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High voltage pulse generation using current mode second breakdown 
in a bipolar junction transistor 

R. J . BakEl< 
£G40. I,,.,,,, M(d'~ ___ "" ''''', .1I1S N·J! p.a _ 1~1l. lAs v<'X<'~ N .. ",d~ MIlJ 

( R..,c .... :d 16 Oc:toW' 1990: ...,.,.,plN for publfCIllon 6 Dtttmbor 1990) 

The characlfflSllcs of. bopoLar ju""u"" lI"n .. "o.- opcnuing in the .~a"'nche region and 'btn 
uiuered 'nlo cu,rent mode -..cond breakdo ..... arc fonnUb.1M. If II\<, I"n< the BJT" 
... b,;..cud to seco.>dI.ry brell~down ;. lImned the BIT may be used as • nanooerond. h'lh 
""IIiF ~,,,"ch ,,,thout _,alOm. d''''''F- ~".."I mnhods of fas. puke grncta'''''', "'''''ncal 
and 0pI1ClI1. using Ih,s mode 0( openllion .re d;scuswd. A 2<XXl V pulse aeneno1or. inlo 

SO fl, "'''". nsellm" of appro.i'""'ely 1 .... jill':' < 100 po., i. Ihen designed us'ng th<$< 
''''ul1$. 

I. INTRO DUCTION 

Cum'll' mode ~ ~aldooo'n can be dc:muclivc in 
• b'pOla. JUnc,Ion lrans",or ( BJT). I If ,be _mounl of lime 
III< BJT is IUt;.cled 10 K<:Or>dary b,eak<lot>'n i, hmu<:d lh. 
BJT may be u.cd I •• fast. low J'lIer, "'VI voltage , " 'iICh 
Tilt BJT opH\Iled iH Ih" mode h'" b«n I'V~H the Ham' 
"valanche t"""ltor Th'1 ohoott of name ;. u" fonu n.te 
dut to the ear her wor. done ,n ... Ianche m(ld<, 
" o"d"nl '-' whic h .Iso oalls the UJT an ",'al.nche tran.;s­
,or, 

Figure 1(.) .how. the I_V ch.r""terisuc. of a typical 
planar <pita.i.l ,ilicon IlJT •• uch as Ihe 2NJIIO-I. Both 
.val."che n,ode ,w; lohing and ou,,,,nt mode second break_ 
down ~"'·ilC h ing t>eiin at ~'"' A. sltghlly below HVcllO­
Av. l.nche mode Notch;n! follows the Jo.,.d line A-B. 1ho1 
is. ''' itching roughly from I)V~'IIO to l)Vero- Th" typo: of 
, ... ,tchmg 's "ondest"",1Iv. Ind .1011.' by com""n"",. de­
po:nd,ng 1o I I.rge .xtent upon the Inuerinl pul ... Cur· 
ren" are u,ually much k$s than I A and oon"'lor~lI"ller 
voltag< chang<s Ire on the ord ... 0( t .... 0( yoh •. If point D 
is cto..: to lhe ma .. mum povo .... curve. Ihtnnlll mode...,.. 
ond b<eakdo .. ·n may caU!oe Ihe mlns"t .... to ... ·'Ich to the 
!oOOOndary breakdown vollag< after 6Qft]e Itrn< delay. 

Cunml mode ~ breakdo .. ·n operatlOf1 1t>O>-.:$ lhe 
open"n! poont A 10 A' "pod IPI'lication of a tngger and 
[hom follow. lhe k:.d hn. A-,c avoodml the ,"e operating 
area. It .. ·,11 be sho"'" [l>It currenlS can be """,I'" I~ 30 
A .. ·hile . .. ·ilCh' ... voll'l", 0( K"enol hundred volt ... Ava­
I"""M IranSl'lor. from this poInl on ... ·dl refer to tM cur­
renl mode orc<)rl(I break\lo1l'n ''''l1ch'ng phenoonrna. 

A pop..- by Mnehdl' lIVes IO!'JlC qualnat"·. guodeltn .. 
,nlo u .. n! .... lanche Iran .. "Dfl.. .. h,le oth ... popo:BlO- .. 
presenl desi .... ltS/n. avalanclle lran!o>'>1Of'S. The 1"'~01 
thOS I"'~r i. 1"""'01<1: fiBI. q~n\lI'I"'e guidelIne> relaung 
101M opertl"on of •• olanche lran~'SIOB " 'ill be lI;ven and 
"""""'. melhods 01 fasl 1'IL1s< gcnerallO<L .... iII be d""u.....:!. 

