; e3ePPPLLMBN: Nl bP6PTPaj <SELF- ALI GNED LATERAL HETERQJUNCTI ON BI POLAR
TRANSI STOR BACKGROUND TECHNI CAL FI ELD 5 The present invention rel ates
generally to sem conductor technol ogy and nore specifically to | ateral
het er oj uncti on bi polar transistors and manufacturing nethods therefor.
BACKGROUND ART A popul ar device for controllably varying the magnitude of
electrical current flow ng between two termnals is a three-termnal, a

bi pol ar junction transi st orSEBFALIGNEDBATERA .t erni nal s i ncl ude a base
termnal, a collect ] ' @ﬁ&ﬁﬁg&Q@%' The nmovenent of
el ectrical charge cgﬁpﬁgﬁ?%pﬁbﬁg%égﬁi ical rrent flow between
the collector and the emtter termnals, varies dependent upon variations
in the voltage on the base term nal thereby causing the magnitude of the

current to vary. Thus, the vol t 8CRGREIINDhe base and emitter term nals
controls the current flow through the emtter and collector 15 term nals.

The term f T are connected to their respective base, collector
and eniﬁ%gﬁhéﬁidggﬁ es formed in a sem conductor substrate. BJTs conprise
twg p-n iunﬁﬁ'gﬁ% MR ROt ' ! b agly r,

wi th one of f% rgggons é@%ﬁbﬁk%ogﬁg%ﬂh?gﬁéﬁ?%ﬁgagﬁhgﬁéi?éﬁg§f|rs?hgﬁnction
bet weespetifiealbiamdaerad htdemjantibh dipolancnsisteescand dngruficturing Réhbdst therefor! he

emtter and the collector. This fornms either a p-n-p or n-p-n transistor
dependi ng upon the characteristics of the sem conductive materials used to

formt l.y, demand for BJTs has increased significantly because
t hese gm@@%%&é{ycapabl e of operating at higher speeds and driving
nor e curr enf.pohhiRs 8e ABAERTORIbBILIF a9 thiRRhAMe diledii@ <8R Chowin%l |

hi gh-frequency conmuni cati on networ kS such aS those required by 25 ¢
phonesbetwderc omp ttrerisals BY Tsthrartelrenals acbipolap junctide ttansistar (BSIt adibe dimde

cufent AL (LR on because oLl ver aLions o, Lhe oLl s botvagp ne
o oS, g GHEL e g b ki Lkl gemagl . The
swi t cheallpcmpphd dbt emitter tSmrihald, varies dependent upon variations in the voltage on the
base terminal thereby causing the magnitude of the current to vary. Thus, the voltage across
the base and emitter terminals controls the current flow through the emitter and coliector
15 terminals. |
The terminals of a BJT are connected to their respective base, collector and emitter
~ structures formed in a semiconductor substrate. BJTs comprise two p-n junctions placed
back-to-back in close proximity to each other, with one of the regions common to both
junctions. There is a first junction between the base and the emitter, and a second junction
20  between the emitter and the collector. This forms either a p-n-p or n-p-n transistor depending
upon the characteristics of the semiconductive materials used to form the HBT.

Recently, demand for BJTs has increased significantly because these transistors are
capable of operating at higher speeds and driving more current. These characteristics are
important for high-speed, high-frequency communication networks such as those required by

25  cell phones and computers.

BJTs can be used to provide linear voltage and current amplification because small
variations of the voltage between the base and emitter terminals, and hence the base current,
result in large variations of the current and voltage output at the collector terminal. The

transistor can also be used as a switch in digital logic and power switching applications. Such
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BJTs find application in analog and digital circuits and integrated
circuits at all frequencies fromaudio to radio frequency. Heterojunction
bi pol ar transistors (HBTs) are BJTs where the emtter-base junction is
formed fromtwo different sem conductive materials having simlar
characteristics. One 5 material used in formng the base-emtter junction
pr ef er BBI'syfind applvetipn imshadegrimbdigitelt ¢ixomitrané integraed circaits gt 41l frequeSie and
sili cgg-lgler ni u@dég Ge;, or silicon-gernmani umcarbon (Si GC), or a

conbi nEPPEHdIoHR rae re Yusi ng conpound semi conductive materials have
riseninp A [ ' Reed heal; i
capabiliti gﬁggkggupllgg%%ogﬁ t%aﬂgggggﬂ}%\g/sﬁt 0 %ﬁ%ﬁ’?&%@%ﬁﬁ%ﬂﬂgﬁﬁgiessi ng
capabi fortned frams edoi diffeteat Femidoaddative métedifls diavingosinBaT sharthatestals. HBds ar e
HBTs in which the current flowis parallel he surface_ of fhe substrate
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applications requiring faster swtching transistors, such as satellite
commun{SiGtCRrordevombinatidb gierddI THB Tis nsingdeongpddBd ssermicondsetivieotlatyrials éhaveloubl e
poly" hipolar transistors, which 15 use two polysilicon structures;. one for
an eni Ht@ringopplaphy due taﬁhelah%cs@ﬁ%i ik oy eJsetbal ot caPRBHeSy FRINSIER ot or
HBTs aufac il i il : : 1 to
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t heo cotiliemt BiTy. ebateral HRTsuiratiB1y idiwhide e aadeheflowtiabhmaliel toahe burfigolodt | ons

(STIs) are fornmed in_ the silicon substrate. The STls 20 define an intrinsic
base rbigisghstiieen hisdy the SBb1s paudagiued e B TS Raye Jaundsutsda dighseigauency i r st

| ayer - vsi L gon i Sif t (e g i essed
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r egi onreq@ithgfadted switchingtth@siomss sadlr asahtdilte commonivatoniddvicean openi ng in
which an emtter structure is subsequently formed. 25 A first insulating
layer is foMastBoleincludingHBS ssinyse doday agh clauble ratpygokan ransstensewhicl of

t he. ba r - oyer e i insi ¢ [ ' t he
i nt? i oSGt i b e iR AEoh S B0 5 oS R At Wi

i nher et ihy thgstoces a rough surface on the substrate since the etchants
used are not_parti cul arl%ésel ective between the polysilicon |ayer formng
the base st Hifdsare manafachecd bryinplpnting & pilicen substipier Witk a8 dopantdetproyighar
perfor o] i WY i j S GeC
Gener alTror oS gt |AREREE WS DM O et oroplob 1R =0,
t he subBiidead €alledRBalldvigendilisblatensO@TIH Srafoiied in theGilicdmshbaaus ETHNETIgr owt h
of the conmpound, seni conductive material is irregular and its 2 thickness
i s2hot delinesanantrings base wsigniovef a pardionfi herredlscler regipd. substrate. This | eads
to perform robl e ith t Lce . riati rd ce from
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em tt eproteRdOV aith Phaeeaaadrd i coffat *ith @Poktid ofSthe Uaiibki€ basshesibnl ©ne
encircled by and overlaps the base structure. The overlap 5 is necessary to

provi deortigsnel e base sirpeture ischamad twitlhar openiagus eshigh @nhamitignjstrctpicol em
W th unv%nt eed lc\%gaci tance between the emtter and base structures. This
capaci tAne LI an t he operation of the HBT. A dielectric |ayer is

