WD 2008/ 097604PCT/ US2008/ 001614 HBT AND Fl ELD EFFECT

TRANSI STOR | NTEGRATI ON Cross- Reference to Rel ated Applications

Thi s appl i wat2oeneedoai ns t he benefit of and priority fraroibisSoeos/oo1614
Provi si onal Patent Application Ser. No. 60/900,009, filed on February
7, 2007, the entire content of which 5is incorporated herein b

ref erence. Backgr ounHBT ANDIRELD W@MBWWS@W&%H‘TE to

device fabrication and in particular to structures and nethods for

fabricating @}ossr!kaefé&@@o ﬁ@lﬂéﬁﬁ&@ﬂﬁ‘c\é%ﬁs(a "Bi FET"). Field effect
transi stors eteroj unction ol ar transistors (HBTs) are

10 two common tran5|stor famlies. The fam of PET transistors
aqﬁfaxr

i ncludes a nunber 151 agplcriipwplpinpLte henafit efandenrioniyy fpmild SeProvisional Patent
SFfactures. XBpGkDn Bk NCaledo baricion 4 YquHAey POIRTOBE EGE Uatiel which

ef f ect tranS| onggenous ‘ect transistors
MESFET, VET) isanebrperatet hereindey refmeérwenduct or PET transi stors (IVDSFET)
Devices fromthe BBT famly and the PET fam |y have advantages and

15di sadvant agga ;Hgé érender them nore suited to certain applications.
For instance] vices have excellent reliability, linearity, and
hi gh power capability -. This makes an EMI a desirabl e device

t echnol ogy for poWhkis imveptior is eclated hdgenstadttcedbviaqnﬁhbrmmmm inpeaioular toe,

apHEMT(at of HRET).. h r.ati onal. r it
o RS bt HBGaRs Pl TorBliatinR iR in el HERET HERod (BB ES

related appl i cat | Piekl ef%@ﬁeamsnim FEAs) ynd ﬁ@er@ﬁﬁ&idh&nﬁolﬂ&iranﬁiﬁwté?&{lﬁrbq are
an FI BT device on a single substrate, |l e growmt h cycles woul d be

utilized!9 n BYCCRTHBIR GROUHOT fmiies- oﬁﬁ%ﬁf“ly \E@\Téfaﬂs’FWé's ingludgsta susmber pET

per f Ormance yisfeRANPEDHeSEA hlirg 2ifkbionGkAhIts OMAIN of HOPEH Rl Pk ks
fromthe BBT device introduces inpurities into the subsequent drowt

of the FET dh&ﬁ?r@étrumnﬁé‘ nldmﬂfwtttganm@r& EPEoukanngenoys fighdleffeshtrausistors (e.g.,
25There is a o8 Bk 41 8Lid8 R ARbRAR PR LSRN Aub SR FET
as opér at i‘'ona

devi ce t hat aracteristics conpara
oper ati onal char a@¢wecdsditane thedIBR {4akTy dﬁ\fche:EE’ﬁrfdnﬂmhﬁB'ﬁddmagee ahdhat

are fabrjgat gigadsve t%éeasttﬁaltt¥en%gr Iell;lfn(lacgr%g'{ntésd%gscgrtaqn applications. For instance, HBT
devices have excellent reliability, linearity, and high power capability -. This makes an
HBT a desirable device technology for power amplifiers and related applications.
Meanwhile, a pHEMT (a type of HFET) has operational characteristics that make it a
desirable device for a low noise amplifier or a switch and other related applications.

20 Conventionally, to combine a FET device and an HBT device on a single
substrate, multiple growth cycles would be utilized in a common growth environment.
However, the resulting BiFET performance is compromised since the growth of highly
doped materials from the HBT device introduces impurities into the subsequent growth
of the FET device, which limits the reproducibility and control .

25 There is a need for a fabrication method which results in a BIFET device that has
operational characteristics comparable to the operational characteristics of a FET device

and an HBT device that are fabricated separately on different substrates.



WD 2008/ 097604PCT/ US2008/ 001614 2 Brief Summary The present

I nventi on addresses the above-descri bed probl ens associated with the
fabri cati owodhosaoBiokET devi ce. The present invention dimEowseems/001614
fabrication methods for form ng a FETz2l ayered structure and an h. 13T
| ayered structure on a single common 5 substrate. By form ng the PET
| ayered strudriegfSummpryhe BBT | ayered structure in two different
fabrication environnents according to the teachings discl osed herein,

a Bi FET devi ce nmayhdgrebahidveatdirhdaidshil ke iﬂa%-ggéél?ib%pﬂoﬁﬁﬁfsia_§§o‘é_ﬁtéd%ﬁ:

the PET portion that detract fromthe operationa aracteristics o

t he PET por t ihsrfalyicatipeof BEFEIodavicee Thppresens anventiorydis¢lesey fabyicatiask metheds
PET device a ' ] r o) l: Qr
nmor e separ at goqrfé'g@{lg Egpﬁﬁg%pﬁugﬁ%%?ﬂciﬁﬁalr zag}tggeﬁdi Sgr%'l?tgée gaf g'%% mon
devi ce on5t heubSirkteT Bydoming derRET hipdred stoudhire anpthedIB D fagkred structure in two
characteristi of .PET devices and HBT devices fqr.Med,.separately

i {1 orent - subieret Bontarion entfgndeils segrdis b endinm drclpaLbeiracs BIFET
FETs and FI Bigvig¥they Be fabildted withsit imfcubihg ahpurdtiediisle theF B oI that
structures, operational characteristics, and functions that can be

15i nt egr at edd¢tFachiramdbapresatiosplcharagieristes of theddsT pertion of the BF L device. By
foot pri nt angephggﬁgggs%r%\btﬁ:hdemﬁie 511 88dLe éifaf%pétﬁheﬁ dedfck Srith® ﬁ?‘g?;?on substrate

circuit. This el opment of transistors t
i nt egr at €0 HBTSng@twe Fiffisreisepanate egactoos, thelopertivnal chyactafistich for shchedeyidemn

of each devige 4. .. One potential . .appligcati for.a Bi evice s
o Tranor 1 e PRIEER sef cBAbE Rl Fe o BRtiefisa b BisBert Ty et B
anplifier, aHBAIVévicasfrinkd edparaseld b differeoebspimse 20 shifters can all
be integrated ontg a,sjngle chip wthout degradin he operational
characteristics ofh§ ‘H’é‘lltﬁgﬁ’ %&PE@%WF‘F‘I@B@%E et BTs onto *Fﬁﬁlee‘“gﬁtéaté
nunber of adyggtasade VARictN6r HRERRLSofteAoha RN BRI, MMFindtBSs that can be
conventional si ngl e-growt'h-cycl e, comon growth environnent

met hodol bYi ebtegraedimia 2 eempasbsize, sdictiedesss theltpiaheitcul deetpiigfeaad improves the
met hodol ogi e : o oy :

the Fei devi R pE-BEERERcs FURIACER, Shisia; B R RELAAERE falisar
devi ce i s pethabtmivgrhte NBiTe eué FEThinghrderde take mdvangage iof theistrengibssaftacindevice

i or. in adbPr of o sl et e R PR ARk R R AR S

can be separ @I/RIyodup) whete d low hbiopimplifier) 4 povermipdifie swiehes,. and phase
30Moreover, the integration of a PET and HBT, jn gccordance with the
{eachi ngd) of Sl GrudLi infegratedt onim @ Single,cLiRwiHis dEeTPrine the apgttipna
appl i cat i onschakictdisa Vet tReRBT déviéd ¢rthé HBT @&&leeve using conventi onal
nmet hodol ogi es. Conventionally, different functionalities are

i npl enent ed on a Ehere e myaetof advarfages o themeethofds describpd hereiagvet thag
conventional single-growth-cycle, common growth environment methodologies. Aside
from those advantages already described, the methodologies of the present invention

