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“mnority carriers” and "nejority carriers” are generic to both device

types. Electrons are designated the m:éﬂ?” tg carriers, and holes the

mnority carriers, -in the p-channel 7i082 Bhe bulk of the naterial
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sufficiently théguised BEEW) s credtek lof bn @%Q&F |£J&és§li onl itVer, for
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. contact serves siseteiteer smyrhge dfarger resistivity theathd @hes, dritbey ruaymavobomﬁmbfel resistivifies. In -
majority carri e?%ﬂ'ﬂaevr“zﬁg' ﬁeﬂrﬁowe@agﬁ'aan gy wider hapdgep’ray F@“whfow ra“ne*w\r'caft\sqfthe :

be referred £ i%e °"',fa e Fﬁﬁ %’Tﬂ%,@g%ﬁ ?alm EP |
gases exhi bit Iéﬁé%& kiaemiborRiubto h.&thm mﬁ{aast depletlon '
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Byb,
e S T ?ﬁ*&%’”ﬁ?ﬁﬁﬁ‘;ﬁ%ﬂ‘:&h ik
M NOT ity CArr i Cosi olhed (7h1aRdbt h&)eﬁ r (9800 apGstrod, aft mEHa Gygioh 0400
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the control carri @hesymboistutilized herein sreciefitegyrethy Tabi® betbw.ditothatt ‘easacaparstiptdetgtes an
type to the eontuibriym velag-ri ers (flowing fromenitter to collector). This
is in contrast, for exanple, to an enhhancenent node field effect transistor
operating in the cormmon gate.configuration. In that case, the controlled
carriers flowing '35 fromsource to drain are identical with the control
carriers flosing fromthe source (into the:inversion channel); and hence
bgqth control and controlled carriers are of the sanme conductivity type. As
~uged herein, the term"operating electrical potential" refers to the
application of a voltage between the emitter and collector that tends to
cpuse majority carriers to flow fromemtter to collector. The absence of
-xt er naI ly applied el ectri cal potentials to the source, emtter, and .
‘ Soreferred to.as the "quiescent” 40 state herein, and the device. .
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so Invérsion layer. This is because the bandgaps can be graded in either
regi on away fromthe inversion |ayer, as by a change in crystal conposit]
or dopi ng | evél s,” as expl ai ned further bel ow. For purposes of analysis, {
sem conductor material is assuned to be sufficiently thick that it
accomuodat es the depl etion | ayelEP D18 @92 {BY surface under operating.
bias. On the other hand, the sem -i pgtb@dybokS assunmed to be sufficiently
thin that: (a) the el ectric fields withinit are essentially constant; (b)
t hat el ectrons and Aol es 55 p@&vsetatwough wi t hout subgst anti al
scattering-that is,Atonducti off® $9i,‘;'§‘ ml",:‘s"rﬁ}:‘ ere@'eedﬁ’d (¢c)
reconbl nation and sgiace charg&i’c eﬂsegf _,mg, g Y8" Typical. thicknesses
,he sem -insul atgy, Dr,ange ﬁ&;ﬂekcmn)zj i sion gorist: to 100 nm (1000
angstroms) and nore typicall ynnltﬁetnaypwpmvel(éeﬁ@cohmctb@@egiacrngstroms) - The
synbol s utilized hekein are defphlep!imntvre sgmigpnducterebully Note that * as a

super scfi pt denot esA 60 equ?']efgrgu g’? ee" ;er:'"e":é 5,0197052 B1 List of
synbols A Ee, E., %‘3, ECC valence) band energle (b@ dson’s constant

(=120 anp [er r] / degree K 2) 5 semlconductor and in the s‘éihl’-l}lsulator, capaci tance -
of the sem -insulatin Iayer d respectively - thickness of the -
sem -i f&ul ating | ay%rg{

ierr] band gap epgspigs e‘lhéq?'l‘ ig?nAudlertadsi on constant in
the n-type (p-type)gsen condugqf.m ,#'Qfgp[c%gg'?' e semi- Ferm level in
n-type sem conduct or bul k' 10 insulator (=—V,*/d) ener gy

di fference between &erm | evesemidofiductor dielectric consmenduct i on bend in n- type
.sem.caréuct.or.. [err]Gconduct We . 3 (uaramemeyf heBiEMEler.gi es-i-n the -sem conduct-or -

anq;n the seni -i nskl'at'or, r e %‘é‘l’ Pefter. gayrce currents, [err] band
gap ‘energies of the, sqmi conduf E:,éﬁpﬂoe,pggmdoqwlf@,;,pgou,&espect ively [err]
equilibriumelectricd field i motiwecﬁ,emens.tyra,u |tadalOdurrent- V, */.d) - sem conduct or
di el ectsi c constant 20 respectively) dc current gain of

.the. BICVET. [err] qu kcol | ect leale cusient despity andiiptebhelerrent s, respectively

[err] hole cyrrent floy ‘g@ﬁgﬂ@%@fﬁ? Zﬁ‘yﬂ“‘a&:g%gg‘tto col l ector (densi ty

and total current 2 (respectlvely) in the collector  [-€Spectively) [err] :
hole cusrent density and t ot al dépdtion Gagionent i n the sem -insulator [err] - £
generation current -d.erh.m ty aneectran cwrent (ersity et foted| 2 in the collector 30 '
depl etion region | j el E'EQ‘?"‘Gh"‘E'GJ"r'é e &%‘Hﬁ'?st‘ %6nd total electrical
current in the senijinsul at or g, cﬁe';:,tﬁ:;'gw emtter current density:
[err] g ol | ect or ChBid BRbsSIERAYt n B [err] b

hol e diffusion I ength in the nntypaesieondoaaduct or [err]

effective mass of aln. el ectronef[eetm]mass of an electron density of states in the
agnducti on band of ¥he seni-i fatesqr thmconduction -

Tga;&ff mr-msul '
ndlced?

. f\or
sem conguctor (assuned the sa g,),same for
convemence)

N, . density of states in the valence band
of the semi-insulator, or the
_ : . semiconductor (assumed the same
P : for convenience)
- Ne Ng donor concentration in the semi-
conductor and semi-insulator,
respectively .
.oon . semiconductor intrinsic carrier
50 S concentration : 3
&, _ . voltage band-bending of the - : - i
semiconductor depletion region - ' : '
20¢ twice the equilibrium Fermi energy
_ - : in the bulk semiconductor
55 ¢.=—qV;*+¢, electron barrier height at the
- semiconductor semi-insulator interface
P, small barrier for electrons at
. the metal semi-insulator interface
[ energy barrier for holes at the semi-
&0 . o conductor semi-insulator interface
AE,, AE, conduction (valence) band edge .
discontinuity between semiconductor and
. semi-insulating barrier; see Fig. 2
O* " equilibrium surface potential
65 : . of the semiconductor
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5 o ot LBt 1 e o e sl st
ser -1 nsul ator espectively [orr] EP 0987652 8L oG 000 i it inei ¢
vol {age band: end g of%the ser Ciuluaneotamettun region (2]
[err] el ectron bar E?nefaggrgﬁ?%;twtﬁggggenglﬁ ?’gﬁﬁ'lf:tgrndp(if[or >°
. .%1; _concﬁg‘t fdis &R/ - nsul at or

“interface [serr] U Ps. s
" semi.-insilator interfade _[_e,f_?]a" i bhcehtratioh oEh@ed inahs at the metal

‘em - 60 ‘n-type semicodB@taqyy barrier for holes at th

. _ . Po® equilibrium-c@mgﬁgncﬂf hg@ at ;| . e -

Do 1] engy Conduction (valence) maser wetey; SRRy wzniat nsulator interface
nducter and semi -Abrkul at i ndml%a‘fafrke centra -t y between

potential 65 S NY"HEE of e depfefio tegion 2 equi | i bri'um surface

0197 052 B o i _ ‘charge per unit area Wf thé e@nisandiuatey
[err] vgllt -ghang'e' - st f ace pot eqlth Blas-applibthe . sem cond c?glrjcbﬁ(rj ’ bi ="
Terr] age drop. i.ngjhe ser -inalnet vk B Ip PESEMEFI0l o 5

bl k . surface concentrati Withgp bﬂfél"@%"e err] [e pplied 5
R e.qjui i ::gp::ﬁnt ration of hel %3 in-thge %?if@n%?:%mrmmduemfrdr][err]

_ m ' i ]

10 | --ConceF; ?i[ .l _8'I'l f hol ﬁglze:lie iﬂﬁ_\‘rig;:Obile_¢H3@espem'1@'_bfifeﬂct or surface
t he -denl et i - the emic i i '

the -depletign region [eQpl-Qm*: mobile_chewialpggg%g@rgﬁgﬁf tion at the edge of
semi conductor with bias.applied -2 ol Rirgd fbrl yridl fié i n the |
in the sem conductor 15 ° o

eleétroni-c charge [er r].(:1,,. - i ng pli:ion charge per unit area initheh. no bi as applied ¢

- Clipri : , Rowh&@bge per uni
(238“'-[ i-bri umg mobi | e chgge per umndtal smrmchagle R%h "iggr:# é=a eﬁ‘,:*)anld _
bile - - Lerr] mobj in ghe BEMEhands E’ia it corduetor” | nterface
mobi | e charge per unit &kea in thé‘%’érﬁ“&?ﬁqf P ?ﬁml&eﬁr ea and equil'ibrium
charge per unit area.in jhe senicopidsha tHel BIEMEX] under bias depl et i on
total stored charge oer $1‘| C%ﬂ;%h @ittk? output resistance '
under bias % = per fLhit ar ea_deRération-lifetime of the semiconductor - :
t—_h_.. BI. . er r.]___ oy ster ed nmatumio(map% g%bﬁ“ tp‘ t=137 _l n the Bl CVET
the CMET under bias - ~ © - emisec for SiFSIPOS interface or rea (=Q-Q*) in
= .. L the AlGaAs-GaAs interface) :
o Vipr Vi ' thermal velocity of holes, electrons (respectively),
" 35 o . in the semi-insulator
V, Vi* . - .voltage and equilibrium voitage across
’ _ the semi-insulating barrier layer
- . AV| V|"V|*
'\_/ § S . " Ve ' . source-collector. voltage .
‘ 20 . Veer source-emitter voltage
i Vee collector-emitter voltage
| Xa collector depletion width
O g /KT
AU . Boitzmann's constant
d 45 ' T absolute temperature
i : “€p energy of acceptor level above valence band
Al

