feSep5n001$2: 2464T5KTD A H GH VOLTAGE TOLERANT 'ESD DESI GN FOR ANALOG AND RF
APPLI| CATI ONS | N DEEP SUBM CRON CMOS TECHNOLOG ES (1) FIELD OF THE | NVENTI ON
The present invention relates generally to the structure and pr

ESD protection arrangenent for high voltage tol erant ESD prot ecﬁmﬂmwmlmmmn
anal og applications requiring | ow capacitance such as radio frequeng(ym?pd

hi gh speed anal og transceivers. (2) DESCRI PTION OF PRI OR ART Because 0

hi gh i nput inpedance and thin oxide gate structures, the probl em of

el ectrostatic discharge damage (ESD) with field effect transistor (FET)

devi ces can be severe. Therefore the input/output (1/O circuit |ocations
or:  pi ASHUHAOLTAGRAQLIFRANSHSIY DESIGH EOR-ANALOG AN RRSHPLIGATIONS pi 1 and
the internal circuits which allows the ESD current to be shunted to an

al ternative vol t age BYIEEP, SUBMICRON/CHOSNECHNOI Q& HESNg t he active

internal circuits from damage. There can be several different types of

devi ce (S FIBLDUDE THESRIWENTIONese protective devi ces, such as single diodes,
stacked di odes, fields effect transistor devices, and silicon controlled
rectifiers (SCR). Wth prior art devices, the capacitance associated with
the ESD protection device on the active circuit input pin can be a concern

as circuit speeds '[h@ Sfé%ﬁqtmeﬁ‘n&y {éﬁa‘f&l geRérLﬂ)}; tofhd sﬁ%%&%%ﬁgfﬁ@c(e% %f Hx% EsBC hemre

is represented in e activelirciut 1nput- erm nal or

pin 10 | onnected t urrent Limti resistor. R and then.to the

e conadr e Rap inineaf i R ks it 1y PORBHR for S anpleBsé
conplinentary MOS (CMOS) ipverter_ buffer 14 with nd Vh precede the

i nput g ]PWtCéP?(‘FAﬁan%(%%“FEéS 1ag fee%lmwn%éll%?eer%ga@gé@ﬁwvrﬁso clanp 12,
is typically a. gate-grounded short channel NMOS shown in Fig. 1 as Ml 2.
This clanps the ESD overstress voltage represented by the generator el enent
20 to a safe voltage for the internal circuits 16. To provide a high ESD
pr ot ect(POPESERBITION OB PRIORISRT ce such as a SCR, field thick-oxide device,
or long channel NMOS is used as the primary ESD clanp 18 to bypass ESD

current lesd to a secondary vol tage source, Vss or ground. The primary
clanp elenent 18 nust be triggered on before the secondary cl anpi ng device

12 is damag@icdiée bhRighueius ihediandermd (it bk 8 izate Bi@ctis, thé PlobRni & required to
limt the ESD current flowing in the secondary clanp 12. This resistor can

be i - heurBialed diSthatdd MRRREIEEST) P eld EiEcthidhifod (HBYY WBVIcEAARGE LARRE Of the

cl anp devices connected inh an electrical parallel configuration together

L R T i PP i BN PR e P
this R%oixr?e%yetd bleg’s@e%inrﬁge I/O pin and the internal circuits which allows the ESD current to be
shunted to an alternative voltage source, typically ground, protecting the active internal circuits
from damage.
There can be several different types of devide structures used for these protective
devices, such as single diodes, stacked diodes, ﬁeldvl effect transistor devices, and silicon
controlled rectifiers (SCR).
With prior art devices, the capacitance assocjated with the ESD protection device on the
active circuit input pin can be a concern as circuit sp;eeds increase. A typical prior art protection

circuit scheme is represented in Fig. 1. The active citcuit input-output (I/O) terminal or pin 10 is

connected to a current limiting resistor R and then to the secondary ESD clamp or protection
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cannot be tolerated. For these applications a configuration is required
that mnimzes the input capacitance and elimnates the series resistor R
The invention provides a unique structure and net hod which mninzes the
capacitance on the /O pin while still providing appropriate high voltage
tolerant (HVT) ESD protection without the need for current limting

resi stance. The follow ng patents and reports pertain to ESD protection. U
S. Patent 6,606,752 (WIIlians) shows an ESD circuit for RF and anal og
applications. U S. Patent 6,284,616B 1 (Smth) Discusses an ESD circuit
with a high V tolerance. 2 U S. Patent 5, 477,414 (Li et al.) shows ESD
pr ot ect cicruitdlerica NMOS Mn12PAt contplifnefias; MBS (@MOShmyexﬁr baffer 14 witeMpsand power
supply clanp circuit for ESD protection. The follow ng technical reports

di scussMnJikededetirRdap o tRtinemsl d&ﬁ@log[c @fcuag 16. "I nvestigation on Different
ESD Protection Strategies Devoted to 3.3 V RF Applications (2 Chz) in a
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Fin thn r'y Low T nput paC| ance 1 equenc
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Alg.
Pr ELEde%vége g4 taﬁé%fggéj f‘%&&g cz ori e ww%y MOS is %Ifégg {éemw OF THE

I NVENTI ON Accordingly, it is the primry obj ectl ve of the invention to
provi de E&R campt§ foaypassHif) enreenk Frgd taamsecondany waltage sestre ('ss oF gioprsdi di ng an
effective ESD cl anping protection elenent while at the sanme tinme reducing
t he capaci ti Vdelpuadinelamp eteiment 18mostrbe driggerdd: on tefere fthe sebendagbglaropinge of t he
invention to inprove ESD protection for high frequency

device 12 is damaged by the overstress Iesd current. The resistor R is required to limit the ESD

current flowing in the secondary clamp 12. This re:sistor can be in the order of thousands of
ohms.

The large junction capacitance of the clamp devices connected in an electrical parallel
configuration together with the resistor R can cause a long RC delay. For current mode input
signal applications, high frequency applications arid analog applications this RC input loading
cannot be tolerated. For these applications a configuration is required that minimizes the input
capacitance and eliminates the series resistor R.

The invention provides a unique structure apd method which minimizes the capacitance
on the I/O pin while still providing appropriate hi&h voltage tolerant (HVT) ESD protection
without the need for current limiting resistance.

The following patents and reports pertain to ESD protection.

U. S. Patent 6,606,752 (Williams) shows én ESD circuit for RF and analog

applications.

