;e3e<j 6T% V ELECTROSTATI C DI SCHARCGE PROTECTI ON Sl LI CON CONTROLLED
RECTLFI ER (ESD~SCR) FOR SI LI CON GERVANI UM TECHNOLOG ES CRASS REFERENCE TO

RELATED APPLI CATI ON [ 0001] This patent application clains tﬁﬁ E e\‘ﬁmmm
1,
\ﬁﬁ enber 10,

U.S. Provisional Application, serial nunber 601318, e0, fi I\ \
20"f, and U. S. Application) Serial nunmber 1 G1238,699, fil
2002 the contents of which are incorporated by reference herei*#¥I ELD OF"
THE | NVENTI ON [ 000] This invention generally relates to the field of

el ectrostatic_discharge (ESD) pro | | i : ecifically,
he GLECTRASTATICD f%%?‘éé Pﬁ!ﬁfﬁé@n%a ?{%Cﬁﬁg*’ £l |
oL oo cont e IR S LN GERMBNI I TG INOHORIES L om .

frequency signals, such as the nobile tel ephone and other wirel ess devices,

are current k&!ﬁdéﬁﬂ%ﬁ“% %'ﬂﬂ%%rml@ﬂébﬁe) Into the Integrated

circuits (I hestTrcon germani um technol ogy gives the chip ,
manuf act ur e[00Mhe abhlsipayent@pplitatonyclalms the beogitRr LHSs Pavigieali r enent s)

such as transistor spee i ' | R | 1S rrent gain.
The i nt r odBPPRRE Ser nutbey Bp R et MddbdbuotBr 1] U bA PELT P

| ayer) for mppplidetion| 8itialaiunetrert10¢238639diet Séptember ng) 200Ztheatontatisinct i on

bi pol ar tranfl ﬁt %r HE%ma e farned ﬁndli ntegrated with functi onal
circuitry, ETYNCNEIRNIG WP@%@%’P“B& 88"%eni conductor (CMOS) circuitry,
on a chip. That is, the HETs are used as functional RF circuitry, where the
SIGe | ayer allo for | hi gh- speed transi stors, which may be used
for RF appl Fﬂ&&%%Hﬁg‘mgﬂl conductor devices) such as |IC s having the
Site HBT trpqRjAt or ThRfiRvérfiahidonrallyPelais: 1itae vkl dfadedrdshaic diEchabgo
generated by contact with an D evént. As such.  elect rcgstatlc di schar ge

(ESD) pr ot efESBhPrItectian gikcuitey, aad mare spesifically elliepmeeniralled saetifier An EsD
event COW%@R@%&F&E&J&MN?E% Bfolédtief circugg, hi gh vol tage potenti al
ra

(typically, "sev Il ovolts) and | eads to pulses of high currant (several
anperes) of a short duration (typically, 100 nanoseconds).

BACKGROUND OF THE INVENTION

[0003] Technologies utllizing high frequency signals, such as the moblle
telephone and other wireless devices, are currently incorporating sliicon
germanium (SiGe) into the Integrated circuits (ICs). The sillcon germanium
technology gives the chip manufacturers the abllity to satisfy the analog/RF
deslign requirements, such as translstor speed, while maintalning a high

transistor current gain, The introduction of a SiGe layer over a silicon |ayer
(e.g., N-epitaxial layer) forms a heterojunction therebetween. Accordingly, a
heterojunction bipolar transistor (HBT) may be formed and integrated with
functional circuitry, e.g., complimentary metal oxide semiconductor (CMOS)
circuitry, on a chip. That is, the HBTs are used as functional RF circuitry, where
the SiGe layer allows for producing high-speed transistors, which may be used
for RF applications.

[0004] Semiconductor devices, such as IC's having the SiGe HBT
translstors are sensitive to the high voltages that may be generated by contact
with an ESD event. As such, elactrostatic discharge (ESD) protection circultry
is essential for Integrated circuits. An ESD event commonly results from the
discharge of a high voltage potential (typically, several kilovolts) and leads to
pulses of high current (several amperes) of & short duration (typically, 100

nanoseconds).
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*G00002*



~o0aa~~ Recent studies have Shawn that functional hetero]unction bipolar
transi stors al so have sanme intrinsic ESD protection capabilities. Far
exanple, In one publication, it was shown that a functional HBT, wthout
any additional ESD protection circuitry, was found to have neasurabl e
intrinsic ESD protection characteristics, as between two transistor
termnals {e.g., base-collector, baseenmtter, and the like). For a detailed
under st andi ng of one such study, the reader is directed to the publlcaticn

titled "El tati i h Ch i i I - B
S| Cone cAORES] Lo Rarant sfusties Biore shaya] Gt Anef St tabpBiartpgla sace
Coas 55! S tréTapR A6 Blls Sokatintk B8l Bt e oS 2000
- , . - , al O . - n -9.
However o’ lnememuhliﬁaﬂmﬂs@ﬁﬁ'&\g&ma&ﬁ fE%‘BB%‘??ﬁPFeﬁB{?” "fﬂﬁ%@‘?"&%ﬁl J
het er o] ””Céééferiegﬁéﬁblr&ﬁigngv%% g{i%niﬁlrt_@ Halv@ri@urapis htfmaé EBB protartiont | on

(vol tage danpi'ng curr I.ty) for the functional ci E’CUi try may
t

not be adechmaeleyistinsoas betivearniwairangister tesmingls (e-ay basg-eoliapier PESP-can

handl e onl ry. it ' [ y/tHee occurs.
One easongrin\éfetrh%'ﬁd ﬁ?{%‘@é?@i%gé{sﬂggy ﬁgﬁtslt%@slﬁjqe?éﬁ%ﬁ%a* he base contact
to the actreadebissdiremted tocthejpublicatmn entiled EFlectiostatic Disghaeget wilt flow In

conneet | ngChHAcREatEn bt By gPRRE S RbHY SRR tplobhiod BRbS | o

an early fqidnsistorsaby $eMoldmarmetilg Elédirieal tOventtresyéElbcirdatatipDigchange devi ce
term nal s) _whi ch, nakes t he deyi.ce PLACt | r lication, far
exanpl e) oPYMPEELM WE'%%’P@E’F%%%@%%?%@'ﬁﬁ%&‘?‘gﬁﬁﬁhe HoT is
connect ed poTHB476,18BN-1-5858Q118v@i le the emtter |Is grounded. ~O0O07] An
addi tional reason for such | cur t ESD failures.na SO, ~ttrl buted
to the | onfPO84 na F’W\%"ﬁ%\g@e %I"}??"cé§@t%fpéfﬂﬁn QFP?@%SC%I’%{@EW@%& t hat
becane necpg@réiinétibritipsiar tahsitlor b MMited, Wuch Ay ESD pretagtidraltagms e

pol ycrystalline silicon connecti 335 re%5| stf??\nge s Incr ?‘2‘?581 while the
vol t age dr S135WRING ARG CHNENt GERAbHILY oribe WactiongLFImulry TRY NG BPe) there is a
need in thadaa&at{a@rfr VBEQY PHr EmPIe0AR Ghilst-1SHRe JaRStidn s ARGt OF
technologies utiliZing silicon-gernmani umtechnol ogies. 2 SUMVAL~Y CF

| NVENTI t y NVeJofedtingDpuskan HRtlaydastiictive Brlgreocrlec PRedeesen & & prior
art are OVeH<LPSD sheekRBrBheR&S o AW Bk tAB bibe ¥ONRIcE &) theHclive pagé-SoY~ar ge

(ESd) protection device having a silicon controlled rectifier (SCR) for
pr ot ect i ngemitterdungtipne Thareford. dbe sumentwifl dawin thepxtremely 4R (B Gl ses a

. | . i
vertical NREhomARTE0er GFtfle @ndlsa&ﬁtlmy OB\ 8% By corft8a8kne Beiae

enbodi nent, an N-do e.sg. , l1g epttaxial) |layer Is
di sposed otransigtos reglon.atThisdaadata an earlyfalyre @sveali a2 sloaflsaptvaligge t he

N-epi t $xI abuh@%preaatq%oaééﬁéét 1%%@@54%@533%%%@&6&@@”6% - doped

region and coupled t round. d region, rst P-doped
regi on, an&ESapplicatian, forgxample; of proteciiag Rt eceiverinpuihwheredhedBsehe SCR

uhere the bHiRinBt dleRGbdE R ifitlelRaRHIRONS Shinkl @ grbdhaddt) 141 A

second P dopéd regio coup t'0o a protected pad. "P doped
regi on for @008 anéveadsitianakreasan farsuchdowicupestESh\failures enaye@ee b%i al | ayer

d | | ot . . . i d
ol ect 11 car AMPESRID W EgritherftRPGRte bRy ichibtalins bof BARockats gt 1l C
regi on) N- bptomeirsicessarein precticaliRE traRsidtop éayout gAlongftbese base pely-eral PNP

transistor of . the SCR A triggerin Lce e of the
SCR Far ef¥fgline ﬂﬁ&ﬂ‘kwgﬁg%%-@ﬁﬁ%ﬁﬁ ?%‘3%§g-d§@%%§!€‘ytg%€dc tpl ed to
'L he gﬁte Oﬁuﬂhg.m,wmﬂersendtmrmrdsnmﬁrTn@eﬁwi “‘e‘”“m?"‘“““"ff“’ggﬁ | C,

ut the triggeri evi ce does not share an 0 nents w th.the :

Al ternativ ,°Vﬁa%ﬁ? PERte 3?‘1'%6’Pisﬁﬁ'ﬁm rgg "ﬁ’éogi%w'gﬁ‘gto the gate
of the SC gjlisbggrhaRiub te@BRblbg@sdevi ce resides on the same 1C, as well as
>aha~res at | east one conponent with the SCR L0011] In one enbodi nent, the
first P-doped region is fabricated froma silicon-germanium (Site) lattice.
As such, the vertical NPN translator |Is a heterojurtction bipolar

transi stor (HBT), which has |ow junction capacitance between the base (SIGs
| ayer) and the collector (N-epl Si). An SCR incorporating a vertical HBT of

the present invention is suitable for protecting circuitry opere~ttng under
hi gh frequency appltcatlons) such as clécuftry in wreless devices.




BRI EF aESCRI PTI | ~N OF THE DRAW NGS (0pl121 FIGS. 1A and 1B depict schematic
di agr.am enbodi nents of an ~C ~ ESC protection device of the present

i nvention; j0013 FIG 2 depicts a cross-sectional view of a first

enbodi nent of the BCR E5D protection device of FIGS. 1A and 1 B; j0014]
FIG 3 depicts a top view of a second enbodi nent of the SCI ESD protection
davits of FIGS. 1 A and 1 B; j0015] FIG 4 depicts a cross-sectional view
of a third enbodiment of the S@'i ESa protection device of F1IGS. 1A and 1

B; j0Oal6~ FI | crass-sectional views of a first

enbodi nent oﬁwmﬁﬁé@ﬁtﬁ&‘ the present invention; [001 T] FIG 6
der et 2o 900E1°Ct Reisadaianes doretoed cestuataduith be pirarter devi oe
third enbodi varcase by the @"@éﬁ“‘ijb\’/‘?ﬂf@"&faﬂé%&[ﬁ%% ‘Sﬁ?ﬂ@ﬁg%m [0019]

FIGS. 8A-~C dg IPdlficon Rbelédpstitiiep{SCREfor prggelingdevi ces
[Ilustrated i n&ﬁﬁ@ﬂ@\ﬂﬂ@!}h@"?@ (fi(g?ozo FILG de(Sl ct):f a sc{}ﬁgﬁil c diagram

of the SCR E8fcpitrytafeniloiegeed @l@cw (Iﬁ)eth§Pe69er€%#& B vericy i ode.
j002'1] Ta fq g‘%@lﬁ{’%ﬁéé‘ pmﬂtp&] igentical reference nunerals have been

used, where po esignate | entlcal el ements that are co to
the figures. [pBDSY LEDn DESGRITIOENGER Neepeda=ar: llohlly doramor Niepltaxia ess

steps and str hk! ow
o manut act UFTOI BRPSSra e e s ARk 4Ry At 198Bp 8 Lol BshoBE@EREND,
| nventi on carNJepitaxiadaysre A first dsndopect regiomds tllsppaeégvalttbe R-dpped region
fabrication techrtl curr
comonl y pr acﬂ"ldg P@?‘g@ 9”9& Ebg fgssﬁ\ﬂc#%ée@%gﬂq‘ 93@:?5) alg éc?{bg?t; as tsdlil@tN in
under st andi ngapMaxiah Ryt fserthe vertizal Nem tra’mstar gtmeselapubmrthe figst N+
cross-sectiong and | E%?ut S a?r(ga%ﬁt) (?F? | C during fabrication are not
drawn to scal40PegfeoloRdoans Sf ustrate the various features of
the I nventi orooior t he& BBtsnd Pidleped man ld coupldtbtd a protected Ipads (That secehd
el ude SCh|g ré%}m'ag reglgrg foarrrplsogn 5:?cned«=.qcofr thie St(fd and is disposed over the N-

opltaxial layer and laterally positioned with respect to the first P doped reglon

and electrically isolated from the first P doped region. The second P daped

region, N-epltaxial layer, and first P doped reglon form the lateral PNP transistor

of the SCR. A triggering device may be coupled to a gate of the SCR. For

example, an external on-chip triggering device may be coupled to the gate of

the SCR, where the triggering device resides on the same 1G, but the triggering

device does not share any components with the SCR. Alternatively, an

integrated triggering device may be coupled to the gate of the SCR, where the

triggering device resides on the same IC, as well as shares at least one

component with the SCR.

