TUNABLE PROTECTI ON SYSTEM FOR | NTEGRATED Cl RCUI TS TECHNI CAL FI ELD The
present -invention relates generally to protection device systens, and nore
particularly to a systemfor protecting integrated circuit devices from

el ectrical transients, including electrostatic discharge (ESD) events,
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bond pads allow the integrated circuit die to be 20 electrically exposed.
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Bond pads on the integrated circuit die are electrically connected to the internal
circuitry within the integrated circuit device. Even though the integrated circuit die is
encapsulated with a protective material, these bond pads allow the integrated circuit die to be

20 electrically exposed. Protection circuits are usually connected to all I/O bonding pads of an
integrated circuit, to safely dissipate the energy associated with ESD events without causing
any damage to the circuitry connected to the I/O pad. Protection circuits may also be
connected to power supply pads or between power supply interconnect to prevent damage to
internal circuits.

25 Modern consumer electronics including personal portable devices, such as cell
phones, digital cameras, music players, PDA’s, and location-based devices, require
miniaturization as well as integration to fit shrinking physical spaces and increasing

performance needs. The broad use of integrated circuit devices has made them particularly

susceptible to unanticipated exposure and handling, and thus ESD exposure. ESD events,



5 gate, enbedded junctions, and field oxide devices. These technol ogi es
have struggled with problens including | arge breakdown vol t ages, poor
snapback performance, multi-finger turn-on, and increasing |eakage.
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those skilled in the art.

15 DISCLOSURE OF THE INVENTION

The present invention provides a tunable protection system including forming a
tunable trigger device, the tunable trigger device providing an adjustable protection activation
level, forming a circuit protection device, the circuit protection device providing protection
for integrated circuits, and electrically connecting the tunable trigger device and the circuit

20  protection device to an input/output pad.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned or obvious from the above. The advantages will become apparent to those
skilled in the art from a reading of the following detailed description when taken with

reference to the accompanying drawings.

25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a tunable protection system in an embodiment of
the present invention;
FIG. 2 is a cross-sectional view of the tunable junction of the tunable trigger device as

shown in FIG. 1;



FIG 4 is a cross-sectional view of the trigger body structure of the
circuit protection device as shown in FIG 3; FIG 5 is a.
cross-sectional view of the protection body structure of the tunable
trigger device as shown in FIG 3; and FIG 6 is a flow chart of a sysicm
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i ncl udes deposition of material or photaoresist, patterning, exposure,

devel oABStWelbkpowm Gircetse rterilongoarigrrationpwad ns9cess, stepm figrhod dissrosed in
30phot Q%F.%: st as required in formng a described structure. Ref erring
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diagrammatic and not to scale and, particularly, some of the dimensions are for the clarity of

presentation and are shown greatly exaggerated in the drawing FIGs. Similarly, although the

sectional views in the drawings for ease of description show the integrated circuits as oriented

downward, this arrangement in the FIGs. is arbitrary and is not intended to suggest that the

20  integrated circuits should necessarily be fabricated in a downward direction. Generally, the

device can be operated in any orientation. The same numbers are used in all the drawing
FIGs. to relate to the same elements.

The term “horizontal” as used herein is defined as a plane parallel to the conventional

plane or surface of the lead frame, regardless of its orientation. The term “vertical” refers to a
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25  direction perpendicular to the horizontal as just defined. Terms, such as “on”, “above”,
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side” (as in “sidewall”), “higher”, “lower”, “upper”, “over”, and
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“below”, “bottom”, “top”,
“under”, are defined with respect to the horizontal plane.
The term “processing” as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or
30  photoresist as required in forming a described structure.
Referring now to FIG. 1, therein is shown a cross-sectional view of a tunable

protection system 100 in an embodiment of the present invention. The tunable protection
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system 100 i ncludes a tunable trigger device 102 and a circuit protection
device 104. The tunable trigger device 102 is formed in a |ateral manner
including a tunable junction 106, a .first junction 108 electrically
equivalent to a first body 110 and a second junction 112. The tunabl e
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25 Referring now to FIG. 2, therein is shown a cross-sectional view of the tunable
junction 106 of the tunable trigger device 102 as shown in FIG. 1. A trigger active area 202 is
formed in a trigger junction body 204, the trigger active area 202 surrounded by the trigger
junction body 204 on all sides and bottom. An overlap 206 formed by the trigger junction
body 204 overlapping the trigger active area 202 provides an activation resistance for the
30  tunable junction 106. An increase in overlap provides an increase in the activation resistance

wherein the activation level is also increased. Alternatively, a decrease in overlap provides a

decrease in the activation resistance wherein the activation level is also decreased. Thus the



