;e3e. N . K@T: S]: 13 July 2004 A-LOW VOLTAGE CONTROLLABLE TRANSI ENT TRI GGER
NETWORK FOR ESD PROTECTI ON BACKGROUND OF THE I NVENTION 1. Field of the

I nvention The invention relates to an integrated el ectrostatic di scharge
(ESD) protection circuit, and nore particularly to a |ow voltage trigger
circuit utilizing parasitic device's for protecting fromESD. 2.
Description of the Related Art The protection of-integrat 'ed1§.iJJl§?6€E4s from
el ectrostatic discharge (ESD) is.a subject which has received a ot of
attention fromcircuit. designers because of the serious damage that ESD

-can wreak as 2ddvavt &TQliTRIE | CONTHSELARCH GRS 5, 1 L.el d and '
i nventors have proposed nmany sol utﬂm%gd@tﬁvfd’ﬁ’l n"}#%@gwww bl em of
| a

protecting sub-mcron devices while stil ow ng themto function

- unencunbered and wi t hout undue, -or zero, increase of silicon real estate.

The scaling dowmn of CMOS technology into the deep subm.cron area of .25

m cron and bel ow has greatléﬁdegraded t he robustness of the CMOS-integrated
circuits SIQ. 1 r. 13 JBAGKIBOVNP OBnTHEt LNWENTESR design typically
consists of a two stage network, ‘the first network conprising di odes, n- or
p- channel transistors (NMOS or PMOS), and the second network conpri sing
silicon contri)l_leff_diéegté%igﬁs {[SCRS . The first stage should have the
characteristics of fast transi t*¥FRe*PRurn on) and low trigger voltage

Because SC3s fjQyeigv. n_and require a relatively hick trigger
vol tage, the first s?%%%G%SL%g%g%ﬁ FR BRdJeRteETREEdi gbeatsostasdtul ESD

prot ect iddscHiwge (BSopPehE of.the.first stage becones inportant.
Past transit iatﬁ% | ow tf?%ggégggfﬁggélﬁ?%l heaﬂ‘éymEF?tEP‘F'éh.CuT?pﬂ-yato‘ a

circui tslof voktagd at t a W | s ..1-and_2 and wil.k be

di scussed next. Tur niﬁgb%%w tféflgié%em?t,:i%é%%wpﬁga?ﬁﬁﬁ‘? BaYiFesofnect ed via
resi st orBroeeptn®2Etami BSBrnal circuit 2. A p-cbann.el transistor |11 is
connect ed between voltage supply 18 (\Vvdd) and. the junction of resistors Rl
and R2. A second p-channel transistor 12 is connected between voltage
supply 18 and, Point B, the input to internal circuit 2. The gates of both
transi stors 14 atfIS-IRELeR c@if t the Rehmesdumpty 18. An n- chancel '
transi stor '13rﬂeiéloégwcted bet ween the junction of resistors 317./R2 and
vol tage supplV 1%~ FTTE190i Car iyt evrarred aiseebns fron2eDebrEbapsksLor is
connect AE50 - it X and_voltage supply 19. The gates of n-channel

t ransi s'%i&%3 andt:%?ézi:l?’arjgag a?‘s%mﬁ%‘agt‘ﬂ“d@t%@% zeppivedda Ioansgstors 11 to

14 functdmem@ﬁoﬂg&nsé%i@e&ésﬂ%eegsaﬂe tied to their source.. 2 _r

13 July 2004 ecause of the serious damage

that ESD can wreak as device dimensions are reduced. - Workers in

the field and _linventors have broposed many solutions, many trying

to solve the problem of protecting su.b-mit_:ron devices while still
allowing them to function unencumbered and without undue,-or
4

zero, ‘increase of silicon real estate. The scaling down of CMOS

technology into the deep submicron area of .25 micron and below
has grsiatly degradec{ the robustness of the CMOS - integrated