II . AVALANCHE TRANSISTOR OPERATION 

W,lh I~ .i<! of Fill'. 1(.) and I (b) , be operalion of an 
aval.nche lno"S'Slor may be described. The .Ialoe operal ,ng 
point of the mcuil in Fi • . I(b) ;5 i",,;. ll y at point A in 
Fig, l (a). Th. ma-im u", colltclor ourrent wh,ch c." be 

pUl ;nlo lhe coIleclor l ...... inaI 0( the ruT, "·'lh lhe 
oollector-m.iller .... ltal< appro,imolely equal 10 avCIlO 
and i". Sj><'< ,lic e,"'uLI .;onJl/!"ralioo,;' called 1M hold orr 
currenl / H. The II!'!! •• alue 0( 1M coIleclor rcsi~.or. In Ih., 
c,,"" HOI<, in,ur ... h., rea""",ble flucluallOO.~ ,n break · 
00..." .oIl'g< bel .... .." d,!!"er"'l (It.'ices ... ,11 h,a>e a s.null 
a!!"..,1 on tb. colleclor currenl. The colleclor cu"enl .hotLld 
be main.ainro as far below Ih. hold of!' ourrent as f'O"ible. 
... hile still maintaining lhe br.al:down condilion. 

Apply;nll a tn"er of approximalely I.J V fo ... ard bi, 
ases Ihe bast~mi !t'" Junc1lon. Thi. c$uscl' the collec lor 
current 10 increa .. be)'ond / H resull;", ;n S<CQLld brea k­
do ... n. If I H c.nnO\ be reached d ue to tbe d .. ;," of the 
eXlernal circuit, suc h a< "',I h • large load re.i)!. ,,«, an 
intermediale value of colleclor emi tl.r volta, .... ill be 
reacbed lyi ng bet,.",," IIV coo ond IIV ClIO ( •• '.Iunche mode 
''''itching) . If Y '" i. lhe ''''Iaining .ol[ago bet .. ·cttt the 
oollector and eminer aft.r ........ dary b ...... kdo ... " then 
(DVCIIO - V ",)/R L - h i< ,h. load o"rrent .n.r switch­
ing, If / L>/ H second breakoo..'n ,,·ill rQult. 1'"t""1 • ca­
pacitance 0( 100 pF or less bet .. "ftn lhe coIleclor and em" _ 
l.r can also be used 1o in<u", .ha[ Ihe condit"'" J L>I H ,. 
reached.' This capacilor inc...,.. ... th. currenl mul" phca­
'''''' rc$UltinB in • fasler ns< tlln. and k$s delay " me, 
R.ach'ng I H ",hom lh. load ...,...tan« ;. $0 ohms is l lmost 
ah.-.yo achieved. 

n... basic equat""" d=ribtnll transt~tor. operalOns 
,n the .. -alanchc rqoon. in. ""oe <tile Irc ,"ven b)' 

l e-alpV + leMO" I . 

/E_/~(""Y,,;.w.T _ I ), 

fc=lc+ 1 ... 

(II ) 

( Ib) 

(Ie) 

( Id) 

( I.) 

Th. currenl In is Ih. ourrenl leaving Ihe biLse, Ideally •• 
properl}' designed •• ·alanche 1 "'''''~lor circuit will mike 
l OR _ l c and stl Ihe emiHer tur",nl and ba.o;e~m' lL.r . olt­
age to ""ro. These cond;tio", can rarely be meL due 10 the 
b3$< spreading n:<i<[ .nce. To.. and ' ,mperoLure ,a"at iolll. 
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~IG. I {a) T'l""al / . " ow..,. ...... '" (# "u .. , ... , .... , 8fT (hJ 
.. "I,,,, ... or""".", "", ....... "',0.-

