*166166* - 9 DEC 2005 METHOD FOR FABRI CATI NG HETERQIUNCTI ON BI POLAR
TRANSI STORS BACKGROUND The present inventi nerally to -g DEC 2005
sem conduct or devices and, nore particularl@MMM @W@@mﬁrunction bi pol ar
transi stors and nmethods of manufacturing th . advances in

hi gh- speed comruni cations and digital signal pr8&tssing, there is a
correspondi ng need for inproved bipolar transistor characteristics. For
exanpl e, in or dyETAOTFORFABRIGA THES mfmmﬁh@cmjy ?ﬂ%LﬂRﬁPRRN@ISTORS
frequency, the base region of the transistor shou e as thinas™ _
possi ble. On the other hand, the highest possible frequency of oscillation

I s achi eved wh Ei’(‘?i pase resistance is as small as possible. For a
bi pol ar transi %6 h il equi rements are at odds with one anot her

because the base resj : f oG [ ts thickness. decreases.

Si | i con- ger mani um (§§e‘§ %g% fg?gﬁﬁtgér?]acrte}age% g%ﬁ%gﬁ)égssf ﬁcr?g?ig‘ftgrr (BTG rYi de
signi ficant | eveirtd@arly)td heteroflicticiobipolar Ghnsidisys bh@RSiol 96 Fmatthétulifdhe
intrinsic base 15 resistance. This is largely due to the fact that tThe base

dopi ng in an HBM ansistor (e.g., with boron) can be increased V\/Hhoyt
degradi ng the em tt g4 nlHect efficiency. Furthernore -boran diffusion
i ngSi Ge is |ower th:\?]htlhﬁ%gl Cle%g%}flglf ﬁ%eregﬁfl%fwf?{l?Wﬁ 181 lﬁﬂﬁg‘%ﬂ%‘}eés‘{%at
are highly dopaterg$ a ¥éridipbiting Resdaut fhigved iaysIMatansBior Shirddlefifils. For

fabrication technol ogy does present certain procéss integration problems.
For instance, SXample, megrgertatobiain theibighestaiossbleSnity-ghimyoutofl Sequenty; ahd hast he
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possible frequency of oscillation is achieved when the base resistance is as small as

possible. For a bipolar transistor, these requirements are at odds with one another
because the base resistance thereof increases as its thickness decreases.
Silicon-germanium (SiGe) heterojunction bipolar transistors (HIBT) provide
"'.signiﬁ_cant leverage in the fabrication of npn transistors with low intrinsic base
15 resistance. ' This is lérgely due to the fact that the base doping in an HBT transistor
| (e.g., with boron) can be increased without degrading the emitter injection efficiency.
Furthermore, boron diffusion in SiGe .is lower than in silicon, thereby resulting in
transisto‘rs that are highly doped but with thin basewidths. However, existing HBT
fabrication technology does present certain process integration problems. For
instance, a low temperature epitaxial Si/SiGe layer is typically the first layér grown |
after an active area_is defined for a transistor. Once formed, the Si/Ge layer is
subsequently subjected to multiple thermal cycles and dopant implantation during the
formation steps of the remaining elements of the transistor such as the deposition of
oxide layers, nitride layers and the emitter. As a result, a doped base layer (e.g., with
25 boron) is subjected to unnecessary diffusion which may ultimately cause an increased

basewidth, even if the as-grown base layer is thin.
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l'y subjected to nultiple thermal cycles and dopant inplantation
ZﬂP?ﬁgufﬂg yforniation st eps of ?he remai ni ng el enents of the trans!stbgDECM%
such -as the deposition of oxide |ayers, nitride layers and the emtter. As
aresult, a doped base |ayer (e.g., with 25 boron) is subjected to
unnecessary diffusion which may ultimately cause an increased basew dth,
even if the as-grown base layer is thin. 1 *@G0002* - 9 DEC 2005 BRI EF
SUMVARY The abogﬁﬂﬁbg nd other drawbacks and deficiencies of the
prior art are overcone or alleviated by a nethod. for fabricating a

het er oj uncti on bi pol Fie dboaBaisshsBEd attPAhAUrEPhIRE b déﬁ@%ﬁia@%ﬁpﬁgﬁoﬁﬁ@aﬁ% os

regions. In an exenplary enbodi nent of the I nvention, e ne . .
fo?m’ ng a sil i cowregseenallavialedpya ngshed for fativichting £hettrofunctibh bipehr eahdias al

I defi ni the collector region.  An.oxide stack is formed upon the
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| ayer defining the emtter reg CEHl
ca\);i ty is for ndfdmaddeithit ties oxidecackt atk bagiteavith extehds Tadeallyde nmgg‘iiﬁ’tﬁeo?

formed. In addition, a collector dopant material is ioni ca?fy_ I mpl anted
into the coll e(t,lﬁeb‘?m'r“@b?llﬁ'ﬂngpﬁ glicoroeermaniunyenitaaiad layerio grayen withinthe base

cavity, the silicon-germanium epitaxial layer defining the base region. Finally, a
polysilicon layer is deposited upon said silicon-germanium epitaxial layer, the
polysilicon layer defining the emitter region.

