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BbICOKOCKOPOCTHbIE 3/1eKTPOHHO-0NTUYeckne
npeo6pasosaTenu (30MM) — yHUKaNbHbIE HAay4Hble
npuéopbl ns poTorpaduyeckomr pernctpauum
6bICTpONpOTEKAIOLWUX MPOLLECCOB U U3y4eHUS
CBEPXKOPOTKUX SIBIEHUN NUKO-PeMTOCeKYHAHOWN
AJIMTENbHOCTY B GU3MKe S1a3epHOM Niasmbl,
He/INHEeMHOW U BOJIOKOHHOM ONTUKe, ra3oguHamMmuke,
¢oTobmonormun. B nponosxkeHMu o63opa pacCMOTPEHO
pasBuUTUE NPUGOPOB TEXHMUYECKON PU3UKU, KOTOPbIE
crnoco6Hbl o6ecneynTb Nepegady MHGopMaLun gaxe
C aTTOCeKYHAHbIM BpeMeHHbIM paspelleHueMm.

200 U NNA3EPHbIV BYM

TexHu4yecKasd peanusanuvsgd PU3MYECKHUX ITPUHIIUIIOB
NHUKO-PeMTOCEKYHIHON  3JIeKTPOHHO-ONTHYECKOH
doTorpadpuu pacTsiHyIach Ha MHOI'HE TOObI, a IIOTeH-
LIMaJIbHble BO3MOXKHOCTH IIOBBIIIEHHSI BPeMeHHOI'0
paspemrerus DOII Ha TPU MOPSIKA BeIUUUHEI (0T 10 11C
1o 10 ¢c) bymopaskat U IOHBIHE HHTepeC MHOI'HX HCCTIe-
JoBatesnell. YcIexu IpHMeHeHHUS BpeMsiaHaJIM3UPY-
omux J0I1 B U3HUeCKUX SKCIIePUMEHTaX SIBJISIKUCH
ONHOBPeMEHHO MOIIHBIM CTHMY/IOM COBepIIeHCTBO-
BaHUs camux DOII, a BO3HUKINAS II0TPebHOCTH B 3J1eK-
TPOHHO-OIITUYeCKON NHATHOCTUYECKOH aIllapaType
IIpuBea K HeoOXOIMMOCTH H3TOTOBIEHHS MeJIKHX
[IApTUH 3TUX IPUO0POB [23-25].

[Toc/ie OCHOBOIIONIATAIOIIUX 3KCIIEPUMEHTOB, IIpO-
BefleHHBIX B cepenuHe 50-x romoB E.K.3aBOMCKHM
C COTPYAHHKAMH, Ha CMEHY HIeCTHKACKagHbIM YMH-95
C HAOPSDKeHHOCTBIO Iojig y ¢dotokaToma ITHM-3 <60
B/MM u cKOpocThiO0 pa3BepTKH 2:10° cm/c B 1959 romy
IpUILIK Ipubopsl cepurt YMHU-95B. B sTHx mpubopax
32 CYeT IIPHUKATOLHOrO KOJIBLIEBOIO IeKTpona Opuia
IoBbINIeHA Oosiee yeM Ha IIOPSIOK BeTHMUYMHBI HAIPS-
SKeHHOCTh 3JIEKTPHUYECKOIo II0JIs1 Y BXOOHOro $poToKa-
Toma (BIIOTH 1o 600-900 B/mMMm) (10 JaHHBIM HM3Mepe-
HUN B 3/JIeKTPOCTAaTH4YeCKOM BaHHe). [l/1s pa3BepTKU
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High-speed image intensifier tubes (IIT) refer to

the unique scientific devices intended for the
photographic record of fast processes and study

of ultra-short phenomena with pico-femtosecond
duration in laser plasma physics, nonlinear and fiber
optics, gas dynamics, photobiology. The development
of technical physics devices which are capable

to transmit information with attosecond time
resolution at the extreme is considered in the review
continuation.

IIT AND LASER BOOM

Technical implementation of the physical
principles of pico-femtosecond electron-optical
photography prolonged to many years and the
potential capabilities of increase of IIT time
resolution by three orders of magnitude (from
10 ps to 10 fs) still stir up the interest of
many researchers. Progress connected with the
application of time analyzing IITs in physical
experiments was simultaneously powerful
stimulus for the improvement of IITs, and the
need which occurred in the electron-optical
diagnostic equipment led to the necessity of
production of small batches of these devices
[23-25].

After the fundamental experiments carried
out in the middle of 50s by Y.K.Zavoisky and
colleagues, the devices of UMI-95V series
replaced the six-stage UMI-95 with the field
intensity near the photocathode PIM-3 of <60 V/
mm and scanning speed of 2-10° cm/s in 1959.
At the expense of cathode circular electrode
the electric field intensity near the entrance
photocathode was increased by more than
an order of magnitude (up to 600-900 V/mm)



I
SN OPTOELECTRONIC DEVICES [UUM
I

$OTO37IeKTPOHHBIX H300paskeHUI, OrpaHHYeHHBIX
TOYKOHM, BMECTO OOBIYHBIX OTK/IOHSIIONIUX IUIACTHH
KOH/JIEHCATOPHOI'0 THMIIA C KOJIAaYKOBBIMH BBIBOJAMU
C.JI.®aHYEHKO C COABTOPAMH Pa3paboTasl HOBYIO OTKJIO-
HAOLIYI0 cMcTeMy. OHa COCTOS/Ia K3 ABYX OTKPBITBIX
Pe30HaTOpOB, HACTPOEHHBIX Ha OJHHY BOJAHBL 10 CM,
PacIioNioKeHHBIX II0[, IIPSAMBIM YIVIOM IPYr K Ipyry
Y 3aKaHYMBAIOIMXCA BaKyyMHO TIJIOTHBIMH KOAKCH-
aJIbHBIMH BBoZaMu. Ha YMU-95B 6bla peanu3oBaHa
HeITpepbIBHAS 3/UIMIITHYeCKasl pa3BepTKa C OOIBIION
II0/TyOChIO UIuIica — 10 MM. MaKCHMMaJjbHasi CKOPOCTh
Pa3BepTKHU TOUEUHBIX POTOIIEKTPOHHBIX H300paskeHU
ObLIa IOBBILIEHA Ha IOPSAOK BEIMYMHBI M COCTABHIIA
(1-2)-10%° cm/c, 4uTO, B IpUHLIMIIE, 00ECIIEUNBAIO TEXHU-
yeCKoe BpeMeHHOe pa3pelleHue BIUIOTh 10 8-1013 c.

B pe>kMMe HeIIpepeIBHOM Pa3BePTKH HMIIY/IbCOB
MHOT03/IeKTPOHHOH TeMHOBOM 3MMCCHH Ha YMU-95B
OBLTIO 3KCIIEPHMEHTA/IPHO IOATBEPXKAEHO, YTO 3JeK-
TPOHBI Ka’K[IOM TIPYIIIBI, BbUIETAaION[He M3 obIein
TOUKH POTOKATOAA, IOKUIAIOT ero C pa3bpocoMm I10 Bpe-
MeHHU He 6ojlee 4eM HECKOTBKO MHUKOCEKYHZA. TOT ke
3KCIIEPUMEHT, MOBTOpPeHHBEIM C¢ JO0I1 YMM-95, moka-
3aj1, YTO 3aperMCTPUPOBaHHAsS JJIMTEIbHOCTH MHOIO-
37IeKTPOHHOM TeMHOBOM 3MHUCCUH paBHAa HECKOJIIBKUM
IecsiTkaM IHKoCekyH[. Takum obpa3om, B Hosibpe
1960 roma C.[J.®aHuYeHKO, ONMpasiCh Ha Pe3y/IbTaThl
CBOMX 3KCIEPHMEHTOB ¢ YMM-95B, cmenman BBIBOL
"0 IIPaKTHYeCKOM BO3MOKHOCTH [IOBECTH BpeMeHHOe
paspelleHHe 371eKTPOHHO-ONTHYECKOH XPOHOIPadUU
IO HeCKOJIBKHX eqUHHUIL Ha 1013 ¢."