circuits <¢ICQ).
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to Point X. The circuit between input pad 1 and internal circuit 2 protects
internal circuit 2 fromESD pulses in the followng way. If the=a is a
positive signal at input Fad 1, Which is about 0.6 Volt higher than 'Vdd,
then transistors 11 and 12 turn on, and current w | be di scharged through
themto Vdd. If there is a negative signal at input pad 1, %@5&“26& about
0.6 Volt | ower than ground, then transistors 13 and 14 turn on,yan current
wi |l be discharged through themto ground. The current through R2 W11
rai se or | oweg tBgaveateRhial ' X Whiis il s r either SCR

A P ERh A noeiritk, CohRLaR oE 5 oo

network 15 or 16 to further discharg t -an .
the int efigwdbothkf Cthe Zirfur RERYcRRWmEh Gind. d%dég(?""n@nog.n%litch%?&e]l
i 0de string 21

" connected via resistor RL and R2 to internal "circuit 2. A

of two disstesissorsniEMOSdoretre) ,valnkiagtes gpRbialfetWadk %'&%gtﬂ%ﬂn#nc“ on
of resistors RL and R2. A second diode string 22 is connected Detwee

vol t age sipptgnigonhaokdedt rectiilid enspUISCRS)i.Nt ghealFigktCdirthgd shHiig

cat hodes of diode strings 21 and 22 are connected to vol tage supply 18, and
t he anodezvertheoRhesregerdstiast indr fast dfransiistdmeR tuSnTidmr lana adwhi rd
diode string 23 is_connected between the junction of ‘resistors Rl/R2 and
vol t age STHFFS® 19°LVAGR, t PEICCMISEy S§ReuREVeand sdoienr thati ote astdr imgniads3 1
13 July 2004 is_._c‘ggnei;ltegl et.ween Point X and vol tage supply 19. The

cat hodes™ of 2t otié=s¥r i 1S X @SCon b6t EdTE6 Stalgsr iendiesidadesirst or

R2, and jhe anode 0.ti t o vol.t supply 19. Two SCRs 15 and 16 are
connect e%’"h“b%‘t %‘éngf/%ggg%d ansgl%ct Y& %ﬁ PERS SE¢dtt0 BEUs. Xbhe- The

circuit MEER L ARUL sPRG el i rnal circuit 2 protects _internal
circuit éz)ée% rom pocgigt ibse%%ng%t%%sFesgta i #ﬁﬁo&%gd FPCACANS i FRSthdFaRsit
descri beghd of o &ridaekf vbhemed j td J; . at input pad 1, which
i s about 1.c21c</o|t ('Eéa/o di odgaL ﬁo%_g)% hig édra\ﬁ)fﬁ?%q%gj ,O 'hen di ode strings 22
and 22 become forward biased, and current will be discharged through them
to Vdd. A negative signal at input pad 1 about 1.2 Volt |ower than ground
turns on di odEypichgei2Budnd 2f aimd wmel=d \bidt ahe GheRRANHGe ﬁf@fso_ug_h m
to ground. The response of Point X and SCRs |5 and 16 is identical to the
descri pt3 @nrd oriF Greldisrusgiesaheatt.agdBumiinghecsi LaUIFTE .0f1 FheS.shbwing 2
are that, the di scharge capabilities of transistors 11 to 14 and di odes 21
to 24 ar‘é-‘-Fi‘ﬁﬁRae%.ll %OB'PEEF% Vil FERSEHARS &dr Badt Reaabiilntdmal keigsouit
- conponeny s uld have to _be rmade | arger, which also increases their _
par asi ti@(-:' c at-%:'icr%?i%ﬁgﬁ'. 5‘Fﬁdﬁ§&ﬁjéﬂt 1%F STREESH bafsieen exgidiags shpply