fonped over At figt REHIEESS 1a§é iy Edritied oRBEtht Hasd BGEESEEhd i rdR6 VISR BRSpenEOUNd
the emtter structure. An interlevel dielectric layer (ILD) is then tormed
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e LB Bt OREF b, RSP hSFy REER, SRR LS M e
em t t ekyiskikCliAdeethe \CedhhAR st BrebRS Safidulel WeRcRES BMSRen thd Solysilicon layer
forming the base structure and the underlying silicon substrate. To get higher performance,
30 compound semiconductive materials such as SiGe and SiGeC generally are grown over the
_insulating layer and on the rough surface of the substrate. The rough surface causes a major

problem because the growth of the compound semiconductive material is irregular and its




necessary to provide roomfor the emtter contact to be formed. Since it is
desirable to nake 15 the overlap as snmall as possible, it is desirable to
have the emtter structure as snall as possible. However, variations in the
size of the emtter contact lead to a further major probl em causing
performance variations in the HBT fromdevice to device. Al though the use
of conthoumesss smigtonehstini \ee araesalti af shehasugbnesseofl tdwefulistrate. HBRS, leadcdo f or ned

by existing nmethods, this terial, is. subsequently subjected to nultiple
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Formation shepsodf 1af e RIRiRAY Eﬁ(fmea%mefm BRitdB lrin®UE And lefigh ude

t he deposition andagétchi ng of Oox?ge ayers, n%trllt?gﬁlgyers ahﬁﬁ%ge{auently
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epid axemitter ahd baxsistudiaee. structure. Sel ective epitaxy also may be used in a
3 ~self al i_gnﬁx emtter-to-base process. in which an emtter w ndow is
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oxi de/ pitr rd i a self aligned
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| ayer spbéwaibied Hdvesvennvaribtibss o ks bilzé @drthé aydttert Eaitadd d8adonie a dlurth&r @ajoempound
sem conductive 10 | ayers epitaxiall %é)wn over .it. These layers are then
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"reverse spacers" are separately made on the sidewalls of the emtter
wi Atloweyqlesx impigatajiany andder ¢tshing mreagsics durag the &rmatian sigpp @bWre sRBRIALE he

emtte C ' I ugt s thus i | at ed. f.rom t he.
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partially rests. This results Iin a nore consistently small-sized emtter
st r uct Umerentticdampgerihe @pownd smieandurtivg mageriahi t Bishingi pelpsiligasr sven a

however., ring the 20 operation of etchi.ng the stac ver-etching still

occur s?oq}%é dac??ti%_?onél %%‘Eeat l:;ay_%r(bn_t ol %X%Wc}e’_r e%({r%ﬁgﬁ i b%(qﬁ?c?sy g}e o@&gﬁpéhi ng
typs CabdrfichiRdildliVe rhiltefifle beddubé NEE Cetbigmes RRENAJ TPt aRiRbvalt @th f &MigBthion of
the emtter window |Inplantation on the over-etched surface does hot

over cofelysiHeonsr diomeare! dks seinpowyl wgrmigondustivy enatena He dilsuetfched dudog tthisr nor e,
to inprove the operating sp o) HBT, it is important that the base 25
Struct BREEHE RER EOlBR EORRT: el e vl sl oTE 85K b P EEREr ges
t 0 NDVEohpREA INGHEHBTEN iR hhe seldoBL@6r wifBer eby nini m zing the response
time of the HBT. It is also inportant, however, that the base structure

~have a hi ghOpentempt tt oencanfe thepdnve-menterter problemisriiilyes debestive egitaxiance.
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inplantation is that the conpound sem conductive layef is often danmaged by
the ions during inplantation.



4 Additionally, high-tenperature annealing typically is required to drive
dopants into the various material |ayers. This annealing step, however,
alters the profile of concentration |evels of the dopants within the
various | ayers of sem conductive materials formng the transistor to create
undesirabl e dopant profiles within the various material |ayers. 5 Existing
met hodssliedligmad afittardobage piBTess é1 whﬁchrmw@mttthewmdmm sriefiasd by igatvadg wi fif
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provi ded throug an 25 jnterleyvel dielectric |layer to the collector_ I|ayer,
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Addi tiognally, th . HBT and manuf acturi nﬁr met hod of the present invention
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avoi d 86 % i the epniterayimicge aadially restic nThisgradisdRg maw wwsiskeatly ayer s
t hereb Sr&xpense of manufacturing the HBT. 5 Certain
enbodi %/rr{el{lrlt?gﬁg#agﬁ{ep resent invention have other advantages in addition to

~or in placeThé atlhﬁsfe effectt iddnachiap ae emiie athdant paeht \Molvevdre c Ongingppar ent
to those skilled in the art froma reading of the follow ng detailed
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Wi t h t iematiess efthe iefiigditviadow Fhﬁplaﬁtatl&n bﬂﬁlesd\feﬂ@icﬁécﬁs&facgﬂ&s nbt 8tére6me enoval
of the second insulating layer; FIG 3 is the structure of FIG 2 after
f or mat fhsmreRlems arsaeiated ivith the overraiehedsutfpest i ng 10 | ayer FIG 4 is the

structure o I of an,epit a FIG 5
e st obyletngit, B by ERY ortBa 8P TR e iR, bib e

FI 6 Gsthsetird deShinugloupl t® nifiizze theafirhefit faREN@ALERINIO Eh-BoddaBanbvEheh thE' G 7
is the structure of FIG 6 after formation of a collector structure and an

em ttermgt@r stPrTrh@t%UéCtOFI@rebymHmm@l@ thec raspensef timap @f theafiBdr fioksmalspon of

abase structure FIG 8. .aft ormati on of an
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em t t eéerﬁ%ﬁtﬁfcﬂi’r@layer is often damaged by the ions during implantation.




25 FIG 15 is the structure of FIG 14 after filling the base trench with a
conpound sem conductive material; FIG 16 is the structure of FIG 15 after
formati on of a base connector layer; FIG 17 is the structure of FIG 16
after patterning the base contact layer; FIG 18 is the structure of FIG
17 after formation of a base structure; 30 FIG 19 is the structure of FIG
18 after f oAdditicmlyohighriermpsaiuat amgalaatypically sueghitedao desedgantsdhiortbe 6
FIG 20 js the structure_ of FI 21 20 after formation of contacts in an

i nt er | GRS dnaiprialy fRyqs. olhds ng|SEEP APWELET, aklgrs the REgitle §f Opeentigtiong of
the presantos MY eRLAY. wiETALL FRIDESTRERTbON R TRkl AVENTLAN Brriflo tdhe

foll ow ng description, nunmerous specific detalils are given to pro%l e a

t hor oulgimsistateo steatedindgsimabld dopantprefiles euithitHhesagoys matenall lhydoe apparent to

one skilled.in.the art. that the invention be practi|ced w thout these
spetific dgﬁﬁﬁﬁ% H}eﬂwalﬁ rmwr}ml%g @&ﬁtﬁﬁé%é&pp ks psvgeiater omith sone
wel | -k i 1 : [ j in
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sem - dinagufactebility.and not to scal e and, particularly, sone of the

di nrensions are for the clarity of presentation and are _shown great]y
exagger at edﬁflﬁﬂpwélyw@étm@ﬁ@wéﬁ pf mappfacyppg HBTsueawee derer ianeh isolativny
corientatiQn:.qh ! L.ZON ) | 1 el qi ' : pl ane
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r egar daelsexpefisivd proogssmptiedhndynes bhaatmdagmrievertical” refers to a direction
perpendi cul ar, to the horizontal as_ just defined. Terns, such as_ "on",

"above", "baplgtipns toghess problems have peglong spught fugpeer developpgents havsiot" | and
"under . ar ' i : I

