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BASIC CHARACTERISTICS OF THE AVALANCHE TRANSISTOR

Kiyoshi Takami

Research Reactor Institute, Kyoto University
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Abstract

The avalanche transistor is a useful device for a short-pulse generator of the thermionic electron-gun. However, some
properties of the transistor have not been clear experimentally until now. In this report the following properties are
presented: the thermal characteristics of the primary breakdown voltage, variations of the output pulse waveform
according to the power supply voltage, and the estimated V-I curve of the secondary breakdown voltage.

TINTG UYL e 8T VI RAROERNITRE

1. I XCHIC

BAREHR EE B EREN L A ERRIC i b S
T & LTINSV AT A ~30nsecd FTcH NI,
POWER MOS FETIZEHI TH 2 H. XDV UL AN
MRERIEE, BIECETNT VY« hSUIR
R ffio Tz 7OV AFRERDHARE S NS, S, 7N
SV s hIUVRARD 1 REREEOIRERE:
R 2 RHRELE R EXRPELIZDOTHET %,

2. TINGT s FSIUIRAR

RSV IARDAN—R « TIwRWEg—FL
TaLy %« LIV EAMICEEZMAZ TV &ER
D2 B, T ETFEN AR BERIA
BT, EORTUVIRRICEFEEL, bTIUIAXR
OWHEIC DN S M E UCEE ISR 5, LI L.,
o LERBPRT RSV E—X 2V AFEBRICAD .
BED TN S, TOMEEE 2 KEREREMESR, £
CKRBHZHRLTWDS & bT VY ARZDKAN T
HICED D, HEERZEMNMTIED S EEIN
T, 30ELL bR, mE, KERZRETES AKX
ELUTKEDOBHENSEHA NI VAN HE
NTWiz, LML, BfE, 7NF vz b0y
AZzFHUTWASOIXIFEZETEX 1 #TH 5, 1
ERTIET092/ 8w or — 2 & K FEEERI (STO-23) D21
VA, ZEEL CHlBEE OV A RET B R
RN PRETCH S5, 1 KERBER RS pHH
BIEDD., ZMiENH NS VI ARXRTTINT
VI h I UVARELTHAZAZEDNH S, ZETEX
£ O FFNT493, FFNT4941%. &. BN EN TV
2N5551 & D & &3 CFMNT415°FFNT417 & KR,
B KTV AZ1004 L IZIEFIZE T3, 0001 AT
%, NEC£ED25C3733°02SC3736 & HRE & 1 3 %
N/ VAR TES, SR ZERIEUTRIR
Wi 7 H #5 9" B {% T ZETEX £} © FFNT415, FFMT417,
FFMT493, FEMT4940D%FM:7%HIE LTz,

3. IRIEAEEDEERFIEDEE
TNTYY T e FIYYVRRETE BRI ENE

EZMA TN EDO DR KEZVIIVAZRS
N3, LML, BREBEFEORBERIENDIHE TRV E
BEIR R 2 RAE T E RV, T DORMREBEDOHIE
LU OBHTE LW, FREEICED < & H4.
B op ADBERMNRN TH SEIZICE RIS B
WH 5, LPUBRMNEZ TLERLEBRMED ., BE
EHFBHENTEDL, TONEIHERHETZIDOTH
W, 7V —=V IR ELTEKRIH BN, EIE
EHTTICNET S L Ei, o bELEE EIF3
WEND % BROBERBARNRIE. FEREEDOH]
EHICEETCLES L, 2T 2568 ESEER
EHLLDP-L D EFE X5, EiFshnsH
HIxDT, S, BRELEOHEIEN D T OIS
W7z, BEEMA TV AR ZRS T HNTRE
REICARZETELEZMAT. X)L NN TEE
Z BUF, EIREAN0.1 p AT A T2 B 2 BRI &
Ulzo (0.IVAT v I TRIAEICHHRZET %)
BEARTT 1 v b L CGRIERBZRD Tz, BT
WE EIREREDKEV, DTV IR Z2EED
T, BEMNEBWVIE EREREITEL RS, FLTF
VARG LT T 0y T T OREREER 11
IR WEZE R TV EEETHISIC X B B
Moo, EFENICREL TV VI RAER
FMMT493 DR EEDBERFHE

306 V T T
y =0.2582x + 292.2/ ‘

304 V
4 » ¢ Nos8
302 vV
A = No.9
300 vV A No.10
*
298V g 'Y No.11
*
— ##Z (No.8
296 V / ﬁﬁ/ ( 0. )
— 8% (No.9)
294V
y = 0.2492x + 288.81
292V

