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22 A A E The Negative Resistance and Current Oscillation in

the Forward Direction of Si PIN-Diodes
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FWICBNT, S£F, pin-diode DHEMEMIK (region) DKL (o) ZHKkB720E<, Lrd
carrier @ life time (z) DRV DEBZ C LICHNBHOLNT NG, BE 0 2ELTcLE ¢ &
B T3CLERMILLENCETHEN, HEERL, CORBICITHE T, o=~10°%2 cm, t~20~704
sec DHDE(ES T LTI LT,

C OIS 7 13 1004 FREO diffusion length (L) %252 %, i-region OfF (W) 1378 4 Ol ic 2845
ah, W & L EOBFICBNT, BEER (VD &iEds de-method THNONz, T8HB, W 2
L of 2k DENEAICIIEEO diode HHEZELLY, W 3 L OREOHEBIENCREBRES
BERENE, LSWS2L KB TR EEERAEN N5,

STHEZoBAICBLT, AlROIH S threshold voltage (V) &, 75 B off-state fis
i, 3T 4HOMIICHPrNG, THRDE, HE—1 (0=09~1.0x10°2 cm, r=30usec) T LT
{2 ohmic current region, diffusion current region, second ohmic current region, avalanche
breakdown (avalanche injection) region, = 7cikkl—2 (0=25%x10°2cm, r=50usec) I LTI
ohmic current region, [=<V'/% region, avalanche breakdown (ionization multiplication) region ¢
b5,

Vr & W &35 exponentially 1380, threshold current (Ir) 13 10~204 A OfET experi-
mental error OFIANTRIALE —ELEAON D, BEEIOBIDN I, T7b b, on-state B
T, VI #1355 & —E T sustaining voltage (V) 3% @ pn-diode @ voltage drop 21 (1
1volt), sustained current I It KD EMCASVEETH S,

KICEEL— 1100 B SR IO A S e, €070 iz, VI #Eiostic, diode i IZH L
T ni-junction-region, i-region, ip-junction-region I B 1) 3 WAL H % b HIE Lice FDAE off-state
D VI HHRRDORICIET SN 5,
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(1) V=<200mV Ti& potential drop 2 FIC ni-junction-region & ip-junction-region & ICHFF
L, BFZ short pin-diode B39 % Sah, Noyce and Shockley D EXRTE- 2 51 3, diffusion iIKk
35DThHbB, COERRZ W 2 L O 2/ VENCBERCELINS,

(2) 200mV<V<2volt Tid potential drop 1% F 1T i-region ICEFEL, VI #:id ohmic Th 3

(3) 2voltsV<8volt TIFEMIZS LY Lampert @ double injection theory »oEZ %, V2 K
Ble 3 &DLIs5h, ABEROEREDLNSEL T i-region @ potential drop I3 #3%1 L, ni-junction-
region, ip-junction-region iC#&1F % potential drop Z#EMM LAY, injection current ITEET,
diffusion i X 2 BN B, Cild long pin-diode B4 2% Herlet and Spenke OERTE %
bhb, cORXPD i-region @ applied voltage D5 (Ve) DEtHR S, EEE X —FKT 5,
on-state @ VI #ikid (1) LA UERRNTEASON 3 LD T, applied voltage i34 1volt T&H 3,

off-state BV TIE, W I L QDIERETH S5, on-state ® L BW ELHUMTHE05, off-
state ® L OI0EAICR ABICEDbNE, LrbIC, L2 THE 5, on-state @ ¢ |3 off-state @
T @D 100 fERLITIE G T &0 %, it ->T, AMIEHD mechanism BROWMLKEZLOND, Tiibb,
i-region @ carrier density »S#fNL, recombination center density ICIEEEL L 1LY, recombi-
nation center 8 fill up ¥ 5 &, life time RBIEFICEL S, D life time (I high injection
level @ life time T& 5%,

#EEDHEA, <@ high level life time % low injection level @ life time DO#100f%ic/z b,
long pin-diode X ©» short pin diode KBTI B LEZONBDTH 5.

