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JKcnepumeHT Mule

Muonic Atom OcHOBHasA Lenb 3KkcnepumeHTa Mu2e — U3MepUTb OTHOLLIEHUE BEPOATHOCTU
- KOHBEPCUU OTPULATE/IbHO 3aPAXKEHHOTO MIOOHA B 3/1EKTPOH B No/e Aapa K
y 727 BEPOATHOCTM 3aXBaTa MIOOHA AAPOM C NpeanosiaraeMon YyBCTBUTE/IbHOCTbIO
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SINDRUM-II) Eur. Phys. J. C47 (2006) 337.

W. Bertl, et al.
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JKcnepumeHT MuZe.

JKCneprmeHTa/IbHaA YCTaHOBKA

TIpoTOHHBIH My40K

TIepBHYHEBIH COTEHOHT
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JKkenepumeHT MuZe. Tekyllee cocToAHMe

" Inside Mu2e Building
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JKkcnepumeHT MuZle. [lepBaa 1 BTOpas
da3a.

Mu2e-I (2023-2027 rr) MuZ2e-Il

* JHepruAa NPOTOHHOro ny4yka 8 2B * JHepruna npoToHHoro nyyka 800 MaB

* MHTEHCUMBHOCTb NPOTOHHOIO NyyYka 8 KBT * UHTeHCMBHOCTb NPOTOHHOro ny4yka 100 kBT
* Y1CNO OCTaHOBNEHHbIX MIOOHOB ~10%8 * Y1UCNo OCTaHOBEHHbIX MOOHOB ~10%°

* Mpeanonaraemas yyscTeuTenbHocTb Rpe < 3x101 ° lpegnonaraemasn 4yBCTBUTENbHOCTD Rue <2,5x1018
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JKkenepumeHT MuZe. OCHOBHbIe
MCTOYHMKN QOHA

POHBI MOXHDO pas3sagennrt
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JKCcnepnumeHT Mu2e. 9/1eKTPOMarHUTHbIN
KaNopUMETP Ha KpucTannax Csl ona nepsown
Pa3bl SKCNEPUMEHTA

OCHOBHbLIE 3apgadwn:

1) yBePUMPpEHKITEATBMHIWOICITANP a ;
2) wvpeHTwWd&a PO 1A

3) ynypaeHndad&e®gHaB a HUse KTeppeek
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mMpounsBoFHTPmBMep KaXAOROOCHOBHONW MUK HAB Yy Ye€HMN:
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JKcnepmmeHT Mu
KaJ1I0pPUMETP Ha K

2e. DNeKTPOMarHUTHbIN
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PPOHT-3HA, 31EKTPOHMKA

3/IEKTPOMATHUTHOIO Ka/IOPUMETPA NMEPBOU
da3bl Mu2e

}! ALBROO MTy .
= y 12 6nrt,
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CneynanpabeBaHWAHEK IpPOKHTPOHNUKE:
ApagvnayunmoHHasa C TMBWKYOHCETHBM KK, TMBAMKMaM Ma b Haa nNornouweHHGAHBOk Paza 6e3 yuUu
AycTtoliunBocTb K MWHTer paldPu 4 d3vay 371 0/TO/KY HEeMNTPOHORB
AcoxpaHeHnne pa6otTocnocobHOCTMUIBIBRAKYYyMe B Auana3oHe faBNeHMUi
AycTtoliunBocTb K NOCTOAHHOMYlAKCMANBLHOMY MarlrHWUTHOMY MNOI/II
AnnHeliHOCTbL OTKNAMKA B WMPOROMX AmAnNna3oHe BXOMOAHLX TOKOB
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PPOHT-3HA, 31EKTPOHMKA

3/IEKTPOMATHUTHOIO Ka/IOPUMETPA NMEPBOU
da3bl Mu2e

~ -

OueHKa WYyMOB KanopumeTpar:

FEEBEnrunrtansenp 200 k3B 6p.e.
IdarkHauyuano Ha6o350 k3B 8p.e.
Idark BK O H UL e * * 750 kK3B12p.e.
RINB Hayane 850 k3B 1llp.e.
RINBC epepagunHe 280 Ka3B 23p.e.
RINB KoOoHLUE 400 k3B 30p.e.

