20 Jul y 2006 A H GH VOLTAGE TOLERANT ESD DESI GN FOR ANALOG AND RF

APPLI CATI ONS | N DEEP SUBM CRON CMOS TECHNOLOG ES (1) FI ELROQEIyT2E6

| N\VENTI ON The present invention rel-ates generally to the structure and
process for an ESD protection arrangenent for high voltage tol erant ESD
protrection for -anal og applications requiring | ow capacitance such as radio
frequency and hi gh speed anal og transceivers. (2) DESCRI PTION OF PRI OR ART
Because of high input inpedance and thin oxide gate structures, the.problem
of _.electrostatic discharge damage (ESD) with field effect transistor (FET)
devi ces .can be severe. Therefore the input/output (1/0O circuit |ocations

or pi nsAEIGH MOIWAGE TOIFRANTIRSD DESIGN FORMNAEDEHARES NF@;?PL@%T{(@I@ n and
2 |

the internal circuits which allows the ESD current to be unt e 0 an

alternative vol t age smmswmwkbwm@sﬂmcmet%&hgg the active
internal circuits from damage. There can be several different types of

devi ce 6l FIELDOISTHEENVIENTIONSSE protective devices, such as single
di odes, stacked di odes, field effect transistor devices, and silicon

controlled rectifiers (SCR). Wth prior art devices, the capacitance
associ ated with the ESD protection device on the active circuit input pin

can be a concern ircuit speed ncrease. A typical prior art protection
circuit schene isa?%egérgés:eé#l’tng c’_r‘ilrélla ?g‘?ﬁl.era?lpfé‘)%ﬁ iap¢ propess figran ESDX put
(170 t ipal or pin 10 [s. connected to a current linmting resistor R and
then t ﬁf?%@%%ﬂ?&%?’tébhlﬁha‘w&%ﬁwww E&Dipsetectiondovianalog2pphcatipnc ui t devi ce
NMOS Mhl12.. A conplinentaryMOS (CMOS) inverter buffer 14 with Mo and Mh

pr ecede *BHERE MU tapaeitanse suchias ratie fraquenvearddygtospeed analéstradeeivdie Secondary
ESD clanp 12, is typically a gate-grounded short channel NMOS shown ,

(2) DESCRIPTION OF PRIOR ART

Because of high input impedance and thin oxide gate structures, the problem of
electrostatic discharge damage (ESD) with field effect transistor (FET) devices can be severe.
Therefore the input/output (I/O) circuit locations or pins usually have a protective device
connéctgd between the I/O pin and the intemnal circuits which allows the ESD cutrent to be

-shunted to an alternative voltége source, typically >ground, protecting the active internal circuits
from dama_ge.‘

There can be several different types of device structures used for these profective
devices, such as single diodes, stackedhiodés, field effect transistor devices, and silicon
controlled rectifiers (SCR). |

With prior art devices, the capacitance associated with the ESD protection device on the
active circuit input pin can be a concern as circuit speeds increase. A typical prior art protection
circuit scheme 1s represgntgd in Fig. L. The active circuit input-output (I/O) terminal or pin 101s

conmected to a current limiting resistor R and then to the secondary ESD clamp or protection




in Fig. | as M12. This clanps the ESD overstress voltage represented by
the generator elenent 20 to a safe voltage for the internd0July2006ts 16.
To provide a high ESD protection |evel, a robust device 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 voltage source, Vss or-
ground. The primary clanp el enent 18 nust be triggered on before the
secondary cl anpi ng device 12 is damaged by the overstress lesd current. .The
resistor Ris required tolimt the ESD current flowng in the secondary
clanp 12. This resistor can be in the order of thousands of ohnms. The

| ar ge | wircuit devieMOS MnL2: méommm@mw@@mzq@s? GRRRGBALr 14 wath é\ﬁ} &g ' 1 cal

parallel configuration together with the resistor R can cause ong RC

del ay. Mﬁp@b@deﬁﬁ@inﬁﬂ%tﬁﬁﬁ%alﬂfﬁ'@%%iﬁﬂwuk%%i ons, . high frequency
s this

applications and anal og application I'nput | oading cannot be
tolerated. FayeldEs%r-#RED | a.configuration. is requir a
mnimzes the ?nput Cg%gg?@%%@gﬁgﬁ%&gﬁwﬁ%ﬁa@gyﬂﬁﬂgﬁyg%ﬁ@gdﬁﬁébgﬁﬁwmp_ The
i nventi Nr oyi ni que st ture and _met hod which mnimzes the
capaci t glﬂglg' P%Snﬂﬁﬁzé %Héﬁia%?pﬁ ﬂ?fﬁ# Eﬁi"%ﬁrﬂeﬁs YR58 trprrgenisrh e Benceater clgmeanb | ¢ age
toleranh éH%%&_E&g $B&:eqtion W thout the need for current limting
resi st afd® 2 SVEEEe Biheinismaleircuits 16 Togsevidea pigh E8Drprotsctitgeyal,atrelnst on,  U.
S. Patent 6,606,752 (W] |iams) shows an ESD circuit for RF.and analog'.
appl i cafiP¥ffs suah as g S(Ryfiskl thskagiregiesivg, of Brrigtdipmibl BMOS ésusad aEGPprasui t
with a high Vtolerance. 2 20 July 2006 U S. Patent. 5, 477,414 (Li et al.)
shows aﬁsgsd?pnml%totbmmsqis&mmnt Idsd t8 a Savehaty GolQQS8sAULEL, WBbogemEet al .)
reveal s a power supply clanmp circuit for ESD protection. The follow ng
technical refThepsntrsdung ekbidnPI8has be GigderidtRdffors the secondary claping
device 12 is damaged by the overstress Iesd current. The resistor R is reéuired to limit the ESD
current flowing in the secondary clamp 12. This resistor can be in the order of thousands of
ohms. |
The large junction capacitance of the clamp devices connected in an electrical parallet
configuration together with the resistor R cai_l cause a long RC delay. For current mode input
signal applications, high frequency applications and 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 and method which minimizes the capacitance
on the /O pin while still providing appropriate high 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 an ESD circuit for RF and analog

applications.