[0011] In one embodiment, the first P-doped region Is fabricated from a
sillcon-germanium (SiGe) lattice. As such, the vertical NPN transistor Is a
heterojunction bipolar transistor (HBT), which has low junction capacitance
between the base (SIGe layer) and the collector (N-epi Si). An SCR
incorporating a vertical HBT of the present Invention is sultable for protecting
circuitry operating under high frequency applications, such as circultry in
wiralass devices.



4 (e.g., an SCR circuit) as related to the P and N-type doped regi ons of
the integrated circuit. [0023] FIGS. 1A and 1B depict schematic di agram
enbodi ments of an SCR ESD protection device 102 of the present invention.

Each of the enbodinents In schematic diagrans A and B illustratively
depicts a portion of an integrated circuit (1C 100 having protected
circuitry (functional circuitry) 10"l , and an SCR ESD protection device

102 coupl ed to a pad 9 04 c~f the protected Crcuitry 101, Al though a

single pad Esé@‘r%%@tﬁ?%ﬁﬂvﬂﬁﬁ@e 102 is illustr$tively shown in

t he schemat one ski he art will appreciate that
addi ti onal [E@ﬂ]protFQGSL oA am\ri&depm;m:hm)atmitwam enbodimartmef 86K e. g.)
ke pads) 904 for the functtﬁ?‘nal Ci ri'g wglol of the 1 C 100, as required.

[0024] The EEppRriaetian deviceelhe pragent Iy 'es a SCR 103 coupl ed between

the pad 1040648 9r ®ad2 .cty\atctos%nsmt:ﬁmrwwonamtmmhsodygeniwfghelew ce 105
coupled to the 'SCR 103, ' The trlg er| n %ﬁf@ 105 and SCR 103 toget her
n

serve as arS@GRESD prataction devics, d@% device 142 for the circuitry
(Le_, fU“Ct[beﬁg' C'F’I?UBtcfe)S}ctslg%o;?@le%ﬁd“é@ﬂfnﬂté?ﬁbﬁdmﬁht 6Fthe@CREAD (n

particul ar , I'n conpunction with the triggering device 105,
protects trwotect:@mdewpapiﬂﬁﬁ t1A6Rf 18iectrostatic di scharges (ESD) that may

oceur 21t d Jtﬁé‘t gfdeﬂﬁ h‘ér&éé%&lgggb(hﬁé\hfwt bHiBRdirfént of s SCR 103

functions hunt r rect currents romthe pad 104, through
an anode lﬂcarEBB@rmadtﬁdewicﬁofHES(lﬂ&&mmto ground 112. The trigger

such over - BHIE. "FUSSIBA AT 7 8PEhSiopb e dies otk i) pitbbamiat P2 B
of the SCR dfGSrigget devieyef thetpresdrd ipentio®4. , ground 112, and the protected
chy cu LY URatR ! i BTl g SHAGT Rl B It Beonertralc,

bet ween thetrlgg@tedmnce:ofctheg:resmw{veﬁtlﬂs 9A and 1 ~. [0026] Referring to the

el baos o DREET o TR, 7l e caosagrbhal iy o 4 Brdffbocfifpdtf o °°°

Speci fi cal Imggmw*cyjaftha@r@éemmaﬁm 103 is connected to the pad 104 and
optional | fi f arelsto N 142. Th N 142 1Is
toed o sudobady’ ke pikeal cepish BRniats TRawit smbeRrbSMagt e GRaT ) ' The
anode 122 idovicsgdligsirdted mFISS.td &id ?; ﬂ&jof the PNf~ transistor QP 9 32,
which is p || el 0o, the shunt resistor ana a nunber of
serial di o%@zbﬁ ?ﬂp étﬂﬁﬂlé S REFNEE S@Eﬂ%ﬂm@‘ éﬁﬁcﬁé {'95@'22 and t he
emtter 108d@f'cgb|q:|a\lﬁat¢@m@msﬁrﬁm The serially connected di odes DS
typicall tion rovlddt0|ncreas ol din

$/O|y![o age O]Y 't%ﬂg"g dﬁ?)%@cﬁ dS@‘?'&‘hﬁ@-ﬁﬂﬁ‘t{"@ reference nu sahﬁvelg °
speci fi cat i gitsd, whef& posdibibl tosdesifififte ikhtibacdiamentsithst sresntthon ietheNP

transi stor 132) tEe ot her side of the resistor RN 142, and the col | ector
of a NPN tr%ﬁ%t or QN 131. Addi ti onally, the collector of the PNP
transistor c~P 132 Is connect ed to the bane of the NPN transistor C N 131,
as well as to one side of resi stor RP é41 whi ch forns a second node 136.

The ot her SPEEAHﬂFEnélﬁ%@BtP'HPB‘ OF THE INYEMTIONG t0 a third node 124, which
I's coupled ml g{)ou”ﬁtelﬁl%cegé‘§tdp§§n§tétfucfﬂ?e&ﬁésér?add%\kQlosdb‘?hfrﬁﬁé

uni nt ended ering at law currents, such | eakage current
Fur t her nor ecompletecprocess flew forraanpirciuring integmtedpireults (1Gs). Ratheresinfected to

the groundeglsifbichtifAntdR Saf bl frilidddIn ToRfinRISR IR HReffatdd'GirceiR 103.

fabrication techniques currently used in the art, a portion of the commonly
practicad process steps Is included as necessary to assist in understanding of
the present Invention. The figures representing cross-sections and layouts of
portions of an IC during fabrication are not drawn to scale, but instead are
drawn to illustrate the varlous features of the Invention. Furthermore, whare
possible, the figures lllustratively include a schematlc diagram cof the circultry
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[0028] These skilled In the art will appreciate that the resistors 141 and
142 can control the total resistance to ground 11 Z, and thus control
triggering and hol ding current of the SCR 103. Furthernore, any |eakage
currents fromthe trigger device 105 are shunted to ground 112 via the path
through this resistor 141. [0026 The triggering device 105 in the schematic
diagramof FIG 1A is an external on-chip trigger device 105 that 1s
coupl ed between the first node 134 and ground 112. Specifically, the
trigger de!ﬁ% %PéCRScti,% heshihditd thdrsmdN-tygeeddiivd regiomsiafttiee G P 132,
which is ¢ desi ed as a second gate & of the SCR 103. In an
atternate dmﬁaﬁﬂﬁéﬁﬁcﬁgomn In F10.1 B) the triggering device 105 is coupl ed
bet ween th 10 adiments beah SQRyer

devi ce 105%P§§%oupﬂ:el %?SIA[‘%CP?%BBHC mﬁﬁﬁgﬁlﬁgﬁgi&@?or Q 131, which Is
commonl y dd=SDpavtedticrsdevies 162 ogmeanreﬁqntamvecrw@ns@acmm 4 smbpdimgnts

nbodi t, .th | SCR 1
23) *si nce. iinedfiphplieARgRTY A°4hd 8 sk sy BopEIs pofibhidr 88 ntebfutd S0
that sre i rﬁlmglte(lcadi(m having piudected bipuitnhGusctionat ciraditnd@iosad@as SRt he SCR

var | ous entloaP FENEene debar R eoaRe P o el fhalirie PiRBhEd dieiRF AN ' N

structure, Rlﬁ'ldilgﬁ%l@mgﬁk mad 104 ey 6CR BSBlgEsteciiod detite 02 llestrathely t he

t ft |

rechant sme. St 6155 srbSmRUGATIRES ARBsBIpA R e Aol AieBRledreh The

epl taxi al | gysfiorRil € SthBrotedtivh deviterad2(mapbe epupledito otherpads (Gt,14D ed bel ow
in FIG 2. (11030] .Vari cus. enbodi nent ﬂg@bat,gr%pt he structure and dapirtg

mat eri al s oﬁaqsdéoécfﬁ eduagtional clrryitey AegeIYiraS Fics. 2-4. For

exanpl e, 028Y eNtTHEEEEArateRioh detite 0B compirides ﬂrssRmtosi doupigd on is the
struct ural ornation COnghl sing a lateral bipolar trarhlw or .and vert I cal

bi pol ar t r abriweenthe pad 1Phandground 102 wikhan axemal arg ggerng deyice; e
Invention pehg etbﬁ@ea b ﬂ-iaeseR' 1'032 attietgQérir éé\ﬁéﬁﬂ@ﬁhﬂafm}mﬁﬁt&’é&m

technologies in't forma vert | cal _heteradunct]| an bi poI ar

transi stor QQHWPS msctnqstai@ls@au%pmtgct&mcdﬂyw&%fqrmp reuienI&: a first
embodi ment it erbealry P10 6Fdd @ﬂ?g#séeéucc%e& IE) $80, In fariiah, He SOR

illustrati ve s ram [ esen conponents of the

SCR 103, whi@h lnoonjuspﬂnmw bthaq@gsewwrﬁwlee aoa.garatﬁc&ﬁrtt@dﬁﬂmgm WrGcs 1A
and 1 B. T m'e‘i otfds %tlczdléa\drééé‘féélﬁj{ﬁ tﬁago%ﬁﬁéﬁﬁé 285102 ofthe f@r med by a

| at eral bi po rans ator and a ver ar twanststar. tt is noted

that the trclgzgﬁry el Whentamegran, tin S@&o‘l&& &tmctima ae ashustlosedired @y vi ew
f FIG 2. h db
0 ?»%O@aﬁgﬁ%gﬁa ﬁalm @ﬁe éﬁhnpa@mranurmo@ 34 dmbor med by

the PNP trans rtica I polar transistor Is farned

by the NP' NSCRat3.40 groupx] 1121 ThEh’ElgseRdwm Q% tuns ooy thed s iiaassapheses a
stack of dogﬁg,T J!@Q/%éy &W%ﬁ{l@étﬁ%ﬁcﬁoeelt yagag% rc%[‘n?ltlaﬂ?’ a buried N Japed

| ayer (herel er-r burie (BLN)) 205, a
N-doped | ayf0028%. g. It isand:tagmnatyhdapmﬂgmﬂdn@fpiheﬁﬂ&rl%aw& yegepg fo thed at

comr i sae npad 1B Gofiad2, T we Wit dieel] AR G BaRRrBal 50 L L | o
Z) a fi r2 i}) drbaodipeshte ehywa il FIGH. ‘rﬁegn@nggtrmlyme Ctamjlngmime;mggadn% i\a}ﬂad
N aped (o, gevica 105 tiesScR d€ e botedh 18 frrikpio dpu BRI G105 e
Pt Vat) 32“""?2?”& ou Lo )-- 1oy Zt%éoT ‘S Sfrﬁl;m cis the BLA 205
:_ateral Iso[ 263n o fQ'iNg'ﬁ) pﬁ/ N ype ef?é@a@gﬁ"&ﬂ?ﬁg‘\é {1@ @Srﬁg of deep
trench isol th@éﬂoht&élv)ce?ﬂ)@mcﬂ]ha& al PP rafiSIBforir NGl dnd i NPBCrarisistod t he
active device region and filled with_an isol %t 3glgomde a"fon'\epmfl i con

di oxi de (Si GN13 ngﬁgclggqﬂy, gn apode 122 of the SC connedte
104 and optionally to a first side of a resistor Ry 142. The resistor Ry 1421s

used to suppress unintended triggering at low currents. Additionally, the anode
122 Is coupled to an emitter 108 of the PNP transistor QP 132, which is parallel
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[ 0034y Deep highly N, doped regions (Le., N+ sinker regions) 20G and 2082
(coll.ectively N+ sinker regions 2@Q8) are fornmed proximate the aTl 219 by

| mpl anting N-type dopants having a dopi ng concentration of about 10'e
atanmsl cm~. As such, the lightly N-doped layer ZO$ is farnmed over the BLN
205 and between the N~slnker regions 206. The N+ sinker regions 206 are
used to forman ohm c connection from N+ diffusion regions 210 down to the
~LN 205. [n035] Shallow trench isolation (STI) 21 Bis used to separate