E, AE* position and equilibrium position
. and equilibrium position Fermi level with
: _ _ respect to the valence band. :
- . The most striking feature of the BICMET is that the collector depletion region extends substantially to
. the semi-insulator interface, typically even without bias; i.e., even in the quiescent state. The energy level
- ofthe conduction band of the semiconductor is continuously increasing as the surface is approached, and
B o o there is an inverted layer at the surface. As used herein, the term “inversion” referstoa field-induced layer
55 at the surface of the semiconductor that interfaces with the semi-insulator, which layer is of opposite
P ' " conductivity type to that of the bulk of the semiconductor. In a typical embodiment, the absolute value of
I _ the surface potential {®.*) is greater than twice the Fermi level (2¢¢) of the semiconductor bulk with no bias
i o voitages applied, resulting in an energy band configuration similar to an ideal MOS depletion transistor. -
' The formation of the inversion layer is-typically accomplished in part by charge deposition {e.g., ion
6o implantation, molecular beam epitaxy, or other impurity doping methods). The depth of deposited charge

from the interface is typically less than 10 nm (100 angstroms) for the deposited charge density of 10"
carriers/cm?®. However, greater depths are possible, as long as the deposition region re
depleted of charge carriers. It can also be accomplished at least in part by choosing
 bandgap materials to have sufficiently different work functions, that is, different Fermi levels,
65 inversion occurs. (The materials shown herein have approximately comparable Fermi levels, so that the

mains electrically

qyilirium mobtie :



[err].. .~ common emtter output resistance 30 _ . [err]

generation lifetinme of the sem canductor [err] saturation velocity
(taken to be =[err] - cmsec for Si-SIPCS interface or the Al GaAs- GaAs
interface) [err] thermal velocity of holés, electrons (respectively),
35 Eproubqomn31 nsul at or [err] vol t age

and equi |ul leJ(I;flclt.‘IQ’l Vé)l ta e acégcglségdgeﬂe)sem - i nsul atl n nbar rbl er | a h dt all

S L8 C wW ed tota yorln
[ err ] part by shogri ch hnelogéiﬁ or oneratl> f b rs.’eéﬂvfl er b V ? nti gm n{:{een the
VSE valence ba o the dlfference m ﬁ‘rfg% dri lon

vol t age D ither side of the inver6ioh |a@&r] grovidks p&r&bdﬂaa‘nﬁm dt the [n@érkibn charge For this purpds
Bol t z math rdifferenoeis thwrvhledds band energtes {AE,) for the p-channel BICMET, orin ta@gmulu:pg\ Qae g;gsur e

[&rr] (AE,) for the nisl bqgoqsé f°“dB r\yéqnmlﬁc t@tp |fference
bS5 on R R L e TR e e
[ eSPECt  tiffochal furinid Diedrst ,uﬁ&.aa. Béhd wam%ﬁ,@ fis
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se¢ Fig. 1. Igemueonamnbhevtl\omvemé thit feee POUAHR YR 10 overl ap the 55
chénnel contact to sone extent, in order to ensure good el ectrical access. .
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el ectreode.- Then, application of the appropriate voltage to this control

el ectrode can create or enhance the inversion |ayer thereunder, producing
el ectrical access fromthe source to the inversion |ayer under the 5
emtter. Alternately, the appli & |d){b-?hst2h§1opp03| te voltage to this
control electrode can reduce or €elimhnate such access to an inversion Iayer
otherwi se present. Note also thatr ’eke)'fig. 1 sho .2 single channel
contact, additional contacts &ar|be pre }/I dedlpla’r'&ﬁﬂd tzhe peri phery o the
seni-insulator. In fact, a continuous annul ar channel contact around the
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t he source whlalsgHavd | OWS through the sem -insulator to the emtter. This
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the surface of the senmiconductor is heavily inverted; thus (see equation

A3b of the appendices) 65 7 EP O 0 % ] 5 where [err] the
equi l'ibrium hole density at the intﬁ’?&i,&"ﬁé" B by [err] It is worth

noting that since the equi i bri um fi el doj=y, =Ed3@»/ﬁ,em -i nsul ator is positiwgge,
t hen [err] and srnce 10 err then from(l [err] %err for the enerq
band confi gur"%fte 0g thrayeh Pff%E'U]"Tsétéfe jt bpeyreant E‘?’?‘ d ig thg deplétion

semi - i nsul g gfon ?{g},gugg( “%é#,ﬁ ‘éftb?f‘éﬁg ASWERY Pghde TTUEPYS ca s[“é?'ﬂ Tajig the
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[ creating a voltage drop V, given by (se¢ A2) and [err] is related to [err] by
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(8) where éo I s the capacitance per unf” ar the sem -insul ator. Th130ry
of operati on where v, is the @olRge BP BlosFthEbATI- .&pﬁroa,toe& tRe capaditbiice @ the aBMkihdulatdr, dad
al | owi ng sour@eQlids ehecahengerit theossiriicongucton icicdngel wrdeebian wiaeQ.(js @ivere by (see A3a)
emtter-collector electron- currﬁnt tqg,flow. (The n- channel Bl CMET oper at es
by al | owi nd source electro E Bt \toflg Séq,g Ring_ n'gcjh greater .
enmtter-collector hole currén fI)ovv) wﬁl the’ Bl i/s a bi pol ar

devi ce whi ch manifests current galn and, as such, nay e conpared to the
junction bi Jacﬂlnaertw thessemt-insulatdicaiastresy curtehEa%dmueseéeb@ﬂ\al d| sti ngui shi ng
features of theWB W&Wﬂi‘?@%ﬁ;ﬁ%ﬁ ‘PIYq"H’(PaHt "3}‘” e rar : :;S'F" %E“g‘heﬁﬁ‘t‘}éf is
that - a- bi pol 4. e‘%ﬁ% - §Z SBOLh e ﬁ%fh gt THE Row bR Qb

no \Ret ent i al tﬂfr I8N t\?J Igivan by Tt gea A1§)nergy 'F CMET does not have
a.neutral base; that 1s, it has electric flelds on both si des of the

i nterface. #Thus, all of the probl ers= a‘seeec’f"étt*e‘d“’(ﬁt'h"the conducti on of (12)
udes Qr,l arrie

|1 h b
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i nj ection and 't Binilping BRBME theOdemlBiatbm remginhedﬁmwto G|¥dtr‘55 floRIfropd the &mitfel to the
| east s ubs earvpliegior.yresulliva dred , net eledtion ﬂBthN/EéEe MBI these base-rel ated probl ens
" present serious limtations to the S\(/jylf ngs’gﬁ ,ed of a neutral base
devi;ce. (The practical requirenents =f ‘ i nversi on charge at™ he
interface may nokfeabing $RSdemiabltabiO e RBGorR Fe HREEBd de&meetanteetopsapﬁrntth@ge,teeted
SONE ext ens. eldounsed produe thie Bollectarmtyirrére. @endrhilyrspepkiag, sinbe doReepiuialty thé deyicois désied to
i nterface t o Mreyee eurteny gatmela®Jo ko V@34 t han 10 nm (100 angstroms); it is
moré typical |y FRseaentynthe deictosgursnny i fs8arls'ly. caddldBrll y, the emitter Is
rret allic, and as a 50 consequence the emtjgh resistance is very |ow Tfys
¢an cargy nuch higher current than a ‘'serfi conductor emtter, and the
m fter char gehestws baye assamad: Ui e kiverse faw seglighvt: Rialso fdlies trem the'mmietipie lof aibrent
applled to tifentawity thét refers to a material having a volume resistivity of
| ess than 0.001 ohmcm at the device operJatJ ng tenperature. It thus
i nedides tgue netals, which typically. hav& est'stivities of |ess than ﬂ%
m crohm cm atwhae .nietgm&eﬁ:rréht dehsnwéuateahgsmeldhﬁdtdﬂienmt al conpounds (e.qg.,
si | ¢i des), arlrd de eneratel y doped 55 sem conductor material; i.e., a doped
seni conduct or the co Qf{ﬁ%’ -1 '
lss ctlo cs ain. Also
the val encﬁa W@rll nly 3_;50‘:: Tsrﬁﬁzrm %J‘f i%é ‘é Q{%? eglsewhere
assumed to eaﬁéreuwtea( rig) mesmml Jrrbi @he Al RtoRRElIny o&mahmmrbemamtabﬁ §rger
vary), so al Ithanchd agecnwlrcerram bdneraeti by 1hia Calledtar debletiapredidng so he tagertraay|be idonwe from
nor mal condi tﬁOUr%‘ Sinced b §§° bhI eatet Han bomlaeét'w A&rmpssoarﬁ@se t‘aneV' %‘F P?°9§P

bi aged. 60 d asg\ig d"r rﬂ t:'ogns tcr' lo naih“égm rth tolﬂ' or,
that is, W Pt h,v n’&gﬁxe %Stngﬁ) the
sem conduct OrsegDiamlatdiTtrOthﬁﬁd’nbu earﬂe il @itdr @ de omarcf t eﬁia:u&ﬂy o'i-ovtdaet eera kivig is