If Eqs. (]a) and (Ie) arc C(Knbinro ,h. ""Iketor cur­
r.nt rna}' be exprossed as 

'" 
... (1M approaches unity the colieclOr current will ;ncr~a~ 
limit"" by tht txtemal ci",uit only_ Tllerefo:><e. while ope'­
.ting II point A in Fig. l(a) 'he product aM j. approxi. 
mat. !y equal '0 1 Equalion 1(0) may be re ... rjn~n as 

p, 
EqLtatioo (3) ;. nlid onl)' when operaling in ,h. primary 
br,.kdow" region. Tht paramoter a, i.~ . , fon..-o"l <"<lmmOn 
base current gain. i. much I ... ,h." unity .. ;h~, Iht Ira,,· 
sislor ;. In cumlf and "anI ,n i"""", .. towards uni,y a. the 
transistor •• Hers Ih" oc!lv~ regIon. Tho muhiplicalion fa<'­
tor M. Eq. I(e). ;, unilY nmiJ ,h. coIkclot-ba ... ,'oltagr 
gc« romparable to il. brcakd<:Jwn voltage at "'hieh lime.lf 
becom .. larger 'han m,ily. Theoons[anl n i< in Ih" rang. of 
2-6 and must be measured for each Iran,,,lor. 

Figur~ 2 sh", ... lhe ba5ic conSlm<:liOll of • discrete 
lrans;stor. A IlIT Ihal worl:s .. ·.n as 3n a,·alanehe Iran';'· 
lOr i, <lne in which lhe collector resistivity is high, Thi. 
result> in most of the collector·ba .. pOtential being 
drowe<\ across the collector r~gion. If lhe ool1 .. <1or ""is· 

R.o. Sod.1Mtrum., Vol. 62. No .•• ilpriI ,~, 

FIG. 1, Dbc .... ',,"~"or "",,,,,,,,t,,,,, 

livit)' is 001 high. reloli"e to 'he base. ,h. coIleclor·base 
depktitm lay .. can . "ond across the base 10 lhe nnt""r. 
Thi' " called punch-through and it keeps Ihe junclion 
from going into avalanche bTeakdown. TTan" stors lhat 
have IhlS pUI>Ch -through phenomena cannol be u"" as 
avalanche tranSislo~ 

The ""SO spr.ading rc$lstanC' " lh. resistance of 'he 
P-I)'pe .. mioonductor in the bast rtgion between Ih .. bast 
melaliZllion and Ihe active region under 'he emitter. This 
parameter" vory imj>Ol1ant ",h.n ",leeling an .. alaneh. 
lransistor. CombininS Eqs, fIb). (Id). (Ie). and (1) Ihe 
clfec1 of r .. OIl ool1ec1or current may be ~hawn as 

,,~ +, ("" .. I~.+ ',.loon _ 
( V",.IIlVC!IO)" '" n. 

''l 
mcr<a<mg ' .. ,,-,11 r«ult ,n an incr.as. in Ie at • oonSlant 
V~". effectl"ely lowering 1 H' A quick method of delermio­
ing Ihe rela'ive'" of a group of lran,iSlO,", i. 10 .han Ihe 
00'" 10 Ihe emitter. R . .. O. and measurt IH for esch trun· 
sistor ... ·ilh a curve lracer • ...., FIg, 3, The higher I ... the 
k>wer ' ... ",;lh ' .. ranging from 4 10 4O:l fl and IH ranging 
from O. r rnA 10 grtaterlhan 2(l mA Iypically, The hold 011" 
curr""l can be decrea"" by increa.ing the "allle of R .. 
Dttrcasing ! H may be helpful ",hen .,,,,,king avalanch. 
lranilil0,", for higher "olla~ or optically lriuering." A 
p.-oblem may ari .. if R.;, incTea"" 100 high, The base­
emill.r junction may ~tart 10 lurn on, causmg ,h. 
colleclor-emitt ... voltage to become a value leo. Ih.n 
BV"",," or 'he Iransistor could "an free running in a r ... 
laxauon ""'illation t)'l>< fashion . Anoth ... problnn WIth a 
large ' .. i. temp"ralurc, As Eq, (4 ) shows. k>"'ering lhe 
temperature increases fc which can a lso lead \0 free run' 
nmg. It has bt= ,ugg«led b)' Ref. <) 10 appl)' a n.gal;,·. 
vollage 10 the ba", 10 avoid Ih ... problems, The base-­
eminer junction i. 'hen TOV015< biased k<eping th. collector 
cun-cn! from increasIng beyood the hold otr eurrenl for 
large ft""lualions in lempera'ure. The d;sadvanta~ of. 
negat;,'e billS are: a Iow.ring of outpul amplllude. an m· 
<rea", in delay lime. more complicaled circuil design. and 
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• laratt 'nplll tnlll'" .-nlta£" f'ftjU,""" to brinl I e up 10 
I If. If the .... '-'ronmen' " """Y. ' .. is la<p: (lmall J H)' Of 
If .he e,,,,",, on .... 0p<nI'~ d"",-n bclo-to> froolln, '.ml'<" .... 
lures • n~u'·. boa. n """",,td. For most aw''"'''''''' 
~ 10(:1«1100 elch. ,nnsis.",- and R • • '" all that IS ..... 

