.2 3.F E B 2006 ESD PROTECTI ON SYSTEM FOR H GH FREQUENCY APPLI CATI ONS
BACKGROUND OF THE INVENTION 1. Field of the Invention The invention rel ates
~to electrostatic discharge (ESD) protection circuits, and nore r
~particularly to ESD circuits for nultiple power supplles in radio ? &PJ%Q%y
» (RF)- applications. 2 Description of the Related Art Integrated circuits,

" eSpecially silicon integrated circuits (1C, are susceptible to damge

of retatt vET AR O R B R AR PR ORGP 8Os, packaged

| C, inproperly grounded test and assenbly equi pnent, and the device
itself, which may accunul ate charge during storage and transport. To avoid

t hese post-fabrication nust be designed to wthstand
the likely types of enveﬂ‘\@kmljﬁ @E??%Q\ﬂ\é%“yq}ﬂ scharge it may face. The
basi c rmdels used are the Human Body Model (HBM as per FIG 1, Machine

Model and the Charged Device Mddel (CDM. In FIG 1 a schemati c for a

Human Body pe ESD discharge tester is shown to the left of
the dotted NPW’EA é{ﬁ‘éwi‘(%%‘?”capam tor 11 and the 1.5kOhm resistor 12 are

essential to the nodel. The inductance 13 and other capacitances 14 1 2 3
FE B 2006 'Fﬁi‘”fgn%ﬁ"b‘"eﬂf&?%ﬁq eleetrestatiediseharpe (8D} petention TireuiBewnde Under
Test (DUT) 16 is shown to the right of the dotted.line. In evaluation of
t he pF}?ﬁ%B@H'CEﬂgﬁy 57 BBEgiicoits &yrgnelitpletpower supplies in radio frequency (RF)

applications.

2 Description of the Related Art

_ Integrated circuits, especially silicon integrated circuits (IC), are susceptible to
damage caused by electrostatic discharQe_ from environmental sources. Such sources
of relative charge are human beings handling the wafer, die, or packaged IC, improperly
grounded test and assembly equipment, and the device itself, which may accumulate
charge during storage and transport. To avoid thése post-fabrication yield losses, each
iC must be designed to wnthstand the likely types of environmental electrostatic
d:scharge it may face. The basic models used are the Human Body Model (HBM) as

per FiG. 1, Machine Model (MM), and the Charged Device Model (CDiM).

InFIG. 1a schematic for a Human Body Model (HBM) type ESD discharge
tester is shown to the left of the dotted line. The 100pF capacitor 11 and the 1.5kOhm

resistor 12 are essential to the model. The inductance 13 and other capacitances 14
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inventors used the HBMin all of their testing. Special devices are placed
in the layout of the ICto steer the discharge current away fromthe
functional I1C circuitry- The scheme we have used in our inplenentyd Fen 2006
based upon the prior art dual-diode and shunt schene 200 shown in FIG 2.
The di odes 204, 205 connecting the 110 pads 202 to the power. supply rails
206, 207 ﬂgnd the Vss to Vdd di ode 208) along with the power shunt 210,
whi ch ¥hheetsPaReitipslesrents ahibleytester| Shé Devive lratke Tebt @UDSIA is\eBbynr anped
voltage fromVvdd to Vss, provide a | ow inpedance path for current flow
bet wee BRJIRNY the Agtiethire. t Ineevialuaition péter pdpdshE SDRNbLRKSMB) RematROS ti ve
spike froman I/Opad to Vss will cause current to run through a' P+ N-well
di ode DEAA{ASEHdRe HGMin a1t ofithbir tdstingower shunt circuit 210. The 1/0
circuits and core 214 receive their input directly fromthe 1/0 pads. The
resi stances 212 shown in the power supply rails are parasitic resistances
that lead to voltage drops during the current pulse. For the systemto

wor k pr opeSpgciabdeticesaneqricestinehié Rgoel SMRAYC & Q@eﬁ"{ﬁédcﬁ&lﬁgge cﬁﬁﬁgnts hunt)
must drop as little voltage for as high a current as possibte. reover,

the pawaysidm theritinationa?sC Siaig s TRUSENGRe 4RLOUY BN IALLA I ILALRESHRCY.

Therefore, the shunts and di odes nust be we I gne 'BPf i ci ent

as possbhderi upordthERBio? BRGILBRRIBHE Gkt Lid onal cconstraint that
The di ooes 204 08 on tReor et e DuREH e AR BErS T e

T Cquehiy s aaonfedil (3 POTad R IR BohP. e e ame oo

frequency parts can tole ron, "Tl ¢ X
Phe di adess Rl BBy ARAG N PR st Wbk P cragetdroporer o gi ven
ESD cuppsPtailshif the case of a positively ramped voltage from Vdd to Vss, provide a low
tmpedance path for current flow between any two pins when the IC is powered down.
For example, a positive spike from an /O pad to Vss will cause current to run through a
P+/N-well diode 204 and then down through the power shunt circuit 210. The 110

circuits and core 214 receive their input directly from the I/O pads. The resistances 212

shown in the power supply rails are parasitic resistances that lead to voltage drops

during the current pulse.

| For the systgm to work properly, each current steering element (the diodes and
the shunt) must drop as little voltage for as high a current as possible. Moreover, the
parasitic metal resistances must be accounted for and understood. Therefore, the

shunts and diodes must be well designed fo be as efficient as possible.



conpensate for ‘this, the power shunt circuit nust be designed to be very
robust to allow for the greater drop fromthe 1/0O pad di odes 204, 205. The
~ di ode-coupling and shunt schene proposed by the inventors contrasé ﬁ’t—‘@tgb[]ﬁ
t hose by Stackhouse et al. (U S. Patent 5,740,000), Wrley et al. ?U
Patent 5, 654,862), Mloney (U S. Patent 5,530,612), and Gens et al. (U.S.
Patent 5,515 225). The difference is that all of these use a single main
shunt bet weBh Oﬁfﬁb‘tsp‘bi‘/\lé‘frans@%‘l'@al AoBEEiRlibattbasiadest 3 2pdwerths inppt i es
(including the Vdd supplies) via diodes or bridge circuits. The clanp of
t he poReds 2 must prasant vady fitlercapacitive toadingrie tus eignblycBoprrktiodisdhe et al .
(U.S. Patent 5,740,000) in the inplenmentation of the RC tiner. Prior art
power agiount thet loweir freqaemcygiasts cindnlerdiy. M htditioetthial cap@titdhiceRPabeat
5,946,177) and Shay (U .S. Patent 5,508,649) but differ in the

i mpl enprafatablyrbelhiasfndepesdehtt Mhedownvading esyuRenidniakifbs Hat iy dibles power
shunt circuit is superior to the one used by Ker (U S. Patent 5,744, 842)

and St ragsbe cthisd dBahemus raisidg3né EBita206op Jér@g@éﬁ)&é@ﬁ@#érﬁ qfy the
advant age whi ch PMOS devi ces provi de and which will be shown in the body

of thecpmpeased fomueMhePdwePsRBAt dikclit nR?ét%eta%s@%d% Heady r%ggﬂtf‘}%‘ﬂ? but

relating to the present invention, are: U S. Patent 6,091, 59

di scl ogfs$h@RrdRteddrBBdok 125654 4 a punp for inducing turn-on in
MOS or bi po?gr prr Or?%Ctol on dev?ces%td%%@BP%%nt 6,072,682 (Ravanelli et al.)

describes an all NMOS RC-triggered

The diode—coup!ing and shunt scheme proposed by the inventors contrasts with
those by Stackhouse et al. ( U.S. Patent 5,740,000), Worley et al. (U.S. Patent
5,654,862), Maloney (U.S. Patent 5,530,612), and Gens et al. (U.S. Patent 5,515,225).
The difference is that all of these use a single main shunt between two power supply

nodes and couple other power supplies (including the Vdd supplies) via diodes or

bridge circuits.

The clamp of the power shunt circuit differs from the one used'by Stackhouse, et
al. {U.S. Patent 5,740,000) in the implementation of the RC timer. Prior art power
shunt circuits are also shown by Miller et al. (U.S. Patent 5,946,177) and Shay (U.S.

Patent 5,508,649) but differ in the implementation.