+bos; daveRf SRRl pE BRSO Wb EAG A BBt iE bl he,

over | agipdathbieskiliddan the2&it. The term " processi ng”, or "processed"” as used
herei n includes deposition of material or photoresist, patterning,

exposure, devel opnent, etching, cleaning, and/or renoval of the material or

P Conducti vi ty type" ae. udBSCRERe: Per GRERERION Conduct i ve matorial t ha

uses either electrons as the primary carrier of electrical charge, on one
hahtl, or hollesprgsent irveaBompiovuley adatenal betergjunstien bipobaltransisioy@IBbh avhe ot her

hand. R i .to FIG .1 .therein.is sh lateral  HBJ 100 i.
ot e i RELPAGEARER N e e n cogPRsnea SARI TR hSiae ARUBHEDE The
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doped sem conductive material of a first conductivity type, such as p doped
si | i coexpoaingi # portionsall ttisegidoayiestorl O@strgiec Ande sliconxiaper Bormgdkpyeri thef or med

th i d bstrate 102. d.|j | at | 108,
oSS FRASSLTN: SRR B FrCh s uP o St S S 1A,
they fi kshichBidlRtduBerdt@ il ah08nitér W%wep{he%aim% Ia?&r.‘CfA ba@! Addcans

(STIs) 112 are forned in the sem conductor substrate 102. Trenches are

f or medetched irg thet $ibedn tagtr pvguthatingwdptingylayer1 08 sihicbrt spacsresoprdvidad winathie ng

| ayer 108 into.the 5 sem. conductor substrate 102. The trenches then are
{11+ ea HPvHISGE PR ars i ReloB folERE s i Gionds: "h (o FIEHE IRGber of
shal | oyd b@RmRkdr St ORScdnBlh Nithlthe enfiler MPRET A YALL §e&eihS JMEDRIRGESSEd
using a chem cal nechanical polish (CWP) process which stops on the second
i nsul asénmgohdugtre id&rmbist foaned hethepdpes trennhf aCamectiorsheee provided thfoufiTkhas 112
are coplapnar. wih the upper surface of the second insulating |layer 108. 10
Refrr nﬁ%&hﬁ“ﬁ?ﬂﬁ%@%, 1y e PalISFTalaktroRHI R FSeTr g e SBRCIEG T Uer e n
the secondybnstbabing | %Rkl 08 r BEQMhiAS Y@t N

| ayer 108 shgpa/n ?aﬁr?ylgl G 1 rgs%geseﬁﬁ?%ﬁng\% %ﬁgﬁggigﬁnﬁ@%{% y a%lﬂ’e%{%ﬁ(#ﬂng

pr oces germfaaiunstapen.cmdichmbinatists thasollati ng | ayer 106 so the nunber of STIs
112 are el evg,t ed %b ve the first insulating |layer 106, For exanple, if the
first insul AtSngetngydppieyss;te 5?§P83e$edamea9«‘g?hea ralhd B eansh niniguzgsabashg

| ayer LA et . . L .

L e R AR W LB B SN, e SRR,
nowo t otielecessity bhdiming desp sleosinisblagond andtudie® laybrshhépebyrediidiag tHexpodseon of

a window 300 in the first insulating |ayer 106. The w ndow 300 is forned,
for ex8hppeufagyringthedBhot ol i t hogr aphi ¢ processes to define an area of the
first insulating |ayer 106 over a 20 portion of the sem conductor substrate
102, and then etching that area of thg first insulating layer 106 to form
the wi ndow 300 over a portion of the sem conductor substrate 102. Referring
nowto FIG 4, therein is shown the structure of FIG 3 after formation of
a



first silicon layer 400, such as a heavily doped sem conductive material of
t he second conductivity type, such as n+ doped silicon. The first silicon

| ayer 400 may be either 25 epitaxially grown or forned by neans of a

chem cal vapor deposition (CVvD), and then processed further using CWP so
the upper surface of the first silicon |layer 400 is coplanar with the upper
sur f aces of Certasn gunbbéiments &Tthe present iyemtibn heve ethei adbantagssein adldBionitb lor be
nonocryst.al i silicogn in the area of the window 300 and poJysilicqn in the
oy on oanaapieneilihond abos, “fibate’ S P APRgoHoR b kfeddn

t her ei fheia9t AW yehdiBe SF HCAOUbRIY ddtlifed dbs@piBh ihBikdnoRitR ke fBrehfd fodthe
insulating layer 500, such as an oxide layer. The third insulating layer
500 i sadcompenlying d@winggr own over the first epitaxial silicon |ayer 400. A
phot oresi st |ayer 502 is deposited and patterned to create a base trench
mask 504. Referring nowto FIG 6, therein is shown the structure of FIG 5

after formation of a . i i ating layer 500 and
thégfirst silicon Iaygﬁig%%6§$§ﬁg?@ﬁ®%6§§%ﬂ@gﬁﬂ%“ﬁﬁﬁgfirst i nsul ating | ayer
106 using the base trench mask 504 shown in FIG 5. This exposes the numnber
of STls 112Fnd ishdatbial $IBT Rewihd4 iRy ah@x@écohaansdmr% 1 ih G bérind stalgbe
etching forns the base_trench 600. The base trench 600 separates the

conbi n@k mapniastureria aggerdance watly the piesent HERIGBO and the first silicon |ayer
400 into t r he [ f the fdrst silkicon.layer 400 shown in
FIG 5 in gg%'2@%h&#@ﬁ“&ﬁ%“@@%%g%ﬁﬁﬁ%?%?ggﬂﬁé?%%?%AEE ARSI 10 col | ector
|l ayer 602. Witk P the Ghrubtird BEFIG.IBhft& fotadiod 8y 8 wid@Ry $h e fiise irﬁhﬁﬁng over
the first insulating |ayer 106 forns an emtter |ayer 604. The base french
mask 5B¥C%s then renoved. Referring nowto FIG 7, therein is shown the
structure I r.f ] a collector structure 700 laterally on
the coll ec?I(E)IrCE I@?/éh% % 1%zraeno aI;@ g%‘lﬁf {:f)rrm%??rh%ﬁa(ﬂ'eé)lt?ﬁfﬂflg?oéﬁgﬁry on the

em tter | ayFIG.604 theiched bBAL0Y abibf fofhbfich FODhadGndultRingMiyick.er structure
702 15 preferably are forned E{ selective epitaxial growmh of a second

silicon | ayBXC. 6dp e simciare olgHQ. ¥ afientoamstéen efombase tieveh; nat eri al of the
d duet ivity t . silicon. Th d,sili |
can be 11 ot 1 e kol tire BY R Moo RertPBRih afin g an BT o s spERT The: |

se¢ondstgidnirgon | ayer is fornmed only on the sidewalls of the base trench 600

and not on the first insulating layer 106 or the third insulating |ayer
500, thus fBiGidhgthetgrugore elcliior 7 efteutrmeaeoryoiln ge ammacteree enitter structure

