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NON--RECTI Mq?c{g\ll HALO SOURCE/ DRAI N DI FF

“the | nvenﬁy(i))n 'S inventiof 1] nerally relates to diffusi ohj’glr?%\{"gé@#lges on
hi gh perfornmance sem conduct’or i nt egrated circuit chips. Mare _
particularly, it relates to haI o inplants for such integrated circuit
chi ps.

~ HALO-FREE NON~RECTIFYING CONTACT ON CHIP WITH HALO SOURCE/DRAIN DIFFUSION
Field of the Invention

This invention generally relates to diffusions in devices on high
performance semiconductor integrated circuit chips. More particularly, it

relates to halec implants for such integrated circuit chips.

Background of the Invention

Symmetric and asymmetric halo implants have been suggested to
improve performance of low power short channel length field effect
transistors (FET) by improving resistance to punch through. Symmetric halo
implants are pockets of increased dopant concentration of the same
conductivity type as the channel region in areas adjacent to the FET
source and drain edges. Each.of these FET halo implants is doped opposite
to the adjacent sgupqg/drain diffusion. Asymmetric hale implants extend
adjacent to either the source or the drain or they may extend differently
adjacent the source than-adjacent the drain. Halo implants may also extend
into or under the channel region adjacent the source or drain edges. It is
believed that further improvement of halo implants are attainable that
will provide further improvement in device and chip performance, and one
solution is provided by the following invention.

Summary of the Invention

It is an object of the at least the embodiment of the present
invention to avoid a halo implant on non~rectifying contacts of devices on
chips having FET devices with halo implants.

It 1s a further such object to avpid a halo implant on non-
rectifying contacts of gate conductor defined resistors, capacitors,
lateral diodes, lateral SOI ( silicon-on-insulatore) diodes, and FET body
contacts on chips having FET devices with halo implants.

It is a feature of the present embodiment of the inventioh that no
special mask is needed to avoid halo implants on non-rectifying contacts.

It is a another such feature that a lateral SOI gated diode, such as

those used for overshoot/undershoot clamping, ESD protection, and

temperature sensing, has no halo diffusien in one or both diffusion
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di f f usi onPPRIFitactke firstopd@de2a rectifying contact diffusion in said region
adjacent said first side of said gate conductor, said rectifying econtact
diffusion comprises a second dopant type opposite said first dopant type;
a halo-free non-rectifying contact diffusion in said region adjacent said
second side of said gate conductor, said non-rectifying contact diffusion
comprises said firgt dopant type; and a halo diffusion adjacent said
rectifying contact diffusion.

The structures are suitable for forming body contacts to FETs,
lateral diodes, resistors, and capacitors on chips having FETs with halos
adjacent source or drain diffusions. The structures are particularly
suitable for SOI chips but may also be used for bulk silicon chips.

Brief Description of the Drawings

The foregoing and other objects, features, and advantages of the
inventicn will be apparent from the following detailed description of the
invention, as illustrated in the accompanying drawings, in which:

FIG. 1a is a top view of an FET of the present invention in which
the FET has source/drain diffusions and a body contact adjacent a gate, in
which the source/drain diffusions have halo implants but the body contact
does not;

FIG. 1b is a top view of an FET similar to the FET of FIG. 1la, but
with a T-shaped gate;

FIG. l1c is a bent cross sectional view through the device of FIG. la
along line le¢-l¢’;

AMENDED SHEET
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is a top view of an FET of the present invention ire which the FET has
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‘line 1c- | gooANEHOED SHEET . 20-07, -2002 BUR0O00013 za - %
' 68010227;@O 1W page: 1'T July 2002 FIG 2a is a top view o?ca (g?}ea?zg? di ode

of the present invention in which the diode has a rectifying diffusion and
a non-rectifying diffusion adjacent gate conductor, in which the _
rectifying diffusion has a halo inplant but the non-rectifying diffusion

does not; ANE'E‘"?ED ZEHJI'?:SE-I_a c\é%)ssoj's/eggiso%%l view through the device of FIG. 2a;

FIG. 2c¢ 1s a top view of a lateral dlode of the present invention in
which the diode includes a rectifying diffusion and a non-rectifying
diffusion adjacent gate conductor, in which neither the rectifying
diffusion nor the non-rectifying diffusion has a halo implant;

FIG. 3a is a graph of I-V characteristics comparing forward bilased
dlodes with and without halo implants adjacent the non-rectifying

diffusions;

FIG. 3b is a graph of resistance v. gate to source voltage, showing
the irregular change in resistance for SOI FETS with a halo implant
adjacent the non-rectifying body contact diffusion;