25  allow the performance of the FET device to be separately evaluated before formation of
the HBT device is performed. Moreover, high performance circuits based on either a
FET device or an HBT device can be fabricated using a single wafer. In addition, the
design and fabrication of FET and HBT devices can be separately optimized without
sacrificing performance. -

30 Moreover, the integration of a FET.a.nd HBT in accordance with the teachings of
the present invention offers numerous mixed signal applications which have been
difficult to achieve using conventional methodologies. Conventionally, different

functionalities are implemented on a circuit board using separate chips. By integrating
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anplifiers, switches, bias controls, and [ ow noise anplifiers, on a
singl e Cthoz’(uﬁ;ﬁ)gﬁ‘de count and packagl ng cost can be rﬁﬂﬂmabsloomu
According to one enbodi nent, a nethodzof fabricating a Bi FET device

I s disclosed. The nethod |nvoI ves first loading a substrate into a
first fabricHncHpnsssushas ppawenampliiees, switches, hirecoptrplspand: lpwmoise appéifiers,

Bi FET devi ce Il &gbb Eﬁr_‘?%]e I renoved from
the first fagr Igglé.ngl on é?ﬁﬁrr cn%n? c"%é%e%lép%g%gg%dgg%nd
fabrication envir Aneeding tdbee édebiodiment; a)methbdbﬁ&bﬁcaﬁ’:‘ng ad¢¥Edalevise ishen
fornmed on the. substrate in sec f br|c ion.enviJo nt ..
Accor di ng toﬁﬁﬁl Zjnt')@ﬁ dtmyq%esfﬁrprglp ‘ﬁ%a!% GG Wtﬁﬁrqrr%%bcﬁmn

envi r onment s edEsonRRnNAIIEEhiBE tHFET SttibRA%Ythe BIFET déviceléh ME gatidtibte.
chem cal vapor dep sition reactors, The first and second fabrjcation

envi r onment s Segrdifhe sibstrpterisierioved fpmdhe first fabyigation enwigonmeens aed loaded into
embodi nent, Bg&oﬁgﬁbﬁgﬁﬁdn%vﬂ)mh&ﬁ B & gjé'ldlg‘)\f'g&?of the BHASE @dVidedl # nE&ﬁ?ed

of contam natlon frominpurities intro uring ormatlon 0

HBT porti on of thetsubsBiafET thteseconsl falTltl@tPE‘Envmgunmat f Acoordihgto-FE Embodiment,
subfam |y, r an HEM . ddi t th ubstr.ate on

whi ch t he FE ﬁ%afanﬁ'ﬁé 0y ?ﬁbr%%‘&)o&lneéwbr nme h? 'Ii%fiﬂ &E%atni; gqlgxy or metal-

Accordi ngot OO@ambhhemﬁmhadombsmémﬁeabtempelhatﬂmena Sechadveibeidatibiar i Ng
the form ng of .the BEnggrtriég& of the Bi FET device to avoid the
degr adati on EFViIFREeBstayb] P dtere A YPeSper ature i n one embodi ment is

| ower ed between 3&&0@&6%13@%11{&@ﬁb@dlﬁﬁnﬁﬂﬁmﬁﬁﬁ&txéﬁﬂpﬁé%tiFE"Fdé{fx@edis
during formati on of an HBT'device ccordi ng to anot her

enbodi nent, @bseiallydresaf gentamingtipn fiom ippyaidesiniredussd dirieg fopRetian afltke

tenperature Qﬁr}@q Y, Eﬁb&ﬁt E]ﬁp%rgﬁ;fmﬁ e
formation ofﬂ?rr{fe&"?t angéﬁﬁg%ﬁncgﬂﬁ%g?m Ql‘tﬁto reduce t ep ﬂSP
degr adat 1%on inftanées a PHEMIBV Incasl ditR5 Athe onlghinaty onovleiciothk FE Tesfiodiedwrty beane
Bi FET i s disc}ose FET bei ng fabricated according to the

cati on i seasrblP sihs

fabrication gught her ei n. Accordi ng to anot her

enbodi nent, a Bi FEdcoddiug eeariothel embbdisRgl, tHehanﬁirEEﬂé ifltovered daingrthei ng
a PET deV|ce and a H evi ce, Cal in rateq on c n
Substrat e SRR P TEE SOt SRS dsvien i avoi i deeimdy ot i T
on the 30 cogawd. %E$é1ﬁ Ruredn bh@BsbddifBnt i MRerddBREEnIVC R8I O®CTom a
nore buffer | ayers, onor Iaéer a first spacer |ayer, a channel, a

second s#hcefus 0&%@’ teng)egp@w@ us§ g farnating of gy HBAydeviceand a cont act
llayer. The HBT dexiogqin® f@z[dgﬁﬁ? eﬁfaodlﬁ:@ﬁlt a 9%05@4741@&@5@*1@?[ Bfocedd iPase

| ayer, an emtter |ayer; a contact fa
applied, where the temperature of the substrate is lowered by about 50-100°C between

the formation of the FET and the formation of the HBT to reduce the degradation of the
FET device.
25 According to another embodiment, a BiFET is disclosed, the BiFET being
fabricated according to the fabrication methodologies taught herein,
According to another embodiment, a BiFET device is disclosed, the BIFET
device comprising a FET device and an HBT device, monolithically integrated on a
common substrate. The FET device comprises one or more buffer layers formed on the
30  common substrate, a transition layer formed on the one or more buffer layers, a donor
layer, a first spacer layer, a channel, a second spacer layer, a donor layer, a Schottky
layer, and a contact layer. The HBT device comprises at least one collector layer, a base

layer, an emitter layer, and a contact layer.
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The foregoing and ot her objects, features and advantages of the

i nvention wol;boshm@pparent from the foll ow ng descri ptim@yuand/cbfsgm

t he acconpanying drawi ngs, in which | ijke reference characters refer

to the same parts throughout the different views. The 5draw ngs

i | lustrate pBriséDescription ofthe Drawings on and are not to scal e.

FIG 1 is an exenplary stack up of an illustrative Bi FET devi ce

formed in aCCOfda?ﬁ@fd&é&i&:ﬁtﬁﬁétﬁ‘éi‘%jeeﬁsfe%rés%d Q&ﬁﬁﬁgés SEINERVERDn will be

10P102 is a cross-sectional view of  an illustrative Bi FET device;

FIG 3 is a fpeRrecsshfronydpifallowieg deseriptionakushfrers thexcrempBiyFRTrawings dn mwhich

accordance t

dopi ct o a sullpsrsratacsEAal a el o Af i SR IMRR bR birekeles s, The

wi th the % eadhwigs 1Mstﬂateq3rmcqﬂ@mﬁ}imummbnand are not folsCGale5 i s anot her

exenplary stack up of an illustrative Bi FET device formable in

accordance with the teachings of the present invention; FIG 6

depi cts enpi ri cal pRtis ah exdih1Blyialk 46 b aLilkeRitFe BIFED d&Vibe fopmed in

FIG 7 is an exenplary stack up of another illustrative Bi FET device

formabl e in akcewleaemwEh feterchisgs obtie resei iBventions present i nventi on;