702 on the sjdewal,ls_ of the repch 600. . Alternatively, formation of

t he collectgyﬂ t?Eﬁﬁ%ﬁ%“%%ﬁpéﬁﬁg SrQﬂ???%ﬂO%?Iﬂ£¥%Y@‘%%§%H% YHe avoi ded by
form ng therr®libesiRrstthomes of608. 9Aflel REMSTHL S8 nunddee bf 8Qadty sel ective
epitaxy. The collector |layer 602 and the emtter |ayer 604 can be

sel ect i vel yFigr.oMnisi an elteshate rcathodinniny efrthe pmsent ihentiool iheut wterlnaytge @2 can
be felecti q%y_gromn over the sem conductor 25 substrate 102, and the

enf teFmF%%% %04 can be sel ectively deposited over the first insulating
layer 106. Ref.qpris i sta¥utoffiG. 1 BaftétRieinihd & Rha¥hd g st ructure of FIG
7 after deposition and processing of a conpound sem conductive |ayer to

f or m a baseFKi.rldds thestr8oOromdrlGt h2 atter fhuvatem oftarbast werehy 00 and the enitter
structure 7 in the base tre 600. .The conpound 30, sem conductiye | ayer
formng t helg%%slg4 Q%W@%Gg%ﬁgeggﬂgﬂ $0Wtﬁp|qqc%ﬁ°1&%#)r SUNAtuEE a?%é%t one
of sil beaRr9stdmel um (SiGe), silicon germani um carbon (Si GeC), and

conmbi nations thereof. The base structure 800 fills the base trench 600
shawn i n Fl HG.6lamdthel Gucirand FI6. 4 adfes S8lin® the baset thanch opitls ur agmuadl t he
base structuye .800 s fubstantially coplanar with the top surface of the

third PHRGPHUICHYE MalPERs

»500. Referring nowto FIG 9, therein is shown the
structure ofidliGis healiielnd SHTRL 1 2 BnA ol 1 1RYCLodlbgbERLELC (1LD) Tayer
900, such as an OXISE I'ayer, which 1s planarized using a 5 process.

Ref erri ng nbBl&.t1G ifth@ strhltura G116 blerghdemingibe bhselohtacelapdr; FI G 9 after
formation ogﬁggg_c ntacts of Ee Iqéeral HBT 10Q0. The | ateral HBT 100 has a
col | ector cblft-déts hseEuctyrapfddGe b aligt formngion of dbashstaisiweer contact 1006

forgred in t I I : . ' r i

pr'gd\;nisdi ng aﬁﬁ}dllgq tS ﬁl?élo%g C%'tggé) fPE% fgé%%%%a@%gé ftaafq{lem%]ﬁlgtﬁlc# ?Qpr?é%I %&'ﬁlﬁfg%lg ayer
10 500basetsautthe; col | ector | ayer 602. The base contact 1004 is forned by
providing a hole through the ILD | ayer 900 into the base structure 800. The
emtter contact 1006 is formed by progiding a hole through the ILD | ayer
900, and the third insulating layer 500 into the emtter |ayer 604. The
col l ector contact 1002, the base contact 1004, and the emtter contact 1006
conprise a conductive material, such as tungsten (W formed into the '
trenches. 15 Referring nowto FIG 11, therein is shown an alternate

I Y L o S - o,y T Y Y T




20 such as a heavily doped seniconductive material of a second conductivity
type, such as n+ doped silicon, is then formed on the insulating | ayer

1104. A nunber of STI's 1108 is forned in the first silicon layer 1106 in a
conventional manner. A second insulating layer 1110, such as an oxi de

| ayer, is then forned over the nunber of STls 1108 and the first silicon

| ayer 1106.FIf. @ﬂDlﬁ shp strpespieedl F6Gp LA natter Zermafeonp 51 wpplestssinr iradetedéve] he
Seconddlef%{%fﬂc%' ng l.ayer 1110. Referring nowto FIG 12, therein is shown
the stiucture™ G 11 wherein a photoresist |layer 1200 has been

deposi ted aEIG.QQtlé@ﬂﬂ%hbﬂoi’ﬂferﬂl@eh@@§?thkl@%€1ﬂiﬁ@e?llﬁoﬁ.zoz over the second

i nsul ating l.ayer 1110. Referring nowto FIG 13, therein is shown the
structure of FIG 12 after formation of 30 a base trench 1300. The base
trench 1300 is formed by etching the second insulating |ayer 1110 and the
first silicon |ayer BEPATOEDDESCRPTUIONTOF trhg: BeSENTI®ACh nmask 1202 of FIG
12. 10 The base trench 1300 separates the conbination of the second

i nsul at i ng Inetinefolrpmmg émtrlpﬂml fiumstous ispéctindétaijseare Eived toproFida a tharougho t wo

ortions hi rrbod t he two rtions are th e oethr can
be' t he RsrIinh SEiBF SrRGRUEE Taotsn 1wl BoaPBRER orgk SCURg ahlfeEcihe e

ter m npkestion MA¢ RYrhdtRBd %nﬂolﬂ?tlfe'sé §1§ec§ﬁd H@t@l‘f's STd 8 aﬁf tdh %@(ﬁd%s&ﬁ%l tﬁ%t of
FIG 13 is designated as a collector layer 1302 and the portion o

first Bnelsetm;dmvetmp@r soiE6 weH-kolwmnr sytem ofonfip@atidss, | andd peicgsabiegds ase atot
emtter. la%g]]r é The photoresist |ayer 1200 shown in FIG 12 is then
rem)vegj1 8 Tla e remai nder of the two portions of the second insul ating
layer 1110 piRehile, HRRBIwiRN §kﬁ%%)$m’6&ﬁm%£{sl6?ftﬁéra% al3als&hd bdag-d) alnfhafil 3 14
therein is shown the structure o ter Pormatlon of T0 a collector
struct mdenqmcscalataad,apdrgzcwm‘bt, seme aiflthe tlmmeﬂsmyle arel 80 Zheacldrignofgredehtation
StI’UCtl?JRfF 2 Iaterall on t etﬁmf Iay J]%Sd The IIector structure
1400 afff ¥R ‘é‘i’ﬁlﬁeé"FY§F %?Ef%ﬁ?fgml ) Gensirate thy deyigesap, é’P@i?F Riagy

gr owt ho®dntaidy ghtly doped sem conductl ve material of the second
~conductivity type, such as an n doped silicon. Referring nowto FIG 15,
therein is Eth:mt Haosomwd!’ uase uedd i Gereid iaf dﬁ'medms laaplandi)arailehah th800 i s

filled with.a ound m conducti ve | ayer The conp
Sei cortcnichel PRSP Sudte st o et BopySesRr ey o %om@tan%dﬂwemast

one of « 0 | o ( d
combi nanare RS LR Uifion ffehdichlar & REHRLATRR JLETERARL (Rubdcn 20
st ruct toré, tﬁefboﬁt’G“balﬁwaj‘tseie”dmnS‘sfdewalI’t)f “lagliea’s &looticovenr, :Inﬁiyeihdalﬁc}ﬁe and a

third uI atj er 1602.. The base connector |ayer 1600 20 is forned
over tﬂ ﬁﬁﬁﬁg é’ﬁoﬁ%‘czf”\}té I piaper E@O@nﬂséﬁﬂ% fefens toH@vopsiEstyresanch

1300, i Jgavily doped sem conductive
rraterl of ﬁﬁé’???@?%ﬁ%x%gg%c{/\@%%ﬁpl%ﬂ% such as p+ doped polysilicon. The

t h2o d i nsul &hé tegml “Py@sessifiD? or Sprobesasd”aasnistd heleid myRides d&pokiien Jfeidiaihlover

t he base connector |ayer 1600.
or photoresist, patterning, exposure, development, etching, cleaning, and/or removal of the

material or photoresist as required in forming a described structure.

The term “conductivity type” as used herein refers to a semiconductive material that

uses either electrons as the primary carrier of electrical charge, on one hand, or holes as the
25  primary carrier of electrical charge, on the other hand.