T~.r. are ''''0 po.ramc'." In Eq. (4) whICh un bo: 
u~ b~ the drtu,' deslgnu to !rigs« 'he .,'al"nclle Iran· 
'"W),: Rsl"~ .nd VCII' Increasing the voltage .CrOSS R, 
clf.."ivcly incrca>e> 'BO' a~""n by Ihe b,o",..,m iurr Junc­
tion, for"ftrd blajing Ihe ba~..:mil(.r junction al1d nll'lIIg 
Ie- l""rea~na 1'0. brinp f c up to IN by ,!>Croa.in, lh. 
multi ph"., ...... *'1'0>'0 (he collector·boot junction. 

The "" Imoe of a panicuJar a'-alallChe tranSIStor hu 
boa! . ho,,·" by " 00 and !'Qcha" to be ,c1 .. ,td.o the pII) ... 
icallefoglh o('M ooli<Ctor "'gKlfI and (hoe ",,".,n,nl ..... 1'. 
• I' AS< The)' hi"" .w.o.-n lhat CUTRnl mode S«ond 
bualoo.."n is ,ho ~uh of"" cApandmg plHma " """t' ,h., 
pn>pap,es .,"""', ,he ac\,,"t' collector rq.lOI"I. Tbe Un .. 'h" 
....... ,ak~ ,0 """",pl. ,.,""'" lhe rotlec'or rq_. from 
,he odiC of lhe .~1tie field dut [0 "AS '0 II .. : ba>t: 1"q>On. 
CQ<, .. ponds 10 the n ... lIme 0( ,h •• x,.rnal .~'ricAI rul~. 

II i, Ihtl' 'eaSO<1.ble 10 conclude Ihat ,h. low •• 'he b'eak· 
down ,·o lla,. of a partieubr "v.lonchcm,n.i"or Ihe fal'.r 
Ihe dse '"ne. Thi' may nol .lways he true due '0 Ihe 
(('blion,hip helweon colleotor·base dO!>,"S' and break· 
down ,·olla, •. bu. for ,h. m"" pan Ih .. rule holds. 

Anodl.r .(('a of conc<:rn is ,he a'·.",se PO"'" ,h.1 .n 
.,.lanehe ,nonl;",or can di .. ipote. When "","" "'ng .. hIgh 
ou rrrni Ie"els m"Uer ~urr.,,, cro" 'd,ng btoon>tl; I p.-oo­
Iern. Tbe base sp<elodlng 1"CSi!;'.ncc " 'ill cau .. an u!IC>'en 
0""",,1 no.. acroM ,he I>;w:..em"'er JUR<."l>On ,,"u"IIi lhe 
cu""'" '0 ~ro .. "d In ,1>0: KpOn f&r,b"," from [he basc mel · 
.1' .... ,_. Abo the .oeries resistance of lhe .n,," •• ond col· 
Ioe'Qr 1"t'JIOn' become. imponan, a,'hese h'~h cu'''''', I .... 
e-I •. StIoe''''1 I '''''~'or .. ·"h a large de cur,..", """"1-
,ueh ... I A. " 'iIl help 1o lessen ,hese probl.m •. The large • 
.. mironducIOf .rca C(I""pOIlds '0 small" .. rlt$ res,,· 
""COlI altd he"er hea' dl'-Sipa,ion. 

• 
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m. PULSE GENERATION USING AVALANCHE 
TRANSISTORS 

The circuit ..oo.·n ,n Fil- li b ) " Ih. boo$OI; boultl",!! 
block of all n:alan<he ,ran,,~or c,(('ulil. The dIOde allhe 
\>0 .. i. pro"ided '0 prole'" ,h. "'UCrlng ,IIS,rulllCfl' " 'hen 
IhebaseO('h. ' .... nsi"'Qrriscs,ol.l\'tlIO' - V"" - lur .. 
afle' bemg "'U"ed. A ne",II'" pul~ OtllpU' ma)' be ""­
."<>mpli.l,ed by ground;,,!! th •• mlller and pUllmg the load 
be,"eon , he e"e'g)' OIo'"8e co",",,,or C ."d ,rQu nd. When 
,he .miller is grounded. prot«:lIon diode i. nol needod. 

