ESD PROTECTI ON DEVI CE W TH A TUNABLE HOLDI NG VOLTAGE FOR A H GH VOLTAGE
PROGRAMM NG PAD TECHNI CAL FUEL 100011The present disclosure relates to

el ectrostatic discharge (ESD) protection circuits. The present disclosure
is particularly applicable to ESD protection circuits with a high voltage
programm ng pad. BACKGROUND 100021Cenerally, read-only mem(ROM w |t

i nclude a high voltage programm ng pin (VPP) to i nduce channel hot

el ectrons or to programnenory cells. A device nmay, for instance, include a
VPP whi ch nmay accept a high voltage signal (e.g., 7 volts) for programm ng,

and an [SD protection circuit to conduct large [SD current durin for
exampl e, ASTEEROEVERON PENICAIIPH A FONARREHBIING YOL THREGOR HHIGH nt of

view, the ESD protection ciYhAGCERBOCRAMAVENGPARaI | pad area, tow power on
rise tinme, and be latch-up free. in addition, froma tinme to market and
cost poi ?ﬁcﬁ&IdAﬁﬂE td1e ESD protection circuit should be easily inplenmented
for many , for exanple, by allowng for a one shot tape-out
and requjoodtrig nthenpsdent digtleduanelatdsto salehrpstatiendicharke (ESI3) pracetiai groudtd. cant
chal I enges for pr.oyidin D protecti ifcuits. to.address gdesi time to
ar ket Ot eisaf S fre? B Bl Bashy o b Sich G c LEF s chene
uses a gprogmaedeggatie NMOS (ggNMOS). However, a ggNMOS has a | arge pad area
(e.g., 50% of the ROM chip area), and often has a triggering voltage (e.g.3
volts) close to a voltage of the VPP (e.g., 7 volts), which frequently
causes a m striggering of the ggNMOS resulting in a Failure in

functi onBACKGROIMNIR, an EST) protection schene using a ggNMOS is generally
unsui table for [SD protection for circuits with a high voltage progranm ng
pad. [0002] enerally, read-only memory (ROM) will include a high voltage programming pin

(VPP) to induce channel hot electrons or to program memory cells. A device may, for instance,
include a VPP which may accept a high voltage signal (e.g., 7 volts) for programming, and an
ESD protection circuit to conduct large ESD current during, for example, an ESD event.
Typically, from an ESD protection design point of view, the ESD protection circuit should have
a small pad area, low power on rise time, and be latch-up free. In addition, from a time to market
and cost point of view, the ESD protection circuit should be easily implemented for many
process nodes, for example, by allowing for a one shot tape-out and requiring no mask revisions.
As such, manufacturers face significant challenges for providing ESD protection circuits to

address design, time to market, and cost criteria.

[0003] One commonly used ESD protection scheme uses a grounded-gate NMOS
(geNMOS). However, a ggNMOS has a large pad area (e.g., 50 % of the ROM chip area), and
often has a triggering voltage (e.g.,7 volts) close to a voltage of the VPP (e.g., 7 volts), which
frequently causes a mistriggering of the ggNMOS resulting in a failure in functionality. Thus, an
ESD protection scheme using a ggNMOS is generally unsuitable for ESD protection for circuits

with a high voltage programming pad.

[0004] FIG. 1 schematically illustrates an RC clamp which is a first common solution for
providing ESD protection for circuits with a high voltage programming pad. As shown, the
circuit in FIG. 1 includes a VPP 101 connected to a power rail 103. Moreover, the power rail
103 is connected to a resistor 105, which in turn is connected to a ground rail 107 through a

capacitor 109, and also to the gates of transistors 111 and 113. Additionally, the gate of a



[00041FIG 1 schematically illustrates an RC clanp which is a first conmon
solution for providing [SD protection for circuits wwth a high voltage
programm ng pad. As shown, the circuit in FIG 1 includes a VPP 101
connected to a power rail 103. Moreover, the power rail 103 is connected to
a resistor 105, which in turn is connected to a nound rail 107 through a

capacitor 109, and also to the gates of transistors | | and 113.
Additionally, the gate of a transistor 115 is connected to the drains of
transistors Il and 113. Resistor 105 and capacitor 109 are used to obtain

a long RC tine constant to turn on transistor 115 Wen turned on,
transi st BRSPS 13 oarecigd fmth drpins of ettt ! adridé BeprtenutBand RgFiRg an

ESD evenigy sUGRe® fpalh 2300 RO dﬂ%/\&)ﬁ%m fohemR¥a ¢dndikilr FBD Wieh Q&?rhé(pdSh schene
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or rmltl-tlma prog rarrmn% cannot reduce the ower rise tine
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the ESD poRlG&dck 0N KRBT, ical ﬂs%clhdlg%ﬁ%é-%hﬁspréﬁ%inﬁﬁ (o8 or LAMRLEHEI G 2

schematlcally illustrates a connobn rotection circuit usin
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(INTSCR) having a first n-type layef with a cathode connection 203

connect eﬁ’W%al%ﬁtgﬁ‘@&H@er ail, a first p-type layer, a second n-type |ayer
with a control connection 205 connected to a tri gCger conponent 207, and a
C

second pl®%e | Eer sahamstically dhesHatet s AoreRen 5nP i %ﬁ‘é‘%‘f‘éﬁmgé‘tﬁ‘gﬁ‘ﬁ(ﬁér rail.