FIG. 4a is a cross sectional view of a device of the present
invention in which the device has two non-rectifying junctions without
halo implants adjacent gate conductor, in which the device can serve as a

resistor or as a capacitor; and

FIG. 4b is a cross sectional view of a prior art device having two
non-rectifying junctions with balo implants in which the device can serve

as a resistor or as a capacitor.
Detailed Description of the Invention

The present inventors discovered that halo implants used to avoid
punch through on field effect transistor (FET) devices can degrade
performance of devices if the halo implants are also provided adjacent
non-rectifying or ohmic contacts. A non-rectifying contact is used, for
example as a body contact to the FET. A non-rectifying contact is also
used for a gats condﬁctof defiﬁed lateral diede ohmlc contact. It can also
be used for gate conductor defined diffusions for resistors and capacitors
that have the same dobing as the semiconductor body underlying gate
conductor. Contacts are made to such diffusions to provide a
non~rectifying contact to a body region underlying gate conductor or to
provide a resistive path to another non-rectifying contact to the body. In
these cases the halo implants would be oppositely doped to both the
diffusions and to the body region under the gate.

The inventors found that oppositely doped halc regions introduce an

undesired rectifying region in parallel with the ohmic contact. The halo



3 - 8 MAR 2005 PCT/@B01/02273 FIG 2b is a cross sectional view thrqu&?
the device of FIG 2a; FTG 2c is a top view of a lateral. diode of 2005
“present i WRALPE%I n  which the diode includes a rectifyingpdi/GBorinm and a
non-rectifying diffusion adjacent gate conductor, in which neither the
rectifying diffusion nor the non-recti ff7i ng di ffusion has a halo inplant;
FIG 3ais a graph of T-V characteristics conparing forward bi ased di odes
with and without hal o inplants adjacent the non-rectifying diffusions;

FIG 3b ismsd S:Jﬁt?é}}i*ei?és rﬁghs@@wg@dy cogél;@c T%m%frﬁg %Qétaa:gg Shop g the
i rregul ar cr%an‘ge |Q citlgnqc% ng_ tE 5 v;% %’ n’g? ant adj acent
the non- r&etityiNg body Cont act FFrusrBR"" FI'Ge i ém%la(?F ‘hegetaneopngo
vi ew of &nFEFRER SGFl‘thé‘eﬁiLé*éaéW? b?tr‘r\?éﬁtﬁhennwwr\ﬁ/ht%ﬂymheordeWJ@ecwat@ctvwld
non-rect i fhe hgdy wrcthoanelwrédiont of ltakoddvipe arfos PEijsaeeddrogad® t&ONSH4Gt Or ,

ire whi Crbcltléﬁtpé.vhgeu?@c@bysﬁg’fgdéé @ndrt@ﬁksé rafls Q:%n@rolcgp&mthpéshoigd FTG‘
4b is a crass Se(&%l onal r| or art

non-rectifYing j uncflr'aduces uncﬁlci 5 ﬁ%ﬁtaﬁf%ldi ﬁngﬁ‘ﬁdﬁlﬁ tt%goﬂ%\f’ifcléa]i:‘&ﬁ serve
as a re5|§1t69r%)’ﬁf9da§léc%pa’émsor Det ai | ed Description o the Invention The
present inventors discovered that halo inplants used to avoid punch

through on fiebgd %%@&Eneh&%ﬁ'tﬁ&ofnv(aﬁgﬁn Qf&‘&:}&é g;‘; H&ﬂ%ﬁ@senoﬁ? ddn@r mance

of device the are also oVl acent rectlfylng
or ohnic xieocﬁga TS, ! JF]%unSlPesc't |sfmh Iof 58?1505651’ Slf’rbsr ot R FpIRt Les et hody

cont act tRFOFhEIERalqn lI*IW@l;"na’i“'rsv"t:tfP%E ymgr%@mfamg ﬁéfailsgensru%ah feor bersgat e
conduct orcadgifredol BEEY, allatkedediohigsc @entact defFinedlafeslsgors Raqused for

?ﬁt e condugheitdef i fed 1di Efuseonsy f afe rf%sdnéa %Sls@an@o&ﬁﬁ%%ﬁ %Ek r{;a&a&arve
e sane o C naer at e ct or
ﬂ Qh%l@ssmﬁ@@? gy st.h%‘;m % ¥o¢J vqe yn @9@@ tl éCl[I ]ancrri.éx E%’Pﬁ act

Contacts are c% to su usi_on 5) non-T

to a body T FEGi BIF-GRYRT |"9FHg“’g§E% é&nd%%“té Jd*rcltlées BPeRAedxainy ésﬁ%ltswes pat h
t o anot het? néh-addecsityigage cheact-shereheabo®p.’ ém gatheselegses 2he hal o
inplants woul d. be appositely doped to both the diffusions and to the body

region under theigag eappr@ael%Mthlgrtérfa%gﬁlﬁecI Halt,eIOBB Sid eLy. ng&etr f’i‘%er

reg| ons int rOdP'CFﬁ an 'sura]nen'.sxl'tl:a:e:ver[l%(:t ia elrn d Orlill ara
ohni ¢ COIﬁ act e 31 g nd re&gardless of the orientation

the substrate, wafer, or chip is held.