Square pul>ell may be ,'"'ra'N by n:pl;tcinll ,h~ "". 
.fll' ,10 .... g. cal"""'or w;,h a char,. hne. FiJ!. 4. The 
charg. Ii"" ,mpedance i .... I«:,od.., ,hal II .. grea,er 'han 
,h. combined load and U:an".,Or Impfdances. The ""P"'·. 
rcl\«: • .,.. "",ulllng from ,he m ....... ' ch at Ihe oprn (,he 
Iargc ~,or appealS a •• n open (or ,he ra .. puk.c) ,u"," 
,he ,ransist .... 011" quiclly and d.anl~. The wid,h of the 
pulse IS <qual to the ''''-0 ..... y cr,,, .. 1 lime cl ,he cable. A 
"anable ""d,h pul ........... ,0< ""ti dell""'" In Ref. II 
" 'hieh ...eel • second ..... Lanch. , ... ns,s,or 10 di>cha~. ,he 
d.lay 1m. Ind se, tilt pul .. wid,h 

Po .... r MOSFET. drlvin!!. XI 0 load cln be ,w;,chod 
on in I"" ,han 3 n" wh.n driven wl,n an avalanche ,ran­
~"'or. " The dra,n·source vol,a,e of ,h. MOS FET nil)' he 
adju>led 10 pro, ide a v.rlable amplitude pul .. generalor. 
Ike,use of ,he d'r<=ndenc<: of " .. Ianch. ' .... n'iS!o" or, 
II\' CB":Jo makmg pul .. g.ncr.'o~ "'ilh a '·adabl. amplinide 
...,hes 011 ,·.riabl ..... mal allenualon. Usinl and findmg 
"orUble eXiernal all.n ..... to!"S "hen 1"'1 .. amph,ud .. 1((' 
greater Ihan I k\' and ri ... times of less lun I r ............ 
"""""'. can he d,lfi.cull. ahhooah loOme ."""ll<nl 6.tn:! 
"01"" high voItaz< .ubnall<li«<OOld a"en ... 'on art ., .... lable 
from Barth. IS 

Generali", hiche' ,oI'"se 111'''"'' can be -=complo<b.ed 
",inll. MaTll bank c:on6,uno'_. flJ. 3. or dlf""ly Slack­
m5 .,·.lanehe lran,i"""'" fI,. 6. 1·11t energy Slora~ car->­
II ..... in 'he Man bank art ch.or.od ,n pa,."nd and dis­
ch~rged ,n ........ Upon .pphcallOlt of a "'ner lhe firs' 
Ir.",istor brea" down. This Cou«< .h. _000 lran""or 

HIgIo voltOI/O ""I .. 
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10 Ott !lli>C(: II, t>rt~k(IO"'n ~oI1agc ., iii collector maklna 
,be Ira ...... or brnkdo>ooTl. Tbc third Ira_tor ..,11 "'" 
,h_ limes ;IS brea~,lt" .. n vol •• and ..... forth. Due 10.bc 
tar", impMa""" ciOCh ,nonstSlOf ;n;,;"Uy drives n may be 
n"" .... ry !O put • cafMICi,or bet.-... " 11>0 OOllr<:lor and 
emuter In insure .hal Ih. lran~islOr '0',11 8" ,nl0 oecond 
bre.kdown. A_her solution 10 Ihi, probkm ;. 10 PUI a 
small , .. i"or. on 'he or(k, of 30 n. be,,,,'= the boIst and 
eminer 10 lIdjU$1 Ih. hold 011' current " al ~, Thi, ba..e ,.' 
si"or has lh. d,sach'.",a,. of 101'l'<T,ng nvi .... nd t.m~. 

.IUre lol. ran~ 0$ di~u~ e.rlier. 1\1 high cur""nl I,vel. 