* N3 jpcaBceureoBAp@Hilaa 1 Ma B
** ¢ yyeTom dX@axpeHwuma aOo

MOCKBA, WHCTWUTYT AAEPHbLIX UWCCNEAOBAHWW PAH, 19.01.2021



PPOHT-3H/, 3/IEKTPOHMKA SNEKTPOMATHUTHOIO
KanopumeTpa. [peaycmnmtens

Linear zegulator YCuUunNnuUCmEepIMeK TUPOBAaHL CO Ccaepfyioul
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OCHOBHble 6/10KMWN:
ABxopHoii kackagp nepegHunindbpagrmneansr HLacna 25/ 120

AycunurtenbHblli Kackapg

ABbixogHol pgpaiisep

ABcnomorartenbHbe uLenun: npeob6pasoBaTensa HanpaxXeHuMsa, BbobGopa KoadpuumeHTa ycune
npeagycunutens
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PPOHT-3H/ 3NEKTPOHMKA 3/IEKTPOMATHUTHOIO
KanopumeTpa. JIMHENHbIN PerynaTop

BxoagHOW Agumana3oH TOKOB OT 2

§9a33 transistor block
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HY

[Tpumep pacyeTa KackagoB NpeaycuanTens Ha
npumepe BXOAHOro Kackasaa

= MPPC_array
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33
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.
OyHKUMA Nepeaayn ANA TaKOro Kackaaa 3anuiueTcs Kak
- AB (1 + 35)
(tis + 1)(1 — AB * 135 ) (1+1,8)(1+135) —AB * 155

(1 +138)(1 + 118)
[Jna HOMWHAN0B 3/IEMEHTOB, MOKa3aHHbIX Ha cxemMe T1= 3 Hc, T2= 4 Hc, T3= 150 Hc, M BTOpoOi
nositoc oKkasbiBaeTca 671M3Ko pacnosioxKeH K Hy. [oaTomy a4na dyHKLMKM Nepesaydy MOMXKHO
NpUB/IMIKEHHO 3anuUcaTh:

1
~Ka
T15+1

T.e. B Hawem cnyyae 06wan pyHKUMA Nepesayum B LLIMPOKOM AManasoHe YacToT BeZeT ceba
TaK¥e, KaK U cuctema 6e3 ob6paTHOM CBA3K, U UMeeT JOMUHAHTHbINU noac okono 300 My

~

MOCKBA,
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00 b LTy

PaccuntTmambdlaebcBepxygnucxemeOTEeXHUNYeCKOTPSpicgo ge

AUYUXB cepreagmbX)(cHM3Y) AN YCUNUTENbHOTNO Kac.
yacTtToT -100lfk"goncrtemMa cKOMNeHcCUMpoOBaHa MU Befje
LOOMMWHMPYWOWMUM nonwcom okono 300 MIu.
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CpaBHeHMe ¢ PSpice moaennpoBaHneM.
CurHan Ha BbIxoae npeaycunnTena
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N3mepeHmne napametpos FEE. CTeHa AnA
KOHTPO1A Ka4YecTBa npeaycuimnTenem

s 28ns 46ns 66ns 86ns 186ns 126ns 148ns 168ns 1806ns 2086ns

lin, mMA
Ana Kaxporo ycumnmtena oueHUBAalWTCA
Anonoca nponyckaHusa npegycunurtens M3 mMepeHNe HenMHeNHOCTM M pas3bpoca KOOI
napTtumn cmnunutenen "
ABpemMs nepegHero M 3apgHero @MPoOHTA OTKAMKA H S3TaNOHHBLIN BXOAHOM

MMNOYnbc
AMakcummanbHaa yacToTa CnefoBaHWA MMNYy/NbCOB KpMTepMM HEe/l1TnHeunHOC

AsHepronoTtpebnenune <maxfyly)> #0.5%
AKkoasddUuumeHT ycunelwus

AHennHehHOCTHDb

AamMnnanunrtypaga WyMOoOBOW NONKW Ha BbXOAEe ycCcuUuAuUTens
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N3mepeHne napameTtpos FEE. CTeHa ANA
KOHTPO1A Ka4YecTBa npeaycuimnTenem

=

Pulse generator ‘ Digitizer
KeyS|ghB3600A CAEN.1720

Fanout board

N
S —
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generator
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I3mepeHne napameTpoB IMHENHOIO
perynaTopa