[IpMHUMIIMATIBPHO HOBas CHUTyallds OJIs HCIIBITa-
HUs MW COBEPIIeHCTBOBAHUS MHKO-GeMTOCeKYHJ-
HBIX DOIl CIOKHUIUCEH II0C/Ie cepeguHbl 60-X IOofoB,
Kkorga JOIl pacKpeUIM CBOM YHHKaJIbHBIE PErHCTPU-
pyoliye BO3MOKHOCTH B JIa3€pPHBIX 3KCIIEPHMEHTAX
M B OKCIIEpUMEHTaX I10 ja3epHoMmy YTC. B 3THX 3KC-
IepUMeHTaX IPaKTHYecKas BO3MOXKHOCTH peajusa-
LMY BpeMeHHOro paspelleHus jydmle 10 ric 6p1a oco-
6eHHO BoCTpeb6oBaHHOM. Iloc/e TOSIBIEHUS IIEPBBIX
71a3epoB C CHHXPOHH3alLlKel MoJ, BO3HHKJ/IA peasbHas
noTpebHOCTh B KaMmepax Ha DOII c BpeMeHHBIM pa3s-
pellleHHeM IMOPsiAKa ONHOM MIM Ja’ke AOeH IIHKO-
cekyHIbl. 1 B pelleHue 3ToM 3afauu E.K.3aBorcKUI
CO CBOMMH KOJI/IeTaMU TaK>Ke BHEC/IH 3aMeTHBIN BK/Ia /.
B TBOp4YeckoM B3aHMMOJEHMCTBUU C M.M.ByTCI0BBIM,
b.M.CTemmaHOBLIM H APYTMMH COTpyAHHMKaMu BHHH
ONTUKO-QU3UUECKHX M3MepeHUI [27] EBreHun
KOHCTaHTHHOBHY COCPEIOTOYM/I YCHJIMS CBOErO KOJI-
JIeKTUBA Ha CyIleCTBeHHOH MofepHu3auuu YMHU-95B
IIyTeM MCIIONB30BaHHUS pe3oHaHCHOM CBY-pa3BepTKu
HeIlpeppIBHOTO [eHCTBHS, paboTalllell Ha [JIHHe
BOJIHBI 3 CM [28-29]. B 3TOM HOBOM BpeMslaHAJIU3UPY-
formemM 3011, co3maHHOM B 1970 rogy M ITOTYyYMBIIMM
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®eMmocekyHAOHAs GOMOIAeKMPOHHAS NyWKa ¢ Hecma-
UUOHAPHbIMU GOKYCUpYOWUMU NoAsMU (a); 30noz2pamMma
UCX0BHO20 7-NC Aa3epH020 umnyabca (6) u okamozo 8o 285 ¢c
3/ekmpoHH020 nyuka (8). Ckopocms pazsepmku 8-10'° cm/c
Femtosecond photoelectron gun with non-stationary focusing
fields (a); eopogram of initial 7 ps laser pulse (b) and electron
beam compressed to 285 fs (c). Scanning speed - 8-10'° cm/s

(according to the data of measurements in
electrostatic bath). For the scanning of
photoelectronic images limited by point instead
of standard condenser-type deflecting plates
with top caps, S.D.Fanchenko with colleagues
developed new deflecting system. It consisted
of two open resonators which were tuned in the
wave length of 10 cm located at the right angle
toward each other with vacuum-tight coaxial
inputs on the edges. Continuous elliptical
scan with the semimajor axis of 10 mm was
performed on UMI-95V. The maximum scanning
speed of dot-element photoelectron images was
increased by an order of magnitude and had the
value of (1-2) 10'° cm/s which basically provided
the technical time resolution up to 8:1013 s.
Under the conditions of continuous scanning
of many-electron dark emission pulses on UMI-
95V it was experimentally proved that electrons
of every group, outgoing from the common
photocathode point, leave it with the time
spread of not more than several picoseconds.
The same experiment repeated with the IIT
of UMI-95 series showed that the recorded
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HauMeHOBaHHe "[IMKOXPOH', 37eKTPOHBI IIONafalu
B OTKJ/IOHSIIOLIYIO CHCTeMYy 4epe3 BXOJHOe OTBepCTHe
JuaMeTpoM 2,5 MM. OTKJ/IOHeHHEe OCYIIeCTB/IS/IOCh
sneKkTpruyYeckuM CBY-monem B obnacTu "menu’ ABYX
B3aMMHO IepIIeHAUKY/ISIPHBIX pe30HaTopoB. Oba pe3o-
HaTopa THIA "HeNb-OTBEPCTHE" HACTPAHUBAIOTCS Ha
OOHY W Ty >Ke 4acToTy, paBHyo 10 [T, [y TouyHOH
IOZICTPOMKY B OAHOM M3 Pe30HATOPOB IIPeflyCMOTpPeH
IUTYH>Xep. Bo36yskIeHHe KaskIOro pe3oHATOpa Ipo-
M3BOJMTCS 4epe3 IeT/II0 CBSI3M KOAKCHAJIbHOTO BBOJA,
HapPY>KHBIM KOHeI] KOTOPOTo SIB/ISIETCSI 371eMeHTOM BOJI-
HOBOJIHO-KOAKCHAJIPHOTO Iepexofa. IIpu CKaHHpoBa-
HUU H300paskeHUSI HEIIPEePbIBHO CBETSIIEHNCS TOUYKH,
pa3BepTKe MOXKHO 6bLIO JIeTKO IIPUAATE GOPMY OKPYK-
HOCTH, 3/UIMIICA MM IPSMOM IIyTeM H3MeHeHHUSs
caBHra ¢as c IOMOIIbo PpasoBpaliaTesns.