• 
• 
• 

FIG ~. SI"'.'"I ...... """' " ..... ,,""', 
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AG. 1 ............. optraI pm... wok. _ _ tad .. .-,_ -
obonmg ,h. basr to.be <mlll...- ""II help \O.ale ,h. prob­
Inn of cu,rnl1 "",,,,-din. uowkr ,he ..."iner by d,ve .. ll", 
~ of lbe colleclOf CUTTen, ,hrou", .be bode """"""S 
.<$3<1.11""" and OUt lbe bas< kod. Al \001' CUTTen, 1fv.1s .he 
res;,w"", cllM t....ftIliu ... juncrion ;. IIl""II ""..111" lluon 
' .. resul\ing in """,I 0( 1M coIlcclO' currenl n.",,·in, OUI 1M 
<n1l1l ... l<nmnal 

The main advanrage in .. ""~inl aVIlanclle IransOSIOrs 
OVer rh. Mar~ bank oonfigunllH)n ,,~imph<lIy. The 10 .... ' 
numb..- of romponC1lrs cor,esponds [0 kss ;nd""ranc. ,n 
series " 'ilh Ih. '''';Ich. Th. disa<!vlma;e;. Ihe h'ilher ,up­
ply H,ltage 'equired. Often a baltast ''''.10' bel"'«" lhe 
ooHeclo, and emiller is nceded .. he" ~Iack ing a,·~lanch. 

Iran.i"o .... _ This reoi"o' win help oonopenlllC fo' Ih. dif_ 
fe"nccs in 'he hold olf "" '''"1$ of ,rans.i~tofS keeping Ihe 
slri", f,om self Iriggenng. Thc I,,"cr Ihc hold otr Cu,,..,,1 
of a tran';~lor the I .... likel}' • baHa" res'slor will be 

"""'" Oplical pulse generalion oombimn, Ihe ,.laxllion os· 
dlla""" phcnom<na of lase, d,"""," "";111 Ih. lu,. cu"cnl 
1"'1", capabiliTy of a"oJanell< I",,,<iw)r'l; can I~ 10 optICal 
pul..,. of < 100 po ... ·idIM. Fi,ure 7 .00...1 ThaI ,flh. cur­
",nl ,mpu,,", of III< a • .,.1aoc1>c ''''''''''Or relu,n. 10 uro 
before 1M occu,rence of III< staInd """Ibolion 0( Ihe laser 
doodr: an optical im"""," "'ill be ICn .... lcd. If a cu,ren! 'Iql 
.. applied 10 III< w.... dIOde. I"',n 0( impuhe. ... nil .... 
creasing optical Implilude ""iIl be ....... Icd. nns I«:OtId 

'n'" 0( pube ' .... ra'ion 6nds ."cn!oive ...... ,n calib",u". 
and .ime rd"nmcing streak <:aoncBS.. 

Finally, Ih ..... nufac1ure' 0( aJI ..... laneh. ''''RSOSlOO" 

.nd ,be d3le manuf""'u,ed Ire also) 0( ",-""""m. A 
2N2222A may funelion Ii an .... boneM t",nlOSIor from 
""" m.>nufanu ..... -i,II I certain da.e code. Imt not from 
anoIh ... manufacturt'1" or ... ,," • d,If(T<'n' 1131.1 rode. 

IV. A DESIGN EXAMPLE 

Til .. """lion will apply III< infortnOlIOO ri~¢rl ... d .... 10 
1M design 0( a h;,h voltage pul!le ,enO"'lor. The dos'a" 
ern"';a aro amplnudc of g"alcr rll"" I ,~ kV, pul!le meU"", 
I ... Ihn 2 n .. jille, 1.,..lhan 100 ps.1oad ,mpedance XI n 
(al leasl J.O A load currenl), and 'ept"r;on mlo ,'tiler 
than SO) Hz. Somo uses a pulse ,C1le",lo, oflhi, fo,m ~nds 
are; nuclear diagnostic", high speed phOlolnlphy. "i".,. 
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in. otCillo!.cop<s oJ><! transient digiti.el'5, lin .. r.f.,..,,,.,m, 

hlah speed rTI<'&,urcmcn'" and gt'IIc",tm, hlgh pel"'"' rf 
Ind micro"'avc radiation. 