nat ur e of t h@lmughrsg thaatt\oﬂeplelﬂnn widthds thineenolegh apghthe H@l@pe&do}'lsstgate@ugh the carriers

condi ti on, &%ﬁ %g fp‘}?‘ tlaﬁfo l?«or f?@'oﬂéﬁ tgg 985' e with gy gnft vlelocrty Wlﬂ':'a
tri t totally or partia
S em conduc Or;l: :'%D s$ Cl l ef[ﬁglaﬁ\gfntﬁrh é%tr%f ro: a‘:l‘c,let"m: collic!or, ps)vrdmz

for a high field and reduced carrier collisions with the semiconductor lattice, and hence a high current
density. There is no limit on how thin the semi-insulator may be made provided the contact is chmic, or on
the width of the depletion region, other than dictated by capacitance considerations or to avoid tunnelling.
65 Another point to note is that the emitter can supply a much greater electron current to the semi-insulator

t he Eem -insul at or-seni conductor interface. Under equilibriumconditions @
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8 .EP 0197 052 B1 [err] (9) where [err] is the
hol e current flow ng through the. sem-rnsul ator, [err] is the current 7
generated in the depletion region, Xd is the sem conduct or depl eti on regl
width, [err] is the intrinsic carrier density and Td is the 5 sem conduct
lifetime. In order for the semEP@198t@82tB1be capabl e of transporting the
gener at egla L il deLich chhine B & p% hE18 BrRRY th e Senti- rmuﬂﬁﬁ%ecax%uo?thbﬁwu@iplgrlv&\ﬁgglepy

t he bui | gighp a0 eleﬂt\ftfé!i'sﬂﬂﬂt SF@Rird\bdnbbind the) Basid WeGUifeeRts lfekyc@Frent Gaat | NG a
voltage drop [err] given by (see A2) 10

[err] I. Voltage eq“at{;";i ved gor éﬂ % V\/ner(ta; bt rr |s thr;e vol t a eAzo)Ir across

e e e R T @r%?e oo 11
he ¢ Set ¢ 5uc or charge t '1 ven

by (see A3a) [err] and [err] S tvlgeemem-tm(,smb at or eI ectron currenhe)as

di scussed shortly. 20 When the insulator is biased to [err] the barrr er

{0 hol’® f | ds tersiing te np \;@t medrfﬂaﬁyé?"as ls*{lﬁteﬁqefﬁtQ ﬂ"éﬁolfr%e' "?N%%ﬁ) gl'{j}i th
(0]

amount A ;sﬁ;i@agqrémzérm VAR SR AL TR oVl

t he sem -1 nsul resu] I'n a net Ies rou
sem -insulator to the em t/gcemv.+ﬁh'e1(rprQ'W\Q£—ﬁTDh(mog+m rise to a cun:nent
density [err] given by (see Al18) 25 [err].

(12) Si e the syrface; pefentishafcthe é?'meaH(?"["’érb?/]‘se&r@)quant ities predetermned by -
the fabrication procedure, then equations “(1 5) pernmit the determ nation of’
[err] and [err]. Simlarly, bi asq,_ngchuw_s-em—r nsul ator reduces thepdarrier .
to.el.eetron.flow fromthe.-em-tter-.t-0 -the-3-collector, resulting in a net-
electron flow of (see Al18) [err] On |eaving the sem-rnsul ator, the

el €€t ron®dar e i njected into the coll sctq,or and join the generat ed 35

el ectrong d,fem’daditioRs tAve<gP! | ector &%t General | y speaking, since
conceps ual e fekisingl Cittedt fdr&emmﬂﬁhbﬁn RIFRCRUHE tHRERCRE interal durreftesire bhown in
Consequefigs. ¢, ant 19 from | whicht we haver rent is essentially equal to [err] [err]
(14) 40 where we have assuned that the reverse flowis negligible. ét al so :
follows fromthe principle of cur r ent= &t Tinuity that [err] o) :
(1 5) ;45 where [err] is the current geqpsity entering the emtter ceyt act .
The BICMET as an anplifier, [err] In thrs section we will consider the :
characteristi cs that al | ow the BI CIVE1a=tno-|npr oduce current gain. Al s@! 50 vve

W CO”S' er cter JCS haracteristics are
.consi (Iit "%:% wﬁ |ri| 'ﬁe:;%gﬁ{% ar |n thersgﬂ -mfuﬁatcfr d]g?s n\xls !

into t e Iwmgqnzm am r théthbo chebnerawsdaruamayodaa;wg $NEN ab hermémy will séral |

gkrcjur}rent teraseated in the coIIector depletion region, so the latter may be
ored fromnow on. Since [err consj.derghly greater than [err] and

t hus AV must increase to provi ge qé)(':e'ss%?ky bi asi ng condi tion '}'8 .

suppot {aerof thevxréatm.t BfreRO "R E sdrhllidsBidfor HBMQygh the semi-insul ator. Biasing

t he 55 sem -insul ator also causes electrons to flow fromthe emtter '

t hqough the sem -insulator into tlheqMJe‘é“d't'b'f"’ V\/nere the h| gh frelt@3)sweeps

t he el ectrqns |ntto t he n utra sectQt n of e em r o}_ uhaf t he i
seni - ihs E celogly at oW Ve é‘ﬁi i oG ij"n; "M?—:Lgn fir ?ﬁ 5,7 :
t her ni ong p, S8 \in 6 Bad 6 sEIMsOtor, SreFe@hl IRBELG B tﬁOS u'it @se ARBhdiiciopn |

w dth i Smtekfact recv@sl glosanal thiehop e tHeotaleoce lﬁane:i d is high enough the carriers

wll be "hot" throughout the coIIector gév,;g I.e. the carriers ve wth
the s&urated drift velocity. WtHPEN @0 "sUi tabl e choice of materi%fs and .
geonet ri es,ae kfmGély Wi, hnerda"%a,ﬁde LthiQREICR: Surkaed Blidrtaraibialdd thind Holes. we |
bal | i sti may, Iméref&hu&oklasmf SetnidanBiakcr deptioh Fegiod 38 ardinduied Griesided Bt-i junttioR with p, _
depl et i orepreespticgthaimie daltiendensitylietbe pt sectipnohhusl wa haviedar the hiale gérrigricercdnteation platiuced |
carri e #dhe pdgeridhe\penietiom geaiodni conduct or hattice, and hence a high_current |
density. There is no linmt on how tﬁtu [’“ﬁe semi -insul ator may be e |
provi ded t h@sRg Matithd feufdl Section 18 5everdl difiionidhbits Rhg, lBh@udit@Rhabh dgoJ?ocfe%Quéi’an

ot her t hencattulateath€ cestifing: diff@siont cunest, GQNSe Haveat i ons or to avoi unnel I i ng.
66 Amot her point to note |s that the emtter can supply a rmuch greater

el ectron current to the, serrﬂ 25 ns(u(l atp )_9__"__(p 0 Fap_ ) (26)
no L o nofr

es Where py, {=n/N,) is the equilibrium hole density in the neutral n-section. As Ve and hence ¢, increase,
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semi -i nsul ator, because of the nuch l.ower barrier height at the emtter.

Thus,: t he structure contains the ba ' s for current gain. 1.

Vol tage equations 5 The vol tagestﬁ g S’?dbigla@rés the sem -insul ator i

still obtai neevetthalyEgltrBq ireeffedstbe ind@pd p-ARhctian i n@ﬂs vefsed-fied,ob oteaser kecnodNind

vol tages are ﬁé"?’@t’!"b%ﬁ's“ wefergedia fl hf"t“ ‘Wﬁ"‘t:ﬁd aﬁ°§T VQ\GFFB s dsmcedlunctlon
5

: be a source o generated olesw ich will flow

Equation A4) ¢ f,f "ﬁ§ %er
viously noted, this current is negligible compared w ce curr ta 1. b

to note thas ol a9 P e sour ce- em' g oesidorod

feat'or Vo tage’ I's not
termnal voltage. This is a consequence of the spllttl ng of the quasi-Ferm
| evel s at t hellls@yrient gaim| at or / semi conductor interface pendi x A 1).
TRe/sour ce- col | SEREFORPYregloainds dfigadss Blo/dls s8R bequtis (ffﬁ'“(‘ } werfind, assuming v,=v,,
[err] and tfe surface potential of the é;olleqtor is given by (see Al) [err]
[err] G= =4L8)esamalr] . Current equat i qQpg

EP O 59'7 052 B1 than the inversion channel can supply hol e current to the§

[err] 25 The termnal  currents for die BI;CIVET are shown in Fig. 6 and

the various internal currents are shown in Fi and 5, fromwhich we

have [ er r] Normally, we would require cp,.-—O so with a suit ; !?Q:e of AE, the gain can be very large, For
nﬂa Et' =03V an ===Nc, & pical as\we ﬂfaﬁ §3|the next section on sr#lcon technology,

(20) It is ' re ver4 e, er 108 G BthiHakid, BEheldily Q@L &irfent gain will

states or in adaea&emmdcrbsu @goarce elneat anBihends, iR@€Ring BollBROGORE. eion dRhiis is that

assunption |sa §atwtw.,fanedv.|are reqyirechin tocsesnortléd#rqum m —-ve(ma\dfmm {2heG is

hol e curr e% @’@é’l‘ﬁ”i"@ﬂd BPOI“ “8?9&1?? g? é } 8 '}ECWSI"]Q tﬁepetque'
case Leri] <2‘2§ e biiaet gggzﬁg FaNEr T8t e %a%‘fiﬁ HalIERaE
(13) ¥ B e cur rent corrpo