The Lyrscitrs&®D Ar bRe! the Bir&uCidi FIES2 q;mlweaasmlvbnagaqe A 8&oltH ey &blts)when
this device is trig ered snapback wi |l be i nduc and the oper ati on
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chip function. 100061A need therefore exists for nmethodol oagy epabJ i ng ESD
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of the present disclosure is a circuit inplenmenting.an ESD protection

voltage Vh. A low Vh yields good ESD performance. However, during normal operation (¢.g.,

an operating voltage of 1.8 volts, 3.3 volts, etc.), the holding voltage Vh will be less than the

normal operating voltage, which, causes the LVTSCR to latch-up, resulting in a failure of chip

function.

[0006] A need therefore exists for methodology enabling ESD protection for circuits with a
high voltage programming pad that has a small pad area, low power on rise time, and is latch-up
free.

SUMMARY

[0007] An aspect of the present disclosure is a circuit implementing an ESD protection

device with a tunable holding voltage.

[0008] Another aspect of the present disclosure is a method for implementing an ESD



device with a tunable holding voltage. protection device with a tunable
hol di ng vol tage. 100091Additi onal aspects and other features of the present
di sclosure will be set forth in the description which follows and in part
wi ||l be apparent to those having ordinary skill in the art upon exam nation
of the followng or may be | earned fromthe practice of the present

di scl osure. The advantages of the present disclosure may be realized and
obtained as particularly pointed out in the appended cl ai ns.

[ 0010] According to the present disclosure, sone technical effects nmay be
achieved in part by a circuit including: a silicon-controlled rectifier
(SCR) hamiotegticn device with 2 fupalde heldise volfagh a cat hode connection, a first p-type
layer with a lint control connection, a second n-type |layer w.th_a_ second
control [8ANect Additionghespectsad st fppees|ohhePregpnt disg S"é?l&&]gbec%h Ba% A,

wher ei N §heri AR $hiOBNGE AfdNn ipirt GOWBE 8fbatcdt & tREWBAVIhAbHinadNekill hethe aihode

connection is coupled to a ground rail; and a tunable hol |n% vol t age
control IRtEXARERIRR; o ghefolqwing ongwaderearmsddrom the pepticgef the preset dSelog Qi n,  and

a first ?H’éﬁd@ﬁlta%eg'@f thé prédenlitiifuR i) Be cQURIIQEH bRaihbEaslpartichlaPpdidited out
connection, the first source being coupled to the ground rail, and the

first gaﬂ@hﬁﬁmﬁﬁhéégﬁﬁed to a programcircuit, wherein during an LSD event,
the first NMOS is turned off and, hol di ng vol.t of the S is |ow
100111 Ao B9ERlS § AR B 15 PRt SsqRORe SIS IHIG] AR Shin Fe 11 r st
NMOS i's bylhR@euiPhcludpE ASRRAIEntINCH Wedifier GIORS biting WTRStEI-ipé ke witiabl e
hol di ng vol tage control unit furth%;Jincluq§s a second&%HCS hgvin%,g second
gate, a SERAUIREOMPHIOH, 2 SP-HPSBYS A cantrq! AAMEEOBrALCE Y Y e PYFG "Bupl ed
to the fjEk&bnd QHiroPEonEERBEGnH Ariecdnl §-1$RCANE vEMUNCR oML onGection) pitRetid het he
ground rail, and the second gate beLng ouaggg to(%ﬁ&tfro Egﬂ?circuit,

wher ei n #9ff RPNSFHIOESTFUplen {0 2 poreer raih afid B FARESIAPRHRTSS SPYIGUP AP B and

t he hol diangandql tha®e Hlditd@itdR oholl@Winchalzhelrstaaes hatifch Biegatd aGirstcui t
wherein during normal operation, the first NMOS_is turned on,an&F%he second
NMVOS i s Sitinalfl & Hrshaerics M sl drindeipgiccued torthe fest searahicerestiod: FF MLt nvos
turned Ofutt HeRi§SolifléNtoARe SRRAA N SndvBE tfidg @ate fbeinB RolMEH o BrbgramAtdiit,i onal
aspects include . a circuit, wherein the tunable holdbg% v Itaggﬁ%gﬂérol unit
i ncl udesWRSTRIMSE iR EHA GYeRY e TyshMO3 igtumied offgrd 2 foldmg voltace @ *n bei ng
coupl ed fo@.the first control connection, each source being coupled to the
wound rail, and each gate being coupled to the programcircuit, wherein

during amoEf!) syREs incakk arirdiMIGhatR dutiigiedmal dpearich, ttefiralidosds malesdage of
(10 SR L 550 et LI 20055 LLEM S, 12,4000 e Ve BSRRS Sl ARk
includes a second NMOS having a second gate, a second drain, and a second source, the second
drain being coupled to the first control connection, the second source being coupled to the
ground rail, and the second gate being coupled to the program circuit, wherein during an ESD
event, the first and second NMOS are turned off and the holding voltage of the SCR is low.
Another aspect includes a circuit, wherein during normal operation, the first NMOS is turned on
and the second NMOS is turned on when the holding voltage of the SCR with the first NMOS
turned on is less than an operating voltage of the power rail. Additional aspects include a circuit,
wherein the tunable holding voltage control unit includes n NMOS each having a gate, a drain,
and a source, each drain being coupled to the first control connection, each source being coupled
to the ground rail, and each gate being coupled to the program circuit, wherein during an ESD