The tunable junction 106 is an N-1- and an N device, although it is

under st ood that other configurations nay be used, as well. Further, the
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An increase in the trigger overlap 406 provides an increase in the
activation resistance wherein the activation level is also increased.
Alternatively, a decrease in the trigger overlap 406 15 provides a
decrease in the activation resistance wherein the activation |level is also

decreased, Thus the activation level is tuned or jusied to activate at a
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body 502 is formed in a second protection junction body 504, the first protection junction body
25 502 surrounded by the second protection junction body 504 on all sides and bottom. A protection
overlap 506 formed by the second protection junction body 504 overlapping the first protection

junction body 502 provides a protection resistance for the protection body structure 320.
An increase in the protection overlap 506 provides an increase in the protection resistance
wherein the protection level is also increased. Alternatively, a decrease in the protection overlap
30 506 provides a decrease in the protection resistance wherein the protection level is also decreased.
Thus the protection level is tuned or adjusted to activate at a level predetermined to protect the
internal integrated circuits (not shown). The protection resistance may be higher than the

activation resistance of the trigger body structure 308 of FIG. 3 (not shown) such that an

overlap 1, such as a planar dimension of the trigger overlap



In greater detail, a method to fabricate the tunable protection system 100.
according to an enbodi nent of the present invention, is perfoi hied as

follows: |I. The tunable trigger device 102 is foimed with the trigger
junction body 204 overlapping the trigger active area 202 to provide an
adj ustabl e protection activation level. (FIG 1 and FIG 2) 2. The

circuit protection device 104 is fornmed in a lateral manner with a set of
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tri ggerPrefestionovatap ¥d the circuit protection device 104 are electrically
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transient. een di scovere resent invention thus
has Snumémalisaradvightvatiege N-well dedineadthangladteisi mdetsttodt thet pthesemifigurafiens i on

rovi des tunagbl e tri r circuit f t.h t i i it .
![O ri gger™®y ‘?:ﬁ? ) E%Weﬁ:-:-lg "?‘ﬁ}?écflh‘? @%&fﬁlﬁ)ﬂ%gﬁﬁéﬁﬁf% g‘?}yl I‘é\rfgﬁ’}é?({%f}@gé%& m ned

based yPABdINQI0pAKLS BE IniMadt®, RSvdlf Ot ected. This provides a w de range of
benefits for the protection of integrated circuits. Miltiple fabrication

t echnol ogi eRederdnginowuiot FEDdsdheyein isahowe aaflielv ebsw @f Bysysiem PO dwrinnable
invention. .. . |t has been.di scovered that e disclaosed structure

S S o R D R MR T SR S

si l1pconukd trdef delivs tprbviBing! 0 BdusteblogsidrdtigndcttamioRdeedtih BRAk 602;
separately fromthe trigger and pad circuitry. This allows the

si | i cofomaing pelitceid prategtionfdesice provading pyotegsiopdorvdeagaied cirgtitsdp aibhagk 604;

prot ect rf 0 I r i L LLY - W 1.Si ng
Phe. tr el e8RS GoBeREE T lunhblE diBhe 1Plog Sl I Libuttbbliothe SOUBE AT, 70,
di scl oggsht@ufpue patt & 4 bipelog@s br eakdown vol tage performance. The tunable
trigger and _inproved SCR perfornmance all ow O{)ti m zed 5 breakdown yoltage

level's and peeratardaiad; 2 metd tphehrisate tan ablequategtinn watem il peroaing to
gggsgn%q.ehﬁ)oﬁﬁﬁgﬁtoﬂﬂ@fﬂ}@s%ntﬁ%ﬁtﬂ)?ll, %s‘é%l’ﬁ)ﬁﬁgd henphwsbased on the operational