regions tE@th@élﬂnrﬁ?éél%ﬂﬁdt4fz°rOﬁﬁHﬁﬂhﬁQﬁquegoﬁsdr@d@dhaﬁsc(ﬂbﬂi ffuslon) of

t he hi gh-doped reglona (e , second doped ns .21 12,) as
i |l ustrat sliown) ﬁta&l bepcoupled hetwasn the ﬂn@ﬁ%l"%\ﬁ“f’rtaﬁ@ﬁﬁger téﬁg@":t?n

specific Leas [ oﬁ%s Si 02) and
tﬁe i ke) faél H’e%a(gﬁ Z’% ‘Iﬂﬁ%}&faﬂkcﬁﬁﬁ ren Iédl gﬁﬁwgﬁgﬁd 21)2 may
al so be sanbﬁalﬁplptbyldedhenndrea*mit@d‘e:ﬁdlngwhagmoﬂhe SﬁfR DR&s maebBenef i ci al
to the SCR oper s _descr.i commonl y assi gned US pat ent

appl i cati dRY 'é!é?qagﬂﬁ'@l BTL@(?P% at'%% ed Novenber 5, 2001, which |Is hereby
| naglr pGar gt[edztny rettﬁ%seﬁcee 64 Incudsst thedtage of tHkCBEP tr-‘ansisltcbltﬁPrﬂtZLU‘ﬁ%/ fﬂown
in S a e
cat hode 124 ?%S'S%BE&W ﬁ&ﬁ%iﬁr—ﬁ'@d“g&nﬁﬁ%ﬁyﬁmﬁmé%g%tgggoﬁ#sék12 and
2132 f o mt/r(]wcnﬁchfa#?gmwaa% ufmwm?@ﬂansrsmmaszegcmmm ic?hetbaeepom ng
sides o e cat hode synmmet r 0

t echni que fdha AlRN frapsisios Gl g%rﬁwet § & onps! a8 @ '}éﬁgip ;ﬂ"o‘fj h&ﬁ'ﬁqhar e
conpact 'ftehﬁg%@e%h&t\oaa%be%eadtﬁérsta@bhfwbtoﬂRﬁtmt- @nndeRid toreovi di ng a

single |ar + regl on 212 to serve as the anode 122 Further the synmetry

al | ows fort ivd nodetZAc whivh Ig soupledite oraupg t12. + Tha resistordte 14 h Isrisedda clr r ent
how. [013T%u(ﬂpﬁ-eé§urﬂﬁ{eﬁgeg$ﬁgrdﬂﬁgadtﬁ’o\ﬁ’ Euhﬁmbaﬁchaé‘éjleéﬁqé?@bur?&@t eps are

conduct ed OW ng on formations to he hi doped N+ and

P+ regi onslemrmme Ane emnﬁerp@fd ewrwtrawietorﬁﬂ Aat a&aléwoam@tw wAhged
th h { d ts t
oo UM AT el imte SpRng o b bpp 1, CPrn (0

penetrate I ons o 100. Referring to FIG

4) the ar cf@928Qr r othaaemjclltaqtdném ﬁdd’ﬂl eppricsiate theg the resistorgddd andgi4éhs 226,
d d
by the | neHTodo! i O TEANENEE1F of iRl 2hd itisCectitf oty pfd 0D ©

| npl ant at i Mdungmmtomemcmd@ﬁo@rmmdta‘. Boyienkage guorsts foro thend 210z

206, whi cripEPTHees 108 shEshitE £ 0HhuhT 20 st o R s BRIBEE | C5: O
(P+ di ffusiéh region) 212 and 212z (collectively second P+ regions 212) are

0o, g Sigd " e PlagoltGeflh 8 f AMRE ARy B i 1 Pl

2, the STI separa ectrica I sola regi ons
210 from tdaneteﬂ'mton{d:hlﬂi-trgggr dendce 105 that lmum%hsﬁmmdherﬁmtmdeé@ﬂons 212

For mod. by W18LSfoud {12° Sheinthin, iR bt fob e f05s pObRlet EHR! Soot™ 05 o

the first fNe RINPYransisteradP &g which1$ commanily designatad aislaﬂcoﬁd@atEGZr egi on

214. | h t | tt 296 d
Che 11 rst elthadisa 10k, T an slemiate BEaciho hopbif G R ETROGHY bace o
thle_ VE”' C@evitdhos izﬁémlmé%)bemdgltﬁé aBu{mttﬁfcﬁme%af?]mmﬁl@WB?l ayer t228

si nker r S an oget he r e.ca varo e
verti cal I\ﬁgﬁ é’(“é(t @dﬂ N? ?gq'fsre‘%ﬁpp%‘{t I‘Qﬁeg]ﬁ??/ Eﬁ'\ LCH
(emitter) éﬁsﬁmﬂlaﬂswmnbﬁwlde%@nat@ és/Q'ﬂﬂﬂ'dah e1l‘drrt|¢b>ae>m mﬂ ylnSl i con
mat eri al that al'so fornms the cathode ﬁé of th&ﬁ! 83 103. ,,Bg
depi cts a elhenarhpdinent, 5'@%@“&9%9869? ﬁt‘s gpnsl el n deV| ce
of FlGS. 1@%%&@&@@&&%5 G VB G Bt Uralonifibie n@mst bl e

| ayout s of nents to conserve real "estate on the | G 100 and
enhance peafednteanatedifie.nshaned Ay ghe sleucar! companants of BgsBCli @ vany

A e e ??E@"’?E?ﬁﬁf?m"%“’a;bgg bl urality of

the first embpdlmermsbfemmaigmmrtﬂp triggering dicgleenitibzing asHBY struetyre, &8t i vel y N+
21 t d
279 Fur cnaprefd iy B PIG, 8.8 I BREIas et by plthe BCRRCT TE8. 00

228 are interspersed and aligned with the plurality of second N+ poly
silicon raglans 216 over the first P dgped region 214. [Q04~f ] Sirnilarly,
the anode 122 may be fomed by a plurality of the second P+ poly silicon
regions (not shown), which are Anearly Interspersed over the Nepl |ayer
2(B. Mreover, the trigger gate &) which Is formed by the second N+ doped
region 210, may al so conprise a plurallfiy of second N+ doped regions 9



(not shown) that are interspersed and aligned with the plurality of second
P+ paly silicon regions over the N-epi layer 208. [O0W42] Referring to FIG
2, the lateral PNP transistor CAP 132 is formed by at |east one second P+
doped region (e.g., 2121 and 2122, collectively 2'12), the Nepi region 208
collectively wwth the BLN 205, and the f rat P doped region 214. The second
P* doped region 212, the N-epl region 20S collectively with the r~LN 2C15,
and the first P doped region 214 respectively formthe emtter, base, and
col l ector efgotfisssibag Byahln@ﬂhtemaim@rmec@nm safﬂeas&tedndakdovdbpfed regi on

212 is typically.a d teri
al ternati v@‘%h’ﬂ&ﬁ?'?rgﬂneg&?gwg M@yﬁéaﬁgdhif\é@ dqugl%?& 84 froma
P+ duped Slré@OH%@mug}atea@ew@mLﬁ@Q below in further detail. It Is noted
that the first P doped region 214 serves dual functlr\](l)sgaq)as for mgggthe

of the

col I ector {0030e | ¥Madpus emodimgﬁmdéplﬁtmmﬂrﬂ giggoiurea pigg materi
vertical Nghh beadgleSdiwd & g%&usédd“'\ﬁﬂfﬁ ard REFISSD-4! Popexdivpleadfet he BLN

205 col | ectivel'y Serve u unctions as farmng the coll ector of the
verti cal waetntlaeﬁeatumofd\eﬁmoéﬁle\mresem&n\temona%weraiructwa fosmatied pPNP

Lranst stor O i 4 QRARTBy ah i3k s Verkdl i SORRA G BRI 0N

P+ base pol nre I's respect’l vel over first
P doped re@CR 12)34Aﬂctli‘lerﬂnfveslmbemspecttof$lhmmvenﬂoer€EtalBs Mthea,ltlllzaml'f off st gate

regit-na. 2R gesdERRin BaGeitnHoRalerinie SCACTOEIS R 4 FALBAR, 050

POl y sili cthamj;.lmﬂoribﬂﬁlar[memlorﬂblﬁ're}xarrpl e, referring to FIG 3, thed
iirst gat i on 2 ngd 22G are spective spagse j an

bet ween ea Hﬁgﬁ ilé gfépﬁi/aé‘fosﬁ' ﬁﬁ"’i P% F"%cﬁp"@’%‘ld'i"%géfﬁngéﬁms 210.
'tl)'hat is) tImmlpﬁatacﬁt&t@awe@bpms?,a@vamdBZ%eanmt%mveecherrl'awdﬁgmsed )
etween 't t ter re S we t ween the
first N~ g?rf[léeﬁr?ﬂpﬁegﬁtth%wp 'ﬁﬁé’@%‘gegnﬁ)%z%@% @Qfmﬁpaﬂﬁ& tiple,

| nt er sper s e@hbhiatic d!hﬁrﬁmré?ﬂbéd]ﬁleﬁ%ﬁn'meﬁl NA aMct 1B.t ThatVs, EKB.1Z|gr | cat hode

pol y silicaon regl ons 216 all ows the anode r i oNns éwo%q second P+ doped

regi ons 21Jjustigtesband glscHssqdA% Wf‘-ﬁ@‘e@aﬁ tderal, danglslorandas 5|
dl mens~| ons,ehf*édmmom traPRIE f ot tie ibger adviddie1 B a8 1S, as

di scussed below )n further detail wth e ard to FI~. 2. [OQ45~ Insulative

regi ons 22@%9‘12212"?%3'59%‘?“@!8‘9%955( @{5102)) Isolate the first N+

emtter polmoss] i CA p%ﬁﬁ:‘uﬁsﬂ ﬁé%t@f'élfﬂlﬁdlﬁ' trn RS Els R Yo by tHePPNPegi ons 10
220 of the first gate 136. particul ar, the insulative regions 2241 and

224z. are dmﬂﬁ@roﬁaxﬂéz wh&!emewﬂlcald&m!arﬁr@gﬁiﬂﬁﬂgfwm byteNEN t he first
N+ em tter piiswtd QNCER, r'ﬁfa Qe#ﬁf@téeﬂsnHBeiceﬂuaF&Unyprﬁieh'acaacﬁ6 2<51b’éiil 220 and

226. It is noted that the first l'y silicon regiaon

al so f or medaygrethat inglude eﬁ'-brpet%srrawfb&. ia\,@ﬂeé'dﬂﬂﬁﬁaé layer flrpreinafier
Furth tg 216
O e o B4 Ml ¥ LS ATt 1980 Bl BP0,

p05| ti oned et ween nsul 'a wi ndow

(l.e., emllghﬂy doped\ onii-gpltzzial layecy 208 and & leeét one N siaker §eﬂlﬂnr205ur t her
det a| I bel (28D rgfe}::gélﬁbégc?ﬁlsﬁlé g@%r@%ﬂﬁrﬁfP%@Be&?&éleﬁ wjq gver the

first N+ po y SI cat ho regi ohs 226 (Gl
), the secdeastgmesacoyd Fhdopatbre@iany2, eaﬁmt hheoped poly siicanggalons21812

the I ke). e 16ist oh Bhond NEGHed BB 405, 12 1807 Dur i ng . Chermml
tr Ie?E: gﬁnE ) [BO?SDhI WndWMomlF-ﬁbbmelzé)i mfgn’deﬂmar\hmllym}dapedi(e a.gdbg 23
Elet ween th Pgdhgﬁﬂéécmg&'@]@uﬁﬂﬁﬂ %@ducﬁ'ﬁ%%@izgﬁ ﬂ%@‘ﬂ{]ﬁéﬁ%ﬁ’ espective

metal cont aay@r 208 {ecd), 105t d0entbmsron™, emartesrsinafteyillastrativelyetarmed 122,

S ool ot cntfaxlariayst A i RimeBaver Wﬂi@ge I ateranifcn, gﬁs@ 2 avore)

known as I ng mle@br@bsi@@bwded(dmnawdééb&mﬂ rsorduent(nmmse Theposi t ed

over the do ed regi ons etchin s |s erf %ﬁ%‘; t he cont act
hol es, whi di &d@e HEBE’E]MFW&FW V?r@?‘él ’:P'bf""ﬂﬁ1 P cont act s.
Several corsdiingekiss, m&%m&&m@ma & @Méﬁgbhﬁr&mtter openi ng 23U to
i ncrease tt-~e i mum current. I's noted that that the total nunber of

contact hol es over the anode 122 (i.e.) second P+ regions 212)

approxi mately matches the nunber of con¥act holes in the cathode 124 (i.a.
first N+ poly ailican raglan 296). (004B] In one enbodiment of FIG 2, all
of the P and N-type raglans (210, 212, 214, and 216) are fornmed froma
silicon-only lattice structure. In particular, the first and second doped
regi ana 214 and 212 have a doping concentration of about 102" atomsl| oni ~.
The f| rst N+ pon 5| I [ con reg| on (emtter) 216 and second N+ regl on (second

e ~Nsr ot —



dopi ng concentration of about 102 atonslcm 3, and the N- epltaxlal |ayer
Z08 has a doping concentration in the range of 10'i to 10" atons/cm-, which
Is the | owest doping concentration of the protection device 103. [Q4g] In
a second enbodinment of FIG 2, the first P doped region 214 conprises a
silicon germanium (SIGe) lattice structure. In particular, the first P
doped region 214 |Is fornmed fromsilicon and Centaniurn. The concentration
Is gradually Incre2~aed with the depth of the layer from0O/a to up to a
peak conceppsa) i orDedp n@nrquop@dtéﬁbnghfé N+ sinhor mgimw)izoat and 208gduces

respectively from 100/ a dovvnto rax 87% the Site is
doped wi t hCBlgdively: hswtsﬁt:tﬁahrﬁ fQ.{ prq‘@maﬁ@h}gﬁ)ﬁrﬂéfg b¥he remai ni ng

| ayer s andiRangd g@ﬁehsﬁpgwm EsndkafPof Boeigie as di scusaed

above. The e silTcon germanium | 2~ttiae structure |Is

parti cul araipmsicro Pﬁ(ﬂucbr thedightly Neghepest laver 40%dls forredipyeri tbaBLOW05 such as

irel HBT
(17 e, %0 er i Bp i ¥ N ket SRR 2H6° THI# BERePrecithE200 afe ol BT
whi ch makeformran @eRicainnatiicn from N-hdiflusigh regiens 246 giowmciodbe BLN2@5.t he

aw  unct i (838) oo SOARAZERAT BoRnh STz a s dbeFubapbibhe EZYLE&?.