The proposed three-inversion RC-timed shunt for the power shunt circuit is

- superior to the one used by Ker (U.S. Patent 5,744,842) and Strauss (U.S. Patent
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source-foll ower shunt. U. S Patent 6,014,298 (Yu) discloses an RC tined
switch to be placed in series between power Vcc and circuit to be
protected. The switch turns off when an ESD is detected to prev%nt

di scharge going through the core circuit. U S. Patent 5,986,861 ¢3 FEB 2006
(Pontaroll o) presents a sinple clanp, with a PMOS final transistor and

NMOS i t rigger by RC. U S Patent 5,6907,464 ( Mal oney et al.)
Nosor | Dbt bREAR G0eYarKhiage hiss PHIOSAS driomEeYidoand wrad: il k@ PVOS
resist er]é enetri (:ti catp??ﬁ; tor -tig‘ constant. U. S. Patent 5,745,323 (English et
al ) t 2AXHEL R Doy of the WorpFed BePiiN-circuit which uses RC-timed PMOS and
NMOS transistors to discharge ESD current to the Vdd and Vss power rails.
U. S. Patent 5,287,241 (Puar) discloses a PMOS final driver triggered and
tinmed by aqd?l\/ﬁ esistor/ NMOS capacitor RC. 4 2 3 F E B 2006 U. S. Patent
5,255, 146 (e § s Bts; i slrgadwwestipnedbugirélsting tithé ptdseatinRentidn, mer s,
f eedback | oop, and NAND gate triggering to detect the rise tine of the ESD,
to in8&re that the ESD is longer than a typical noise. pul se. SUWARY OF
THE INVENTION It is an object of the present invention to steer ESD
currents avwdy- Pﬁéﬁﬁttﬁk@1,$éﬂ16ﬁrﬁ)oﬁwos’.e@aﬁ REuined/riepdsdilitsr Hapgeptmbhi s
circuitry when an ESD is applied between any two pads of the |IC in any
di r ect o inducinggarmeere in MOS0t hipolas pextéction dekickE circuitry. It is.another
obj ect of -the present invention to provide this protection from ESD

U.S. Patent 6,072,682 (Ravanelli et al.) describes an all NMOS RC-triggered

source-follower shunt.

U.S. Patent 6,014,298 (Yu) discloses an RC timed switch to be placed in series
between power Vce and circuit to be protected. The switch turns off when-an ESD is
detected to prevent discharge going through the core circuit.

U.S. Patent 5,986,861 (Pontarolto) ﬁresents a simple clamp, with a PMOS final
transistor and NMOS inverter triggered by RC.

U.S. Patent 5,907,464 ( Maloney et al.) describes a shunt circuit with a PMOS
final driver and timed by a PMOS resistor/generic capacitor time constant.

U.S. Patent 5,745,:‘3_23 (English et al.) teaches an input line protection circuit
which uses RC-timed PMOS and NMOS transistors to discharge ESD current to the

Vdd and Vss power rails.

u.s. Patent75,287_,241 (Puar) discloses a PMOS final driver triggered and timed
by a PMOS resistor/NMOS capacitor RC.



currents to circuits which utilize nmultiple power supply rails for both the
nmore positive, Vdd, and the nore negative, Vss, power supply rail. It is
yet anot her object of the present invention to provide conplete i28F&Bi00B
of - the Vdd busses so that noi se on one Vdd bus does not directly couple to
another vdd bus. It is still another object of the present invention to
provi de thi Si %og?ati onwth | ow capacitive |oading for radio frequency
(RF) syst ens> 53¥M 5235, W6 (fiker) depgibgstan NMES &1l doverositht theepREsent

i nventjion t | | ow operation of the various Vdd busses at any supply

vol tagtén?réq{)ﬂeggadf epcane DN getedtigesringl to deteop dite dsef time étheob$Beto of t he
present invention to provide operation in which the various Vss busses may
di f f erinpiegbeidheitalD isyongentbam adypighlercitieoptdselr op. It is still a further

obj ect of the present invention to provide operation in which the various
Vss busses are at the sane potential and are joined together through the
resistive substrate. These and many ot her objects have been achi eved by,
connecting together Vss b8sBHdABRY @F Tl INFENTDION enentary pol arity di odes
made typically with P+/N-well diodes in an N /P-substrate process; paying
special attention to the 1/0O di odes of high frequency 1/0O pads, such that
no resistance is in the signal path, and that the capacitance per diode is "

kept to | edsis anhuje? @0 tHeeproseianasiaion 20 @ickr @Sthednients BRSY fbnflinade | ayout to
insure that the highest current capacity per fento-Farad of

functional IC circuitry and thus protect this circuitry when an ESD is applied between

any two pads of the IC in any direction, in particular with respect to RF IC circuitry.

It is another object of the present invention to provide this protection from ESD
currents to circuits which utilize multiple power supply rails for both the more positive,

Vdd, and the more negative, Vss, power supply rail.

It is yet another object of the present invention to provide complete isolation of

the Vdd busses so that noise on one Vdd bus does not directly couple to another Vdd

bus.

It is stifi another object of the present invention to provide this isolation with low

capacitive loading for radio frequency (RF) systems.



"I"oadi' ng capacitance is achieved; insuring that the worst case ESD event
will flow at nost between two I/O pads and one power shunt; -insuring that

the power shunt circuit clanps are at a very |low voltage during ?rBhEts@ZBUE
~event; 6 2 3 FEB 2006 providing each pair of power rails its own shunt
circuit thus placing each shunt in physical proximty to the I/O pad it

. i di |/ QO diode |ayout with the |argest
pori et or A2 PP PLONBET IS Preshebiavalpniarotiareratise] ddte vanbsdkant ages
of theb rese?t invention will be readily apparent to one skilled in the
art to l&ﬁleéﬁ PRLSYRRIL ¥eHass Travied 98 oredhPRerpieusal  of the clains, the

appended drawi ngs, and the follow ng detailed description of the preferred
enbodi nents. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic _
di agram of the Human Body Mddel (HBM type ESD discharge tester. Fl G 2is
a circuit diiEgrhmiethes dbisst obiheduesand ipenton tapiosidsinperatior inavtdtinglee pai r
of power rails and multiple 1/O pads of the prior art. FIG 3 is a high
| evel ‘@PE&IMSS dugspamaytiffer jepeteatialRly UESD psioglectiodmdmpheme of the present
invention. FIG 4 is a circuit diagramof a sinple power shunt circuit
according to a first preferred enbodi nent of the present invention.

[t is still a further object of the present invention to provide operation in which the

various Vss busses are at the same potential and are joined together through the

resistive substrate.

These and many other objects have been achieved by:
- connecting together Vss busses by a pair of complementary polarity diodes made
typically with P+/N-well diodes in an N /P-substrate process;
paying special attention to the /O diodes of high frequency |/O pads, such that no
resistance is in the signal path, and that the capacitance per diode is kept to less
than 200 femto-Farads (200x10" F);
épecial diode Iayou't to inéure that the highest current capacity per femto-Farad of
loading capacitance is achieved;
insuring that the worst case ESD event will flow at most between two /0 pads and one
| power shunt;
insuring that the power shunt circuit clamps are at-a very low voltage during an ESD

event;



7 2 3 FEB 2006 i FIG 5 is acircuit diagramof a nore conpl ex power
shunt circuit having a | ower clanping voltage than the circuit of FIG 4
according to a second preferred enbodi nent of the present inventpqnrpgbils 6
is atop view of the layout used for an I/O di ode of the present invention.
FIG 7 is atop viewof a plurality of 1/0O diodes of FIG 6, scaled up by
arrayin che basi ¢ Ifa out. FIG 8 is a graph illustrating the I/0O diode
pai r c%%é{ NGTTE R OTiyvasirais sopeRN it @QuibHh UBHIES PREEERIREMIMENBODI MENT The
general | aycwyt ) o[ the radio frequency &BE) el ectrostatic discharge (ESD)
prot ect i on FHPERt PORIAEl0C tae YRowas it Aiust grotect and tiple 1/0 pads for each
power supply rail pair are assuned, although only one is shown for each
power RGNS 2ul/P dieds layputpyity the larest perireetru/aesaaito pnsfble. 2 and FIG 3
designate the same component. In this invention, nmultiple power supply rail
pairs are connected together through the various Vss busses only, which
are connected together by a pair of conplenentary polarity diodes 340,

al so cal | edihgse andupanyngthet obiests afteadicititaes $8 th3diRsedlAverddh will §8RI N
conpletely isolated so that noise on one Vdd bus does not directly couple

to 8 2readiyagpBeRNOGnarskiiedrin Widaluswhithitse irvehi®Ppt@dlhs Fofm Rbct¥st €M in
whi ch various circuit bl ocks nust

of the claims, the appended drawings, and the following detailed description of the

preferred embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of the Humén Body Model (HBM) type ESD

discharge tester.

FIG. 2 is a circuit diagram of a dual-diode and power rails shunt for a single pair

of power rails and multiple I/O pads of the prior art.

FIG. 3 is a high level circuit diagram of a general RF ESD protection scheme of

the present invention.

