TUNABLE PROTECTI ON SYSTEM FOR | NTEGRATED Cl RCUI TS
TECHNI CAL FI ELD The present invention rel ates
generally to protection device systens, and nore
particularly to a systemfor protecting integrated
circuit devices fromelectrical transients, including
el ectrostatic discharge (ESD) events. BACKGROUND ART
Integrated circuit devices have been subject to
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integrit¥® QfrSuit, to safely dissipate the energy associated with ESD events without causing
any damage to the circuitry connected to the /O pad. Protection circuits may also be
connected to power supply pads or between power supply interconnect to prevent damage to
internal circuits.

Modermn 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,



I whether from humans, packaging or a system are very
dangerous to the very small integrated circuits that
have becone so very pervasive. Nunerous technol ogi es
have been devel oped to neet these requirenents.
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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.

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;



shown in FIG 1; 2 FIG 3 is a cross-sectional view of

a tunable protection systemin an alternative

enbodi ment of the present invention; FIG 4 is a

cross-sectional view of the trigger body structure of

the circuit protection device as shown in FIG 3;
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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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direction perpendicular to the horizontal as just defined. Terms, such as “on”, “above”,
“below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”, “upper”, “over”, and
“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
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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The term "processi ng" as used herein includes

deposition of material or photoresist, patterning,

exposure, devel opnment, etching, cleaning, and/or

renoval of the material or photoresist as required in

form ng a described structure. Referring nowto FIG
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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 swrrounded 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
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



well. Further, it is understood that the circuit
protection device 104 may be fornmed of different
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of the internal integrated circuits (not shown).

A series resistor 322 electrically connects the tunable junction 306, a fifth junction
326 and an input/output pad 324 to protect the tunable junction 306 during activation. A gate
328, such as a poly plate, may de-activate the circuit protection device 304 after conduction
of the electrical transients. An insulator 330, such as thick or field oxide, is shown to laterally

insulate conductive regions.



materi al s, dopants or inplants, as well. The
activation of the tunable trigger device 302 activates
the circuit protection device 304. The circuit
protection device 304 is formed in a |lateral manner
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An increase in the protection overlap 506 provides an increase in the protection
resistance wherein the protection level is also increased. Altermatively, a decrease in the
protection overlap 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



to protect the internal integrated circuits (not
shown). For illustrative purposes the trigger body
structure 308 is shown as a |low voltage N well and
hi gh voltage N-wel| device, although it is understood
that other configurations may be used, as well.
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shown) is smaller than an overlap 2, such as a pl anar
di menspeivatien tevel (PFot @nd F¥a- Bver| ap 506. For
I 1 t. t L
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configurations Further, the

pr ot ecPeh aﬁw&gﬁdétwth%mﬁ@eﬁrzggeﬁdw HEI@ olr)med of
di ff3e r ‘?Hé turbiE rtﬂl% gdegfé@? 25 afld th(mé a ?trovl\{eh!:\ﬂce 104 are

Referring now t erein i1s s ow C
of a sylstternal§0@ofmectddu nalthe m]pxtlnmqmtl}md 122 aamd activated by the

enbodi nent. of the pr i nvention. The system 600
i ncl udeectigldrangient- (?fﬁtalbl e trigger device providing

gg le_ﬁgi)éﬁtcﬁ@cﬁeﬂaﬁ B a® el REseACHV YRR RN SlirePiR 2B R dGes.

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 [evels,
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
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



formng a circuit protection device providing
protection for integrated circuits in a bl ock 604;

and el ectrically connecting the tunable trigger device
and the circuit protection device to an input/output
pad in a block 606. In greater detail, a nmethod to

rectiﬁ{eg %{rgﬁ?r%ﬁ@ggg ﬁ%ﬁgg%lf ?qrﬁép%%&éé&ﬁ?ecﬁ@éﬁ i%ﬁ%?)’rmggc%o{) itl?eg internal
circui{ifg gsfiﬁlbﬂp&rﬁﬁ'oﬁl@éiﬁ e :trié%er bhgad pehh@ntd i gger device

Is formed with the trigger junction body 204
oVterds aabyi Iggntdiseovened dieat the tlisvlosat gaicROR imprqyenbickdamn voltage

adj ustabl e protection act.ivatiagn vel. . (FIG 1 and . .
perforfioate B pRBleC b B oimEey oG Sy ReETOLBANCs W BPaptimized
breakdléWwid VoRAES RlveRBIMCperMrinin:. SBies®rotbidh BRRYSEL C@h!Be individually

connected junctions FrOV|d|ng an electrically

desigregninemedsierprndd, optianl seltigedreds bysedm thernpisrationali grglefabrication
.d02. (F - . ;The .tunable.tri r,device 102 and
speciffion] Gl itbrdpa BORRT OB Gt p635RL 01 Gt i cal 1y

cyrneedtRe difcdvhsy oMptdiiised striadreld Aha RelpR&tin¥at B0thB parasitic
the electrical transient. (FIG 1) It has been