event, all n NMOS are turned off and the holding voltage of the SCR is low, wherein n ranges

from 3 to 10. Further aspects include a circuit, wherein during normal operation, the first NMOS



is turned on and mof the it NMOS are turned on, wherein M NMOS bei ng
turned on results in the holding voltage of the SCR being greater than an
operating voltage of the power rail. Sonme aspects include a circuit having
a trigger conponent with a control connection coupled with the second
control connection. Further aspects include a circuit having a one-tine
programor nulti-time programcircuit with a first output control
connection coupled with the first gate. (00121An additional aspect of the
present disclosure is a method including: providing a silicon-controlled
rectifier (SCR) having a first n-type layer with a cathode connection, a
first p-ypaed epand miof thea NM%tar%B‘ﬁ%efi@P’ st gy NMPS beingdpmadionresylisdn | ayer
with a S@l@(Hﬂﬂln%%fta{gelofﬁ@méu%rgrea?&%a% a9 ?aal%gl%ﬁty@eoflt&y@wewanh Saie anode
connection; coupling the anode connection to a power rail; coupling the
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a first source, wherein during an ESL) event, first is turned off
and a holiEf AGeaB drggewih a %01@91209@(11 We%mmqplﬁs withdhe firptgateqr ain to the
first control connection; coupling the flrst source to the grougﬂ rail; and
coupl i nglOP f i pupddjienal pepeet ‘tfr%@ﬁ’%?ﬁ‘?“él iselgpre 1y »anethpd dpeuding, PEvadingg | yde
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during agnksdRof\u8dh sedoh€p Cfgpressyeawdh &€ 68 cOMVESioR] ®uplitignBdandbié cantiibhe
hol di ng vol tage of the S |l ow, and the method further inclu

coupl | ngt%%ovgeéé%haowlas et @thofie cqnnpdion (A FWRd &k RERV{GiNgA t“«“:‘%?)ﬁ lﬂlggt he
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progran1C|rCU|t Furt her aspects _include the first Nhos being turned on
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operating vol tage of the power rail. Additi onal aspects include the tunable

hol di ng @BWFH@éaé%ﬁFPBmg@ﬁﬁﬁtﬁﬁépﬁdmﬁﬁmﬂmNWBos each having a gate, a drain,
and a source, wherein during an ESD event, all n NMOS are turned off and
t he hol djoogs]vol $ageaspéctd hﬁlu&éZRtHesﬁrlstowosh&ﬁ@ furmed raand emg fooamal Jpematidd, and
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and a s e@eﬁtd alPn Nmos ateyified Wiftahd &3 lﬂnm@azdg@gmahd S(ER isoer ehdreih heragprode

rai and the cat

connectl is c r nectjon i
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to 10. [0015] Sone aspects include a circuit, wherein during norna

operation, the programcircuit
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turns on mof the n NMOS, wherein m NMOS rai se the hol ding voltage of the
SCR to a value greater than the operating voltage of the power rail.
Certain aspects include a circuit having a trigger conponent with a control
connection coupled wth the second control connection. Qher aspects
include a circuit, wherein programcircuit conprises a plurality of output
control connections, each gate of the n NMOS being coupled to one of the
plurality of output control connections. [00161Additional aspects and
tﬁChniCE||$fLeCts of the present disclosure will becone readily apparent to
those skilled in the art fromthe follow ng detail ed description erein
embodi mefitegerofompREEnh Mathich COEos SPRISEHAE; 3k C%@éleg iﬂt?e‘c‘f’“gf’lnfﬂ"f}e"g‘W g?m@?

i L1 ust r ajdesHu @htrdINBntesdn. MR ReNsSerR! iad1edd: bovidi ayondinet fi6uri 66 ROlki-
di sclosure. As will be realized, the present dISC|OSUF% i_.s capabl e ?f ot her

and_di f f BPeRSBDOYPIEhS, firgpytput congehcopaacliens paY FuPpEing Jihpiiautspniro
nodi fi catdnqhisioh Witk 8lelfRY$abVi Ous respects, all w thout departing fromthe
present disc]osure. Accordingly, the drawi ngs and description are to be

regar dedjgdss)i | | MgdthertasyeRt biNthD Rhddbrd,disRIdBUrO @ a @BcuiteHtlndiad:i &/ liconidantkdlled f i gur es
of the accompanying drawi ng and in ich like reference nunerals refer to

simlar BrEiasSRARINER HHiTPPe [yt 191 ctiods coerstioncaliisy PIPE (FT Wik2 4

circuit fiRBdonir6l dedRztich, bkedhd hoypallayBGrEh 288ofd cobirdl)copicoti@C b seB@Idgre;
100101FI G 2 schematically il]ustrates a common ESD. protection circpit
'a

usi ng a DPAYVE Bifan UPATSTRECUOBODEFIET e BOLLHURRTIPR A SPPIFY oL Pl o
circuit jfiphesmddt BshnddiorRobpied B drouhd ) ia®@e-Yink Br multi-time program circuit;

and a tunable holding voltage control unit including n NMOS each having a gate, a drain, and a
source, each drain being coupled to the first control connection, each source being coupled to the
ground rail, and each gate being coupled to the program circuit, wherein during an ESD event,
the program circuit turns off all n NMOS and a holding voltage of the SCR is less than an

operating voltage of the power rail, wherein n ranges from 2 to 10.