In a preferred embodiment, the base cavity is formed afier the oxide stack and
the nitride layer have been formed. Tn addition, a collector dopant material is
ionically implanted into the collector region, prior to growing the silicon germanium
epitaxial layer within said base cavity. Extrinsic base regions, comprising areas of the
base region which extend laterally beyond the width of said emitter op'ening, are
formed by removing portions of the oxide stack and the nitride layer. Then, boron is

ionically implanted into the base region, following the formation of the extrinsic base

regions.,

BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the exemplary drawings wherein like elements are numbered
alike in fhc several Figures: |

Figures 1 through 6 are cross-sectional views illustrating an existing process

for the formation of a heterojunction bipolar transistor;



epi taxial layer wthin said base cavity. Extrinsic base regions, corrp% ch @@5
areas of the base region which extend laterally beyond the width of said
emtter opening, are formed by renoving portions of the oxide stack and
the nitride layer. Then, boron is .ionically inplanted into the base
region, following the formation of the extrinsic base regi ons. BRI EF
DESCRI PTI ON OF THE DRAW NGS Referring to the ex?arrpl ary dra\llzm ngs Wnirt?lhn ]
| i ke el'ements are nypber alike in the several Figures: Figures 1 through
6 are cross-secti on&l8Wg ia@smtpmma%-m@om{ vésy of amaptive grasdfor thedprmation of

formation of a -0 ' ' transi,.stor;, 2 - C 2005 F.i_gure?
illustrates a %pgttsegdj%clﬁtg ﬁ%ﬁp&?ﬁr%ﬁ%tﬁFgﬁﬁ%@gl{%&fér,&aé%@(ﬁ?m{ BIW| on of
a heteroj unct i gstokiaped withah ambbident any,bq}g,eﬁ%ﬂ;ect or, ba_se and_ emtter
regions, in accordance with an enbodi nent of the invention; Figure 8

il lustrates the depBigura Hillusirates thodepasition dfayellecipolaytrpoadhé sutivaara shown
in Figure 7; Figure Q.illystrates the deposition of oxide and nitride
| ayers thereup“%;wr’l:'in lﬁlge¥0 illustrates the formation of an emitter cavity

within the nitride FauRso IRSeUE the dEld3HoR q?oﬁﬂi@_aﬁﬁmﬁhﬁia%}sﬁ erbfpel ; Figure

11 illustrates the formati on of a bdse cavity within the omge ayeér; _
Figure 12 il ustr atEigurehld illostratesitbmfonmatiothafen dmiyter cavity lwithit te dinide Igeyi ty
shown in Figure 11; Fand iagclllre 13 i)Jlustrates the formation of an emtter
layer and t he %’BWB igure, a photoresist layer; :

Figure 11 illustrates the formation of a base cavity within the oxide layer;

Figure 12 illustrates the formation of a base layer within the base cavity shown
in Figure 11; and

Figure 13 illustrates the formation of an emitter layer and the doping of én

extrinsic base.

DETAILED DESCRIPTION

Figures 1 through 6 illustrate an existing process for fabricating a
heterojunction bipolar transistor within an active area 10 of a substrate 12. As shown
in Figure 2, a silicon film 14 is ﬁrét grown within the active area 10 of substrate 12, in
which a collector region is eventually defined. Then, a boron-doped silicon-
germanium (SiGe) layer 16 is grown on the silicon film 14 immediately thereafter,
thereby forming a heterojunction between the SiGe layer 16 and the Si film 14.- The
base region of the transistor is eventually defined within the SiGe layer 16.

A pure silicon cap 18 is then grown atop the SiGe layer 16 so that a high-
pressure oxidation layer (HIPOX) 20 may be formed, on the cap, as shown in Figure 3.
Then, a hitride layer 22 is formed upon the HIPOX layer, after which another oxide
layer 24, typically a tetracthoxysilane (TEOS) layer is then deposited.

Referring to Figure 4, in order to form the emitter region, a targeted area of the



extrinsic base. DETAI LED DESCRI PTION Figures 1 through 6 illustrate aB[ECZWS
exi sting process for fabricating a heterojunction bipolar transistor

wi thirn an active area 10 of a substrate 12. As shown in Figure 2, a
'S|I|con film1l4 is first grown within the active area 10 of substrat e 12,

in which. a collector region is eventually defined. Then, a boron-doped
silicon germanium (Si Ge) |ayer -16 is grown on the S|I|con film14

i medi h f . n tero otlon etween . the Si Ge
ayer 16 and t REOS 26 pit e 8 2T rdih Gy AehorDy or Gt msreishine

event ual |y def icgBlqué, héiNad fiRadivElod AYR[RIES, inéred ¢ bfoddting SRnfiR ohdain 26"C"
grown atop the SlGe Iayer 16 so that a - pre ureo 9’

(H POX) 20 mayTheemitemepening124 seompintedaftes aoven eich oFitlg P BX lay'EFlQ@ dufing

tride | ayer s for.ned on the H POX | ayer, after which another OXIde
P;yelr 24, %/ypl %’ﬁ! W POTHioR ?féﬁg RSP FaPa§ds camsumied; Zysbpuldalsoanddehibet thed.

re t ed ar ea
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vertical |y oriantmiitet isplepeditet iwithin ﬂﬁ@hﬂﬂtatt@emﬁg(zb {48 sAfaBatdd BebB etch