~ bipolagidsrise elug do theaelimination efasouica vislet feedbaclh gesisters This series resistor

(0] . . j . r nt. .

onen SIS AN 069. i GNENARE b allhioh BF o B38TEC o

devic@rTieedibélogedCitiuctiir tyllizeEhe piotécige rsefits Riistor Gt Al wisURE Garasitic
to adjustable activation | evels predet erm ned based

bipolag dgrice Hebeactivaiet althe somect Jevsf ard iag tinpply nanngyi des a
' f f ht.Sq: h ti f

o AN R rou g T T PR AT I Bor8 Spmppg laygut. The
separae drotéctionictrevitiediognepttainative: iaddreis sed. Wythvitehpnesifor embedded
e G, Sl S PR scoer oo Lhat LR SeLoe o be
optim{R8 b pRforRahd LB Gide TNRorRIcbipaB-16RM N AIHHRH the use of a silicon-

rectifier is not enbedded and can be optim Zed
contrallgd aectifiel yir¢uirsa ¢rmtilitegger merd cpmgadilayout-t ry. This

2B LR B0 SOl B e PEe bR pEb b e e
state ¢ffthd Rehridld S 1ok leaith€ bzt Tl t hout conproni sing the

trigger or pad performance. It has al so been
d TBesvidras dpeem discoveeeddibaicibe serbls proeetiomesysigst melwd and apparatus

| . pe | i gge :
o G000 5 B8 BEALAERIES LR g LA o,

capabliitegka@dwunvidditahgévdnepel Sorapdtdedoid yaemns eThellediing processes and

protection devices can be individually_. . )
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 integrated circuit package devices. The
resulting processes and configurations are straightforward, cost-effective, uncomplicated,
highly versatile, accurate, sensitive, and effective, and can be implemented by adapting
known components for ready, efficient, and economical manufacturing, application, and
utilization.

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.



designed to predeterm ned, optinmal voltage |evels
based on the operational and fabrication
specifications of the integrated circuit device to be
protected. Yet another discovery of the disclosed
structure is the inprovement in the parasitic bipolar

e,due ta the eli n of a source side
iR reafien gps b eﬁﬁr% %fl'%wegé%C?lagv@toarWltfbﬂS@fw@s’é@t mede, it is
to beﬂ.ﬁﬂh%fbto!dotﬁatc 'éﬁ}ﬁ altélﬁatléléghh*%'dff?caﬁﬂgs Ak AsialidiR ‘ﬁ’ln be apparent to

activation of parasitic bipolar device.
those gk8lelas el att rimidight ef thei dfpreesing desaiption) X)Lecca"émlgkys it is intended to

resi hat. all o t he Ssitic | C
embrisg WY3h Y ab s R BitRal o FgtipSamsn Pigh Jut Wity SSope of he
includ®N&l&ms. YAl ndiREhBthHoPGO Rt Yoxﬁ{ hbkn O SROWRGH the accompanying

structure is a nore conpact |ayout. The separate
drawipgare ¢¢ beonterpretad insn allustrativpanidionatimgmg senssi r cui t

area. Wthout the need for enbedded <circuitry, each

circuit need only be designed for its unique function.

Each circuit can be optimzed for performance and

provi de a nore conpact |ayout. Further, the use of a

~silicon- controlled rectifier circuit also contributes

to a nore conpact |ayout. These and ot her val uabl e

aspects of the present invention consequently further

the state of the technology to at |east the next

| evel . Thus, it has been discovered that the tunable

protection system net hod and apparatus of the present

i nvention furnish inportant and heretof ore unknown and

unavai l abl e solutions, capabilities, and functiona

advant ages for protection systens. The resulting
processes and configurations are straightforward,
cost-effective, unconplicated, highly versatile and

ef fective, can be inplenented by adapti ng known

technol ogies, and are thus readily suited for

efficiently and econom cal |l y manufacturing integrated
circuit package devices. The resulting processes and
configurations are straightforward, cost-effective,
unconplicated, highly versatile, accurate, sensitive,
and effective, and can be inplenented by adapting
known conponents for ready, efficient, and econom ca
manuf acturing, application, and wutilization. The
resul ting processes and configurations are
straightforward, cost-effective, wunconplicated,

hi ghly versatile and effective, can be inplenented by

adapti ng known technol ogies, and are thus readily

suited for efficiently and econom cal |y manufacturing

protection devices. 8



Wil e the invention has been described in conjunction

wWth a specific best node, it is to be understood

that many alternatives, nodifications, and variations

will be apparent to those skilled in the art in |ight

of the aforegoing description. Accordingly, it is
CLAlkggenQed to enbr ace a!l §uch altgrnatives,. .