Qutput voltage temperature dependence
16008

160.075

Amplitude, V
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Jdtput voltage, V

lWlym Ha BbXOge NUMHEWHOTro perynaTto
TOok@a= 2 MA

10 41 4|2 4‘3 44 4is 4‘5 4|7 4is 4i9 50
Temperature, °C
E ] i TemMmnepaTypHasa 3aBUCUMOCTb HanpsaxXeHUs Ha B
Lé‘lm': =
. . | TOYUHOCTb YyCTAHOBKMW HaNpsaAXeHMUSH
Vil Wy oy it M ¢ S i Lt oty ",f\-'l"“"-JJ‘J"‘"‘f“""r’"’-VVI\'V—\\'J—'. (mt-.‘w".*"-v'--'vf‘“' - \"!V—fw‘."ﬂj
w—vﬁ 01 02 013 014 015 D:S D:T D:B DIE : 1;1 |:2 |:3H1IA 1‘5 1IE |T7 |TB |TB 5 2‘.1 2‘.2 2!8 2!4 25 y p 0 B e H b LLIy M a- H a B bl X 0 A e
requency, Hz x10°

CnemaMpnurTypemwymaropa,loadesk HarpyskuKannoépoBouduHbe koadduunmeHTso ansa LAND/ AL
2mAVBxXx 20WB bBX, 160 B

TemMmnepaTtTypHasas 3aBUCWMUMOCTb BbIXO0OAaAa
°o M3 MepeHHOEe 3HauvYyeHWUe TeMMep2ZBppWHCH OT 0 K 03 (pbchumyun et
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TectnpoBaHue FEE 31e€KTPOHUKMN.
PaanaumMoHHble TecTbl. [ amma-nsnydyeHume

A

Pool ‘

w Control room

Digitizer
~9Gy/h

Concrete wall

YCTaHIOBAB Y YglKKT DN UuynBa&8EKTM® MMMATY YeHWU

BuagHab6accecinmcTOUYH A KO B
9KpaHMWWp OMBOAMEHLUDENHEVPIEB O T P O B O €
OKMEZBUHLECB@BUWI@HT pPOZanemMm
y ¢ T a HGABLIORENEAN T a i n A
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TectnpoBaHue FEE 31e€KTPOHUKMN.
PaanaumMoHHble TecTbl. [ amma-nsnydyeHume

a
Standard PRE-REG z ) : 5 o
Top side £ 500000
(Preamplifier side) i £ 800,000
Check HV £ 700,000
here 3 90000 Analog output pulse amplitude reading
& 500,000 on a standard preamplifier without DAC
4
)
= RS ¢ " N S » Ky P I
g 2,750 -
Standard PRE-REG g 2700 DOS!
: g 2,650
Bottom side E 2,600
(HV regulator side) 2 25% Analog output reading
£ 2500 on linear voltage regulator [TL1963ADCQT]
1
o

3p,meaKu,TV|decEE-|!1b|o<m pTeqqc:l-lTaosm aMiceHbID U K a wvHia il ®FTO B a A neTnsd

ep np 'u'y VanlTe n }'II/II-IQI/II-Inrn Nnar v n a n na nnwanitm2 all i1y
DAC1 Mesured (mV) ADC1 readout (mV)
991,5 1020
Bce KOHODMMgpPALBHUEWHN VWBWMOEHMBK OBIOTIdHIMD A MUK HAAXPESINKER HMEIT Yy N1 AT 9;9; DACI. set = 1000 mv 1212
990 1005
CunmTbiBaHME NMOKaslaHWIW BLICOKOBOANbLTHOINIO NUWHEWHOr o perynsartopa [®s 1000
© NMpAMOE CUYMUTHLBAHME 3HAUYUEHWS HaNpaAXeHMA Ha pasbemMe ANA NOA .. o 0
nomouwn BoOFRWKWKEVMETDPpa o5 ol
© CYMUTbLIBAaHME NpPM NoMOWM ocuMANOTrpada HanpsxXeHMs Ha Bxoge A A e L L
395TO0O HanpsasxXeHWe AO WU nNnocne o06AyYeHMA, MOXHO nocymTaTlTb KO3, , ., e , ] .4
perynsTopajonxXxeH ocTaBaTbCs HEW3IMEHHbLM, eC/AUW aHanNnor oBble AKTWBHbLIE KOMNOHEHTH, BXOoAaAillMe B 3TY
W e 9 F s t) & i (8] g Ll,mq:)pOBaﬂ neTtnsA
o u,m%)poaoe CYyMmTbiBaHME nNnokaszaHuwmw AL CpaBHMBAasg 3T0O 3HayYyeHMe C aHaAOrOBbLMWU U3IMEPEHUAMU, Mb MOXE
paboTtTocnoco6HocTb ALIM.
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TectnpoBaHme FEE 3n1eKTPOHUKMN.
HenTpoHHble TecTbl