fabrication specifications o e integrated circuit device to be
pr ot ect ed. 1. The tunable trigger device 102 is formed with the trigger junction body 204

overlapping the trigger active area 202 to provide an adjustable protection
activation level. (FIG. 1 and FIG. 2)
2. The circuit protection device 104 is formed in a lateral manner with a set of
20 four physically connected junctions providing an electrically connected path
when activated by the tunable trigger 102. (FIG. 1)
3. The tunable trigger device 102 and the circuit protection device 104 are
electrically connected to the input/output pad 122 and activated by the
electrical transient. (FIG. 1)
25 It has been discovered that the present invention thus has numerous advantages.

An advantage is that the present invention provides a tunable trigger circuit for the
protection circuitry. The trigger circuit can be tuned to adjustable activation levels,
predetermined based upon the circuitry to be protected. This provides a wide range of
benefits for the protection of integrated circuits. Multiple fabrication technologies and circuit

30  designs can be addressed by the present invention.

It has been discovered that the disclosed structure provides improved silicon-

controlled rectifier performance. The silicon-controlled rectifier is not embedded and can be

optimized separately from the trigger and pad circuitry. This allows the silicon-controlled



Yet anot her discovery of the disclosed structure is the inprovenment in the
parasitic bipolar device due to the elimnation of a source side feedback
resistor. This series resistor 10 often used in protection circuitry,

i nhibits and del ays the activation of the parasitic bipolar device. The

di scl osed,t§t ructure utilizes gfpr otectjve series yesistor th?t al.l ows_ t he
par asi Pl fATHHIY & ibeedastgngd 9k ophEak drofectioneand peideimangg f the dniemal
tinmely - : o SGPART, di scl osed structure is a
nor e codnﬁ%gigtﬁrvgg%uﬁf?mﬁﬁ%mseggﬁg{nﬁgr ot egrﬁiéggﬁ%%l{r&g'ui ts allow optim zation in
circuit aredthW slhobtert acomveed that thenbsdoked strfctoie tuproves, bredclowni vadage need

only be designed for its. unigue function. Ea circuit can be optimzed for
per f or riﬁﬁ*ggn : p'I-l?ﬁ/itH’éf‘ erﬁS‘%@erc PaltPioy ugeR_Fl?F‘E fygpance h@lt[)q}’% eg%tfmgeg
Si | '5corbrearabcvﬁlTJJ&&gé qe%elé 'aﬁdl peﬁt){%ﬂartceaIrﬁegecl%tercﬁ&wd%@iceso céh BRIRdCRIARG!

layout. hese and other valuable aspects of the present invention
consequisnighed &1 atedetsfminkd, optohalotadigge layekst basedion thheperefional apé|fabrikefipmys, it

has been di.scover t.hat .tunable protecti system met hod and appar at us
of the SBF%@%%{"“FR@&W t(‘iﬁm}%f%cgﬁ%le?‘rlﬁ‘éf‘fg%?m er‘fge_r&her et of ore unknown and
unavai | abl e v@labitep YisceaRARIflthd HRSlos@NsinfonRetis @pimpevanmgeshd pdrasitic
protection systens. The resulting processes and configurations are

st r ai ghtipdemdevice dussto- ibf febiotinaion ofrcenyptd gide sepdbagkgiesigtopeFliiaspries rgpigtor

ef fact i ) i . i echno i - t hus
redf | 1 R0 BRI, HhBRERAL 30 B b SRR E R Rras B0 1
Ci r cui tdepRek@pe dielviséd Structure utilizee arm@sieklivagerfes aesdsse haantlowomid paradtic ons
are strai qhtthrvvar d, cost-effective, unconplicated, highly versatile and