[ S\Lhe port [ ODevﬁ:’é strhﬁures)urce hoI e current that fI ows out of the coI I ect or
it has si gn| fl“t'&rM@eth hnwtogleaw err] when err] To underst and the origin-
Of this Cu eé ve egada\::r Is Ba:al n%ee ﬁctzggl real|z sze@a}ﬂeqée g ;?to er?tlsﬂi)r:
bi as{ t he Sem fagn:ﬁ&r m bi ﬁlbgtE cﬁv @és "; lable for GaAs int ra d circuits, for
sem - i nsul at Oéxampk) iSHE stacmmetslteertteasamm\rem saﬂeasehsiit&) €h sufiéls @roblems of
val ence band: thfeehald control and logic swing for enhancement-mode tect(nﬁlb};ne#kt\ddmﬁnhl ntohimﬁsl dxcassive

VCE when [&fr owehessyemwﬁmerme" t?f'P\Eﬁb fF'@SfP ﬁ'%'m bPOEQS'eFHéeﬁ'G S offerye
may, therefor%

pl t s, The pears

TSR it Gor gé" 5:21 hT .,éi'ﬁ Hoet ts fﬁ@?&fﬁfg

one-isi ded [er iled:dlﬂ?%édnpﬂm thB )Qéch ane%:%@ﬁ:? §§1r Methn ééwth
in tlhhe p secdfi maxuaT Mpoukid Seaicenduator Finash edaes@ﬁa rw.mrthapmaantm&tubﬁm p( X

at t he edgés of |aerﬂ uqurmug btyml @r ple heterostructures are more than adequate for fabneattng

avmg

(25)f Assuni ng‘hP ‘H‘é’&t‘: pILEITER Raved V%l rigatg

and jusi ng e e e R
eurr ent [ errAg 6.2 aﬁr eV]are YaRicRarlyl detFdctivelt®foh Epﬁﬁuﬁhéﬂ MET! m- Qer{ high current
Nendi ty in« hegaim Sl ks stmeterecclbemt hade theGisiradiehelyyrbamd :{oeﬂgu}atupmsirmﬂreFug 2 Becauseltiie

0197052 Bl eveavewethep dgaersggucondnctef'rs agsumulpted rqtlmdeem Eg:gm:mreﬁen the pfeygure
7Ol

r evdr sed- bi asggwn & Fig day) p MBE
g‘%n@ues WEI%?& Oof IONS over a %'{ pab —grﬁ

forced to flg orseeiiatibd] l concn onof

|on of the
j Ungti on i | infafiéeD® i pdseibie GE adhievl) HRREME egurhw he: mrw. amt- awe uderina
t he jsem cond uiemtbar fashipm. abwgveh ®inesitis desired o raemql e Snlnyatm toteajne:trtt |bsse¢ay|elr. @ istdesiable to
a t r the w 9 tl e er -type to
?5?![ Ihglr bl'e co proxgr'naat 3’11 —10 cmrq;?v?tmﬁ':g e dmg: mi the thick neslzéf‘s chosen to be Ig;js thyan the
equ:llbnum depletton width corresponding to the doping of the InP so that the entire layer is depleted. For
: 50 doping concentrations in the range 10'® cm™3, the InP thickness would therefore be about 20—30 nm
{200—300 angstroms). It will be noted that the doping level in the InP is considered sufficiently high and
hence the energy barrier represented by the dotted line sufficiently thin that it is totally transparent to
electrons, as one aiways finds at an N*Si/metal contact. it might appear at first glance that the transparent
barrier at the emitter interface constitutes a specific contact resistance in the same fashion that a metal
55 does in contacting a junction. However, in this case there is no neutral section in the contact region, so that
part of the source emitter voltage (V¢e) is actually dropped across the transparent barrier. Therefore, the
interfacial resistance will be lower than that encountered in a conventional ohmic contact of the same
doping.
The AlGaAs-GaAs system is a very attractive candidate because of the technology base that has
60 already been established in the development of the DH (doubie heterojunction) laser. For this case, the
relevant energy parameters are AE;=0.4 oV, AE;=0.32 and AE,=0.08. To realize maximum gain, the
channel carrier is chosen that provides the maximum barrier to semi-insulator conduction. Therefore, an
n-channel BICMET is chosen, with electron conduction in the inversion channel. The energy diagram for
this transistor is shown in Fig. 11. In principle, for the n-channel BICMET, AE, is ideally zero. The converse is
&5 true for the p-channel BICMET; i.e.,, AE.=0. In both cases, it is desirable that AE, is maximized.
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II'l..Current gain Snall-signal current gain is defined as [err] with [err].
Thus, from (20-23) we find, assuming [err] 10 [err] Normally, we would
require [err] 0, so with a suitable choice of [err] the gain can be v

| arge. For 15 exanple, for [err gééé ich is typical as we disc
in the next section on silicon é%?ﬁﬂ# %rrent gains of over [err] and
typical | y anrighhe2-ore0ed siod d drosdisectiaih bithe @Blsiitor, Gadi@tiad how B paatd falficatdlin &Nt
gai n wi | integrated enireuit tmltnlologvrcmma wateniat ds sqmmrsnltatlrmnghlhuhewemrdel ¥on e@iE¢hng

col | ect ofsoect iyed Teys a1 '@%ﬁﬁ E&ag‘ gpdaxynie tﬁ' é%‘:ff (" ( 'éﬂzg are
ol g L L S s e A
(27), G ihéredsby S nigh a¥ pbdsibi¥ib Eés ImakiRg the bbst passibleDhm %Qntélﬁ)tA %u(g\a
|@9r eas e turiystes byd ani dviriajle@f S (Ohgmics Wyt a‘em:rsiﬁon)Bﬁdhmmsuedtahepaﬁmba &fd and
heénce cohercthe @ffdec!waeém@ e!Obrmaak Fepeave Ne’AlG?éemeﬁeéawm wdl l9M3c Thep enopeevat ur e.
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S T Al A Afpp B S AL 1
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EP %197052 Bl In Figs. 12-15 we show a cross-section of the transistor,
I ndifcating how it can be fabricated in an integrated circuit technol og
Theistarting material is sem-insulgpigqeyagsgs Ugy ar seni de upon whi ch
SUCCESSI ve Iayers are grown_usi n rml ecul ar beam epitaxy. The |ayers in
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[err] 1-3 nnR"¢ B 36p donis: 9f ; [POS sjdeysllsn| Gaas” (p-type 5 1018 [err] 30-40 nm
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i netely several to 150 tent hs of nanormetre. Met al I icemtter 351, is.
' i e . thrck Structure




EP 0197052 Bl only changes in the anode-to-cathode forward biasing voltage
as is the normin thyristor switching. In this case, point A the origin, 4
corresponds to the quiescent state of structure 1000 wherein all the
potentials of contacts.(electrogpsp ﬁ?oﬁboﬁtl' ng. The positive slope line }
segnent between points A and B corresponds to the effect of |ncreases in

t he formé?cﬁ“[f?’&seqf'?t@ﬁﬁ fasagigo#eert o t he cat hode. of structure 100

e (¢} w 5
| nflectign,g @r?fch 3 e Eﬂ‘fé%m‘f% .?ro, fegtﬂnr’lbe %%:é’@%%"ﬂ? Iy t‘f-ggﬁ %”‘T
di 1 er engginrlrsulbidf Heordy! Wiak WA QUOE) Whon' £
t he devi apear®in the mat@rdragﬁhmmwelsema s staat®3 wnegml a%ernrtr&erbﬁrterr vdsb Yhe current
cor r espofiay isgliffusion hethereiuiclimited Hegsading erew tbatyiet laxse iv qoeitan or Bssethah the
sacgnd i fPIEEY e Roth pfdhe, parrierin h‘ré’arstsslawfv'e e BRY i s seaceehprgerimitgd by the barrier
char act e %ef’feg BXt#%h fol lows i s the operating region of the device whose
poi nt s CaanifisfoRireRRiBRBImidy ddemtibh gh and | ow | evel s of a nodul ated out put :
signal , redgpeetettvdl gurredttidy)| faiv thubie theaaniel Giyérhesebd vepreséntddegenersiciont rol | ed
by smal | changes in the voltage applled bet ween t he anode (el ectrode 351)

and cat hode (el ectrode 357) wh % se dpld) atijvely | arge changes in current
flow t@rough structure 1006 'rnsg,ton of light. In contrast, ;
however, dotted path E iIIustrat es the use that injected channel current

has on the switchi ng characteristicgvids conpareti:d o controlling the :
anode- cat hode vol tage. As predtistysTatt®P» IT5STTucture 1000 |s(A“Htended .
to swijch when the accumul ation of n‘B‘j ority car fker plasma in region 354 :
i nduces - th%rr{ébfh%%@rkéﬂ@nsﬂideﬁbﬂh&‘éoffxr%ﬁ ﬁ%@ﬂoﬁ'éénﬁt&p[f- 0ixf18s shamedHts RackoR, i urm §-
cauges atheaatprocal diffusion of electrons to rom region 355 to .
regi on 354. Because the anode to cat hode potential difference is to be held}

constgpt for this device, cha used™i n ¢ he |
eni tte%?/ Bl CVET/ t hyri st or f'g“f b2 ?{"?‘)};{g eat?eh‘@[ k&pﬁsﬁ’al ni ng, and®

nodul ating the necessary majority carrler pI asma build-up is that of .
i ncr easi ng Thédoddaymohdittons@ed | ect or current of the device via the injection}
of channel current. In this \deised/qo)hNghei-o¢¥ié channel current, the

| arger®the plasma buil d-up and the .l ower the anode to cathode potentr al

di fference - - required for ygy i Thus,n,lj;;é._l_n.ﬁ.r_eam ng the injected
channel current, one can bring thegsw tchr ng voI tage of the device down to
that of its forvvard bi as. After swi t chi ng poi nt E, the characteristic