[0015] Some aspects include a circuit, wherein during normal operation, the program circuit
turns on m of the n NMOS, wherein m NMOS raise the holding voltage of the SCR to a value
greater than the operating voltage of the power rail. Certain aspects include a circuit having a
trigger component with a control connection coupled with the second control connection. Other
aspects include a circuit, wherein program circuit comprises a plurality of output control
connections, each gate of the n NMOS being coupled to one of the plurality of output control

connections.

[0016] Additional aspects and technical effects of the present disclosure will become readily
apparent to those skilled in the art from the following detailed description wherein embodiments
of the present disclosure are described simply by way of illustration of the best mode
contemplated to carry out the present disclosure. As will be realized, the present disclosure is
capable of other and different embodiments, and its several details are capable of modifications
in various obvious respects, all without departing from the present disclosure. Accordingly, the

drawings and description are to be regarded as illustrative in nature, and not as restrictive.



a tunabl e holding voltage, in accordance with an exenplary enbodi nent of
the present disclosure; and 100211FIG 4 illustrates an operation of a
circuit inplenmenting an ESD protection device with a tunable hol ding

vol tage, in accordance with an exenplary enbodi nent of the present

di scl osure. DETAI LED DESCRI PTION 100221l n the follow ng description, for
t he purposes of explanation, nunmerous specific details are set forth in
order to provide a thorough understandi ng of exenplary enbodi ments. It
shoul d be apparent, however, that exenplary enbodi nents may be practiced
wi t hout these sfe0|f|c detajls or with an equi val ent arrangenent. In other
i nst anc eBRIE}d? B JHEPRAWINGSdevi ces are shown in bl ock di agram

fonn in EbE[r tPheayQbsl d%m%@ssms&rwd gp@sysf&gms%eamlnaqray WGBS . | N
addition, unless otherw se indicated, all nunbers expreSS|ng qguantjti es,

ratios, @ier RSOl Sslacemppering Fawipe andw@rvémhelmeée erepegUmeRIseiRTesigRE, and
SO forthdaﬁgg“mgugagm§peC|f|catlon and clains are to be understood as being
nodified in all instances by the term"about." [00231The present disclosure
addr essemofd)d s@Y @ SschdrRuicdlly iBiirafes @RIieWIB thef intRiga PatticARIERC cﬁh’?hEWVVer on
rise tinme, and | atch-up attendant upon current ESD protection,
|nstanceW“Wﬁ“@ﬁ@EHPt with a hi gh vol tage progranm ng pad. The present
di scl osure addresses and s v s such probl , for. instance,
atia, pr@i ng1Ca2 sehreese States hSIROTH ST A PRRECH YT SIERGH, us‘%&ﬁ‘%ﬂ‘flﬁ‘?ﬁ t he
resul ti ngvESER;prot ecti on CIrCUIt has a | ow tunabl e hol di ng vol tage during
an FSD event, and a hi gh tunabl e hol di ng voltage during nornmal operation.
[0020] FIG. 3 schematically illustrates a circuit implementing an ESD protection device with

a tunable holding voltage, in accordance with an exemplary embodiment of the present

disclosure; and

[0021] FIG. 4 illustrates an operation of a circuit implementing an ESD protection device
with a tunable holding voltage, in accordance with an exemplary embodiment of the present

disclosure.

DETAILED DESCRIPTION

[0022] In the following description, for the purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of exemplary embodiments. It
should be apparent, however, that exemplary embodiments may be practiced without these
specific details or with an equivalent arrangement. In other instances, well-known structures and
devices are shown in block diagram form in order to avoid unnecessarily obscuring exemplary
embodiments. In addition, unless otherwise indicated, all numbers expressing quantities, ratios,
and numerical properties of ingredients, reaction conditions, and so forth used in the
specification and claims are to be understood as being modified in all instances by the term

“about.”

[0023] The present disclosure addresses and solves the current problems of large pad area,
high power on rise time, and latch-up attendant upon current ESD protection, for instance, in a
circuit with a high voltage programming pad. The present disclosure addresses and solves such

problems, for instance, by, inter alia, providing, a LVTSCR with a tunable holding voltage, such



100241sStill other aspects, features, and technical effects will be readily
apparent to those skilled in this art fromthe follow ng detail ed
description, wherein preferred enbodi nrents are shown and descri bed, sinply
by way of illustration of the best node contenpl ated. The disclosure is
capabl e of other and different enbodi nents, and its several details are
capabl e of nodifications in various obvious respects. Accordingly, the
drawi ngs and description are to he regarded as illustrative in nature, and
not as restrictive. 100251FIG 3 schematically illustrates a circuit
|nplenentlgﬁba INTSCR with a |ii_holding voltap in accordance with an
exenpl ar {rafp ailmESI) protasionrieyis Ats alpydrsbisheldingyalipgesiuringan KD efb  shown

in FIG %dar}ﬁélﬂqﬁ‘a%léﬁb?dlﬁg”«ﬁkgg‘erduﬁﬁ AeN¢per@én. VI P, and VSS (arranged
simlar to correspondi ng conponents of IP la 21) and inplenents an | NTSCR