FIG. 4 is a circuit diagram of a simple power shunt circuit according to a first

preferred embodiment of the present invention.
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“be well isolated fromone another. Also notice in this systemthat the
various Vdd busses 316, 326, 336 may operate at any supply vol tages
required for circuit operation. This invention is applicable for2 SSPIﬁ%P?@E in
whi ch the various Vss bus voltages do not differ by nore than & singl

di ode drop. In nost cases, all Vss busses will be at the sane potential
and wi |l often be connected together through the resistive substrate, and

they may fi6. bsohairedt diagedry of @ rhaotetddeipiést PoweSsHIR ¥irdl® SRRy alk. In
the case that the wvarious Vss busses ar emshorted t%get@ﬁr@bé;ﬁﬁrr\@al, i.e.

t hergampirjgusitage shargthe crOUNBAFIG/3SadtdfEing 8 s§<¥<§ﬁoe;?e¥3@85erjn€§5im%% ;Nﬁl I To

ESD (even better, actually) while allow-ng the Vd sseS to re

sepasfahe prdsapprebhtsh. of the systemreveal s that an ESD current pul se
between any two 110 pads 312, 322, 332 in any direction will result in at
nost a three di ode and one power shunt voltage drop, plus parasitic voltage
drops due to resistance in the routing (not shown). Simlarly, an ESD

event betpees ifg +d @ﬁpcﬁ al.s a two di gde and one power
shunt vol tage dr opé Wi éh%{agoyg&e?{flo@ﬁr@f@gd? Hfg‘g @Eﬁ%{ﬁé'?‘@@%-terrs 310,
320, and 330 it is well understood that this nunber can vary to suit the
particul ar design. The Vss coupling diodes 340 are typically nmade with

P+/ N- wel I di in.an N-well./ P- trate ocess.” N+/ P-substrate di odes
may be usFefg' ??Segﬁéed]v%g Qgﬁs‘ﬁ@r@“{yoc’ﬁ}éﬁg@gﬁﬁ%?@ﬂ S pealed 49 byAreayéngsubst rate | n
this 8%§§icl;§’;§o%‘t'd°'i solation of the various Vss 9 2 3 F E B 2006 busses

Si rery requirtes that any P+ substrate taps remain far enough apart to

provide resistive isolation through the substrate. The di odes on any high
frequency 110 pads, such as the RF signal pads, require :

FIG. 8 is a graph illustrating the I/O diode pair capacitance vs. pad bias.
DESCRIPTION OF THE PREFERRED EMBODIMENT

The general layout of the radio frequency (RF) electrostatic discharge (ES D)
protection invention 300 is shown in FIG. 3. Muitiple 1/0 pads for each power supply
rail _pair are assumed, although only one is shown for each power supply rail pair in

FIG. 3. The same numerals in FIG. 2 and FIG. 3 designate the same component.

In this invention, multiple power supply rail pairs are connected together through
the various Vss busses only, which are con nected together by a pair of complementary
polarity diodes 340, also called Vss coupling diodes. The Vdd busses 316, 326, 336
remain completely isolated so that noise on one Vdd bus does not directly couple to
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' [ be
ecial attention. In addition to the requirenent that n?C;FF;sLZB;:eVg?y
rspe'fhe siignal path, capacitance nust be nanaged and typ ) or 35 B2t 2006
:n t igally less than 200fF (fF=fento Farad=10-15 Fa_r? ) grati iy
p?\g(/en%/psi gnal |oss through the ESD diodes ?E“tntghgl r(r:"wgheslo raon.
eci [ t nmust be used to insure at tl _ _
(?g(ra(r:;/?lngdizgg:c: ?gogossi bl e per fento-Farad of |oading capacitance is

i i down inevitably causes
achi evedendueutulesTsss ik i GARAGLLANCE doun L nev Labl oL
o ot oo mipbgerant LY D Drggér nt Blquguse t he worst case ESD event
W11 Tl ow botween it 78 HEMRE RS FREDinibk hiom teiore houpamer shunt

' i ESD event. A
mest I a_very |low voltage during an en
T hor aspﬁiP‘*%fﬁ%Bn??;@%@%e%@q#éqnyewﬁfyp@n?gﬁ i ouppli baEy
336/ 337 needs its own powe Lo conduct
gﬁ?rlgﬁz,fofzg/ 3p2)(7),si tive pulse fromVvdd to Vss. The drawback of this is

' temfor
. ilicon area than an optimal ESD sys
it will of ceyse g ©B,1S appiisablerfe img@ichiths bi nt, system
. er syslomntimgbionfthe basorepad aled,shunt,
.”gn{ ?fgf": foéJat ggsg?\gpﬁd%hmt in physical proxim t_ytto theZi/%ig%fEPe- g,
' o o Sta? stngie diowe denps & nmosdt cBEEL | VssQRJ:glE Lhe gt t
o e:c),tzg’g ?,Ofg };i{nngl e pai rétngf power supply rails only, t ;é_zgﬂt ag%Wei:OIO 10
conn mepo dbofien béeonmcied REeBRS tHrh rﬂrﬁ%' rafe, ang .
23FEB20 __|8’f %IH%SE%%TMS the consequences of the E@ﬁ) puif e ge; édi vi ded
supply aal?&r'ﬁﬂfé‘fr : ,

. A e
and con e spihomtuskrial sy ikl 0B09805, . be, B d ol y 10

[ itBe gest
the interface devices where power bus resistances
i npact . Varous Vss busses are shorted together by metal, i.e. there is just a single common

Vss node, the system works just as weli for ESD {(even better, actually) while allowing

the Vdd busses to remain separate. Inspection of the system reveals thét an ESD

current pulse between any two [/0 pads 312, 322, 332 in any direction will result in at

most & three diode and one power shunt voltage drop, plus parasitic voltage drops due

to resistance in the routing (not shown). Similarly, an ESD event between an /O pad
and Vdd or Vss eguals a two diode and one power shunt voltage drop. While FIG. 3

illustrates three Separate systems 310, 320, and 330 jt is well understood that this

number can vary to suit the particular design.

The Vss coupling diodes 340 are typically made with P+/N
N-well/P

-well diodes in an
-substrate process. N+/P-substrate diodes may be used if the Vss busses to

be connected are tied to the substrate. In this case, pseudo-isolation of the various Vss



We now describe the circuit of FIG 3 in greater detail. The general RF ESD
protection circuit 300 conprises three protection circuits 310, 320, and
© 330. The nunber of protection circuits shown is for iIIustnmj(H?gqéﬂ§§%§
only and could be nore or |less than three- Each power supply raift®i 0
connected to a pair of power pads Vddl Nssl (3111319), Vdd21Vss2 (321/329),
Vdd3Nss3 é331/339)._CbupIed between the power rails of each protection
ci r cuiRUSERR MR, feaigs et ey Fiy wbsireiedsrs semakdapemughia@pedyogde, 322,
332, the inputs to the protection circuits, are coupled to the junction of
t hese TEPIEIIA isalagon fhiogtethsrabelated enbodi nent of the present invention the
power rails Vssl, Vss2, and Vss3 are connected directly to each other. In
a second preferred enbodinent these power rails are coupled together via
conplenmentary polarity diodes 340. In the exanple of FIG 3, three sets of

t hese conplldeehtdasyorpaniahigh yreduodeas!/@ipadsr aahi dsetfle RFhsighainiels, Rquire
conpl enentary polarity diodes is determ ned by the conbinatorial function,

e. g. fspetiapatéreioni 0N additionitd thel reguirdme® tBeL So RisistaNE BPBERR Yhe Q%\é}r ity
di odes. Power Shunt Circuit 11 2 3 F E B 2006 The circuits of Fl 4 and

FI G afifi &cdpaditdricethadtiRemaf@f Oty bRally keht QR n)BeN ¢ rﬂ%ll&?\’%ttw‘? ranp on

Vdd is faster than an RC ti nme-constant and gredter than When no

power 20‘efrapf#=lf§1¢.ta Pafbbe1 6 Fﬁéﬂé&) 5&%.%%;%{}{%@%@3%?@%%@%6 2agge

;
occurs), all nodes are at the sane p see that when

a_POSidibdist dufflcl it 8BS0 C BYE S AliodilyolPHEisfhd BsdiPleink GW i FMOS

capacitor ML1. "This vol tage erence - ‘turns on ce al | ows

___.node Ridtesk QLYY Miing WaSeityodsthie per femto-Farad of loading capacitance is

achieved. Nevertheless, scaling the capacitance down inevitably causes current
carrying capability to drop, which implies a larger voltage drop aéross the diode for a
given ESD current. Because the worst case ESD event will flow between two I/0 pads
and the power shunt 210, the power shunt must be designed to clamp at a very low

voltage during an ESD event.

