) 1 mosy4eHsbl ClAeAyIOLHe TAPAMETPEI
MHKPOII0JIOCKA KOJIbLIEBOM YaCTH:

- TonmuHa nonocka - 0,7 MM.

- ConpoTuBieHue 6amtactHOro pesucropa — 100 Om.

- Bbu10 BBIGpaHO TPU pafuyca KoJblia, TOKa3aBIInX
YAOBJIETBOPUTENIbHBIE XapaKTepUCTUKHU: 5, 10 1 12 MMm.

BeI6paHHBIe NapaMeTpPbl XOPOLIO COOTBETCTBYIOT
CHUTHaJ/IaM, MOJyYeHHBIX C TeHepaTOpPOB, OMHUCAHHBIX
¥ MPOMOJIETUPOBAHHBIX cormacHo [13]. XapakTepu-
CTHUKH, IIOJIy4€HHBIX BO BpeMs MOJIeIMPOBAHUs, CyM-
MaTOPOB C Pa3IMYHBIMU pafuycaMu KoJel] IpeficTaB-
JIeHBI Ha puUc. 3.

Clo>keHHe UMITYTbCOB 6e3
BPEMEHHOT'O CABHTA

[ mopTBepXAeHUS pe3ylIbTaTOB MOMEINpOBa-
HHUsl OBUIO IPOBENEHO I3KCIIEPUMEHTAIBHOE HCCIIe-
noBaHHe paboThl KOJIBLEBOro cymmaropa. [ledarHast
IjaTa CymMMmaTopa M3roToBjleHa W3 Mmarepuana FR4

tonuuuou 0,8 MM. M3aMepeHHbIe S-TTapaMeTpbl U3r0-
TOBJIEHHBIX CYMMaTOpPOB IIpeCTaBJIeHbl Ha puc. 4. VX
H“3MepeHHe NIPOU3BOAUIIOCH C TOMOIIBI0 BEKTOPHOT'O
aHanusaTopa teneit Agilent PNA-L N5230A.

s cyMMHUpPOBaHUSI UMITYJIbCOB BXOABI CyMMaTOpa
MOAKJIIOYAJIMCh K BBIXOAM [IBYX UJIEHTUYHBIX I'eHepa-
topoB CKU [13]. Hanpsi>keHue Ha BBIXO/ie CYMMATOPa
PETHCTPUPOBATIOCh CTPOOOCKOMMYECKUM OCIMIIIO-
rpa¢pom DCA-X N86100D ¢ BXOIHBIM COMTPOTHUBIIEHU-
eM 50 Om u nonocoit nponyckanus 20 I'To,.

CyMMaTOpBI 110 cxeMe YUIKOHCOHA ObUTH peanu3o-
BaHbBI Ha MEYaTHBIX [UIATax (PUC. 5) U ¢ UX MOMOLIBIO
IIPOXU3BOAUIIOCE CJIOKEHHE HMITYJIbCOB C IBYX I'eHe-
paTopoB. JnuTenbHOCTH GOPMUPYEMBIX UMITYJIbCOB,
H“3MepeHHBIe Ha MOoIyBbIcoTe, cocTasisuiu 300 e npu
ammnurypne - 31,3 B.

3HavyeHWe aMIUTHUTYObl BBIXOOHBIX UMITYJIbCOB IJISI
CYMMaTOpOB:

- IpU paguyce 5 MM, coctaBuna 37 B;

- npu paguyce 10 mm, coctasuna 36,4 B;

- npu paguyce 12 mm, coctasuna 33,5 B.

YBenuueHue AMIIUTYABl UMITYyJIbCA ME€Hee, YeEM B
OBa pa3a OOBSICHSETCS HaIUYHEM MOTEPH B LUIJIEK-
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Puc. 4. TeopeTH4ecKr pacCUUTAHHBIE U H3MEPEHHBIE S-TapaMeTpbl CyMMaTOPOB
Fig. 4. Theoretically calculated and measured S-parameters of adders

Puc. 5. DKcliepuMeHTaIbHble PealU3aL K CYMMATOPOB KOHCTPYKLMK YHIKHHCOHA HA MUK POIIOJIOCKAX
Fig. 5. Experimental implementations of Wilkinson microstrip adders