18 (V3q) and the junction of resistors Rl and R2. 2 second
P-chamnel transistor 12 is connected between voltage supply 18
-and Point X, the input to internal circuit 2.- The gates of both |
‘transistors 11 and 12 are tied to voltagé supply 18. an
N-channel txansistor 13 is connected bétween the junction of
resistors R1/R2 and voltage supply 19, V.., typically ground. A
secqu n-cl;énnel. transistor is connected between Point X and
voeltage stopply 19. The gat;s of n-channél tfansistors 13 and 14
are also tied to voltage supply 19. Transistors 11 to 14 | |

f\;nct‘ion 2s diodes sin_ce their gates are tied to their sourée.
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integrated circuits are: U S. Patent 5,917,336.(Snmth et al.) teaches an
el ectrostatic discharge (ESD) circuit that provides robust protection to J
~ an input/output driver circuit. ;The discharge path is provided br a

bi pol ar transistor. A conbination cf an n-type MOSFET, a st=ing of diodes,
and a biasing circuit trigger the bipolar device. The triggﬁgdﬁohaﬁ of- the
MOSFET i s programrabl e by varying the nunber of individual dio 13 ‘% t he
string of diodes. The relatively high transconductance of the n-type MOSFET

all ows thgousenofi18 sqmlier D.Gi LL of i ven de of _pratection
U S. Patent 5 530,612 (N8l oﬁgé) cfhhgttha Bbeflody f@[%ﬁﬁ'ﬁ'ﬁ’E§%Eﬂ1rot ection

devi ce. FhecHioss neiy@rkoi Soiigedyxt o augnent the diode string to. distribute
~small but significant foxrorard current to the diodes. Al so enployed is the
use of cantil ever diodes, Wich provide PNP .Darlington gain block for ESD
protection. Al so described is a termnation that supplies final base
current to thEhgathrthdekbéoweanl iapthedpadountndf it 88na$0c4 bat;sHSD char ge
can be shunted harm essly through. the PNP chain) but assures that the
struct ur Brar@@ass nbneernaht ciromia St fivbe, EeDepussepl ynl eng EBlLFowidgSwa
Patent 5,631,793 (Ker et al.) illustrates a capacitor-couple electréstatic
di scharge (ESEf pi8facifod BPFéuivef sLopadt eCt inguancadt &) nahiehr a4 bbour
and/ or aﬁ QuﬁgftTﬁ'f 13 Jul% 2004 buffer of an IC from bei ng danaged by
an ESD clr PefPtt THeIREPatReBr YeoupFeetStraret et il kiamnsli12 i metndes, aan&SD

bypass. deyi of.. SSi.h he ESD current, a capacitor-couple circuit for
cggplingsékgg?%i%ﬁP%PgsoP?gﬁéaFg §%E§59Fy§§§§ HSVV@E: akiEl gﬂ%ﬁ@ehﬁial .
| evelin Lece. fQE LDO. gD_rcl.tage.trans;:utted fcr t~. e internal
crycu:tgﬁggétﬁgﬁl%%?é%?P%PQFQ@BEQPPP &Ho%ﬁ&c%elgoﬁgﬁthﬁtsngﬁétoﬂzﬂﬁg

above- ci tgdnexe S h | rt,<C [ he_| ow_tri gger vol tage
and fast trgngr?ﬁ%ﬁérg%?%rﬁg??gggg r% Fﬁrgggsgggghﬁ%tﬁﬂrkaaﬁlq Gz

di odes ape WDSchha2gsistREFsuMht ikl e Hopaiar 9ensapali-bibl €3, paRasi tic
“bi pol ar transi storg (SCRs)- #1 th%}nstgggr#c%&a\ﬂor Ehgnga%?le%ltﬁe%%v?}l@%\/i e
count. Twelpr ehéseedrelbedrnehie @bthh&i@ﬂeagn@oﬁﬁﬁeﬁthﬁ&cﬁ?%@ﬂgggi? er
subsequenqlﬁ provi des all of these inportant features. SUMVARY §E

| NVENT| ORFfiers SGR- BBFWOrkofl.St iee [L6e sentfurmhent deschargeovhee chrddrtUidng
whi ch protects an internal circuit of an integrated circuit (I1C) fromthe
damagi ngtBeFeérEeef PEPEREFo SRS iat@irseiargacuit-BSn) 6 Y | Y. f