OOUH U3 IIepBbIX SKCIIEPHMEHTOB Hay4YHOTO KOJIJIEK-
THBa II07i PyKOBOACTBOM E.K.3aBOMCKOIO C MCII0/Ib30-
BaHHeM 'TIMKOXPOHA' COCTOSUL B pa3BepTKe HMIIYIbCOB
MHOT03/IeKTPOHHOIM KOMIIOHEHTBI TeMHOBOM 3MHCCHH
BXOJHOTO CepebpsiHO-KUCIOPOAHO-1Ie31eBoro ¢$oToka-
Tofa. M3BeCTHO, YTO MPH OTCYTCTBHUH OCBEILleHUs PpOTO-
KaTOZIa C HETO BbUIETAIOT /IeKTPOHBI 'TEeMHOBOIO IIyMa',
COCTOSIIIETO M3 JIByX KOMIIOHEHT - OFHO3JIeKTPOHHOM
M MHOT03/IEKTPOHHON. OIHO3/IeKTPOHHAs! KOMIIOHEHTA
(10%-10° 371eKTPOHOB CM?/c) 06 BSICHSIETCSI MEXaHH3MOM Tep-
MO3/IeKTPOHHOM 3MHMCCHH C QOTOKATOAA K OITHCBIBAETCS
0bbr9HON dopMmyson PudapacoHa. MHOr031eKTPOHHBIE
UMITyabchl (104-10° 371eKTPOHOB'CM?/C) IIO-BUAHMOMY,
BO3HMKAIOT B Pe3y/IbTaTe MoIaJaHUs Ha POTOKATON, YCKO-
PEHHOr0 3/1eKTPHUYecKUM I10/1eM HOoHa (HallpuMep, HoHa
e3ust). CaMH UMITY/IbChl UMEIOT 3HAaUUTe/IbHBIN CTaTH-
CTHUYeCKHH pa3dpoc M0 YHC/Iy 37IeKTPOHOB B OTZAE/IbHOM
nauke (0T 5 7o 15). B peskriMe HeIIPepbIBHOM /UIMIITH-
YeCKOHM Pa3BepTKH HMIIYJIbCOB MHOTOIKTPOHHOM TeM-
HOBOH 3MHCCHH Ha "TIMKoxpoHe" [28] 6b110 SKCIIEpHMeH-
TaJIBHO MO TBEPKIEHO, UTO 3IeKTPOHBI KasKIOH IPYIIIIbI,
BbUIeTalomIte U3 obmert Touky $poToKaTosa, MOKUIAI0T
ero c pas3bpocom 10 BpeMeHHU He 6oree yeM HECKOIBKO
ITHKOCEKYHI,.

B TOM CepHM 3KCIIEPHMEHTOB yueHBIMHU HAD ele
pa3 6bLI0 JOKA3aHO, UTO AJIs1 POTOIMHUCCHOHHBIX H30-
OpaskeHHM, XapaKTepU3YIOMIUXCS Ha IOPSAOK MeHb
MM pa3bpocoM HauyaJIbHBIX SHEpruil ¢GoTo371eKTpo-
HOB I10 CPAaBHEHHIO C U300pakeHUSIMHU OT "TeMHOBOT'O
myma' $oToKATOAQ, ITpefielbHOe U3MUeCcKoe BpeMeH-
Hoe paspemeHue ITMM-3, omipeensieMoe TOIBKO XpoMa-
THYeCKUMHU abeppallusMU [1€PBOro MOPSAKA, JOIKHO
6p1TH He xysKe 5-10 1ic (E<60 B/mmMm; E=2-10° cm/c), a giist
"TTukoxpoHa(E<900 B/mMMm; E=2-10cm/c) oHO mOIKHO
6BITH OKOJIO OTHOM ITMKOCEKYH/ bl MIH Ty4ile!

B 71a3epHBIX 3KCIIepUMEeHTaX, [IOCTABI€HHBIX B 1972-
1975 rogst C.[J.PaHUYEHKO B Tab0paTOpUSIX aKafieMHKA
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duration of many-electron dark emission was
equal to several tens of picoseconds. Thus, in
November 1960 S.D.Fanchenko relying upon the
results of his experiments with UMI-95V drew
the conclusion "on the practical capability to
reduce the time resolution of electron-optical
chronography to several units of 1013 s".

Conceptually new situation for testing
and improvement of pico-femtosecond IITs
occurred at the second half of 60s when IITs
revealed their unique recording capabilities
in laser experiments and experiments with
laser controlled thermonuclear fusion (CTE).
In these experiments the practical capability
to implement the time resolution better than
10 ps was specifically in demand. After the
occurrence of the first lasers with mode
locking the real need in the cameras based
on IIT with the time resolution of the order
of one or even fractions of picosecond arose.
And Y.K. Zavoisky with colleagues made the
significant contribution into the solution of
this task. In the creative cooperation with M. M.
Butslov, B.M. Stepanov and other colleagues
from the All-Union Research Institute of
Opticophysical Measurements [27] Yevgeny
Konstantinovich focused the efforts of his team
on the significant modernization of UMI-95V
using the resonance super-high frequency (SHF)
scanning with continuous action operating on
the wave length of 3 cm [28-29]. In this new
time-analyzing IIT designed in 1970 and called
"Picochrone" electrons got into the deflecting
system through the inlet port with the diameter
of 2.5 mm. Deflection was accomplished by
the electrical SHF-field in the area of "slit" of
two mutually perpendicular resonators. Both
resonators having the type "slit-opening" were
tuned in the same frequency equal to 10 CHz.
For the accurate adjustment the plunger was
provided in one of the resonators. Excitation
of every resonator was accomplished through
the coupling loop of coaxial input the outward
end of which was the element of waveguide-
to-coaxial adapter. Upon the scanning of the
image of continuously luminous point it was
possible to give the shape of circle, ellipse or
straight line to the scan easily by changing the
phase shift using the phase shifter.

One of the first experiments of the scientific
team under the supervision of Y.K. Zavoisky
using the Picochrone consisted in the scanning
of pulses of many-electron component of
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H.I'bacoBa ¢ y4yactueMm II.I.KpioKoBa H ero COTpyA-
HHUKOB [30-32], "IInKoxpoH" paboran B pesxUMe Tpo-
XOUJIQJIBHOM Pa3BepPTKU: C IIOMOILBIO Pe30HaTOPHOHU
CBY-OTK/IOHSIOIIEM CHUCTeMBI (QOTO3IeKTPOHHEIe H30-
OpaskeHHU s HeIIPePBIBHO Pa3BePTHIBAIMCH II0 JIIHIICY,
a IIpH JIa3epHOM IIOAKUIe paspsafHHKA IIPOHMCXOIHIIO
OfIHOKpaTHOe JIMHEeHHOe OTKJIOHeHHe H300paskeHHUM
C IOMOINBIO [JOIOJHUTE/NBHON Iaphl IUIACTHH, pas-
MeIleHHBIX B "TIMKOXpoHe". MaKCHMasbHasi CKOPOCTh
pasBepTKU Ha 3kpaHe JOII paBHsIach (4-6)-10° cm/c,
YTO B IIPUHIMIIE 00eCreuyrBasIOo JOCTIDKEHHE TeXHU-
YecKOro BpPeMeHHOro paspelleHus Jayume 5-1073 c.
ITpy TaKOM BBICOKOM BpeMeHHOM pa3pelleHUH [I0THbIN
LIMKJI pa3BepTKU cocTaBiasa 50-100 HC, YTO I103BOIAIIO
PeruCcTpHUPOBATh HECKOJBKO aKCHA/IPHBIX II€PHOI0B
U3/Iy4YeHUs HeOAMMOBOIO jla3epa C CAaMOCHHXPOHM3a~
11ei Moz, Ilepron pa3BepTKY ObUI B TOUHOCTH ITPUBS-
3aH K 4acToTe 3 CM (4acToTe MarHeTpoHa), a TpeboBa-
HHUS K HeCTabHIPHOCTSIM CpabaThIBaHUS UMITY/IbCHBIX
CXeM yIpaBjeHus CHU3WIMNCh 10 1078 c. M3o6paskeHue
IIOSIBJISVIOCh C OQHOIO Kpas 3KpaHa, IIPOYepuyrBaio
TPOXOMAY M YXOOMJIO 3a IIPeleibl 10/ 3peHHUs C IIpo-
THBOII0JIO’KHOH CTOPOHEL.