U. S. Patent 6,284,616B1 (Smith) Discusses an ESD circuit with a high V tolerance.



and anal og applications by providing a | ow i nput capaci tance structure that
w Il have m nimum i npact on device performance whil e mai ntaining robust EDD
protection levels. A still additional objective of the inventionis to
provi de the EDD protection with reduced capacitance w thout changing the
characteristics of the internal circuits being protected and by using a
process conpatible with the process of integrated MOD devi ce manufacturing.
The above objectives are achieved in accordance with the nethods of the
invention that describes a structure and a manufacturing process for

sem conduct or EDD protection devices with reduced input capacitance. One
enbodi ment 4. & Rateptl &t ok (Litet pl)sbews swESRDIvtedionascwbyi ces as a EDD
energy clamp fromI/O pin to Vcc, shielded fromthe 110 pin by a diode. The
source of tHé $LetentH,008, 3 W MIBBYcOHalrEealsg nowsr supgispclamp coewitfor 88Dt 0 Ve
while its gate is connected to the drain of an EDD trigger enhanci ng NMOD.
The gatmotsttidnne tri gger enhancing NMOD i s connected to the m dpoint of an
RC string between Vcc and ground. The drain of the second series NMD is
connected to the drain of the first series NMOD whose gate is connected to
Vcc and whose source is connected to the cathode of the top or second di ode

of a series ﬂ{quﬁoxﬁfhgké&nicﬁ%p&%%ﬁséﬁ@ﬁro@é&ﬁ@&xﬂeﬂmﬁ&nneCt ed to the
cathode of the first or bottomdiode in the string and al so connected to

the 170 pin.g;ihe ft?;ﬂ‘.f "ﬂﬁ:&%’g@%h Q{ glhgegéxﬁ ngrﬂt%ktiﬁ%aqg@%sggi\& Vo f3r30¢1 pi N to

Vcc. The relative 5na e capacitance’ls In series

with t l,arger. ca i tanc f t aj, j rovi de f tive
Feduced EARRBRIGRE R TGP 8! QRONORE: Bk aPhiiir Bl pE RS2
capaci tance of the diode. Another enbodi nent of the invention utilizes two
series devices as a EDD clanp froml1/O pin to Vss or ground. The clanp
is shielded fromthe input pin by a series diode and with the source of the
top or secorfRUNMEIUEEHAkC! ‘38@5 ES§R&roteetpd 9 M EMAR AN A Sresepdings of

agai nst any EDD charge frompin to ground. Because of the parasitic

j unct i othe 3D SERReENtot4id. fi rst NMOD source and substrate, the capacitance
between pin and ground is essentially that of the two snmall diodes in
parallel, which is snaller than that of the NMOS pair. Another enbodi nent

of the invention incorporates both the series NMOS device clanp to Vcc and
the series NMg-DewKeg echlg YESDPrfestiqy DéiighiondAndbeyd Rinpeith YeyfLodelnpaes ar e
shielded fromthe I1/O pin by a diode to reduce the capacitance seen by the
|/ O pi NCaphBitsnce FAdigAERquBAct R CusreAORIoNS A ppiRlati6 A TR EESB@mENofiBia-Stdtem pi n
to Vcc and frompinto ground. All enbodi nents utilize a a trigger

enhanci pg. NGO MIRSS . Gahes,l Q%W%W%&H@B! ed to the ESD energy and to a

RC circult. f‘I'he sour ce of ht e trigger enhancing NM3Sis typically connected
duraton. B.M%%fﬂggﬁat %ﬁ%@%&eﬂ%@%ﬁﬁ%ﬁ@%&%ﬂb@kg&?@%@@%&'i?@

i [ ESD ' . Ei 2D
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2A illustrates the test case of positive voltage to Vss/Gid. (PS Mode),
Fig. 2B is negative voltage to Vss/Gud. (NS Mode), Fig. 2C is positive
voltage to Vcc (PD I\/bdl(_a%, and Fig. 2D negative voltage to Vcc (ND Mode).
Fi g. 3ASYNBVARYHOF{IdH: INYENIHMNat i on for- "Positive Mde" differential EDD
vol tage and Fig. 3B shows the test configuration for "Negative Mde" EDD
differential voltage.

Accordingly, it is the primary objective of the invention to pyovide an effective structure
and manufacturable method for providing an effective ESD clamping protection element while
at the same time reducing the capacitive loading on the I/O circuity.

It is a further objective of the invention to improve ESD prptection for high frequency



Fig. 4A shows a sinplified schematic of ode enbodi ment of the invention for
EDD protection for I/OPinto Vcc while Fig. 4B shows the detailed
schematic. Fig. 5A shows a sinplified schematic of one enbodi ment of the

i nvention for EDD 5 protection for 1/O Pin to Vss or ground while Fig. 5B
shows the detailed schematic. ESD protection for Pin to Vss or ground. Fig.
6 A shows a sinplified schematic of ore enbodi nent of the invention for ESD
protection for 1/OPin to Vcc and I/O pin protection to Vss or ground. Fig.
6B shows the detailed schematic. Fig. 7 is a flow chart of the process of
formng the protection scheng for ESD from 1/ O pin to _Vcc _and 1/Q pin to
Vss or GiAimles appiserprhyaNeiging atovrne FeAReeitanretriciien that il haya minlgiim o
sinmplified schematic of the invention enbodinent for ESD protection from

| / O pi nimpacteitdevivgperarmange wiale maintaining sebugbESR prajgetiondevy string 120.
Since capacitance elenents in series add like resistors inparallel, the

di ode D2 shi AlstH additiondViokjeEisn of|theipverntionngtopeovideathe ESDoprotectiorowithhe 1/ O pin
110 and internal active circuits. The capacitance of the diode is nuch | ess
t han t hesdoeglaapdcitane withouhehahplobdercharactstistics of thSiterhalrgircdifheimypdotedted ef or e
the capacitance seen by tie I/Opin 10 is essentially the relatively small
capaci t aftky @&fin 06ése dempitibld Wih dRipbdesflofSiaRRermid MOSdefite Manifactntiflg. 4B The
cat hode of%{ he gfaih?rst di odéﬂD 1lis copzdr)lect ed to the /O pin 110 whi Ige t he

anode is confreiRie bbjetis aRUhIPed i AEcor@INGE Fith i heRbAorIHPioPade D 1
provi des a shunt path for negative ESD energy to ground. The cathode of the

R R S i e R Lt e S T e

shi el ds _t.he / in.110 fromthe relatively |arge capacitance of the
series K{ﬂ}?ﬁée‘@ﬁﬁ %’Pgrr%pg‘i‘f}f‘%g 120.

One embodiment of the invention utilizes two NMOS series devices as a ESD energy

clamp from I/O pin to Ve, shielded from the I/O pin by a diode. The source of the second or top
NMOS comprising the clamp is connected to Vcc while its gate is connected to the drain of an
ESD trigger enhancing NMOS. The gate of the trigger enhancing NMOS is connected to the
midpoint of an RC string between Vcc and grounq. The drain of the second series NMOS is
connected to the drain of the first series NMOS whose gate is connected to Vcc and whose
source is connected to the cathode of the top or second diode of a series diode string.

The second diode anode is connected to the cathode of the first or bottom diode in the
string and also connected to the I/O pin. The confiiguration protects against ESD charge flow
from pin to Vcc. The relatively small second diodg capacitance is stacked in series with the
larger capacitance of the NMOS pair which provides an effective reduced capacitance from pin
to Ve of approximately the junction capacitance of the diode.