RIE), thereby, producing an emtter. opening 26. The emtter opening 26 is
((:o rrpl) eted af t loPingisdyrically nerforped by lpmxnph»p@txonﬂhe ifoplanigtioh alsh pengtatinhg on  of

th licon c h 0 t hat, .t he tter
openi ng 261 o ot Byl SaERRRUTRE i BT Tt heatitlion i afimay be
Before an emdep&mtdd&vxdﬁﬂ@ﬁmtwi‘dp&mﬁim@ afs ) Fl@ﬁreqqulhzﬂﬂl fice érﬁﬁter 28 is
sel f-aligned coll ector &2 g Is typically performed by 1"6n i nplantation,

the i npl ant at i9SROsitedothg @xider28; 2hend fitite 22Hayerelampgitergpd tivbetShd@avimyse | ayer
16. Then, the eRBJ)Qiﬁé L:)'(tﬁﬁgic %Ege a&eea 36%&'}&8}/&6 ?hen ionically 1mplanted with boron.

It will be appreciated that the SiGe layer 16, being formed early on in the
‘above described exxstmg process, is subjected to several thermal cycles resulting from
the HIPOX 20, TEOS 24 and nitride 22 layer depos1t10ns In addition, the collector
jon implantation is also performed through the boron doped base regions. Thus, as
stated earlier, the combined effects of the thermal annealing cycles and ion
implaﬁtation result in undesired boron diffusion and large basewidths in the base
region.

Therefore, in accordance with an embodiment of the invention, a sequence of
processing steps for the fabrication of a siliéon-gennanium heterojunction bipolar
transistor is shown in Figures 7-13. Referring initially to Figure 7, an active area 110
for a transistor device is defined in a silicon substrate 112 . The active area 110 is
positioned between shallow trench isolation (STI) areas 114 and silicon film layers

- 116 to define a bipoiar cavity 118,

As shown in Figure 8, a first low-temperature epitaxial silicon layer 120 is
then deposited, completely overfilling the bipolar cavity 118 and overlying the silicon
films 116. The first low-temperature epitaxial silicon layer 120 may be deposited by



ited within emtter opening 26, as shown in Figure 5. Finally, once
gﬁf?feﬁ 28 i s deposited, tﬁe oxigde 20, 24 and nitride 22 layers are -9 DEC 2005
patterned and etched away, exposing extrinsic base areas 30 which are then
ionically inplanted with boron. It will be appreciated that the SiGe |ayer
16, being fornmed early on in the above described existing process, is ,
subjected to several thermal cycles resulting from the H POX 20, TEGCS 24.

Ftri d Jiti . dition, the collector ion
"l ant at i on 1 SGFGB! PERF BrMsHoDhuslgR oY il caupaianion apen dspsiionhus,
et Al . 1 he el nneal i ng cy
and Ton i mpl atc e on SRR AGEBaR ek IHAARITY SRS Aedcigebi of

basewi dt hs i n_theeHBasemnsistoyiwdll be Gbfuedfitherein, i n accordance with an enbodi ment
of the invention, a _sequence of processing steps for the fabrication of a
si | i con- ger mani um h&t@ey UHEQUeh Lllpgrate the formatios vbbasesing lemitteri cavifieg (bre s

Gevse et | SRYEhED Prc b BicbBl EofiBh oRESICTAL el Reirbeperirientyy °
posi ti oned bet weRigurBlah owiderseik 122 s epbiind u?% fhe Afgﬁﬂ%%-t%%ﬁﬁglﬂa L%ﬁééxgﬁ”a

filmlayers 116 to define a bipolar cavity s shown 1 _
first | gw— t enpéitigenlayeralR0; Bhieaixidsi stack dA2 inmyermp8ige 2 singlehendclepasirs ed,

s 116 ey b PR 8ok Tt Fi srananln b mifiagark 12bony be
doposi {0, by doomiBR-2RCinc 2k K oRRE EHRBCHer 5D e Bt i,
deposi ti on nea®ke orEnestietdethoxysihiee CBEOBKInyers t 2isach fmay beapyBEdbyassi st or
will be defi ne&cgsjﬁ% Eliasnma enhanced (LP/PE) techniques.

_' The oxide stack 122 will eventually be etched out to form the base cavity that
will contain the SiGe base Iaiyer. Therefore, the thickness of the oxide stack 122 is at
least as thick as the desired thickness of the base layer, which may range from about
l5'0 to 500 angstroms. Preferably, the thicknéss of the oxide stack is about 75 to 125
angstroms and, even more preferably, about 100 angstroms.

A silicon nitride layer 128 is then deposited over the oxide stack 122. The
silicon nitride layer 128 has a thickness of about 1 to 10 times the thickness of the
oxide stack 122, and preferably about 3 to 7 times the thickness of the oxide stack
122, Most prefefably, the silicon nitride layer 128 is about 5 times the thickness of
the oxide stack 122, Thﬁs, if the oxide stack 122 is chosen to be about 100 angstroms
thick,. then the silicon nitride layer 128 is about 500 angstroms thick. The silicon
nitride layer 128 may be deposited by chemical vapor deposition techniques, such as
low pressure chemical vapor deposition (LPCVD), plasma-enhanced chemical vapor

' depositidﬁ (PECVD), or high density plasma chemical vapor deposition (HDP-CVD)
techniques. Both the oxide stack 122 and silicon nitride layers 128 are insulating

layers.