TpuKe TaaTel. Kak BUAHO Ha puC. 4, mapaMeTpsl S,y
IJIs1 BCEX CyMMaTopoB HUXe -3 1B Bo Bcell moinoce,
a Ha yacroTax Bblme 3 I'TH XapaKTepUCTUKHU YXYA-
IaThCS.

d)opanosaHne 6I/IHOJISIPHOI‘O HMITyJabCa

[nst bopMupOBaHKs GUITOISAPHOIO MMITYJIbCA HC-
[10JIb30BAJINCh ['€HEPATOPBI KOJTIOKOJIbHBIX HUMITY/IbCOB
pasHo¥ nonspHocTH. OTpULIATENBHBIA UMIYIbC I10-
LAaBaJiCsl HAa BXOL CyMMaTopa C 3agep>KKOW OTHOCH-
TeJIbHO MOJIOKUTENbHOI0. MIMIysIbChl Ha BBIXOJAX I'e-
HepaTopoB U300paskeHbl HA PHC. 6, a. IX aMIUTUTYbI
Takke coctapasinu 30 B npu gnurensHoctu 300 rnic Ha
IIOJTYBBICOTE.

ChopMUPOBAHHBIM OUMONSPHBIA HUMITYIBC MpPeN-
CTaBleH Ha pHC. 6, 6. PasaMax MMIy/Ibca COCTABHUII

33,1 B. [T0/103KUTENBHBIN BEIOPOC B KOHIlE UMITY/IbCA
o6bsicHsieTcs GOPMOH MOHOIOJSIPHBIX HMMITYJIBCOB
reHepaTopoB, B OCLU/UIOrPAaMMaX KOTOPBIX TaKXKe
HUMEIOTCsI ITOJIOKHUTENbHbIe BBIGPOCH. [laHHbIE BbI-
6pochl
dopmupys nckaxeHus. CiefyeT OTMETHUTD, 4TO, OA-

CKIIaAbIBAKOTCA KOJIBLIEBBIM CYMMAaTOpPOM,

6upasi 3a1ep>KKy MeXAY IIOJIOXKUTETbHBIM U OTPHLIA-
TeJIbHBIMU UMIYJIbCAMU, MOXXHO peajn30BaTh yIpaB-
JIeHHe CIIeKTPOM reHepupyeMoro CUrHania.

3ak/iIouyeHue

B pa6ore mpencraBiieH KOJIbLEBOH CYMMAaTOp [JIsi
CTIO>KeHU I CBEe PXIIMPOKOIIOIOCHBIX UMITY/IbCHBIX CUT-
HanoB. Pabovas monoca 4acToT cymMmaTopa 1o ypoB-
Hio -20 nBb HaxomuTcs B muanasoHe ot 0,5 mo 5 I'Tu.
DKcIepuMeHTalbHO YAATI0Ch BBIMOJHUTE CJIOKEHUE
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Fig. 6. Formed unipolar ultrashort pulses (a) and bipolar pulse (b), obtained using an adder

OBYX HMIYJIBCHBIX CHUTHAJIOB CYGHAHOCEKYHNHOM pasHOW MOJIIPHOCTH ynanoch cGopMHUpOBATH GUITO-
IIUTeNBbHOCTH. [Ipy aTOM aMIIUTyAa GOPMUPYEMO-  JISIPHBIN HUMIIYJIbC.
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Generation of ultra-short pulses using the Wilkinson adder

Anatoly M. Bobreshov ©®, Aleksey E. Elfimov, Vladislav A. Stepkin, Grigoriy K. Uskov

Voronezh State University
1, Universitetskaya Square,
Voronezh, 394018, Russia

Abstract - In this work the possibility of increasing the amplitude of ultra-short pulses and formation of a monocycle
Gaussian by adding signals from several oscillators was investigated. For this purpose, the ring adders of Wilkinson design were
used. The design of which has been chosen due to low losses and high input decoupling. The S-parameters of the adders with
different geometrical parameters have been simulated in the frequency band up to 5 GHz. The obtained results coincided with
the experimentally measured characteristics. The monopulse amplitude was increased and a bipolar pulse shape was formed by
adding ultrashort pulses of equal and different polarities using the adders. This approach allows you to adjust the parameters of
the output signal by adjusting the delays of the triggering signals.

Keywords - UWP signals; ultra-short pulses; microwave; pulse addition; bell pulse; bipolar pulse; Gaussian monocycle;
Wilkinson divider.
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