CucTteMa IIOBTOPHOHM (MHOTOKAaHa/IbHOL) PperucTpa-
UMK 6pUIa OCHOBAaHA HA TOM, UTO M3JIydeHHe ja3epa
nepeq momagaHueM Ha ¢oTtokarton SOIl IpomycKaaoch
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dark emission of entrance silver-oxygen-
cesium photocathode. It is known that upon
the absence of photocathode illumination the
electrons of "dark noise" go out of it; this dark
noise consists of two components - single-
electron and many-electron components.
Single-electron component (102-103 electrons
cm?/s) can be explained by the mechanism of
thermionic emission from photocathode and
described by the standard Richardson equation.
Apparently, many-electron pulses (104-10°
electrons cm?/s) occur as a result of entering of
the ion (for example, cesium ion) accelerated
by electric field to photocathode. Pulses have
the considerable statistical dispersion by the
number of electrons in individual pack (5 to 15).
Under the conditions of continuous elliptical
scan of pulses of many-electron dark emission
on Picochrone [28] it was experimentally proved
that the electrons of every group outgoing
from the common photocathode point leave it
with the time spread of not more than several
picoseconds.

In these series of experiments the scientists
of the Atomic Energy Institute (AEI) proved
one more time that for the photo-emission
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yepes [Ba IapajUle/IbHEIX APYL APYTY IOMYIIPO3PaYyHbIX
3epKaJla, pacCTOSIHHe MesKAY KOTOPHIMH MOIJIO MeHAThCS.
O6BbeKTHUB $OKYCHPOBa BCe MYYKU B OGHY TOUKY BXOJI-
Horo ¢oToKaroza 'TIMKOXPOHA', AaBasi Ha KpaHe AUAMETP
nsTHa ~0,2 MM. MeTomMKa [TOBTOPHOM PErucTparuu obe-
CIIeYHBaJIa yueT COOCTBEHHBIX aIlIIapaTypPHBIX 3QdHEeKTOB,
I103BOJISI/IA JIerye IIOMACTh B IMHEHYI0 06/71acTh JUHAMU-
YEeCKOro JMalla3oHa PerucTpalivi, W IpU M3MeHeHHUH
PpaccTossHUS MeXKAY 3epKaJlaMU I103BOJIS/IA OIIpelie/IuTh
HaIpaBpjieHHe pa3sBepTKH. I1ofBoAsS MTOTH 3KCIIePUMEH-
TOB II0 HCIIONB30BaHUIO "TIMKOXPOHA' ISl U3MEpeHHs
BpeMeHHOM CTPYKTYypbl U3/Ty4eHH s HeOAKMOBOTO JIa3epa
Ha CHJIMKATHOM CTeKJ/Ie B PesKHMe CAMOCHHXPOHHU3aLIUH
MOZl, MOKHO KOHCTaTHPOBaTh, YTO MHHMMAJIBHO 3ape-
THUCTPUPOBAHHAS [IJIMTE/IBHOCTh OMMHOYHBIX JIa3ePHBIX
ITMYKOB OKAa3aJ1ach PAaBHOM 1,7 TIC.

Crnemyer oTMeTuUTh, 4YTO Ha 3JO0Ilax € YCKOpsIO-
Ier CeTKOM BOMH3M GOTOKATOHA, Pa3paboTaHHBIX BO
BHHHO®H mo 3axkasy PMAHa B Hayajie CeMUJECATHIX,
HaIPSKEeHHOCTD 3/1eKTPHUYECKOro 1107151 ObLIa IOBbIIIeHA
bosee yeM Ha /iBa TOPsiIKA BeJIMUYMHBI [10 CPABHEHUIO
¢ [IMM-3. BriepBble CybIIUKOCEKYH/IHOE BpeMeHHOe pa3s-
peleHue, cocTaBuBInee 0,7 Iic, 6510 JOCTUTHYTO B 1976
rogy rpynmou uccneposarenen ®HAH, pyxkoBogumon
A.M.IIpoxopoBBIM, Ha Tpybke YMM-93M, paspaboraH-
HOM U U3roToB/eHHOM Bo BHUHMO®U I. 1. BproxHeBHYeM,
B.M.CTel1aHOBEIM [33] B pe>KrMe IHHEHNHOH (IeIeBOk)
PasBepTu LpU PErHCTPallMM CHHYCOUAAIBHO-MOMY/IH-
POBAHHOIO H3/TyYeHHs C IIepPHofoM 1,4 TIc U I1ybHHOM
Monynsauuu >10% Ha garHe BoiaHbL 1060 HM. I1py 3TOM
CKOPOCTD IIeJIEBOM Pa3BepTKHU AoCTHUrana 5,5-10° cm/c,
a HaIpSKeHHOCTb 3JIGKTPHYECKOro II0ad Y (POTOKA-
Toma 6pUIa >3 KB/MM. OCHOBHBIM 3IEMEHTOM KaMepel
SBJISUICSL JIa3€PHBIK UCKPOBOM Pa3psAHUK, POPMHPOBAB-
IIKH ITPSIMOYTOJIBHBIE KMITYJIBC C CYOHAHOCEKyH/THBIMU
bpoHTaMM M aMIIIUTYAOH A0 20 KB. KoabpuIireHT ycu-
neHus 10 siprocTy JOI1 HafeskHO obecrieurBas pesKUM
PerUCTpallky Kask[oro GoTo3eKTPOHA, [OKKAAIOLIETO
BXOJIHOM $OTOKATOZ,. FICIIONB30BasICsl KMCIOPOLHO-Cepe-
6psiHO-LIe31eBbIN GOTOKATON C IOBEPXHOCTHBIM COITPO-
TUB/IeHHeM <10 OM/O U CIeKTpPajbHOH YyBCTBHUTENb-
HOCTBIO, IIPOCTHpAIOIIeics 10 1,5 MKM. OcobeHHOCTH
3KCIIEPHMMEHTOB C BpeMsaHa/IU3upywmwrMu 3011, mpo-
BoauMBIMU B PHIAH, cocTosia B pa3BepTKe H306paske-
HUH, OTPAaHUYEHHBIX Y3KOH INeJbI0, BAOTIb KOTOPOH (B
OTIHUYUHU OT 'TIMKOXPOHA") MOIVIO YK/IQ[BIBAThCSI OHO-
BpeMeHHO MHOIO [eCSITKOB IIPOCTPAaHCTBEHHO-paspe-
IIeHHBIX KaHAJIOB.

Wrak, B IMOJIHOM COIJIACMH C IpeJCKa3aHHu-
amu E.K.3aBorckoro, BpemeHHOe paspemeHue JOII
B IHAIIa30He OT AeCATKA JI0 JO/eH ITUKOCeKyH/IbI OBLI0
HaJle>KHO OCBOEHO K KOHIy 1970-X romoB Kak y Hac
B CTPaHe, TaK U 3a pybeskoMm.
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images, characterized by the spread of initial
photoelectron energy with the value which
is smaller by an order in comparison with
the images from "dark noise" photocathode,
the limit physical time resolution of PIM-3,
estimated by the chromatic aberrations of the
first order only, should not be worse than 5-10
picoseconds (E<60 V/mm; E=2-10° cm/s) and
for Picochrone (E<900 V/mm; E=2-1019 cm/s) it
should be about one picosecond or better!

In the laser experiments carried out in 1972-
1975 by S.D. Fanchenko in the laboratories of the
Academician N.G.Basov with the participation
of P.G.Kryukov and his colleagues [30-32],
"Picochrone" operated in the mode of trochoidal
scan: with the help of resonator SHF-deflecting
system the photoelectron images continuously
scanned over the ellipse and upon the laser
ignition of switching tube the single linear
deflection of images occurred with the help of
additional pair of plates located in Picochrone.
The maximum scan speed on IIT screen was
equal to (4-6)-10'° cm/s which basically provided
the achievement of technical time resolution
with the value better than 510713 s. With such
high time resolution the complete scan cycle
was 50-100 ns which made it possible to record
several axial periods of radiation of neodymium
laser with self-mode locking. Scan period was
precisely attached to the frequency of 3 cm
magnetron and the requirements to instabilities
of response of pulse control circuits reduced to
10°% s. The image occurred from one edge of the
screen, drew the trochoid and left outside the
field of vision from the opposite side.