Referring now to FIG. 1, therein is shown a lateral HBT 100 in an interim stage of
manufacture in accordance with the present invention. The lateral HBT 100 includes a
semiconductor substrate 102, such as a lightly doped semiconductive material of a first
conductivity type, such as p” doped silicon. A first insulating layer 106, such as an oxide

30 layer, is formed over the semiconductor substrate 102.



Refernng nowto FIG 17, therein is shown the structure of FIG 16 after a
phot oresi st 25 | ayer 1700 has been deposited and processed. The phot oresi st
| ayer 1700 defines an area over the base trench 1300 shown in FIG 14,

whi ch has been filled by the collector structure 1400, the emtter
structure 1402, and the conpound sem conductive |ayer 1500. Referring now
to FIG 18, Atsesprd ansuiativgolayert W, suclics e aitofle faGr of7a aflicen fitiideatSin of a

base structure.| 800. ,The third .insul ati I r 1602, .the.b cqonnect or
oy e BB e FedoEs b Saielbn dfet | A Bimbenst BRRL ST o
FIG 1ifeolaBbR @138E Uk TormbdiLinPiRe lsem@ndlctbradiktrdid 002 0fTrEhdes Are folfAed base
structure 1800 conprises a base | ayer 1804 formed fromthe conpound

seni cothdenghi the Ifaste insulBO0g alagera 10@sende dimhesetaond 180Btihgr laper P8 mnthahdase 11
connect or. | ayer 1600. i L ati.n ap 1808.is.for.ned over the base

ot ot ttearibtor Fulmpaiea o T Ehel st Flee P sg s Rt BRI ES 1 G
19, thgl gkide] ® PR hGb&tJrUGEINES t@hctlsGlatidBs BTSN 11207 TR hySHer QhrfAR is

i nsul ati ng spacer 1900, such as a nitride spacer. 'The insulating spacer
1900 i thefi provesbed using arcticmival iraslmnsal polishr(€MBQOpcess vhichsstdps adhosicondg a

I f ti i.al h FErid t chi t he.
of 1 ns a4k Ly S 1Bh uRmet R eRRs B e roep AL 15 DB AaP et ih w1 o
FIG 20 JpoB&f &ifcd SF RO Iﬂgu&giﬁ%%ygflpog)f FIG 19 after formation of the

various contacts for the lateral 100. The contacts are formed by

provi di ng aRefetring mopeto PHRQA, theréiohs slsovwothesstiutire eXEikh|lewhdryindbpesiondng an
i nsul at i .materi sych as oxi,d 10 and then perf ing a. rocess to
pl anarw&%{%hﬁﬁb@g iR Bt PSESP Wﬁlamsgwrﬁ@énﬁ%ﬁ%w a\%ﬁ-gd@e i's
then phagesaRded Gof HMIO!S Sl Balin@bfockd haitdisldh e FRAMHGINNE 187 20531
such as tungsten (W, to pfovide the various contacts of the [Nateral HBT 1

| 00. Asetielmatter of Sihisatl? #6@R:vaisd faboveethe Birstfinsulating laydrdl0é. tHor exghplehé | LD

| ayer 2000 that conmes into contact with the col|ector |ayer 1302. A base
cont aciegenda e By ORI 1ayer anf) hecscepReb g R e (fgdﬁéﬁﬂtﬁ’ééo and
thesi ngybath BEngARs L8ARHieh t1E:RAR S 1HeS Bl UhS nt 8801y AN A/ IRfoxfRNbAEt 2006
i s?% orr%ég’%{}@% 1!F]‘I?[i ?18 a hole thrtougﬁEtt he LD | ayer %OOei nt‘% cé)r}ft actfév%\,i th

t he emuhdteliedl ayer 1304. The col l ector contact 2002 and the emtter contact

1808 and ¢ NBSIHGtH BEY W T Gpab chertiogs SHE: LReuPtia ot ECHAAES OFURANTE Lot
of stagd S 560 in @le ﬁﬁ?ﬂlsﬁﬁ%g(fatyeprlgée%-b Bndow 300 is formed, for example, by
using photolithographic processes to define an area of the first insulating layer 106 over a
20  portion of the semiconductor substrate 102, and then etching that area of the first insulating
layer 106 to form the window 300 over a portion of the semiconductor substrate 102.
Referring now to FIG. 4, therein is shown the structure of FIG. 3 after formation of a
first silicon layer 400, such as a heavily doped semiconductive material of the second
conductivity type, such as n+ doped silicon. The first silicon layer 400 may be either
25  epitaxially grown or formed by means of a chemical vapor deposition (CVD), and then
processed further using CMP so the upper surface of the first silicon layer 400 is coplanar
with the upper surfaces of the number of STIs 112. The first silicon layer 400 will be
monocrystaline silicon in the area of the window 300 and polysilicon in the area over the first
insulating layer 106. |
30 Referring now to FIG. 5, therein is shown the structure of FIG. 4 after formation of a

third insulating layer 500, such as an oxide layer. The third insulating layer 500 is formed or




20 techni ques thereby further reducing the size of the lateral HBT 1100.
Referring nowto FIG 21 therein is shown a flow diagram of a nmethod 2100
of the present invention. The nmethod 2100 conprises a bl ock 2102 of

provi ding a sem conductor substrate; a block 2104 of formng a first

I nsul ating | aye er the duct substrate; .a bl ock 2106 of form ng
a firsEow ?%ﬁﬁ? %ﬁ% rePHRER ﬁlﬁgorf? 48575 Plogestshyate 5§55§ gerositehgnds o5
formn S|I|conlayer to forman enitter | ayer
and a g%l P%??gf}e{agerﬁl%%&eﬁﬁ%%%o of providing a sem conductive |ayer on

t he si devval Rsfen‘ingﬂ[mw baEBK; .14, ﬂmhnug)sﬁmmhamtxamltet & FISL Sudfet) f@mation cﬁaact

with t em tt col |l ector ructure.in contact with_t
ool | ecPee Hongupl0. sl i Dospsingqasee b @eaﬁagtéﬂgcppmw@@peyhe@%mnd

seni co t h ar an

[ ntrqer I %g{é jgféel ec%aﬁlgqlfl}éé;gr% gsn?a%l%bk %E&%h%?%(og@ provi gé rll:fgl; a@plng}rnal ity
of conegekéothe ﬁdmﬂ:tw@lﬁ SThe lilfmtaﬁd It?m/ﬁkstdm&ila&ﬁigrlaperl la)ﬁerl\/Ioﬁe pireicelaily ! the

| ayer, collector gyer and base structuyre Wil e the invention has

been deShingdens the bassjticnel POh Hina brss feash 6(29 asé@r@teﬁﬁ%re@mhu@aqog of ¢hatiird .
d ’W d 7y
;Bp:; Z%ﬁtgg%éﬁ?%ge S ?ﬁ%‘gwﬁts{llﬁgﬁér 926 III&G%%VBEJ?) ﬁ%cﬂlg fOr & ogtlidr?g&?g‘yémggltpt ?on