FIG 8 depicts Hall nobility performance and Hall Sheet Resi stance

data for the stack up in FIG 7 before and after formation of the HST

devi ce st@ uct ur e; FIG Bis Dcrdsspiectionabvi@wyrnfeh ilpistetiafBiFRTF devisd, porti on on

t he Bi FET device of FIG 307; FI G 10 depicts the operational

characteristics of the FET portion of the Bi FET device of FIG 7; and
FIG 3 is a flowchart depicting steps taken to form a BiFET device in accordance

with the teachings of the current invention;

15 FIG 4 depicts a suitable setup for fabricating a BIFET device in accordance with

the teachings of the present invention;

FIG. 5 is another exemplary stack up of an illustrative BIFET device formable in

accordance with the teachings of the present invention;

20
FIG. 6 depicts empirical data of the BiFET device depicted in FIG. 5;
FIG. 7 is an exemplary stack up of another illustrative BiFET device formable in
accordance with the teachings of the present invention;
25
FIG. 8 depicts Hall mobility performance and Hall Sheet Resistance data for the
stack up in FIG. 7 before and after formation of the HBT device structure;
FIG. 9 depicts a Gummel plot of the HBT portion on the BiFET device of FIG.
30 7

FIG. 10 depicts the operational characteristics of the FET portion of the BiFET
device of FIG. 7; and
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operational characteristics of the BET portion and FET portion on the
Bi FET devi we més/dstde4 7. 5Detail ed Description The mres2068/001614

i nvention discloses fabrication nethods for formng and integrated a
FET | ayered structure and an HBT | ayered structure onto a single
common substrate. The FET |ayered structure and the HBT | ayered
structure are for j i L RLUT 1B MB t he
common substrate. F&'i Igm%}ﬁ%sﬂﬁé%ﬁgﬁf&gé%gﬁ%‘g% ce 10‘1‘%5&%@5? %‘?:r?ed
wi t hout i nt r dadioneg theBiFET devieiofiFG.the FET portion that detract from
t he operational characteristics thereof. By separating the growth of
the PET device and the FIBT device using two or nore separate

react or s, 5t h®eagiled Descuiptionchar act eri stics for each device formng the
Bi FET device remain conparable to the operational characteristics of -
FET devi ces and I devices forned.i ndegpendent|y. and, sgpar ately on
i1t erent - 15eubst FAF Resent ivehtign Qelosen BPBFHIORRInGE ok PP chb iniagatede
het er ost r uct BE® l{yepddbti@biu@cindt BT Syered s{rliftirtlontd P SREIE BOMMoh isGbstrate.
effect transistors VESFET, WET), netal oxide sem conductor FET

(e.qg., : A
transistors { kbEEEhxerq%i smctareandt Heyered stiucta s fomed im-poxariffecent
pseudonor phi g,BEMG: dnRifiidn hew&boh'shﬁstﬁf‘e\“t&% thixMnShdtP EBiRET Qhvlce
an "HBT" refers to any type of heterojunction bipdlar transistor.

As used Her emay bg foriefmaithontintroducing impRefiessint the FEWPoftmnrtead detmach from the

« B EAthonbintoducing impaeiiesing thrEWpofion ;
b1 pol ar BeT B! BacleRrafbhrtt, ' JalRR b Biei e et op e

or about equHBT devicemsingtwo dr thefd epsrarreiR s thedpersioaslchiacttAfic forddach
illustrative,FET 120. forn@% |Tn 25 a fi,rst fabrication environnent .
(i.e., a realtdr)Ponueite BEFTUsHCE Srmin compaaRle Luthe opemBUenahsharagteristivs of
120 in a secppY dtvibés aHPN dQAs ToMEE HdepdiiRnPPind B afiiYy HEdiEeRyn on
top of the FET 120, or adjacent to the FET 120. The LET 120 can

i ncl ude ¥ suB®elrdee | ayer 121 nade of semi-insul ating material, a
buffer layer 122, pa,8R36Rin haV&fm R8T Jlo-To .

130 can include a 38c0| I etl:r%’(gr tI‘éayer 3%@%%baseo%tgl¥§?e%%g?ﬁgﬁ%gh‘%kﬁggr

| ayer 134, afitFED)ckomegenousdield effas trafdistors (bgt MBSFETR IFEH)y mbtal axidGaAs

material, an i . hal. n_.l nAs terial P
material, a st?alnﬁﬁ)réaa? Iét?f 1;1?* trgﬁs sls@g’%ng%lt)’gh?’%% eetie %%@ﬁgﬁﬁﬁmfﬁﬁa@@ﬂ)’
sui t abl e f orardgisendoatarpige HEMBi (pHEMDand other like devices.

20 ~ As used herein, an “HBT” refers to any type of heterojunction bipolar transistor.
As used herein, a “BIiFET” refers to a FET and an HBT formed on a common
substrate. That is, a BiFET is a monolithically integrated Bipolar HBT and FET.
As used herein, the symbol “<” means “less than or about equal to.”
Figure 1 depicts an exemplary stack up 100 of an illustrative FET 120 formed in
25  afirst fabrication environment (i.e., a reactor) and an HBT 130 formed on the same
substrate as FET 120 in a second fabrication environment. The HBT 130 may be grown
on top of the FET 120, or adjacent to the FET 120.
The FET 120 can include a substrate layer 121 made of semi-insulating material,
a buffer layer 122, a spacer layer 123, and a cap layer 124. The HBT 130 can include a
30 collector layer 132, a base layer 133, an emitter layer 134, and a contact Jayer 135. The
substrate 121 may be a GaAs material, an InP material, a GaSb material, an InAs
material, a GaP material, a GaN material, a sapphire material, or any other material
suitable for fabricating the BiFET 100.



WO 2008/ 097604PCT/ US2008/ 001614 6 Figure 2 depicts a cross-sectional
view of an illustrative Bi FET device 200. Bi FET devi ce 200 integrates
BBT devi cewd2@osantkor ET devi ce 260 on a common subst r at epcdh@s20dsioidie
illustrative Bi FET 200, BBT 220 is grgwn adjacent to PET 260. It is
al so possible to grow an BBT device on top of a PET device using the
met hodol ogi es 5de&igurp@dlenisise gross-sectionaliviewioff bm dlustiatixed3 IBEE EHevize 200.

on substr at o 56t Crie 110 hkLesHET BRI B0 R RIE

214, a base 2dtraedlledd the iblstativeoRFET200, HBT 22805 gmmvreadidcesino FEY,260. It

contact 224, .a,conta | ayer 2 nd an em it | ectrode, 228. The .
D oty at e S Bgble 1o M o foe 8piteh o akILT dodce usins the meshogologies
channel 262, deqiribtdhersihop | ayer 264, a termnal 266, a source

term nal 268, and gate termnal 270. The device shown in Figure 2 is

an illustrative eXapplustraiveBiBEFRPO invhusiesa sub-rollegtor fpyenal agolector
recogni ze th | e L] ' G| f

chart depicti SP%'{?SFO&E&?S&SW% a trglriltét2 gé'f gf?%ﬁlgét_%{tﬁﬁﬁﬁ?%@g%}l g%nagceoukfg&whﬁ{
t he t eachi ng2l4fa tabe2 ks, esléactorictectrodés@18 afd 230, an 8miitter A23,ccmendt 224, a
relation to Fiqure 4 ich depicts, exe ry,fapricati .