A further aspect of the system is that each pair of power supply rails 316/317,
'326/’327, 336/337 needs its own power shunt circuit 210 to conduct current for a
positive pulse from Vdd to Vss. The drawback of this is that it will of course consume
maore silicon area than an optimal ESD system for non-Vdd-isolated systems. But the
advantage of this separated shunt system is that it places each shunt in physical
proximity to the I/O pads (e.g., 312, 322, 332) it must protect. Because most circuit
components are connebted to a single pair of power supply rails only, the voltage drop

10



- di ode-connected to Vdd and clanps Vdd until node A charges through devices,
MB- MLO. The CMOS inverter driver 430, formed by devices M and M3, has a
trip point skewed high to speed the turn-on of device ML. The sapeg pgpeiml s
in FIG 4 and FIG 5 designate the sane conponent. W now describe the
circuit of FIG 4 in greater detail. Power shunt circuit 210 conprises RC
timer 410 and CMOS inverter driver 430. The RC tinmer is coupled between

vdd, i rail, .ahd Vss, the second power supply rail.
Yoo ERepfdsbnBouhe SUBBIRL L A0 e S o e e R o Ree PPHL: " "Lecond
and t ki P ransi st-or- |1 connected in series, where the source of M
i's com%'gof Ste%/E@‘décfS Or}'sfiﬁ%kg‘ﬁ%@S%F‘r%}”d%,&‘ngrﬁ?”w@reﬁr{’é{ teisupstem.t Spssial. The
drain_gf MO is 9 pled, to node A and to the gate of PMOS transistor M1
(the Fgﬁ?‘ﬂ%fﬁ\?ﬁé P:f’ﬁrPﬁ’%PB‘N)tQ theipteriasgdexican avhgrapawer bl esistancesupl ed t o
Vss. qu ates of PMOS transistors M2 (the fifth PMOS transistor) and M3
(the MHVeNRPEPSIH®PaEor) are coupled to node A The junction of M and
MB fornms node D which is coupled to the gate of output NMOS transistor M
(the second NMOS transistor). The width ratio of M2 to M3 is typically 12 2
3 F EB 2006 4:1. The output transistor ML has a typical width/length

di nensi on Hfe Do deecrds the sirewit of Alfe 3rinigheater dutxil. Tioe gacdrat RAMESSt Or gi ve
the preferred width and | ength of the transistor. However, these

di menBiAeEIoRLircyhBY0 compripes thiee srstedtibnaideits §10, I20Gand 3300Wset he enhanced
version of this type of clanp. It is designed to clanp Vdd to a | ower

vol t aB¥MPRF elryatactien niietits| shogeris ki ilustratios barposd enidtdeaeiid bé s st or ML
is now reduced to typically 6000pm (pnFmicron). The clanp of FIG 5 al so
has t @oless than three. “Each power supply rail is connected to a pair of power pads

- Vdd1/Vss1 (311/319), Vdd2/Vss2 (321/329), Vdd3/Vss3 (331/339). Coupled between
the power rails of each protection circuit are first and second /O diodes 204 and 205.
I/0 pads 312, 322, 332, the inputs to the protection .circuits, are coupled to the junction
of these /0 diodes. In one preferred embodiment of the present invention the power
rails Vss1, Vss2, and Vss3 are connected directly to each other. In a second preferred
embodiment these power rails are coupled together via complementary polarity diodes
340. [n the example of FIG. 3, three sets of these compleméntary poi-arity diodes are
required. The number of éomplementary polarity diodes is determined by the

combinatorial function, e.g. four protection circuits require 6 sets of complementary

polarity diodes.

Power Shunt Circuit
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further inverter stages 510, 520 (devices M6, M/ and M4,, Mb, respectively)
and a further capacitor M2 to enhance the turn-on speed. The RC tiner 410
is identical to that in FIG 4. Device M of CMOS inverter drivgéF 02d0§
made. | arger to provide necessary drive to the larger ML device ri
turn-on. Device ML2 holds node C | ow when a spi ke occurs at Vdd so that the
bootstrap effect of the drain-to-gate capacitance of M is di mnished.
Thus, capacli§ GEcultsiof Blfe 41aRd E1Gn5 Bea tersienvttype deMy2ei o turaasvhdrtha- on.

The inverter 520 fornmed by M4 and Mo is also skewed to preferentially keep
node C/Qig@edamiprin ¥ad BIBstev ran arTRE ime-eohsmnbaf featedniyPMOSNY M,
however, has a normal md-swing trip-point so that during nornal
oper at V\iwen nopaeerds applibdiol the btuit {44/ thdeaseWidn RRsf PSD!RMGYe than the RC
ti me-constant forned by resistance M4 and the capacitance at” node C. W

now deseourd)eall hedey dreuitth@$amk Goténtial BFRAERS, ,‘?\Fheaéée thalwhi€ aSREARE

preferred enbodi nent of the present invention the power shunt” circuit 210

of I utighsshelianass e, obarp, Wod 7y MBS AAEVAS, LGS, 7 o0

earlier. First inverter 510 is couple e(first

pover  gitdinke tarhk bnafillic¥si2 WQ%&%&% B lﬂ@%;}gwr\?acl_ )Sﬂ?l{g: mt S 1nput

connects to node A Its output IS no I's al'so Ynction of M

and Midio@eeonsedtdy &) V&4 aﬁggla'rﬁpsf‘!/:% ljﬂ{itl %d(é%glj";frg%? gfr%qg ydd.and Vss -and

its input.connects to node B. 1ts output is no HEYie%al s0 t he

junot | o0, Mnaldi invhrsh i MRS o by BRI ob i e g, capaci tor

by coupling the drain and source to at e Anected to

node, o ewRLeh B e agaL arm bR it ey L BN fgne 00 o

MB (the first N r sto are al so couple hat the
and FIG. 5 designate the same component.

We now describe the circuit of FIG. 4 in greater detail. Power shunt circuit 210
comprises RC timer 410 and CMOS inverter driver 430. The RC timer is coupled
5etween Vdd, the first power supply rail, and Vss; the second power supply rail. The
RC timer comprises PMOS transistors M8, M9, and M10 (the first, second and third
PMOS transistor) all connected in series, whrere the source of M8 is coupled to Vdd.
The gates of M8, M9, anc.i M10 are coupled to Vss. The drain of M10 is coupled to
node A and to the gate of PMOS transistor M11 (the fourth PMOS transistor). The
source and drain of M11 are coupled to Vss. The gates of PMOS transistors M2 (the
fifth PMOS transistor) and M3 (the first NMOS transistor) are coupled to node A. The
junction of M2 and M3 forms node D which is coupled to the gate of output NMOS

transistor M1 (the second NMOS transistor). The width ratio of M2 to M3 is typically

12



i i | 400pm i-n the enbodi nent
' M in FIG 5 was increased to 800pm from _ _ _
\(,)V:‘d}:IhGOf4. Referring to both FIG 4 and FIG 5, the RCtinmer 410 itself is

i i 0, and ML1. Device -
| usi vel from PMOS devices MB, MD, MLO, _
g?g\e/i S)e(ca | ar gey resistance in a snmall area. PMOS devices M1 an? %EE&H@

used rat her than NMOS devices because they are operated in the

i i i full range
i gvi de a | arge capacitance through the
of “operati ohe O RNeEN Gl s fyeionl aiiarot osictdrost FDURREDE fridhover

i [ d up to Vt.
i O/ to WVt and is thus nore eas[ly boot st rappe
g? gag ﬁgg’%fif’re%’r’nﬁeﬁ 'R 68Ch tiapsisins gitiedtie prefsuet ma%@ﬁ,lef@ﬁ dpft%é; Gca?,r y:J?] Sd
i i he hi ghest curr

the,i/Q pads 312, 322, 332 nust provi de'F . e
capaci 19nFslruRoRetr, Bisacimansonp ossiblyeo sulie B! asdlyproodi ment. of ¢
di ode layout is shown in FIG 6. Still referring to Fl( - yout 60
shown is of an N+l P-substrate diode 205 (second |/0O diode) o][_ cot eet
between 1/ 0O pad (e.g. 312) and Vss. The P+/N-well diode 204 (firs

di ode) is idéhti LwWshe enhancr! conpherens ik Hiddus| g@deﬁgﬁac%nt al square

I
) cl
62 is an N+ diffusion, which fornms the diode junction wt e sub8Prate.