Accor diitighy layet 406 shovire idBIG. t Direedntat evied {he%ﬁﬁbfﬂhﬂﬁﬁbﬂﬂbsﬁ% 102 forms a
m)dlflcatlons and variations, which fall within the spirit and 5 scope of

t hd0 | neplirgid e oH3. Theporan: of the st silioprayes 400 shewn im Bl § averHae first

non 1| Epielfle SAEAMIAL & bR RRARETR B Rl bt SR bl feiea
manuf act ur i Rgfemﬁghewatb 6. €7, aharsigt is cuho{arhpthé atruttiuansf FI®r 6 Qasp forfiifga
provi di ng a sem conduct or subst rate; form n%pa first insulating | ager

over tR¥ ?@% Howhe /9P latepallyr ar dhe fCQH?ﬁt‘?Fg layer pp3tand; é@#tqfaiﬁ’é‘ﬁwé@/(gﬁ t he
first ia@eﬁ"%ﬁl[ljgéfg e %%¥ layes {5@1 NgnH& c?ﬂlesc?or sﬁt&@&?e o 51"?(? tl‘IeI Jn%ﬁtels Etn'lc%?rn 710§yer to

forma (640) ayer nd an émt
15  preferably are formed by selective epitaxial growth of a second silicon layer, such as a lightly

doped semiconductive material of the second conductivity type, such as n” doped silicon. The

second silicon layer can be lightly predoped during formation of the second silicon layer. The

second silicon layer is formed only on the sidewalls of the base trench 600 and not on the first

insulating layer 106 or the third insulating layer 500, thus forming the collector structure 700
20  and the emitter structure 702 on the sidewalls of the base trench 600.

Alternatively, formation of the collector structure 700 and the emitter structure 702
can be avoided by forming the collector layer 602 and the emitter layer 604 by selective
epitaxy. The collector layer 602 and the emitter layer 604 can be selectively grown in their
respective regions. The collector layer 602 can be selectively grown over the semiconductor

25  substrate 102, and the emitter layer 604 can be selectively deposited over the first insulating
layer 106.

Referring now to FIG. 8, therein is shown the structure of FIG. 7 after deposition and
processing of a compound semiconductive layer to form a base structure 800 over the
collector structure 700 and the emitter structure 702 in the base trench 600. The compound

30  semiconductive layer forming the base structure 800 preferably is silicon (Si) and at least one
of silicon germanium (SiGe), silicon germanium carbon (SiGeC), and combinations thereof.

The base structure 800 fills the base trench 600 shown in FIG. 6 and FIG. 7 and is processed



| ayer; providing a sem conductive |layer on the sidewalls of the base trench
to forman |0 emtter structure in contact wwth the emtter layer and a
coll ector structure in contact with the collector layer; form ng a base
structure of a conmpound sem conductive material in the base trench; formng
an interlevel dielectric l'ayer; and providing a plurality of connections

t hr ougiv thadop murdackefdhe Hassl shmiciure 80Gsesubstentidlly doplanet vithttbe tdragueface ofti t t er

| ayer, ,and bas t ruct . 2. The nmethod of nmanufacturing a | ateral
het er oﬁhﬁﬁ@{cﬁ@ﬁﬁﬁgﬁﬁ)‘%‘&?ﬁo ansistor as claimed in claim1 wherein forning a

base structRERing doberolase 9! theraisisA6WR e SRRRALDARRE ARPMRLYE of By e i al
of silicon and at | east one of silicon-germanium silicon-germani um carbon,

and combirlesieli delscttin ¢l dhflayc2 008, suFhes amtkidd layer, venclf mqlanaring] esihga S
het eroj unction bipolar transistor as clainmed in claim1l wherein: formng
the fi¥8t%8ilicon |ayer forms a heavily doped seniconductive material of

the second RERAUGIAN L/ FIY NP, (RAGn Y ov R st m@a@téfeéﬁf&ﬁbagan%? the

sidewal | s of the base trench provides a lightly 25 doped sem conductive
mat er i @k coftacth of thedatarh]l EENIU L. | Thet Ipteral pEBT 400 Himen crdlebiod carftactd 002, achage i ng a

| at eral he j unction.bipolar tr | stor as imed in. claim21 wherein:
for m peprupct Tp& 4 Pl fenon Girct0og Famada BE ik Bk dhohr T BTG onkast  her
conpri 1 frodd ' b2 thiRichl ' ' . :
portiofl@%flst he 3?8& sgrr%mcdgg%%vg? %r sugfgtﬂrie;?el? E‘éyﬁ%@%ﬁ!&d P%ﬁr%g&g%ggzﬁte?ench
i N1 he54] gt theicbilentor lhyey 602.t Ohé basmcantaeniOfd és formyé by prdiding ehbedhengh ayer

e T ORI WL R
s b e e R R e
- forns layerat(d: | Bhe ofllesioricontactaid2athe easconnet H04shhd therengieteimedtitanm] 006
sili CO(?(; grgsg%nciog uc(%l%gs tr)r(ljart]ériains%cl(l: QS%ESEA Vr\]/? formed into the trenches.

15 Referring now to FIG. 11, therein is shown an alternate embodiment of the present
invention in an interim stage of manufacture using a silicon-on-insulator (SOI) wafer. A
lateral HBT 1100 includes a semiconductor substrate 1102, such as a lightly doped
semiconductive material of a first conductivity type, such as p~ doped silicon, that has an
insulating layer 1104, such as an oxide layer, on the top thereof. A first silicon layer 1106,

20  such as a heavily doped semiconductive material of a second conductivity type, such as n*
doped silicon, is then formed on the insulating layer 1104.

A number of STI's 1108 is formed in the first silicon layer 1106 in a conventional
manner. A second insulating layer 1110, such as an oxide layer, is then formed over the
number of STIs 1108 and the first silicon layer 1106. A CMP is performed to planarize the

25  upper surface of the second insulating layer 1110. _

_ Referring now to FIG. 12, therein is shown the structure of FIG. 11 wherein a
photoresist layer 1200 has been deposited and patterned to form a base trench mask 1202 over
the second insulating layer 1110.

Referring now to FIG. 13, therein is shown the structure of FIG. 12 after formation of

30  a base french 1300. The base trench 1300 is formed by etching the second insulating layer

1110 and the first silicon layer 1106 of FIG. 12 using the base trench mask 1202 of FIG. 12.

10




thereof. 6. A method of manufacturing a |lateral heterojunction bipolar
transi stor conprising: to providing a sem conductor substrate of a first
conductivity type; formng a first insulating |layer over the sem conduct or
substrate; formng a first silicon |layer of a second conductivity type over
the first insulating layer; formng a base trench in the first silicon

| ayer The boerreack dB0@ stparatdsathe combihation efiihet ecorkbinbalytng lafer hi idoand theé | | con

spacer .of the seco C ctivity type on the sidewal k of the base trench
to forfHshsitiem X‘?roqu(aéto?gg(gdrzénwoeﬁ?r%?ﬁstter structure; formng a base

structure of, ﬁﬁgﬁg%ﬁ%&%&%ﬁ%bﬁﬁ%@% e édﬁeﬁlfkgréa%gﬁfeywee&qf&to£°f m ng

an interlevel ctric | ayer; providing a p of connections
t hr ougportihe ot tiicentigeregortdore | Batdoheerdiayce of tedmitidogyo tHeqwiridon biaie first kitieoen tt er

| ayer, and the base st ture. 7, The nmethod of manufacturing a | ateral
hetor o}aﬁ?fcltliog r?nﬁﬁifﬂf%ﬁfr l%llﬁai% isqdesiengted @p gicrilertorlayardis iz endvhemeriion ofrthe ng t he