a)
. % 260000 Analog output pulse amplitude reading
Target neutrons ;_ -'\f._? experimental = 55000 ON a standard preamplifier without DAC
D 250,000
2,5 MaB un "4 Ma3B T I, e
- = 240,000 :::EE::::::SS:::::::::::ﬁ
o AEALEELEEERLGEA0EERR0EEEE
@ 230,000 T A TN AN AT T T TGS NN G o o o oy o
- % 225,000 Fluency [Neutrons]
=
=1
| Tabl g
3
aple a
— 170,000 Analog HV output reading
< 170, = =
= 165,000 on a standard preamplifier without DAC
3 160,000
BT R R R R R R R Rl R R Bl R P R PR L
o e T P T T (R e i P R 1 e O (O R (R R PR TR
> 150,000 b gl W W L S
T 145,000 B S P s S S T T T O e e
140,000 Fluency [Neutrons] - Loop gain = 80
- Loop gain measured
C) after irradiation = 79,95
— 2000 ‘Analog output reading
2w on linear voltage regulator [TL1963ADCQT]
-~ ~ .~ 2,700
poBaHue Moayneum 3/1E€KTPOHWUKW Ha YCTOMYMUBOCTSbL K FINC&IE’JI\I[;E,,,Oe|/|c‘g2500
= !
3
aMVIafIVIﬂ). ol | I e St s o s M S bas B Mt Bt b e s s s s s e e BN
5 + 4+ + 4+ + + ++ 4+ +++++++++++ 4+ F 4+
H2100 HHHBAEUEEREERERAEHEYgdBERas
[i+] " ~N M MmTS noggmw®owno MM~ o T N w o N g
31900 T O AN NANMMOT S TN OONNNNOGGS G
g ! Fluency [Neutrons]

1,700

McnbiTeiBaemMble ob6bpas3yub pa3Mewanmcb Ha CTOANe HaNpPoOTWUB NYWKW B ALECMOBBRAMYMACEMT HREABPEX NPT
nomMmeuweHa B CTOpPOHe OT nNnoToka. CymmMapHbBA noT 0 K?HHL/KCTBPaD HBOPBE MISE pPOeE A HIC Al bIOT KbiB/B.E MbIBe0 OMVPHAYZTY bl C

MOCKBA, WHCTWUTYT AAEPHbLIX UWCCANEALOBAHWW PAH, 19.01.




PaanaumoHHble TecTbl. UTorosbin
pe3ynbTaT

BceHanor oBble KOMMNDOHEHTH npeagaycumnmntena WM aHan”n
ycnewHO nNpownam wmMmcnbTaHMAa T aMMaPaywammoTOROMIC
HeNTpPOHOB (cymMMBptei. nOgwaxkk d,0 B nepBbX TecTa
raM-mgyamMmm 0N p o n3UOMLONPUO BOLT XK aveVikklip,0 clkAelM M H KM 3 K OB O Nt
NUWHEeEWMWHOT o perynartopa B uUuenn nNutaHua nnat FEE

Boinun npepnoXeHb BapuMmaHTb UX 3 aMeHb #exasuunmcinaa
Instrumentsbbinm nNpoBefgeHbB cneuUuManbHbLEe CceaHCbl, noa
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TectnpoBaHWe FEE 31eKTPOHUKN.
BaKyymHble TecTbl. IPPeKT lNalleHa

Breakdown Voltage vs. Pressure x Gap Paschen Curve for Air - High Voltage Breakdown vs. p * d
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BakyyMHble TecTbl. IPPeKT MNalleHa ans

HeoAHOPOAHOro Noaa. PacyeT MUHUMANBLHOTO
HanpaXeHnsa Npobos
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2PPeKT NaweHa ans

HEeo4HOPOAHOrO NOAA. DKCNEePUMEHTAIbHOE
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BakyyMHble TecTbl. IPPeKT MNalleHa ans
HEeoAHOPOAHOrO NOAA. DKCNEPUMEHTA/IbHOE
nccnegoBaHmMe
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"lpoTtotunn Csl kanopumetpa ModuleO.