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




Richier et al., "lInvesti gation on Different ESD Protection Strategies
Devoted to 3.3 V RF Applications (2 Giz) in a 0.18 .um CMOR0Buhcgs. "

ECS/ ESD synposi um 2000, PP 252 to 259. Paul Leroux, et al., "A 0.8 dB NF
ESD Protected 9 Mv CMOS LNA". Proceedings of the 2001 | SSC PP 410 to 411.
M ng-Dou Ker, et al., "ESD Protection Design on Analog in with Very Low

| nput Capaci tance for Hi gh Frequency or Current-Mde Applications" | EEE

- Journal of Solid-State GCircuits, Volume 35; Issue 8; Aug. 2000, PP 1194 to
1199. M.ng-Dou Ker, et al, "Dynam c-Floating-Gate Design for Qutput ESD
Protection in a 0.35 umCMOXS cell library", Proceedings of the 1998 | SCAS
~ Vol ume 2; 1998S. Pateng SAT7A 1218 c(SUNRIRY ﬂESD-iEoﬂebMENﬁhﬁﬂ Accordingly, it is
the primary objective of the invention to provide an effectlve structure
and manuf act Uk 8bPatent61008,070 (Waloney btdil Nevédls £pdvest isiny iRUR

protection elenent while at the same tinme reduci ngfﬁ¥ apaci ti veq oadi ng
on the pfdRationcuitq. It is a further objective of the |nvention to i nprove
ESD protection for high frequency 3 20 July 2006 and anal og applications by
providing a | ow i nput capacitance structure that will have m nimum inpact -
on device perfornmance while maintaining robust ESD protection |levels. A

sti |1 addi i ecknBRieslifaPleptRELONERL) g?ﬂte'cgﬂ e oe (e B0

protection wth apa nce the characteristics
of the inter Ulyy ei {: usi ng .a process conpatible
with the pr og%is}ls?g%)tfﬁ @5&%@3“5&@@‘6 %@ Steategies Benvoteddodd V .

obj ecti g_@ﬁ ée tach{zr(sg}lzg ggcordance W t h" t he met hods of the invention
that deSCriRagumY 0 YreCMEN Ripeses- UEOBESH Brrapesitim 2060 RPQShtbuct or
ESD proggction devices vvlth reduced i nput capaci tance One’ enbodi nent of
the inv ion utilizes two NMOS series devices as a ESD energy

Paul Lerou?:, etal.,, "A 0.8 dB NF ESD Protected 9 Mw CMOS LNA”. Proceedings of
the 2001 ISSC PP 410 to 411.

Ming—Dou Ker, et'ai., “ESD Protection Design on Analog Hin with Very Low Input
Capﬁcitance for High Frequency or Current-Mode Applications” IEEE Journal of Solid-State
Circuits, Volume 35; Issue 8; Aung. 2000, PP 1194 to 1199. |

Ming-Dou Ker, et al, “Dynarﬁic-Floating—Gate Design for Qutput ESD Protection in a

0.35 um CMOS cell library”, Proceedings of the 1998 ISCAS Volyme 2; 1998, PP.216 to 219.

SUMMARY OF THE INVENTION

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

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




clanp.from 110 pin to Vcc, shielded fromthe I/O pin by a diode. The source
of the second or top NMOS conprising the clanp is connect @0 July 2006 whil e
its gate is connected to the drain of an ESD trigger enhancing NMOS. The.
gate of the trigger enhancing NMOS is connected to the mdpoint of an RC
string between Vcc and ground. The drain of the second series NMOS i s
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
di ode of a series diode string. The second di ode anode is connected to the
cathode .of the first or bottomdiode in the string and also connected to
the |/ 039 Aualogapplications by aravisings lowdapu: cappsitance stegmursiibat gall hivewninimmen pi n
to Vcc. The relatively small second di ode capacitance is stacked in series
with thémpmip@émmémmhﬂe miintadiin@Sobast ESBhjrofeciiorivivdles an ef fecti ve
reduced capacitance frompin to Vcc of approximately the junction
capaci t ance & stilleditionalobjdutiot bethe vestibne s protide i ESTY protdcbn With! | zes two
series NMOS devices as a ESD clanmp fromI/O pinto Vss or ground. The clanp
i s shi elrdhied sapaditahe Witk cRinginghechafbieAstidioPHR i ol of
the top or secgnd NMOS connect edg)ﬂtlo gr ound. %ﬁ??lgﬁﬂg%h%ﬁég%t%%tg£4 20
July 20Q&d BgadiRnsi f L& ar ou the
ﬁﬂéﬁ? pﬁ@%s%gap(ﬁMEmtt%@gbﬁsgglt mﬁ L@M@&G@Hﬁ%%}&%u ag%.e’ t he

parasitic junction diode between source an

i i D ' Lakly that of.. the t, |1
i odos i par ot 1o oBlePARR AU MDRL o RRSER bt o bRBoAT g e ORBH e

enbodi of 1t i 0V ion incorporates.both the serjes NMOS devjce clanp
to Vccrrgﬁ% n?%fea- @F@%%@W&ﬁ%ﬁs fog sqpaiconduc &ﬁﬁf”@ﬁ@% CB% of
devi ces aﬁeﬁhi@e] ded fromthe 1/O pin by a diode to reduce the capacitance
seen by "IHESUES BPRL CapRFIENES o di nent protects agai nst ESD charge ener gy
both frompin to Vcg and from pinto .?round. Al enbodinents utilize a a
trigger enhaf8f ﬁ‘&bNﬁ@Sandg%méfaﬁf@ni‘@ iggsEenNdOSserieigviceslast B endE8D ener gy
and to a RC circuit. The Source of the trigger enhancing NMOS is typically
connect édmpdrozm ¥R pin tofVagnshighiil from thed/Orpinbip a diade LT Hessotue ofthe seabnd digop
conducti on :

- NMOS comprising the clamp is connected to Ve 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 Vee and ground. The drain of the second series .NMOS is
connected to the drain of the first series NMOS whose gate is co_nnec.:tedr to Vee 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 configuration protects against ESD charge. flow
from pin to Vcc. The relatively small second diade capacitance is stacked in series with the
larger capacit@ncé of the NMOS pair which provides an effeqﬁve reduced capacitance from pin
to Vee of approximately the junction capacitance of the diode.