The sUFF SRR voltage Exrpugtf thei rubh Birgéravit henBskas ?Pé%dtﬂ'é?g%%gfﬁ% 6 is set

conplinentary diodes). The width S between the difftusions

Y out e L ho. | argect per et er ) se o ebeaRronBtihS HEIST hea BARRLS | e
ELSY' gffprt%egmgraepgmfagmm, 520 1(@evideteMe NG dhd 12! M8 pectively) and a |
further capacitor M12 to enhance the turn-on speed. The RC timer 410 is identical to

that in FIG. 4. Device M2 of CMOS inverter driver 430 is made larger to provide

necessary drive to the larger M1 device during turn-on.’ Dévice M12 holds node C low

when a spike occurs at Vdd so that the bootstrap effect of the drain-to-gate capacitance
of M2 is diminished. Thus, capacitive voltage division between M2 and M12 initiates
turn-on. The inverter 520 formed by M4 and MS§ s aiso skewed to preferentiaily keep
node C low during an ESD event. The inverter 510 formed by M6 and M7, however,

has a normal mid-swing trip-point so that during normatl operation, noise at Vdd will not

turn the shunt on for longer than the RG time-constant formed by resistance M4 and the

capacitance at node C.

We now describe the circuit of FIG. 5 in greater detail. In the second preferred
embodiment of the present invention the power shunt circuit 210 of FIG. 4 is enhanced
to clamp Vdd to a lower voltage as already stated earlier. First inverter 510 is coupled
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.side .of the square is set by the nunber of contacts 68 needed to pass the
target current. Four contacts 68 are shown by way of illustration. The
actual number used depends on the application. This diode |ayout is
different than the standard finger-type |ayout that uses long, 23 FEB 2006
rectangul ar, mninmumw dth diffusions rather than squares. Wiile a square
configuration of .layout 60 is the preferred enbodi nent for the above

st at ed r shapes such as, but not limted to, a rectangul ar
conf i o een Vi (6Pt Ble? SFRST eithang Vs (§esatfcrawattsiuphlys hithendhiowinESD

.prot ect.i nd capaci t.ance can be scaled by arraying the basic |ayout of

FI G 6&)@%&% 9? r&’é‘% %-t &S QUIPUB{F npcer B ahichyis wigp the juresianialf @16 4fid iy obvi ous to
those gkilled in the art that any other dinmensioned square or. rectangul ar
array PSCUYUAVENETReOdp ﬁlr@!ariwogpédme@@mvaa ahbie/ssidrstitslihPuidiPiecR4d i s
coupled(%g%mien |/ O pad (e.g. 312) and Vdd such that the anode connects to
the 1/8%ad ARPUME icBRdREevhich iwdiso Treguactintiefand ahlieis CAthageness r espond
to the P+‘qiffuslon_and the NPwell, respectively. The P+ diffusion relates
to t he"¥MHIPEMTSdunired 69 agrapRLiGr 1, caapting te: d¥aireiid agee o Vi dth. S rel ates
to the  surrounding riq? 64. Because both di odes 204 and 205 direct current

Cin thed¥aREMIgiip sennesied theodmbdEhe batsher S0008 drank st RAE (RO GG PANSSE S t 0
Vss and the cathode to the 1/0 pad. The cat hode and anode of | drode 205

cor r eSS 2PAM I Qififsk NIQS tramsitd?) arehslss sbgpled ESREES B Nfe tﬂ}%({ger

advantage"of the |/O dual -diode invention is that the capacitance at the

i nput WeHeofdde in BKS. $1@as micresisatiity 8DGLMI fasn uoggﬁqﬁq%gmbgh%erﬁo hows this

rel ati onship. Curve 1 shows the capacitance vs. 1/0 pa Bi a8 ?

P+ N- Wd3t 4di ode, e.g. 204,

or the

Referring to both FIG. 4 and FIG. 9, the RC timer 4i0 itself is made exclusively
from PMOS devices M8, M9, M10. and M11. Devices M8-M10 provide a large
resistance in a small area. PMOS devices M11 énd M12 are used rather than NMOS
devices because they are operated in the accumulation region and provide a large
capacitance through the full range of operation. An NMOS device used in a similar

posttion presents a lower capacitance from 0V to Vit and is thus more easily

bootstrapped up to Vt.

/O Diodes
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Curve 2 shows the capacitance vs. 110 pad bias for the N+l P-substrate
di ode, e.g. 205, and Curve 3, the sumof the Curve 1 and 2, graphs the
response of the diode pair. This is a characteristic of the dualy dERdegs
invention itself, rather than the square |ayout per se. Oher [ayout
geonetry of the dual -di odes would al so exhibit a simlar characteristic.

While the i ion has be rti arly shown and described with

ref erence tg“%@é’%ﬁ*ﬁ%ﬁ%j@%&ﬂ{%ﬁ%s&tqtﬁéa,deqﬂ’ghei[{O wRds 3b2 3420882t ood by

t hose ikled. i the art that various changes in formand details may be
made Wit %B‘f&aﬂe%taﬁw%é FURIYHIREY i GaPRCEBhpE Wil cebacitancemposableon. 16 2 3
FEB 20 d afl ns , 1 A radio frequency (RF)-electrostatic di scharge (ESD)

pr ot ect' 1 SH"ERHED eMBcgimentaf dp dicgg lavaqut i $hown iIQFIGi 6h a plurality of power
supplies, conprising: on a substrate, a dual -nbde shunt system providing a
| ow i npedance path for ESD, said dual -nmode shunt system further conprising
a pair of pgmer supply rails consisting of a first and a second power

suppl y rai | 2ULreiRAiBE (S OpI6, thelayornGihsloewn srofwnt M+Sasubstratessdicamdosai d
second power supply a transient-type power shunt circuit in conmunication
wi th sEEGoRd V6 digdk fenpennestion hatvwerendrO pagiiey. B4R) andsvés] Povvek/rahent
circuit conprising at least an RC tinmer circuit and a CMOS inverter

dri ver dioggi2@4{bise FOstiotn) it identicdl but awvidy RgmpldresmthTRERAISE. PAtddaf an ESD
between said first and said second power supply rail, said power shunt

ci r oui equate §2gaed Neodifiusion aahioh edtntd e W AIRIAMPHeSA AL Stpabover

supply rail is faster than the RC tinme-constant intrinsic to said power

shunt sirauiding o4, af gadthtd) antHehe bhbe eshobske for complimentary diodes).
The width S between the diffusions 62 and 66 is set to minimum to provide lowest
resistance. The N+ diffusion is square to provide the largest Perimeter/Area ratio,
which is shown to provide the best current/capacitance ratio. The length W of each
side of the square is set by the number of contacts 68 needed to pass the target
current. Four contacts 68 are shown by way of illustration. The actual number used
depends on the application. This diode layout is different than the standard finger-type
tayout that uses long, rectangular, minimum width diffusions rather than squares. While
a square configuration of layout 60 is the preferred embodiment for the above stated
reasons, other shapes such as, but not limited to, a rectangular configuration are
possible. FIG. 7 is a layout which shows how ESD protection and capacitance can be
scaled by arraying the basic layout of FIG. 6. FIG. 7 depicts a 4 by 4 array by way of
example. It is obvious to those skilled in the art that any other dimensioned square or

rectangular array is equally feasible.
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‘voltage (Vt) of the PMOS transistors conprising said RCtimer circuit; a
dual - di ode schene, conprising a-serially coupled first and second 1/0

di ode, formed in-between said first and said second power supplyzgig e he
junction of said first and said second I/O diode coupled to an I70 paoP,
said first and said second I/0O diode providing a conductive path for said
ESD, said dual diode schene ensuring that the capacitance at said |I/O pad
i s bias i nddperieliiO tipdeRI0V4ss gnapled bptwssn M (Bl 3621 Afedd Qlicrs@ag first
| /O diode is coupled to said first power supply, and the anode of said
first ItheoandiodeniestetoupbeD pad and thd t4hpadto vad dThe kabds ARy @ ode arr anged
as a P+ diffusion/Nwell diode thusly: where the anode and the cat hode of
sai d ficedhode/crgispeed trotheddpdifidsibo asaitte Riwelli rbipisitiosty amesai gidsug! | |
respectively; 17 23 FEB 2006 where said P+ diffusion of said first 1/0

di ode irelagsrtanbe gentrl sqraret Ghgf 6. 6shapéhe Nt seaofafid$ies eiaestangul ar
shape determ ned by the nunber of contacts needed to pass a target

cur r enUTTRHRGiB] §Rp $4p-Bagafise bpindipdes Be4 ano AP6 idiest amreat mdyeGhnsai d
contacts; where an N-well tap surrounds said P+ diffusion on all four sides
at a did¥eshie the anggrplidhe saeaRd KOGHodmPeb Nonmedts toayssaare! theranmigeid ton each

si de of, sgid |l tap in one or nore rows, and a plurality of said
dual - mt}?feﬁ@rﬂ?ﬁ; w@lﬁ‘s‘faéh%qe ¢ Anedppl Ve didsle 205 cavasppodks theshipplifiusimper abl e at

coup! ot Saatise e ikecond power upply rail. said plurality of said
dual - node
Another advantage of the /O duai-diode invention is that the capacitance at the
input node such as 312 is relatively bias independent. FIG. 8 shows this relationship.
Curve 1 shows the capacitance vs. /O pad bias for the P+/N-well diode, é.g. 204,
Curve 2 shows the capacitance vs. I/O pad bias for the N+/P—substréte diode, e.g. 205,
and Curve 3, the sum of the Curve 1 and 2, graphs the response of the diode pair. This

is a characteristic of the dual-diode invention itself, rather than the square layout per se.