Figures 9 through 11 illustrate the formation of base and emtter' cavities
(or openings), prior to the actual deposition of a Si Ge base Iayer.-g[ECZM5
Referring specifically to Figure 9, an oxide stack 122 is deposited upon
the first lowtenperature epitaxial silicon layer 120. The oxide stack 122
may conprise a single oxide |ayer or, alternatively, a-plurality of oxide
| ayers. For exanple, the oxide stack 122|cou|dt gonp:hse one or nn;e hi gh
ressure oxidation (H POX) |ayers 124, alternated w one or nore
F et raet hoxysi |l ane ( ( X)gdSP@f@ Figge 18, gresiskpatigybok3 Odp pbsitidndsyovienthe silicens ur e

| asma enhanced,; / i e oxide stack. 122 will eventually be
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the desired thickness of the base |ayer, which nay range from apout to
500 angstroms. Sicatedtyns siching techmiqud seaisasofreadtive dori eteh RIE)kmaybadiilided 75 t 0

d, eferably,. about 100.,angstrons. A silicon
v tride ayer 1080 FR s i Siaron e Sniererig do. todrs e si 1 cor
itride | r HoY ' | gkness o
LT de, L aver \iphafreiihk Besy Al horkolsf e ARG IleBIAEES, |
t he oxi de st aclimplapfatiovdirecthy thfaighlthe/oxiddetacki 122con nitride |ayer 128 is

about 5 tines the thickness of {the oxide stack 122. Thus, if the oxide
stack 122 is chosen Y8 Shosrin Highreddgthe ressst pattesn dR) i remevedandsihk ioaisie

itride | [ o jlicon nitride |ayer

128 may be. depacey oo by oran LPRIEkEPBR WAl ffhind SFudl oehérie-iskliniel . Y Gl

pressure chem -cwlﬁngquoceﬁgieﬁcas td fog![n a(HalEKMD)ty lﬁh'agglﬂ%t\?gﬁo@qgaetgmosi tti:%Jr:lh WAapor
It PECVD) ,  or, ensi ashma chem cal : t]
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128 are insul aphdfinde @48 sticon nitride layer 128, such that the resulting base cavity 134 is

' wider than the emitter cavity 132. -The base cavity 134 will be filled with (and
therefore define the dimensions of) the base layer material. The extent to which the
III)ase cavity 134 is etched wider than the emitter cavity 132 is determined to be in
accordance with the desired extent of the extrinsic base area.

The wet etch may be performed with a chemical such as with a buffered
hydrofluoric acid (BHF) solution (about 40:1) or other suitable etch that provides a
suitable degree of oxide to nitride selectivity according to the degree of over-etching
desired. In this manner, base cavity 134 can be created, while at the same time
maintaining the integrity of the emitter cavity 132 geometry within the silicon nitride
layer 128, | o
' Referring now to Figure 12, a silicon-germanium (SiGe) base layer 136 is then

grown epitaxially in base cavity 134, thereby defining a low-temperature silicon-
gennaniﬁm.epitaxial layer 136. During the growth of the low-temperature silicon-
germanium cpitaxial layer 136 within the base cavity 134, it is expected that some

overflow of silicon-germanium up into the emitter cavity 132 may occur. The



5 - 9 DEC 2005 Referring now to Figure 10, a resist pattern 130 is
positioned over the silicon nitride |ayer 128, using photol |thograp..h%/togg 2005
techni ques. The resist pattern 130 is used to define and etch an eni
‘cavity 132 within the silicon nitride layer 128. A vertically oriented
type etching technique, such as a reactive ion etch (RIE), maybe utilized
to formcavity 132. After the formation of the emtter cavity 132, the
first low tenpe({?;tur,e epitaxial silicon layer 120 (coll ector region) nay

then be doped, 45posiien of piiedniodhe basegryisct Wﬂ%mbmvglﬁédmdbowhdlgiaal gztho; 122.
Next, as shown 4 I - t resist _pattern.130 is remyed_an e
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be noted that tuhe v\}(egt1 etch will "ogoer-eptcﬁ_" and t ethP?/ ext.e_rlé_.(_é&iat erally
beyond the wi dichemicat vapoe deposision (BBCYIP),1@2high dembityplestmadicmicl vigoen ni tride
| ayer 128, suc thatt the r \{ing base cavity 134 is wider than the
emtter cavity RO Y avity 134 will be filled with (and "therefore.

define the di nensio ' : -1 e nt to which the
base cavity 134 is ot %ﬁ%lfwﬁﬁggﬂﬁﬁgﬁﬁgﬁéogﬁh&ﬁ@% ‘gg@%?ﬁ%@ﬁ@%ﬂ‘@ﬁﬁﬁed
to be in accotainduee adavhtetiperaties iepitakyd KTENGS the Sidemaretial Wihie tﬂéﬁﬁe%ﬁﬂr