f ol I o YhREe upisithp deraeee'a ro Sbtﬂsal 'eﬁ@s@ﬁipb'&ﬂ““ haraerdwa i?"!ﬁm
rest st VLIRS Xt mtrrrt g,.ﬁé‘ﬁttb TJaane B
controlle an es | € source currer ructufe 1 can be

designed with suffrcr ently h| gh curr ergv.Mai n such that with-a forward bias }
appl i @ bet ween term nal gu rrent suppli e®o 3
channel region 360, structure 1000 ids v agrn(,c_@};,“state and conducts current {
bet ween term nals 351 and 357. T \e ér?oung Of current- flow, with no current
‘suppli ed to channel region 360, term ned by the bandgaps of the

di f f erent ions and the 30 substrate The application of a voltage and _
current to f'gt"FﬁgWHF‘ (Ad&}raonot ke qoppletsd in dased form: HEYPUeE We maY irilsdtaperaimptelvaf nal s |
351 and 357 and the Iight enmitted fromgegipn 354. Referring now to Fig.
39, there is illustratpd ieRplap@kiks—seqt i-onal—akpegv@idvBYri stor structure
1000Ashi ch is very sieilar to structWfe® 1B®0 of Fig. 34. Regions of 1000A
which are simlar or identical to correspondl ng regi ons of structure 1000
of Fig. 34 are denoted with the s 2 ‘?’P& -nunber- with an Qded 35
thereafter. The nmmjor differenge § Wep ctures 1000 and 1000K‘|s t hat
contags regi on 359 and term nal 356 do not exist in structure 1000A and the}]
bandgap Uhew graonvaéd}mtusotty ﬁle@rﬁdf ldtdwertseasml-msulate vekne%mmhl&mmtmmnen

1000A a depition yidty TAt ed
to provi ﬁ;;ﬁﬁﬁg ould mgg‘;e ‘% %satameafssfatrgr"‘? rfsﬁrgpr’:e' % R s
respogse time of structure 1000A I's believed better than that of

conventional SCR's. In silicon SlP&e.NeThri®dgy, structure 1000A woul d be
~ typically fabricated ab=a 20 p-CThanmer deviTe, W T TTe regions afd4)
substrate havi ng opposite conduct"i"vr Lyt peea‘_m,,,ri_ppse illustrated.

Appengg ces Appendi x A The systceggcygnder ias 45 1 Vol tage and charge
equations Fig. 3 illustrates the Bl CVMET under voltage bias and with a
channel current flow ng. The coIIecto2 emtter voltage, [err] is given by
(all variables with the superscript Pefer to their respective equilibriumg
val ues): 50 [err] where [err] the voltage
drop in the sem-insulator, is gi ven by [er_r] where C, is the capacitance




EP (BL97 052 Bl [err] 5 where [err] is the position of the Ferm |evel at
the y nterface under bias and given by 10

[err]] [err] is the charge in the s c&qgﬁﬁ jven by (see (B8)) [err
Fol llowi ng (A6) , the equilibriumvalue of sentconductor [err] is given
[err]] The chaniel capmrit¢ ey arveprdrereativbE | s gi ven by [err] 30 35 where AV, is
the voltage drop [err] in the sem -i EsuPﬁt%rgA"rhe col l ector-source vol tage
[err] is given by [err] or Further | §t|f|3§1t|on is hel pful at this point
of equati N dhBZince WaBh6wakhe t WO cases one can generally consider for the
details of conduction of the barrier |lay@,=vlh the first case the dopaAmngy of
the jpbarrier layer is uniformand the zero bias depletion wdth is equal to
457ujhe wi dt HvRsTe b e thsdpean dtee |patherf carfipis in e semisinpystola ten KA S M3y b y¢itteRsed

t he %depl etybon wi dth decreases and the_g W,;.adq,c.e associated with the
deplietion width incr eases.JmQ—cauLse.,—uﬁeﬁ—t-th—ha-ppéns-l-h_ere IS (A16}
consi derable current flow ng and sodkhere is also a voltage drop between
the ‘edge of the barrier |ayer amttieemtibre ohi At +There is a

capaci tangg associated with thi s‘q_’s‘e‘?:'t‘ﬂﬁ\‘l""and so the total capacitance w ||

be the series ¢QuRisialbaRe frhitsl dF Ga14)¥Br 1BRoh@hi A%IJeQBﬁapSﬁe%@ns(ﬁ%%) vERGHAY, RPN
| be 50 | ess ?han t he I nsul at or capacitance

because the mgpacitance C, wl
and w1l be voltage dependent. In the second case, the doping is rapidly
varying wij hag sition sgbk h?f)%cjoust PP e VAKTISt is very high (the
matdrial s’ a%'}‘l’g\"gf"é)" ue T&bi dl y decggasing as we approach the
semtconductor . - This ki nd of .profil e...i.s..t_n_ie_exne,c.t.ed. for an ion.iml@amed. . .

barngier layer. For this situation, if the.zepp bias depletion width is just
equdl to the thickness of the barrier layer then it will remain so as bias
i s gpplied bechYsaree 9AViTspt hrgthsSlenamipaier fdf18 PPEMed Ry PANding thy Frpongnfialiterms
all Jof the charge required to bias the barrjer layer is supplied by very

smal{l nmovenents of the depletion edge at the-grnitter contact. In effqgaig)
the}jdepl etion edge is pinned to the emttern,contact  and so the correct
capgcitané® to use jin gAZQ\é is C . the insulator ca acfi t ance. However, when
G =P kD1 t 1 1 C. t X
a space- Chari.%f? it W? ﬁa g’%a#a‘ét'ﬂ‘a:[cmngéamegfmg%ogtgjre%g%?ﬁeméijeﬁﬁ&taﬁg}gag
h 16) i Hﬁ&e

1
id
and{the capafiddanes o0l theh WEMSARE (AAB) iNNk Bholrihatdr 6f( all voltage fdvelb!Beafl

t hejext ent .tthatwhé Gdtudl Rarrahepéonid! e higvet Fdi 1oveer vokad leveBsune that at the

em fter céntact, the doping is [err]. If a voltage [err] is applied the
chajge required on the emtter is er rpvdhe “teTY] coul onbs [err] if vl,(ﬁa19
assyine the geonetrical [err] Sincethis cre]frge IS near the emtter t er’l_
[er§] and so [err] nm (19 angstrons). The £ all of the charge is within
abeyt 2 nm (20 angstronms) of the enmitter, and becones even nore |ocalized

t heghi gher Nd, _can be made. This 66 situation is the gne we consider in .
A 2} 19 Ep_ (hoinesesting featuse of dhiscatm dy,that It GREPINe Mo lmitedyer difvaetinfied
two'regi ons of uob%"r al PO {'0™ b8 “eons] uer ed: a) when space charge does not
in'*f\J/Uence.d he transport of charge thyeugR,&8e-Fem™- i nsul ator, that is,

bef pre a spaehchcinay e writen imthe &pwears in the sem -insul ator energy di agram
whi ¢h is the condition [err] (b) whenws—épRedY'tiar ge naxi num [err] 5 (A0
appears in tpe S0 fihaflissd & :Qit.ﬁﬂ?ﬁ??ﬁdpﬁbﬁ%rﬁ\mce&s@%ﬁ aésﬁcfiatémﬁ‘i{h JL&‘EJn}er b
the|formeg ORifdt bW BBtHel R¥KAI B 1,&d] (A19) A&y BY whttr monic-Timte

depeéndi ng on whet her the barrier | ayer is greater or |less than the nean
free path of the carrier in the barrier Vlnayer._“l_Q ;lkl;ue latter it is
spate-charge-linmited by the barride=pFesentete Dy 1err]. 10 A 2.1
D ffusionjthermonic-limted operation e electron current [err] flow
t hrpugh the barrier [ayer may be represgnted generally by [err] 15

dx poO — N e~ ¥c= a0Vl [err] Since thdA21)
curfent is independent of xwe can wited (A10) using expl-[err](x)as an

Integrati Ebg \Llﬁ&'\t Q rslmﬂl\,rl the diffusion current associated with a barrier height of ¢.~AV,.
: In a similar manner we can find the current of electrons from the collector to the semi-insulator to be

~qvyN
' . 'j’m=__q.:'._:__e-(o°-qavn/me-pvcs'
65 . 1+dd,
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the form[err] The boundary conditions are 30 [err] 35 where [err] is the
average electron energy in a direction perpendicular to the barrier

| ayer/ sem conductor interface and [err] is the snmall but finite energy
barrier at the metal/sem -insulator interface. Using the boundary

conditions an equation is obtai RRIOAATASReB1be solved for [err]” to yield}
[err] 46 ThgnckRtRGLAlfol Rortnéleberafifd) BéMuitBss, conpl eted in closed form However ;‘

we may rewite it approximtely as d V(d) 155
[err] where E is an average valu of taeNel ectric field over the
seni-insul ator thickness. fa=qkbi- a'g_%‘?m n&tion and the one for [err]
bel ow whi,ghy g{aﬁ o¥ Hrndn ONly for the cas the effectively constant
depletion w dth. e appr oxi mat i of),-soMNittrera good one because [ gaf)

appears only in the pre-exponential term Evaluating (Al13) and substituting
i nto (Alphergivelsden ¢fisetiveepiotitydor ®edvongierr] 20 EP 0197 052 Bl W can wite:

as an approxinmation qd 5 and since we knowthat [err]
(Al ' 5) where [err] is the nmean fr e_pa.t_ﬁ‘_o.t_carrlers in the sem -insul ator,
then (Al14) may be witten 10 dkT [err]1+]sh';, Let us consi der the limts of

(A14) for Iow and hi gh values of applied insulator voltage [err]. For smalli.

w i e

t he exponenti 0

General |y speakl ng [err] so thatqvt,m-(ﬁsﬁv-eﬁ-“é"ﬂ(m) woul d represent the worst}

case sPtuati on it wouldgd= - “ttan. act ual. current.s(A@8 the
| ower/ vokt Iev El,,‘,Sl nce we are nos’f"df'vnterested in high current |evel s
then we 3 s{o” the denom nator of (Al6) for all voltage |levels

beari ng |n m that the actual currents could be higher for |ower voltage
level s 35 [err] [err] The i Nt er ephp AT Sf &M% of this form is that it
conbi nes thermonic-linited apg—drffusion-timitead conduction for since, if

[err] becones which may be witten i d*%e form ~ [err] (A20) where
[err] is Richardson's constant. 'Daw,eresw.tméa&. sinply thermonic gm‘ ySSi on
associat@mersi th the barrier of so height [err] On the other hand I f [err]
(‘A19) may be witten. Ve
. | e
i 1+dA,

is an effective velocity for holes.