Speci fi cal g, dashnatedfurifommationdelge! mplantation/difaslon)of the higedoped i . e., SI Ge

i ttor op oA CanarropsRavbe6Y P difiite @‘ﬁsrzﬁ/ﬁrgﬁfirsq@ﬁtar%%éarﬁéayer 208

(col lector. lrSpa'(r@IE:NIal' ishralby témBRes 8 Slohedircshdcticarehs\ il h MeOkatgr

Farad per Salaeb (oo ppen Aluide Buiekarktihpula) s Eanpkedi e spalow -

squar e- i cfr@icHer! e regitls| 2 108dnds2n2a rﬂﬁﬁ&lséﬁ@ated tgnbthetwnméém tic
capaci tances such as the one betvve n the BLN and t he substrate or at the

sl deval | s Kiswn inghe@rkthgt greckenedicia %5&@%9@8@'&%@% daggribeddan al r eady

m ni ni zed gomiRAly émqrramsfpraﬁaﬂeaﬁrrcaﬁeatss’remat 16/@07@39 filgct i onal  HBT
devices. | hi rd enbodi nent the first and second P

005
doped rengﬁl@é@ﬁ" &rAP01q whighds bgrabyrinesrperatadiby referenoedy “&rﬂﬂtlfﬂ*!é doped wi th
Boron at a{mefentA@trm@ﬁamt gyﬁa%wn HFiG. ?thriezs&ﬁer%rsrﬁrem dof the

first and second ions 214 an far ea er abrr cation

pr ocessi ngﬁymmil@trlggywﬁ@bdhaﬁhe&gt@deﬁaﬂlagnb%tﬂayllwﬂsnttﬁrﬂd&mmﬂ‘l@f thla
third enb ' t
Wheh fheogredcfgﬁge@angé@ da@&tz%yginbxnégﬁoa@gﬁg%nérée?a%%cppgrsa@o i ment in

a sil1con-based

lattice stheginnta? lS[OW‘DBPﬂH"QﬁM%)QfM%ﬂ@Ddﬁﬂ%JW ewemetwrtsentr an is to

i ncrease,t g@tr} um on
time of thg%geésﬁg) ?g&?ggﬁ t%gﬁ" V\ggvt?ta'lrét%r;é:ﬂ?ar dr v Fer e?c?(%gtg htﬁl\Jléer SCRs
103 t hat aPEVidgraE@re gomppel lmmﬂme@tﬂm@an@iqgelmawaﬂmdt imstoadrofjest prior

art. t|ne lry 4. i of the
Fespect | vePouaER g Bioe PR 1Bl 2121 sbivered fisiddg™az” Blither 6B s

103) whi chsyrrmptm ews foranor efficiant genmetfic layouBARal p&mats Inerbasad the
current gaj ggk,the transi stors 131 and 132. The increased transistor
current gar ns r} él p ensure that enough current is provided to forward

bi as t he bH3F] of kkixcimted thetiNt and BN iplard add @Andalhg stegs aher eby qui cl dy

N epr eoctanebited BliGuindiog S1 eson fefimons B b oo aToRdoRE BT o 5,
tL |3r1 s? ng+t gg+£gglregmﬂ16’ﬁﬁdm&gﬁespbolgved;? Tﬁérmﬂ)lantalﬁe%@gf? F’I::t ure o?mlghlei E:gﬁ and
ger mani um & 'ﬁa@'@??@w&}( fq_rctngﬂ ﬁlﬂ’%"éﬁ §§‘%BBPE'E§5KP penerate anfy e
range of mt&memadr&di@wegtm oEiRe ld:elmt IRdfbiring toRSUAHeldreds t he edge 211
of the second P+ reg\gvn 212 to the em tter openi n%%ﬁnpAs di scu 1sed above,

the em tt SUEEIng,naxathaderagiqns P 14 fitst gale keglons G%BQQ!QF‘ dw t he
first P+ rged @hﬁ, (e.q.

Sl Qz) 224. The Si Zeﬁat&'ﬁ%ghi%ﬂ‘??ﬁ’@l‘éﬂgﬁlﬁﬁgﬂz g’gfe;(t'h]y"‘ﬂfeés/iﬂ?ﬂgh\ggzls section
for the cumataslal dudng thaproressiddodi ment, the base length L~ of the PNP
translator ciP 132 is in the range of 1.0 to 2.0 mcrons. [Q5] The SCR
turn-an tine is related to the conbined tumon tinmes of the each transistor
N 131 and QP 9 32. The turn-on tines of the bipolar transistors 131 and
132 are proportionally related to the gquare of their respective base

wi dt hs. Accordingly, since the base wdth {Lp) of the NPN bipol ar

transi stor has been reduced by virtue of inplenenting the vertical NPN
transistor QN "131 ) the tumon tine of the SCR has al so been greatly
reduced es conpared to an SCR having a pair of laterally formed

transl ators. [406] Further far the errbodr rrents ut| I i zr ng the Srte Iattr ce




allows for control of the electrons and hol es i ndependently. As a result,

t he overal |l gai n-bandw dth product (fmax), which characterizes the maxi num
frequency of operation, may be inproved. The overall gain-bandw dth product
(fm~) may be Inproved by two fabricafiion nmethods. The first fabrication
method is to provide a high germani um cancentra~tian In a uniform base,

whil e a second hethod is to provide a | ow germani um concentration in a
graded base. [0057] !'n the first fabrication nethod, the reslstivity in the
base | ayer [00883" eabubing fHplaatitioh thpaictord Narreglone (Netcbﬁflmlmmmglm)at t he
base-em tter Interface ﬁf i he NPN SIStOI‘ &I 131 rﬁf ces hale.lnf ection
Into the eﬁ1 Qt%'? 21p(sollgrtivelyRece rﬁegtj’é‘ls’r?" AER RSV eérP erfac l%B‘Ieed of
the, devicg WQ@H SehidlY fdr&h6 @b.béﬁﬂ gﬁl@l GzaBar Ndﬂﬂi@»ﬁbﬂy,tth@eemﬁ'ld

equi val ent to thg conventional bipolar transistor, but the

gai n- band\A/Pdtrﬁgbﬂdﬁ’ﬁcdlﬁll%o"gf%ﬂ)ﬁ"I2m@ﬂd%@d(Q!Uéct!\@')f sreangrReregionfct i on I n
b | bl
fgfepgggagggﬁ@g@b&be&iﬁﬁg (b8 R-opl ér 2006 G 1Re MG 982, n&s@gw{ﬁw table

secon rication
ger mani um EtBc2the &Ti 818 separejesand elestricplly isplatepthesaacond Wi @@ om very

coll ector  BAGTBT N sy ieollus s s dfiss e RedidPitedlie 22 2% |
current galfmmmegm‘sw-sretggdrxwy&affect ed, Howeveir the speed of theugezllocg1
gﬁi F?a?ﬁrfl?% ]tgeﬁ rﬁntggcﬂlﬁﬁh)eﬁ%? {Qm ‘ﬁé‘éﬁ"f‘?daw%ﬁ ﬁ@ﬂ?gacr oss the
3gs|e.et :Vg:] epatflon zuhmrhmaowdmmmlrhmlzoe Mﬂelﬂmm:rp@l? silicon loagie?/ gfjlt ; eg; or
|spd| mi ni sR%? 'H?ﬁkg (iﬁﬁg qubg‘XPRq?r t?f"(%@’ Pé‘Plfc rflqeg{%rpm-p ¥ed duegto
Second fabry oy .*%ﬁ%’#ﬁ?ﬁ‘m’ B e oY cat  ons
The latter Q@bm%@eﬁﬁﬁ bage @ %\W{E‘%R‘ S‘II\' @ﬁ%@r@ﬁé? éf"c'tsg'?'?? "he base

| ayer. Thegd nrébu a}&ezﬁﬁm%n@?'régubuszoetm BEND0S6gotAGF Rmahe devices is

relatively | ow. depicts a cross-sectional view of third

enbodi nent G@W‘#WESB”'&FWBUWWM@R@H@QS& Thedirst Nx palgsilicon reg
enmbodi ment (smmeR) 216, aE I(s31an43 |rﬁp|té§e|s&9§rea a NaedgpEaqshilyBiitowmatdral 2

except that the BLN 205 and sinker re ons are omtted, and an N wel |

406 |s forﬂiﬂiﬂﬁﬁbﬁonﬂﬁ@%ﬁ@tb(’d@a?épfﬂl%sc 103.10060j In particular, the

N-epi taxl 2 gyerF ?@Q%Hé &:&rm NG of a3 cBnd uh%aﬁﬁm?oﬁhe 8ok £80 N vl |
4Q6 |Is dif Into t Qé)dé‘pﬂ yer 208 and laterally isolated bythe aTl

219. The W@Eﬁlmmoﬁﬂ it 1B o fdEnd ilwstratesgmexysbedimest of at ons/crri
whi ch d
L D ol S Sty o 4

doped reglons oped reg oped region

216 are foﬂtﬁéaomrenha@cmme‘pmm bserrmmmw S6Bteangister b@@ard to FIC.

2. It Isf owheif s 214 and
21 ~ may corrprl sy%hﬁ/b F‘agchon d(':)‘ FI?Erﬁéy ?EB t@tﬂ@ as a gﬁtgdl scussed
above wi t h depigtadint G, GarllM pe@g] melesmemaﬂiodm&%rﬁo

curront ga ey chue Kool GG Rolbé R 2 Eéﬁr%ﬁavaéf!!%&'@‘ LQGSCR

103. I n paiN+ ragicns, 218 ewbieh ere tinearlydintersperted oventbafirgdt dopadhregiont s due to

the high d n ant ages of
havi ngga |?a/4 gﬂ%f’ﬁg} ﬁﬁ@ﬁgegé?t#tﬁﬁg%ﬁ%tgg?@ '%@I‘:"ﬁ?%%g‘gynm yg t he
di ffused N2@6ldre Atérshersesl dritbaligmed vith thbeluralityrofisepdipd Nr-guoly sifieon 132 {as
wel |l as the oII or o{ tth rtical NPN fransistor 132), with m ni mal
reducti on I@SEWE%PV‘@% }SS“}[{g rqgion 1’%urther noted that in an

al ternate q¢opeti m@imﬂérlf&l@an@dd’dzzmméd @yleamarmwwmlseoom
I mpl emented, 1n the agg e second | ~+ dgped