The system of repeated (multi-channel)
registration was based on the fact that laser
radiation before entering the IIT photocathode
passed through two parallel semi-reflecting
mirrors the distance between which could
change. The lens focused all beams into one
point of Picochrone entrance photocathode
giving the spot diameter of ~0.2 mm on the
screen. The method of repeated registration
ensured the record of native instrumental
effects, allowed easier access to the linear area
of dynamic registration range and upon change
of the distance between mirrors made it possible
to determine the scanning direction. Resuming
the experiments on "Picochrone" use for the
measurement of time structure of neodymium
laser radiation on silicate glass under the
conditions of self-mode locking, we can state
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COBPEMEHHOE COCTOAHUE

M TEHOEHUWUN PA3BUTUA

MUKO-®EMTO-ATTOCEKYHOHOM

POTOSJIEKTPOHUKN

[IpHOpPHUTET OTeUeCTBEHHON HAYKU B 06JIACTH ITHKO-PeM-

TOCeKyH/THOM 3/IeKTPOHHO-ONTHYeCKOH $oTorpadui mon:

TBepKJaJICsl B MHOTOUHC/IEHHBIX POCCUHCKHX JOKIAaX,

IpeCTaB/IeHHBIX Ha BCeX MeKIYHapPOOHBIX KOHIPeccax

o ¢opmupoBaHuio H3obpakeHuH BIIIl U QOTOHMKe:

SImonms (2000 r.), ®pannus (2002), CIIA (2004), Kutan

(20006), ABcTpanus (2008), SInoxwus (2010), IO>kHas Adprika

(2012). YoM sIHeM 3eCh JIUIIb HEKOTOpEIe, Ha Halll B3IV,

Ba’KHBIE, Pe3y/IbTaThl, Iony4eHHble B MIO® PAH:

* paspaboTKa, M3rOTOBJIEHHE U HCIIbITaHHe HeMTO-
cekyHaHoro 30I1 tumna IIB-OC-M ¢ MMIIYIBCHBIM
[IHMTaHHeM IIPOMeKYTKa POTOKATOL-CeTKa,

e CO3JaHHe MHUKO-PeMTOCEKYHIHOM (OTOIeKTPOH-
HOM MyIIKH, NpefHa3HaUeHHOH /IS 3KCIIePUMeH-
TOB I10 M3y4YeHHUIO BellleCTBa Ha aTOMHO-MOJIeKYJISP-
HOM YpOBHe MeTOAAMHU JUPPAKIIMHU JIeKTPOHOB;

* 3aBeplIeHHe KOHLEIIHH IIOCTPOEHHUS TUPaKUPY-
eMOH IIeeBON (CTPHUK) KaMepsl, obecrevyuBaio-
e MaKCHMAJIbHOe BpeMeHHOe pa3pelleHHe He
xy>ke 200 ¢c.

HoByio TeHIeHIIMIO B PasBUTHH IIHMKO-pemMToce-

KyHIHOM (OTO3/IeKTPOHUKHU 0003HAuUMIKU PaboThl

i

that the minimal recorded duration of single
laser spikes turned out to be equal to 1.7 ps.

It should be noted that using the IIT with
accelerating grid near photocathode developed in
the All-Union Research Institute of Opticophysical
Measurements under the order of the Lebedev
Physical Institute of the Academy of Sciences
in the early 70s the electric field intensity was
increased by more than two orders of magnitude
in comparison with PIM-3. For the first time, sub-
picosecond time resolution equal to 0.7 ps was
achieved in 1976 by the group of researchers from
the Lebedev Physical Institute of the Academy
of Sciences under the supervision of A.M.
Prokhorov using the tube UMI-93M developed
and produced in the All-Russian Research
Institute of Opticophysical Measurements by
G.I.Bryukhnevich, B.M.Stepanov [33] under the
conditions of linear (slit-type) scanning upon the
registration of sinusoidally modulated radiation
with the period of 1.4 ps and modulation depth
of >10% at the wave length of 10°° nm. The
speed of slit scanning reached 5.5.10'° cm/s and
electric field intensity near photocathode was >
3 kV/mm. The main element of camera was the
laser spark gap which formed the rectangular
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110 GOPMHPOBAHHUIO [Ty YKOB IeKTPOHOB GeMTO- 1 IasKe
aTTOCeKYHHOMU JAJIUTe/IbHOCTH B KBa3HUCTallHOHAPHBIX
doKyCcHpyIOMUX MOAAX (CM. PUCYHOK). O6 3THX pabo-
Tax, IocTtaBieHHBIX B MO® PAH, 6b110 3asiBi1eHo0 B 2002
rogy Ha XXV MeXAYHapOOHOM KOHTIDecCe IO BBICOKO-
CKopocTHOU oTorpaduu U POTOHHKEe BO PPaHILIMH.
[IpUHLUMIONAIBHBIA BK/IAJ B UK HCIOIb30BaAHUS
KBa3HCTALlMOHAPHBIX (GOKYCHPYIOLIKUX IO/l BHeC
M.A.MoHacTeIpcKHH [36]. B oThene ¢oTo3/1eKTpOHUKHU
HMO® PAH 6pin pa3paboTaHbl M HCIIBITAHBI 3KCIIE-
pHUMeHTaabHble 00pa3mpl ITHKO-GeMTOCEeKYHIHOM
3JIEKTPOHHOM IyIIKH. [ToKa3aTeJpHBIN 3KCIIEPHMEHT,
NpOBefleHHBbIN Ha MakeTe (OTO3/IeKTPOHHOMN MYIIKH,
[I0ATBEPIHJ/I BO3MOYKHOCTD 25-KPaTHOI'O CKATH S MCXOL-
HOTO (QOTO3JIEKTPOHHOIO IIy4YKa 7-IIC AJIATEeIbHOCTH
BIUIOTB 10 285 dmc.

Hrak, YCHUIMSIMH IIKOJIBI akaZeMHuKa
E.K.3aBorickoro 6ojee MIeCTUAECSITH JIeT TOMY Ha3al
6b11 3a705keH QyHIAMEHT HOBOTO pasfiena TeXHUYe-
CKOM QM3UKH - MHKO-GeMTOo-aTTOCeKYHIHOK (OT03-
JIeKTPOHUKHU. ITO HaIlpaBjeHHe JKHUBO U II0 CeH JIeHb,
aKTHUBHO Pa3BHUBAETCs, B IIEPBYIO odepesb YCHIHIMH
POCCHICKOM aKaJeMHU4eCKOM HAayKH, BHOCHUT LieH-
HBIM BKJIAJ, B COKPOBHUILHHILY 4YelI0Be4eCKHMX 3HAaHHUU
0 du3uKe U NpUbIHsKaeT HAC K II03HAHUIO OBICTPOITPO-
TeKaIoLKX IIPOLIeCCOB, MPOMCXOASIINX 3a Bce Ooree
1 6o71ee KOPOTKHE BpeMeHHble HHTepBaJIbl [37].