Turning noﬁ to FIG. 2, we show an -input pad 1 connected via
resistor R1 and R2 to internal ci;cuit 2. A diode string.21 of
two diodes is connecﬁed between voltége supply 18 (Vad) and the

junction of resistors Rl and R2. A second dicde string 22 is
connected between voltage supply 18 and Point'x, the input to
-internmal circuit 2. The cathodes of diode sﬁrings 21 and 22 are
Connected to voltage supply 18, ;nd.the'anodes are connected to
either end of resistor R2. siﬁilarly, a third diode string 23 is
connected between the junction of resistors Rl/iz and voltage
supply 19 (Vg4) . typically ground, and a fourth diode string 24
3
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13 July 2004 Anot her,-object of the present invention.is to provide one type
of circuit with a fast turn on.tine to ESD and a |ow trigger voltage, and
anot her circuit which is capable of shunting high ESD currents safely. A
-further cbject of t'~e present invention is to provide a protection circuit
of low device count. ' , ...r These objects have been achi eved by providing
two Zener diodes in series connected between the iagut pad ﬂfﬂ“t 4jnternal
circuit and one or nore CMOS transistor strings connected be weef

positive voltage supply and a negative voltage supply, where the junction

of the'PMQﬁd%Hgég@%§t jstqrs is gied to the above nentioned interna
circuit. The Zener di g‘res %%}/gg?%q Pécaé’t%ovd%]stﬁ‘?fﬁj%b‘?ﬁam&%g oriee drdodes
go into kyreasaun JAde; Se t he input d exceeds_the
" breakdown voltage, t hugg?}uﬁhé%%gégcn%%%‘#? ee%%ﬁ’bu? .9%Resi stive
means ar egwigdrelred wdd die Hiodes sird ng, tey Y QU signal _path at
nonESD vol t ages. Negative BSD pul ses é%tgglﬁﬁﬁgéﬁ%édf?gﬁ§$§t%H%Ef% +Urn on
dunpi ng the BSR=eN gihd N 4He JBHE RS S tROE S y, while .
positive ESD pul ses cause the NMOS transistors to.@g¥ﬁéﬁpg%?’dgﬁ%%ﬁg the
ESD ener gyariatticnshe: it econe@yaiitvex vol t age supply. |ncreased-~curr€nt:"t hr ough
the resistive means increases ..r the. voltage across the parasitic SCRs of
the- internal circuit, 7 r. 13 July 2004 thereby triggering themto .
function as ESD protection by dunping the bulk of the ESD current: BRI EF -
DESCRI PTI ON OFPFHE IrMiNGS Ffeen Tinput pad cliandli agremmaf ¢hecpiéos art.
FIG-2is another circuit diagramof the prior art. FIG 3 is a circuit
di agr am &t~ $H¥ Pt eFErTER ot Heht2 cfr M pidsie EfVeptloas DESGRMT| S
OF THE PRERERS R H II_I\/ENT Referri ng%élow to FIG 3, we show a- schenati c -of
a preferred enrbodr of2%h 3 HIFTOHRRT Lo SEHar gb- (EBD) theveetsian

circuit i jntegr circuj-t (10, according to the present
i nvent i o?f%aér??ﬁﬁ ﬁ%l a owé‘grr téi%‘gwtbn‘él?%%lf‘ ab¥ cPPRhst eht VO E gffewo
netmork.dﬂﬁaéndfaﬁg)(ﬁiéﬂé} éﬁéﬁmﬁﬁﬁe%h%%f@%éd%Mgtrings 21 and 22 become

forward biased, and current will be discharged thrﬁugh them to

\J

i

Vagq- A negative signal at input pad 1 about 1.2 Volt lower than
ground turns on diode strings 23 and 24 and current will be
" discharge throggh them to ground. The fespcnse of Point X and

SCRs 15 and 16 is identical to the description for FIG. 1.