The wet etch bg perforimed with a chem cal such as-with a buffered
hydr of | uori ¢ gg?ﬁ ?e&g cglé{r{&ri"b’th gt & femperaturespnd pressures displays @ sultstantislhat

e o e A A R RSl AR
created, whil eSiffe glowtls sates dvenerystatiine tidicon, nig: Sie grmnﬂgﬁ‘oﬁlfe it R vagd tter
cavity 132 geogz?\;i{y 1 S\QAuthérge:;[tﬂ %esslilliclo%%?trircliia Earylerd 1628 (lv%}/heaglg %szsu'bstantially identical
o | to that directly under the emitter cavity 132. Thus, it will be appreciated that the
growth of the SiGe base layer 136 may be delayed until after the formation of the
| oxide and nitride layers, as well as after the doping of the collector region. Once
.tl‘orme_d, the base layer 136 then is doped, preferably with boron grown in situ. The
base layér 136 is then provided with an intrinsic silicon-cap 138. Because of the
nucleation lag, there is little or no growth of the SiGe base layer 136 on the emitter
cavity 132 sidewalls.
Finally, as illustrated in Figure 13, a polysilicon layer is deposited into the
emitter cavity 132 so as to form the emitter 140. The deposition of the emitter 140
may overflow the emitter cavity 132 ﬁnd blanket a portioh of the surrounding silicon
nitride layer 128. Portions of the emitter 140, nitride layer 128 and oxide layer 126
are then etched away so as to expose an extrinsic base 136a. The extrinsic base 136a
is further shaped by lithography and then doped with boron or boron difluoride, as
shbwn iﬁ Figure 13 by dotted lines 142.
By fonhing the base cavity 134 and depositing the base layer 136 after the

formation of the HIPOX, TEOS and silicon nitride layers, the base layer 136 is not



Referring now to Figure 12, a silicon-germanium (Si Ge) base | ayer 13qJ S
then grown epitaxially in base cavity 134, thereby defining a =3 DEC 2005
Jlowtenperature silicon- germani umepitaxial |layer 136. During the growth

of the |l owtenperature silicon- germanium epitaxial layer 136 within the
base cavity 134, it is expected that sone overflow of silicon-germani um up
into the emtter cavity 132 may occur. The 6 - 9 DEC 2005 deposition of

SiGe into the i1 : be carried out hem cal vapor
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Si Ge growth al adebRiihENPLpRIITER FAdoRLERSMETNEP! ays a substantial

nucl eation | ag over 0XlIdes an trides, '€ ST'mul t aneously providing
significant SiGe. giWhiteithe atvestiamens beeryddsatibddngitts tdféreds tolalifRefire® or owt h
and profile in tge Jbase, cavity 134 underneath the silicon nitride |ayer
128 over hang i €MEQdjEeRh it il be ynderstord Ay thase skillad irdihe @uithat varides cliahgesamayt t er

ayer 136 my beradl sty EaBR GEL BRI Rl bR s Wil dahre.
nitride | ayer sfromshewddpe as thefihesntioheIndaditig, flany ﬁﬁd&mati&ﬁéxgﬁy bEMaBPo OnCe

formed, the basg |ayer, 136 then is doped, preferably wt oron grown in
situ. The bas¥apLyBirtigwlgr situationor matsiislde thedeadhings of therinweitionsvitiomon cap

138. Because ofephlifo S iRALL | here 4.s little or rowth of the-
Si Ge base | ayerepnglgon ! Irt] & e%ﬁ%tﬂflles?gpe trhex%of Therefore, 1t1s mten%%d?ha?%e 1nvent19n
not be limited to the particular embodiment disclosed as the best mode contemplated

for carrying out this invention, but that the invention will include all embodiments

falling within the scope of the appended claims.



cavity 132 sidewalls. Finally, as illustrated in Figure 13, a pons%#%ngMS
| ayer is deposited into the emtter cavity 132 so as to formthe enmt
.140. - The deposition of the emtter 140 nay overflow the emtter cavity 132
and bl anket a portion of the surrounding sBlicon nitride |layer 128.
Portions of the emtter 140, nitride layer 128 and oxide |ayer 126 are

t hen etched %ﬁggmgg as to expose an extrinsic base 136a. The extrinsic base
136a is furt aped by lithography and then doped with boron or boron
difluoride, as shown in Figure 13 by dotted |lines 142. By form ng the base
cavity 134 and depositing the base |layer 136 after the formation of the

H POX, TECS dnd si IA methodifor fabidcdting artefrojunetidatsansistorgthe hidhodscomaprising: - 9
DEC 2005 exposed to the thermal cycles resulting therefrom Furthernore,
the collector inplantation is not perforned through the boron doped base

|l ayer 136, but rather isforatiig 9&iech b@lfdéfo@ré%% &A6RIalFYiBbn 2 36bdtBrEVen
deposited. Therefore, there is a substantially reduced boron diffusion
during the manufacturing process and, accordingly, a production of a |ow
basewi dt h device. Wile ¥ j j jth reference to
a preferred enbodinent, hit}tﬁm\}\%]?{fﬁ%{élgﬁ%%%?esﬁg%g S%g%tgﬂ%és?g‘drgw’r ed in the art
that various changes may be nade and equi val ents nmay be substituted for

el ements thereof w thout ting .fromthe scope.of, the.inyention. In
addition, nany nodificat figﬁglgérﬁ?/o %‘%‘H@"&? POmﬁ?fsé“dp’é‘F‘ﬁP% &YFTsi t uati on
or material to the teachings of the invention wi thout departing fromthe

essential scope thereof. fTheref ore, it is intended that.-the invention

/ orming a cavity within another portion of said insulating layer, said

cavity extending laterally beyond a width of said opening;
forming a SiGe base region epitaxially within said cavity; and

depositing a polysilicon layer within said opening, said polysilicon layer

defining an emitter region.