301, si mgoa4) t0sﬁ4W§GPas3&1s fféaﬁﬂ%sFlaﬁél te@hnioMl Effec®s Wil BS reB@RL dpphrefiO@nBGEti on 303
connected to the first & fyP | ayer, a tunabl e hol dll‘ﬁ/% vol tage control wunit
loyg

305, andskdlledripghiamtdiom e G@al&d desgriptsp VTN PIRESCREPIRPLS 115 As
shown, t{Rwhuidblseribel dﬁlmﬁ%vs;) h@g%fqnﬁb&rmén umHe &@5@&@ Lsilg@splBe amenore

transistors :309 havi ng drai n, and a source,

(e. ach
each dr aflifclowrenig C’t‘i@b Ioéd’ﬂ’teba‘t%fff”ﬂts@tmb@@mefﬂéi a‘@dﬁrf’é\‘?(“}l Setarpare cangbls A our ce

bei ng coppligehtiods ﬁlhﬁans@tdm@as @ch@&dﬁ?@; tha BFwaRs Andadserifieh ag wowpl ed to
one of one or nore latch circuits 311 jncluded on the programcircuit 307.

Duri ng affetdts asviBntrativieien e fnd APt FEicEVe307 may cause the latch circuits
31lla throu h 31ln to output sjgnals tag turn off the gﬁ&g lg\)f hb
correspolflftlg t Fhsi shpraticallyoulustites fyfHrest gRPICEsHES A GR withed fye#¥eRr 301
may havendldih®Wolgk i Rgcof @int@eh b Sidniplaty elBodmbRVsRRNBEse@NdikdIGarel | HvR.
100261Duri ng. nor mal operati.on the @ (fg ‘?Fm circuit 307 yyﬁﬁuse %gg
circuit SEPPK {hy GrRUpUown dp GGy 3 ¢indu GeePhecgpepent o/ 309a.
Because {afen a%nﬁlas&@aor%gﬁ&lding dokhpBieelts st FIOT DNghdnigipleienp@rIal TSUR 3@, pat h

connecting first control connectjon 303 to the cathode tlon 203
wi 11 al sUMBE G bTEGBI20T B TAGy Ervcte (ohirel REmEEHPas CoRPOREA B TSCR

301 Wi || tybt pyert Stubiige ﬁama@bataE@&ditregmmbs age a@)ﬂigidho&ucum Bo7 @QY aMiCEP or
transi stor 309a to i ncrease the

hoIdlrlé)'lvoItatge of the N%’CE‘ 301. As nore
gates of 2t MARSR QY siren8odys shewm igrunshin, Holding yaigesscogiol ‘{“Hé FICBIFPE N t age of
| NTSCR. 30 t+an6iE8R308 (c.d. hNMOEb)éaéH REHATH Dk, BIISGH, 2Ry @lsbﬁ‘rb'é Teac?mQﬂathbeﬁ@ange

the state of the gat es of transistors 309a throu qu:;. CI rcujt shown

in FIG %@k to the it sontgl eAATFHOD PP3a grehisprPebadngeFo F°“6‘ 3t i ng

vol tage 1@ QRd 8idh %a&t Bdind ERBIEDD oRE @F 8R4 P Fhord Q&K?&Im ﬂXQHHhMYOnY @eul ts
shown in FIG 4 illustratehe circuit shown in Fl G a nunber of

the tr an@PSEBrEcEbdy - (reegnESBgNettdhe presrag it %%rg%y Se th%‘ﬁ@éggcwtﬁe

hol di ng yOhtiRee:10511h R ohtpW TR IO Turd ROVBe @atd OF BRI coftPPb@iihgdNGanéBlotsaTBa AS
illustrated, transistor E 09a is turned on during a fjrst node 401 of the

nor mal  ofbETER PR drpnseayrrilyothet N SCRy FH Hpay e ddP DAYIIENTIRER "SHEIGIT P £ 1 ow
to the tnahher fohdiiae. vol tage control unit 305 via transistor 309a to

i ncrease the holding voltage of the UV-NCR 301 to, for instance, a first

hol di ng jooké|ageDdihg ndviakiegpétition, tthe pii@@T diftulti 30¢ uhdy G0 la@h chenips Ogrtamed t o

change the states of subsequent_transistor e.g,, transistors 309b, 309rt)
to chang®®hé SF"&S‘F‘lo‘Pﬁbm\PGItF Qe g trangistop %C%eg%%theégﬁsdﬂ eﬁ)tg?bsr g fnce,

transi st @ring AamaTeyperatich) D Path WorkedtipNhd mrhtn@n&oséﬁmaﬁomde 1@ afthader nal

operation, nore_of th urre t hthe SCR 30
bl ¢ pi s 20orie e Pale Mol o o (s ahenabioretioh VESCRaPl hor
I ncr easewtihgodad @iengnawd halgag %Itigh&:ohtf(ﬁlslﬁlﬁ BB 1vid Grandistor 3095&@m&aseaths econd

hol di ng 07 Cﬂ the ramcir 307
progr amwlé‘gd‘f‘% ﬁ&"n@féh‘f Q%ﬁ(gﬁgﬁhgxﬁﬁ‘f"ieﬁ trat“ﬁ‘étof_s\;’%g%'&%' 3(?921 aé%‘:‘ﬂ‘@ﬁ a
nor mal  ofg i@t HolEngith@gsr IAOBCR 301 increases. Thus, by programming program circuit 307

to change the state of the gates of transistors 309a through 309n, the circuit shown in FIG. 3 can