T & W/L [KikE LT, 1~200 volt #EMICEINT 2D ThH 518, i-region 1€ gate R, gate
bias (Vg) i€k Vr 2EZ 2 E08Hk5,

diode @ turn-on process ZRD _RELDILEEDTHB, T1bb, P13 carrier injection T
k2 ERAE Ir T TEINT A&, 423 recombination centers @ filling up %4 i-region ity
52ETHB,

RICEBRREICOWVT, COREZ VI #kas Lampert Bz 5 deviate L7z TELNE, &
D B ITE Mc/sec TH b, applied voltage ICHERTH 5, X W MM ED 5 major factor
T, S < high level life time WO EE 2 6D EEDLNS, D deviate L7-#HIRD VI iz
ohmic DEAME SN B, - THID recombination process MLV, D life time A3 high level
life time TH 3 L BBRIND, RETL2ERRIOFAPIE o life time KW DEZHN 3B,

BEBLED 11F, Si pan-junction DOJEFHEHRICET S Sah, Noyce and Shockley @ prediction
ZEBMICHE DO, £021F, ZEEEHEIICX DTSR E I & e Si-wafer O@F O
breakdown % Zener breakdown ©7% <, avalanche breakdown THhz T EEFANEHD, D 3,
413, PbTe OREIFICKI W carrier mobility &l T 5 72 DICIFEERN 400 DL ETH S < &SR E
TdHsHH, pn-junction ¢ barrier capacitance X ODHEIEL T, 400l FTHBZEERLEZHDTH
5.
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PEKBETFOWIIL, DEEMCEBCEROSHIHETH I, Lrd, SI L2V TEALARE, hHEH
0<102Q cm OARFS DL WEIHIZ, Ge 2% Esaki-diode icFIH I N TV ARRICIE, BRI THL T,
X p>102cm OEFEOHFIIXEIRONT TH D, HiEEE L T5 & & carrier @ life time (z)
ZELTACEEBMI LD THEEH, HEHEH o=~102 cm, r=20~T0p sec O B iR (i-region)
ZEBLC LR Uz ERB—oOBETHE, ORI 13 100p BE® diffusion length (L) %5
% %, pin-diode @ i-region DIE (W) %2 L O¥EED S I0KEICGR RS, HICE > TBCAERE

X >THBCHEREOHEENLS, HLVWEELHHHKS,

W & L EoBf%T, BEER (VD) Sss@io diode @40, BHEEEEMED &0, AMEILE
S SDICKFIE k- L3R TH B,

BHEIIIC OV TR, 432l Lampert @ double injection theory iS¢ Holonyak OfT75 -
TeERDE B 0%, WEEOEE L AMIERIZ long pin-diode /5 short pin-diode ICBTd 3 &S
FLOBBICES D TH S,

FEEE I pin-diode OMEDOBEMNSE % SHEL, MHICLIZEREERICLE EREEZSHLT,
recombination centers OICHM T ZRERED carriers BEFEAINBEE, BEAHETOIC diode ©
applied voltage M2 &, T bb, AREINOBELNLC L, Lird applied voltage D
Do OFIEMENERESE L —BT BT AR L *, BT iregion WHIMWIC carriers LA LT
recombination centers @ filling up %4775 &, o filling up 2% i-region KT - T, KO
threshold voltage (Vo) THMBIEIOB LN S C AT LT, i-region & gate 2%}, EEBETI
> T, WRITNEFREELOTH B, Ge @ tunnel FEEZFIHI 2 Esaki-diode O EMHEIIIAMT
BB, TNELET S E, HREFEO ML switching OEIICENOTREBE > T 5D, Esaki-
diode @ off-state & on-state & @BETIREMES 0.6 volt LWVA/NIWVETHZDICK L, BHEHEDZ
0.8volt 5 volt £ T, W/L DITHENITENSE ENSFENED B,

BRI DN TIE, B5F microwave OfEIRIC Gunn-Oscillator % Read-diode SRR XT3
», thbid bulk & LTd i-region KB LABERTHS, LaL, HBEHORZEEKSE Mc/sec
T®H T, i-region ICHEA XN carrier PSHFFZEMB LT p- Xk n-region ([CEL, HFirTHME
5% TOERE D, i-region @ transit time 23148 0WE 4, carriers A5 p— i n-region 7z
0, HFico life time % Ffé UTESKRH VBB CA2HO p- Xid n-type OWEIIKTFET 250D
ThdHTEEBRLTN S,

ZERwT, M PERNOEERIEEERINCENA LD TH 5,

CNZEET HIC, HFEEORIE S OEMEEAERO IERE 1k 2 72 0®mL L, Lrd, carrier
life time 2K BXFEL T3 2N LT, HFLOREOHE A, X Si pin-diode @ i-region
Dig L diffusion length & @EMIC Xk D, L VB0 ABEREERESHE AR LT, HnRiiE
L, SFETSANOEHE S Z BTy, BRETEOSFICEERFELEA.bDTHS
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