2. The method of claim 1, wherein said base region further comprises a silicon-

germanium layer grown within said cavity.
3. The method of claim 2, wherein forming said insulating layer further comprises:
forming an oxide stack upon said collector region; and
forming a nitride layer upon said oxide stack.
4, The method of claim 2, further comprising:

ionically implanting a collector dopant material into said collector

region, prior to growing said silicon germanium layer within said cavity.
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not be limted to the particul ar enbodi ment disclosed as the best rm&e
contenplated for carrying out this invention, but that the inventi© DR 12005
include all enbodinments falling within the scope of the appended clains. 8
- 9 DEC 2005 9 CLAIMS 1. A nethod for fabl@cating a hetrojunction
transistor, the nmethod conmprising: formng a silicon collector region

epitaxially on a.substrate, . form an insul ating | ayer upon said
col l ector region; F?%ﬁ?ng%ﬁlaIBb%ﬁﬁ@ﬂ\ﬁPmPﬁm& portion of said insulting
| ayer; formng a cavity within another portion of said insulating |ayer,

said cavity extending laterally beyond a width of said opening; formng a
Si Ge base region epitaxi dmyngicktingicskase regions, paidaaxdringég batet tegipna comprising

G2 base region epi t axi dEynAKINIcskiRa - o signa cor
i Lrer rogion, 2. e SR bofy PGP il G RRL RSO b o B ol

conprises a silicompemagnaid extrihsiy asegregions beingi formed by ednoving pdrtiohlof said
met hod of claim 2, .wherein formng said insulating |layer further conprises:
forming an oxide stl%ﬁ‘,‘%t‘&ﬁgwegai d collector region; and forming a nitride

| ayer upon said oxide stack. 4. The nethod of claim 2, further conprising:
ionically inplanting a collector dopant material into said collector
region, priof-to gr afbofrlaim 5, dentheg cpwprisiogs | ayer within said cavity.

ionically implanting a base dopant material into said base region,

following the formation of said extrinsic base regions.
7. The method of claim 6, wherein said base dopant material is boron.

8. The method of claim 2, wherein said cavity is formed in said insulating layer

through a wet chemical etch,

9. The method of claim 8, wherein said wet chemical etch is performed with a

buffered hydrofluoric acid solution.
10. The method of claim 3, wherein said oxide stack further comprises:
{ at least one high-pressure oxidation (HIPOX) layer; and

at least one tetraethoxysilane (TEOS) layer.
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[ R\LIB E]04478.doc:ed g - 9 DEC 2005 10 5. The nmethod of claim 2, further
conprising: forming extrinsic base regions, said extrinsic base regig C 2005
conprising -areas of said base region which extend |laterally beyond said

w dth of said opening, said extrinsic base regions being formed by
renoving portions of said insulating layer. 6. The method of claimb5,
further conprising: ionically inplanting.a base dopant material into said
base region, following the formation of said extrinsic base regions. 7.

The method of clai mb, whdanethad &orifabmicating a bpisrrjunssion binolarteanpisiophavigg The

met hod of ' cl ai r.ej ol [ LY rared in.said insulating |ayer
through a,wet C léﬁow,sgb&aﬁgg?_%dnﬁb@ﬁ%hg@ N TR “Wwherein said wet
chem cal étch is perfor nRgming i"siﬁcorbé«ﬁifa@faﬂity&’lﬂfoﬂfd éﬂBﬁtfa@e,@&iU@il&%h‘ébitég{[?al 10.

The nethod of claim 3, wherein said oxide stack further conprises:
| east one)'Lhi ghlageredefining tha celtectasmegion;POX) | ayer; and at | easf ‘one
t et raet hoxysil ane (TEOCS) .l aver. [R,\LI 04478. doc: edg - 9 DEC 2005 1. 1. A
met hod fol fabricating afoﬁ@%/lkgrad} ({H‘éet ‘%tﬁ??( oﬁéﬁéﬁﬂﬁoﬂﬁgﬁ@?ﬂaaﬁvi ng -
collector, base and eni t foRid SR ladd? ApbR L@ Ix e BREL;SI ng: forming a
silicon epitaxial l|ayer upona substrate, said silicon epitaxial
_ defining an emitter opening within said nitride layer;
! forming a base cavity within said oxide stack, said base cavity
‘ extending laterally beyond a width of said emitter opening;
growing a silicon-germanium epitaxial layer within said base cavity,
said silicon-germanium epitaxial layer defining the base region; and
~ depositing a polysilicon layer upon said silicon-germanium epitaxial

layer, said polysilicon layer defining the emitter region.

12.  The method of claim 11, wherein said base cavity is formed after said

oxide stack and said nitride layer have been formed.

13.  The method of claim 11, further comprising:
i ‘jonically implanting a collector dopant material into the collector
region, prior to growing said silicon germanium epitaxial layer within said base

cavity.

14,  The method of claim 11, further comprising:
forming extrinsic base regions, said extrinsic base regions comprising

areas of the base region which extend laterally beyond said width of said emitter

opening, said extrinsic base regions being formed by removing portions of said oxide

stack and said nitride layer.