Another embodiment of the invention utilﬁzes two series NMOS devices as a ESD

clamp from I/O pin to Vss or ground. The clamp 1s shielded from the input pin by a series diode

and with the source of the top or second NMOS connected to ground. This embodiment protects
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The gate of Ml is tied to a first voltage source Vcc while the drain is
connected to the drain of Mh2. The gate of Mi2 is connected to the drain of
a trigger enhancing NMOS Mh0 while the source of Mi2 is connected to Vcc.
The source of the trigger enhancing NMOS Mh0O is connected to the second

vol tage source, Vss, typically ground, as is the channel sullstrate for all
the NMOS devices. The gate of MO is connected to the first end of a

resi stor R whose second end is connected to a first voltage source, Vcc.
The first end of resistor R and the gate, of Mi0 are al so connected to the
first end of a capacitor whose other_end is_connected to a second voltage
sour ce, 28MRSt ey %ﬁlg .eWBH“‘&OMEBF@‘ESBFWBWPS‘P&MH% diede batweandhe / O pin
110 with respect to Vcc, the energy is transferred through di ode D2 and

t hr oughfirsh BMQAS seuree andaubstrate, therapacitergsdetvwegn pin and gveimdtis essenfipllythasef The
energy then appears on VcF which enables M0 to turn on after a tinme del ay
det er mi thedwbypmal diodes ini paeallel vdiichnis smalker shagttieat ofthetNMMOSaiagr. of M2 after a
suitable delay turning it off to conplete the discharge cycle. Fig. SAis a
sinmplified sahetieddmbodimér of e inviemibnimobdipoifateds both thy sofics NMOS$ deice@arigSD
energy to the second vol tage source, Vss, or ground by neans of the ESD

cl anpi ngp BtEdRTthe sedids NMOS @b 3ddclarfip &O0WEsHr griul dBsth bhiedofldeQicedsre khiglded by
diode D2. Fig. SBillustrates the schematic details of this enbodi nent of

the invedy e I/Oéihg Rg hgidgFQO fehitlcd the E@{A%@%eh%gmé@g:ﬁ Th ertfod@icht cat hode

of D1 vyith th D 1 conne 0 as tage source, Vss,

typi cal 0 . a kade .D2 {,S. C to the source of
NMOS l\/hb?()t%?lsealtggfteg%ﬁ cﬁi gQ?‘ge? onor%fg?:r? lceél "?(?)0 Yﬁceanjlfoﬁxg%)ﬁl&gl %‘é‘g' source, Vcc,
and the drain, to,the drain. of the N Mh4 ate of ,Mi4 is connected to
The drain of AygRorE s tlia affed etascBENMOS st et Geenialifor : age
source, or oun The source of MWO_i s connecied, to the sect-nd voltage
sour ce, cmegdrotpl%d%ﬁmaperwa Ao RC gaewt. . ea@a?wféﬁﬁmﬁre@h%c%ww ¥ end
of a resistot~ Rand the first end of a capacitor C. The second end of the
r esi st ofypieaily coneaied te e gatg of e NMOS in the rleageirswitsrte sontyel dheepndustionsecond end
of the capacitor is connected to the second voltage sciurce Vss, typically
ground. d@iatiom t he device substrate is grounded, the parasitic M3 source to
substrate diode D3 is noticed effectively in electrical parallel wth

di odds BRIBER®HIZRIBTEINWF THEBDRAWERGSThe conbi ned di ode effect on 1/0 pin
|l oading is still substantially |lower than for the ESD clanp 130 if it were
unshi el ded. The circuit turn on is simlar to that described above, but
with the ESD energy being shunted to Vss or ground through W3 and M4

dntii M4 i spiufRRswOf fchBalidRpA¥aAMdh d@apBior art ESD protection scheme.

Fig. 2A through 2D shows the configurations for ESD testing on Analog Input/Output
Pins. Fig. 2A illustrates the test case of positive valtage to Vss/Gnd. (PS Mode), Fig. 2B is
negative voltage to Vss/Gnd.(NS Mode), Fig. 2C i§ positive voltage to Vee (PD Mode), and Fig,.

|

2D negative voltage to Vcc (ND Mode).

Fig. 3A shows the test configuration for “Positive Mode” differential ESD voltage and
Fig. 3B shows the test configuration for “Negativg Mode” ESD differential voltage.

Fig. 4A shows a simplified schematic of ofgle embodiment of the invention for ESD
protection for /O Pin to Vcc while Fig. 4B showsithe detailed schematic.

Fig. 5A shows a simplified schematic of one embodiment of the invention for ESD



action of MO Another enbodinent of the invention is shown in Fig. 6A and
6B. Fig. 6A shows the ESD clanp 120 to the first voltage source, Vcc, aid
the ESD clanp 130 to the second voltage source or ground. This enbodi nent
incorporates tie protection elenents of ESD energy fromlI/O pin to Vcc and
fromthe 1/O pin to the second voltage source, Vss or ground. Both ESD
clanps are shielded fromthe I/O pin by diode D2. which essentially reduces
t he capacitance seen at the I/O pin. The schematic details are shown in
Fig. 6~. This enbodi nent has the anode of D2 connected to the 1/O pin 110
and to the cathode qgi! diode D 1. The anode of diode D 1 is connected to a
second Rreteetigpefos HO Rin to Vassor groyndawhileFig i shews firdegailed sehemsticdi ode D2 i s
connected to the source of NMOS Wnl and the s9urce of NMOS Mh3. Since the
devi ce EbBgratentionifer Rin taiVssoortgneundei cond vol t age source, Vss or ground, the
parasitic junction diode D3 of the source to substrate junction of NMOS M3
i s essenti alFig. 6 A shopaa sinipdifieds¢Hemdtio dfeneBnibodimaknDaf the iveveatiardfer E8Dpar asi ti c
diode D3 is essentially connected to the cathode of D2, and the anode is
essent i potegtierofon TOLBifl té Vet led BO piproteolién@eV s @d erandIFigréBistdws e drai n of
NMOS Wnl is connected to tie drain of NMOS Mn2 , the second NMOS in the
series gdtiilddFc¥maiige ESD cl anp 120. The gate of Mh 1 is tied to the first
vol tage source Vcc, as is the drain of M2, and the gate of NMOS Mi2; is

tied to the ' [ﬁftﬁg‘ ﬂN\{ﬁ& a0, i id/nction
of Rand C eﬁ '(rar-’eirgltag{owt t he spergéc;b%%gﬁoggﬁg t ee%éﬁ%@é@t@dﬁ{ﬁg%c and
the secy: i he itor .Cis tied to the second vol tage source Vss
or grou lggo?ﬁggﬁ%otcp%atﬁpcﬁ%%gé%ﬁgi sts of an NMOS series string Mi3 and M4.
As previously nmentioned, the source of M3 is connected to the cathode of
di ode D2 and the source of NMOS Mhl. The gate of M3 is tied to the first
vol tage_source, Vcc, .and the drain_of M]S i.S_connected to the drain of NMOS
Vh4. ThQ%GBﬂ%@O@fOWMgREEEW&W, cond vol tage source, Vss or
ground. The gate of NMOS M4 is connected to tie gate of NMOS MhnO. The
process for creating the enbodi nent of the invention with clanps to both
the first voltage source, Vcc, and to the second voltage source, Vss or
ground, is iFigubA slavesh simplfied schematieofthenventioncekbiodiment €ordiD prefestiance
identifiers ~jsed below are shown in Fig. 6B. Elenent 60 of the process

f1 ow chéibin I60 pinitg . Veé. Thd ESID eadrgs istdianpeditd iVat b thedTMIOSestiin®t20s Sioy  cr eat i ng
on a sem conductor substrate the first series pair Mi 1 and M2 and the
second sgati@mcPalemeMd n suiids MdHikd resistofsan paanel] the diddexrdheads ae NQIOgi odes D
1, D2, and D3. The diode D3 is created fromthe parasitic elenents of the

fourth Newldidfp MM% 1500epacitahdd PO Ble'TAD Ellg M0GhH Hlernhl ddtivé cifcutb.erment 60 al so
a

descri bes the creation of the resistor and capacitor C conponents of the
RC

capacitance of the diode is much less than the capacitance of the NMOS series string ESD
clamp 120, and therefore the capacitance seen by the /O pinl10 is essentially the relatively
small capacitance of the diode D2. |

The detailed schematic is shown in Fig. 4B The cathode of the first diode D1 is
connected to the I/O pin 110 while the anode is cohnected to a second voltage source, typically
ground.