di fications, and variations, which fall within the

s¢ope of tuhitfe proledtivd 8eistehabprisitgl matters

hithertofore_set forth herein or shown _in the

aluBHpRAVIRRple HigERr dg¥cartbe tpable irigger frdecprovidingan adjustable

i1l ust gﬁ}téc\f%n%%fﬂﬁﬂ'lé\;éﬂn ting sense. 9 CLAIMS: 1. A

t unabl pro ection systemconprising: formng a

t dieratihe a lcirbgig proteleioh cleyick e cirodb b tédtiog gevice @yividing protection
provi di.ng an adj ustable protection activation |evel;

form néP ‘Hn@g?@%$P“ﬁF%ﬁ@@tlon device, the circuit

pEQﬂrFe‘éﬁﬁQ Qlegt‘gl\éblg}ﬁtﬁytgﬂéﬂié ﬂ?gg%{: 9&\9319% Fl?}d" %ﬁ?fé?{cuitg)(r?[g&ﬁ}ne@ewce to

circults; necting eléctrica
trlggeandqmﬂompahMMkhe circuit protection device to
an input/output pad. 2. The systemas clainmed in claim
12. wheMak Bydtern s Ripimbe i damb |l pwhedeggRimitgvhe unable trigger device
conprises adjusting an overlap to tune the tunable
comprifss gdBistingpan everlag 1o fypg t%ey%lﬂ@ﬂ@ H2Zer deWied i n cI ai m 1,
wherein formng the tunable trigger device ri ses
f r mi ngha srsﬁmt&s @labmpqla nlasala]rrm hewhengin foammgsth@tu ggle tigger device

compﬁéle%tfgm%lﬁ% %olgrd]gmgtmn dapcerein formng the

Cl rcul vi ce comnpri ses formnga

H any B %9%%31{ #2‘31515%% G e 5 WROSR T Dot Riptction

devic@t&fprides drhning NGilibsmabl il ifel r&€fer devi ce and the
circuit protection device to an input/output pad,

CQNpri §¢s W&H &§ Eqaﬂﬂe(?fnecfﬁ Ian€ Rk e gfdgﬁéalfrl@%ﬁérgﬁl connecting

between the funabl e triggéer devic
electricalbyi thieduigblet triggel: deﬁficeﬁamiuhtahlr@ntmroteendm Ml@aytstaannput/c)utput pad,

conprisin a tunahbl e er devi
compi{RnnaPig slseiieally P SeU B GUPaT HEFSH s GUftip rigest device and the
mpuﬁgmgug&M|on activation |l evel by adjusting an overl ap;
formng a circuit protection device, the circuit

PEOt eCly ARaE ¥iot&:1iBh AYdiBh REmpFiGhELt | On

forming a tunable trigger device, the tunable trigger device providing an adjustable
protection activation level by adjusting an overlap;

forming a circuit protection device, the circuit protection device providing protection
for integrated circuits; and

connecting electrically the tunable trigger device and the circuit protection device to

an input/output pad.

7. The system as claimed in claim 6, wherein adjusting the overlap comprises

forming a trigger junction body overlapping a trigger active area.

8. The system as claimed in claim 6, wherein adjusting the overlap comprises
adjusting a trigger overlap formed by a second trigger junction body overlapping a first

trigger junction body.

10



for integrated circuits; and connecting electrically
the tunable trigger device and the circuit protection
device to an input/output pad. 7. The system as
clainmed in claim6, wherein adjusting the overlap
conprises formng a trigger junction body overl appi ng
a trlgggr active area. 8. The systemas clained in

clPai m &hevipiatea a3 daifngd in alyim e Whrtin Symiegie; turable trigger device
compﬁgésu E':%Df g.{rfabgsgl% 019% Jur ésagn rtx?i?lg?tgr {%é;]iﬂ%lggd: ap ﬂlet fonggoefran NPN

unc over Uncti
dev1cb0ﬁlyPNPQie91ceThe systemas clainmed in claim6®, wher e| n
form ng the tunable trigger device conprises formng

a Jpunabie s?ét@;ﬂ'a@rcldnﬁe@ i &1y ddeTUSMOE t6 on%h&@rnef@nhmg the circuit
the formof an NPN device or a PNP device. 10. The