The disadvantages of the circuits of FIGs. 1 and 2 are t:hat

the discharge capabilities of tranéist_.ors 11l to 14 and d:.odes ;1

tc 24 are 1imitgd. In order to increase the current capabilities
__ " these components would have to be made larger, which also

increas_es their parasitic capacitances and consequently slows

down their response.



Zl and Z2 are Zener di odes which have a | ow breakdown (trigger) voltage. If

the input signal is high enough (positive) Zener. diode Z2 wll break down
first followed by n-channel transistors 33 and 34 turning on. Once turned
on, current will discharge to ground through resistor R4 and transistors

33, 34, thereby protecting the Zener diodes. If the input signal is low 8
13 July 2004 enough (negative), Zener diode Z1 will break d%l%@?

foll owed by p-channel transistors 31 and 32 turning on. Again, t hey
are turned on, current will discharge to Vdd through resistor R3 and

transi stors 31,5 3ZRapsmieckhnght be1feretodindesunBesause QEDC.FB%EEE 83%"“ ng
through R3 or R4, the potential at Point X will change and trigger § 15
and 16, femsinked¥rred ocinomeitsnaae:ESD protection devices. In FIG 3 the
“electrostatic discharge (ESD) protection circuit 30 is installed between an
i nput patl 9- BndPaFeRnt 2rHidl . 8BFcUBmikhoktt ke . ) Creantesnahudes ct reaichage
limting circyit 35 and a voltage clanp 36. SCRs 15 and 16 of SCR section
37, are parasttTTRfed® cE8SB} ehscuAtethal proviides2rabisar pridueatiavoitdabl e
byproduct “of the,|C device |layout. The function of circuits 35 and 36 is to
both trigger %&:R’snli%tZﬂ‘dtﬁﬁta%ralf’SrpFéﬁéﬁtltt-héﬁ?‘lf—‘r gischesigenpanh isn Fl GS.
1to 3.1like PRLLS4 i@r,g ,]I'E%ent %f.i ed _by |ike numerals. The voltage limting :
circuit 35 |iTits The BSD VOMPRgETWIFER S-S5 % pr eds EFTRETE G mfd an

Circuit 35 CORDE-SES Z_di Zl . Z2 and resi.stors R3, R4. Zener

di odes 1 and%%ﬁ%vnﬁ gﬁg&di gcﬁ%%g‘glgpgtfh %eﬁg AR9ESDRIASIRY FHFTUES stors
R3 and R4 provtgdecar-stghaly 4 r - ESR.per.| ...The .Zener_di odes and
resi stor toget 'heg"'régp{r:gge%%gghﬁéﬁeﬁwﬁg%' i %%dghgggag Eput r)cﬁfddtt‘?E WretF e
i nput pad seessvpkbagesmuBii ahnex i ok ﬁ”’ ' hreakdown vol t age
of reversed bi asgd %ener di odeg %I%%g?ﬁ%gt%\ﬁhl c %?-JO éﬁziq'gldarlg{/legrﬁls(,acei \1,)‘415’5‘,129&
depends on thénpbhar stying tlfe dESRerU! Sehd ha1uektads alidpei nt X changes,
turning on either transistors 31, 32 or transistors 33 , 34. On a negative
ESD pul se Zent¥radsodadidtthnceevd sheimanhaMDSIETE AATwd M EIRP WSS
Zener diode Z2 is_reverse biased. The voltage clanp 36 is connected between
the internal EMRE4RE BSBf cimeuitC fint & fginsn aledrmes ecbnkomddaisn suppl v,
where the bjgst vgl tage supply 18 is typically Vdd and the second voltage
supply 18 PaSrypRESPFY 3gPdlin& 1RvdMalaneinaesaribesye Nims \ndivdris in rESE