Diode D1 provides a shunt path for negati\;re ESD energy to ground.

The cathode of the second diode D2 is conrjected to the source of NMOS Mn1 while the

anode of D2 is connected to the I/O pin 110 and the cathode of diode D1. Diode D2 shields the



'
i

network, and the trigger enhancing NMOS device MO, on the sane substrate.
Continuing with elenent 62 of Fig. 7, the ~.iode network is formed by
connecting the anodes of the second diode D2 and the third diode ~D3 to the
cat hode of the first diode D1. The process continues by connecting the
anode of of the first and third diodes to a second voltage source, Vss,
typically ground. Elenent 64 describes the connection of thi; drain of the
special trigger enhancing NMOS Mh0O as well as the substrate to a second
vdl t age source, Vss or ground. The process continues by connecting the f
rst side of the resjstor, Rto the first side of the capacitor C as well as
to the YArindio fram the relativelydangs renasidancreishraerics NMESI ESD elampstringd 207

el ement 66. The second side of the resistor Ris connected to a first

vol t age Thegate ef Mad istind to e finsypltagy sovree Yoo while thedeainis conrectedda dherdszingft o a
second vol tage source Vss or ground conpletes the RC circuit. Elenent 68
descri bdMn2t The gae nfMnR ngcomheditibtodheidrain offa ttigger EohantinNMPOSMnd whilhithecat hode
of D2 and to the source of the third NMOS jWMh3 . It continues by connecting
t he dr aiséures of Wind istoonhideeeddo dice. of t he second NMOS, Mi2, and the gate of M
1 and source of Mh2 to a first voltage source, Vcc. The gate of NMOS M2 is

connect ed t OThOQUERBIGRe friph@dRhaRRPAMIOTIMMW R Midtedtodhe sechEvRfAfe 70
illustrates the formation of the second ESD cl anp el enent 130 by connecting

the O e ourgy ORI R AR etnsnel Sl IR AR o Rp bR o "
connect i s finOhesd 06 JAULL A MR KR8 DA b8 SERRIGNEL 20°

source, rouna, connectli ng gate

of the tri hanci n MOS. The.test r | ts qf the hi vol.t
capabs 1 FRucSop ORIt B abirier R I Haugiof Bhnolal e iclfecle ROl Bat ect i on
device to the in]}/Pention devi ce. Tge test"io ditions %[e shown 10 in
schemat PERA5FAR Vhpseother sod isgprsgtyd 52 s5ean V@@BQAO‘HF\% spor goupdn he seen
fromtable 1, the invention device affords the sane degree of protection
from ESD as MWhSNEA0sdveSDrryenttalas placeaitbe VO 110 with respeeiro Nsaytherndel
(HBM test results. The invention provides the additional advantage of over
t he conerergy triransigeed taoughalivds D2 andethough thetparasiticBloaiy tavpate capapiBivice siind
Machi ne Model (MV) protection for

Mn2 turning it on. The energy then appears on Vcg which enables MnO to turn on after a time

delay determined by the RC time constant. This giounds the gate of Mn2 after a suitable delay
turning it off to complete the discharge cycle.

Fig. SA is a simplified schematic of the embodiment of the invention clamping ESD
energy to the second voltage source, Vss, or ground by means of the ESD clamping element
130. The clamp is again shielded from the input pin by diode D2.

Fig. 515: illustrates the schematic details of this embodiment of the invention, The I/O pin 110 is
connected to the anode of D2 and cathode of D1 with the anode of D1 connected to a second
voltage source, Vss, typically ground. The cathod¢ of diode D2 is connected to the source of
NMOS Mn3. The gate of Mn3 is connected to the fﬁrst voltage source, Vcc, and the drain to the
drain of the NMOS Mn4. The gate of Mn4 is connected to the drain of NMOS Mn0 and the

source is connected to the second voltage source, or ground.



Traditional Analog Pin versus Invention ‘High Vol tage Tol erance (HVT) Anal og
Pi n PSNSP1~NDPosi ti veNegat i veModeMbdeMbdeModePin to PinPin to

Pi nModeMbdeNon- HVT7 KV6 KV7 )~V6 KV7 KV6 KVpin HBVHVT pin6.56 KV7 KV7 KV7.5
KV6 KVHBMKVNon- HVT600 V550 V60Q V500 V600 V550 Vpin MVHVT pin550 V550 V60p
V650 V650 V550 VMM Whil e the invention has been particularly shown and
described with reference to the preferred enbodi nents thereof, it wll be
understopd by those skilled in the art that various changes in form and
details may be made wi thout ideparting fromthe spirit and scope of the

i nvention. 11 CLAIMS 1. A |l ow capacitance sem conductor ESD protectiqgn
struct ure onThe subetof M is coquectid tyythe aeddind soltapedowree,0fnd ohptoBnd,rwhilitble
substrate with said second NMOS connected to a first voltage source ; a
first agsteseapaincotheatts 10 thesfxisterdf atrésidier K andwhe firsvgnd of sepacitor IG5 Th&IMOS;  an
| /O pin on said substrate connected to internal active logic circuits and

t o sai dsédohd® end\WIehe resistor RUS BonrROMe& BLihd GirshVbiage Bowraé, Vot WAS kiedeSordenaest i Ng
to said second NMOS; and a resistor and capacitor elenment on said substrate

connect i 1 i j i ! e tion structure of
R apdcitBr R 3bhndcted 99 Ble seeARNOL : dﬁg@?\’sé t#;riec [yg%&hﬁic

claim 1l wherein said second di ode ca S co to the source of
said first NV i [ l@ﬂﬁg W @ﬂn t L {f:St
di ode cat hode a%%gggﬁﬁéegibgtg&?%%g‘%@gﬁ% Pl aﬁs;ti@{( e?%rtg ec ?%%%Os efrdl} cture of
claiml wherein sajd first diode.anode and said substrate.ar nnected to
o secondouen gt Blipaldctpal ety PAR RO 1 380 Do Ao kit - T%ner o n
said first. N ate and. sai d second . sqQurce are connected to i rst
vol t age CQBBIRECDiaaettest 0 VO Rt loaas St SUtBRBIIOEer B R Ah D @swa?é@ ed
together. 5. The protection structure of claim1l wherein said second NMOS
gate isifdbwereamgielded.sai d tri gger enhanci ng NMOS drain. 6. The protection
structure of claim1l1l wherein said trigger enhanci ng NMOS source iS
connect ed t oThe sieaitrturnvan is signilas tnthste desaribestabd vebizswih the ESD emmgebeingl t o t he
first end of said resistor and the first end of said capacitor. 12

shunted to Vss or ground through Mn3 and Mn4 until Mn4 is turned off by the dynamic gate

action of Mn0.