3AKJ/TIOMEHUE

Korma-to A.M.IIpoxopoB, oTBedass Ha BOIIPOC, KOrO
6Bl M3 POCCHICKUX YUEHBIX OH CUHUTA BO3MOKHBIM
BBIIBHHYTH Ha HobeleBCKyI0 MPeMHUIO, AaT YeTKUH
U OOHO3HAYHBIM 0TBeT: "AkazeMuKa E.K.3aBOHCKOro
3a JIIP". 3a mpomexnmue roasl GU3MUECKUe IPUH-
LIMIBl THKO-PeMTOCeKYHAHOM XpoHorpaduu, chop-
MynupoBaHHBbIe E.K.3aBOFMCKHUM, He TOIIBKO OCTA/IUCh
He3bl0JIeMBIMHU, HO W IOJNYYHJIM [NaJIbHeMIlee pas-
BUTHeE U LIMPOKOe IIprMeHeHHe. Ha ux 6ase 6puin
IIOJIyYeHbl Ba’KHBIE pe3yJbTaThl B QyHIaMeHTaJlb-
HBIX HCCIeJOBAaHMSIX, HAaIIpUMep, 3KCIepUMEeHTaIb-
Hble MOATBEPXKAEHUS SBJIEHHSI CaMOPOKYCHPOBKHU
nyteM HabmogeHus Ha DOII ABMKYIIUXCS GOKYCOB
B HeJMHeHHBIX ONTHYECKHUX Cpefax); B IPOMBIII-
JIEHHOCTH — JHATHOCTHUKA ABHUraTesiell BHYTPeHHEro
CrOpaHUs; B 3KOJIOTHMU — JIa3epHble JTHUOAPhI, MeIH-
IIMHe 1 OHUOIOTHU - GeMTOCeKyHIHbIe TOMOIPadsl;
B coepax, obecreynBaromux 6€30MacHOCTh CTPAHBL
1 60ppby ¢ TeppOpPU3MOM - QUATHOCTHKA aTOMHBIX
PeaKToOpoOB, HKCCIeOBAHHUSI B 00/aCTH a3poruipo-
OUHAMKMKH U TEOPUH B3PLIBOB, Ta30aHa/M3 HapKO-
THYeCKHX U B3PBIBUATHIX BeIIECTB; B KOCMHYECKHX
KCCJIeJOBAHUAX — IIpele3MOHHbBIe M3MePeHUs UCKYC-

CTBeHHBIX 00BbeKTOB - "MasiKU', "3Be3mbl" U T.II.
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pulse with sub-nanosecond fronts and amplitude
up to 20 kV. Amplification coefficient by IIT
brightness reliably ensured conditions for the
registration of every photoelectron leaving the
entrance photocathode. Oxygen-silver-cesium
photocathode with the surface resistance
of <10 Q/O and spectral sensitivity extending
to 1.5 pm was used. The peculiarities of the
experiments with time-analyzing IITs carried
out in the Lebedev Physical Institute of the
Academy of Sciences consisted in the scanning
of the images restricted by the narrow slit along
which (as opposed to "Picochrone"”) many tens
of spatially-resolved channels could be inserted
simultaneously.

Thus, in the total agreement with the
forecasts of Y.K. Zavoisky the time resolution
of IIT within the range from ten to fractions of
picosecond was reliably mastered by the end of
70s in our country as well as abroad.

MODERN STATE AND DEVELOPMENT
TRENDS OF PICO-FEMTO-ATTOSECOND
PHOTOELECTRONICS

Priority of the national science in the area of

pico-femtosecond electron-optical photography

was proved in many Russian reports presented at
all International Congresses on the formation of

BPP images and photonics: Japan (2000), France

(2002), USA (2004), China (2006), Australia

(2008), Japan (2010), South Africa (2012). We

will mention just some results obtained in

the Prokhorov General Physics Institute of
the Russian Academy of Sciences which are
important from our point of view:

+ development, production and testing
of femtosecond IIT of the type PV-FS-M
with pulse power supply of the period
photocathode-grid;

» creation of pico-femtosecond photoelectron
gun intended for the experiments on the
study of substances at atomic-molecular level
using the methods of electron diffraction;

« completion of the concept of construction of
slit (streak) camera providing the maximum
time resolution not worse than 200 fs.

The mnew development trend of pico-
femtosecond photoelectronics was indicated by
the works on the formation of electron beams with
femto- and even attosecond duration in quasi-
stationary focusing fields (see Fig.). These works
carried out in the Prokhorov General Physics
Institute of the Russian Academy of Sciences
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B 2007 romy mo cinyd4aw 25-1eTHS CO3[aHUSA
HHCcTUTYTa 0bmert usukU UM. A.M.IIpoxopoBa 6bL1
IpoBeJleH KOHKYPC Hay4uHBIX paboT. Hambosbliee
KOJTMYeCTBO TOJIOCOB IONy4Haa paboTa IOA Has3Ba-
HueM "Co3maHue QeMTOCeKYHAHOM (OTO3/IeKTPOH-
HOM NYyIIKHA C HeCTaLlMOHAPHBIM (OKYCHPYIOIIUM
nojsem (TeopHsl, NpakTH4ecKas peaan3alidsi, 3KC-
nepuMeHT)". CyTb 3TOM paboThl COCTOSI/IA B TOM, UTO
B TPaJHLHOHHBIN BpeMsaHalHu3upyomun 3SOII
Opl/1a BBeJleHA [OIMOJHUTeNbHAs (QOKYCHPYIOIAs
nuH3a, obecrmeunBaromas JUHAMHUYECKYI KOM-
IIpeccHo GOTO3/IeKTPOHHEIX IIYUKOB I10[ JeHUCTBHEM
HeCTallMOHAPHBIX 3/IeKTPUYecKUX IoneHr. Beln pac-
CYMTaH, CMOJEIHMPOBAH U H3TOTOBJIEH 3KCIepPH-
MeHTaJIBHBIM obpasel] TakoM IIyIIKH, Ha KOTOPOH
HCXOAHBIN 7-TIC $OTO3/IeKTPOHHBIN Iy4oK ObII CKaT
IOUTH B 25 pa3. B 3To# paboTe mokasaHo, 4TO Teope-
THYeCKMH IIpefie/l BPeMeHHOro paspelleHHs 3JJIeK-
TPOHHO-ONTHYeCKOK XpOHOTpadHH, yCTAHOBIEHHBIH
okoso 10 peMTOCeKyHH, MOXKeT ObITh IpeB30KeH
Ha OAMH-TPH IOPsSAKa BeJTMYHHBI (BIIJIOTh 0 COTEH
U JlaXke JIeCSITKOB aTTOCEKYH[) 3a C4YeT BpeMeHHOM
$OKYyCHPOBKH (OTO3TeKTPOHHBIX IIYUKOB B CIIEIIH-
aJIbHO BBIOPAHHBIX HECTALIMOHAPHBIX 3JeKTpoMar-
HUTHBIX MHONAAX. M 3TH aTTOCEKyH[bl He IIPOTHBO-
peuvar, a ele pas IIOATBEPKAAIT BO33PEHUS IIKOJIBL

i g

were represented at XXV International Congress
on High-Speed Photography and Photonics in
France in 2002. The considerable contribution
into the idea of use of quasi-stationary focusing
fields was made by M.A.Monastyrsky [36]. In the
Department of Photoelectronics of the Prokhorov
General Physics Institute of the Russian Academy
of Sciences the experimental samples of pico-
femtosecond electron gun were developed and
tested. Representative experiment carried out
on the prototype of photoelectron gun confirmed
the capability of 25-fold compression of initial
photoelectron beam of 7 ps with the duration up
to 285 fms.