base SENGHNLE 1y i 166 BAYS HERMAMGYTSs BeaaROAd, P Al AlE 1hye FRLEr! al

of silicon and I east one si'l'i con-ger um sl r mani'um 25

car bonphaodsisiolapérnEXtiocshewhhiarko! 128s thknereniot b thaoing A uéragihderi sTgha twat er al
het eroj unction bi polar transistor. as clainmed in claim®6 wherein: providing
the seh9TE8 ®Eccent dsplatiag ey Hoondhe npparsyrizrsd dhesgmctsnduct i ve

e oL o Rl BT g DR e BB
type; aooldbor stpctavd td0Wlagera BN theciotibdteeldyary E3020ahdt dhecrfitee Wakdnge a202 he
base tyench provides a |ightl X ql%p;eglsem Con(gllilr%t1i4\6% anl’lat erial_of the second
con duclca]tqﬁlbg,og ﬁfe@nutter layer 130 ollector stru d the emitter structure
1402 are formed by selective epitaxial growth of a lightly doped semiconductive material of
the second conductivity type, such as an n” doped silicon.
Referring now to FIG. 15, therein is shown the structure of FIG. 14 after the base
15 trench 1300 is filled with a compound semiconductive layer 1500. The compound
semiconductive layer 1500 preferably comprises silicon (Si) and at least one of silicon-
germanium (SiGe), silicon-germanium-carbon (SiGeC), and combinations thereof.
Referring now to FIG. 16, therein is shown the structure of FIG. 15 after deposition of
a base connector layer 1600 and a third insulating layer 1602. The base connector layer 1600
20  is formed over the compound semiconductive layer 1500 used to fill the base trench 1300,
such as by depositing a layer of a heavily doped semiconductive material of the first
conductivity type, such as p* doped polysilicon. The third insulating layer 1602, such as a
. nitride layer, is then formed over the base connector layer 1600.
Refetring now to FIG. 17, therein is shown the structure of FIG. 16 after a photoresist
-25  layer 1700 has been deposited and processed. The photoresist layer 1700 defines an area over
the base trench 1300 shown in FIG. 14, which has been filled by the collector structure 1400,
the emitter structure 1402, and the compound semiconductive layer 1500,
Referring now to F1G. 18, therein is shown the structure of FIG. 17 after formation of
a base structure 1800. The third insulating layer 1602, the base connector layer 1600, and the
30  compound semiconductive layer 1500, all shown in FIG. 17, are etched using the photoresist

layer 1700 of FIG. 17. The base structure 1800 comprises a base layer 1804 formed from the

compound semiconductive layer 1500 and a base connector 1806 formed from the base
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9. The nethod of manufacturing a |ateral heterojunction bipolar transistor
as claimed in claim6 further conprising: 5 formng a window in the first
insulating | ayer to expose a portion of the sem conductor substrate; and
formng a base trench in the first silicon layer to forma collector |ayer
and an emtter layer fornms a collector |ayer over the exposed portion of

t he sesrinnectdubyer 1 &WbsAn anmizing cap 1868 tit Eormiedyoser thedrase bieudtimest80D g at i ng
| ayer. 10 .10. The t ho f manufacturing a | ateral heterojunction bipolar
transi@?&”‘g@s\gﬁ% Heril%ogi aim9 wherein formng a base structure in the
base {1 enchR{@pify bt AId. 3b, Bereh 1o E0Am A sthlondi €38 FIONE for formari
"silicon-germni % Si icon-g’ern’rae'rﬁrli usm car bon? zf% congl?nat%rﬁsoﬁnhaelpgg .11,
A | at eaminshiatieg cpacec POk dochab arnitridengiasdror Tieoimpriating gpackb 190G énfocmadiuct or
substrat e; gﬁfi rst insul %toi ng | ayer c%éer__the sem ondl;lqt or substrate; a
first ¥PPRdHy hasy strugiyer | 50ResYeh @8 by; depatiting Adavenpbinsulaling satgriabnishiah t he
First Sihde o ey elchind o 48 A B o SMh e GRUIBGE SpackPYSI0, @
sem.con uct’lgl\[l;uehql ayecr[ngn tﬁgb‘g‘?&gﬁﬁ‘%ﬁ the base t‘r?en(l':"k1 t% }?%:rm%foéol | ect or
struct ur e Z2Refemrinpamivatt Fid. 20, theeeic of dheohahe btayeure afi HIGN] Sedfidr fernasion wt ur e

in contact with the emitter e structure of a conpound
2

l.aver b
sem coRgURHPYEcopiacE oty lgtery] %géé&?-r iﬁ% Rontagts pystfermed, By pividing e 1D | ayer :
and a ht : ' e ' ' r to
The ColyHO0! ynith i€ RIRRA i ORAmolY, B depdfitnd i SAIEEL il B Shitl 6 SAHET 10
| ater aindéice rpeyfonaingon CMI ptaesst toapisnaize rthasippdrasuntace bhtte! AiDrialdr 206 ei n
the base structure conprises a conpound sem conductive material of sjlicon

and at I'heHd? layge2¥i0 isithengypcssesdiadpommholes thag avw-lylsd with & rendiclivhmaterial,

conbi ngt. . . | At | | i ar transistor as

cl ai m%c?%@@&%ﬁi?)mﬁ %Ylﬁz ﬂ?o‘%{.lﬁg%soél %&%ﬁ%gpg%rmgg%?tlgg ‘e conprises a

| i ghtly dopacdilecie osdat t2002 isridrgict dly fiiting afHdléSthr@jghdﬂietILDilbyErtZﬂpe that6
comes into contact with the collector layer 1302. A base contact 2004 is formed by filling a

15 hole through the ILD layer 2000 and the insulating cap 1808 to the base structure 1800. An

emitter contact 2006 is formed by filling a hole through the ILD layer 2000 into contact with
the emitter layer 1304. The collector contact 2002 and the emitter contact 2006 are on
opposite sides of the base structure 1800. The insulating cap 1808 and the insulating spacer
1900 are used in this device to enable use of standard self-aligned contact processing
20  techniques thereby further reducing the size of the lateral HBT 1100.
| Referring now to FIG. 21 therein is shown a flow diagram of a method 2100 of the
present invention. The method 2100 comprises a block 2102 of providing a semiconductor
substrate; a block 2104 of forming a first insulating layer over the semiconductor substrate; a
block 2106 of forming a first silicon layer over the first insulating layer; a block 2108 of
25  forming a base trench in the first silicon layer to form an emitter layer and a collector layer; a
block 2110 of providing a semiconductive layer on the sidewalls of the base trench to form an
emitter structure in contact with the emitter layer and a collector structure in contact with the
collector layer; a block 2112 of forming a base structure of a compound semiconductive
material in the base trench; a block 2114 of forming an interlevel dielectric layer; and a block
30 2116 of providing a plurality of connections through the interlevel dielectric layer to the

emitter layer, collector layer, and base structure.
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the first silicon | ayer conprises a heavily doped seni conductive nmateri al

of the second conductivity type; and the sem conductive |ayer on the
sidewal | s of the base trench conprises a lightly doped sem conductive
material of the second conductivity type. 5 14. The lateral heterojunction
bi pol ar transistor as clainmed in claim1l wherein: the first insulating

| ayer has a“ﬂmllndbwnvgmeomlmé)ean pl@mnbgtth 1mtomhne:t®amudommd't0dressmbd¢s; étie; and
t he base, trenc silicon er for a. colleci | ayer over t he