Another embodiment of the invention is shown in Fig. 6A and 6B. Fig. 6A shows the

ESD clamp 120 to the first voltage source, Vcc, and the ESD clamp 130 to the second voltage

source or ground. This embodiment incorporates the protection elements of ESD energy from

IO pin to Vcc and from the I/O pin to the second voltage source, Vss or ground. Both ESD

clamps are shielded from the I/O pin by diode D2 which essentially reduces the capacitance

seen at the I/O pin.

The schematic details are shown in Fig. 6B. This embodiment has the anode of D2

connected to the I/O pin 110 and to the cathode of diode D1. The anode of diode D1 is

connected to a second voltage source, Vss, typicallly ground. The cathode of diode D2 is

connected to the source of NMOS Mn1 and the sciurce of NMOS Mn3.

Since the device substrate is tied to the second voltage source, Vss or ground, the

parasitic junction diode D3 of the source to substrate junction of NMOS Mn3 is essentially in



7. The protection structure of claim1 wherein the second end of said
resistor is connected to the first voltage source. 8. The protection
structure of claim1l wherein the second end of said capacitor is connected
to the second voltage source. 9. The protection structure of claiml
wherein said first and said second NMOS devi ces form an ESD energy cl anp
between said 1/0 pin and said ~'Irst voltage source. -10. The protection
structure of claim1l wherein said second di ode shields said I/O pin from
sai d capacitance of said ESD energy clanp thereby presenting a | ower
capacitanc? to said I/C)gin. 11. A |l ow capagi tance sem conductor ESD -

pr ot ecpp#@plld Fiathdiqdes D4 and D2y Fhs snode obpasshiticdipde D3 isressentiallyeonnactedie thvos on
sai d substrate whereby said second NMOS is connected to a second vol t age
sour ce; cathddeof D2aand the sndlg isiessensiaby centiected tonthe second voltagssouneg ot groved. d fi r st
NMOS; an |/ O pin on said substrate connected to internal active logic
circui ts and The dsan df NMQS Ml amnebtatio the draintof NIMIOS Muf 3besredndINMES; a
trigger enhanci ng NMOS on said substrate connecting to said second NMCS;
and a r fsthsiedies sitidg 6fthaESDelang) F20eThe gate ofMAl Buied to the €irst O6laRisbige Wké,h sai d
trigger enhancing NMOS. 12. The protection structure of claim 1l wherein

ski d seggig ¢thedirifl of VA2 NAHdGhe Sat€ SNMPIEMInD s tiddQo Sflrsif 0@ NM@S W0, ThE gldOS and
to the cathode of said third di ode, and 'said second di ode anode is

connect g SRAng isftiercﬁg i jQgifiof 8F RAAE CAMndn®s Width fhe'sbdBARIdR of #rd-reslditt

protection structure of claim 11 wherein s~i1d first and said third di ode

anodes i S . I . r to a
Socond 05 s o WA i At ROl Ranit EN oS ing BUCEE v OB SOUPECRESY
wherein said first NMOS gate is connected to a first voltage source and

said fi P¥¥™%nd said second NVa~S drains are connected together. 15. The

protection stru re of aim11 in said seco N gate i s connected
to said tri gé‘é\emg‘ﬁ’@?r‘é m@%ﬁt&ﬁ&ﬁ“wm%@gﬁpg&% ?‘G(Pf‘i)’ll@sblf claim
11 wherein salid trigger enhanci ng NMOS source is connected to a_second
vol t agemsationed, thespuses of Mpdis connested fo the pafbedec diadeDRandithassouras@f BIMQSYj d

resistor and the first end of said capacitor. 17. The protection structure
of cl ai Mnl1TwhgateofiMuhis ticd tothd fiest doltdge serde, Mosi anddhe dreingdMmscis eonnected

to the drain of NMOS Mn4. The source of Mn4 is connected to the second voltage source, Vss
or ground.

The gate of NMOS Mn4 is connected to the gate of NMOS Mn0.

The process for creating the embodiment of the invention with clamps to both the first
voltage source, Vcc, and to the second voltage source, Vss or ground, is illustrated in Fig. 7.
The specific device element reference identifiers qsed below are shown in Fig. 6B.

Element 60 of the process flow chart of Fﬂg 7 illustrates the initiation of the process by
creating on a semiconductor substrate the first series pair Mn1 and Mn2 and the second series
pair Mn3 and Mn4. It also describes the creation of diodes D1, D2, and D3. The diode D3 is
created from the parasitic elements of the fourth NI;VIOS, Mn4, source to substrate junction. Fig.
7 element 60 also describes the creation of the resigtor R and capacitor C components of the RC

network, and the trigger enhancing NMOS device Mn0, on the same substrate.



the first voltage source. 18. The proteqtlon structure of claim1l wherein
t he second end of said capacitor is connected to the second vol tage source.
19. The protection structure of claim1l wherein said first and said second
NMOS devi ces form an ESD energy clanp between said I/O pin and said second
vol tage source. 20. The protection structure of claim 11l wherein skid
second di ode shields said IJO pin ftom sai d capacitance of said ESD energy
clanp thereby presenting a | ower capacitance to said I/O pin. 21. A low
capaci tance seni conductor ESD protection structure on a substrate
conprising: a first, second, third and fourth NMOS device on said
substrate: adontinying withslenenh ol ehfigd/, dicdiedsnsimerkdeformed by pepnestingtheng
third NMOS device; an I/O pin on said substrate connected to intexnal

acti ve dmegesofdhe smm%diadeg @ng thedhisddiodeiDd itothe cathode ¢fghefirstdieds Bil nEheNMOS
device on said substrate connecting to said second and fourth NMOS devi ce;
and 14 proeess eqitmbier byecnineatingdhd arode bfofithe firsharsbthitd diodss toat secamnvodtageed wi t h
said trigger enhancing NMOS device. 22. The protection structure of claim
21 wher gjufcesWhd] typiallp@ralindde cat hode is connected to the source of said
first NMOS and to the cathode of said third diode and to the source of said

third NMOS ameriéit 64 6&FBES HE e T thiSdaRBTENK @émannggér@nﬁaﬂcﬁtg di ode

cathode and to laid 1/0 pin. 23. The protection structurée of claim?21

uher of NgRYes e Al ch LIS MBS A G RighighSt T2t e and sai d

fourth NMOS source are connecteq second volt age 24. The

protection S%'éi}&ére% %%txﬁ&eglb?ﬁg&nd:\éﬂﬁé@ %r§%1d9 of e $hei AR dogﬁépﬁrﬁgfﬁe gl d

second NMOS source and sal are connecte i'rstTvol tage

source and sajd first. a second N dr ai r on.n her .
5 ThelBFumBLr oA Sl P kel SRS % ROR G B Rt o <
connected to sajid trigger tganq n NI\/DS drain. 26. The protection

st r uct uflgmeat 69} Eherﬁez&ncﬁm? of the E9R{stpT Ry Is Gefnectad Fpah@rsrn&olmeesougs%}’e"eands
connected to a second voltage source and said NIv~0S gate is connected to

t he fi reqnnegtingdhe seapnfl md%ofstg@pamn@rt% Fiepand voliagesouragi\sonpend or . 27. The
protection structure of claim2l1 wherein tl~e second end of said resistor

i s connewnpmetes thefR{ecifduitst vol t age source. 28. The protection structure of
claim 21 wherein the second end of said capacitor is connected to the

second vol t ag@eraan68 descziBes the eomicotigrdf theisaikdelutithy frsONMOSIMN1 24 theher ei n
tire drain of said third NMOS and the drain of said fourth NMOS are

connect gahdde@eDR AN to the Sburdd 6F tR tRir@ NMOS ML Hebntiniedby donfbdting thodignern t he
gate of said fourth NMOS is connected to the gate of said trigger enhancing
NMOS.  1Rfn1 to the drain of the second NMOS, Mn2, and the gate of Mn1 and source of Mn2 to a first

voltage source, Vce. The gate of NMOS Mn2 is connected to the source trigger enhancing

NMOS Mn0.