Thus, by the efforts of the school of the
Academician Y.K. Zavoisky more than sixty
years ago the fundament for the new chapter
of technical physics - pico-femto-attosecond
photoelectronics was laid. This school has been
existing up to the present day; it is actively
developing, first of all due to the efforts of
the Russian academic science, making valuable
contribution into the treasury of human
knowledge in physics and bringing closer to the
knowledge of fast processes occurring within
progressively shorter time intervals [37].
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E.K.3aBorckoro o ¢u3HuyeckoM BpeMeHHOM paspe-
IIeHUH HHPOPMALIMOHHOIO TPAaKTa: fe-6porieBcKas
IOINHA BOMHBI 3JeKTPOHOB C 3Heprueil 20-30 k3B
cocTaBisieT MeHee 1072 HM, 4TO B IIpefesie obecrevu-
BaeT Ilepefady MHGOPMALMU C CYyDATTOCEKYHAHBIM
BpeMeHHBIM pa3pelieHueM (10719-1072° ¢).

B 3aKkJII04YeHHe ellle Pa3 X0TesI0Ch 6bl IOAYePKHYTh
TOT $akT, 4To EBreHuii KOHCTaHTHHOBHY OB He
TOJIBKO BBIFAIOLIIMMCS YUYeHbIM, HO U TaJaHTIHBBIM
BOCIIMTAaTe/JleM MCTHHHO YyBJIeYeHHBIX W IIpefaH-
HBIX JleJly yYeHBIX U CIIelHaaluCcTOB. OHU U CerofHs
C 3aBHIHBIM IIOCTOSIHCTBOM, IIpeofojieBasi TeXHH-
YeCKHe M 3KOHOMHYeCKHe IIperpajbl, [JejlaloT Bce
Ojs Toro, 4Tobpl HpUOIH3UTH TO BpeMs, KOrjaa
doTorpadpupoBaHUe OBICTPONPOTEKAINIUX ITPOLIeC-
COB C IIHUKO-PeMTOCeKYHIHBIM (a BIIOCJIeICTBHHU U C
aTTOCeKYHAHBIM) BpeMeHHBIM pa3pellleHHeM CTaHeT
06BIIEHHON W HeJOPOroi IpoLiefypor B 3KCIIEPU-
MeHTaJ/IbHOK [IPaKTHUKe.

ABTOp BBIpaXkaeT cepAeuHyl0 671aroJapHOCTb
3a mose3sHble OOCY>XK[IeHMS, 3aMe4YaHHs K IIOMOIIb
[P IIOATOTOBKE PYKOIIMCH K I1eYaTH CBOMM TOBapH-
mam u Kosneram H.E.3aBorckoi, .M. BproxHeBUYY,
H.C.BopobseBy, B.B.KopobxkuHy, E.A. Ky3pMeHKO,
A.A.MaHeHkoBy, B.A.Ckopronuny, A.B.CMHPHOBY,
B.KYyx6apy.

JINTEPATYPA

23. Edumos B.M., Hckonpackuii A.M., Hectepu-
xHH 10.E. D7eKTpoHHO-ONITHYeCcKast QOTOCheMKa
B pr3mMyecKoM 3KCIlepuMeHTe. - M.: Hayka,
1978.

24. IleprameHT M.H. 1 ap. B c6.: luaraoctuka
I1a3msel. Bein. 1/mof pen. B.I1. KoHcTaHTH-
HoBa. - M.: Hayka, 1963.

25. bproxaHoB A.C. u ap. —IIT3. 1967. Ne 3. C. 214;
B c6.: "luarHoCTHKA IJIa3MBbl. BbIm. 3/ oz pen.
C.IO. JlykbgHOBa. - M.: Hayka, 1973.

26. ®anvenko C. /. -IIT9, 1961, Ne.1,c. 5.

27. BaHoB B.C. H Ap. D/1IeKTPOHHO-OIITHYECKOe
npubopoctpoeHre Bo BHUHO®U 3a 40 ner.

B c6. "OnTHKO-3/1eKTPOHHbIE U3MePeHHus ", -
M.: Hayka, 2005.

28. byrcimoB M. .M., lemunoB b.A. u op. - JAH
CCCP, 1973, 1.209, Ne5, c.1060.

29. byrciioB M. M., ®an4yenko C.JI., YukuH P.B.
"TIukoxpoH". - I1T3, 1973, Ne 5, c. 202; Proc.
Xth Intern. Congr. on HSP, Nice, France, 1972,
p. 137.

30. ®an4yenko C.JI., ®ponos B.A. - [IuceMa
BJKOT®, 1972, 1. 16, BHII. 3, C.147.

31. bacos H.T'., ByrciioB M.M. - K9T®, 1973, T.
65, c. 907

86 ®OTOHMKA N°4/46/2014

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
ONTO3/TEKTPOHHbIE MPUBOPDI
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

CONCLUSION

Once, A.M. Prokhorov, answering the question
about which Russianscientists he considered to
be worthy of nomination for Nobel Prize, gave
clear and unambiguous answer: "Academician
Y.K. Zavoisky for IIT". Over the last years
the physical principles of pico-femtosecond
chronography formulated by Y.K. Zavoisky have
remained unshakeable and received the further
development and widespread application. On
their basis important results were obtained
in the fundamental studies: experimental
evidence of self-focusing phenomenon by the
observation of moving focuses in nonlinear
optical media wusing IIT); in industry
(diagnostics of internal combustion engines);
in ecology (laser lidars), medicine and biology
(femtosecond tomographs); in the areas
providing the national security and control
of terrorism (diagnostics of nuclear reactors,
studies in the area of aero-hydrodynamics
and explosion theory, gas analysis of narcotic
and explosive substances), space research
(precision measurements of artificial objects -
"beacons", "stars" etc.).

In 2007 on the occasion of 25th anniversary
of the establishment of the Prokhorov General
Physics Institute the contest of scientific
papers was carried out. The paper called
"Design of Femtosecond Photoelectron Gun
with Non-Stationary Focusing Field (Theory,
Practical Implementation, Experiment)"
received the most of votes. The main point
of this paper was that additional focusing
lens ensuring the dynamic compression of
photoelectron beams under the action of
non-stationary electric fields was introduced
into the traditional time-analyzing IIT. The
experimental prototype of such gun was
estimated, simulated and designed; its initial
7 ps photoelectron beam was compressed by
almost 25 times. In this paper it was shown
that the theoretical limit of time resolution
of electron-optical chronography estimated
at about 10 femtoseconds can be surpassed
by one-three orders of magnitude (up to
hundreds and even tens of attoseconds) at the
expense of time focusing of photoelectron
beams in the special selected non-stationary
electromagnetic fields. And these attoseconds
do not contradict but prove again the views
of the school of Y.K. Zavoisky on the physical
time resolution of data path: de Broglie wave



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
I OPTOELECTRONIC DEVICES
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

32. T'opnees E.M., Kprokos I1.T., MaTseel 10.A.
H Op. - KBaHTOBas 3/1eKTPOHHKA, 1975, T. 2,
Ne 1, c. 205; KBaHTOBas 371eKTpPOHKKA, 1977,
T.4,Ne1,c. 211.

33. bproxHeBHu4 I' . u ap. - ITucema B XKTO,
1976, 1. 2, c. 1009.