1
Fegi on 212 Fiepgly silsen aaians (ot shawr: siictupre 1Beaey Srparectapma i Roped

region 21 \dp mw:zaatmréwaitthaaﬂg%@yat@m Wlch |5>f$msa w)th\e SevPhdN+226
form ng the second gate such

he anode 12% defi he .P+ region
275" 15°) ar goPeS REBION A10s VISR CAmPETAe AIUFAY Of 399 Nh GOMERERGIONA | cont act
hal es in the anode 122 nust substantially match the nunber of contact hol es
In the cathode 124. Furthernore, the DTl ring of insulative material Is
formed under the DTl regiary approxi mately where the second p+ base poly
silicon region 226z |Is farnmed. Thus, evkrything to tha right of the ring is
omtted fromthe SCR 103. ESD protection pertormance of an asymetrical SCR
of the present invention i$ carnparable with regard to current gain and SCR
turn-on tine as to the performance of the preferred synmmetrical SCR | ayout.
[063] The SCR of the present enbodi nents provide a vertical NPN transistor
CN 131 mnth a dlstrlbuted (|. ., lateral) PNP translator QP 132. The



fromthe emtter to the collector, which increases the current gain,

current flaw, and turn-on tinme, as conpared to a SCR having distributed
{i.e., lateral) NPN and PNP transistors. [DOC4~ In |Instances where the base
of the NPN transistor 1 ~1 conprises Silicon-Germanium the SCR 103 is
vertically isolated fromthe P-substrate 203 by the a reverse di ode farned
by the BLN 205 and P-substrate 203 junction, as well as laterally by the
DTl 218, Accordingly, the SCR 103 may be used as.an ESa protection device

I'n various p%t@ﬁ%k‘n? Bat &ve Ftbisperseduiidediidficd with!ths pllrelty loh s&forabP+i cat i ons,
such as wireless devices. in _such RF circuits, signals may sw ng above t he

positive s®#PM %}llqﬂﬂlfﬁﬁwscﬂvebm%mr%l?ﬁég%l ve supply voltage. Protection
devt ces  nboa | RaHR] (5 FRE! 4 1o Rutsidh PNFe snclicr Qo1 ddbimadeiby b bot

i nst ances, y can conply the circuit requirement that na

conducti ve Iqmt bnepenend B+tdapedupgion (@49 g?r"@m g0d1213e qallegtivaly Aot & Nhoot or

d h h I h I
some £SD. peol BETLIOE EeSEY it HEELN 265, cndf@ st tbpadeEid IV 10,
only a singhe gpabad 6+ dopdd paicers2 14, fee N-epdregi@l 208 callgctivaly \h)l§1 thequi r ed

Ceterring ElrE2Es. il theest 7 HeSed falol 31 BsBheRY Ferloalptinst BERES, | e
?ﬁhlofhghggdg{)ofmmt bﬁﬂueaeﬁrm$mau:raﬁﬁawmuszctrne seogndiP+tdopedad 104 As

erelon 26 t mthe first gate D1
woul d not HeglpB Zrlgyplqgﬁlmqaéf,qigp ﬁP?ﬁftQﬁE’oEéE%ﬁﬁalgbﬂge@lBh Bvoi ds any
potenti al %éiﬂdi&e'eﬁ%tﬁﬂmbhﬁ‘th@%cd?ﬂm d edlﬁég'ltﬂl ET@ﬁffabﬁéateMrenﬁé 136, due
to lateral {trigger current flow thrgw lif’ ﬁ 14 of hhe NPN
transi st or Fr3dopg matedalgg Jiscysse %'"tfb“'t otg B't SAPtRARRE £ ¢ st
gate Gl 134né firdd ¥edb éaﬂebicﬂﬂzm $dl0es aﬁaﬂfaﬁcuoﬁ% a%tféﬁmnbhﬁe Bﬁlldrﬁcﬂ"dfflﬁe 210 and

N+ sinker raglans 2 hat farmthe second be required.

El i m nat i néataralmganglat%% d32.casswelbps ﬁ’en?ﬁl@ Qfdh@é(@f"cﬁhyﬁ’ﬁ‘ttrwlﬁltﬂ'é ESa

protecti on ggvge L%%wsgttﬁé REEFMEFr 2dseaﬁcrmemq 205 %o@ctﬂté@ defverdigdior t and
direct way of I'nf ectl e trlemi:r current Into gqh@1 effectlve HBT
It

base regi orfuma@nﬁmswoaamgébg sallenior ofdhe Nﬁ@g@rNE'ﬂé@tﬂ\S@U s es Well as
conpar ed V\na%?aggfgg fég\gsgé;&m@mﬁ{rgn%o}aﬂg jgptrigger the lateral PNP

transi stor However ates rat and G- 134 and 136 may

al so be i miP@43Int eJhecﬁl'pfrmﬂleH 13 isdormed byatlﬁaﬁhmwrdme poly sfliean ng

Lo trigger TPABRSAD YATH KreddbehiGolp ool B0t Hobed Fedidn 2042 vgﬁt a>e
Such ESD eeenhadimant $havineF 6o & and 3, the first gate 136 lgstrativent eoropisesrd ng at a

Pﬁﬁf:'tfglng{ Cl rctﬁ'??heq%% aol?m%ﬁﬁ% ﬂ;-ggzl'eg%r{%%%%ggﬂr?ég@l oneda{abg\r/]g in yet

anot her errmmhoamltsldﬁs ofitbe SrstNOSyathbde polygliisongegios 218y be el i mi nat ed

because. i ndOREAL, P sRamtel Pt ol SCaletis R edeibie 2BBYand 260/ 0L

poly sili cmemmleelycdlé.msgdrprmmtemﬂ betvicsnl each of thoplurajiy e&firél. and G-

avar ancho BVEONRR YRR s 216 TR, e BrayDEie BRI A, B 38, Y "

P- ?ase |a>$r§¢€élﬁllvelﬁl@ﬁ§iﬁ]seﬂlbe&leéﬂhaﬁﬁsw dnmtertreglbassﬁseaud amgi. Vi evvi of
a first enbodi nent. o tri G nt| above, the
SCR I's t ur sl aipe een. qﬁﬂ gg‘}e& Oghmg%%ﬁaﬁ%ﬂns Eﬁpgrﬁgi’gger devi ce
105. The trprmlalngiﬂultm Interd r@dﬂ?ﬁf@dtefr ibhe 228 trﬂmaswmmenm-t her the SCR
103 nor the tr| aew g’ﬁ&c F r)zy tegrated or share n’ggnéants The
triggering QIB‘#P gre onfeglans 21§ ajows dhe, aNpge [agigns eS

enbadi r nentps+ dbpéd Fédléhé 242)3bBe Pidédd A8s&th ted Bétﬁo&@ sﬁmtﬁdt % laterdppad
region 214. That is,”the trigger devices 105 of, FIGS 3 maé be used In

i nst ances WH@easIoRs Ludnay Eﬁl’e difpefaster fyrn-omaf the SCR 03, a3 dissvssed bi pol ar

t ransi st or éﬁﬁnn UrfieF QistalinNGitte ¥ ggering device 1 & (trf both
FIGS. 5A a fs a heteroltun tloﬁ'{dI oge ( HBD, trlggerlggdew ce 105 that

utilizes a [08#8kct dnsylaliva roainns2243)angr224z (&an sicon dioxida ixolaten
tranal stor t I r Félqm,['ses $
st ack of doégﬁ tzﬁf‘é?s raﬂo‘wlr;]l(ﬂ:ﬁgoud 'ﬁ?ypl)%hsth gﬁr% vﬂz%g,smgébu ecf N~ oped

| ayer (hereinafter referred to as a "buried |ayer N-type" (BLN)) 505, sn
N-epltaxlal layer 508, and at | east oneg\+ sinker region 508, as discussed
above with regard to the SCR 1 a3. The HBD trigger device 1 tla also
conpri ses a~ SI Gs doped region 514, at |east one N+ diffusion region 510,
and at |east one P+ poly base raglan 522. 1T [<;1p71] The structure of
the trigger device 105 is simlar in many aspects to the structure of the
SCR 103 In partlcul ar, an the $I||con P—substrate 203, is farmed the

" — o NN . ~1 K1



connection from N+ diffusion raglans 510 down to the BLN 505, Shal |l ow
trench isolation (STI) 518 is used to separate regions that are designated
for formation (e.g., Inplantation) of the high-doped raglans (e.g., N+

di ffusion region 510 and Sl Ge P-doped region 5"t4) as di $cusaed above with
regard to the SCR 103. [tya73] It Is noted that N+ inplant and annealing
steps are conducted following the STI region formations to formthe

hi gh-doped N+ regions 510. During inplantation, the N+ diffusion regions

5101 and 5 firgcdatae, INpadichiarstheingutgtiverrag BhQ)ZZM anp 2@y ded over
each N+ m%%?“rﬂgglrgﬁé v\,hllNIb formthe cat hode &53& I val ent o t he

col | ector dignosed ovar thﬁémmqn%ﬂrregm hidk @?%P@M‘@eﬂdhe@ e’[“!ﬁﬁ@? YIn FIGS.
5A and 5B, lﬁgﬁ%gee@dr?fﬁqgﬁatﬁé‘ + Db hcﬂ@gﬁm@m@ faﬁa%ze [t99heRdWAA whi l e

STl regions I sol at'e sion regl on 5102. Mbreover, N-epl
| ayer ragl the freON#emitiempoly n&dorbeegwem@’ﬂ alge forore mza portlomoBBe Furt her

" gi on 500 "HrHa aBant 224y e FlrheSFERS M RoMeRpt TR R, & YT

P+ base pokmitteriuhasilicagregiorb2ts pesifienetchbtoeen tha msklative cegiong b 514,

the. rism) ofndiRgisgid windp 18- crliderdbing’) S anebotfindio B0, V'

silicon raglsenssstfinlferte@dataiebelower t he P doped regl on 5 14 and N-epi |ayer

508. That | th t t Site P
doped I’:gl I © ?\PB?BTEYI'H%HE@% '9#&#&.0 'ﬁgn@g °¥ﬁf beirﬁ SR‘)'y%&'Péﬂ%zz is
di vi ded 'n?égléM16Qé&tﬁaée)5ﬂ%ﬁ§pbé82ggmn§ boeach), Iﬂiabmmtu régibhg,on regi on

5~2 fiorned laterally on_the P Q 2 re&gﬁaon 514 aﬁé- aver he STI 518
formed benédPKGRhandthe SPC‘EI"(‘)‘E)BG regigng 4 15 {anadgy, dn particy @?ﬁ has

indirect ceapa ir@ocaﬂa &, fXahiune dddﬂﬁb!lﬁé}ls%\eﬂéﬁtém RearmceUnheid | con
regi ons 52 1-an 722 are Iace | at er al tive Site P d@&gd regi on

514. In ei{IABr Q&lﬂﬂﬂk?eth@fﬂié rertment, a highly cﬁﬂ#@@lwmilpyﬂ%@warb regi ons

N+ di ff C nmay optional |
o S T R e

i s noted tmndwmwebond hetween thechigl-dlepad regieas (2160R40.212,iand:326) and
II'Tustrati gﬁ'e[l{@éggg&ive%éﬁg?ﬁamuwhlc@raﬂaeréx én%nﬁabﬁ\mgrat waﬁade regi on

all ows a ver curren t1on

ow thro
silicided N2%ecatbode 1aﬁ£ﬁr5mt9435a§@?p@¢qndsﬂﬂtﬁdaﬂ of thp SER5108. and Into the

Lhe anode df0Hlc” LA Rhpelfpetsing Qingisich bt dRAFEER IR oR0 ") | Vo)

N+ sinker laygirdksow0gs ll&tﬁﬂ-ﬁ%ﬂlebﬁtﬂld‘(ﬂ@l2506(¢mwr508phﬂﬂt@m&ara/eI y formthe

o i nker £EROISE by e Hophd reine; o BENRE, diB8bes BRercRRl SRRANET, POl

| a~yert ~ 52Ohtaehboles, whish arésubsdqueatly Glled with metaldodemmte notalt o t he

ecurs. at - CRbR, Severed itact Aousiey, RS ocBif Pl Bler B8 crigfigfanihd |2, 1°

regi on 508 ZGDstpmdadeBeumdmum dyrpéntallf iy notdd-thiat ﬂmltﬂm/\tmtalmimd:ge obf t he HBD

by eakdoun ST, BOBR bubr Btcpriobnta’e erogeb iy B2 S8 A2 arBBREANE o
provi des amatclgwmeaunnlmﬂoftoonmoghonsﬁdﬂw cathdd@s) 24 {i.e. HestSTRpDH3) whi ch

triggers th ei CR l10§®;a0'l'a~ It is also noted that the junction
capamtanc@'ic \'7%99" 3 ‘because the N-epl layer 508 Is lightly doped (e.g.

dopi ng con mglat I Woﬁé@ﬂfbﬂzdilﬁeﬁ df FIGOZ, @It@mbcﬁmﬁd Nitgpe reglohe(@10, dOIOI ng 1n