11



| ayer defining the collector region; formng an oxide stack upon said :
silicon epitaxial layer; formng-a nitride |ayer. upon said oxide Sta@kDECZME
defining an emtter opening within said nitride |ayer; formng a base '
cavity within said oxide stack, said base cavity extending |laterally

beyond a width of said emtter opening; growing a silicon-gernmanium
epitaxial layer within said base cavity, said silicon-gernmanium epitaxial

| ayer defining the base region; and depositing a polysilicon |ayer upon
said silicon-germaniumepitaxial |ayer, said polysilicon |ayer defining
the emtter region.  12. et hod of clajm 11, wherein said base cavity is
formed after said 6iidei@%ggﬁmgﬁgcggpg4nh¥¢¥Wﬁ9qmﬂﬂﬂg'have been forned. 13.
The method of claim 11, fobdaimpRibis #RG dopANLEMN i TRAAS Filich, |
col l ector ?opant material into the collector”™ region, prior to grow ng said
sili con ger manfolloweng theformation € saidéextninsicbaserepiaag cavity. 14. “The net hod
of clain11i; further conprising: formng extrinsic base regions, said -
extrinsic base regions conprising areas of the base regi on which extend

lateral ly beyond sajgl W #hdmafhod 3f 15! WhoreBREN Ui adRhfnGithi] AjbfopPase
regions being formed by renoving portions of sald oxi stack and sai d
nitride layer. 11 - 9 DEC 2005 15. The method of claim 14, further
conpri si ngj _ ) .

_ ; 17. The method of claim 12, wherein said base cavity is formed in said

; oxide stack through a wet chemical etch.

18.  The method of claim 17, wherein said wet chemical etch is performed

; with a buffered hydroflouric acid solution.

19.  The method of claim 11, wherein said oxide stack further comprises:
at least one high-pressure oxidation (HIPOX) layer; and |
at Jeast one tetraethoxysilane (TEOS) layer.

20.  The method of claim 19, wherein said oxide stack is about 50 to 500

angstroms in thickness.

21.  The method of claim 19, wherein said oxide stack is about 75 to 125

angstroms in thickness.

' 22. The method of claim 19, wherein said oxide stack is about 100

angstroms in thickness.
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ionically inplanting a base dopant material into the base region, follow ng
the formation of said extrinsic base regions. 16. The method of claim » 2005
wherein said base dopant material is boron. 17. The method of claiml
wherein said base cavity is forned in said oxide stack through a wet

chem cal etch. 18. The nethod of claim17, wherein said wet chem cal etch
is performed wth a buffered hydroflouric acid solution. 19. The nethod of
claim 11, wherein said oxide stack further conprises: at |east one

hi gh- pr essuir e oxi dalBon (THem@thod efiodaim 20)evhetein sdd hitdelayatis absh Pty 30! ane,
(TECS) layer. 20. The pethod of, clajm 19, wherein said oxide stack is about
50 to 500 i’an Ep}eéﬁ]%e-tihgfif‘FﬁS(ﬂfﬁ@§§?Fld§fta°?Fhe met hod of claim 19, wherein said
oxi de stack, is about 75 to 125 angstrons in thickness. 22. The net hod of
claim19, wherein said oxide stack is about :100 angstrons in thickness. 12

- 9 DEC 2005 23. Thednet Mhe nokhod efictaid®1, Wheresti shidainiddlayerig gy es 7i S
about 1 to !10 _times the thickness of said oxide stack. 24. The nethod of

clai m 21, wher Hmgs &g thicknessiofisaid ayide stagkabout -3 to 7 times the thickness . |
of said oxiide stack. 25. The nethod of claim22, wherein said nitride |ayer
is about 5jtimes the thickness of said oxid€e stack.

; 25.  The method of claim 22, wherein said nitride layer is about 5 times the

thickness of said oxide stack.

4-'
‘j 26. A heterojunction bipolar transistor having collector, base and emitter
' regions, the transistor comprising: -
a silicon epitaxial layer formed upon a substrate, said silicon epitaxial
layer defining the collector region; | o ‘
- an oxide stack formed upon said silicon epitaxial layer; |
a nitride layer formed upon said oxide stack;
‘an emitter opening definedwithin said nitride layer;
a base cavity formed within said oxide stack, said base cavity
extending laterally beyond a width of said exﬁitter opening;
a silicon-germanium epitaxial layer grown within said base cavity, said
silicon-germanium epitaxial layer defining the base region; and
| a polysilicon layer deposited upon said silicon-germanium .epitaxial

layer, said polysilicon layer defining the emitter region.

27.  The heterojunction bipolar transistor of claim 26, wherein said base

cavity is formed after said QXide stack and said nitride layer have been formed.
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26. A heterojunction bipolar transistor having collector, base and emtter
regions, the transistor conprising: a silicon epitaxial |ayer formedqu
Substrate, said silicon epitaxial I|ayer defining the collector region; an
oxi de stack forned upon said silicon epitaxial layer; a nitride |ayer .
formed upon said oxide stack; an emtter opening definedwithin said nitride
| ayer; a blase cavity fornmed within said oxide stack, said base cavity
extending |aterally beyond a width of said emtter opening; a _

si |i con-ger mani um e28.t axThé hétasoguncion bipotsir tlahsistopdLe1basEs, Fanhdrbompakite:
silicon-germani um epitaxial |ayer defining the base region; and a

pol ysilicon | ayer deposi & eellastsflopantanatenial.denicaldy imeplanted inté thecoectot ayer

sai d polysjlicgn. defining the.em.tter region. .27. . The hgt.erojynction
bi pol ar’ t ransi I(s%glgb ’a%rgrctgglif‘éngfg’?h &ﬂsea}cgﬁhcqgnaﬁ.eamﬁ epdé{ﬂa{ layprovitjp §er
sai d oxi de; st agdeitand said nitride |layer have been formed. 13 < -9 DEC 2005