FET 10 also includes extension diffusions 30, 32 and halo
diffusions 34, 36, adjacent source/drain diffusions 24 and body contact

38.Halo diffusions 34, 36 are oppositely doped from adjacent source/drain
diffusions 24.

No halo diffusion doped oppositely to body 12 and body contact 38 is
provided adjacent body contact 38, substantially reducing series
resistance and performance degradation that would result from inclusion of
a halo there, as shown in FIG. lc.

In additlon the extension diffusion for body contact 38 is omitted.
The extension and halo implants are provided in the same masking step
earlier in the process than the source drain diffusion. The extension is
the same doping type as the source/drain doping but is closer to the
surface and extends under more of the gate. The extension implant is
usually provided with the ion beam aiming along a normal to the wafer
surface. The halo implant may be aimed normal to the surface or at an
angle to provide ions under gate 28. Alternatively part of the halo dose
may be provided normal and part at an angle.
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angﬂ e. ngégaé£%¥§@%n€5ct. The bloecking region on the blocking mask is génerated
from the data on those other masks. The blocking region on the blocking
mask is generated from the data on the three other masks by logically
combining shapes from those three other masks and adjusting the result to
avoid sublithographic features from being formed on the blocking mask.
Sublithographic features include notches and slivers having a dimension
that is less than the smallest dimension that can be resolved by the
photolithographic process. The design of the blocking region is critical
to keeping the halo out of the non-rectifying diffusion contacts while not
being so kig that it blocks the haloc implant where needed.

In another embodiment of the invention, lateral diode 46 is formed
on silicon-on-insulator (SOI) beody 12 on back insulator 14, Diode 46
includes rectifying diffusion 54 and non-rectifying diffusion 56, both
adjacent gate conductor 58, as shown in top view in FIG. 2a and in cross
sectional view in FIG. 2b; Lateral diode 46 can be used for purposes such
as a phase lock loop circuit, an electrostatic discharge (ESD} protection
device, an over voltage clamping network, or a temperature sensing device.
Gate conductor 58 is formed of the same material as FET gate 28 but does
not serve a gate function for a lateral diode. Rectifying diffuslon 54 has

extension implant 60 and halo diffusion 62. Non-rectifying diffusion 56
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masks desgfdob%gvegdm Pre 3RONG:; Msygiso%ﬁ;g{}c%gﬁ?%déo”‘&‘ pieO éateg ﬁw@"?”“ on,

resi stors and capacit ors are forme ant j acen

di f f usi on‘%ulfoéndfd’osoé LechBuPoiee - BpEiingalin 'Fll?és%bor‘%s?%ef:bfﬁsca&i‘o%dﬁa0| tors
are formed by providing diffusions adjacent gate conductor 72 on chips
that have FETs with the halo inplants (see FIG la, Ib). By conparison, if
resistors and capacitors are formed wth halo inplants 74a, 74b, adjacent
gate conductor 72, as shown in prior art FIG 4b, series resistance is

hi gher and a substantial voltage dependance for that additional series
resi stance i's |ntroduced The end result has been degraded Chl P

Y o — o o, o I T - o



Wi | e several enbodi ments of the invention, together with nodificafiafs2005
_thereof, Raygydggn described in detail herein and illustrag@fehiydhs

acconpanying drawings, it will be evident that various further
modi fi cations are possible w thout departing fromthe scope of the
invention. For exanple, opposite doping types to those illustrated are

al so covered. The invention is also applicable to double gated FETS in

bul k and.in_ 5 ie c IS, WO
01/ 95360 7o Bo\ kR D05 PETT BT 0095 area zé“?“% e tReheEt Rk on mor e
nar r owl y ThRafaREe S P EMI e IREPREeD PRYY dRafp u@’?’?/a&r’rvﬁr‘éatl fterd8d only to
‘be il | ustexaluwsiger at her than excl usive. - 8 MAR 2005 s CLAIMS 1. A nethod
of fabricating a sem conductor chip, conprising the steps of: (a) providing

a sem conductor substrate conprising a first dopant type at a first dopant
] evel ;