positive poteptial _than woltage s ly 19. Voltage clanp 36 is conprised of
at | east one ggéggﬁgﬁ'éﬁnaﬁ‘&v&%'n-gﬁ%\ﬁ@aﬁ% A A t e anaerpy R h,
“whi ch clanp ag; : L .8 nitude. .Their. function will be

expl ai ned shortllgéQ %%kiggi%%ﬁ{:ﬁ%%% bd’é:[\ﬁé‘eﬂ“v%ﬁ%% St 18
and-19 and t heurvaaki @ @hdAigRidd C %%?oe %’Eﬂﬁégté%n é‘” cledsto the

input of internal circuit 2, Point X ?ﬁot ection
by dunping theabutiR eobxt BEJERR CWHRIK prtPidd o) 2L | £34n 1

vol tage across _either SCRis limted t% a val ue berf ow t _%R&él%rggi%m
vol tage to i nfpPbi ESDheiroteestiarc! | Al stdéeEritéd is a termination that

supplies final base current to the gain block for a limited

amount of time, so that ESD charge can be shunted harmlessly
through the PNP chain, but assures that the structure draws
no curfgq; from a stable_power supply long term. |
* U.S. Patent 5,631,793 (Ker et al.) iliustratesha
capacitor-couple electrostatic discharge (ESD) protection
q?rcuit for protécting aﬁ internal circuit and/or an cutput

5
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a 13 July 2004 Still referring to FIG 3, Zener diodes Z1 and Z2 of
voltage limting circuit 35 are joined at their .cathodes) while the anode
of Z1 is .connected to input pad 1, and the anode of Z2 is connected to
‘internal circuit 2. Resistors R3 and R4 are connected between input -pad

|l and internal circuit 2, i.e.) the -' resistors are paralleled wth Zener
di odes Z= and Z2." Wiile tHo resistors are shcwn is this illH?%ﬁf%&ﬂ@
exanple, it is understood that one or nore resistive neans W unction
equally well. Voltage clanp 36 is shown conprising a first and a second

p- channel traRYEFe o3l z@n e i ving their source-drain
pat hs connected in par ala%elchéfr\?v{éneﬁgggét ég@%ﬁ%%’% ‘19% gﬁi‘i BHF TS arfd*& he

gate al so ti edapacRuiont- ¥upihe ggab ' b nsi st.ors_31 32 is
- connected to vol tage suppl? 18.'Si%?Fg%ﬁgggnf?%g?&%ﬁdféé%%%ﬁsng% el
transi st or -33bapass4 deaieet ifeirr bpaiseingUEBS BaHN-cPRBgEt ed between Point X
and the second vol tage supply 19 (commonly ground), and their gates are
simlarly éonﬁ@@@éﬁtﬁ§‘P9MD&ex;ifhaisuhsrrab&pDin@Oihpéf@£§ﬁ5é9r§°§§mﬁgd 34
i s Connected %p é&%ﬁa%e supply 19. PIG 3 shows two p-channel and two -
n-channel trarsi & Ekbﬁﬁﬁsﬁl@@Nﬂ&ﬁhvepéxanprenth&lnhé@@liﬁ@ device
.transistors qf each type may vary, however, to suit the needs of the

desi gner, as is Wl cundefSt 568 HFltRG8e tRABANGEGRAbferi txe hintetnalll Y |

13 July 2004 Fhedunrction qf voltadge.clagp 36 is to discharge the ESD
current to prOteé% ?héfzgthmdPS%EgElﬂEp&§VFFve goi ng ESD pul se at Point X
turns on.n-channel ESD current to voltage supply ESD pul se at Point. X turns

on shunting the ESD cur_-ent to v~ transistors, with their Qates as diodes,

where Che anode ishiollan®ieShekea33nakdnddl sRUphLngLhe 19, Sipilarly, a
negative going p-channel transistors 31 an§?3§§é gbévg °1teg;exampigg ot
the related art combine a) the low trigger voltage and fast

transit characte;istics of a first Stage network utilizing Zener
dicdes and MOS transistors with b) the discharge capabilities of
iparasitic bipolar_tranéistors (SCRs) of the second network and c)
the low device count. The preferreﬁ embodiﬁEnt of the present

invention described subsequently provides aii of these important
features. |

. SUMMARY OF THE INVENTION

It is an object of the present invention to provide a

'c1rcuit which protects an internal circuit cf an integrated.