290 V
00°C 10.0°C 20.0°C 30.0°C 40.0°C 50.0°C 60.0°C

1. FMMT493D 1 RE&IREE L OIRERE

-358-



Proceedings of the 2nd Annual Meeting of Particle Accelerator Society of Japan
and the 30th Linear Accelerator Meeting in Japan (July 20 - 22, 2005, Tosu Japan)

£ 1. BFTUIARD 1 TEHREHDIRERHE

NI oR% | 30CORREE | #IE7 ¢ hUTZRE 3
FMMT493 NoY 296 V y = 0.2492x + 288 81
FMMT493 No§ 300 V y = 0.2582x + 292.2
FMMT415 No3 298 V y = 0.240 x + 290.600
FMMT415 Nod 300 V y=0.241 x + 292.783
FMMT417 No2 327 V y=0.2495x + 319.11
FMMT417 Nol 332 V y=0.2519x + 324.87
FMMT494 Nol 339 V y = 0.2824x + 329.98
FMMT494_No2 341 V y=0.299x + 331.64

. Sy r—VREOWRNEREKE <nAZ T A
TOBEBRINEIZTNAVWALIREDND S,

U1ZB300—100uAB E 4T o

300_No.1
315V ‘ ‘ ‘ = 300.No5
y=03369x +296.19
Hovr //I 300.No.7
305V / * 300_No.8
L
i 300 v / X 300_No.9
() . "
295V 'x ¢ ® 300_No.10
¢ y=0.3236x + 284.61
290V ; — e
| (300_No.1)
285 V prps,
0 10 20 30 40 50 6 (300_No.8)

B (°C)
X 2.300VY = F—OIRERE

PRSI WEE T2 EENT 255, Wiy ©
F—BAF—RTCNNATATEHE T VI AR
LI WA, CORERMEES MR JE LT,

FICEETIZY 2 F—D P KEVIRERNTH
%o [EEEE TIHKIRMTRIRELEZB A R0V,
V=R AF—=RTONA T ATEEIRTHBA &
WX ITHEENIREICE S,

4. HIREBEICKZEFOEL

G
+V
400pF ||{1\ U H
AR\
OUTPUT
X 3. HARTNG Tz - 7YV TElEE

output(V) FMMT415 No.502
250
200
150 r Nl
100 e RIE LAY
A 240V :178V  1.49nsec
Hl 250V :188V  1.41nsec
50 T ) R 260V 198V 1.34nsec |
2/,’/ 270V :204V  1.23nsec
0 b’ 280V_:214V  1.18nsec |
290V :220V  1.11nsec
_50 ‘
44 49 54 59 64
(nsec)

X 4. FMMT415OMHaETIC K 2B OZL

X 31C/RS RIS TR T 2 2 2 TRz 1
72X 4 (FMMT415)IC7R'S s FMMT415 Dt} i KE
K Vepold260VTH 2N NEsF5 135 N5 IRIE
WENE LAV EANO R &V, BRETEZHIET N
X, MOX S5 ENOR R 292819 % C & HA]
HETHD, CORIVIAZD 1 RERBF T~
28°CT296VTH 5,

W Kt KB 320V T H 5 EMMT4A1 7138 5
BEROVULTFDOEDNH D, HiHDEIEDORD
BEEZSTWVWARDTHEIDETH S,

U R VYRAZTMESRLTEROEOOR
BEOERFHET B, —RICEIRBED/ NSNS
VIURAZIFEN ERORRIZ NS NMERD D B, &
FIRFICETEZ b, BRAL & WS BED B ED
BRI VI RZDITHREVEADD S,

5. 2XEREE—ERFEDFH

B, 73T v x « hIUVIVARICEEHATE
T2 REBFREET 1 REREED ~ 1,3 &7l
LCEED, SEL HLULWHET 2 KEROEFE—
BIRRHEDOWE Z2 ik Tz

X 3DOEEET kT 2T A XFMMT493 % ffiu, it
FAEEHE335V—E T, H1DH EMHNT50Q(100Q
2P) 7 1D B 4REIN U 7B DI IE D2 k7% X 5 1
AU, ZOROELERERMERERE2ITRT,