34, IlleneB M.S. - YOH, 2000 T. 170,. N2 9 c.
1002; KBaHTOBas 3/1eKTpoHUKa, 2001, T. 31,.
Ne 6, c. 477; Proc. of the XXVth ICHSPP, SPIE,
2003, v. 4948, p. 9; KBaHTOBas 3/IeKTPOHHUKA,
2003, T. 33, N2 7, c. 609; KBaHTOBas 3JIeKTPO-
HHKa, 2007, T. 37, N2 10, c. 927; DHLIUKIIO-
IefMs BBICOKOTeMIIepaTypHOM Iia3Mel/Ilon,
pen.B.E. ®opToB. T. V-1, cepusa b, c. 146-152 -
M.: Hayka, 2006; - Y®H, 2012, T. 182, N2 6,
C. 649-656.

35. [IpoxopoB A.M. u ap. - KBaHTOBasd 371eKTPO-
HuKa, 2002, 1. 32, Ne 4, c. 283.

36. Monastyrsky M.A., et al. Proc. of the XXVth
ICHSPP, Beaune, France, SPIE. 2002. V. 4948.
P. 305.; Proc. SPIE, 2009, v. 7126, p. 7126 0D.

37. Fanchenko S.D., Schelev M.Ya. - Proc. of the
XXIIIth ICHSPP, Moscow, 1998, Proc. SPIE,
v. 3516. p. 426.

=

length of electrons with the energy of 20-30
kev is less than 102 nm which ensures the
information transmission with sub-attosecond
time resolution (1019-1072° s) at the extreme.

In conclusion one more time we would
like to emphasize the fact that Yevgeny
Konstantinovich was not only distinguished
scientist but talented teacher of truly infatuated
and committed scientists and specialists as
well. Even today with enviable constancy,
overcoming the technical and economical
obstacles they make every effort in order to
bring closer the time when the photography
of fast processes with pico-femtosecond (and
subsequently attosecond) time resolution will
become ordinary and inexpensive procedure in
experimental practice.

Author expresses heartfelt gratitude
to his fellows and colleagues for the useful
discussions, commentaries and assistance when
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JIA3EPBI /151 [IPOU3BO/CTBA IVIA3SMEHHBIX [TAHEJIEV

MupoBas MpOMLILLAEHHAS UHAYCTPUS NPOSBASET
YCUNIEHHDIA MHTEPEC K MOLUHBIM TBEPAOTENbHbIM
nasepam, Befib N0 pabounM XapaKTepucTukam oHu
Hanbonee NOAXOAAT K 06paboTKe Xpynkux matepu-
anoB, MapKupOBKe, OTXUIY, OYUCTKE W K ApYruM
NpUNOXeHUSM. JlasepHast komnaHus Powerlase
Photonics Ltd 3BecTHa CBOMMM WHHOBALIMOH-
HbiMU Pa3paboTkamu, BHEAPEHHbIMW B MpO3-
BOACTBO BbLICOKOMOLLHLIX HEMTO-, MUKO- W HaHO-
CeKyHAHbIX TBEPAOTENbHLIX Na3epoB C AUOLHON
Hakaykoil. OCobLIM CMIPOCOM Na3epbl KOMMAHUM
Powerlase Photonics nonb3yioTca B TexHonornye-
CKWX NpOLYeCCax M3roTOBeHWUS NNOCKMX AUCM/ees,
B (OTOBONLTANKE, MUKDO3NEKTPOHUKE, 0COBEHHO
B obnactu my6okoro YO (EUV), npoaykTos ans
ABTOMOOUNBLHOTO M a3POKOCMUYECKOTO  PbIHKOB.
MonynapHOCTb 1a3epam KOMMAHUK 0becnednBaioT
pa3paboTaHHble TexHonoruu Ans 0bpabotku xpyn-
KX CTeKnoobpasHbX MaTepuainos. B ocHose Tex-
HOMOTUA NEXWT NOYTW MSTHAZLATUAETHUIA OMbIT
NCCnefoBaTenbCkux pabor.

Mpu W3roToBNEHMM mnockux aucnnees (Flat
Panel Displays — FPDs) ¢ nomolibio autorpadu-
YecKUX METOROB C WCMOAb30BAHWEM BNAKHOMO
TPaBNeHUs UMEHHO CTOUMOCTb IMTOrPadUyeckinx

TEXHONOTUA BHOCHUT CYLLeCTBEHHbIN BKAAA B NPOU3-
BOZCTBEHHbIE 3aTpaTbl.

YunTbIBaA LIEHOBOR AaB/eHue Ha BCe FPD-pbiHKY
MMpa, rAe CWIbHA KOHKYPEHTHas bopbba, MHHOBA-
LIMOHHbIE KOMMAHUW 3aHANNCL MOMCKOM anbTepHa-
TUBHDIX 3KOHOMUYECKY BbIrOAHLIX METOAOB BbiMyCKa
FPD. OgHMM 13 Takux METOfOB CTano WUCMONbL30-
BaHMe Na3epoB B 00paboTKe TOHKWUX MNEHOK Ha
cTekse, 06bI4HO 3TO NPO3paYHbIE OKCUAHLIE MAEHKN
Transparent Conducting Oxides (TCOs). 1 xote 311
NCCNEROBAHMS ObiM HAuaThl yXe AaBHO, Lb
C pa3BMTHEM N1a3ePOB C PA3NMYHON ANTENLHOCTbIO
UMMYAbCA W AMHOW BOAHLI KOPOTKOUMMY/IbCHBIE
N1a3epbl CTAMN CTONb NOMYASPHDI, YTOBLI 3aMEHNTDL
06011 MOKPOE TPaB/EeHMe.

B onepaumax yganeHus ITO-TOHKMX NJEHOK
CO CTeKna UCMONL3YKTC TBEPAOTENbHbIE Na3epbl
C MOAyASLMeNn [OBPOTHOCTU C ANOAHON HAKAYKON
C M31y4eHneM Ha AnuHe BoHbI 1064 HM. J1asepol
0C0BEHHO MOAXOAST ANS MPOM3BOACTBA MAA3MeH-
HbIX MaHenei. MOTOMY 4TO WX WCMOAb30BAHME
M03BONSET MOMY4aThb HEOBXoAMMbIE CTPYKTYpbI
nuKcenos ¢ ITO-NoKpbITMEM M3 CTekna C pasme-
pamu nopsiaka 100-1000 MKM C MO3WLMOHHOW TO4-
HOCTbIO 5 MKM.

Ha HegaBHen BbicTaske Lasys-2014 komnaHus
NpOAEMOHCTPUPOBANA NMHENKY NPOAYKTOB ANs
06paboTKu CTEKON 1 TOHKUX MAeHOK. Cpean HuX
naepbl cepum Rigel ans ckpainbuposanus ¢oto-
BO/IbTAMYECKNX NaHened W 0bpaboTkM XpymKux
matepuanos (M2 ot 20 f0 30 B 3aBUCHMOCTH
0T Mozenu) 1 nasepbl cepitin POLARIS C BbICOKUM
kauecTeoM nyya (M2 < 1,5). Jlasepbl 0Beux cepuii
WOeaNbHo NopxoasT ana  Gonblmx  06LeMOB
NPOMBILUNEHHOTO MPUMeHeHus. J1asepbl cepu
POLARIS npegHasHadeHbl 4151 NPEANPUSTIR, KOTO-
pble B CBOEM NPOWU3BOACTBE MCMONb3YIOT LINMPOKMIA
Habop pa3HOO6Pa3HbIX XPYMKWUX U KOMAO3UTHLIX
MaTepuanos, TakuXx Kak CTekno, candwp, kepa-

MWK, NO/YNPOBOAHNKM.
www.powerlase-photonics.com
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