"The "',,",""'lie of ,hI!) I"'J~r is !.how" In 1'1, 8 A 
CODIbo .... uo .. 0( "bn. bank and !lark"., ol a, .. lanche nan­
""~Ion IS Ialotd. Th .. "",heme al""' .. the ...., of. 2aXl v 
supply ,nynd of. 4O:Xl V .upply, " 'hooh ........ Id be re­
qu,,~ .. hen .,..:tJ.., .!ont. "hI'" kt't'plng the ,nductaJ>tt 
.n ...nQ " 'llh the "ringS 10 a minImum. The , ....... '01". 
MPS660I ...... pocked brco. .... " h2s • hlBh de cUrmll 
ralln, ( I A), is In • low indue .. ","", pock.,.. (T0-91). tile 
I;>mokdooo'n .'oltq. of ,h .. p;ort;cola. yield" • rnodn'a'c 
I SO V, bold ofI" currenl is 'Yl""aliy 20 rnA (ro<,ospondon, 
10 small base .preading resi.,an«). Ind .."h lranloiMor 
from tho. yidd h .. approximately 1he ""mc b""akdQ .... n 
ch''''ClcnOlics. A balla., resistOT .. -os n.,. nctded bccIu .. 
of lhe !at," bold off e""..,nl, although 10 adN.t for ''lIria­
''''''' In p~ml oflb.tran,islors th. <lni ..... ' may ",i,b 
to include ,"" Ibi.lor ...... r",y 1"""'"'_. Eleven Iran· 
~10t'1 ... ~ .....:J ... lhal1hcir combinod brc:ak~' " volt-
qc ...... .oppn:».I1""'dy 2 kV_ n.e <qICIltion nlte for 1114 
(l", ... t ~ vat .... t!wl sao Hz and can be """hly det ..... 
mlll«l b)' lhe 4Jac·(470 pF + tnon ... ,. .. "", It .... c.oPI'C" 
I."",, ) Un .. C(In§l&nL 

n.. tno"""ton " 'C1"'c """'nt«l on • 50 n ,nom.nt, ....... 
ltnC oonqunollon. Fi,. 10. with the .... ,put .. ,""""n In 
Fi .. 9(1) , The purp<:><c ol'hlS line '. In help c.o"",,1 1110, 
,ndI'Ccancc ol the t",,,sistan b)' pro"liIm,1 WI.II c~pac;· 
tance to Ir<)I>nd. the short piece or trun,mission line 01" 
peo .. M I small cara<',lor to Ihe lran,""o,. I'ladn, .mall. 
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FlO. 1. )_ ......... ~ .... __ "":!o fI '=_·= 
...... ( b ) 0uI .... ..... ~dh , __ OIl .. ,,_001 1.-m_ "'" (0 ) 0.,,,,,, """, ~"""." """ . , .............. 100<_ 

<: 100 pf, caparilors periodically betw .. n lhe lran,mission 
It .... and gr<)l>nd helped to flatten Ih. top ol.hc pul ... To 
help cancel the inductance 0( the Inom"'on • ...:I pro.'idt. 
foJ. lop. an tApontnlLlllinl' was used. Figs. 9(b} and 10. 
n.. circuit ... ,.,. .1", buill"". breadboo.rd . "-,Ih th ..... lpul 
$ho-..'n In Fi,. 9 (e ). 

V. DlSCUSSlOH 

Avalanche .nnsi",," .... C1"'c lJoo .. " 10 p",,·idt.o ";mplt 
low cost soIut_ to ,110, doso ... 0( rOM puh'" MU.t ... n.e 
a!reet ... rious tnMl.SlOr ""no""', ..... bad on 0\><'''''''''' ,n ,he 
•• ."bncllo, and $C<:OOd ~.blo ... n rqoons " 'C1"'c ,,,-en. Us-
tng lhese results the circuli d ......... <:an ~Icc' .. BIT for 
O\><'," lion" an avalanche "."mlo, b:t>ed on. b:t .. spread­
ing ,niSlan.,.,. bn:akdo,,'" .'ol,ag •. parkal. Iy .... and con-

,~, 



no 10. M",,"u"& ,.-.oro <WI ~ 11 """ .. _.-I , __ 
_ ",.-.I ,......- -.-.. aod ...... '. ootl'"' ...... 

S'~l e"cy of .I.."ri~al ~harac'eri'Iic!i. FUlure ... ·Q' k " ,II ,n_ 
"olve df~ui, d""'g" method, 10 .. pi"" 11,. ope"'''O<t of 
aval'l'I(he ,,,,,,,,,10 ... at h'gher vohaS"" and curren". in­
clud In g di!fem" Ira",miss ion line confillur. ' iQ"' fo r pul>e 
.lt~ping. 
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