envi ronment s C%Iﬂ?‘ftifylegzﬂc; I;m% g%exgﬁtef ﬁlﬁftf%‘gg?gn *B? ﬁﬁsﬁtﬁﬁf%&e%ﬁodﬁcmdes a
accor di ngot ochlietdréaeh2figa bdicsrIen s ebnfel282Nan dtéh &b RiydOLk4, h keminal 266, a
substrate 121 is selected. In step 302, the substrate 121 is placed
on a wor kpi eSRFIERNALASS, i gats erminat 20y | Thadpwire ghonry B 2avm | n
step 304, tNhasaNNeexRple@FaBIFEPT Tho® skiibd itfe aFGvi YedoBhZE that Brhbe
first fabrication environnment 400. The first fabricatioil environment
400 may be acwbedimghtsarapossiblepi t axy (MBE) environment or a S
met al - organi ¢ cheg 1] ' r..an

ot her environnent msg&?% 3&6%8‘?‘&%%%?%%% Itg%qﬁk&lqﬁ?%@%ﬁ?&g Btaﬁ%réﬁfe

120 i s r éhroveathithotendhingstof tletpreseat ingentieny Figures i¢ did@B8sedAn rélition tp Eignire

a nunber of interpedi.ate steps ccur .(e.qg., 2 | eani n, f.the
RET 190, Cost EeB iR SpatriR s RBaBSS tivibBinfins siTabl Bh B erichim of o
step 307 i s B&HFHEDdevE acGirdhg3O thd tSachinge discioskddietele Test€y F0, (R substrate 121

process. The te eraéure of the gubstrat_e fén step 307.is_ | owered by
bet ween abouts S8(§¢%B0t stiih? W thesupsirate 18 placed anea wegpisga brlger 412 1p pdirst

ZEZI- devi ce. gdﬂriﬁitﬁlﬁ eBVBonthdIR 406 TInlA 304, BedGRA GFedoNUitRL FEPE 15 hder
I N secon
I formed in the first fabrication environment 400. The first fabrication environment 400

may be a molecular beam epitaxy (MBE) environment or a metal-organic chemical
vapor deposition (MOCVD) environment, or any other environment suitable for
epitaxial growth. In step 306, the FET 120 is removed from first fabrication
environment 400. At this point, a number of intermediate steps may occur (e.g.,

25  cleaning of the FET 120, testing of the FET 120, etc.). According to one embodiment,
step 307 is performed. Step 307 is a reduced oxide desorption process. The temperature
of the substrate in step 307 is lowered by between about 50-100°C, which in tumn
reduces the degradation of the FET device.

In step 308, the FET 120 is placed on a workpiece holder 452 in second

30 fabrication environment 450. In step 310 the HBT 130 is grown on the same substrate

121 as FET 120. In step 312, the completed BiFET 100 is removed from second

fabrication environment 602,



30 fabrication environnment 450. In step 310 the HBT 130 is grown on
the same substrate 121 as PET 120. In step 312, the conpl eted Bi FET
100 is renmgeedodidosgmysecond fabrication environment 602.peVEl2008/001614
2008/ 097604PCT/ US2008/ 001614 7 The first fabrication environnment

and the second fabrication environment 450 are of different types.
The HBT 130 and t HeeEst fatg@ation etviroBinemT4000ad thessecmmddhbridation Bhgironment

I ntegrated o a | rake

procedures i ?S?W%@%g?lg@%%v ?I‘rﬁg r%;ﬁiTnérl? :id %%X@Fi&?@g@@e %%HO are
fabricated i rmdnodithicallyantegrataiion atdommtapstibitreds 124 usidperwprsepate growth

i nvention w thout, i nduci n erformance degradation to either its PET
120 or its H@f?%gbr.es i two sg\p%f‘tﬁ@*f“”m%- i@@aq’gérilegfnéa%ﬁrfﬁ%{%@ﬁdance
with the teacbidigmeewithhBe REGSMI o IMSBnPRVERBN RAMBLARIuARS bérffimance
nunber of |ayers and shapes, any desired nunber of dopants, any

desi red dopi ii§s@d#caie exhar i FETARD oféts HEER 13Gnposi ti ons, any desired
10 terial dd | |
material and dopARET YRRe 190 rARITHAM 5(%@5%%@2\?@2@3%&%@#@% ?%tﬁg present

el enents that establish the operational c

FET devi ce 1aiventitrecdsBihveleny desiréBymber diddylers ahil ghapes, any desitd mamder ghe
exanmpl e of a BiFET deyice fabricated in accordange with.the teachings
of the prese Spp zlmnlt:_s\?g% %!%Shr ed W%F‘I’—*E?ma%{ﬂn%@% 63%“@‘?@ F%B%SI%O@E"I“Y%?‘EQ
530 (a pHEM nehestial end dopasgpdsed coinbihation bEEich i@ aldeinedB@Aat establish the
substrate 501 15.hqag§ a thickness Lﬁf about 20nm and serves as a conmmon

substrate foPPERE® qhiagaster 5@0-“_5@@ picthpBET fleyice 420; the HBT devipp 43¢ oy both.
devi ce 530 i ncl udggpute BGMistthtes ﬁﬁe Mﬂgﬁ% of SRBET cf%g%e?ﬂﬁlicﬁtgg gn chc‘;ordance

transition |ayer 504, a donor |ayer 5, a spacer layer
channel 507, vithdbateashingsnftheqmesenbingention. [Ty BiFEDdevice568 nsludey a FEFer

510, an et ch g5§; gﬁé} . t, - 12 513. .1 ABT
devi ce 532 i rqg‘flgéé%js ec%g?ﬁpéawlg@g}a%?&%ﬁgs%gw %5%‘ 2@3%5 Sug ﬁﬁ%‘f g?l
| ayer 5215 ahab athmkaess of alyert 20 2nd petv&2B .2 commonSuperateafor tieFRIUddvive 530
| ayer 502 is_f e fr a GaAs material and has a thickness of

about 1.5 nmamgf(}%gﬂeg{cfisgg buffer layer 503 is formable from an
Al xGai . As mat eri The FEB device $3Ginchibesyupedii@divien fayers 502 24 563)d thasitich

thickness of Ia?rgro yl}ni, a donor layer 505, a spacer layer 506, a channel 507, a spacer layer 508, a

donor layer 509, a Schottky layer 510, an etch stop layer 511, and contact layers 512 and

- - 20 513. HBT device 532 includes collector layers 516-519, base Jayer 520, emitter layer -
521, and contact layers 522 and 523.

Superlattice buffer layer 502 is formable from a GaAs material and has a
thickness of about 1.5 nm. Superlattice buffer layer 503 is formable from an Al,Ga,.
xAs material (0 <x <0.5; in one embodiment, x=0.24) and has a thickness of about

25  20nm. Superlattice buffer layers 502 and 503 may be repeated a number of times, for
example, ten times.

The transition layer 504 is formable from an AlyGa;.xAs material (0 <x<1; in
one embodiment, x=0.24) and has a thickness between about 10nm and 1000nm. In one
embodiment, the transition layer has a thickness of about 20nm.