1002811l n addition to providing ESD protection for circuits with a high

vol tage progranm ng pad that has a | ow power on rise tinme and |atch-up free
operation, the ESD protection schene of FIG 3 is easily inplenmented for
many process nodes, allowing for a one shot tape-out and requiring no mask
revisions. Additionally, the protection scheme of FIG 3 requires only a
smal | pad area. 100291The enbodi nents o the present disclosure can achieve
several teclmeai effects including an ESD protection for circuits with a
hi gh voltage programming pad that has a small pad area, |ow power on rise
time, and is |atch-up free. The present disclosure enjoys industrial

appl i cabhaveayhqidingiwgltage incarepediabory parent opegiing Vophags r%ehtaa? l3fchgfesrs B¥E with a
hi gh vol I@gaugrogrannlng pad, such as an LCD driver, a mcro controller
unit ( U, an ONVROM an vrip ROM and a power nanagenent product : .

[ 003011 nigosrg pr ﬁ%%ihrﬂﬁlan?&%ﬁfti MHol@a Fidh @ isese Rbw tie TGt asdmban SFIGES ﬁfaj} bed
with reference t o speci callé exenp Ian% enbodi nents t her eof
&

however , Sest emﬂﬂ'&w the drnsjsiers 401 huosgh $7%ade fuman dherd eﬁaﬁﬁéeseﬁé? émﬁmde

theret o wiitapOsthdEPRECR BO1 AsRER h&%abbﬁaﬂerﬁ veRigk! s ANGirat&L RRIs 30Es pr esent
di scl osure, as set forth in the clains. The speC|f|cat|on and dﬁgbtngs are,

accor di n§ripd opsupee ¢ Sk radeidMsofithy permabeneiation Arf sogte of dhe, qusrent; tropghethe 'y

under st opdTsdRBOT REI BbRSE Nhe ﬁh@&é RSILNE vbﬁag@ apabll @n@fsoymartgmmu 9045 (6t her
conbi natj ons and enbodi nent s IS ca&g bl'e of any changes or nodifjcations

wi t hi n t Bereaedirehalfing weltagﬁ\?émeu Iv\éTSFdﬁqé to, &% TRaFe Sslire fipding poltage 403.

Moreover, the program circuit 307 can be programmed to change the states of subsequent
transistors (e.g., transistors 309b, . . ., 309n) to change the holding voltage of the LVTSCR 301.
Because, for instance, transistor 309b may also be turned on during a second mode 405 of
normal operation, more of the current through the LVTSCR 301 will flow to the tunable holding
voltage control unit 305 via transistor 309b to further increase the holding voltage of the
LVTSCR 301 to, for instance, a second holding voltage 407. Consequently, the program circuit
307 can be programmed to change the holding voltage of the LVTSCR 301 to exceed a normal
operating voltage 409.

[0028] In addition to providing ESD protection for circuits with a high voltage programming
pad that has a low power on rise time and latch-up free operation, the ESD protection scheme of
FIG. 3 is easily implemented for many process nodes, allowing for a one shot tape-out and
requiring no mask revisions. Additionally, the protection scheme of FIG. 3 requires only a small

pad area.

[0029] The embodiments of the present disclosure can achieve several technical effects
including an ESD protection for circuits with a high voltage programming pad that has a small
pad area, low power on rise time, and is latch-up free. The present disclosure enjoys industrial
applicability in any of various types of logic, particularly devices with a high voltage
programming pad, such as an LCD driver, a micro controller unit (MCU), an OTP ROM, an
MTP ROM, and a power management product.

[0030] In the preceding description, the present disclosure is described with reference to
specifically exemplary embodiments thereof. It will, however, be evident that various

modifications and changes may be made thereto without departing from the broader spirit and



VWHAT IS CLAI MED | S: 1. Acircuit conprising: a silicon-controlled
rectifier (St. having a first n-type layer with a cathode connection, a
first p-type layer with a first control connection, a second n-type |ayer
with a second control connection, and a second p-type layer with an anode
connection, wherein the anode connection is coupled to a power rail, and

t he cat hode connection is coupled to a ground rail; and a tunabl e hol di ng
voltage control unit including a first NMOS having a first gate, a first
drain, and a first source, the first drain being coupled to the first
control connection the first source being coupled to the ground rail, and
the firstcopmelethe afepeyt disclpiues ag et Jorfy laghea%@wr ditie specifjsation; 45d drAWiRgg 2%n ESD
event, t Moﬁinﬁ@t oMok dd by 1IRGFhHE hnd@dl adrebtabitlieN @ iy GhdeRBR fat ihBPreSéAR | S

| ow. e circuit according to claim2l1, wherein during normal Po

Li on, t héisqlospestis squmlede plusingvades 9fer combingtionsyad ebediments € dotaatthyohasy ¢l ai m
wher ei n 4hgeds UPABAificdiBh i #itn 1@ |s&$9 Bf he Hﬁvélﬁive UhHcbptiableipiGidddigRing second NNIGS
havi ng a second gate, a second drain and a second source, the second drain
bei ng coupled to the first control connection, the second source being