Another embodiment of the invention utilizes two series NMOS devices as a ESD
clamp from I/O pin to Vss or ground. The clamp is shielded from the input pin by a series diode

and with the source of the top or second NMOS connected to ground, This embodiment pr_otecté .




duration. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 shows a schematic .
representation of a prior art ESD protection schene. Fig. 28Juhr200gh 2D
shows the configurations for ESD testing on Anal og | nput/output Pins. Fig.
2A illustrates the test case of positive voltage to Vss/Gnd. (PS Mode),
Fig. 2B is negative voltage to Vss/Ghd. (NS Mbde), Fig. 2Cis positive
voltage to Vcc (PD Mbde), and Fig. 2D negative voltage to Vcc (ND Mode).
Fig. 3A shows the test configuration for "Positive Mde" differential ESD
voltage and Fig. 3B shows the test configuration for "Negative Mde" ESD
differential voltage. Fig. 4A shows a sinplified schematic of one

enmbodi ne?ﬁaﬁt?fa%%ﬁ? 'ﬁ%ﬁﬁg pinge gresad. Becanse of the parhisitic juh@idai diodebeWesen'hd | €
Fig. 4B 'shows the detailed schematic. Fig. 5A shows a sinplified schematic
of “one efisbiMRNsouste andesubstints tHemapdoitindE SEw0n il d 2RABAR Qk&RLIIPMaEGF 1/ O
Pin to Vss or ground while Fig. 5B shows the detailed schematic.” ESD

pr ot ect i tha twosm#l diodes Msarabiel, %ibﬂﬁﬂsmﬂieﬂthaﬁﬂétﬁhﬁ{%{mogkgﬁll ified schematic
of one enbodi nent of the invention for ESD protection for 1/OPin to Vcc

and 170 pi n_phmterchiadicfenSE0lay8BH lorfrftes BT O?sﬁlﬁ{gfqﬁe&%iﬁ:p@%@c“ on

schematic. Fig. 7 is a flow chart of the process o

DESCRI PTONOF THE BRI i e bl RoliRenis s Sevifhsiars hisilod

Vec.  The ER NS p PR oL kSRE A RegiFovreen R o900 P ombesiment |
chi ol s IRECRRBRRT 35 dhoiahieneity Pl tommeintadice and Bommimia grourtl. 0 pi n 110 and-

internal acti vg c&r(‘fui ts. The capacitance of the diode is nmuch I ess than
t he capaci t arftibemgpodimentsptifizess friggersnhaneing®MOS whose gate is dynamically

coupled to the ESD energy and to a RC circuit. The source of the trigger enhancing NMOS is
| typically connected to a gate of an NMOS in the clamp circuits to control th'e conduction

duration.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic representation of a prior 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 voltage to Vss/Gnd. (PS Mode), Fig. 2Bis
negative voltage to Vss/Gnd.{NS Mode), Fig. 2C is bositive voltage to Veo (PD Mode), and Fig.
2D negative voltage to Vce (ND Mode).
Fig. 3A shows the test configuration for “Positivé Mode” differential ESD voltage and .
Fig. 3B shows the test configuration for “Negative Mode” ESD differential voltage.
Fig. 4A shows a simplified schematic of one embodiment of the invention for ESD

protection for I/O Pin to Vee while Fig. 4B shows the detailed schematic.

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




clanp '120, and therefore the capacitance seen by the 1/0 pin 110 is
essentially the relatively small capacitance of the di ode2Dduly266det ai | ed
schematic is.-shown in Fig. 4B. The cathode of the first diode DI is
connected to the I/O pin 110 while the anode is connected to a second

vol tage source, typically ground. D ode D provides a shunt path for
negati ve ESD energy to ground. The cathode of the second diode D2 is
connected to the source of NMOS Mhl while the anode of D2 is connected to
the 1/0 pin 110 and the cathode of diode D . D ode D2 shields the 6 20 July
2006 /O pin_110 fromthe relatively |arge capacitance of the series. NMOS
ESD cl arotsetionder HQ @in toTVes og gtomnd fwhill [Fig. $Btshews the detafled Sdhetifid age sour ce
Vcc while the drain is connected to the drain of W©Mi2. The gate of M2 is
connect &Nl protehéomifoaPin 0fVsa of pioggdr enhanci ng NMOS. MO whil e the source of
Mh2 is connected to Vcc. The source of the trigger enhancing NMOS MO is

connect ed t o Figh6 A grmia s%ﬁ#ﬁﬁﬁ%chﬁﬂéﬁc‘%ﬁ“nné/ §ﬁ?%%§ﬁgfgfogk%%ng‘%&%lég?? is the

channel substrate for all the NMOS devices nect ed
to the forétedtiof'Rst 1D P t08RIcSHS . end | onnecied to a first
voltagefplrsour-ce, Vec. Thec%rgoﬁé'ﬁgp%%@gg?g?%?r%o dﬁ'tghéﬁ T WF MO are
al so copaftednifadne first end of a capacitor whose other end is

connected to a second voltage source, Vss or ground. Wien a positive ESD
event takes t [0, pin 110, wth respect to Vcc, the energy is
transferred ?%ag ﬁsg%?ﬁ%w gﬁ%‘} nghgmc?sﬁ PBE‘%W’H ¢ ptestion scheme HrEIDfigatlld

- capaci tanctevpf %/pﬁ t,urn{(ng it on. The energy then appears on Vcc which
enabl es PR 6 204 R oY seqr ggowndne  del ay determined by the RC time
constant. This grounds the gate of M2 after a suitablte delay turning it
off to conplete the discharge cycle. Fig. 5Ais a sinplified schematic of

t he enbodi nent of the invention clanping ESD energy to the second voltage
sour ce, DESERIBFICH OF 1 EHPREEFERBRED EMBOIASMENTRNDI ng el enent

F1g 4A shows a simp_liﬁgd schematic of the invention embodiment for ESD protection
' _ ﬁoﬁ /O pin to Vcc. The ESD energy is clamped to Vee bj the NMOS string 120. Since
capécitance elements in series add liké resistors in parallel, the diode D2 shields the NMOS
ESD clamp string 120capacitance frorix the /O pin 110 and internal active circuits. The
~ capacitance of the diode is much less than the capacitance of the NMOS series string ESD

‘clamp 120, and therefore the capacitagce seen by the I/O pinl10 is essenﬁally the relaﬁvely
small capacitance of the diode D2. |

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

Diode D1 provides a shunt path for negative ESD energy to ground.