(b) formng a rectifying diffusion contact in said substrate; (c) formng a
non-rectifying diffusion contact in said substrate, said nonrectifyi n& MAR 2005
di ffusion contact having a second dopant |evel different than the first
dopant level; and (d) forming a hal o diffusion adjacent said rectifying

di ffusion contact and formng no halo diffusion adjacent said

non-recti fyi@g qu usion contact. 2. ~ nethod as recited in claim 1,
wherein in salé’ ormng step (b) said rectifying diffusion is a source
drain diffusion of an FET, wherein in said form ng step (c) said
non-rectifyi contact i .body contact for said FET. 3. A nethod as
recited inycr'gi il}eatb\?ﬂe?fzf?ﬁ“?gpé aﬁSWl%Oéé‘eq?rﬁhﬁg camprigeedhe tepsiofct is an

el ectrode of a lateral diode, 4. A nmethod as recited in claim3, wherein
said lateral diode is for ESD protection. overshoot undershoot protectfon,
or over voltage @ anpPrigings spnigendistpraybstents cadpiinng bdira &dpanhepeianaifirst
said form ng Ste(ﬁ)@%ul?l)le%qi d rectifying diffusion is a source/drain

di ffusion of an or a second el ectrode of said |lateral diode. 6. A

nmet hod as recited in claiml1l, wherein in said formng step (b) said ;
rectifyin diffusion is a source drai.n diffusion of an FET, wherein sai

f or ni né s'? ep (c)&5copﬁﬁpi%é‘é'e?tgg'ﬁ’igrﬁj@{fﬁs‘%‘éW‘E@tHb?ﬁl%@”bé“‘ﬁ%’(ir of said
non-rectifying diffusion contacts and wherein said step (d) conprises
form ng no halo diffusion adjacent either of said non-rectifying contacts.
[R *--~LIDL-] 04465. Cﬁ@n@@g a_ngn-jgaRiypppsliffusion contact in said subsirate, said non-

rectifying diffusion contact having a second dopant level differeni than the first

dopant level; and

(d) forming a halo diffusion adjacent said rectifying diffusion contact and

forming no halo diffusion adjacent said non-rectifying diffusion contact.

2. A method as recited in claim 1, wherein in said forming step (b) said rectifying
diffusion is a source/drain diffusion of an FET, wherein in said forming step (c) said

non-rectifying contact is a body contact for said FET.

3. A method as recited in claim 1, wherein said non-rectifying diffusion contact is an

electrode of a lateral diode.

4. A method as recited in claim 3, wherein said lateral diode is for ESD protection,

overshoot/undershoot protection, or over voltage clamping.

5. A method as recited in claim 3, wherein in said forming step (b) said rectifying
diffusion is a source/drain diffusion of an FET or a second electrode of said lateral
diode.

6. A method as recited in claim 1, wherein in said forming step (b) said rectifying
diffusion is a source/drain diffusion of an FET, wherein said forming step (c)
comprises forming a device having a pair of said non-rectifying diffusion contacts
and wherein said step (d) comprises forming no halo diffusion adjacent either of

said non-rectifying contacts.

[R:LIBE]04465.docedg



7. A nethod as recited in claim6, wherein said device conprises a resistor
or a capacitor. 8 A method as recited in claim1, wherein in said ThiMiR gy
"step (a) said substrate conprises SO. 9. A nethod as recited in claiml,
further conprising formng an extension dPf-fusion adjacent said rectifying
contact diffusion and form ng no extension diffusion adjacent said
non-rectifying contact diffusion. 10. A nmethod as recited in claiml,
wherein said formng step (d) conprises providing a first mask including a

| ocation of 7anons meakdd us ne:iel fif Ughion 6C AMeASH saldh@6 8l cGablsesld F&isidrask, has
a bl ocking region over said location. 11. A nmethod an recited in claim 10,
wherei n sai d not@P¥EPi-fying di ffusion contact is defined by data on at

| east one other mask, and wherein said blocking region on said first mask
is generated fromsaid data, 12. A nmethod as recited in claim11l, wherein
sai d bl ocki g r éginmthwhas adcded iix staimak kwvhgeingieneidtfehifig araps@) daidahudsiye

| ogi cal | y conbi raio%g igfgaﬁﬁs froma plurality of nmasks and adjusting the
result to avoid SUblTY hogr aphic features. [R ~---LI ~GQJ(4A65 dec edp

9. A method as recited in claim 1, further comprising forming an extension diffusion
adjacent said rectifying contact diffusion and forming no extension diffusion

adjacent said non-rectifying contact diffusion.

10. A method as recited in claim 1, wherein said forming step (d) comprises providing a
first mask including a location of a non-rectifying diffusion contact, wherein said

first mask has a blocking region over said location.

I1. A method an recited in claim 10, wherein said non-rectifying diffusion contact is
defined by data on at least one other mask, and wherein said blocking region on said

first mask is generated from said data.
12, A method as recited in claim 11, wherein said blocking region on said first mask is

generated from said data by logically combining shapes from a plurality of masks

and adjusting the result to avoid sublithographic features.
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