ef f ect i WROlardayiqsdo Drpriavase @ dhasprecghlsvelapdin adimel B BARTogi es, and are t hus
readily suit fi:LCl . ! . c ] egf,kon
dovi ey, - F8 et BB bl R i D T e
a specistparategsotectindt circuits ailew toptilnézatind én sirandartd aVithan yheahded foa¢n veelded
nodi_fications, and. variatjons w ll| be apparent. to_those skilled.in the art
b gHTCBIIY I8ha P EbBFTH BB AptipRs. TOAEOP NG YRCPE. Pach Rf@rqed o

enbr ac g, ,ihli;&UGR paltb@iARL LNE ?rov‘iﬂpé flof@boRpst 1338, Yarthat HRNSe oMl Gificohal |

wi thin the scope of the 5included clains. Al matters hithettofore set

f ort h heneoledrecthownrcin atsheonicibotep &y imvge derapichépyoat.e to be interpreted in

nill rativ n n-limtin n . .
a ustra eSe and other Valu%fe aDets 'OF the present invention consequently further the

state of the technology to at least the next level.

20  Thus, it has been discovered that the tunable protection system method and apparatus of the
present invention furnish important and heretofore unknown and unavailable solutions,
capabilities, and functional advantages for protection systems. The resulting processes and
configurations are straightforward, cost-effective, uncomplicated, highly versatile and
effective, can be implemented by adapting known technologies, and are thus readily suited

25  for efficiently and economically manufacturing integrated circuit package devices.

The resulting processes and configurations are straightforward, cost-effective,
uncomplicated, highly versatile and effective, can be implemented by adapting known
technologies, and are thus readily suited for efficiently and economically manufacturing
protection devices.

30



CLAI MVB: 1. A tunable protection nethod conprising: farmng a
tunabl e trigger device having a trigger junction body overlapping a trigger
active area to provide a trigger overlap, the tunable trigger device having
the 5trigger overlap adjustable for providing an adjustable protection
activation | f.ormn irc rotectijon.device havj a prptection
oy over | apRii e Y BER( s heattsvabe o Fons R G W SPBEE SR BRI ap.
the cingWel uRlepli&sd iHap n%‘y" élf%nﬁﬁ\’rbé”'%é&iﬁc&fo% egld ORANVRE WAl &diﬂfyﬁﬁeﬁblt@ for
provi di ng an adj ustabl e pfotection |evel 10for integrated ci rcuits; and
connectthery skilbit ini thalartyint light o tabhferagoinggdsscuiptidne A caodinghy itis intanded to
protectign deyjice to an.inpu . . thod a Ialrred
PR el aidtradaatt Sk -fePineg: Phatrfits S vargters adian S FedtondBasi ng
andsdeGhgagdd @nahﬂ@ AN H88s OHBEAGBred St BRI iM &rYshohG RRER @admgacﬁ@gase
15activation resistance to tune the tunable trigger device.

met hod dagwisigapieeid be intetpasted in anidpgrative endmorylinnengisrabe-e tri gger deV| ce
conprises formng a tunable bipolar junction transistor. 4. The
method as clained in claim1l wherein formng the circuit protection device
conprises formng a silicon-controlled rectifier. 205. The nethod as cl ai ned
in claiml wherein connecting electrically the tunable trigger device and
the circuit protection device to an input/output pad, conprises connecting
electrically a series resistor between the tunable trigger device and the

i nput/ out put pad.



6. A tunable protection nmethod conpri sing: formng a tunable trigger
device having a trigger junction body overlapping a trigger 25active area
to provide an overlap, the tunable trigger device providing an adjustable
protection activation |evel by adjusting the overlap; formng a circuit
protection _device having a protection body overlapping a protection active
ar ea toCbAHWSHe an overlap, the circuit protection. device providing an

adj ust abl e py ot echigmpleydlection mefi@Poflpedingt r cui ts by adjusting the
overlap; and 10connecting electrically the tunable trigger device and. the

circuit prot®aningna teebledriggeralevicaharihgut tpiggemjadction boflyeoviedaprong adriggesi ned
in claim6 wherein formng the . tunable trig@%ﬁ gﬁvhfe. [of0) rLs§§ incteasing
and decreasing t hSHVF A ROWAP AgTieeer sy t1 et ent&gggs VI B Bse
actisvation resi st@eer beerldpnSdjhitfolt UBARKSidihk A€ hdjHEMBIE Sprotection activhtiod e