30 The donor layer 505 is an n-type layer formed from an AlyGa;.xAs material (0 <
X £0.35; in one embodiment, x = 0.24) and has a thickness of between about 10 and 50
nm. In one embodiment, the donor layer has a thickness of about 20 nm. The donor

layer 505 is Si-doped, with a concentration between about 1.00 x 10'® and 5.00 x 10'8



25 20nm Superl attice buffer |ayers 502 and 503 nmay be repeated a
nunber of tinmes, for exanple, ten tines. The transition | ayer

504 is forwelbhesdoteom an Al . Gai..As material (0 < X < 1;pdTicR008/001614
enbodi ment, x=0.24) and has a thickness between about | Onm and

1000nm I n one ,enbodinent, the transition |ayer has a thickness of
about 20nm SBtThdt @Bmepbeds pen, thogonas layer vat lpeed wijfet cqnseatetion o bcut
Al . Gi.zAs matosi @b ® < x < 0.35; in one enbodinment, x = 0.24) and
has a thi ckness of Betvveen about 10 and 50 nm In one enbodi ment, the
donor | ayer has aThhspﬁhﬂelssseréﬂGaﬁibuilalﬂ@ﬁnman'ﬂhleGdQMmakagaefO $85 0.35; in

Si - doped, W|tha tr t 1.00, X and 5. 00 x
Y016 V0 2008R EuREEER, 12 and Fith HhudeRlienteenabdia A T ne ¢ e
donor | ayer MSOdiﬁﬁﬁdthﬂsPhceaI@eﬂmrﬁm&kh&B o@ﬁbcﬁb%&h ihé)ﬁbﬁéél-ﬂ&y&'ﬁoﬁls
The spacer 6 i s rmabl e frqom an material (O X

50.35; in on %’g &aex%mafﬁﬂei (Rsx §0t3ﬁ9 eme%lb%lmee Pra%mndl
and 5 rim |ﬁa%c§n@§§%@fué€§ Qsouttl%d %%%dﬁ%ﬁfb{)ﬁ'ﬁﬂn tﬁerk:pﬁé%?géér s a

about 2nm The spacer layer 508 is fornable from an
material (0 thisknesspfaBoutiZampne enbodi ment, x=0. 24) and has a

t hi ckness between o) L mept, the,s .

| ayer has a thi ckngés)‘gﬁ%Pélé%g? ééﬂ%m!la%le ﬂgm‘e‘?ngg"(%&ffﬂse?‘aqe%@&%ggg’i"éone
f or mabl el®r omlnla\m‘d1innntGaI= 0.1 amdhey 4 thlickpixss of Bet@en abvuoBand 05 embanbaent ,
x = 0.16) and nes of between abo nd 15 nm |n one
enbodi ment W&anﬂﬂ °F aﬁ%l’shaéa\é\ﬁlﬂﬁ%ﬁ %fg"‘th‘Ft But 12nm The
donor | ayer 509 l$h@dbdarlaxeesd9qyeﬁnftgfermpéreoxfxﬂaemﬁém% A@@}m «A$material (0
material (0 < x < 0.35; in one enbodi nent’, x = 24) and has a

t hi ckness of SHet $8%rin 9B embadimgrfex 570 2hang ha%@méim@f hesieen eheat 46 pest
layer has a 5hhmkBesse ShvaRakit, the dBRdr1 )Q:g ggoﬁﬂlﬁc&éésjs %{gﬁ%éﬁ’g 8h15 The donor

Si -doped, with a concentration between a
5. 00x 10185 cager 509 ipfiedepetoitie nencettrsiondetrech abant 1H{Wsc ' Hapbhn00x10'® cm®

concentrati on l?l n@l%&%dl%xegg %Odlo nor l%’.yer has a dopant concentration of about 2.00x10'®

cm™.

The Schottky layer 510 is formable from an Al,GaixAs material (0 <x <0.35; in
one embodiment, x = 0.24) and has a thickness of between about 10 and 100 nm. In one
- _ .20 embodiment, the Schottky layer has a thickness of about 20nm.
The etch stop layer S11 is formable from AlAs and has a thickness of up to about
50 nm. In one embodiment, the etch stop layer has a thickness of about 20 nm.
The contact layer 512 is an n-type layer with a thickness of up to about 100 nm.
In one embodiment, the contact layer has a thickness of about 20nm. The contact layer
25  is Si-doped with a dopant concentration between about 1.00 x 10'” and 5.00x10"7 cm™.
In one embodiment, the contact layer has a dopant concentration of 3.00x10'” cm™. The
contact layer S13 is an n-type layer formable from GaAs, and is Si-doped with a dopant
concentration between about 1.00 x 10'® and 5.00x10'® cm™. In one embodiment, the
contact layer has a dopant concentration of about 2.00x10"® cm®. The contact layer has a
30 thickness of up to about 100 nm. In one embodiment, the contact layer has a thickness

of about 50nm.



CM . The Schottky |layer 510 is formable froman Al sGai, As
material (0 < x < 0.35; in one enbodinment, x = 0.24) and has a

t hi ckness w edove@p about 10 and 100 nm I n one 20 enmbqéimRids/coiche
Schottky | ayer has a thickness of abogwt 20nm The etch stop

| ayer 511 is fornmable from Al As and has a thickness of up to about 50
nm | n one enbodi Femeatione thetBT devige $3R heging reithalayeriSdn dbe callectab tayers

20 nm : 4 AR 2 | a thiekness

of up to abo-éltaf %@%%Sﬁ?ch&g%r e%o%?he%? ?mﬁlhtgs %%ﬁ%@%g My%{)igfm ?Itg% (ﬁ'gm a

t hi ckness of GalAsmiat@fuhnThélduepanmmestrationsebr Ryers $16&i S130HES ansiabbutes.00x10'8
dopant concent Bati o t n g@bout 1.00 % 1Q17_and.5.00x1017 .cms. In

one enbodi nefit?, > ?Wé‘%'ﬁﬁ’fﬁgf"ql a;ﬁEPUtHa%O"godBB‘antT@% ?s,sg% F??g Igyfer is about

3. 00x10175 cbgonnd, 8ot B0AM! addoabeht FobAmi fespettivelyy Mae Hian@kss dPtiBRb&ollector
from GaAs, and is Si-doped with a dopant concentration befween about

1. 00x 10 5. 00k @aibs up o heO%nm ath daping levelaanssmfd 00 3 HY epm hgsS.80 x10'
dopant ion . |
opan Concee%fabrge Fhino@fthe &1 ATESTH-and B8 CANDAG 103388 hunld2 Bofing

30 thi ckness one enbodi nent,” the conta
| ayer has a tevelangessf abbutfolfint 160 0m” tt'\02308Y berd04PCT/ US2008/ 001614

9 Formati on he , HBT. devi 532 .begins wiih |ayer, 514  The

col l ector |ayers gﬁfige}sﬁayﬁﬁ%ﬁg%ﬁg&ﬂe r““?‘ gplga%éi;%ef#{a@g%l%n“%?ﬂ/%e
Si - doped1¢ ay&dSpi?QIeﬂ‘Bltﬂl fabtﬁlftéﬂtlﬂg’:\x ?j?ﬁmgﬂigﬁé tlﬁdkneﬁftﬂ'tﬁhm&?) Oollaygrlcan rangg from
concentrations r |ayer : , are ahout 3. 00x 8 cm 3,
about 5. 00x 16P05 AREE ¥ B3R po e rlspREchneg FOTAPODS-ORRAGS oBT oAl x 10°
| ayer is abogt35600nm about 400nm and about 100nm respectively.