Circuit (IC) from the damaging effects of electrosta

tic discharge
(BSD) - ; - — S

e
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Wtags supply 18. The p-channel tied to their Gains, cau be v_ewea
connected to voltage supply 18 and the cathode to Point X. Simlarly, the
n-channel. transistors, with their gates tied to their drains, can be viewed
as di odes, where the anode is connected to Point X and the cathode to

vol tage supply 19. Both p-channel and a-channel transistors are realized by
using parasitic transistors of the field region of internal §|r§g¢¢ 2. The
arrangenent of the p-channel and n-channel transistors 31-33 é% %ed with
the vol tage change caused by the increased cu_~ent flow through resistors

R3 and R4 tri dgercheSCRbietinst khe Pl SO 4 IP;E:P:', tog_lthosm_q para5| i ¢ SCRs
0 e

from reachi ng or exceeding their bréakdown vol tage pre § cne

dest ruct itY®e &fcmigcwit e dthe ifasmntdigm has dggn cPH shqwn. and
- cascribed with reference to the preferred enbodi mantsstdher eof’, >ﬁ1 -T1gGene

under st 03 HRIho Pk landtde reimtmiar twitiat iward 12 df ,shuntjﬁ}gétﬂj}’ 2004
changes formand details nay be made Wt hout epartlng Fro [ﬁ

and scop?ﬁ o MEF SRR REIALY What is clainmed is: _....-13 - .. 13 July 2004
CLAIMS 1. An electrostatic discharge (ESD) protectlon circuit for use in-an
integrated circuit (10, conpr|5|ng a voltage limting circuit for
limting the 0|f§_%@%1 rbessed % an ESD on an input pad of said IC, 'said
vol tage |imi t| ng CiTeul - eonte e d e EBRaseai dvanitcpadd and mrovidernal

circuit efciaidd;ldy c%.E}:IHQJ_\{:Ol R 10 Y count .

These objects have been ach:.eved by prov:.d:;.ng .two zene*' ‘
dicdes in ser:.es connected between the input pad and the internal
circuit and one o;- more CMOS transistor strings connected between
2 positive voltage supply and a negative voltage supply, where
the junction of the PMOS and NMOS tranmsistors is tied to the

above mentioned intermal Circuit. The Zener diodes have their

cathodes jo:.ned causmg one diode to go J.nto breakdown mode when

an ESD pulse at the input pad exceeds the breakdown voltage, thus

reducing the magnitude of the ESD pulse. Resistive means are

paralleled with the diode string to provide a signal path at non-

ESD voltages. Negative ESD pulses cause the PMOS trans:l.stors to

turn on, dump:.ng the ESD energy into the more positive voltage
,supply, while positive ESD pulses cause the NMOS trans::.stors to

turn on, dump:.ng the EsSD. energy 1nto the more negat:.ve voltage

supply. Inoreand current through the resistive means :.ncreases

the voltage across the paras:.t:.c SCRs of the intermal circuit
!
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circuit conprising diodes and at | east one resistive neans; and a voltage
clanp disposed in a field region of said IC, said voltage clanp connect ed
between said internal circuit of said IC and a first and a{geggmdoyol t age
supply, said voltage clanp conprising two or nore p-channel and two or nore
n-channel transistors, said voltage clanp clanping said ESD pul se to a
fixed magnitude. 2. The circuit of claiml, wherein said resistive neans

provides a t':HeQ%lTy R%tl@gfeql%%l GHe efdadutd g dH tad NnEtbepabsepeeonf pgai d ESD.
3. The circuit of claiml, wherein said diodes conprise a first and a

second Zeneg,gi;ode :each.favbeg.an Bogdeyansne, cathode, where said cathodes
are connect ed 't oget her. July 2004 9. The circuit of claim3,

wher ei n said anodes of sald flsrt and sai d second Zener di ode are connected
bet ween said input pad and said internal circuit. 5. The circuit of claim