coupled to the ground rail, and the second gate being coupled to the
programcircuit, wherein during an ESD event, the first and second NN CS
are turned off and the hol ding voltage of the SCRis |ow. 4. The

circuit according to claim3, wherein during norrmal operation, the first
NMOS is turned on and the second NMOS is turned on when the hol di ng vol tage
of the SCRwith the first NMOS turned on is |ess than an operating voltage
of the power rail. 5. The circuit according to claim1l, wherein the
tunabl e hol ding voltage control unit includes n NMOS each having a gate, a
drain, and a source, each drain being coupled to the first control
connection, each source being coupled to the ground rail, and each gate
bei ng coupled to the programcircuit, wherein during an ESD event, all n
NMOS are turned off and the hol ding voltage of the SCRis |ow, wherein n
ranges from3 to 10.



6. The circuit according to claimb5, wherein during normal operation, the
first NNNGS is turned on and mof the n N MOS are turned on, wherein m NMOS
being turned on results in the holding voltage of the SCR being greater
than an operating voltage of the power rail. The circuit according to claim
1 further conprising: a trigger conmponent with a control connection coupled
with the second control connection. 8. The circuit according to claiml,
wherein the programcircuit conprises: a one-time programor nulti-tine
programcircuit with a first output control connection coupled with the
first gate. 9. A nethod conprising: providing a silicon-controlled
rectifi eWH/SCRCIEMIYIS first n-type layer with cathode connection, a
first p-type layer with a first control connection, a second n-type |ayer
with a second control connection, and a second p-type layer with an
anode connéctai anayit cmypisingg t he anode connection to a power rail;
a silicon-controlled rectifier (SCR) having a first n-type layer with a cathode connection, a

first p-type layer with a first control connection, a second n-type layer with a second

control connection, and a second p-type layer with an anode connection, wherein the

anode connection is coupled to a power rail, and the cathode connection is coupled to a

ground rail; and

a tunable holding voltage control unit including a first NMOS having a first gate, a first
drain, and a first source, the first drain being coupled to the first control connection, the
first source being coupled to the ground rail, and the first gate being coupled to a program

circuit, wherein during an ESD event, the first NMOS is turned off and a holding voltage

of the SCR is low.

2. The circuit according to claim 1, wherein during normal operation, the first NMOS is

turned on.

3. The circuit according to claim 1, wherein the tunable holding voltage control unit further
includes a second NMOS having a second gate, a second drain, and a second source, the second
drain being coupled to the first control connection, the second source being coupled to the
ground rail, and the second gate being coupled to the program circuit, wherein during an ESD

event, the first and second NMOS are turned off and the holding voltage of the SCR is low.
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coupling the cathode connection to a ground rail; providing a tunable
hol di ng voltage control unit including a first NMOS having a first gate, a
first drain, and a first source, wherein during an ESD event, the first
NMOS is turned off and a holding voltage of the SCRis |ow, coupling the
first drain to the first control connection; coupling the first source to

the ground rail; and coupling the first gate to a programcircuit. 10. The
nmet hod according to claim9, wherein during normal operation, the first
NMOS is turned on. 1. The nmethod according to claim9, wherein the

tunabl e hol ding voltage control wunit further includes a second NVMOS havi ng
a second gt elheirewit asardingaiorslaimny Whewde drie J9ma operkdy e MOg Sn ESD
event, the first and second NMOS are turned off and the hol di ng vaol tage of

the SCR fusned gpanchihe seqned NMPS s dirpssy raehen diedioldingsvoltags gl ithent & WKE 96 di5¥d dr ai n

to the first control connection;_coupling t he second source to the ground
rail: andyMOS turned on is less than an operating voltage of the power rail.

5. The circuit according to claim 1, wherein the tunable holding voltage control unit includes
n NMOS each having a gate, a drain, and a source, each drain being coupled to the first control
connection, each source being coupled to the ground rail, and each gate being coupled to the
program circuit, wherein during an ESD event, all n NMOS are turned off and the holding

voltage of the SCR is low, wherein n ranges from 3 to 10.

6. The circuit according to claim 5, wherein during normal operation, the first NMOS is
turned on and m of the n NMOS are turned on, wherein m NMOS being tumned on results in the

holding voltage of the SCR being greater than an operating voltage of the power rail.

7. The circuit according to claim 1, further comprising:

a trigger component with a control connection coupled with the second control connection.

8. The circuit according to claim 1, wherein the program circuit comprises:
a one-time program or multi-time program circuit with a first output control connection

coupled with the first gate.

9. A method comprising:

11



coupling the second gate to the programcircuit. 12. The met hod

according to claim 11, wherein during normal operation, the first NMOS is
turned on and the second NMOS is turned on when the hol ding voltage of the
SCRwith the first NMOS turned on is |l ess than an operating voltage of the

power rail. 13. The method according to claim9, wherein the tunable
hol di ng voltage control unit includes n NMOS each having a gate, a drain,
and a source, wherein during an ESD event, all it NMOS are turned off and