The cathode of the second diode D2 is connected to the source of NMOS Mﬁl while the

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




130. The clanp is again shielded fromthe input pin by diode D2. Fig. 5B
illustrates the schematic details of this enbodi nent of thé&0inly@®6on. The
/O pin 110 is connected to the anode of D2 and cathode of D1 with the
anode of D 1 connected to a second voltage source, Vss, typically ground.
The cat hode of diode D2 is connected to the source of NMOS Mi3. The gate
of Mh3 is connected to the first voltage source, Vcc, and the drain to the
drain of the NMOS Mh4. The gate of M4 is connected to the drain of NMOS
MhO and the source is connected to the second voltage source, or ground. 7
The source of MUO is connected to the second voltage source, Vss or ground,

whi | e tH@P@dﬂ@ffomﬁgﬁlﬂi‘fﬂﬂbﬂh@ﬁo&ﬂacﬁtmdefwtﬂéiséﬁésI@M@Sﬁsﬁcfaﬁ%sizriﬁgl;ﬁ and t he
|

first end of a capacitor C. The second end of -the resistor s connect ed

to the fileghtewMmdetieDieafst Wkegeddtrd Ve SBR0AL ﬁgﬂ IISSJOEF%JS%! dt%?@elatﬁ%ié%{f h ie S

connected to the second voltage source Vss, typic

dovi ce M Thalgfte o MDA SEeted BNOREAPY oM TR E NS MBE Wit el 20

D3 is noticed effectively in. electrical d D2 as
0

shown i Raf8of Ihe. di ode effect on I/O pin loading is still
substanti al ??, O\Aésr&tﬁﬁ%(r?\é@o?%tghe ESD clanp 130 if it were unshiel ded. The

circuit turn IS sSidnl to that . rjbed above, but with the ESD energy
bei ng shunt ’efggf‘%)ur‘{?s%f%?%ﬁ i MOMWH@QSWY@%QWM'OH
by the.anam"}: %ﬁge action of MO Anot her enbodi mrent of the invention is

shown i AOEFY.YspARIFIlY@Eound; 3 is th chpmngbsubsizate fospll H1eMOB B vices Thagatbiof st

vol t age_source, Vcc, and the ESD clanp 130 to the second voltage source or
gr ound. 1gconmsefed tedhe firshensrafe resister R Whospsaoed endis calreoted tea fifst whagener gy
from I/Opinto Vcc and fromthe 1/O pin to the second voltage source, Vss
or gr oufeircRych ThefirstehdofrssisioeR ahd e gatel of MathatdwsoVonpédiedty 1l eenPaf whi ch

essentially reduces the capacitance seen at the 1/0 pin. The schematic
det ai | sasamcitorovimse nther gnd i6 Bonribbied tEeRoshdRMagd @urde) TsfAgdEmRf, D2 -
When a positive ESD evenf taices place at the I/O pin 110 with respect to Ve, the
| energy .is transferred through diode D2 and through the parasitic drain to gate capacifance of
Mn2 turning it on. The energy then appears on Ve which enables Mn® to turn on after a time
-delay determined by the RC time constant. This grounds the gate of Mn2 afier a suitable delay
turning it off to .complete the discharge cycle.
Fig. 5A is a simplified schematic of the embodimient Qf 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. 5]5; illustrates the schematic details of this embodiment of the invention. The YO pin 110 is
connected to the anode of»D2 and cathode of D1 with the anode of D1 connected to é second
voltage source, Vss, typically ground. The cathode of diode D2 is connected to the source of
NMOS Mn3. The gate of Mn3 is connected to the first voltage source, Ve, and the drain to the
drain of the NMOS Mn4. The gate of Mn4 is connected to the drain of NMOS MnO and the

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




connected to the 1/0 pin 110 and to the cathode of diode D: The anode of
diode D1-is connected to a second voltage source, Vss, tyR0daly300§r ound.
The cathode of diode D2 is connected to the source of NMOS Mnil and the
source of NMOS Mh3. Since the device substrate is tied to the second

vol tage source, Vss or ground, the parasitic junction diode D3 of the
source to substrate junction of NMOS Mh3 is essentially in 8 20 July .2006
parallel with diodes D.1 and D2. The anode of parasitic diode D3 is
essentially connected to the cathode of D2, and the.anode js essentially
connected to the second vol tage source or ground. The drain of NMOS Mil is

connect ed t o ThesoucabfAMmDNBMSAndEIE tolthesceSPRHapbdRired | GRusShi N9 of
the ESD clanp 120. The gate of- Mh 1 is tied to the (%éi’?g%&e\%ﬁlﬁgfggﬁg%ﬂﬂgce

Vcc, | asgateistpen Sorictte@to M8 Zirstd PRsi @l\@ J}@ is tied the drain
of NMOS MhO. The gatee o(;‘ NI\/l’l%')SSt HNﬂ(gi sSltgl?{éga?%t he | u ?fﬁgﬁpagﬁor%.gw& C

el t, 1 i t i T R _tiged to, V dth

el ement seootidieRd bi'he $EERHR & BfnQed tﬁﬂxgr 3 %ﬁ'tggressgwﬁ;j %ﬁ%ébgg@gg%@(%ss or

second side of the capacitor Istre

ground. b& kSRS I St f an N serjies string Mh3 and Mi4. As
previously Trent :}éo%gg?&gtﬂtg%g%%ef g%f'ﬁ‘ﬁm%s\?uf? naRicRlbngoBnd.-he cat hode of

di ode ‘D2 and g soyrce af I\%DS M| . The gate of M3 is tied to the first
vol tage sour csgel{,lg\t}f,dég]ﬁa S'l%?fga F%grﬁ“%dﬂhgpﬁféslwﬁééw&@etOtSub&tﬂaEdimhiDﬁ isf NMOS
M4. The sour of M4 is connected to the second voltage source, Vss or
ground. n?ﬁse‘égeﬁ%auwm per3liel grithatiodss Dlgind M2 ayahewnin MyOB.NmE. The
process fo% creating the enbodi ment of the invention with clanps to both

the fir SOmbipgd digdeeidestipr HO pin toading ds still stlitansieltyplotsey thah BFTheTRI 618mp Y36 OF
ground, is illustrated in.Fig. 7. The specific device elenent reference
i dentii f il weggwehitldedw are shown in Fig. 6B. Elenment 60 of the process flow
chart of Fig. 7 illustrates the initiation of the process by <creating on a