Other layout geometry of the dual-diodes wouid also exhibit a similar characteristic.

While 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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shunt systens capabl e of operating at any voltage of said power supplies,
said first power supplies isolated fromeach other. 2 The circuit of claim
1, wherein said plurality of said dual -node shunt systens is coupl ed

t oget her via said second power supply rails, each of said second 3 [F&Re?ll8
supply rails coupled to another second power supply rail by means of a set
of conplenentary polarity diodes, said conplenentary polarity diodes
isolating said plurality of secondﬁgmggr supply rails fromeach other, to
limt power supply noise cross talk. The circuit of claim2, wherein

t he vol tage between any of said plurality of second power supplies does

not differ by ret : i r T I CAH cl.al e erein
each pair of sg? d po&e@@ﬂ%%‘fgyggQ?Fﬁse?(?%émé?%cr@%fh%g? (\)E\ALSP%BI&H%CI"%# g%%’iﬂégwpomer
shunt ci r cintegated cirdilite (I€)) mithiatpluwélitg bpawet supdiies,@ompdsingt conpl enent ary
polarity diodes are P+/ N-well diodes nmade in an N-well/P-substrate
process. 18 28 FEB 2006 6. The circuit of claim5, wherein said

conpl ement ary poT arshbstramﬁ,:adﬁﬁl—mbee snghm E{Dﬁab@tdezr@faﬂmdgﬁema paﬂhifﬁr second
power supp rail is coppled to sajd substrate of said IC.. 7. The circuit
of claim 1!%Rh%?“éPHglz{E‘afe[ﬁhHH’aerStbe‘!”BB%{sCOH]PES’ESUp| ed via additional first
and second 1/0 diodes to said first and said second power supply rail. 8.

The circuit of claim1, wherein _said power shunt circuit, in one preferred
enbodi ment, conPPPé gkpower supply rails consisting of a first and a second power supply rail;

a power supply in communication with said first and said second power supply

rail;

a transient-type power shunt circuit in communication with said first and said
second power supply rail, said power shunt circuit comprising at least an RC timer circuit
and a CMOS inverter driver, said power shunt circuit providing a fow impedance path for
an ESD between said first and said second power supply rail, said power shunt circuit
designed to turn on when the voltage ramp on said first power supply rail is faster than
the RC time-constant intrinsic to said power shunt circuit, and larger than the threshold

voltage (Vi) of the PMOS transistors comprising said RC timer circuit;

a dual-diode scheme, comprising a serially coupled first and second I/O diode,
formed in-between said first and said second power suppiy rail, the juncticn of said first
and said second /O diode coupled to an I/O pad, said first and said second /O diode
providing a conductive path for said ESD, said dual diode scheme ensuring that the
capacitance at said 1/O pad is bias independent for RF signal inputs, where the cathode
of said first IO diode is coupled to said first power supply, and the anode of said first I/O
diode is coupled to said /O pad, said first I/O diode arranged as a P+ diffusion/N-well
diode thusly:

where the anode and the cathode of said first I/O diode correspond to said P+

diffusion and said N-well, respectively;
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"said RCtinmer circuit, to provide said RC tinme-constant, further
conprising. a first, a second, and a third PMOS transi stor coupled in .
series, the source of said first PMOS transistor coupled to said higsgB 2006

power supply rail, the drain of said third PMOS transistor coupled to a
node A, the gates of said first, said second, and said third PMOS
transi stor coupled to said second power supply rail, said first, said

second, and Saizvﬂerte{gafo%f MiRibh S PA 1 REbsD El a?%pﬁgcf ﬁg& %gﬂﬁﬁ@ﬂ%@e,

thereby creating a large resistance In a snm

t ransi st or thesreagf saidrestangder shagde det@imined bipthechumbes af ebnbetorgdegponer suppl y
rail and hggésnagt iré&(:&%nq_ coupled to said node A said fourth PMOS
transistor "Wred 10 function as a capacitive means, said resistive nmeans
together with said fourth PMOS transistor acting as said RC tine-constant;
said CMOS invertﬁr dr%§§£. fornfg Qy a fifth PNCSftr nsistor and a first
NMOS  transi st of "¥EGRI fiffueer iugher compisesal 2T HeP S8 RBIaEE: said fifth PMOS

transistor is coupled to said first power supply rail and the source of
said first NMOS transistor is coupled to .sai.d second power supply rail,
the junction of WBEEANHE amsgod dérﬁ"i?ﬁp%ﬁﬁﬂn R, A fopr E‘Q?S ahviEePtPsi st or
coupled to a node D, and the gate of said fifth PMOS transistor and said
first NMOS transistor coupled to said node A said CMOS inverter driver
provi di ng dri vehegcerigets o geid Nowelbtapppe ayged og sggheidamisid Nayelitapisr | its
drain and gRUECRoRGURLEMpet ween said first and said second power supply
rail, respectively, and the gate of said second NMOS transistor coupled to
said node D, said second NMOS transistor shunting an ESD from

a plurality of said dual-mode shunt systems, each supplied by its own power
supply operable at any supply voltage, said plurality of said dual-mode shunt systems all
coupled together via said second power supply rail, said plurality of said dual-mode
shunt systems capable of operating at any voliage of said power supplies, said first

power supplies isolated from each other.

2 The circuit of claim 1, wherein said plurality of said dual-mode shunt
systems is coupled together via said second power supply rails, each of said second
power supply rails coupled to another second power supply rail by means of a set of
complementary polarity diodes, said complementary polarity diodes isolating said
plurality of second power supply rails from each other, to limit power supply noise cross

talk.

3. The circuit of claim 2, wherein the voltage between any of said plurality of

second power supplies does not differ by more than one diode drop.

4, The circuit of claim 1, wherein each pair of said power supply rails is

provided with one of said power shunt circuits.

5. The circuit of claim 1, wherein said complementary polarity diodes are

P+/N-well diodes made in an N-well/P-substrate process.
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said first power supply rail to said second power supply rail. 9. The
circuit of claim8, wherein said CMOS inverter driver has its trip point
skewed high to speed the turn-on of said first NMOS transistor by %%g?ﬁébﬁﬁ
a wdth ratio between said fifth PMOS transistor and said first N

transi stor of about 4:1, respectively. 10. The circuit of claima8, wherein
said second NMOS transistor has a w dth/length di nensi on of about :

200000. 35 M T OBS, T PRPARhIEPLYim 8 beholif sfili coMblonhiafl SR uiolfene! n sal d

fourth PMOS transistor ﬁy operating In t%e achnu ation region provides a
| ar ge capabittfasidesirpte didres vdieg saiisener@l oter supply fad is cduplesiiiokaid wobatratee Wt .
12. The CiEf%&JKPf claim8, wherein said power shunt circuit, in another
preferred enbodirient, further conprises: a first inverter coupled between
said first and said second power supply rail, said first inverter