Fig. 7 element 70 illustrates the formation; of the second ESD clamp element 130 by

connecting the gate of the third NMOS Mn3 to a ﬁitst voltage source, Vcc, connecting the drain

of the third NMOS Mn3 to the drain of the fourth NMOS Mn4, connecting the source of the

fourth NMOS device Mn4 to the second voltage s¢urce, Vss, typically ground, and connecting

the gate of Mn4 to the gate of the trigger enhancin::g NMOS.

The test results of the high voltage capabiiity device are shown in table 1 which

compares the normal protection device to the invention device. The test conditions are shown

10
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1

31. The protection structure of claim 2% wherein said first and said second
NMOS devi ces forman ESD energy clanp between said I/O pin and said first
vol tage source and said third and said fourth NMOS form an ESD energy clanp

bet ween.

said I/O pin and said second vol tage source.

32.

The protection

structure of claim21 wherein skid second di ode shields said UO pin from
sai d capacitance of said ESD energy clanp thereby presenting a | ower

capacitance to said 1/0O pin.

semnm conduct or

a first, second,

third and fourth N

33. A nethod of form ng a | ow capacitance
ESD protection structure on a substrate conpri sing:
~S devi ce on said substrate;

creating
creating

a fir st insehematic Soran mRig124 thiough@@eand Fig HAdanddBst rate with sai d second di ode

connected to said first and third NMOS devi ce;

creating a

trigger enhancing

NMOS on sai d Aswwhs be saee fivortabletl ethe investiontleyize effdrds tht ssmiedegiea pf protiutim

devi ce;

creating a resistor and capacitor elenent on said substrate

connect framBSDsaiintitatedigethe mattanenodel KMBG; and hambwbedyngodeh (HBM) pistresuitss ai d

substrate connectgd to said second di ode and i nternal

act |

ve circuits. 34.

The et Mhglindekidh Prdvddds thed dlitiondLadviiRAEI0f oval tle thivetltisiabdevieess formed by the
parasitic junction characteristics of the source to substrate junction of

said thi rehuNORRKS Prumh Bod§ ModbI IR RAVACEAE ModBl (VM bithdRliss fapher eby
said diode elenents formpart”of the structure by connectihg the cat hode of
sai d second"raﬁritbbr@hd\ualoglPM%MMH@W@iWI%mTQér@ﬁe AV T) Andlog PRVOS devi ce
to the source of t ieS—teve rre} Iy enrmrectme—tie—epnt hode of
said first diode of N o sBRord W ogelaiiive 4 Nepive/bo pin. 36.
The net hod accorfding to clfaim 38 whereby sdri_trilgger enhancengnt] NMOS
forms part of sald protect) ¥Rde{ Medeyy Made tgi’l?‘i‘l&’?lﬁ %‘86‘?@@ bf sai d
device to the sefond vol t gage sodyirce, pnd cgnnectijn i sai d
device to the source of sgid se¢gond NMOS dqvi ce, {a he gate of
said device to aJfirst side of $aid rkesistdr andlsaid caj hd to the
gate of said foul NenNNEDBTdeVKOE| RV TNVt 6KY qccDKN n im 33
whereby said res]stor and [capaciitor fprmpgrt of |said protection fevice by
connecting the spcpimdi®Md |of ~saild res|stor |to the first violtage spurce and
connecting the spcond end |of saijd caphcitor| to the second vol t age] source.
38. The nethod afceRdtpid 110 g5alTg Ry IWMatedy7 &k § 7SRV and e3eponfl NMOS
devices formparf of said [protegtion fevice by cqnnecting| the gatg off’
said first NMOS Hevi and| t gource| of said seqond NMOY device fo a first
vol t age source, fonnecting| the drain pf saild firgt NMOS device to]Jthe drain
of said second NWES—dexr-cer—grdteaaettingthegate-gfsard ml NMOS
device to the dr i NOBHL; d@rvgﬁﬁg R0 Y, nﬁm\KK}S@ﬂ\%. Thégmmd
according to clajm 33 ereby saxd third and said fourth NMOS devlce form
part of said profedi? dedi ce by conpecting the |g~te.of paid thifd NMOS to
the first voltag: source. onnedgting the drlain ofl said t rd NMOSItbh t he
drain of said fofir HVRRDS, | $¥hVa &0V | 6@ Vs6aL¥ |of 65MVd | o8FON N devi ce
to said second vpltage soufce, gnd cohnectipg thg gate of|said fogrth NMOS
device to the gaje aMMai d| ri ggdr enhancenent NMJS. 17 B9. The t hod
according to clalm 33 whergeby sgid fifst. and secdnd NMOS fevices forma ESD

vol tage clamp fo
sour ce.

[

ESD voltages between sal$ [/0 pin and sard tirst voltage

While the invention has been particularly shown and described with reference to the

preferred embodiments thereof, it will be understopd by those skilled in the art that various

changes in form and details may be made without ;departing from the spirit and scope of the

invention.
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40. The nethod according to claim33 whereby said third and fourth NMOS
.devices forma ESD voltage clanp for ESD voltages between said I/O pin and
sai d second voltage source. 18 .ASALr. A A A AAAAAA. A
e. A . Ay. A Ae. A(e. A AH eCg*gt &Cf Z"r 06K
}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cLa] ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cLa! GUDP: ?T9RNZ] b
o} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca
] ca] ca] ca]:a:.a]ms] ca] cal ca] ca] ca] caI zqD
Sly! " H#He#H##BSLISSS WO bxsnl d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca 14 Lve eApacijangg aea}lea]d@aqoeaﬁ reiaqtion]sEutar]onag hyteg eumprisings ** {1 &(z
(((9)))*h*+8, ,, P---- -/11>0~007111B22} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] @aﬂre%a]nda?m]ié‘bl‘]i@§]@as}ndas}lbst]am jaid jecapE NMQS cerineefed ¢ xfitst a] cal 22
3]333$4555NB66 777288(: 0:

; b<<<koltageureny d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ?g??&@E@a®? AAASBNBBC. DDD?Ez EE
) F/ Fk FFGo GGHintkd dnﬂdééohh)@ddedan%hﬁl&hﬁﬂiaf@d@ﬁéoﬁlﬁ}; todaidfiseNoEDS;a] cal ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca]ca!j JIK KxKKK(LLLLDVEMV
O O-Q0 PPsRIRR(& fIR on said substrate connected to internal active logic circuits and to said first
RgRRS+SuSS} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] fqv\%] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! SSKTTT
Uk UUVXVA XXXXGYeYYZi zZz#[ d[ [\\m ~\\] " a} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca]

cal cal cal CaJ@%&%ﬁ@ﬁgﬁ@@fﬁl&m@g%%@Jtﬁglts e als Skl sl cal cal cal

“azaccncced

hi j mZo™ oope sni xsnld ca ca cal cal ca]ca] ca
Joa] ool oo URRPE S GpRkitor Feniahta B St CRpe e TATIaE Fadanpicts
109 () - 10%& ()-f109&' ()- 410%& ()-S"10%& ()-%.109% ()-gt&C K-y/
1098 () NM@S-100&' ()-, +10%&' ()- y)10%& ()-f!"109& ()-F, @O0% ()-
109& () - Cf yncDy/ 10982 10% & ()-3 10 10 10#S; 10%& ()-f8
109 ( 2-The'progiqn)strugure ofiedaif) | wherginmaidpyond glicie rathode is)connepteddo the

10% & ()- Y'10% & ()-Zy@0% & ()-10% & ()- 06K  dEncDy/
109&) z 188ir& qf)said fir@RMOES)and ¥t sednd 'djode Sodelifeonfiedtid toHaldfitstdiféde cafldle &' () -
GUaBncDy/
10% 8108 dBeophect&l D%l YO pRB10% & ()-T2Z10% & ()-/2z10% & ()-!+"10% : & () - DPb
Cy/ 10%®10% & ()-10% & ()- @10% & ()- @10% & ()- 10:v

3. The protection structure of claim 1 wherein said first diode anode and said substrate are

connected to a second voltage source.

4. The protection structure of claim 1 wherein said first NMOS gate and said second NMOS
source are connected to a first voltage source and said first and said second NMOS drains are
connected together.

5. The protection structure of claim 1 wherein said second NMOS gate is connected to said
trigger enhancing NMOS drain.

6. The protection structure of claim 1 wherein said trigger enhancing NMOS source is
connected to a second voltage source and said NMOS gate is connected to the first end of said

resistor and the first end of said capacitor.
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1

10: v 10: v<GL0% v& ()-: ?dEbCy/ 10% ‘

10% & ()-10% & ()-S10% & ()-10% & ()-1"10% & ()- SS10% & ()- TORAELCY/ 10%1
10% & ()- -m10% & ()-S)"10% & ()-f9' 10% & () -
%40% & ()-#3"10% & ()-NTeb@/ 109 "10%:& ()-"10% & ()- 10t 10t

10ty810% & ()- 610% & ()-3"10% & ()-e7ZS] z[ 9b@/ !

L-"10%: & ()-L-"10% & ()-! "10%:& ()- "10% & ()- ! "10%:& ()-!
"10%: & ()-]_ab obCy/! y10% & ()- mo% & ()-"10% & ()-"10% & ()- 10:U 10: U
10: U, ; 410% U& () - zqdEbCy

0 &' "100 0 0 0 & "10% &'

égflg‘%ﬁ _:}L)?c){)m%fg?w%%%? i é%yn/(l}éi /geﬁ‘b g%cgp ﬁdgéfgc)ud%es%s?oﬁg co(n)nected to the
S10% &' 10% & ()-S!'y!!""r""#dEbCy/ !
810% &' '5581 5‘119‘%8?‘(1'93- 310% &' () 110% & ()-y/ 10% & () -
s-10% & () - #####e###8SbCy/! f 10% & ()-S10% & ()-10% & ()-10% & ()- 10: 10:
10: , ; Z189%he protect BB s BSBIeoaig latin@\l/ wherein the second end of said capacitor is connected to
10% & ()-f1l0% & ()-10% & ()-110% & ()-fS10% & ()-910% & () - WER& *' {' dELCy/
I s- glOﬂﬁe&bc(o)ldde]ﬁg&SSSm@.- @'10% & ()-& '10% & ()-% 10% & ()- "110% & () -
{"""&z(((((dE:/ 10" 10" ;Z10% & ()-8"10% & ()- 5 10% & () -

10% & ( p-Phklpdection strac t&l@"(ﬁ'&aﬁﬁi wh8eln Salf fivédand said second NMOS dev1ccs form an
10° "10% & () 210% & ()-Z10% & ()- F'10%'& ()-"10% & ()-!10% & ()-

19‘ +8, , ] vlcla be@@e@n‘% {d)ﬂéﬂag%‘n@ sﬁ]li ﬁrstjvg%g% sohrce.
mlO%&()-'l 6 & ()- 1006 & ()-- -

10. The protection structure of clalm 1 wherein sa1d second diode shields said I/O pin from said

| dEbCY/ !

capacitance of said ESD energy clamp thereby presenting a lower capacitance to said I/O pin.
11. A low capacitance semiconductor ESD protection structure on a substrate comprising:

a first and second NMOS on said substrate whereby said second NMOS is connected to a
second voltage source;

a first and second diode on said substrate connecting to said first NMOS;

an I/O pin on said substrate connected to internal active logic circuits and to said first
NMOS and said first and said second diodes;

a trigger enhancing NMOS on said substrate connecting to said second NMOS; and

a resistor and capacitor element on said substrate connecting with said trigger enhancing
NMOS.
12. The protection structure of claim 11 wherein said second diode cathode is connected to the
source of said first NMOS and to the cathode of said third diode, and said second diode anode is
connected to said first diode cathode and to said 1/O pin.
13. The protection structure of claim 11 wherein s?aid first and said third diode anodes and said

substrate and said second NMOS source are connécted to a second voltage source.
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10°L3"10% & ()-1 "10% & ()-y/ "10% & ()-9-"10% & () -

3+10% & ()-m ! 10% & ()-/>0{0| 0}0~00711bC 10", "10% & ()-!10% & ()-y10% & () -
10: 10: 10:710% & ()-5!10% & ()- 11B2223j 3dEbC

10° GLO% & ()-10% & ()-"10% & ()-yz

10% & ()- 10% & ()-FZ10% & () -] 333$4555dEbC

10°-°10% & ()-+10% & ()-#m'10% & ()- G Z10% & ()-g10% & () -

"10% & () - 5MB66: 77777dYNC 10° 10: 10:

10: @Y"10% & () - &610% & ()- 310% &' () - Yif

i’gml (g %‘1100/ & %1% Mol'(l 13 gffnégél%%%&@ga% 112%}\6/1%1e ed"tg'g%I (-G

" 10%vE () - S109%VE () - "10%\/&8 0%\/&1\{& " 109V () -1" 109K () -
5<<<E=-¥ltaggspuree and said first an said second NMOS drains are connected together.

1071 3"109%& ()-" 1! 10%v& ()-y/ m 10%&' ()-& - 10%v& 3+ 10%V&' ()-m! 10%v&' ()
- d>>'>'>'>t&3 Th&@p@cmgn strucggq@gcl@)n 11 pbgrgin(spidsseomd N M&)s gatgiRicommcted to said
10M710%VE' () - 3"10%v& () -' &@E@Ad?AAAJEDLC

10" 1y’ | ttigger&nanciig MR qrinYF10% &' () - @L0% &' () - &10% &' () -

10% & () - ASBmBBC. DDdEbC 10° ! -"10% & ()-FF+ 10% & ()-""10% & () -

10% &' ()6. Whe profectipn d3ctde Of elainy Er whpreinsafd thigger/enhancing NMOS source is
connected to a second voltage source and said NMOS gate is connected to the first end of said
resistor and the first end of said capacitor.