seni conduct ol heeirsdtrtatueont ibeinfila & thecadsetbdHbbve Bt B eMRFOL NS cond
. seriles :

shunted to Vss or ground through Mn3 and Mn4 until Mn4 is turned off by the dynamic gate
action of Mng). .
| Another embodiment of the invention is shown in Fig. 6A and GB; Fig. 6A shows the
ES]j clamp 120 to the first voltage soixrce, Vec, and the ESD clamp 130 to the second voltage
source or ground. This embodiment iﬁcorporates the protection elements of ESD energy from
IO pinto Vee and from the VO 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 c,;apacitance
seen at the ¥O pin. |
The schematic detaiis are shown in Fig. 6B. This embodiment has the anode of D2
connected to the I/O pin llb and to the cathode of diode D1: The anode of diode D1 is
connected to a second voltage source, Vss, typically grl)und. The cathode of diode D2 is
connected to the source of NMOS Mnl and the source 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




pair Wh3 and Mn4. It al so describes the creation of diodes D, D2, and D3.
The diode D3 is created fromthe parasitic el enents of the0floiy2006NVOS,
Mh4, source to substrate junction. Fig. 7 elenent 60 al so describes the
creation of the resistor R and capacitor C conponents of the RC network,
and the trigger enhanci ng NMOS device MiO on the sane substrate. 9 20 July
2006 Continuing with element 62 of Fig. 7, the diode network is forned by
connecting the anodes of the second diode D2 and the third-diode.D3 to the
cat hode of the first diode DI. The process continues by connecting the
anode of ofk%he first _and third diodes to 'a second voltage source, Vss,
typi cal | BArlebwifl diqdee P snd B2. Breswdbefparisiticntiodead3 isesseafiallydniécidto te t he
special trigger enhancing NMOS MO as well as the substrate to a second

vol t age e of DYsanddhe grodu iskssehtiellpeneasd it bRUES VA SNBSS he
first side of the resistor Rto the first side of the gapacﬁcotlrgq%n{gé wel |

as to the gat &heflaihef NMOSOH] Rrbanktado MR IY3ENRfod NEbCaled.. | e 7
el enent 66. The second side of the resistor Ii S congnlggl?é etsgcoé‘v{afl\llﬁkg)ls

vol t age if ditrsefies\deiingdtihe BSIP BR&bI100, FHA &-"cff%?,ﬁ b h acitor Cto a
second vol tage source Vss or g?ound iggrrp e esl§tl%gt°% %HSE%@%B? SIS 68
descri beg jd the dealeadhs,Ngd 8fe ¢ % @ ng. fhrst.N | Lo the
cathode of D2 and to the so %Z"@@”?ﬁe 18&18‘?%&%%&&@9-@’6£a@y
connect igp 1 | to t rain of the second NMOS, M2, and the -
gate of thgﬁ ﬁ@ﬁ rl?i 8‘2 Iooql%ﬁu%?fi&fnr%réf’fgwmﬁ 3@@ thesigpend sidecaf themesistgaRe of
NMOS I\/h%l-_?'tﬁ0 e,?nne(f ed to t.ge Eﬁgr ce tr icqge[ enhancing NMOS MnO. Fig. 7
el enent D VPS¢ aeeopd) gide of the cangsitenC isticdde HsrecomSpobigersousedimot 130 by
connecting the gate of the third NMOS Mh3 to a first wvol tage source, Vcc,
connect i he drain of the third NMOS Mh3 to the drain of the fourth NMOS
M4, connecting the source of the fourth NMOS device M4 to the second
vol t age sour cBie E&R Flamppmaspns;stgoﬁanwmmmmﬁg Mn3@ind Mn4. As previously
mentioned, the source of Mn3 is connected to the cathode of diode D2 and the source of NMOS
' | Mul. The gate of Min3 is tied to the first voltage source, Ve, and the drain of Mn3 is connected
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 Mno0.
The process for creating the embodiment of the invention with clamps to both the first
voltage source, Ve, and to the secon_gl voltage source, Vss or ground, is illustrated in Fig. 7.
The specific device element reference identifiers used below are shown in Fig. 6B.
Element 60 of the process flow chart of Fig. 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 NMOS, Mn4, source to substrate junction. Fig,

7 element 60 also describes the creation of the resistor R and capacitor C components of the RC

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




of M4 to the gate of the trigger enhancing NMOS. The test results
E)Pet ggtﬁl gh vol t age capgbl lity device are shown in table | 28{uky2006onpar es
the normal protection device to the invention device. The test conditions
are shown 10 20 July 2006 in schematic formin Fig. 2A through 2C and Fig.
3A and .3B. As can be seen fromtable 1, the invention device affords the
sane degr-ee of protection fromESD as indicated. by the nmachi ne nodel (MW

human body nodel (HBM) test results. The invention provides-the |
gggitional adzant age f)f (l\)/{/er t he conventional device. Table 1: Masured :
Human Body Mbdel wBM and Machi ne Model (MM protection for Traditiona
Anal og Pin veleninuing it elsmens Grofkig. 7 tle ditgle @etaodeis fbividd Ananaestii; the
PSNSPDNDPosi ti veNegat i ve ModeMbdeModeModePin to PinPin to Pin l\/bdel\/bde

Nor- H\/-r-,anm ok sragmdidiodeMBandvhp thirdHEddeDATopheGitde EFhe! i dﬁ% 1. e KV
HBVKV- 50 V. Non-HVT600 V590 600 V500 V600 V550 V V pin
process continues by connecting the anode of of the first and third diodes to a second voltage
source, Vss, typically ground. |
- Elemmt 64 describes the connection of the drain of the special trigger enhancing
NMOS MnO0 as well as the substrate to a second voltage source, Vss or ground.
. The process continues by connecting the first side (;f the resistor R to the first side of
the capacitor C as well as to the gate of the trigger enhancing NMOS Mn0 as indicated in Fig. 7
element 66. The second side of the resistor_ R_ is connected to a first voltage source Vec and
connecting the second side of the capécitor C to a second voltage source Vss or ground
completes the RC circuit. |
- Element 68 describes the connecting of the source of the first NMOS Mnl to the
cathode of D2 and to the source of the third NMOS Mn3. It continues by connecting the drain of .
Mn1 to the drain of the second NMQS, Mn2, and the gate of Mn1 and source of Mn2 to a first
voltage source, Voc. The gate of NMOS Mn2 is connected to the source trigger enhancing
NMOS Mno0. ‘

Fig. 7 element 70 illustrates the formation of the second ESD clamp elemeht 130 by
connecting the gate of the third NMOS Mn3 to a first voltage source, Ve, connecting the drain
of the third NMOS Mn3 to fhe drain of the fourth NMOS Mnd, connecting the source of the
fourth NMOS device Mn4 to the second voltage source, Vss, typically ground, and connecting

| the gate of Mnd to the gate of the trigger enhancing NMOS.