. ! H _ tosal _ . . it oot of i d
A T R e g Bt KR S i
| abel ed nodedifiynasfrsthnd decsid VO \IRIIEE fo $HidNsthritGsai] $sebhBpowrdupii fgl. poi nt; a

second inverter coupled between said first and said second power supply
rail, said second inverter inproving the turn-on speed of said power shunt

circuit, the ingut ofhe GRUR oFESAN WHRVSH tA8 poREIEHRAL dikuitdh SndpdenBd the
out put of said second inverter |abeled node C, the input response of said

second i nvEMPedimeReGRBPHSSSpref erentially keep said node C |ow during an
ESD event; a sixth PMOS transistor having its source and drain coupled to

said second power supply rail and having its gate coupled to said node C,
sai d si xth PMOSsaid Bestimeargireuit , to provide said RC time-constant, further comprising:

a first, a second, and a third PMOS transistor coupled in series, the source of
said first PMOS transistor coupled to said first power supply rail, the drain of said third
PMOS transistor coupled to a node A, the gates of said first, said second, and said third
PMOS transistor coupled fo said second power supply rail, said first, said second, and
said third PMOS transistor acting as a resistive means, thereby creating a large

resistance in a small area;

a fourth PMOS transistor having its source and drain coupled to said second
- power supply rail and having its gate coupled to said node A, said fourth PMOS
transistor wired to function as a capacitive means, said resistive means together with

said fourth PMOS transistor acting as said RC time-constant;

said CMOS inverter driver, formed by a fifth PMOS transistor and a first NMOS
transistor coupled in series, such that the source of said fifth PMOS transistor is coupled
to said first power supply rail and the source of said first NMOS transistor is coupled to
said second power supply rail, the junction of said fifth PMOS transistor and said first
NMOS fransistor coupled to a node D, and the gate of said fifth PMOS transistor and
said first NMOS transistor coupled to said node A, said CMOS inverter driver providing

drive current; and
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20 2 3 F E B 2006 thus wired to function as a capacitive nmeans, said sixth
PMOS transistor together with said fifth PMOS transistor acting as a
capacitive voltage divider; said gate of said CMOS i nverter driver ggLF@BeﬂJUS
to said node C, and an increase in the width of said second NMOS trahsistor
to about 6000 micron, said second NMOS transistor thereby clanping said
first rail to a much lower voltage. 13. The circuit of claim 12, wherein

sai d sixth PMOS,tspaiiNilios tr%)ﬁsi%ﬁﬁt%tcireﬁﬂaﬁ@?oﬁrg@c&@fé:drﬂélhﬁéén%icﬁﬁgiaﬂﬂ

provides a | arge capacitance in the range fromO Volt to the threshold
vol t age Vit Said secorgeporier sUnply raf resrechyela andiher edimokwidisaspad MOy poi nt  of

said first trjaﬁgfﬁ&t&ru Ieﬁ@é%i@ﬁoﬂ@?nsd?@sgcgpdmtrgr?sisg&es%%ﬂﬁng D'ﬂ'Bfﬁse on
I w1 power ~shun

said first power supply rail not turn on sal circuit for
| onger t hamaidfirsReowensspply mait tarsidfsecomtipdywer supmgiadlt i ve conponent of said
second inverter and the total capacitance at node C. 15. The circuit of
claim12, wherein said sixth PMOS transistor, acting as a capacitive
means, hol ds | o nodEheCiminit of eaivos, tvdgecis paid € MRS invsrtertdrisan hhsfitis gt pghatwer

supply rail, thus di m nishi a baqot st ct .caused, by a drain-to-gate
caggc?/t ancgked'fed%g%? ?F?‘fﬁeg%ﬁso"t(ﬁﬁﬂ'giﬁg%wéég?”ﬁg ﬁ‘e&et??l"i‘g 61‘”“@#‘ gty 1,
wherein a detwmess ssid fith PMCStranidster aRdaARINMOS ragsiser dffoliomest parasitic
resistance in said N-well taps. 17. The circuit of claim1, wherein said
rect angul af*SRPE¥¥or said P+ diffusion .has sides of equal length to
achieve the | argest perineter/area ratio for the | argest

current/capacitance ratio. ] )
' 10. The circuit of claim 8, wherein said second NMOS transistor has a

width/length dimension of about 2000/0.35 microns, respectively.

11. The circuit of claim 8, wherein said fourth PMOS transistor by operating in
the accumulation region provides a large capacitance in the range from 0 Volt to the

threshold voltage Vt.

12. The circuit of claim 8, wherein said power shunt circuit, in another

preferred embodiment, further comprises:

a first inverter coupled between said first and said second power supply rail, said
first inverter improving the turn-on speed of said power shunt circuit, the input of said
first inverter coupled to said node A, the output of said first inverter labeled node B, said

first inverter providing a normal mid-swing point;

a second inverter coupled between said first and said second power supply rail,
said second inverter improving the turn-on speed of said power shunt circuit, the input of
said second inverter coupled to said. node B, the output of said second inverter labeled
node C, the input response of said second inverter skewed to preferentially keep said

node C low during an ESD event;

a sixth PMOS transistor having its source and drain coupled to said second

power supply rail and having its gate coupled io said node C, said sixth PMOS transistor
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18. The circuit of claim1, wherein the capacitance of said first 1/0 di ode
is less than 200 fem oF (fentoF=10-15 Farad). 19. The circuit of claiml1,

wherein a plurality of said first 1/O diodes are arranged in a 23FEB 2006
t wo-di nensional array. 21 2 FEB 2006 20. The circuit of claim1, whereln

t he anode of said second I/O diode is coupled to said second power supply,
and the cathode of said second I/O diode is coupled to said 110 pad, said

second |/ ' f i ' b - BBt ' sly:
whore the TaPRaad® AR Roe A S PR AR oy HBB M Y e g
N+ di f fusi eaid it PMQISitransisidysicting @s a capssiive volsigy dividesr e sai d N+ di f f usi on of
sai d secong_;1/ | i k - ) pe, the area of said
rect angul argalé gtgcejdfg%?&“ﬁloﬁérﬁgﬂggﬁwép%%ﬁ[‘)%ﬁ&%%]gléén (a:t%'ts]]aneeded to pass a
target current; where said N+ diffusion further conprises an array of said

contacts; where_a. P-substrate,t of wd rroundgs sai di f fusion on
all four si des;a%WHre\ﬁ,ﬁ%PéL%ghqtiégf%a'4 %%008@@!5/&%%%%'53”3? @%ﬁ%gwlm%r
surround osaidkbcdndINMOS dansistar thefeby elabgiingpdaii firstTail ®ad BucPRWaElstage.r anged on

~each side in one or nore rows. 21. The circuit of claim 20, wherein a
dinmension Sis set to a mnimumto produce the |owest parasitic resistance

in said P-substyate tTipsrcuRdf cidifel1 L whekdirt s sisthdNDS Gandkier 8 dbeSating in
rectangul ar area for said N+ diffusion . ]
the accumulation region provides a large capacitance in the range from 0 Volt to the

threshold voltage Vi.

14, The circuit of claim 12, wherein said mid-swing point of said first inverter
insures when no ESD event is present, that noise on said first power supply rail will not
turn on said power shunt circuit for longer than an RC time-constant formed by a

resistive component of said second inverter and the total capacitance at node C.

15. The circuit of claim 12, wherein said sixth PMOS transistor, acting as a
capacitive means, holds low node C when a voltage spike occurs at said first power
supply rail, thus diminishing a bootstrap effect caused by a drain-to-gate capacitance of
said fifth PMOS transistor.

16. The circuit of claim 1, wherein a dimension S is set to a minimum to

produc_e the lowest parasitic resistance in said N-well taps.

17. The circuit of claim 1, wherein said rectangular area for said P+ diffusion
has sides of equal length to achieve the largest perimeter/area ratio for the largest

current/capacitance ratio.

18. The circuit of claim 1, wherein the capacitance of said first /O diode is
less than 200 femtoF (femtoF=10" Farad).

19. The circuit of claim 1, wherein a plurality of said first I/O diodes are

arranged in a two-dimensional array.

21



has sides of equal length to achieve the |argest perineter/area ratio for
the largest current/capacitance ratio. 23. The circuit of claim 20,
wherein the capacitance of said second I/O diode is less than 200#%‘?'{?0506
(fent oF=10-'5 Farad) 24. The circuit of claim 20, wherein a plural f
said second |1/O diodes are arranged in a two-dinensional array. 22 23 FEB
2006 25. A radio frequency (RF) electrostatic discharge (ESD) protection

circuit for inpggr aTI‘f'é'chHuft%F'&lél% {,\Wnrhh tH2 RoBé BF &lid $a6oRd I/@qmﬁfe ]§upp| i es,
conprising: on a substrate, a dual -node shunt system provid a |l ow

i npedance Swmﬁq’élﬁaéﬁgw%ﬁ’wﬂ@u@ﬂ’%rﬁfid@%@ﬂ!ﬂﬁdeﬁ%'@ﬁﬁﬁm'&ﬁlo ®ipri sing a
pair of poygy @d&egb?e tfc?héc? sGRARhSHd wwdfaaeaﬁaﬁde% s%q\lﬁdlﬁn%&ﬂﬁ- a8 esupp' y

rail; a po supply conmuni cation Wt rst and sai d second
power suppHipde #iusly: a transi ent-type power shunt circuit in communication
with said first and said second power supply rail, said power shunt
circuit conprising tinmer and driver circuits, said power shunt circuit
providing a | omwherp&h@catbocteearid th@anate dSEdBetoveldrO diate chrirespbnd trghidsai d

second po rail 0 nt circuit designed to turn on when
the vol t\gg' &Eﬁ%nﬁqdfﬁpda ?&Pg’?g WB‘?“@}SM y rail is faster than the RC
time-constant; intrinsic to said power shunt circuit, and |arger than the

t hreshol d voltae tran tors; conprising said tiner
circuit; a firsthg &agﬁi "ie@'&ﬂﬁoq? !ﬂ%?&@"‘?kﬁ%ﬁé’ﬂ’e ishaF9Re dha eglanopier st and

sai d seconghape, the area of said rectangular shape determined by the number of contacts needed

to pass a target current;
where said N+ diffusion further comprises an array of said contacts;

where a P-substrate tap of width S surrounds said N+ diffusion on all four sides;

and

where contacts for each of said I/0O pads further surround on all four sides said P-

substrate tap, said contacts arranged on each side in one or more rows.