A.2.2 Space-charge-limited operation
In this mode of operatlon, since the field in the semt-msulator is very high (=10° V/em) we assume that

\_J the electron velocity is saturated. Thus, we have for the space charge density p, in the semi-insulator
40 : . Ps=0{Ny—J ! (vsqn . (A25)
{ whers Jaflv,ql is the constant space charge contribution of the current and N, is the donor density in the
—/ semi-insulator. Substituting (A25) into Poisson’s equation we have
- & q . J,,, } .
= (Ng—~ —)= Ny (A26)
dx -] qvy. & ’ .
where .
50 I _
Ngi=Ng~ (A27)
qv,

Using the boundary condition E=0 at x=x,, where x,, is the maximum of the space charge potential
s5 measured from the emitter contact, (A26) integrates to

do q
- sE= S——N4(X—X,) (A28}
dx € '
60
- Integrating (A28) using the boundary condition that ¢=0 at x=0 gives
a =
o=~ ——Nj( —X0)- (A29)
65 & 2 _
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[err]: 60 which is sinply the diffusion current associated with a barrier
hei gh§. of [err] In a simlar manner we can find the current of electrons
fromghe collector to the sem -insulgpoy 19 ds2(Byr] [err] 21 EP O
19705% Bl Since [err] for normal operating conditions, [err] which may b
wittén [err]  ®m is determined by substituting x=kn\ImiA2Qher e [err] is an effective
vel ociity for electrons: 10 [err] 15 and the1 gative sign for the current
has béen di scarded. The hol e current LamsEr_Lectly from (A18) by (asg)
substijtuting [err] for [err] and the barri ezt o hol es [err] see Fig. 3)

measuted from[err] (Ferm level for holes at the interface) for [err] the
barrier to el ectWo R Aggsirectr fom ifdshusipgihg bopndapy congitien 4’[‘@ i P fte?f‘rd]‘” g gives

i
¢

[err] ! : - (A23) 1 +d/[err] Note
t hat [err] 50 that (A23) reduces tg, 25, Lo % (A31)
[err] [err] 1 [err] [err] 2 d (MA) 30 where [err] 1

ff | f h
oper at ina{‘nefﬁ e -hé};ﬁ%r“' ot A e PR - PO BTN hs BB

t |
is very hi )r'f Y4 assune that the electron vel ocity is saturated.

Thus, we have for the space ¢:h ge dens ydp, iavit9e semieingbil ator 40
[err] Azfr)—wﬁag h'e—cvngt ant spaciés2)
charge contribution of the durrent #i¥d Fert] is t‘he donofNeleAsity in the

sem -{ nsul at or. Tﬁg Qlﬁ"en{ MHU Igth(eAgTﬁ)l éu 09143 owe @ﬁh & n@%fgct%%s ~AV)
dE q replaced by ®,, and Etthr KRéds | of rﬂ&l&&%j%QEég}JWthGQ x&m}&ﬁh m@aﬁ\(?r: xm'
x=xmwhere [-err}-i-s the maxi num of -t he space-: charge potential 55 neasured - -
fram’phe emtter contact, (A26) integrat a8 H""60

[err] Integratr ng (A28) using the bog-h'dary copdition that [err] at x= =dA3s)
givesf[err]®® EP 0197 052 Bl [err] is deter.ml‘.h.ed by substituting [err] in
(A29)|[err] We now determ ne xm from (A29) usi,ng the boundary condition
[err]{at x=d which gives [err] It is |nterest|ng to note from (A31) that

when {err t hen i Hde'g@ﬁdeh% 1 Ben (@P3bie ¥ franscrpgentyls

| ] a;hthou space charge, then nbiasingl‘ﬁ semq'msula r by an amount ALI r.granges the total stored
charge Q., in the system by an amount AV,C,. With space charge present we determined the effect of the -
space charge on Q,, by determining the change of charge. AQ, at x=d (i.e. at the interface) when a bias AV,

is applied across the semi-insulator,

35 AQ=gE(d)+9.Ci=(E(d)+ 0 /d)e,
~ where E(d) is the field at-x=d. Using x=d in (A28) and substituting x,, from (A31} vieids

. o qN:“d AV|8|
/ 0 AQ= +
2 d
) | St AV,C.
N 45 ' 2

The term V,C, is just the contribution of the geometric capacitance to AQ; therefore, gNyd/2 is the
contribution of the space charge. We may associate a capacitance C, with this space charge given by

50 qNyd
Cym—rm—— (A34)
24V,

C,; thus appears in parallel with C,.

55 In order to . illustrate the nature of the transition from barrier-limited to space-charge-limited
conduction in the barrier layer the results (A19) and {A33) have been plotted as a function of applied voltage.
in Fig. A2. A sharp break in the curve is seen as the space-charge limited effects become important. The
slope of this curve which corresponds to the g, of the device is shown in Fig. A3 and is seen'to reach a
maximum of ~4x10” ANV cm™2

60 From this result it would seem always desirable t0 operate near the knee of the current vs. voltage
curve since the f; of the device would be a maximum there.

It will be noted that for voitages above the knee the capacitance also increases due to the space-charge
component (A34).




(A31). inte (A30) yields 15 [err] 20 The current through the

sem -insulator is now given by (A19) with the barrier to electrons [err
replaced by [err] and the thickness of the insulator d replaced by the
posi tion of the maxi mum xm [errA -Since [er-rL is a function of [err] t :
(A33) is clearly transcendentalEP 3197 08@ Bibut space charge, then biasing:
the semy.|.L tQL by . unt AV, changes the total stored charge [err] :
in the Q}%’ﬁ;@%ﬁﬁ;ﬁé&p@dﬁﬁm C,. Wth space charge present we determnined :
t he effect Padsotsequpac et alyapiane >0 the dédietibly rebinedfthe sengedntiectas a gigen bf
charge, [err] at x=d (i.e. at the interface) when a bias AV, is applied
across® the seni-insulator, 350 a I Jb [errd, where :
E(d) is the field at x=d. Usipg x=q I r(pmé@‘) ael, substituting xm]‘rbm(ASl);
yields [err] The termVC, is just the contri-bati-on of the geonetric
capaci t avhee X i njegsurdd frdne rhefsemiinsuatoris¢micendudier icterdce. The frie@ hole toricéraratiprem e

char gee ™A¥ hegwritieadpdheafioem a capacitance [err] with this space charge given
by so UN—— [err] [err] 82

(A34) 2AV, C., thus appears in para?fef“with C,. 55 In order to

I || ust r adherelglpe=0aidpie=mfat thBonticontsctdr infdtfaée a8 W (xPap, lat tBé edgk B thexdbpletion region.
space+« har fe-térmdafaeds the ehstnt spaceichargdxontributionaf the eoflestorichient, adich has :g&@ﬁ and i
(A33) hg/@ yring h %P&‘éﬂ'%?"‘é“f‘ﬁfﬁé’f”i'g)’ﬁe. width-gd e;‘l’@’éf"’ egia dhip tprpjalgo efjestive
sharp bPEEIENS PRI MUY AR Le0HY MR LRLIMFYR |imited effects becons

i mportant. The slope of this curve whigh corresponds to the [err] of the

devi ce i-s -shown-i-n- Fi-g. - A3 -and-i-s Ngeef—te->0each -a-maxi-mum of - ~4X[-err] - - - -

A \[err]. 60 . Fromthis result it wl d seemal ways desirable to operatg
near th& knee of the current vs. voIth ehgurve since the [err]” ostt)he
device woul d be a maximumthere. It "WM1TF Be noted that for voltagés above
t he kpee tOmerd@p pd, abahditioh that dafvit BESiSRingd) Fhd iBedubity SHaae thatih afdgeto beveperyent
(A34). BHgeLBllector Biredts] §/mOS Be By Apgeeiv exanidle, Brvaday ¢ astjiger Gollevtor Burtentief Hie
sem con@tret 39" EMpiy evhishewe wopldjdesitgrfos logig paplicaprathelny plane x in the

depl eti on region of the sem 19 | 7 Ry,-D

[err], Jerr] where X is neasn‘d%@%'r%%%&tﬁzo&%ﬁ&i lrl?s{‘ul at or/ sem conduct or

I nt er f ace. Subltitutiigel@2)hiol(B1)ceenatesib r at i on p(x) 10 nmay be witten in the form
[err] -(B2) where [err] and [err] at the '
seni conduct or interface and err]9at the, gdge’mf) the depletion re(gi'uon. 15
The term [err] is the const gyt space char‘ge 'ntri buti on of the collector
current, which has the effect of reducing-the donor charge, and of

st r et chiwhight $imce\li=cde/dafmayhize wdtténda ttieer forregi on. This term al so ef fectively
deferm nes the maxi mum cgl | ect or {!:iurrent density that can flow, since Jo
[err] 25 O herwi se [efr] caondi tf tdhad G e sust ai ned. e |

i nequ#l ity shows that inefoored‘g? togh ggﬁer‘sﬁ"l ar ge, c)g | ect or currer(la;gg, Nd
nmust be very large. For exanple, in order to achieve-collector currents of
t he_or davheteghe intearatisr kasbpervgarried oufrom thedntertase, whefeca=c) oyl e=0 ppthe edgei Bthw t hen
[err] 3@enigfionirpgion whgre(5P) and p7da1 Fralyatingthajintegral vieldsyhj ch, since [err] may
be wftten in the form 2 J