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

compares the normal protection device to the invention device. The test conditions are shown
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HVT pi;n550 V550 V600 V650 V--6-5-0 -V550 V MM Wile the invention has been
particularly shown and described with reference to the pré&0dnlye06

enbodi ments thereof, it will be understood by those skilled in the art that
various changes in formand details may be nmade w t hout departing fromthe
spirit and scope of the invention. 11 20 July 2006. CLAIMS: 1. A low
capacitance sem conductor |/O ESD protection structure on a substrate
conprising: first and second NMOS devices in series on said substrate, said
second NMOS device being connected to a'first voltage source; first and
second dj odes on said substrate, said second di ode being connected between
a seni cofdtkemstic forn iiFig.dtheerigh 20 andiFigASdSE.ce; a trigger enhancing

NMOS devi ce on said substrate connecti-ng to said second NMOS device; and a
resistor and dapachessen Goarebit 1phe irvesticnudesics arsrds HRNGRERE '{;fbrﬁt@étﬂm
trigger ﬁ;enhanm ng NMOS device.. 2. The protection structure of claim1l
wher ei n &eah &SBas trditatidddehembditgiimodes! (MM A6FhGHad R g-hﬁg) fo.sapd first
NMOS devi ce and said second di ode anode i's conne@t%ﬁ?%i) ai %Ftrrgst“hﬂi ode .

cat hode “BidnventiompidyRREiHeARdHBHA ddiRR! The Broteption structure of
claim1 wherein sgi d.first diode aaﬁégggggﬁgveggll;e O%gglbtkw{;‘%egmﬁre connected to

a second vgbit A9 e Ry f Qt on ructure qf claim 1l wherein

said first NMOS drain i sﬁ%ﬁﬂgl&@g‘% (ﬁ%&\@aﬁng gﬂ’r‘?&"[ rptectigidor ai d
first NMOS '&ﬂiﬁoml @ﬁllahlgd’ 18 ﬁ'emutdh}vention High .V()Itage Tolerance (HVT) Analog Pin

‘ PS | NS | PD | ND | Positive | Negative

Mode | Mode | Mode | Mode | Pinto Pin | Pinto Pin

- Mode Mode

| Non—HVT [ 7KV | 6KV | TKV. | 6KV | 7KV | 6KV
pin HBM |

HVT pin 65 | 6KV | 7KV | TKV | 75KV 6KV

Non-HVT [600V 550V [ 600V [500V | 600V . 550V
pin MM

HVTpin 550V | 550V | 600 YVI650V ]| 650V 550V

Whi!e the invention has been particularly shown and.described with reference to the
preferred embodiments thereof, it will be understood 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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NMOS source are connected to a first voltage source. 5. The protection
structure of claim1l wherein said second NMOS gate is connected to said
trigger enhancing NMOS drain. 6. The protection structure cI

~wherein said trigger enhancing NMOS source is connected % gggond

vol tage source and said NMOS gate is connected to the flrst end of said
resistor and the first end of said capacitor. 7. The protection structure
of clai meiaWherein the second end of said resistor is connected to the
first voltage source. 12 20 July 2006 8. The protection structure of claim

1 whereinp t heAs{@\g @4 c?t@qcé)gerﬁl@br%ucﬁ?ﬂécééﬁ grdt?ctf&ﬁ%%&%ﬁeg%n 9 shgﬁreﬁg cond

voltage sour ce. e protection structur erelrn said first
and sai dCYBRIED: NI\/DS devi ces form an ESD energy clanp between said

seni conduct Orf'rls( Qn@' Wﬁﬁd’ NiOE defglcf-:@tlnv %@9)‘?1 §8 rs retltg SJQ%F%BR& ection

structure of claim|l rein said secon Irode’s s Sal pin from
- sai d capbMQ3fedcakeingrenresiddn e fig) veltagesoures:; eby presentl ng a | ower

capaci tance ! frspadlsddol Boes i <oif OUABRARI SARRE ARABLERAUARQld | O ESD

protection structure on a substrat secon

devi ces beiween peemigpndueter 6 pisk angisaid ﬁrBTrNMO&QBVmcond di odes on sai d

- substrate, said second di ode being connected between a sem conductor /0O
pin and said first NMOS device; a trigger enhanci ng NMOS device on said
substrate conddfggeigenhansiagdNMES: davicenns saidy Shstraten dornecting 40 cwaicand

capaci t 0geBh& MRS QBviedighqsubstrate between a first vol tage

a resistor and capacitor element on said substrate connected with said trigger
enhancing NMOS device.

2. The protection structure of claim 1 wherein said second diode cathode is
-connected to the source of said first NMOS device and said second diode anode is
connected to said first diode cathode and to said semiconductor /O pin.

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 drain is
connected to said second NMOS drain, and said first NMOS gate and said second
NMGOS source are connected to a first voltage source.

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.

7. The protection structure of claim 1 wherein the second end of said resistor is
connected to the first voltage source.
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source and a second voltage source, said resistor and capacitor el enent
being connected with said trigger enhanci ng NMOS devi ce; wherein said
second NMOS device is connected to said second vol tage Sﬂﬁr@? . The
protection structure of claim1l wherein said second di ode é ﬁg e is
connected to the source of said first NMOS device, and said second di ode
anode is connected to said first diode cathode and to said sem conduct or