I R N S

results in odi nent
of FIGS SA“‘%‘@‘E,E‘?%&W“Q?“*’“@?*O%W *"32?2m”?ﬁ%@%?”@ﬁ*§“‘?’oﬁﬁd n

the N-epit ooyt 10 afé‘PmS’GH‘ S'Blftf‘ﬂsi Blati rajy sifipRn regig (E'Et;?r)l?é‘ fhed beneat h
the SiCe FgadgR@ i+ r%ﬂldﬁ_rllséééhd %ﬂe’)g!_é ﬂéﬂ &%EHEP%W él"o"—tﬂ?reﬂbhﬁws

| ateral ly bet ween t he regl eat f usi on regi ons 510.
Accor di ngl yhavedepiog @ﬂﬁéﬂaﬂ%@ Jrabogb 30 araéc’rﬁﬁ’c ngHie BLN layer 205 has a

doping concentration of about 10'® atoms/om®, the N+ sinker region 206 has a
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19 required. The N-weft 5a7 is provided to further |ower the trigger

vol tage by increasing the doping concentration (e.g., 1 a'8 atons/cm-) at
the N-side of the junction. A higher doping concentration causes a shorter
depletion layer width in which the voltage drops with higher electric field
strength. The latter |leads try a higher aval anche nmultiplication factor and
a | ower breakdown voltage. [0a8l] FIGS. 8A 8G depict exenplary schematic

di agram enbodi nents of the trigger devices illustrated In FIGS. 6 and 7. In
par ti cul ardophag bosaantration of dbawt 103° atvevascrfeand theddr epltaxial ¢aye0208oupl ed to

thSCRtht |l ectively f he ESD prouegt] t ect
Uit onal e § dapfo rongattsaiin i therdnag. ot RIEH I aftiuiGhi, wifon  Big P O ©°* ©
r esi SE, 0; lgle&egtg% n@beﬁcémmhMtﬁdpmmmn@edi@wm 1 a5 atfnode 136 to
roun | C S on W O, ECO

Ormod men T00REE ¢ Hingtascangiarbbodivnt ! fik 2o fhetrnt B doberFoghn 248

i |1 ustrat e ﬁ%lé @Q‘H&gn Qéﬁ@anﬂumctsn@é) lhifiee %&h@mﬁu umpﬁénﬂmar 68 st Pr anSI stor

W5T105 wi t orte aseemtter. lustrates a coll ector- em tter

devi ce wi tﬁppﬂd r@gmm Bkls. formed &omhwr&ﬁwamum dhesconggnisationisy

ei ther con | ow t he pose
tlarm nal éﬂa%%@r na aéagwt#et@? d&@}%@ﬁ%%ﬁ%@g}??%p&%?%WGWdepl cltos a
trigger demrmenﬂrﬂﬁori of apprex GH-$8%. UThe silidongearncentralidreraduiceeni tt er br eakdown
of a heter r aII t he
sanme as de%s@éthq%r%éfd%d&@ﬁ@é@ bﬁ?a?@?’hfg%‘?/ﬁfﬁtgzu%ii I2 |)s/ for med
over the Sdopedwi 1] conéeshiration ocbabowtci0™ aeni/tade | flhgon

regi ons 52|2l?nd M oo e Iflca‘i? ‘_%?1 Jgathb aye E%% re fornmed
between ¢ YR S ERlans i dne Rripicii e ! & iedb S 4 BReibent 7 one 520
and 522x. #lsovel atli etlmmbéth onereaiurs latide stagtirerie paiticulaelyN~ em tter
regi on )éOZ mem X eecaﬂa é? R' J@atl\'/ae | a S 2240 yal scussed
above wit h"’:’"l"%éi HGW g fgdey ‘ati %g[ gles ?HE@P&S‘ ating the
N+ em tterdédgdgan 602 Into t he trlgger deV| ce 1 a~ Is to reduce the trigger
ol t age. r no, ion. 602 pra ntrinsicall
\éare ?obustbOEBfggefh%V@&@me"EﬂSQQ %gl E’BTrﬂ &r & Tt'\Q@ﬂﬁF@ﬁYal P'% fi l:at I a%
as wel |l as18tem aseéw?abwqmmﬁtcabhmﬁck%tchenamthersa;n shh@blé%ﬂtﬁetor It
s noted that ector Is hi gher potentjal in the ~5~1

protecti onf 'shr(BE‘ffrquq'%s Sheed g@é’aﬁﬁ# @WW@T%‘W‘?@C‘BB@% 193 a | over
potential gRy®bemihRed fylﬁ’a&)ngpé IdvhﬁmbﬂJn %%ﬂ@e while préVi@IRgla v

alternative errbodl nent. o (drawn i n phanto

provi ded i Aol layelof ESWﬁeﬁs?assa%@!ﬂqaﬂmefae.lmt@gmaPstwmihemssnd 55 The

N-wel | fiOdnd éollHrﬁbﬁ(ﬁédSlGé'Fd@oﬁdEﬁ'eErdﬁpzw &H&Piheﬁ@-%gﬂ l%gﬁdh" boeradisyer the
trigger voltage by I'nar easi ng the do concentration (e.g. 08 atom;l cni

a at the Ndefined !aftherﬁmlﬁehewwng.. and er aeds miRiizedsMorequesthg Nvp
respect t ojapbf308 g:‘éua&@ YSvehPRtf tﬁﬁ?e@%%ﬁgﬁ%cﬁﬁpﬁﬁtaﬁdﬁﬁ‘d Abn- ture shown

In FIG 6 may-hav ase extern aa~ e emtter IG 8A) or
floating ($9micopgyctonpeocassest Hige mcﬁqnmaﬂtegcm@\ﬁﬁ miekamd: t er

connect od_pay QuaFbrairtifba R pér@ataw 5%%&3&9@&&%&&&% br eakdown

(FIG 5A IS a nore ust trigger device scussed earlier.
$hort | ng tHe/fba@quuene-mmm aes4). Foraihes perasiicmeparioesauwghasus a

Vol toc ' s BB ol YRS Bl 2 Slb el BY BF he Sl ARNEGMAE P 2 o
typi cal | y device, al\¢spasitanzepeaivésavenbedrealoesiyrmihimized de mesh theahighof t he
speck appl fEAL RS rebiferRERABF theTunbfhal AET afifved. 8B) may be selected.

[0051] In & third embodiment of FIG. 2, the first and second P doped

regions 214 and 212 are each fabricated from $iGe, and are doped with Boron

at a concentration of about 10" em™. The joint formation of the first and second

P doped regions 214 and 212 ellows for easier fabrication processing, thereby

reduclng costs. Furthermore, the performance of this third embodiment s
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[008T] Fla. 7 depicts a crass-sectional view of a second enbodi nent of a
trigger device 105 of the present invention) and FIGS. 8C illustrates an
emtterbase diode with an open collector, as shown in FIG 7. [00%$$l
Deferring to FIG 7, the emtter base diode trigger device 105 is a Sl Ge
SCR utilizing the base-emtter breakdown of the heterojunction bipolar
transistor (MBT). In particular, the ~LN 505 and N-ep'rtaxial |ayer 508 are
'di sposed over the P-substrate 209) es di scussed above with regard to the

ot her tri gadostahdially thecsemel asthe seasindrimiBodimeahin vhich mmsqwnddg doped P- base

| ayer 51A. t he N-epl r. an Insul atlve

ma%/erl al d’pg@)nﬁyg%rwy rﬂﬂhf 8%"'8?9%%5(9%%%%@1%%@@& med ovgr th\e N- epi

gg%er A§08 IUEBEI ebx%nhéebj?htum?iltthe phbdemt l?t\/@ﬁ% tien I@?ﬂcﬁﬁ%@mdﬁigﬁefl I a%/ﬁr
suc o colle unctiQn o e ed fromthe

trigger de‘\‘lﬁ“&@“ﬁ)g' %ﬁ%ﬂﬁ%@f‘yﬁep §dympn, fig of gﬁpﬂ s t he

baser en t tr%anfaoosl,etvwgmeu@eamaéhcbaevwsemt1wtnaea¢eor@nﬁea bgachdihe ~i Ge

P- base | ayer 514 di ment of h br eakdown V?| t age that

is |ower tofdat eﬂﬁ'ﬁﬂ‘aﬁt@"%@dﬂ Higpeor ait. Foag diffipnegovey the RIORAA 188, " The

I b Kk f d
0", oA SBMh 8 s et i it sy o o e

the agai n hi doped N+
emtter re@idJQPG‘tBZ InAbe (ﬁ@%dﬁaedhlabmenaﬁﬁ th&duaaeetmw ofHbe %&ﬁ/ﬂug&l evel s

[ rigger oo Wa B U5y BurtSnicRts n b e tPhnielsitrs R 10RE17% CRHE P, 206, 05
[ 0091 ProvirghaistoPeurférR ghiiies p\héip ensaitd that ehaigH eurrditii®provitiddudifegvard ver ti cal
NPN transi stor 131 in conjunct %@n @%th a lateral PNP transi stﬁr decreases

t he turn- oMas thebagesgieagh trang I andLaP 152, Aad igreby Arisklrad

| mpr oves d,mamgarcﬂ@atglﬂg@smwg\t that flaws in the vertlcal NPN tranststar
. 131, as conpared ngadlstrlbuted(l ., lateral) NPN

transi st or[00 eovBT qu eﬁ)rth%ﬂl'"q{tj Qnﬁé-wybmeenrwr\iéhq [QERe 4%@ansi st or
131 using lﬁn&!hts'df%v@rﬂEﬁWWula%Hstd?@ﬁH'SQ%dtthé [atbfet PNFrafslstoP e used I'n

hi gh frequency applications, such as wireless devices. In particular, the

P- doped Si1%2.H emnmgnt&nwhsr@;tlaqwﬁnspPr*aqnp@drmmpam&m@nrlsaﬁ@e to the
| ow- doped eeP.na %j:e 8 bf SiiebrPend QeHdiia il @Mbﬁ&h'&dﬁﬁ |ted for RF

application e triggering devices al so be tabricated
usi ng the @'&Gtﬂe@ B3 bigiin the Enaeiafi1840 pm. a heterOJ unction diode is

e B e
t he het er &jeg e § hep B SlgcLEsRT & ame rf requency
A C R Y o
the SCR nqiovere e atviedm e\d.celt):z 1 &8e o) 6, and ?
fop sor. | +EBREBpEdink aeiBoihetfie ol tofh RELREInR bR In ol | o7
devi ces byemhediawnt,dbe basalength L oéthd BNBirmlstmdlBﬂﬁEHemmerahWDf an ESD

pul se havi ) ite polarity'. Qppasfte polarity neans that the pad
connect ed {lgt{’%eo Bﬁ%ﬁﬁ%‘t ed circuitry receives a negative ESD pulse with

respect t o[0@s5pnd. THenSCR rw-aadime isaelitabio therwrrrbirhed tven-endimea@ithai | |

5 Gepi ot s SEtFRRPLON T b 6F 1 2. e e B RoBlAF asBO%8) & 1
coupled tot3d aml ng82 ai-@FmpfaﬂYonaﬁy folatedi tblthl§ M@érea:fttﬂiur mpecﬁveabﬁw nt di ode
902 to s huvr\}lldtl?sn cor mgF‘?sR% %egbasheew%?i?a. ?tt%oll\lsf\ll lgolar transistor has

been reduced by virtue of implementing the vertical NPN transistor QN 131, the

turn on time of the SCR has also been greatly reduced as compared to an SCR

having a pair of laterally formed transistors.

[0056] Further, for the embodiments utllizing the SiGe lattice structure In the

base of the vertical NPN transistor QN 131, the SiGe haeterojunction transistor
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22 schematic drawing of FIG ~ is the sane as the schematic draw ng of
FIG 1. B, such that the triggering device 105 is a diode, and the shunt

di ode 902 is coupled to the anode 122 of the SCR 903 as well as the pad
104, and to ground 112. Specifically, the cathode of the trigger diode 105
I's coupled to ground 112 via the resistor 141, while the anode of the
trigger diode 105 |Is coupled to the pad 144. Further, the cathode of the
shunt di ode 902 is coupled directly to ground 112, while the anode of the
shunt di odallaws fosgphiedl af shepalectrons auwbg%p indepsndeatly.eds aresul.Bat for this

%ﬁgeeﬁ;ogfﬁ%‘%{?ﬁl?hm&ﬁﬂﬁ@ r8g|'7@i (f"la’aSWrﬁgp g:ggé &%Q thgn oaénm(,}@als 2) Fl: g nt gét

provi di ng tréquérmyeﬁtoppcmkinbhmyftmrmmdvm 'Flu'somralhgem Mnctvhdthq)fedud:tt nost

sui tabl e as shunt el enent ct..anod

al | ows rrax&ﬁﬁgiw baler: ?YW%FW? *@%ﬁ@f%} Bﬁeﬁ}?%r ﬁ%ﬁfg{gﬁé’ﬁﬁﬁ‘ %&Pﬁe prior
art deviceps tblpabwué ial hlgmgenﬁamemtcomedmt(dmaea Gsiftrmdigse, while b seeshdi ct s
current flaw.there IS noted &he ot he di odes as
shown~I n FMgt h@g t@Pf%\ﬂag? '%)QQE{FQB'”BECQ%‘@B rguo ?ﬂ‘i’r‘?{a E??@@r ces, however

these enbo;bmgt S mmehﬁéttfabr@dﬁbh@ﬁet%dtthegaﬁéﬁ\ng mlwa 68 9er he SCR
These ot her HBD di odes provide | ower perfarmat~C~ due to_ the higher

resi st ancegéﬁRﬁYIdecdﬁrR@mc%ﬂipﬁﬁlh%@@luﬂﬁb%ﬁbﬂ"e %%W‘G@éff"tﬂmﬁ‘c‘& t hey
benefit frggRp PehHléfm1 QWMbrre@ KQQHﬂeVﬂEEﬁQﬁPt& ﬁl@gé?ﬁlﬂél' téi‘n%ﬁ nlliht‘fﬁé' ous

enbodi nent s tha[‘lytl rscc~rporate tEe t eachi'ngs o resent venti on have
been shomcammtcgaimamehslrﬂgmefm speast efithg. damgea%maas@@dmﬂhne art n

et Y et Dbl B0 SRR S horehindtasiae” 2 o Lhese

t eachi ngs arge (ESD)
pr ot ect i onfrensistos, Kutdie gavbangwidtbinrodust Icgneatly Incserseskdue todhe dagr) (103)

conpri singps fciii H ba spreBding resistance. This first fabrication method Is most
sultable for power applications.