protegi{ost davicgsonipaisereigrmmganstliemecastrobed revkifier canfiguregdio rtlea form of a
rm.ng t cuit protection device conprises
PNPI{I%?%C%% @r@?lﬁkgng%ont rolled rectifier configured in
tﬁﬁ formof. a ce or an NPNP device. 11. A
abl &Bﬁ“ﬁ?lg@f?tSﬁ‘Poﬁﬁé’ﬁSﬁ@W}n@r ng: a tunable

t 13l e £8evitd)ehd teRANL Eriddet ABREE gﬁwuﬁﬁg B QSN protection
an adj ust abl e pr Ot ection activation | evel d] a

circui taC@Yaﬁ!toadweb,mndew ce, the ci rcw t pr ot ect| on

devi.ce. QX({E rot ct i on g ¢ g clrcu ton £
ar?dc‘\‘/i%lé '8 h°§b| F PPy dr© 8%‘61 e"dﬁed Pfcﬁfé 188 rpcfﬁ‘iet’ ton for
pr ot eCtlht@Qraﬂa@thﬁﬁut@r end GFHeGh Qle @hemld itg@ler WebReddhd the circuit
I nput / out put pad, 12. The s%st emas clained in claim

11, whérepetiontievicgepionneetpdgleptrigally wean ispHmuime sadin

overlap to tune the tunable trigger device. 13. The

sy8t emBis s:jsmnnms i:laimﬂdaiinnClaim whemdicrein Hbe ttumdbd eérigger device
nable bi pol ar junction

compiseE g e yne FRIRE CREFUEl med | ol a m 11,
ein.the circuit protect on deV| rises a. ,
15! conMeontsien 18 kit i claum 8. e Shbrapte Figger dovice
compﬁls&%' JRAAOYipB0E jBictiGh ﬁ’hﬁ@st&l to 14, wherein the

tunable trigger” device and the circuit protection

Sgg! Ce THeCsySRAN &S (e RmEl §hA1kiGRAN 1Y Wi thd RGP Pl ion device

comprises a silicon-controlled rectifier.

15. The system as claimed any one of claims 11 to 14, wherein the tunable trigger
device and the circuit protection device are connected electrically to an input/output pad
comprises a series resistor connected electrically between the tunable trigger device and the

input/output pad.

16. A tunable protection system comprising:

a tunable trigger device, the tunable trigger device providing an adjustable protection
activation level wherein an overlap is adjusted; and

a circuit protection device, the circuit protection device providing protection for
integrated circuits, and wherein the funable trigger device and the circuit

protection device are connected electrically to an input/output pad.

7. The system as claimed in claim 16, wherein the overlap is adjusted comprises

a trigger junction body overlap of a trigger active area.

11



conprises a series resistor connected electrically
bet ween the tunable trigger device and the
i nput/out put pad. 16. A tunable protection system
conprising: a tunable trigger device, the tunable
trigger device providing an adj ustabl e protection
i vatjon | evel I, ver adj usted;  and a
i %c ui G SYHEREs 5 Fevi 81%“‘6‘ ﬁé ¥ ?rgﬁ]i tf‘ © 9V er{apcis jadiysted comprises
a trlgg&\ﬂvEﬂappﬁtﬂl\@téjd PPa @E&ﬁlﬁ‘%h%&? }lﬁ&rnon bRlE$ gﬁé'ﬂags%f‘ﬁ' s eL Junctzon
d wherern the tunable Trigger device and the cir
bodyprotectlon devi ce are connected electrically to an
i nput/output pad. 17. The systemas clained in claim
169 whamei systehe ao ehiimhed ih 1Al ust ege ofrgMims el tA 18, wherein the
gger _junction, bod verlap of a_ trigger active
tunab @ggerﬂevm COMEISES 3 Mlﬁ-‘s bipolay pagtiomtransision epgfigured in the form

of an WPRY évrﬂcet(g' gj:,gge is adjusted conprises a trigger
juste

over ap a y a second trigger Junctlon body

overl a fi St unctlon o

o3 Bt eniiz et EHARLPF ik 406 srmcitia A5 1uhgGiny o circui
protedﬂmr(fﬁvi’tetdoﬁlpritsbm@bﬂﬁoﬁ—ﬁ:bﬂﬁﬂreddeoﬂﬁ‘fﬁ? coRfiplrks @6 thd form of a PNPN

tunabl e bi polar junction transistor contfigured in the
device gf # NBNP§VIQPN devi ce or a PNP device. 20. The system

as claimed in any one of clainms 16 to 19, wherein the

circuit protection device conprises a

silicon-controlled rectifier configured in the form of

a PNPN device or an NPNP device. 12
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