/O pin. 13. dhe p el r | aim. ] i i i st anode
and said supg't_r at Zﬁéa ?%@'Pﬁ%s@g@ﬁ% Oﬁlﬁ&ngo%g?ggn;trh\gn%&ﬁhgcet@ﬁ tgoal'd;ai d
second VeARA&HRS is sonnested g thexxecond yoilzgedotte. The protection structure of
claim 1l wherein said first NMOS gate is connected to said first voltage
source and said first and said second NMOS drains are connected together.
15." The 9r ot ethe pieteptien strugteredit climi hwhdreinhesidfinst siad daid seorl NMOS gate i s

connect egyicsSBif dn’ ESI8 fneRfYA50b T4 ico%?uctgﬁ&ﬁ@ilq LRGN

structure of claimal wheréin saH}gatn gger ?ﬁ&anc ng source is
© connect efifst w!age goweeond vol t age 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 1l wherein the second end of said resistor is
connect etf-t o Ekg erofsctien stiustura gécleion i ahereis saitisecondadieds shields saiddiQur e of

cl ai m 11oinhRineisaidt EpatRariB ool ¥ &hergh aRat ' ' sai d
second \1/%I ta'?ﬁ% sou‘?éc\?e. 19. The prot e%blgrgﬁ st r%gﬁ?y ?f&gﬁgﬁngﬁgwéﬁer ein

sai d fi rePagifRNcese srid¥EdWl NMOS devices form an ESD energy cl anp between
sai d sem conductor 1/O pin and said

11. A low capacitance semiconductor /O ESD protection structure on a substrate
comprising:

first and second NMOS devices in series on said substrate;

first and second diodes on said substrate, said second diode being connected
between a semiconductor 1/O pin and said first NMOS device; _

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

a resistor and capacitor element on said substrate between a first voltage
source and a second voltage source, said resistor and capacitor element being
connected with said trigger enhancing NMOS device; _

wherein said second NMOS device is connected to said second voltage
source.

12. The protection structure of claim 11 wherein said second diode cathode is
connected to the source of said first NMOS device, and said second diode anode is
connected to said first diode cathode and to said semiconductor I/O pin.

13.  The protection structure of claim 11 wherein said first anode and said

substrate and said second NMOS source are connected to said second voltage
source.
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second voltage source. 20. The protection structure of claim 1l wherein
sai d second di ode shields said sem conductor I/O pin from said capacitance

of said ESD energy clanp thereby presenting a | ower capagbt@ggég%o sai d
sem conductor 1/O pin. 21. A |low capacitance sen.conductor IJ

protection structure on a substrate, conprising: first and second NMOS
devices in series, and third and fourth NMOS devices in series on said
substrate, wherein said second NMOS device is connected to a first voltage
source and said fourth NMOS device is connected to a second voltage

source; a4firdhe diategtione snetues of eclaiey i1dewbersire caigd firs BMIQS gats donduct or

|/ 0PI N: cdhebfeat!bic?R8Bvaalbl A0 19 sNASBRIARELRE NS Yrdlns UbST Tt @

connecting to said secon ourt device; an resrstor and

capaci t offectospested ingether.d substrate connected with said trigger enhancing
NMOS device. 22. The protection structure of claim21 wherein said second
di ode cathode_is connected to the source of said first and said third NMOS
devi ces A%d t bhe mEoteationosteuctise agldim Al rwhateipdsnidisgcend HMRS wgate d$ ode anode

| connegiidolcd 1584 viddesbrtirigig NBSggR and to said semi conductor /0

23. The protection striucture of clarm wherein said first and said third
" di ode anodes and said substrate and said fourth NMOS source are connected

(Lo sald 16.eCons PRISGER SHAURE of im THAWRKIBhAGH Ribot BHAd® Rludd al m 21

wherein said first NMOS gate and sai seco urce and said third
NMOS gat UFR ig sieRBedied tposad f sacend \\siltaggesource 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 said first voltage source.

18. . Thg protection structure of claim 11 wherein the second end of said capacitor
is connected to said second voltage source.

19..  The protection structure of claim 11 wherein said first and said second NMOS
devices form an ESD energy clamp between said semiconductor /O pin and said
second voltage source.

20.  The protection structure of claim 11 wherein said second diode shields said
semiconductor /O pin from said capacitance of said ESD energy clamp thereby
presenting a lower capacitance to said semiconductor I/O pin.

21. A low capacitance semiconductor I/O ESD protection structure on a
substrate, comprising:

first and second NMOS devices in series, and third and fourth NMOS devices
in series on said substrate, wherein said second NMOS device is connected to a first
voltage source and said fourth NMOS device is connected to a second voltage
source;

a first and a second diode device connected to said semiconductor /O pin;
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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 p&ehg&%bgg
structure of claim21 wherein said trigger enhancing NMOS™ source i s
connected to said 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 st Euﬁigti?@eﬁﬁarfai | finvids VRIS 55}?%%1_%,888%’ e n(QJtinéatiods gsistor is

connected to sal irst voltage source. he protection Structure of
cl ai m 21 so#dand fewrth NMEQSdpviasdand said capacitor is connected to said

second vol t agg (sQ&bFSnd ga%agw?e'&ﬁ&tﬁﬁﬁéﬁ@kﬁéfﬁ@#ﬁﬁe&% ﬂtﬁggh%,"@g&er ein the

drain of said third NMOS" device an of sal our devi ce
are connéthagingd¥dPORevicgso. The protection structure of claim21 wherein
the gate of said fourth NMOS device is connected to the gate of said
trigger enhanci ng NMOS device. 15 20 July 2006 31. The protection structure
of clai mP21 wihbe drofestigndstructuse ofskeing A IdwhersinseitiMesondi divide eathode ris an ESD
energy c LR A j d I kSt e source
and sai dbng %%.Jnd_ saﬁéf%%%ﬁ g{/tlhi:rég l\?(?)g r%% g‘ﬁgﬁié@ t(':g)ntg(ra égﬂhgg‘?arrp

bet ween 8h#3id dbird dindauritdosaid /secentt disde canode dadonadatedydo saidricel. digde The

~ protecti ghthsdd sitd ' QicRdensibSHdupd yher ein said second di ode shields said
/O pin from said capacitance of said ESD energy clanp thereby presenting a

| ower capacitance to said I/O pin. 33. A nethod of fornming a | ow

. capaci tapge SeRa eRASMBHh Nitruklufe EEBIaRA ?1 e\ﬁl{'njér%}éssaé& MG LG tiraSHibEd T at e
conprising: creating first and second an evices in series, and third
“and four@fpdes and said substrate and said fourth NMOS source are connected to said

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 said trigger enhancing NMOS
source is connected to said 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 said first voltage source.

28.-  The protection structure of claim 21 wherein the second end of said capacitor
is connected to said second voltage source.