method as clained in claimherein formng the circuit protection device
conpri ses increaslerg; and decreasing the protection overlap to respectively

i ncrease 5angd decrease.protection.resistance.for pratecti .the i qr at ed
cirourts, oy ERREBl R ARSI R dlon AL A SRl PPRE
tunabl e trigger dgtive are@lqmgfd@wa proKdriog oaeﬂaéﬂ&w drchit pedtedtionuieeick baving

t e

transi stor configured in the formof an NPN device or_a PNP device:
10. The method asthe|paptgeiipn pivelan;adiustaptte fasinsoYiding avgadipdatie peqigatiorlgtdct i on

10 for integrated circuits; and
connecting electrically the tunable trigger device and the circuit protection device to

an input/output pad.

2. The method as claimed in claim 1 wherein forming the tunable trigger device
comprises increasing and decreasing the trigger overlap to respectively increase and decrease

15 activation resistance to tune the tunable trigger device.

3. The method as claimed in claim 1 wherein forming the tunable trigger device

comprises forming a tunable bipolar junction transistor.

4. The method as claimed in claim 1 wherein forming the circuit protection

device comprises forming a silicon-controlled rectifier.

20 5. The method as claimed in claim 1 wherein connecting electrically the tunable
trigger device and the circuit protection device to an input/output pad, comprises connecting

electrically a series resistor between the tunable trigger device and the input/output pad.

6. A tunable protection method comprising:
forming a tunable trigger device having a trigger junction body overlapping a trigger
25 active area to provide an overlap, the tunable trigger device providing an
adjustable protection activation level by adjusting the overlap;
forming a circuit protection device having a protection body overlapping a protection
active area to provide an overlap, the circuit protection device providing an

adjustable protection level for integrated circuits by adjusting the overlap; and

30 connecting electrically the tunable trigger device and the circuit protection device to
an input/output pad.
7. The method as claimed in claim 6 wherein forming the tunable trigger device

10



10 device conprises fowing a silicon-controlled rectifier configured in
the formof a PN PN device or an - NPNP devi ce. 11. A tunable
protection system conprising: a tunable trigger device having a trigger
junction body overlapping a trigger active area to provide a trigger
overlap, the tunabl.e trigger device having the trigger 1l5overl ap, adjustable
for prdVPHRE ’é‘ﬁreéﬁfléé’t“gglgﬁeﬁ?f& %Et“i‘%ﬁ?f QX%ilf\‘Pa"Pi rS?Peg'g INCHRE 3“‘&1‘?% t

pr ot eCtdcﬁOatﬂﬁNﬂeﬁ@taﬂ&th%&h@hﬁfaﬁfctthgger%%ée.wer! apping a protection active
area to provide a protection overlap, the circuit protection device having

t he protectigpon ov ' - Or oyi di p than.. ' ted
circuits, ang(; V\heira[({aél ﬁﬁ%}ﬁéﬁl %Llsjr%%ﬁ‘llgd In?ic%;ag%lrg ev%ggg %ﬁ%ﬁ%hgl%cﬁcﬁ}i %ﬂaﬁ)er%g{)lgct i on
devi ce devizedamiizec iretkagingcindi dwetdayingahaprotagich/ owklpptto pespectively incréhge The
systemas clained in_claim11l %he wherein the tunable trigger device

conpri $8€ dSFrepsotaigeivg Kepisgges s PEFApEe Bl T AtiPeased acti vation
resistance to tune the tunable trigger device. ) 13. The system as
clai med in & ai mThe wpdpdiap claifaed imelpine 6twhegeja fomaing dhe Poaldaiigeses dewce

t unabl e bj j L [ i.st.or ... 14, ' in

ci i m oSS fortHIgh (BbAd BBOIeT iBhcrign rangisicbon OB TIR LR, 6L 8 KRy, O,
rectifiderice or a PNP ddviceThe systemas clained in claim11l wherein the tunable
t ngger device and the circuit protection device are connected electrically
to an i nput/i@ut puthePARIHEANRY tlRRBed i RIiRS6 sdrsih OforaRiaN@et @fbug! petdctiem! | y
bet ween the tunable trigger device and the input/output pad. 16. A
t ud8bl elepiceteesinrises sysrrgracsilicontepntblled rectifige confesrire ith thei fagmaott @ iPHTRY
junctia I a trigger active area to provide a trigger