The thickness of the sub-collector |ayer 516 can be up to 1000 nm at

a doping | evel raRigemnittenlapey S20ipamo-typedayeo famagble)fiond an IngiaB marerénl, and is
t hi ckness of er, . n t.
dopi ng | evel Sir a gegq%)% S%agﬁ%dngé’nséng&%%%%égxlﬁ)g } 00’1‘% t&l@:ﬁ&%%‘ﬂl@e%ner
The baseld aylayer5:h8 ringe Gogogteat W tohl 08 nnypith aldopingchnpess aldut 4106u10'16672 to
nm and a 10 gggilrbggéeyel of about 4.00 x 1019 cm 3. The thickness of

t he base | ay# tan r'%rige fromabout 10 nmto 1000 nm and t he doping

| evel from about BhéébnraclBI& I2Mhds & chickn@sd of ab&RA 008m @M is doped atEBBut 4.00

emtter |ayer 520 isS.an n-type | r formabl e _froman InGP naterial,
and is Si- do’bé@ s 3aTE‘bﬁ?£tﬂ°¥ e38 Fhrapse Bpyabowt I90im t913004ym. 3Contact

The t hi cknesgyéh 529 8nE533 4r€both n-type layers formable from an about 60% InGaAs material,
~— —.. 20 The contact layers 522 and 523 each have a thickness of about 50nm. Both of the

contact layers 522 and 523 are Te-doped at a concentration of less than about 1x10" cm
®. The thickness of the contact layer can range up to about 200 nm, with a composition
of up to about 80% InGaAs and doping level range of about 5.00 x 10'® cm™ t0 3.00 x
10'® cm™. The contact layers 521, 522 and 523 form contact layer group 544.

25 Figure 6 shows empirical data of a BiFET device fabricated in accordance with
the teachings of the present invention. The uniformity of the HBT device characteristics
across a 4-inch wafer may be characterized as excellent. The gains achieved in the
BiFET are nearly identical to the results obtained for HBT devices of the same or a
similar stackup formed independently (i.e., without a FET) on top of a GaAs substrate.

30  This demonstrates that a BIFET device fabricated according to the disclosed method

performs as well as individually grown HBT devices with the same or a similar stackup.



15 layer can range fromabout 10 to 100 nmw th a dopi ng range of

about 1.00x1012 cm3 to 1.00x1018 cm 3. The contact |ayer 521
has a t hi clwpess/mmfsoabout 100nm and i s doped at about 4.1 0/os2008b81614
cm 3. The contact |ayer thickness caniorange fromabout 10 nmto 500

nm Contact |ayers 522 and 523 are both n-type layers fornable from
an about 60% | nGaKiguse 7 depigts anotherrgxemplany sfa¢k yngfand uyratiye, BiFETdevice 700,

have a thi ckpggs uﬁ)Bf 519(2%'1?] osite Bmec%%?ﬁ?ﬁm&%a %@ET' N6 2R dev1ce

523 are Te-doped at a centration ess than about [x1019 cm
The t hi cknes20®was fwemgtbmwrdmpemtlc@n taaalmgss efshe presdnd inve@in. rifhe Wi th

006 |
Sbout 5. 00 xPerEates & BB EIcoHicr AL rixile 25 1B Fopd s 11
522 and 523 TomshiewthaBIFERYe/icedii0howd 4n Figukd 7 FED dSHa 6060 firitdaimed

data of a Bi FET_.deyice fabricated | acc nce with the t achl ngs, of
the present i 5 1o bﬁcatl?ﬁénwm%t bR devipe et tgmed i a seaoh

charact eri st fgicAfn@aSirénrert & Ehé/ﬁﬁﬁrsumtebﬁ t&émﬁ%ﬁe& md as
excellent. The gains achieved in the Bi FET are near 7%{14' dentical to

the resul ts obt ai BEET daviqeBP0 duchides ¢ sulfstratec’02 azbuffar 78454 tngusition layer 706, a
t f T G As
stact cup 1 S AUERESIAY L Sl VR AR U0

accor di nip t oS¢hodtkyl layet 'bkﬁed cum’a:ttd@epélﬂ @roap layer Y22, hn atsh smjila)}iedm laysub-

grown HBT devi.ces w sane o ar_sta p.
2008/ 097604P@F/ﬁ8§23%‘[8 ﬁ%ﬁ?{ tgon 727, o wg‘ﬁaa&rgsl?nﬁég "c‘?aévgﬁf‘éﬁ 139y an emitter
exenpl ary st 28 abntaét I@yer 784, sl aabhier 1Bl E36.devi ce 700, made up of a

conposite col |l ectgor FEBT device 750 and aTET device 760. Bi FET device
700 was forned i nlBeelpwingdesariptinn prryides a8 Kremplargrembedimgns s Ehgse skilled in

i nvention. Tie awm@édia@ Bfat vaaﬁéaﬁ o%ﬂes@é‘svan% JakieHSI o &5hid dinfBle IMTiSed

7 is illustrated in Figures 8-11. To achi eve the Bi FET device 700
shown i nl¥Fi gwdmg@tmﬁa@mgs@émem%mf&m@u formed in a first

fabrication envirgnggl,,.t J5'6‘{'5 QFB%X%E%erMa;ﬂé’B&? 7b£' %.Pout

second fabrication enV|ronnen € sdne S e as
devi ce 760. 200nm tBickEfd dkeformed ﬁ‘&m al @Mudmrlaal Shb stinstien 139& 70& isoabbhier

704, t 06 d
Channel 715 Hgngfhickhas fhted BRy Rloacih s ey RS or e s sy
a contact | agten thiddandds Camell &val a AB2,GA) %A@trﬁd”teﬁetlomhé Ayt 12k 70%is Sub-

col | ector 72$P, % IIector region 727, & collector 9| on 728, a base
|ayer 738 a9PPefwitheycopeentration ofabaut 2419y cm’ 734Theéaépea tOiseheut 2nmythick
736. %0 d%'ﬁ%l&iﬁ@ﬁ{]em hﬁfbnﬁf OPHeQ:ﬁMWPZ({%%J)&rMnmth]ck, and is
enbodi nment . Those skilled e art will realize that a variety o

t hi cknesses faraehiromandnosGosnia watedtls T@anpayer T4 15 pbag ZEMbJGb,r@dnﬁg to
the teachi Noeld £8R PARS B L AKBILP el dboPHIS 718'i€atlle 1hdin OGS is
formed from an Alp24Gag.76As material The donor layer 716 is Si-doped with a
25  concentration of about 2x10'® cm™. The Schottky layer 718 is about 20nm thick, and is
formed from a Alp24Gag76As material. The contact layer 720 is about 20nm thick, and is
formed from a GaAs material. The contact layer 720 is Si-doped with a concentration of
about 3 x 10'” cm™. The cap layer 722 is about 50nm thick, and is formed from a GaAs
material. The cap layer 722 is Si-doped with a concentration of about 4x10'® cm™. The
30  etch stop layer 724 is about 20nm thick, and is formed from an InGaP material. The
etch stop layer 724 is undoped. The sub-collector 726 is about 500nm thick, and is

formed from a GaAs material. The sub-collector 726 is Si-doped with a concentration of

about 4x1018 cm™.