17. The protection structure of claim 11 wherein the second end of said resistor is connected to
the first voltage source.
18. The protection structure of claim 11 wherein the second end of said capacitor is connected
to the second voltage source.
19. The protection structure of claim 11 wherein sajd first and said second NMOS devices form
an ESD energy clamp between said I/O pin and said second voltage source.
20. The protection structure of claim 11 wherein s3id second diode shields said I/O pin from
said capacitance of said ESD energy clamp thereby presenting a lower capacitance to said I/0
pin.
21. A low capacitance semiconductor ESD protect’ion structure on a substrate comprising:

a first, second, third and fourth NMOS devic¢ on said substrate;

a first, second and third diode connected to said first and third NMOS device;

an I/O pin on said substrate connected to internal active logic circuits and to said second
diode;

a trigger enhancing NMOS device on said substrate connecting to said second and fourth

NMOS device; and

14



!
10° 10° ; 109% & () -8n'10% & ()-5910% & () -33
10% & ()-nml"10% & ()-y/!10% & ()-.F/ FKFFGoGGHXxY:/ 10 10%WK ()- 9 10%wK' () -
10%v&' ()-"109%v& ()-109v& () - 3mLO%WE' ()- 10" HHHHHH&H Hi J+/ CLO0%V&' () - pO
ClO0%& ()-p0 CLO%E ()-p0 CLO%VE ()-pO0 CLO%WE' ()-pO0 CLOWE' ()-pO
Cl0%&: () - p/ HOH1LH6H; HGHEHr S4+/ CLlO0%WK' ()-p CLO%WE ()-p CLOWK ()-p
Cl0%W& ()-p CLO%WK' ()- pSWSEHPH H\ H H*H_Hr X>+/ C10%V&' ()-p CLO%E ()-p
Cl0%WK' () - p5WS CLO%E ()-p CLOYVE () - p_H HaHf HKH Ht HA=+/ CLO%VE' () - pSWS
ClO%E ()-p CLO%W ()-p CLO%W ()-p CLOWE' () - pt HyH~-HHHHHeF+/ C
Cl10%WK' ()-pS CLO%VE ()-p CLO%NVK () - _ i e )
a resistor and capacitor element on'said substrate connected with said trigger enhancing
NMOS device.
22. The protection structure of claim 21 wherein said second diode cathode is connected to the
source of said first NMOS and to the cathode of said third diode and to the source of said third
NMOS and said second diode anode is connected tp said first diode cathode and to said I/O pin.
23. The protection structure of claim 21 wherein said first and said third diode anodes and said
substrate and said fourth NMOS source are connected to a second voltage source.
24. The protection structure of claim 21 wherein said first NMOS gate and said second NMOS
source and said third NMOS gate are connected to;a first voltage source and said first and said
second NMOS drains are connected together.
25. The protection structure of claim 21 wherein said second NMOS gate is connected to said
trigger enhancing NMOS drain.
26. The protection structure of claim 21 wherein shid trigger enhancing NMOS source is
connected to a second voltage source and said NMOS gate is connected to the first end of said
resistor and the first end of said capacitor.
27. The protection structure of claim 21 wherein the second end of said resistor is connected to
the first voltage source.
28. The protection structure of claim 21 wherein the second end of said capacitor is connected
to the second voltage source.

29, The protection structure of claim 21 wherein the drain of said third NMOS and the drain of

said fourth NMOS are connected together.
30. The protection structure of claim 21 wherein the gate of said fourth NMOS is connected to

the gate of said trigger enhancing NMOS.
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C10%VE!
C10%VE,
C10%VE,

C10%VE' ()-p ClO%VE ()-p5WSs CLO%VK' ()-p CLO%VE ()-p CLOYVE () - pHHHHHHH} G /

()-p CLO%E ()-p CLOYVE () - pHHHHHHHH| bH. / CL09%V& ()-p CLO%E ()-p
()-p

CLO%VE ()-p CLO%VE ()-p CLOYVE () - pSWBHHHHHHHGR3. / CLO%VE () - p

()-p CLO%E ()-p' CLO%E ()-pp5WE CLOWVE () - pHHHHHHHSA. /

C1096WS CLl0%V& ()-p CLO%VE ()-p CLO%E ()-p CLOYE ()-p

C10%v&
C10%v&’

() - pHHHHHHHeF. / C10% C10%WE' ()-p CLO%VE' ()-pC CLO%WE ()-p
()-p CLO%W! ()-p

31. The protection structure of claim 21 wherein s#d first and said second NMOS devices form
an ESD energy clamp between said I/O pin and said first voltage source and said third and said
fourth NMOS form an ESD energy clamp between said I/O pin and said second voltage source.
32. The protection structure of claim 21 wherein sgid second diode shields said I/O pin from
said capacitance of said ESD energy clamp thereby presenting a lower capacitance to said I/O

pin.

33. A method of forming a low capacitance semiconductor ESD protection structure on a

substrate comprising:

creating a first, second, third and fourth NMQS device on said substrate;

creating a; first and second and third diode on said substrate with said second diode
connected to said first and third NMOS device;

creating a trigger enhancing NMOS on said substrate connected to said second and said

fourth NMOS device;

creating a resistor and capacitor element on said substrate connected to said trigger
enhancing NMOS; and

forming an I/O pin on said substrate connected to said second diode and internal active
circuits, ’

34. The method according to claim 33 whereby said third diode is formed by the parasitic

junction characteristics of the source to substrate jiinction of said third NMOS device.
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Ve 10% t(%y éo)nn&';ﬂtmog/zt];e c(%ﬁ;igog sajld S:é%:ld 21(1){(1) s%lld th;rlgl/l dll'o%les glfﬁa% sou;czcoxf)sald third

NMOS device to the source of said second NMOS device, and by connecting the cathode of

said first diode to the anode of said second diode and to said I/O pin.

" 36. The method according to claim 33 whereby sai;d trigger enhancement NMOS forms part of
said protection structure by connecting the source of said device to the second voltage source,
and connecting the drain of said device to the source of said second NMOS device, and
connecting the gate of said device to a first side of said resistor and said capacitor and to the gate
of said fourth NMOS device.

37. The method according to claim 33 whereby sald resistor and capacitor form part of said
protection device by connecting the second end of'said resistor to the first voltage source and
connécting the second end of said capacitor to the second voltage source.

38. The method according to claim 33 whereby said first and second NMOS devices form part
of said protection device by connecting the gate of said first NMOS device and the source of
said second NMOS device to a first voltage source, connecting the drain of said first NMOS
device to the drain of said second NMOS device, and connecting the gate of said second NMOS
device to the drain of said trigger enhancing NM();S.

38. The method according to claim 33 whereby said third and said fourth NMOS device form
part of said protection device by connecting the gdte.of said third NMOS to the first voltage
source, connecting the drain of said third NMOS to the drain of said fourth NMOS, connecting

the source of said fourth NMOS device to said sedond voltage source, and connecting the gate

of said fourth NMOS device to the gate of said rigger enhancement NMOS.
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