over | aﬁ%gv{%%g}l?ﬁ%%&) rlél%ger devi ce providing an adjustable protection

activation |iqvel Rt el Lhe:d{ LIRS QNSHLGR o ad usted: and

a tunable trigger device having a trigger junction body overlapping a trigger active
area to provide a trigger overlap, the tunable trigger device having the trigger
15 overlap adjustable for providing an adjustable protection activation level; and
a circuit protection device having a protection body overlapping a protection active
area to provide a protection overlap, the circuit protection device having the
protection overlap adjustable for providing protection for integrated circuits,
and wherein the tunable trigger device and the circuit protection device are

20 connected electrically to an input/output pad.

12. The system as claimed in claim 11 the wherein the tunable trigger device
comprises an increased trigger overlap to provide increased activation resistance to tune the

tunable trigger device.

13. The system as claimed in claim 11 wherein the tunable trigger device

25  comprises a tunable bipolar junction transistor.

14. The system as claimed in claim 11 wherein the circuit protection device

comprises a silicon-controlled rectifier.

15. The system as claimed in claim 11 wherein the tunable trigger device and the
circuit protection device are connected electrically to an input/output pad comprises a series

30 resistor connected electrically between the tunable trigger device and the input/output pad.

16. A tunable protection system comprising:

11



a circuit protection device having a protection body overlapping a
protection active area to provide a protection overlap, the circuit
protection device providing an adjustable protection |evel for integrated
wherein the protection overlap is adjusted and wherein the tunable trigger

device and the cjrcuit otection device .are connected electrically to an
i nput / out put? Llref@ﬁs@p ieeyhavang aénsg%mwprbowaﬁwﬁmwérteg&ert ve

tunabl e trigger i i-Sviadj.u hncr . r j
gger dgyi q(ﬁyﬁréwa@!ad&igg@r %ﬂée}g tgﬁjﬁgalﬁ@% &@&%sp&wd%ean

overlap to respective provi de increas ecreased activation

resi stance to tunsljudabl¢ prddrtientactiggemn keeli wiereih8hd iegsy stverapas aljwtated i n
claim 16 wherein %EF circuit protection device is adj usted by
i ncreased and decteased protection overlap to respectively provide increase

and s15decr easeglcudf ploBshibR el RE itﬁbﬁ%%epﬁo@ecﬁbﬂtb%ey olvBRagpi e paltedionl Vit S-
19. The systemas clainmed in claim 16 wherein the tunable trigger device
conprises a tunabirea isi provide aj prpistiiamoverlkansths icoruit prot¢oion ddvice pravedifigam of

an NPN device or a.PNRP.device. 20 The system as.cl ai ned i laim 16 wherein
the circuit prot e%dt"ils(t)ar%’l%lé’&‘ftg‘%oﬁ‘o%gﬁlpfolrslégeg’éat%‘fl“ihg’beﬁg g%%ﬂ"ﬁ?‘i%é’a VECEP1'F er
configured in thedj@tdd aihd IWHNDN tHE \tingd] & trigier NRMRe d8Mi 8R- circuit protection

device are connected electrically to an input/output pad.

10 17. The system as claimed in claim 16 wherein the tunable trigger device is
adjusted by increased and decreased trigger overlap to respectively provide increased and

decreased activation resistance to tune the tunable trigger device.

18. The system as claimed in claim 16 wherein the circuit protection device is
adjusted by increased and decreased protection overlap to respectively provide increase and

15  decreased protection resistance to protect the integrated circuits.

19. The system as claimed in claim 16 wherein the tunable trigger device
comprises a tunable bipolar junction transistor configured in the form of an NPN device or a

PNP device.

20. The system as claimed in claim 16 wherein the circuit protection device
20  comprises a silicon-controlled rectifier configured in the form of a PNPN device or an NPNP

device.
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