McnbITaHWA Ha 9N1EKTPOHHOM nyyke. KaanbpoBKa
KaHa10B
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TectnpoBaHue FEE 31eKTPOHUKM M MPOTOTUMA
Csl kanopumetpa ModuleO. BpemeHHoe
pa3pelleHne
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TectnpoBaHue FEE 31eKTPOHUKM M MPOTOTUMA
Csl kanopumetpa ModuleO. SHepreTnyeckoe
paspelleHune
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INEKTPOMArHUTHbIN KanopumeTp 13 BaF,
nna MuZe-l
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CpaBHeHMe CBOUCTB CLIMHTUANALMOHHbIX
Kpuctannos Bak, n Csl
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INEKTPOMArHUTHbIN KanopumeTp 13 BaF, and
MuZ2e-Il. MeaneHHaa KOMMNOHEHTa U3/1IyYeHUA
n Al Ga, N poTtoaeTeKkTopbl
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INEKTPOMArHUTHbIN KanopumeTp 13 BaF, and
MuZ2e-Il. @3V c Al Ga, N ¢poToKaTOLOM
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INEKTPOMArHUTHbIN KanopumeTp 13 BaF, and
MuZ2e-Il. MnKpoKaHa/ibHble N1aCTUHbI ANA
O3Y c Al Ga, N poToKaTo4OM

N ycuneHi@be pgo

/

KaTtong aHop

OawnH KaHal NnaacTWH bI

9V

‘didq

_——te % 3

MMM

lleBpoOHHas4d
KOHMpuUurypaumsa

OAnammempp o kK adHoa /IMOKBM

MOCKBA, WHCTWUTYT AAEPHbLIX UWCCNEAOBAHWW PAH, 19.01.2021



INEKTPOMArHUTHbIN KanopumeTp 13 BaF, and
MuZ2e-Il. @3V c Al Ga, N ¢poToKaTOoLOM
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INEKTPOMATHUTHbLIN KanopumeTp ns Bak, ana Mu2e-ll.
®3Y c Al Ga, N poTtokaTogom. Mozens curHana,
OLEHKa HEOBXOAMMOW rNyDOMHbI NOA3BAEHUS
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INEKTPOMATHUTHbLIN KanopumeTp ns Bak, ana Mu2e-ll.
Al Ga, N CI)OTE),LI,eTeKTOpr. Moaenb curHana, oueHKa
Heobxoanmowu rnybumHbl NogaBAeHUA
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INEKTPOMATHUTHbLIN KanopumeTp ns Bak, ana Mu2e-ll.
Al Ga, N d)OT?ﬂ,GTGKTOpr. Moaenb curHana, oueHKa
HeobxoanMmoun rnybunHbl NoAaBAEHUS
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INEKTPOMArHUTHbIN KanopumeTp 13 BaF, and
MuZ2e-II. Al.Ga, N ¢oTtoaeTekTopsbl. BoiBoAp!
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Anpobauma pe3ynbTaToB

PesynbTaTb ObNN NpefjCEMBAQPBXME XEHE PP OEHU KNS X :

l.PesynutansegoBaHMN MHOTFTOKpPaTHO fAJoKnapgbBanuWcb Ha COBeLWaWKWTX apad®
Mu2e, 20142 0 2 0 ( Ay 6 Hdap, a cPkoacttmann wis )

2. Mu2ell Workshop at Northwestern University, Z0a B r y2018 @Northwestern Universit B a H cCTLLOAMCP devices withlGaN
photocathodes for BgFast component detection.

3. Mu2eCalorimeter FronEnd Electronics Construction Readiness Review, A8 620%0 Fermilahb a 7 a @ WH
4. Snowmas2021 MuZ2ell Workshop, 22 e H T 202¢) Z2oom MeetingAlGaNphotocathodes andbchottkydiode for BaFscintillator detectors.