f|r
exposell BoFTTaopf thitdnain lsoet drodlbaionss B Na e il B St ver
the fihgte danedsitatdneh 1@3&9&' théffere Bigg |dk&ibn A &oRIiMA ftft%‘nﬁ’élﬂah%
transistor as clainmed in claim1 erein the base structure conprises a
conpouerdbsiesrald snchueltdruaivent modlﬁlcatm‘nssaﬂd caoiatiang veltich éﬂbwlthmethefSpirit and
si |l j con-qger iu iIicon-g ,rani um ¢ and c i natj ons thereof. 16.
A 1t crape bty SRt AT ol TP er s TORS HerShor pEPG on 1hs ACoBRETRBCT or
subst r&%amﬁgs afe fol BeShteRROLY & Mllﬁﬁtrﬁtmeand%oflllﬁﬁhné Qéﬂéle ating |ayer over the .
sem conductor substrate; a first silicon |ayer a second conductivity
‘type over the first insulating |layer; a base trench in the first silicon
| ayer to forma collector layer and an emtter layer; a silicon spacer of
the second conductivity type on the sidewal k of the base trench to 20 form
a collector structure in-contact with the collector |ayer and an emtter
structure in contact with the emtter layer; a base structure of a conpound .
. sem conductive material in the base trench; an interlevel dielectric |ayer;
and a plurality of connections through the interlevel dielectric |layer to
the collector layer, 25 the emtter |ayer, and the base structure. 17. The
| ateral -heterojunction bipolar transistor as claimed in claim 16 wherein
the base structure conprises a conpound seni conductive material of silicon
~and at | east one of silicon-germanium silicon-germani umcarbon, and
conbi nati ons thereof. 18. The | ateral heterojunction bipolar transistor as
claimed in claim16 wherein: 30 the first silicon layer conprises a heavily
doped sem conductive material of the second conductivity type; and 17
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t he sem conductive |ayer on the sidewalls of the base trench conprises a

| ightly doped sem conductive material of the second conductivity type. 19.
The | ateral heterojunction bipolar transistor as clainmed in claim16
wherein: the first insulating |layer has a wi ndow to expose a portion of the
sem conductor 5 substrate; and the base trench in the first silicon |ayer
forns EHEdNI\ﬁiNHON@MIS the exposed portion of the seniconductor
substrate d an,emtte er r.the first .insul ating 20. The

| at er al r 0j uﬁctni’cﬁ\ C{) Ofﬁﬁn fatcﬁ’ﬁ@rgsf‘oﬁat%f c‘}eéﬁf%a“f% &I%C?i?ﬁ 1ENFHEF ei n

t he .106(9@@@5@ ructure conprises a conpound semni conductive material of
silicon and at |east one of silicon-germanium silicon-germani um carbon,
and conbi napiogiténg heangiodndut®r substrate;

Au, A&Y. AqY AY. AUY. A &u. A&. AY. AY. AY. A A&Y Au Au. A&Y7BRe @QJR {
7<85) xsni d_PPRHELT ﬁ]né‘gl]a@%ﬁ l T RR e S LCOP ST %r] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] calmal ﬁo@hfsahﬁearpa]@r&]v@aih@qﬂraﬁﬂiﬁéqa yer;

VI#(**-.}xsnid ca] ca] ca] ca] ca] ca] ca] ca] ca] €ajca] ca] ca] ca] ca] ca] cajca]calc
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forming the first silicon layer forms a heavily doped semiconductive material of the

second conductivity type; and
providing a semiconductive layer on the sidewalls of the base trench provides a lightly -

25 doped semiconductive material of the second conductivity type.

4. The method of manufacturing a lateral heterojunction bipolar transistor as
claimed in claim 1 wherein:

forming a first insulating layer over the semiconductor substrate further comprises:

forming a window in the first insulating layer to expose a portion of the

30 ~ semiconductor substrate; and
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15 layer;
férming a silicon spacer of the second conductivity type on the sidewalls of the base
trench to form a collector structure and an emitter structure;
forming a base structure of a compound semiconductive material in the base trench;
forming an interlevel dielectric layer; and

20 providing a plurality of connections through the interlevel dielectric layer to the

collector layer, the emitter layer, and the base structure.

7. The method of manufacturing a lateral heterojunction bipolar transistor as
claimed in claim 6 wherein forming the base structure in the base trench forms a compound
semiconductive material of silicon and at least one of silicon-germanium, silicon-germanium-

25  carbon, and combinations thereof.

8. The method of ménufacturing a lateral heterojunction bipolar transistor as
claimed in claim 6 wherein:
providing the semiconductor substrate provides a lightly doped semiconductive
material of a first conductivity type;
30 forming the first silicon layer deposits a heavily doped semiconductive material of the

second conductivity type; and
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11. A lateral heterojunction bipolar transistor comprising:
15 a semiconductor substrate;

a first insulating layer over the semiconductor substrate;

a first silicon layer over the first insulating layer;

a base trench in the first silicon layer to form an emitter layer and a collector layer;

a semiconductive layer on the sidewalls of the base trench to form a collector structure
20 in contact with the collector layer and an emitter structure in contact with the

emitter layer;

a base structure of a compound semiconductive material in the base trench;

an interlevel dielectric layer; and

a plurality of connections through the interlevel dielectric layer to the collector layer,

25 the emitter layer, and the base structure.

12.  The lateral heterojunction bipolar transistor as claimed in claim 11 wherein the
base structure comprises a compound semiconductive material of silicon and at least one of

silicon-germanium, silicon-germanium-carbon, and combinations thereof.

13. The lateral heterojunction bipolar transistor as claimed in claim 11 wherein:
30 * the semiconductor substrate comprises a lightly doped semiconductive material of
a first conductivity type;
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}109% & () - the%ase (thencH @R the first silicon layer forms a collector layer over the exposed

portion of the semiconductor substrate and an emitter layer over the first

10 insulating layer.

15.  The lateral heterojunction bipolar transistor as claimed in claim 14 wherein the
base structure comprises a compound semiconductive material of silicon and at least one of

silicon-germanium, silicon-germanium-carbon, and combinations thereof. -

16. A lateral heterojunction bipolar transistor comprising:
15 a semiconductor substrate of a first conductivity type;

a first insulating layer over the semiconductor substrate;

a first silicon layer of a second conductivity type over the first insulating layer;

a base trench in the first silicon layer to form a collector layer and an emitter layer;

a silicon spacer of the second conductivity type on the sidewalls of the base trench to
20 form a collector structure in contact with the collector layer and an emitter

structure in contact with the emitter layer; |

a base structure of a compound semiconductive material in the base trench;

an interlevel dielectric layer; and

a plurality of connections through the inferlevel dielectric layer to the collector layer,

25 . the emitter layer, and the base structure.

17.  The lateral heterojunction bipolar transistor as claimed in claim 16 wherein the
base structure comprises a compound semiconductive material of silicon and at least one of

silicon-germanium, silicon-germanium-carbon, and combinations thereof.

18.  The lateral heterojunction bipolar transistor as claimed in claim 16 wherein:
30 the first silicon layer comprises a heavily doped semiconductive material of the

second conductivity type; and
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the first insulating layer has a window to expose a portion of the semiconductor

5 substrate; and
the base trench in the first silicon layer forms a collector layer over the exposed
portion of the semiconductor substrate and an emitter layer over the first

insulating layer.

20. The lateral heterojunction bipolar transistor as claimed in claim 19 wherein the
10  base structure comprises a compound semiconductive material of silicon and at least one of

silicon-germanium, silicon-germanium-carbon, and combinations thereof.
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