(]
ei= [(po(1—eF*s)+Bpy(Ny— ). (B6)
le ’ o o i Qv,
50 The charge Q. in the semiconductor is related to E, by
Q.=¢€,&,. . (B7)
So substituting (B6) into (B5) and noting that
- ..
1>>e P
we arrive at ' .
2,9 ' J, 1”2
Oe=(, ) [po+l3¢.( Ng— ] ] (B8)
60 B . qv, ’

B.2 Inversion charge Q,,,

Equation (A3) is the expression for the total semiconductor charge. Often we require the free-carrier
stored charge Q,,,—Q,,,, , which cannot be obtained directly from (A3). However, knowing p, (or p,’), Q,,, (or
gs Qim ) Mmay be determined as follows:




[erry and [err] to the edge of the depletion region, where [err] and [err§
Eval pating the integral yields 45

[err] 50 The charge [err] in thERMIGIARR B is related to [err] by
[err The hole charge density at a distdnE/} rO9 thelipterfadelit GG ¢B&k FgIBIOWKERDD, igHd
notipg that askentigraf|therealance bard @lbe pex (dee @. 7). Thus,

[err] B.2 Inversion charge Q,, Equation (A3) is the expression for the
totaj sem gonductor charge. Oten we ¢ free-carrier stored rge
[err]1 which cannot be obtained di red‘f’g‘!{y fJom ’AB) However, know ng [err]
(or {err] (or 65 [err] ) may be determi ned as follows: 24 EP 0197052 BI
The hol e chawipee tldsthe popertial apa distsricantrem shefnteface, bidhe vatentefbardedge mpasurefl witk eeepect
Fig.|8) wher® fefhe vajesce brad sgeefli ¥k NGW t he val ence band edge at x (see
Fig.; 7). Thus, 5 dx [err]

(B9) where [err] Is the potent;r ple-Blgxa ﬁ@—moe-%-f-a@mthe I nterface, of

t he val ence band edge nmeasuree with respect to [désr] the vaI ence band edge
at x=0 Now 10 dx [e 15 where err and because err ‘léf%’Off ra|dln¥
Wit h di stdﬁc§ ‘Lr{) 'H’tt e e a"é@ fge th inw ‘i"g‘h B R ATEMe
equal to its a ue 5?"rsa" %uar nter ace ore’ err]” 20 25 Since
[err] and [err] we have from(BlO) [erg] Following (B3) we may wite for
[err] 35 Qiy=0aP, | €"ddy BQO Finally, for the
freef carri?er stored charge we have [err]® B.3 Depl etion charge and depl eti on
width-45  We-note that- [err] -the total-sgrigpnductor charge is equal -to
thegsum of the inversion charge, [erdg, @and-deplgtion charge, Qd; [err(bm)
Hencie, from (Bl1l) vve have [err] (Bl4) wherego0, is given by (67). The width
of tlhe depbetion re err!J IS now given by 55

[err] [err] or S[qg? €] =<<1 and E,=Qy/e; we have from (B10) ( B15)
Appeindi x C. Reconbination in interface stﬁ&g Let N be the nunber of

el ectrons passing a unit area of the gpt .per unit area per secoal)

[err'- wheré the int egration has been carried out fromthe interface, v\/ner3

Thust 25 30 BQ,
Following (B3) we may write for Q,," .
. qaps €s
Qo' =———"7T (B12)
35 BQ,

Finally, for the free carrier stored charge we have

i qe, Po Po
\/ 40 o'ﬂ.l=olnv'—0lnrv“" ( - . ;- (313)
' g Q, Q,

B.3 Depletion charge and depletion width
45 We note that Q, the total semiconductor charge is equal to the sum of the inversion charge, Q. and
depletion charge, Q4 Q.=Q;,,+Q,.
Hence, from (B11) we have
aPe€e

Q,=Q,- —m (B14)
50 BQ,
where Q, is given by (B7).
The width of the depletion region, Ay, is now given by
Je
55 Qa=aAu(Ng— )
qve
or
Q,
Ag — d (B15)
J .
60 c
q(Ng—~ )
qvs

Appendix C: Recombination in interface states
Let N be the number of electrons passing a unit area of the interface per unit area per second. Thus
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EP 0 197052 Bl Jo N= q 5 Thus the capture cross-section area swept out pef-
second is 10 : [err] wheffe.)
a is the electron capture cross-section. Assunming [err] .is the nunber of {f

interface traps per unit areaEPhdh19M@52:1B4 of reconbination Ris [err] 1%
Hence the recombination current density [err] 20 Since [err] then the {
maxi mum avail able gain is - - [ergl-there [err] is the gain in the absende
of reconbination. Clearly reconbinatian will have no effect on the gain ifi
the condition 30 [err] is satisfied. We nust therefore estimate a .
r eas ohdbbsethe ghiere fomssPastion arpy swapt qut @YY speP8f 't he el ectron spends a tinme 35 |
[err] in the vicinity of the trap whejg r is the radius of the trap and v ;
iis the velocity of the electron ngwng—through the interface: [err] In !
order for the electron to be trapped igt nust spend a tinme near the trap at}
| eastro equal to the time tph to emit 45 a phonon. The capture cross-section
may be whered igthe electian "B'é“ﬁeé?ﬁﬁ?a""l“r Aming NesdRghe MUTREr t’féa‘&?‘f%F BPRsRH) UV Ge
[err] pPBpBe FIRALIEI TP YR dPng to: r [err] The cross-section will be even'
further reduced by the effects of theghigh interface field since there will
be astrong Pool e- Frenkel | oweriRxN.@fect for a trap with a coul onbic
potential well. However, even ignorind this effect and using the typical :
number s oflereg the) repappbination curreat g [ err]=0.2 eV we obtain [err]q 1020 55
cn. Therefore, assuming [err], the4@youm attainable gainis [err] and

becopgs progressively better the lower is [err] Oainms 60 1. Asolid |
st.at e.deyvsmees.havj A then. theirbdxemun| dvhjlablendaimiscol | ect or -(-10) - and-i n-which, “in~§} "~ °
use, ,the flow of charge carriers of a fiJrst.'type fremthe emtter to the

colTector is controlé=d’°by_ curJrgn1=ap_pJ_j_e_d_1_Q=a_ha.s.e_Lng.on bet ween t he
emtter and the collectgr, cagrjeers oﬁplim,e_);opposi tenjogpe to the first type}
being the majority carriers in the base region and carriers of the first
type beiheee G listhemginintheyabssace df eacembinationleaty teeambinationwill hevesp pastenthe 938t t he
em tterif thegpnditigh netal lic el ectrical conductivity and is separated fromthg
collgctor 65 (10) by a barrier region {12) which forms a heterojunction
wi t h*% he collector, the barrier ggg-er—having a 26 EP 0 197052 B1 [err]
5 Thus the capture cross-section areaNgwept out per second is 10 :
o ppoNs g e s s Ble S5 B S L%g-ﬁi UG L S0 ahs e
‘nunber 1®patp y Ablit R 1 ¢
Jo 1% t,,—rlv:\:::\;:::m:ftzc:?ﬂ::&tﬁpﬁererlsri e radius o#t e Fgrﬁs{b‘ekc% ?]etﬁ%'gcohgi na{[?dlqon :

h . ; . AL
current ge sity [err] 20 Si nce[err\]/m.&u_\_h.e maxi mum avail able gain is
- 1
7 \ . . . 2 AE°+—] .

/ : ' [ TR

40
v=

m,

\_ In order for thé electron to be trappe& it must spend a time near the trap at least equal to the t_ir_‘ne.t,.. to emit
45 aphonon. The capture cross-section may be considered to be reduced from its low field (equilibrium) value
o, proportionately according to: . :

N
tfton: 0=0g ]
50 ) ) . vtpll

The cross-section will be even further reduced by the effects of the high interface field since there will be a
strong Poole-Frenkel lowering effect for a trap with a coulombic potential well. However, even ignoring this
effect and using the typical numbers of 6,=10"'% cm?, r=1 angstrom, AE,=0.2 eV we obtain 6=2x107%°
55 ¢m? Therefore, assuming N,=10' cm~ the maximum attainable gain is G,=5%10° and becomes
progressively better the lower is Ni. . . . .