5. IEERuclear Science Symposium &NSS) and Medical Imaging Conference (MI€)T26-@2p 9 5 620kODMa HUY e, BE@ m K 0 6 pRMIT a |
with AlGaNphotocathodes and MCP for BaF2 scintillator detectors in particle physics.

6. NewTrends in,Hi?Jh Energy Physics (NTIHER), R T 5 BOp6b y o, B @ p H 0 ). Satablmd photodetectors withAlGaNohotocathodes for
light registration in UVC range.

7. INe.wTrtends in High Energy Physics (NTIHEFR3Q24e H T 261 &Yy 4, H a p H 0 ). Dhe ioatend electronics of the Mu2e electromagnetic
calorimeter.

8B.O6bwenabopaeampuamp JIAN, 26 anpensa,AlG2NpDSY ok@MWMBlaovayo MKY. oRAY CUQUHT
ocHoBe kKpugrtannos BakF

9.XXWe XxayHapopgHEaelX HiewelHkwa d K OH Qaoawbuse KW pOHMEKep a8 ®m H O 4 H0r oM aean, g e2H0V
( MockBa, Poccuna) doTonpeobpaszoBaTtTenn Y®MBGalmanaszoHa Ha OCHOBe 3
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Cnacumbo 3a BHUM
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I3MEeHEHMA B CXeMy Nocae 1abopaTopHOM NPOBEPKU.
Cxema Bblbopa KO3IOPULIMEHTA YCUIEHUA N €€ BANAHME
Ha IMHEMHOCTb OTK/INKA

|

4
.
|
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T T | T T T T T 7
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Rg1 S 1000 T T T T T T T T T
Rg2 -§_-_ 9001 = z §I-'-ig'1
T > 8001 = Rg2 ?
_ 700F E AL L
Gain select 600% 3 = | =a = =
500? E Gain select
400F- E
300F- =
200 E
100;\\\'\\\‘l\\‘\l\l\\l‘l\\I\I\‘l\l‘ll\l—';
02 04 06 08 1 1.2 14 16 18 2
I, [MA]
A Bo B THO pricoiic ne Ay 0UWKEERMEX@HMNE M Bbi6Oopa KO3 @dKpe yTar NUa @ealkbeia Kackapjga, T.K. B 9TO
HENMMHEMUHOCTN OTHKHLIMK/BE YKUTNTEROIABpPpEeMSA nNnpoBegeHNsa BfRPpruxawamsa ALP r Neeik DPI@KH @M HMD)B

120 MaB
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SpPeKT MNawweHa 4na HEOAHOPOAHOIO
nonda. MoaennposaHue™®

eeeeeeeeeeeeee

1.20E+007 —

. 1.00E+007 —|
99999999999 I
22222222222 .
aaaaaaaaaaa
aaaaaaaaaaa

- .

P .

5 8.00E+006 —
EI .

99999999999

uuuuuuuuuuu

&6.00E+006 —|
= .

w

o4 00E+006 —|
g -
= 3
2 00E+006 —]
0.00E+000 775 100.00 200.00 300.00 400.00 500.00
Distance [um]

)m | PesynbTaTlT MOAgenNnupoBaHWd 3 a
gooor i B aaBneHumda agnd MoAynsa HanpsaxXx
fso0 | - B6N1M3N OBYX NPOBOJHWUKOB C

%00 \ ,,,,,,,,,,, - pasMepoMpahAGCcMUBANIYD T O

® - Vmirek37B

3000 é 1i0 1i5 20 25 30 *

b, mBar He BXO0OAWT B AucceprTtady
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TectnpoBaHMe FEE 31eKTPOHUKK B
NOCTOAHHOM aKCMa/IbHOM MAarHMTHOM none
nolin
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Cxema BXOHOTro KacKkada AnrmTamsepa
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Ycunutenb ¢ o6paTHON CBSA3bll BXOAHOIFNO Kackapga