(&)
REHI VT & AMRPIEE S R iR~
ffisoTW3,

TINT UYL bT VY AZOMOEFENHIE
TENRE., ZOENSBREOBLEN NS, T
Sy AMOBBTFIIHENIELE TN, TOHIEL
MEEIC RS TR 2 KR LI TH %, TV T
YUHOBEERERZEHE LY, LML, aYT YD
BEE R, HADEEICKR S E TN B HROR
DCEFETDFETES, Yo7V T - 4ovnm
A a—TOfEREMHEN, T RIVICHEATIAY TV
YOELEZFHEL T2 RERETLZ KDz, £31C
COEREIRT, BRI, ket IEECES
FCICHN-EBFREEY LIEEMETHD, IVT

-359-



Proceedings of the 2nd Annual Meeting of Particle Accelerator Society of Japan
and the 30th Linear Accelerator Meeting in Japan (July 20 - 22, 2005, Tosu Japan)

W BFEROEILIZES R T
300

200 (/"\\\ —50 Q
150 \ —50/2

\
100 Qkﬁ\\\\\ 50/3
5 = —50/4
. / ~ s0/5

|

44 49 54 59 64
(nsec)

X 5. AFEHIOZIEIC X 5P

YHOET L, mEHNEECE ROy T
VHOELETH S, 2 REREEI DAy T T
DEIEDSHHEEEEINTAAETH B, V7 ED DI
M 10%~90% DR T LA Mld. 10%~90%D%
ftE&TH %,

COWMBIV—=TICAVET RV AR DIEET S
E OB im0, AR S HH T
XBHEEZT,

FGUET O 2 KRBT —BRRHEZ 70y b
L8 DZK 6 IR, ERNEDOTTI v T2y
T % EFEKTRUTEERICE S T2,

CThid, BHRED (EBICZFOD XD 7% 2 KEERIZ
FELIR) TO~46VO—TEEE L ~1.4Q DES]
BEHOEEEZRL TV,

FREAIYT STV MROFFERREI2pFD
AU TEHE LA, 7OV A EHE N B D |
432pF D IELWDAIATH %, HIERICHE A TGIE
JTETHICEEBEEZFCENE D S,

TORERIE, FHIEEZRD, —EEBEIZEN R
BPUEE RKE W (1 KRB - 343V) o BHELFE
Tl& 2 KEFRANOBA TR DI E N D K S 7af R
ERLUTWBDTERAEVHETFHELTVS,

Lo el o}

B FMMT494M 2 R [E X BIE—E i 4H M
20 A

18 A /
16 A

14 A //
10 A *
8 A /
6 A //

4A
2A
0A

450V

12A

y =0.7381x — 33.631

500V 550V 600V 650V 700V 750V
BE

X| 6. FFMT4940 2 RE&RDE T —E il

E o LELORBDRELEZ TS, TOHIE
Z. 7S« bIUVRARELTO—DDH
e LTEMAZESTHS,

6. BHYIc

S5EDI0QAMBEORMEZRTIZLYL, KEX
1I5X3mmOTIHSMHONHNT VY AR
FFMT494(3000 11 i A B O Afik%) A7 _EAY D B[~
1.6 nsecT. 200V, 20ANTVMRIED 7 )V A5 LT
Wb, TN TNTG VY« hSVIARDOMI) T
H5,

S, TNETHEFOMESNS eh o7
K Zfin Lice 7352y z « hI VI AZOH
BEIBENTNS, ERERINEHEVEL Ao
2o LML, BHETEEFIAF 7O a—h -
PSIVARED X S EHBIIEHERH S EEZ TV
%o TINT UYL s INVAFERRRE Z B )T
IR U T BRI SR SN TE BRI TR,
ENWTH 5B,

% 2. FMMT493 CEMEHIZZE 2 2R D2 L,

[ RER | EneC) [T TOEE] BASE | Hkn PRARREE] BEEn | 2 EnYER [EEXL—LAF[EnAIL—LAF
335 V| 7.37E-09 3179V 266V 53 A 519V 50 Q 1.47 ns| 144.76 V/ns 2.90 A/ns
335 V| 1.31E-08 304.7 V 244V 98 A 60.7 V| 25.00 Q 1.46 ns| 133.70 V/ns 5.35 A/ns
335 V| 1.96E-08 289.6 V 226 V 136 A 63.6 V| 16.67 Q 1.50 ns| 120.53 V/ns 7.23 A/ns
335 V| 2.47E-08 2718V 210V 16.8 A 67.8 V| 1250 Q 1.55 ns| 108.39 V/ns 8.67 A/ns
335 V| 2.90E-08 2679V 196 V 19.6 A 71.9 V| 1000 Q 1.61 ns| 97.39 V/ns 9.74 A/ns





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