200nmthick and is formed froma GaAs material. The transition |ayer
706 is about 20nmthick and is formed froma Al10.24Ga076As materi al .
The donor Wan2ess/08@84i s about 6nmthick and is fornmed frecnes2008/001614
Al10. 24Ga0. 76As material. The donor Iayler 708 is Si- 20 doped with a

concentration of out 2x1018 The s er 710 is abqut 2nm thick
and formed from aqﬁ &0%@6‘%‘% /28 pre abPﬂbabé’Hb?ﬂ?e?mﬁ%iag d betsare

12nm t hi ck, Fé¥ehedFrdn® GARY nat@Ms2 THHIbR{eRBn BRI ORI e @ueazh&gm%f?f

714 is about 2nmthick, and’is forned froma Al0. 24eraa. 7
materi al . Thcabcuiurmiol%gm? Tﬂ‘ﬁdo;mnedmuéntﬁﬂmﬂhyermsMouss)fmﬂﬁredﬁfrom

an Al10. 24Cra 76 ial. The 716 is Si-do
25 concent r at ﬁﬁ%f @68 petonregions d#%é“%&ﬁaﬁw ’gﬁlfg‘of 440 “The
about 20nm t 'Bhsfélqsoélglﬁbd& 80 amBRk f @M forMed ﬁ%ﬂ:@@amﬁmeﬂm erﬂee&mu&hm is

contact layer 720 is about 20nmthick, and is forned froma Ga

material . ThabewPae thickyand iy fgynmed figm adnfeaP mitetiala The awitter (732 n80$1-d@ped
about 3 x 1017 cm 3. The cap | ayer @:rt i g about 50nmthick, and is
formed from &ibamoneenteatipmpt abpue3 549 [ epar The pontast Biyer/Bideid abgut§0am thick,

Soout 50 © Andls GRS A Hiltchial e Pl W00 heXBl STABp with o
| ayer 724 |scmtdmpa1mn gFtatershdn abolit B2 om™7 The cmmbmermammabmtdmonmd
\IM-S,[ Lo;mgg% ﬁ{.tn?kg?.g%p‘s%ggﬁﬁ%% aa}ﬂ?_g%lsé %1%' elre t re c%%t%ct lgyer 739 1sp heavily Te-
2008/ 097604P 820 8/ 00 4.11 Bctay regions 727 and
728 are bot hg‘;—% FSupt Gdoﬂ?ﬁﬂg ﬁlwegﬁﬁthﬁ%?tf?ughé % med from GaAs .
materials. The dopipiire 8QRpeRHAL B antdHallSHebiGediRinde QBB enKs st the
about | x1016_cm 3. . The dﬁhﬁﬁg‘t}, oncentration of l'ayer 728 is about

I

5x1015 cm 3. FIFbpaftipeyof th e d00; dg¢ eprgatiepel chagpctepisticrdRictig FEThe
conmposi t e cophh®ieh 960 %o mddiBred PRSIt 366K hsd ARSM: TR vk Rhe Kﬁer%lgna'ti%n

formed froma GaAs material. The emtter 732 is about 50 nmthi

and is f& meef the 5PR E1portica PS50ref the BAFET 7% Anvanther seepfians thds da:tm@dbmtt h

a concentr at I .

8 concent r at bk st Shebrk O b Mbation e GOHH A6kt AR HralihekiSesistance
| ayer 734 i sofﬁéaFEITypoﬁumﬂWer foirtnatien cfithe BIRTr @itriian? SfrefaheBiRETAT00.
about 1019 c

and is forne Sﬁ’l A fnr? &@Y an'%elrrlrﬁ]i‘egff eﬁgtagﬁefl'ggag%’ﬁ%”%g? w&ﬁgﬁﬁﬁ%ﬂlﬂ 760
heavily Te- dmamFEﬂ‘ 700 &t Mﬁkﬂ@bloﬁﬁ’er@ibﬁadegfadhhﬂn about 1019 cm 3.
Figure 8 éjepl cts Hall m)bl | i tg/mt%r&(lj eHaI |. Sheet resj Stance
char act eff sti cs féFcarding to one ment of the invention, the temperature of the substrate
during the formation of a collector and/or a subcollector is lowered by about 30°C to
about 100°C (from conventional growth temperatures) during the forming of the HBT.
According to one embodiment, a reduced oxide desorption process was also applied,
where the temperature of the substrate was lowered by about 50-100°C between the
25  formation of the FET and the formation of the HBT to reduce the degradation of the
FET device. Conventionally, the substrate temperature during the growth cycle of the
HBT is between about 600°C and 700°C.
As shown in Figure 8, when the fabrication temperature is lowered, the Hall
Mobility and Hall sheet resistance of the FET portion 760 of the BIFET 700 does not
30 degrade. The resulting improvement is comparable to a stand alone FET device that is

not integrated with an HBT device.



FET portion of the Bi FET device 700. The operational characteristics
for the FET portion 760 were neasured at about 300K and at about 77K
bef or e andwalnesosf@mnmati on 15 of the EDT portion 750 ofpdihes2Beskidaie1s
700. As can bee seen fromthis data, s about 300K there was no

observabl e degradation in the Hall bi | ] Hal | sheet resjstance
of the FET portio ‘%69#{’1&“; _fﬁﬁﬁrg‘ﬁt%éth%/h@q'dlwmﬁﬁﬂﬁ%ﬁz‘?wi)fmfhﬁe

Bi FET 700. LIEKERT devicd?00. ORRint !stdégféqu Jidhd YRRREith @Rithdr 30E4ze depicted on
measurements of the FET portion 760 of the Bi FET 700 at 77K showed no

observabl e déifXaxisi dhe Diboprest gaimy 1260 (brre2 €36 9a12)rekatual test measurements

i nvention, theg.: r j t 1 of a
col |l ector an%?r (%ﬁﬁ gag{ij%%glﬁ%gg{mcéﬂf%ﬁpg\%g%%@%g&e[gg&&?%d{gg%gj? 2100C
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by about 50- 1K) &abgionecinddpeadeably L ahavas, n@fmbholithiealyEhtegrifed Wih a FET on a
formati on of the HBT to reduce the degradation of the FET devi ce.

Convent i onal PYmmeREuLstste: Recembigpipesy analisis oftha ge emistepiupeiion ofytbs BB
the HBT is batyieeihatRatho R ARAnEBAked with aFéE oﬁﬁ?@ﬂﬂmk%xbﬁrﬂ%&h%wed the
I's e I ity and

when the fabrication tenperatur l'owered, the
Hal | shed® reamecharasteristics 4s¢h-HB Tpievice dhat »@S grfwnt indepBndeETly 700 does

not 30 degrade. The r Lt 1. ' venent . |. I t 0.-a.stand

al one FET device ?%a"trg;ig d%%ggf%%f%qaéa t%/{nlstlﬁs %n%’?ﬁeﬂ%"&c&ﬁov@g"m 10
2008/ 097604 P€hciISRO 0@ pO0:haihdtetitics of the FEdeviced760€DE 61055 amAVEBlluet are in
of the LIST Vi.ces =2 x 20 on the Bi FET device 700. rrent

O ton Gt od DY fEPs, 1455 dendtes ORI et LV TR Ut fom a8y (9 (0.5 V
axis. The DC(yo#oh@NCuftaitls feprekefted bn thedr ¥xig QvithWoltagP6h HaIX L BiRd

nmeasur enents veri CK‘ that  the DC current gain of the Bi FET 700 nmatch

the DC clit r effensgardyctanceis gbayt 300 mimen. rrhadrs disgetly comparahlstto tharegtiging
with a FBI OeoﬁefétgﬁﬁgggE’? RSt B B ihat §H0t ﬁ)%l?@(ti &%ﬁiﬁftgﬁ? %’fg\%ﬁ' .ngtﬁ'E};ldQ@aYés(fﬁat

is nearly identi t Ae "base current . at was
gr own i ndepetedil gerformpnge didnotrdegrade avd result ofifabrication e fHBTISOwintthe same

FET on a conm i i i f e .base emn.tter
junction of q%gtrarggﬁﬁgﬁg-e%ﬁ%g@ \%\%E"Hr?gﬁgﬁﬂ? E?@aﬁp& ""F-ﬁ? JPTRy Wltiph, was
PET on a contienamebsthe atiging hBEE vithhet ZnHBE monolithically anéggited thefeto Eiile
HBT devi t hat was .grown, i.ndependently. . Fi qu 0 depicts t.he,
FET char ALt o upPR SoigaiEna 16 RBR Terpract i tjetly egib ot applicetons
out put char agidovsloiepesbrmbdiRe. PET device 760 (Lg = 0.5 urn). Vgs

values are in 0.1 V steps. ldss denotes where Vgs = ON. The Vgs
ranges from +0.5 Kigureh eraphicgllyziepicisibe perigrmaoes ofthe HBJ qnéﬁﬁég@q@led

on the Y axi Birpt didtobaqte PRTINE HBT FfYd Fmax are measured values directly

comparable to the results achieved on a FET and an HBT, separately formed and not

25  monolithically integrated on a common substrate.