UTO06b MUHMMU3IMPOBATL WYyMb npu ouundp MMO BbIMOMHMW-
KoOppekuMIK NMOCTOAHHOW cOCTaenmHAKalR @B,

npunwegwmpeaycmnumrtena 4yepes nnaTty Ko WY 0 AUWHNI.
YonnHAepPeaHNNn dGpodBaaneB@RIHEEH. a B bIXO0/4e,
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MoaenmpoBaHue BAVAHUA YPOBHSA LLIYMOB Ha SHEPreTUYECKOE N BPEMEHHOE Pa3peLleHmne
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OAna BpeMeHHOTIO pa3pelweHNs 3aBUCUMOCTb nNopPIBMEHEHMN €3 HIDOYIHHU O YWHEPH s TIMH)EeC KPP D Geassdredie Husa npl
wy Mma OT O3Hepr uwu, paccuyuTaHHOW B KaHane 6enor o KuyhaaneBH @pRAMKM YyacTtuy 100 MaB

Ans 92HepreTmMyYeckKkoOro pas3pelleHns onpepgensemM NOPOroBOe 3HayYeHWe BKNapga WYy N
ANS onpepeneHMsipasdipPILEeAMAECKOT O

Kputepuem gns onpepenneHmss MOMEeHTAa BpPeMEHMW NO MMNY/NbCY CAYXWUT MNPEeBbLWEHMUE
MMNOYy nbca

Anaob6nwaeHna TpeboBaHMUA NO Be/NNWYUMHE OSHepreTmunmy
YPOBEHbBL He A0XeBY Tnop eosnbpueaarew1 480r c 4 pas3 pelwleHnemm
M3 B. BpemMeHHOEe pa3s3peweHune oOKas3bBaeTcd 6o0n1ee y
MakKcuumManbHOE BO3MOXHOE 3 HaueHmWe wmHBa Xxnopam TaCHAE pBr unad
100 M3 B
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Cxema nogayvn 3Ta/IOHHOro MMMNYNbCa
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MOCKBA,

V1i=0
V2 ={v_pulse}
TD =0
TR =7.5ns
TF =7.5ns
PW = 1ns

PER = 400ns

WMHCTUTYT AAQLEPHbBIX WCCNELOBAHWW PAH, 19.01.
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[IpMMep pacyeTa KackaaoB npeaycuamTens
Ha NMpPUMepe BXOAHOro KacKkaaa

M3meHAs HOMWHaNbI B YaCTOTHO-3aBMCHMMON OC OTHOCUTENBHO TEKYLWMX 3HAYEHWI, MOXKHO OCYLLECTBNATb
TOHKYIO NOACTPOKY GYHKUWK nepeaayun, nmerowein 6onbliii Nopaaok.
X 1 1+ 135
T (A2 _ 28 -~ s3(A13) +s2(A+ Bt3) +s(B—1,+ C13) + C
(As® +Bs+ O - T B+ O + 25)’

OnAa Bcen NnapTUM M3roTOBNAEHHbIX YCUNUTENEN NCNONb30BaHME TOYHOW NOACTPOMKK NPWU NOMOLLW YaCTOTHO-
3aBMCMMON neTau obpaTHOM CBA3M OKa3anocb HeobasaTeNnbHO ANA AOCTUMKEHWA 3a4aHHOW NOrpewHoOCTH
BOCCTAHOBNEHWUA 3apana, NoaTomy BblNo pelweHo He BKAYaTb ee B nocneayowme sepcun naatbl FEE
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TectnpoBaHue FEE aneKTpoHWKKM 1 npoToTmna Csl
kKanopumeTtpa ModuleO. KaanbpoBkm
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MpeapaBapuMuTenbHbLE pe3ynbTarThb adHaa /mwiseak TAPaoHHBHEDXM TN CurxoeB-0R), O C 1€ & Hog AV,
(Frascatiltalyynok azawmo B cnydyae paborThbl npep,ycmnMTeneﬁ FEEroN1l B pexume 600b
ycunneHws s G H abG /oKaIUDOKCAbK M@ K a K a JUOVPHIEWIEHT@U 80 4K Ta Q‘%’"—Q-Tp Vi = 400 mV;

i

MpefgnNnoOXEeHOCKBMBHRBREBBOpP A YyKcOMedqNIM, € Hal gpaiHiH X0 pTaedOTT K BMO I O
ceaHModule@, cob6GpaHHBX B pexume Yy OBOGIGHBOHFE®OC KW I3 PpmumnmeHTa ycuUuTeHUS

KOPpPeKT V@YW HOKLLY Uoto
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TectnpoBaHuMe FEE a/1eKTPOHUKKM 1M MPOTOTMNA
Csl kanopumeTtpa ModuleO. KannbpoBku
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