29. The protection structure of claim 21 wherein the drain of said third NMOS
device and the drain of said fourth NMOS device are connected together.

30.  The protection structure of claim 21 wherein the gate of said fourth NMOS
device is connected to the gate of said trigger enhancing NMOS device.
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NMCS devices in series on said substrate wherein said second NMOS device is
connected to a first voltage source and said fourth NNCS device is
connected to a second voltage source; creating first, g@ﬂ&yéﬁﬁath'rd

di odes on said substrate with said second diode connecte sard first
and third NMOS devices; creating a trigger enhanci ng NMOS device on said
substrate connected to said second and said fourth NMOS devi ces; and

creatingzq re?r‘héEthecﬁlBF’ sﬁ@&@fé‘&f%{alrﬁlﬁ%elﬁ%aﬁ%lrﬂ Q3 Acbnd RARSS T €d to

said trigger enhanci ng devi ce od according to claim 33
wher eby - %Y"éﬁst forpargESB ety dame dabyeqrhaaid semicoindigior U@ anidosaid first

char act eggiflgeCsouftie éﬂlﬁsﬁ&‘fﬁlﬁﬁaﬁ@sékl%flﬁﬁm%g%‘iﬂc@%fd?sal dE§| %hérgYemant S

devi ce. 35. The nmethod according to clai wher e

form pafliemprbedusen %W%?Q!E*P?WC&Tﬂ/QcQﬂﬂ@'%ﬁe@OﬁN@ktﬁgerﬂ?thee anode of said

second diode to the cathode of said first diode and said sem conduct or

I/ O, and connecti n(g the cathodes of said second and third diodes to the

sour ces ®% sail B® Pretegtiog siruethre of PRIS2H mhiecsin Saideﬁ%m&diﬁd@tshie@st%dd anodes of

sai d firpd pmtollidid csRifiteldt sBISESBM el & 2006 36.

The net hod pggcor di ng, ?ﬂo claim 33I wher eb;(/a @a‘%%gﬁrl ag r en‘%“ﬁ écelarr%wtey

devi ce feAngsitangerto saiddiq E!"prot ection structure by connecting the source of

said NMOS device and said substrate to said second vol tage source, and

connectin g t he gate of said NMOS device to the first ends of said resistor
ap

and sai d>¢apafimethod of forming: ary Hspasitanse demicanduelai/ ESDwpretestign sai d

resi StOrstﬂjw.lrééﬁfa%db@lfraté%ﬁﬁpnﬁﬁgt of said protection structure by
connectlng t he second sald resistor to a first voltage source,

connecting t heeptingstirskaad secansi and MQPS devices ins serips; iandtthisth @ndffogrdh d
NMOS devices in series on said substrate wherein said second NMOS device is

connected to a first voltage source and said fourth NMOS device is connected to a
second voitage source;

creating first, second and third diodes on said substrate with said second
diode connected to said first and third NMOS devices;

creating a frigger enhancing NMOS device on said substrate connected to
said second and said fourth NMOS devices; and

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

34. . The method according to claim 33 whereby said third diode is formed by the
parasitic junction characteristics of the source to substrate junction of said third
NMOS device.

35.  The method according to claim 33 whereby said diode elements form
part of said protection siructure by connecting the anode of said second diode to the
cathode of said first diode and said semiconductor I/O, and connecting the cathodes
of said second and third diodes to the sources of said first and third NMOS devices,
and connecting the anodes of said first and third diodes to a second voltage source.
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capacitor, and connecting the second end of said capacitor to said second
vol tage source. 38. The nethod according to claim 33 whereby said first
and second NMOS devices formpart of said protection strg&tqrgogi
connecting the drain of said first NMOS device to the dr AU id second
NMOS devi ce and connecting the gate of said first NMOS device and the
source of said second NMOS device to said first voltage source and the

gate of said con vice.to the saurce of said trigger enhancing
RS devi ce. 35, - mhs MeTieAeBRudicl Qe Bl s oash PRGN o
sai d f ouNMONSEe fdens pars of saidppdedtiootrectund hyraneedtingrihelspurce obsaid onnect i ng
the gate ' | rd ice id first v ag

connect i Hgbi@é‘g?%rgnﬁdofs a{sgg/?[@ Sﬁ%ﬁ\érté ﬁﬁk}gﬁ&%hg\)’f"éég%t %O"F%uée S%I%ﬁhﬂﬁ%ﬁg%l d fourth
NMOS deviheagate ofrsagtlMQ$ devicesto uthe dirsd ferslaiofl sdid vesidtor ddd3aidleapacitort.o sai d
second vol tage source, and connecting the gate of said fourth NMOS device

to said gate of said trigger enhancenment NMOS device. 40. The net hod
accor di ng7.t o thaimetig® adeerdityy ta tlainc 88 ndetabyrsaaf resisitat dridr capaeitoat fosecond NMOS

' . | o '
cem conabi 8 &l Gkl B4ELTE BRolfiore e S1cbAE e BB TRBRE P 2.cor ai ng
-t o cl ai nir3Bvallage sbyrceheornreniirer thedinstodndsafi shid teisistbrdo caidf fystr ¢rd dIMERI devi ces
+ forman ERRAN) bATBuleRy (R odo0R LRk IF4ER BBRUEF T 28d sel BRSO 1/ O

and sai d second vo
source.

38. The method according to claim 33 whereby said first and second NMOS
-devices form part of said protection structure by connecting the drain of said first
NMOS device to the drain of said second NMOS device and connecting the gate of
said first NMOS device and the source of said second NMOS device to said first
voltage source and the gate of said second NMOS device to the source of said
trigger enhancing NMOS device.

39.  The method according to claim 33 whereby said third and said fourth NMOS

devices form part of said protection device by connecting the gate of said third

NMOS device to said first voltage source, connecting the drain of said third NMOS
- device to the drain of said fourth NMOS device, connecting the source of said fourth

NMOS device to said second voltage source, and connecting the gate of said fourth
. NMOS device to said gate of said trigger enhancement NMOS device.

40.  The method according to claim 33 whereby the connection of said first and
. -second NMOS devices form an ESD voltage clamp for ESD voltages between said
- semiconductor I/O and said first voltage source.

- 41.  The method according fo claim 33 whereby the connection of said third and

- fourth NMOS devices form an ESD voltage clamp for ESD voltages between said
semiconductor I/O and said second voltage source.
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