[0058] In the second fabrication method (low germanium concentratlon in a
graded base), the germanium varies from very low concentration at the emitter-
base Junction to around 10% at the collector-base junction of the NPN transistor
QN 131. In this case, the current galn is only slightly affected. However, the
speed of the device, as measured by the emiltter-collector transk time, Is
increased due to a built-in field generated by the Germanium concentration
gradient across the base. Moreover, the base-width modulation (modulation of
the base-collector depletion layer width caused by varlations In the collector-
base voltage) is diminished, however the high current gain fall-off is increased
due to the heterojunction at the collector-base interface. Accordingly, this
second fabrication method Is most sultable for small signal applications. The
latter technique has the drawback of a higher resistivity in the base layer.
Therefore, the ESD capability in the mentioned prior art devices is relatively low.
[0059] FIG. 4 deplcts a cross-sectional view 6f a third embodiment of a
SCR ESD protection device of FIGS. 1A and 1B. The embodiment shown in
FIG. 4 Is tha same as the embodiment of FIG. 2, except that the BLN 205 and
N+ sinker ragions are omitted, and an N-well 406 Is formed over the N-epl layer
208.
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a N-doped Payer (208) disposed aver said substrate; a first P doped region
(214). di sposed over said N-doped | ayer; at |east one first N+ doped region
(210) formng a cathode (124), Bald at |east one first N+ doped region

di sposed over said first p doped region and coupled to ground (112),
wherein sold at |east one first N+ doped region, salt first P-doped region,
and said N-doped | ayer fom a vertical NPN transistor {131 ) of said SCR
and at | east one second P doped region (2 i(é%l form ng an apode £|'122) of

sol d SCR dAB68)aptlepartiaularotiel N-egitaxialdayrraiQids dermashover dbg P-subsialg ' | east
one secon o] ' = a erally
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further conprising a first gate 136) electrically coupled to sold first P
doped r egi & may compriseonly glican depedragierial. or Sibe, 85 also HeeHesad said first

gate corrprébzﬁ,gﬁgh} tPPRz. 2+ poly silicon raglan (226). 24 0. The ESD
protection device oé?gaﬁai m1l or 2, further conprising a second gate {134)

el ect ri cal [096&bup| e emlssianaoithe Shdb20%ged inclusiornef theb-webdeBti on device of

o) on”( 2 BB S0 o8BI BeoABIRoR TG &8l the RAGS Rl dord
PNP transistor QP 132 of the SCR 103. In particular, the deterioration of the
current galn, which is due to the high doping concentrations of the BLN 205,
may offset the advantages of having a low reslistive current path through the
BLN 205. Accordingly, the diffused N-well 406 forms the base of the lateral
PNP transistor 132 (as well as the collector of the vertical NPN transistor 132),
with minimal reduction In current galn .
[0062] It is further noted that in an alternate embodiment of FIGS. 24, an
asymmetric layout may also be Implemented. In the asymmetric layout, only a
single second P+ doped region 212 (e.g., 212,) is utilized, as well as a single
second N+ doped region 210 forming the first gate and a single P base poly
reglon 226 forming the second gata. As such, the anode 122 defined by the P+
region 2124 Is larger than the symmaetrical embodiment, since the number of
contact holes in the anode 122 must substantially match the number of contact
holes In the cathode 124. Furthermore, the DTI ring of insulative materlal Is
formed under the STI region approximately where the second P+ base poly
sllicon region 226; Is formed. Thus, everything to the right of the ring is omitted
from the SCR 103. ESD protection performance of an asymmetrical SCR of the
present invention is comparable with regard to current gain and SCR turn-on
time as to the performance of the preferred symmetrical SCR layout.
[0063] The SCR of the present embodiments provide a vertical NPN
transistor QN 131 with a distributed (i.e., lateral) PNP transistor QP 132. The
vertical NPN transistor has reduced base length Lp and vertical current flow
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8. An el eckrastatia discharge (ESD) protection device (102) having a

het er.oj uncti an di ode, conprising: a N-doped | ayer (508) disposed aver a
substrate; a P doped raglan (514) disposed aver the N-doped | ayer) wherein
Bal d N-doped | ayer and P doped region inrma vertical PN diode; at |east
one p+ palysilir~on raglan (522) forned aver said P doped raglan form ng an
anode (534) of said diode, wherein the at |east one P+ polyslll|con region

I's fornmed directly aver a portlon of said P dlﬁed regi qn t h2~t |s over sold
N- doped | et thegmitightn therollepton gyhieh inggasss tha ey rrent-grin LHrgt lowg; ¢

\-doped 'g?éarulj@n&?@ﬁng? BB ® £SEROMRPdRkitRlec e Iglopslpnpand shal | ow

trench Is et ween east ne doped regi on and
sol d P dojaed RN transistmel a deep trench isolation (DTI) ring laterally

| sol ating | r )
protecti O,{&@%ﬂ, ceﬂﬁ)ﬁ‘%%cgg%%& r@%h%ﬁcgﬁhéﬁﬁ@gbslgbﬁgﬁ #l?neér E?gCR) (103)
havi ng ar Silwopd@efifmathepB@R 108ris s/entmhll)ngotabechfrpadh{aﬂ}smbsifat@263ect ed
i it d od 4 d (11~),
cu o s bhdRe plevaRe sfodsopged oy ted B S f b3S RER fipsudt %og (517
21 G, whevelias laterblﬁﬂw trmrmmwschwmngw thﬁgﬂS@Rﬂoampy beased as an
silicon-g $n|ummat 10. TﬁqEDprot@gtlon 3 ||m9
wher ot n_ S ED Bretewinn drica.byspug Sluaionsiispe hopreauneroe 1o le Gl ). 25
RF applications, such as wireless devices. In such RF clrcults, signals may
swing above the positive supply voltage or below the negative supply voltage.
Protection devices that are isolated from the P-substrate 203 are beneficlal in

both Instances, since only they can comply with the circult requirement that no

rJ

conductive path opens to the supply or ground line if such an overshoot or
undershoot of the signal occurs.

[0065] Additionally, It Is noted that In some ESD protection applications, the
gates may be omitted completely, or only a single gate or both gates (l.e., gate
G1 or G2) may be required based upon the circultry of the IC 100 to be
protected. For example, referring to FIG. 1A, only the second gate G2 136 is
used to trigger the SCR 103 when protecting against an ESD event occurring at
the pad 104. As such, the P+ poly silicon base regions 226 that form the first
gate G1 would not be required. Utilizing only the second gate G2 134 avolds
any potentlal heating Issues that may occur by using the first gate G1 136, due
to lateral (trigger) current flow through the SiGe base 214 of the NPN transistor
131.

[o066] Simllarly, referring to FIG. 1B, only the first gate G1 134 Is used to
trigger the SCR 103. As such, the N+ regions 210 and N+ slnker reglons 206
that form the second gate G2 would not be required. Eliminating an unused
gate provides for a more compact layout of the ESD protection device 102.
Furthermore, the trigger gate G1 136 is a short and direct way of Injecting the
trigger current Into the highly effectivea HBT base region, as well as lessening
the trigger speed of the SCR 102 as compared with using the second gate G2
134 to trigger the lateral PNP transistor 132.
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a second I ~teral transistor (132) coupled to sa~(d first vertical
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base (B) breakdown of the heterojunction transistor (HBT). In particular, the

HBD trigger device 105 comprises a stack of doped layers that Include a P-type

substrate 203, a burled N-doped layer (herelnafter referred to as a "buried layer

N-type™ (BLN)) 505, an N-epltaxial layer 508, and at least one N+ sinker reglon

508, as discussed above with regard to the SCR 103. The HBD trigger device

105 also comprises a SIGe doped raglon 514, at least one N+ diffusion reglon

610, and at least one P+ poly base region 522.
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[0071]  The structure of the trigger device 105 is similar in many aspecis to
the structure of the SCR 103. In particular, on the sllicon P-substrate 203, is
formed the highly conductive BLN 505. The N-epitaxial layer 508 is formed
over the BLN 205. Lateral isolation of the N-epi layer 508 Is provided by a ring
of deep trench isolation (DTI) 519, such as silicon dioxide (8102), among others.
[0072] Deep highly N-doped regions (l.e., N+ sinker regions 5064 and 506;
(collectively N+ sinker regions 506) are formed proximate the DT1 518 by
implanting N-type dopants as discussed above with regard to the SCR 103. As
such, the N-epi layer 508 s formed over the BLN 205 and between the N+
sinker reglons 506. The N+ sinker regions 506 are uged to form a low-ohmic
connection from N+ diffuslon reglons 510 down to the BLN 505. Shallow trench
isolation (ST1) 518 Is used to separate reglons that are designated for formation
(e.g., Implantation) of the high-doped regions (e.g., N+ diffusion reglon 510 and
SIGe P-doped reglon 514) as discussed above with regard to the SCR 103.
[0073] It Is noted that N+ implant and annealing steps are conducted
following the STI region formations to form the high-doped N+ reglons 510.
During implantation, the N+ diffusion regions 5104 and 5102 (collectivaly, N+
diffuslon reglons 510) are provided over each N+ sinker region 508, which form
the cathode 532 (equivalent to the collector contact of the HBT)) of the
heterojunction dlode.

[0074] In FIGS. 5A and 58, STl regions 5184 and 518, isolate N+ diffusion
reglon 5104, while STl regions 518; and 518, isolate N+ diffusion region 510,.
Moreover, N-epl layer reglon 509 Is maintained between STl reglons 518 and
518a. Further, the SiGe P doped region 5§14 is broadly deposited over the N-epl
layer region 509 and adjacent STl regions 5182 and 518;.

[0075] In FIG. 6A, the P+ base poly sllicon region 522 Is formed over the P
doped region 514, which collectively form the anode 534 (aquivalent to the base
contact of the HBT) of the HBD 105. In one embodiment of FIG. 8A, the P+
base poly sllicon reglon 522 is centered over the P doped reglon 514 and N-epi
layer 508. That is, the anode 534 has direct contact over the active SiGe P
doped region 514.

[0076] In FIG. 5B the P+ base poly silicon region 522 is divided into two
reglons 5224 and 5§22z with each P+ base poly silicon region 522 formed
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laterally on the P doped region 514 and over the STi 518 formed beneath the
SiGe P doped region 514. That is, the anode 534 has indirect contact to the
active junction, since the P base poly silicon regions 5224 and 522; are placed
lateral to the active SiGe P doped reglion 514. In either of the embodiments, it
is noted that the high-doped regions (N+ diffusion and P+ base poly silicon
regions 510 and 522) may optionally be silicided 5620, as discussed above with
regard to the SCR 103.

[0077] It is noted that there Is no emitter contact reglon present in the
lNustrative trigger device layout. Omission of the emitter contact reglon allows a
vertlcal current flow through the metalization, contacts, silicided layer 520, and
the P+ base poly sllicon region 522, and Into the thin SiGe base layer 514. That
is, the SiGe P doped reglon (base) 514 forms the anode of the HBD 105, while
the N+ diffusion regions 5104 and 510;, N+ sinker regions 5064 and 5065, and
N-epl layer 508 collectively form the cathode of the HBD 105. It is further noted
that the highly doped BLN 505, N+ sinker reglons 506, and N+ diffuslon reglons
510 (including the silicide layers 520) ensure that thera is a low-raslistive
connection to the cathode terminal 532.

[0078] The reverse breakdown of the trigger diode 105 occurs at the P-N
junction between the SiGe P-base and the N-epl layer region 509 disposed
thereunder, Typically, the breakdown voltage of the HBD is in a range batween
6 and 9 volts. During an ESD event, once the breakdown voltage threshold is
met, the trigger dlode 105 conducts, and provides a trigger current to a gate
(134 or 136) of the SCR 103, which triggers the SCR 103.