Claims

1. A solid state device having an emitter (14) and a collector (10) and in which, in use, the flow of charge
carriers of a first type from the emitter to the collector is controlled by current applied to a base regign
between the emitter and the collector, carriers of the opposite type to the first type being the majority
carriers in the base region and carriers of the first type being the majority carriers in the collector
characterised in that the emitter (14) has metallic electrical conductivity and is separated from .the col[ector
(10) by a barrier region (12) which forms a heterojunction with the collector, the barrier region having a

26




[err]” where [err] is the gain in the absence of reconbination. Cearly
reconbi nation will have no effect on the gain if the condition 30

[err] is satisfied. W nust therefore estimate a reasonabl e value for a.
is noted that the electron sgengs197igs®E Bp [err] in the vicinity of the
trap where r is the radius of the trap and v is the velocity of the :
el ectron novi ng through the inter&gcécc [err] In order for the electron to:
be trapped it nust spend a tine near .the trap at |east equal to the tine
tp,, to emt 45 a phonon. The capture cross-section nay be considered to be
r edecEus ftieocaptrs clossrsettionl alea Seppt butper sBgondad ue. [err] proportionately ’
according to: r [err] The cross-section will be even further reduced by the
effects of the high interface fi c—l__d %P nce there will be a strong

Pool e- Frenkel lowering effect for a trap with a coulonbic potential well. .
However, even ignoring this effect and using the typical nunbers of [err] :
r=1 awgse ¢ srihe ¢lentroih capBur@creds-seatiopAssiming BL,lig th@ rurhBE? Of ibterfacent@ps Adn@nicéres e, =
assunihpf tegpte] of reqembipglienRiis at t ai nabl e gain is [err] and becomnes
progressively better the lower is [egr]. Claims 60 1. A solid state device
- havigng an emtter- (14) and a c@aLigetdi- (10) and in which, in use, the flow
of charge carriers of a first type fgqomthe emtter to the collector is _
cont r ol Hedcetthpe cecombinationgyirertclepsitya base regi on between the enmitter and the,
collector, carriers of the oppos.ijt_eRt_Mpe to the first type being the [
maj,prity carriers in the base regi On andtarriers of the first type being
the maj Gidck YW,€850} Beh thdmbXimumOdveifbleOgairc Baract eri sed in that the emtter
¢44) has netallic electrical conductivity and is separated fromthe

col l ector 65 (10) gy de b%rriér region ¢d2) which f8ns a heterojunction
wi th the collector,” the Daryier regi Ing a ~EP 0197052 B1 wi der
baﬁgga,p than the col | gttor '{i't"' the he 'g'rdé;j&ylﬁncti on,?"@%lﬁgﬂ n that the base

I egi ORhdréGLiothe ighih iH th¢labdynca Bf reddvidirfatien) CleavyarecohbiraBich vall hivaeolefiéceoopheigan | on, B
sour ciéthel®nditién charge carriers of the said opposite type being provided to
make substantially ohm c contact withh the inversion |ayer for the
apﬁ‘ficati on of the controlling 5 2. Adevice as clained in
claim1 wherein the enmtter (14) isNg ohmic contact with the barrier
region (12), the barrier region is of material of the same conductivity

t ype iasatistird. We musidbesefore Betimateynrgasonablevalyeder o it §noted thef therglegtion spends a time
opﬁf)s:r';f%" ;szfqgﬁgfﬁzgf thetrg r¢ s A Eadius of e frep andy is the YRIRF{MY B theeledtran MeYn9 n

clai mT 8¢ erein the inversion |ayer ‘'extends substantially to the
limts of the heterojunction in th .I:senc of operating electrical

potentials applied to the device\/A@|AE#4—|A device as clainmed in any of

t he preceding claims wherein-the Yorrati o 'of the inversion layer is
acconpl i shed at least in part by thempresenCe of charged particles in the
vicinity of the heterojunction. 5. A device as clained in any of the

pkec eldiordgr fot the aisctreh &7 @i trppwiithusospeoda tirse sadatht gab dt(rastenual ol thetinge t)itd émian

el extphogen-Ih E!Uferqmﬁsﬂe*aﬁjwrrm hersgnsidecedite bayedicediispra its oy figldilequitibrdurplvalnei t i ng
t hr ouBrP eRAP AN, 3B 9P@ §f on from said netallic enmitter to said col | ector
and thereby provide current gain for ,said signal. 15 6. A device as
clainmed in any of clains 1tjn: 4~of-Re—dewt ce bei ng a phot odet ector wherein
thememtter (305 and the barrier reghon (306) are optically transparent

o1 58 SRULEE S L3 o AURRL 0, R RE IR B LT SRRy o

1 uriiearaeRe i e sy salclbymatigarae e o e it i 1 1
4, t hetfectQint GSing teRgbical f&wetssaﬁag=ima'ﬂcmg ra1 hb’sirg\va,r AE Qb QU oiz;ﬁmzmg a

p- & | amfc Theyefole3 @dstiningi N+ 10K enct| the aiasimun3 addiyablep gais i G.+5ra0hedde begomest i on.
20  prpgressivgix\Netier the lvrepiistld in any of claims 1 to 4, the device being a
Iightélgg;istti ng device having a further region (355) with a w der bandgap

t han and opposite conductivity type to the collector (353) and formng a
p- g het arAgolia etbe devidemaviny\ir it PrASANAG chilketoN@D)AR@inWhich) iR Osd)@Bt &L 6F chitge

col | ewtrisrs efrdirstitepelimny the emittegiodhe (BB@9Yr. is Gontralledichyl weemtapplieditore thaserregiony Of
the phedussn;tha ereinen ang tmealester g%og;%z}tbf gppasle type to Hip first ”"rise'ﬁk'@”“ﬁ?‘ ruche
1. FegbKoLie %ﬂ@eﬁ-@nﬁ&) b Rt e céﬁiﬁiivmd@sﬁsiﬁtﬁﬁlﬁ RaBictap) . bei

V\/eL.5C hgo) bpalbaried réd®n (12) which forms a heterojunction with the collector, the barrier region having a

* C L M S *
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de tharge d' Kﬂleﬁtbelmﬂrdahiyﬁesgedﬁ dst ﬁciﬁBérthrodéﬁ-IPSaré ©ei. BeleDchdig| reic batisther Esérgle 2u
confrandee.spaerzeugesour ant - qui_ est appl | que a une reEJqon de base si tuee entre

M 6jretteur et |%Arqsifus s ein pRepdi & rmit
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. qui{est forrree Al h6teI’OJ onctlon une sourL_e_L_’Lﬁ)_—deﬁper—t—e&F% de charge du

typp oppos6 etant et ablie de fagon 3 formgp un contact pratiquenent ohm que

r | a couche d'inversion, pour |"appli cat ﬂm mlﬁm “ﬂﬂcom‘r&nde .
Un gli spositif-selon |a revend| cati-dn 1, dan ur (14) est en

cog act ohm que avec la 15 r6gion de barrl ere (t2)¢ r69| on de. barriere
Saille un rateriau du reine type de conductivite .q_._ue .'. a col | ecteur (10} ct




3. "Un"di spositif selon la revendication 1 ou 2, dans |equel |a couche »
d I nversion s'6tend pratiquenent jusqu aux limtes de |'h6t6rojonctio orf
-I~absence de potentlels el ectri.ques d'alinentation. appliques au’ 3
dISpOSItIf : - - - 2a 4. Un dispositif s§g
| * une quel conque des revendl cations pré6c6dentes, dans |equel |a format ¢
"'de la couche d'inversion est cﬂpeoum7 esznsuns en partie ~par la pr6sence i
de.par.t. | cul es chargees au voi si hage de | "h6t6rojonction. 5. Un dispositif !'
sel-on I'® '°d fconque des revendications precedentes, dans |equel |a
‘source est1 @roaksﬁb@.t.fi@séna&ﬁauc&u&%mu&uw@ﬁ &rRSHBGr (W4) es.srgaaaécteﬁl Q6)let isHd FeqROUT
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des .revéR | G bi Icﬁl lél revériditation! 2B3ns GublFeibivdul Bl)Ust Sikon@ATIRRIGUE Vb fa

r6gi o8 Bgippud aim&ral(fzﬁ I4-RgfoA\de berHBmIbst 4@ fharBitiui ddm@netyp3del dhd@wet due la

. coll ectqauectajgamyt la ehmrqemebeabppos matdrigu rlvett/mds cenmnmﬁ oppos¢ & celui du cc'"egeurUn

di sposi t i £ Wedienesifit ssion lameandisntignd ol d<lapsioaus hexhiaversion siétend pratinuamien o
..u'n di s'ﬂség‘; gy e i ikt e st bl R
5)za ay Urﬂﬂfpogﬁﬂdl%n i tme%bdéénﬁuacﬂeb'?evérﬂf%ng HRcé¥BntbL ddn@ lelq 6t [a@8HnatichaR)a et ung

' t y decoﬂﬂﬁdtimiersitinteﬁ obfa s &u ﬁonﬁsaéntpbrtldmat:le bléesmtexderpartiedled chargées bu eisvage de
col | ectlévétérmm'etldn h6t 6r oj onction p- n du cot 6 oppose a | ' h6t 6roj onct i on
_entre le EOP @@f sglen |lﬂ1erqg FQS‘H" spﬁectn gg\ent , dans lequel | rce; est

r avec un SI ander la_cirgulatio de po
d qu,? }Q‘ ﬁm§ O i A b/sd ALkon @ﬁarmy"%eﬁ ,ﬁaﬁuméamu@ é.dmﬂ LT
: aﬁiéf ure §hin GRRSUrbAtURUP sighal.nbtal . 40 45 .so 55 :
. 6. Un dispositif selon l'une quelconque des revendications 1 & 4, qui consiste en un photodetecteur,
_ dans lequel I'émetteur- (305) et la région de barriére (306) sont optiquement transparents, et le collecteur
.. (302) est congur de fagon a produire des paires électron-trou lorsqu’il est illuminé par de I'énergie optique.
30 7. Un dispositif selon 'une quelconque des revendications 1 & 4, consistant en un thyristor qui
comporte une région supplémentaire (355A) formant une jonction p-n {361A) avec le collecteur (354A), du
_ coté opposé 3 I'hétérojonction.
8. Un. dlsposmf selon l'une quelconque des revendications 1 3 4, consistant en un dispositif
. électrolummescent qui comporte une région supplémentaire (355) ayant une bande interdite plus large que
35 le collecteur (353) et un type de conductivité opposé & celui du collecteur, et formant avec le collecteur une
.+ - ... hétérojonction p-n du coté opposé 3 I'hétérojonction entre le collecteur et la région de barriére (358),
. U 9. Un dispositif selon l'une quelconque des revendications précédentes, dans lequel I'émetteur est
- constltué par un métal.
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