t he hol ding voltage of the SCRis |ow, wherein n ranges from3 to 10, and
wherein the nethod conprises: coupling each drain to the first cantrol
connect i onPraving # sicerhedntrekingr wetitien @8\%) Aoy 2 ust 0-tyBs e W idngithode h gat e
to the programcircuit, 14. The nmethod according to claim 13, wherein
during nor malcowsetion f GFst Piyns laver with nfjrsEeendrot ¢anAEEon 3 saiead PrvRSHaYeh¥Ith - N- NOS
are turned on, wherein in NMOS results in the haol ding voltage of the SCR
bei ng gr eat erd se¢paf cefrobsrspeatipm@nd & pacaybr-gpe {aper AR RNPdg cPneCi®l  The net hod
according to claim9, further conprising: providing a trigger conponent
with a contewling e aeade icomectiondo BAIMITTAY t he control connection with the

second control connection. _ 16. The method according to claim9, further
conp: coupling the cathode connection to a ground rail;

providing a tunable holding voltage control unit including a first NMOS having a first gate, a
first drain, and a first source, wherein during an ESD event, the first NMOS is turned off
and a holding voltage of the SCR is low;

coupling the first drain to the first control connection;

coupling the first source to the ground rail; and

coupling the first gate to a program circuit.

10. The method according to claim 9, wherein during normal operation, the first NMOS is

turned on.

11. The method according to claim 9, wherein the tunable holding voltage control unit
further includes a second NMOS having a second gate, a second drain, and a second source,
wherein during an ESD event, the first and second NMOS are turned off and the holding voltage
of the SCR is low, and wherein the method comprises:

coupling the second drain to the first control connection;

coupling the second source to the ground rail; and

coupling the second gate to the program circuit.

12



providing a one-tine programor nulti-time programcircuit with a first

out put control connection; and coupling the first output control connection
with the first gate. 17. Acircuit conprising: a silicon-controlled
rectifier (SCR) having a first u--type layer with a cathode connection a
first p-type layer with a first control connection, a second n-type |ayer
with a second control connection, and a second p-type |ayer with an anode
connection, wherein the anode connection is coupled to a power rail, and

t he cat hode connection is coupled to a ground rail; a one-time or
multi-time programcircuit; and a tunable holding voltage control unit

i ncl udi ng rA2NVBSmethoh a¢vardinggo slaipai b, veherhiraduring anuna opwatiogcthe 8t NMYSBiM bei ng
coupled to the first control connection, each source being coupled to the
ground r tirted oandd thastcogdNyQfeis tgneiowpiied thecholdieg ynltegsr el GRowith thevlisgr ei n
during an [ SD event, the programcircuit turns off all n NMOS and a hol di ng
vol t age dDMQ@$rerBCRn isdess ¢ms an hpenatme voltese af hngowaslraihge of the power rail,
wherein n ranges from2 to 10. 18. The circuit according to claim 17,
wherein during normal operation, the programcircuit tuns on mof the n

NMOS, wherein m N sACS rai se the hol ding.voltage of the SCR to a.val ue
greater thdd tHe ‘Bﬁg‘?‘hf“icﬂﬁh%@tiﬁ@ %fW}iegeé“ ﬁﬁwﬁﬁ’ﬂ%f‘?lalf‘g I’gl.tagﬁfgnté‘il el t
according tqo claim17, further conprisinpg: a trjigger, co t wth a
control HSHARC Wsc??ﬁlbﬁ@’&lgvﬂ §3if- f‘rﬁ%‘% éﬁ‘ggﬁo“é‘iﬁ’nf‘&%&n%ﬂ%ﬂ%‘t ' ?Ve\% a‘{ril Ae

S: ol It . Wac O g L i i e o A s PR QLR My iS Y g SRR 538 50,2

and wherein the method comprises:
coupling each drain to the first control connection;
coupling each source to the ground rail; and

coupling each gate to the program circuit.

14. The method according to claim 13, wherein during normal operation, the first NMOS is
turned on and m of the n NMOS are turned on, wherein m NMOS results in the holding voltage

of the SCR being greater than an operating voltage of the power rail.

15. The method according to claim 9, further comprising:
providing a trigger component with a control connection; and

coupling the control connection with the second control connection.

16. The method according to claim 9, further comprising:
providing a one-time program or multi-time program circuit with a first output control
connection; and

coupling the first output control connection with the first gate.
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out put control connections, each gate of the n NMOS being coupled to one of
the plurality of output control connections.

17. A circuit comprising:

a silicon-controlled rectifier (SCR) having a first n-type layer with a cathode connection, a
first p-type layer with a first control connection, a second n-type layer with a second
control connection, and a second p-type layer with an anode connection, wherein the
anode connection is coupled to a power rail, and the cathode connection is coupled to a
ground rail;

a one-time or multi-time program circuit; and

a tunable holding voltage control unit including n NMOS each having a gate, a drain, and a
source, each drain being coupled to the first control connection, each source being
coupled to the ground rail, and each gate being coupled to the program circuit, wherein
during an ESD event, the program circuit turns off all n NMOS and a holding voltage of
the SCR is less than an operating voltage of the power rail, wherein n ranges from 2 to

10.

18. The circuit according to claim 17, wherein during normal operation, the program circuit
turns on m of the n NMOS, wherein m NMOS raise the holding voltage of the SCR to a value

greater than the operating voltage of the power rail.

19. The circuit according to claim 17, further comprising:

a trigger component with a control connection coupled with the second control connection.

20. The circuit according to claim 17, wherein the program circuit comprises a plurality of
output control connections, each gate of the n NMOS being coupled to one of the plurality of

output control connections.
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