[0078] |tis also noted that the junction capacitance is very low because the
N-epl layer 508 Is lightly doped (e.g., doping concentration around 10 to 10"
atoms/cm™). The low level doping In the N-epl layer 508 allows the depletion
layer of the diode to extend further into the silicon of the N-epl layer. A longer
depletion layer width results in lower junction capacitance.

[0080] In an alternative embodiment of FIGS. 5A and 5B, an N-well reglon
507 (drawn in phantom) is formed in the N-epitaxial layer 508. Specifically, the
N-well 507 is formed beneath the SiGe P doped region §14. In particular, the
N-well 507 extends laterally between the DTI regions 519 heneath the N+
diffusion regions 510. Accordingly, the N+ sinker regions 508 are no longer
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required. The N-well 607 is provided to further lower the trigger voltage by

Increasing the doping concentration (e.g., 10™ atoms/cm™) at the N-side of the
junction. A higher doping concentration causes a shorter depletion layer width
in which the voltage drops with higher electric field strength. The latter leads to
a higher avalanche multiplication factor and a lower breakdown voltage.

[oo81]  FIGS. 8A-8C depict exemplary schematlc diagram embodiments of
the trigger devices lilustrated in FIGS. 6 and 7. In particular, each schematic
drawing shows the trigger device 105 coupled to the SCR that collectively form
the ESD protection device 102 that protects functional clrcuitry 101 on the IC
100. Further, an external on-chip resistor 802 is coupled from the triggering
device 105 at node 136 to ground 112,

[0082] FIG. 6 depicts a cross-sectional view of a second embodiment of a
trigger device 105 of the present invention. FIG. 8A lllustrates a collector-base
diode of the heterojunction bipolar transistor HBT105 with & shorted base-
emitter. FIG. 8B Hllustrates a collector-emitter device with an open base. The
structure shown in FIG. 8 may be used in elther configuration shown In FIGS.
8A and 8B, depending on how the base terminal is externally connected.
[0083] In particular, FIG. 6 deplcts a trigger device 105 for a SiGe SCR
utilizing the collector-emitter breakdown of a heterojunction bipolar transistor
(HBT). FIG. 6 Is structurally the same as depicted In FIG. 5B, except that an N+
emitter region 802 is formed over the SiGe P doped region 514 and between
the P base poly silicon regions 522, and 522;. More specifically, insulative
layers 624 are formed between the N+ emitter reglon 602 and the P base poly
silicon regions 5224 and 522;. As such, an emitter opening 630 Is defined
beneath the N+ emitter region 602 and within the edges of the insulative layers
624, as discussed above with regard to the SCR 103.

[0084] One advantage of Incorporating the N+ emitter reglon 602 Into the
trigger device 105 Is to reduce the trigger voltage. Furthermore, the N+ emitter
reglon 602 provides an Intrinsically more robust trigger element because of the
Internal current amplification, as well as the vertical current flow from the emitter
to the collector. 1t Is noted that the collector Is tied to the higher potential in the
ESD protection circuit, while the base and emitter are both coupled to a lower
potential (e.g., gate G1 136) of the HBT SCR 103.
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[0085] In an alternative embodiment of FIG. 6, an N-well 604 (drawn in

phantom) is provided in a similar manner as described in regard to FIGS. 5A

and 5B. The N-well 604 is provided inside the N-epi layer 508 to further lower

the trigger voltage by increasing the doping concentration (e.g. 10'® atoms/em®

at the N-side of the junction in the same manner as discussed with respect to

FIGS. 5A and 5B.

[0086] As discussed above, the structure shown In FIG. 6 may have the

base extemally coupled to the emitter (FIG. 8A) or floating (FIG. 8B). The

advantage of the structures having the emitter connected (FIG. 8A and 8B) over

the structure with collector-base breakdown (FIG. 5A and 5B) is a more robust

trigger device, as discussed earlier. Shorting the base-emitter (FIG. 8A) results

in & breakdown and thus a triggering voltage for the ESD protection device 102

of typically 6 to 9 Volts. A floating base (FIG. 8B) resuits in a lowered

breakdown voltage of typically 4 to 7 Volts. Depending on the daslired trigger

voltage of the specific application, the proper version (FIG. 8A or 8B) may be

selacted.

{0087] FIG. 7 depicts a crass-sectional view of a second embodiment of a

trigger device 105 of the present invention, and FIGS. 8C llustrates an emitter-

basea diode with an open collector, as shown in FIG 7.

[ooss] Referring to FIG. 7, the emitter-base dlode trigger device 105 is a

SiGe SCR utilizing the base-emitter breakdown of the heterojunction bipolar

transistor (HBT). In particular, the BLN 505 and N-epitaxial layer 508 are

disposed over the P-substrate 203, as discussed above with regard to the ather

trigger davice embodiments of FIGS. 5 and 6.

[0089] The SiGe P-base layer 514 Is formed over the N-epl layer 508,

however an Insulatlve material provided during formation of the ST1 518 Is

formed over the N-epi layer 508, thereby Isolating the SIGe P-base layer 514

from the N-epl layer 508. As such, the base to collector junction of the HBT Is

omitted from the trigger device 105. Accordingly, the trigger device 105

comprises the base-emitter diode formed between the N+ emitter region 602

and the SiGe P-base layer 514.

[0080] The embodiment of FIG 7 has breakdown voltage that is lower than

any of the embodiments in FIGS. §A, 5B, 6, 8A, and 8B. The low breakdown

21



10@ 10%& () - 3@ 109%0& ()-1'3@10%& ()-1' 3@ 10%& ()-1" 3@ 10%&' () - 1q[ dYNC 100
100 100 10%0% ()- @ 10%& ()-0 @ 10%0% ()-0" @ 10%0% () -0@
10%&' () - 0aAXmbCl0%0& ()-y 10-u 10-u 10-u; 10% u& ()- 10% u& ()-0
10% u&' ()-0 10% u& ()-0AhUgdEnbC ,5 10%& ()- ,5 10%& ()- @ 10%0% ()-" @
10908 ()- @ 10%& ()- - 10%0& ()-JbCsS
10%08' () - &L10%08' () - 9ml0% & ()-z10%0& ()- 100 100 100
10908 () - xmbC310%&' () -
voltage of FIG 7 Is due to the heterojunction formed by the highly P doped SiGe

base region 514 and the again highly doped N+ emitter region 602. As
discussed above, an increase in the doping levels reduces the breakdown
voltage. The emitter to base breakdown voltage of the trigger device of FIG. 7
is typleally In a range between 4 and 6 Volts.

[0091] Providing an SCR 103 with a structural formation including a vertical
NPN transistor 131 in conjunction with a lateral PNP transistor decreases the
turn-on time of the SCR 103. Speclifically, the SCR performance Improves due
to the high current that flows in the vertical NPN transistor 131, as compared to
a SCR having a distributed (i.e., lateral) NPN transistor. Moreover, fabricating
the base of the vertical NPN transistor 131 using a Sllicon-Germanium lattice
allows the SiGe SCR 103 to be used In high frequency applications, such as
wireless devices. In partlcular, the P-doped SiGe base provides an extramely
low junction capacitance to the low-doped N-epl collector reglon undermneath it,
which is well suited for RF applications. '

[0082] The triggering devices 105 may also be fabricated using the SiGe
technologles. Specifically, a heterojunction diode is coupled to a gate of the
SCR, such that the reverse breakdown voltage of the heterojunction diode
defines the trigger voltage to the SCR. Although the heterojunctlon triggering
devices are preferred for high frequency applications, one skilled In the art will
appreclate that other triggering devices may be coupled to the SCR 103 of the
present inventlon to trigger the SCR.

[0093] It is noted that the HBD devices in FIGS. 5A, 5B, 6, and 7 have been
discussed in terms of belng used as trigger devices for the ESD-SCR.
However, tha HBD devices may also be used as ESD protection devices by
themselves. That is, the diodes can be applied to shunt an ESD pulse having
the ‘opposite polarity’. Opposite polarity means that the pad connected fo the
protected circultry receives a negative ESD pulse with respect to ground. In this
case, the diode (and not the e.g. SCR) will provide the conductive path to safely
discharge the ESD event.

[0094] FIG. 9 depicts a schemnatic diagram of the S8CR ESD protection
device of FIG. 1B coupled to a shunt diode 902. FIG. 9 illustrates the use of a
shunt diode 802 to shunt an ESD pulse having the opposite polarity. The
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such that the triggering device 105 is a diode, and the shunt diode 902 is
coupled to the anade 122 of the SCR 103 as well as the pad 104, and to ground
112. Speclfically, the cathode of the trigger diode 105 Is coupled to ground 112
via the resistor 141, while the anade of the trigger diode 105 is coupled to the
pad 104. Further, the cathode of the shunt diode 902 is coupled directly to
ground 112, while the anode of the shunt diode is coupled to pad 104.

[0095] A preferred embodiment for this type of application In FIG. 8 is the
HBD device 500, as shown In Fig. 5A. The embodlment shown in FIG. 5A
illustrates a direct anode (base) contact providing the lowest possible forward
on-resistance, which makes it most suitable as shunt element. The direct
anode (base) contact of FIG. 5A allows maximum current flow at the
heterojunction, as opposed to the prior art devices that utliize indirect anode
(base contact), which restricts current flow there through. [t is noted that the
other HBD diodes as shown'in Fig. 5B, 6, and 7 may also be used as ESD
shunt devices, however these embodiments are better suited as triggering
devices for the SCR. These other HBD diodes provide lower performance due
to the higher resistance and lower current capablll{y, however, as trigger
devices they benefit from a typically lowar breakdown voltage.

[0096] Although various embodiments that incorporate the teachings of the
present Invention have been shown and described in detail hereln, those skilled
in the art can readily devise many other varied embodiments that still
Incorporate these teachings.
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What is claimed Is:

1. An electrostatic discharge (ESD) protection device (102) having a silicon
controlled rectifier (SCR) (103), comprising:
a subsfrate (203);

a N-doped layer (208) disposed over said substrate;

a first P doped region (214) disposed over said N-doped layer,

at least one first N+ doped region (216) forming a cathode (124), sald at
least one first N+ doped reglon disposed over said first P doped reglon and
coupled to ground (112), whereln sald at least one first N+ doped reglon, salg
first P-doped region, and said N-doped layer form a vertical NPN transistor
(131) of sald SCR; and

at least one second P doped reglon (212) forming an anode (122) of sald
SCR and adapted for coupling to a protected pad (104), sald at least one
second P doped region disposed over sald N-doped layer and laterally
positioned with respect to sald first P doped region and electrically isolated
from sald first P doped region, wherein said at least one second P doped
reglon, sald N-doped layer, and said first P doped reglon form a lateral PNP
transistor (132) of sald SCR.

2. The ESD protection device of claim 1, wherein said first P doped region
comprises a P doped sllicon-germanium material.

3. The ESD protection device of claim 1 or 2, wherein said at least one
second P doped region comprises a silicon-germanium material.

4, The ESD protection device of claim 1 or 2, further comprising a first gate
(136) electrically coupled to sald first P doped region.

5. The ESD protection device of claim 4, wherein sald first gate comprises
at least one P+ poly sllicon region (226).
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gate (134) electrically coupled to sald N-doped layer.

7. The ESD protection device of claim 6, whereln said second gate
comprises at least one second N+ doped region (210) disposed over the N-
doped layer.

8. An electrostatic discharge (ESD) protection device (102) having a
hetarojunction diode, comprising:

a N-doped layer (508) disposed over a substrate;

a P doped reglon (514) disposed over the N-doped layer, wherein sald
N-doped layer and P doped reglon form a vertical PN diode;

at least one P+ polysilicon reglon (522) formed over sald P doped reglon
forming an anode (534) of sald diode, wherein the at least one P+ polysllicon
region Is formed directly over a portion of said P doped region that is over sald
N-doped layer;

at least one N+ doped region (510) disposed over sald N-doped layer
(508) and forming a cathode (532) of sald diode; and

shallow trench Isolation (8T1) formed between said at least one N+
doped region and sald P doped region; and

a deep trench Isolation (DTI) ring laterally Isolating sald N-doped layer.

8. An electrostatic discharge (ESD) protection device, comprising:

a silicon controlled rectifier (SCR) (103) having an anode (122) adapted
for coupling to a pad (104) of protected circuitry (101), and a cathode (124)
adapted for coupling to ground (112), said SCR further comprising a plurality of
doped regions (203, 208, 214, 216), whereln at least one of sald doped reglons
comprises a silicon-germanium material.

10. The ESD protaction device of clalm 9, whereln sald SCR further

comprises:
a first vertical translstor (131);
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a second lateral transistor (132) coupled to said first vertical transistor;
and '

wherein said first vertical transistor and said second lateral transistor

respectively form sald anode and said cathode of the SCR.

28