21. The circuit of claim 20, wherein a dimension S is set to a minimum to

produce the lowest parasitic resistance in said P-substrate taps.
22. The circuit of claim 20, wherein said rectangular area for said N+ diffusion
. has sides of equal length to achieve the largest perimeter/area ratio for the largest

current/capacitance ratio.

23. The circuit of claim 20, wherein the capacitance of said second [/O diode

is less than 200 femtoF (femtoF=10""° Farad)

24. The circuit of claim 20, wherein a plurality of said second I/O diodes are

arranged in a two-dimensional array.
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power supply rail, the junction of said first and said second I/O di ode
coupled to'an I/O pad, said first and said second |I/0O di ode providing a
conductive path for said ESD, where the cathode of said first |/©3dHEBIe0ss
coupled to said first power supply, and the anode of said first I/O diode
is coupled to said I/O pad, said first 1/O diode arranged as a P+

‘di ffusion/ N-wel |l diode thusly: where the anode and the cathode of said

first 1/0 di odeygor rﬁ%’cﬂ@ﬂ‘e&&n@? F@z)%fectrgétfaflé‘&h‘fqﬁr st Sj{%'pglté\% W& Lireuit for

respectively; where said P+ usion of said e is arranged
in a rect aﬁﬁ@ﬂfaﬁed%@tﬂé(l@wb aghality pf praved sprdiearrgaipaeinghape det er m ned by

the, nunber offa £AHAETRRAAAD ohh sDASH Aol AOElouEEeBRcs JIFLPERR! St

di ffusion Purt rises an arr sal d” conta

where an Nduékmoctembwstﬂylsmmsthsrauompﬁ&mgl ffusion on all four sides at a

di stance S; where contacts of said Nwell tap are arranged on each side of
said NNwell tap in one or nore rows; and a plurality of said dual - nbde
shunt syst ens, e@ahofspquﬂrisepblb;ailistensh%ingpf)uvﬁrstaﬁdj@péqondrpﬁwabd;@partraany

supply vol tage, _said of, sai d de sh tens all coupled
Cobat her vi a_saP #ouBE iRy So st SRty i R Pl Reopad e sl
dual - node rghunt systens capabl e of operating at any voltage of said power

supplies, said first power supplies isolated fromeach other. 26. The
circuit of claim?25, wherein said plurality of said dual - node shunt

sysgI ens | SdCOUpb%n&@lﬁiﬁEw’tﬁﬁoWQr 3h§RIcRoaR eAmR AR orSMBRaY £r8i dridysakpch of
sal d secon
second power supply rail, said power shunt circuit comprising timer and driver circuits,

said power shunt circuit providing a low impedance path for an ESD between said first
and said second power supply rail, said power shunt circuit designed to turn on when the
voltage ramp on said first power supply rail is faster than the RC time-constant; intrinsic
to said power shunt circuit, and larger than the threshold voltage (Vt) of the PMOS

transistors; comprising said timer circuit;

a first and a second I/O diode formed in-between said first and said second
power supply rail, the junction of said first and said second I/O diode coupled to an /O
pad, said first and said second I/O diode providing a conductive path for said ESD,
where the cathode of said first I/O diode is coupled to said first power supply, and the
anode of said first I/O diode is coupled to said I/O pad, said first /O diode arranged as a

P+ diffusion/N-well diode thusly:

where the anode and the cathode of said first 1/O diode correspond to said P+

diffusion and said N-well, respectively;
where said P+ diffusion of said first I/O diode is arranged in a rectangular shape,
the area of said rectangular shape determined by the number of contacis needed to

pass a target current;

where said P+ diffusion further comprises an array of said contacts;
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power supply rails coupled to another second power supply rail by means of
a set of conplenentary polarity diodes, said conplenentary polarity diodes
isolating said plurality of second power supply rails from each o%aﬁg‘ tﬁ
limt power supply noise cross talk. 27. The circuit of claim 26, ﬁ@i 08
t he vol tage between any of said plurality of second power supplies does

not differ by nore than one diode drop. 28. The circuit of claim 25,

wher ei n each paihefandindil RRRIroS R Paulﬁﬁs.bﬁ on Bl Q) 988s ¥ 4 MsBh& §f said
power shunt circuits. 29. The circuit of claim?25, wherein sad

conpl ementary polarity diodes are P+/ Nwell diodes made in an

N-wel | / P-substr gqrérleoﬂfégt%%f s N- \]J_Qlﬁﬁﬁ' &Hr'r%&%ﬁ o?il ggof %a}gf\l%é?l %&second

conpl enentary polarity diodes are rate n sa

power supplope painpreirowg;candl ed to said substrate of sald IC. 31. The circuit
of claim 25, wherein additional I/O pads are coupled via additional first
and second |/O diodes to. said first and said second power supply rail. 24
2a FEB 2006, 32a plinaitcofrsaid duabiodé ahumt 2pstemblesaeh buigdied by tisvewn pbwat circuit

conpri ses sal tiner circuit in conmunication w.t ai river circuit
Sorn 4 ey Sl oferSe abaapby O TP R o bRt st Stsist S s
swi t chi ng da‘vpiéﬁé&g@tﬁupsh@ﬁblbeémmﬂ)o%r gbpfplyrraﬂ saiifursiay 6f SReapdinpaser supply
rail. 33. T e circuit of cla n the anode of said second /0O

diode is CEBUBSEISTS a0l %@ea%&%a&m Vghi’ﬁﬂ §f salgrRewengunPliehal bt sai d
second 1/ 0 pgiv@dRippkes isolated from each other.

26. The circuit of claim 25, wherein said plurality of said dual-mode shunt
systems is coupled together via said second power supply rails, each of said second
power supply rails coupled to another second power supply rail by means of a set of
complementary polarity diodes, said complementary polarity diodes isolating said
plurality of second power supply rails from each other, to limit power supply noise cross
talk.

27. The circuit of claim 26, wherein the voltage between any of said plurality

of second power supplies does not differ by more than one diode drop.

28. The circuit of claim 25, wherein each pair of said power supply rails is

provided with one of said power shunt circuits.

29. The circuit of claim 25, wherein said complementary polarity diodes are

P+/N-well diodes made in an N-well/P-substrate process.

30. The circuit of claim 29, wherein said compiementary polarity diodes are
N+/P-substrate diodes when said second power supply rail is coupled to said substrate
~of said IC.

31. The circuit of claim 25, wherein additional I/O pads are coupled via

additional first and second I/O diodes to said first and said second power supply rail.
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coupled to said I1/0O pad, said second I/O di ode arranged as an N+

di ffusi on/ P-substrate diode thusly: where the cathode and the anode of
said second I/O diode correspond to said N+ diffusion and said 9.3 EEB 2006
P-substrate, respectively; where said N+ diffusion of said second 'I/OEdi ode
Is arranged in a rectangular shape, the area of said rectangul ar shape
determ ned by the nunber of contacts needed to pass a target current;

where sai d N+ dighf usirR@cifdiftloNEBint 28TVHeERS sad pawvéradhuff ciredit Sorfidedghig; Where
a P-substrate tap of width S surrounds said N+ diffusion on all four sides;

and where CBWE SEE 1 spmBgRiFRlion wWailisaid Iriveiargdit saidtimer a8d Arvislcd’ al | four
sides said ugﬁgir@m&hf&ﬁ& deficontiBblr GRDS P&itthing BANGRTAP8 Beliveth dSidifRstone or

nore rows.
and said second power supply rail.

33. The circuit of claim 25, wherein the anode of said second I/O diode is
coupled to said second power supply, and the cathode of said second I/O diode is
-coupled to said I/O pad, said second I/O diode arranged as an N+ diffusion/P-substrate

diode thusly:

where the cathode and the anode of said second /O diode correspond to said

N+ diffusion and said P-substrate, respectively;

where said N+ diffusion of said second I/O diode is arranged in a rectangular
shape, the area of said rectanguiar shape determined by the number of contacis needed
to pass a target current;

where said N+ diffusion further comprises an array of said contacts;

where a P-substrate tap of width S surrounds said N+ diffusion on all four sides;

and

where contacts for each of said I/O pads further surround on all four sides said P-

substrate tap, said contacts arranged on each side in one or more rows.
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