The data in Figures 8-11 shows that the performance of the BiFET 700 is
comparable to the performance of individual HBT and FET devices. Thus, utilizing the
methodologies taught herein, the present invention optimizes the performance of a
BiFET device.

30 Although the present invention has been described with respect to specific
embodiments thereof, various changes and modifications can be carried out by those
skilled in the art without departing from the scope of the invention. The present

invention may, for instance, be fabricated with any number of layers, from any of the



15 transconductance i s about 300 nS/mm which is directly conparable
to the results in a conventional PET (i.e., a FET that is not formed
as part ofwa BedaaTgo4 This indicates that the PET perforrmameodiodisipt
degrade as a result of fabrication ofi3HBT 750 on the sane substrate
as FET 760. The Ron resistance of fhe FET 760 mas 1.3 ohmram which
was the same VAROUSKEMEPPYHGN coOmEFuRgs: viiRg any of amambspkRovn ppessping

i ntegrat ed t hRhgihesOMharefdte GORTRENFARRAL B ﬁ'reseﬁt an%tBQrénE&ﬁba%E aRGEhhies
hi ghl'y desirable for swtching applications and | ow noi

per f or mance. and modificptinns do the dgsaaibhd embodimgatsias fadl within ﬁlﬁﬁogpfn@ﬁtbeapp‘ended
t he HET and EEI? n the Bi FET device 700. The PET and HST Ft and Fnax
are neasured values directly conparable to the results achieved on a
PET and an HBT, separately formed and not 25 nonolithically
integrated on a conmon substrate. The data in Figures 8-11 shows that
the performance of the Bi FET 700 is conparable to the performance of

i ndi vidual HBT and FET devices. Thus, utilizing the nethodol ogi es
taught herein, the present invention optimnm zes the performnce of a
Bi FET devi ce. 30Al t hough the present invention has been described

W th respect to specific enbodinents thereof, various changes and
nodi fi cations can be carried out by those skilled in the art w thout
departing fromthe scope of the invention. The present invention nay,
for instance, be fabricated with any nunber of |ayers, from any of
the WD 2008/ 097604PCT/ US2008/ 001614 13 various sem conduct or
conpounds, using any of a nunber known processing techniques.
Therefore, it is intended that the present invention enconpass such
changes and nodi fications to the described enbodinments as fall within
the scope of the appended clains. WD 2008/ 097604PCT/ US2008/ 001614 14
CLAI V5 .



What is clainmed is: 1. A nmethod of fabricating a Bi FET device, the
met hod conprising the steps of |oading a substrate into a first
fabri cati oWwoeMW/®asent ; S5form ng a FET portion of the RiTAERSEo®0idae

on the substrate in the first fabricat4 on environnent; renovi ng
the substrate fromthe first fabricati i ronment after formation
of the FET portion of the Bi FET devi ce; ng the substrate in a

second fabri cati ofWleewi dl4gmegint; and 10form ng a HET portion of the
Bi FET device on the substrate in the second fabrication environnent.

2. A nethod accor i.mJ] wherein the ortlon .of the Bi FET
device is su stana %&P@g?f’ég 1??1““56,%‘5 r‘i’ﬁ‘t"f’%ﬁi‘: i FRFOPTisiReEtde steps of:

i ntroduced duri nglofaﬂfn%tshgﬂraﬂécmfoh.«?f'lr%gfagﬁa_ati%ﬁrehbi?dhﬁntt he Bi FET device
3. A nethod according to claim1l wherein the FET device is an FlFET.

4. A et hdd accor &rmgnea oFET apwics ofitherRiFETdreic@pEtheisybsiragHEIR 30 5.
A met hod accgf,gi-fehnt Qvebah t.’L wherein the first fabrication
environment 1's one of a nolecul ar beam epitaxy or a netal -organic
chemi cal vapor deposivingthe sdatritediom the fir§ fabkicaséhenviraamestdiftegfor@ation of

claiml wher ation environnent is 25 one of a

nol ecul ar ﬁlﬁr}:«gﬁ]‘?"dﬁ %ﬁ]tgﬁ%ﬂﬂ{fa €¥8¥%gani ¢ cheni cal vapor deposition
reactor. 7 A melohitlg ARCRbStEAinta0se6d MbricatiBR eAViFbnkddat; hhd St

fabri catl on envi rg)@gent and the second fabrication environnent are of

di fferentOtypes. e HBY porioncf thef g Trdevice an ihq subpieatejorihe prsond
substrate i sgeAcaiRh Aviifiseder | NP substrate.

2. A method according to claim 1 wherein the FET portion of the BiFET device is
substantially free of contamination from impurities introduced during formation of the
15  HBT portion of the BiFET device

3. A method according to claim 1 wherein the FET device is an HFET.

4. A method according to claim 3 wherein the HFET is a pHEMT.
20 '
5. A method according to claim 1 wherein the first fabrication environment is one

of a molecular beam epitaxy or a metal-organic chemical vapor deposition reactor.

6. A method according to claim 1 wherein the second fabrication environment is

25  one of a molecular beam epitaxy or a metal-organic chemical vapor deposition reactor.

7. A method according to claim 1 wherein the first fabrication environment and the

second fabrication environment are of different types.

30 8. A method according to claim 1 wherein the substrate is one of a GaAs or InP

substrate.



WD 2008/ 097604PC171152008/ 091614 15 9. A nethod according to claim1l
wherein the tenperature is lowered during the formng of the BET
portion of the Bi FET devi ce. 10. A nethod according to claim9
wherein the tenperature is lowered during the 5 formation of a
coll ector region of the BET portion of the Bi KET device. 11. A
met hod accor dwongest/@rakai m 9 wherei n the tenperature i echusmrsacisiao
bet ween 30C and 100C. 1012. A net hod aétording to claim 11l wherein the
tenperature i s power i ; i f regl of -
t he BET porti onb'of_ t!ﬁ%e%%%'?&a% ?’c%. F%brgﬁt%’éﬁpgﬁmégggr Fercliéﬁ? %ﬁg aim
9 wherein the tErpeeafthe EBdepiipgofike BiFEHdevitésor b process is | ower ed
by at least 50C prior to the growmh of a subco Hector region. 15 14.
A Bi FET devi ce Ioabriﬁf:at d, accqQrdin ,tge et hbod of clajm1. .

. method according to claim 9 wherein the temperature 1s lowered during the

5  formation of a collector region of the HBT portion of the BiFET device.

11. A method according to claim 9 wherein the temperature is lowered to between
30°C and 100°C,

10 12, A method according to claim 11 wherein the temperature is lowered during the

formation of a collector region of the HBT portion of the BiFET device.

~—

13. A method according to claim 9 wherein the temperature during an oxide desorb
process is lowered by at least 50°C prior fo the growth of a subcallector region,
15

14, A BIFET device fabricated according the method of claim 1,