28. The heterojunction bipolar transistor of claim26, further conprising:
a collector dopant material, ionically inplanted into the collector region,

prior to the growt f i ilico rngnj um, epi t axi.al yer within said
base cavity. 29. THe hzﬁéeglb?%ﬂw{i Pg@T E?nﬁﬁt‘gfrﬁficé‘i"é‘rzgag”gleﬁ?ﬁlﬁ@ﬁmgi
further conprising: ext&iRsdiCbRRs6ibRILRN Sxtrini af‘é‘:,re I NS} | ONS
conprising, areas of the baselregi oﬁg]vsgs?cﬁ. éyét{(]?girb& at g?rogﬁ@n@@@l%é%a%
wi dth of sai d thebaseaegiopebichgsxteniilaterally beyond said width of said emitter opening, said

1

extrinsic base regions being formed by removing portions of said oxide stack and said

nitride layer.
30. The heterojunction bipolar transistor of claim 29, further comprising:
abase dopant material, ionically imp.lanted into the base region,

following the formation of said extrinsic base regions.

31.  The heterojunction bipolar transistor of claim 30, wherein said base

dopant material is boron.

32.  The heterojunction bipolar transistor of claim 27, wherein said base

cavity is formed in said oxide stack through a wet chemical etch.

’ 33. The heterojunction bipolar transistor of claim 32, wherein said wét

chemical etch is performed with a buffered hydroflouric acid solution.

14



extrinsic base regions being forned by renoving portions of said oxide
stack and said nitride layer. 30. The heterojunction bipolar transi téﬁ f
claim?29, further conprising: a base dopant material, ionically inmplMa 05
into the base region, .following the formatj on of said extrinsic base
regions. 31. The heterojunction bipolar transistor of claim 30, wherein
said base dopant material is boron. 32. The heterojunction bipolar
transistor ofX%| ai mbE7hetgioiumstion dipclarpiarsisteraof claims 26.o0mhewin saidapxide stath

stack through a wet ' .2tch. 33. The heterojunction bipolar
transi stor of clai rﬁugghq%bg%n said wet chem cal etch is perfornmed with a
buf fered hydroflouric acid solution. 14 - 9 DEC 2005 15 34. The

het eroj unction bi pol ar trapsistor,of claim26,. ' ai d oxi de stack
further conprises: at le eaﬁﬁ@ehf%&rﬁﬁéﬁw&t@wgﬁégﬁa(y B8X) | ayer: and
at | east one tetraethoxysilane (TECS) |ayer. 35. The heterojunction bipolar
transistor of claim 34, wherein said oxide stack is about 50 to 500
angstroms in thickness. 3bleastioac frétagthoxyailens OFE@$)Jeyer transi stor of claim
34, wherein said oxide stack is about 75 to 125 angstrons in thickness.

37. The heterojunction bipolar transistor of claim34, wherein said oxide
stack is abdit 100 haerpsdrojunstidnbiphiackmesistor of claim 34, wherein said oxide stack is

about 50 to 500 angstroms in thickness,

36. The heterojunction bipolar transistor of claim 34, wherein said oxide stack is

about 75 to 125 angstroms in thickness.

37. The heterojunction bipolar transistor of claim 34, wherein said oxide stack is

about 100 angstroms in thickness.

38. The heterojunction bipolar transistor of claim 35, wherein said nitride layer is

about 1 to 10 times the thickness of said oxide stack.

39. The heterojunction bipolar transistor of claim 36, wherein said nitride layer is

about 3 to 7 times the thickness of said oxide stacf(.

f B 40. The heterojunction bipolar transistor of claim 36, wherein said nitride layer is

about 5 times the thickness of said oxide stack.
41. A hetrojunction transistor comprising;
a silicon collector region formed epitaxially upon a substrate;
an insulating layer formed upon said collector region;
an opening within a portion of said insulating layer;

a cavity within another portion of said insulating layer, said cavity

extending laterally beyond a width of said opening;
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38. The heterojunction bipolar transistor of claim35, wherein said njtrid

| ayer is about 1 to 10 tines the thickness of said oxide stack. 39.7 REC 2005
‘heterojunction bipolar transistor of claim36, wherein said nitride |ayer

is about 3 to 7 tinmes the thickness of sabd oxide stack. 40. The

het eroj unction bi polar transistor of claim36, wherein said nitride | ayer

is about 5 tinmes the thickness of said oxide stack. 41. A hetrojunction
transistor conprising: a silicon collector region formed epitaxially upon a
substrate; an insulating Ql@)é%ﬁseflﬁﬁlﬁ'ﬁ%M%Qx?ﬁhﬁal%itﬁﬁtsﬁfd cfa%ﬁ%roaﬂfd an
opening within a portion of said insulating layer;” a cavity w hin anot her
portion of said insul atl ng | ayer, said cavity extending laterally beyond a

et 8 oo B i o e b

deposited within saieﬂnmgamengttersaydnpol ysilicon layer defining an enmtter
region. [R\L |IBE]04478. doc: edg
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