3, wherein said first Zene. prscrRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of the prior art.
FIG. 2 is another circuit diagram of the prior art.
FIG. 3 1is a «circuit diagram of the preferred

embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to FIG. 3, we show a schematic of a
preferred embodiment of a electrostatic discharge (ESD)
protection circuit 30 used in an integrated circuit (IC)
according to the present invention and utilizing a low
voltage controllable transient trigger network. The
circuit of FIG. 3 operates as follows:

zl1 and Z2 are Zener diodes which have a low
breakdown (trigger) voltage. If the input signal is high
enough (positive) Zener diode Z2 will break down first
foliowed by n-~channel transistors 33 and 34 turning on.
Once turned on, current will discharge to ground through
resistor R4 and transistors 33, 34, thereby protecting

the Zener diodes. If the input signal is low



di ode when in breakdown node turns on said p-channel transistors. 6. The
circuit of claim3, wherein said second Zener di ode when in breakdown node
turns on said n-channel transistors. 7. The circuit of claim iy adeerein
said resistive neans are connected between said i nput pad and said internal
circuit of said IC. 8 The circuit of claiml, wherein said p-channel
transi stors having a source-drain path and a gate, said source-drain of
each of saidgpaghanngkqhianeist oggneennashed betvweqnisai drbukst avaht age
supply and said internal circuit of said IC, and said gate of each of said
p- channel tfanst stHsslecwaneched pocsandelnt eraakieicpbeusi t 3af sadd BE 9. The
circuit of claiml, wherein said n-channel transistors having a

dr ai n- sour ceuprathg ard -a gateinsaivhelr akhesowte bireaeh Ui- sardralEhannel
transi stors connected between said_inter rcuit of said |].C and ssaid

al cj
second vol t*ge! sufdtSFhaff saitd gale of 58Hg18f SHHRTIE BB JaPY 2004
channel, transletors.gonagetedito SgrgeLBEERRAl Gid CUpdnOF SBRAALG. 10. The
circuit of claiml, eréin sard fitst voltage supply has a nore positive
potential tharasaéd secopgdrvehtagelsuppby. théough3 &al yo20044A LOWLVOLTAGE
CONTROLLABLE TRANSI EN ~ TRI GGER NETWORK FOR ESD PROTECTI ON ABSTRACT A
transient protectiah citr ckwints Xdestt ] bed anlgiecha pd ovirdeyeal etErRostlati c
di scharge (ESD.) protection for an internal circuit of an IC._ The Eransient
protection ¢ cUitr cHMEIIS FRETzeher divdesRorfiected | PACSEFTES "het ween
the input pad and the internal cir~sit of the IC A -suffici=qtly 1W=a ESD

pul se w || dr i ve“dhe the two Zener di odes into breakdown node, ther eby
reduci ng the nagnitude of the ESD pulse. to the remainder of tie circuit:
~Resistire nmeans are paralleled with the Zener dicdes to provide a si~..a_

path at non-c”, Sthvolktages.3 Tothel pesheatrotshe tESD caleataaway FEEM)t he
internal cireui.t, PMOS and NMOS transistors are ,.connected is parallel

het weea t hepposéttven- andcuiie Bégadts vienstol t sge seppeynand tihewt jo@sction is
connected to the internal circuit. Negative ESD pul ses cause_the PMOS
transi st orsltenturm o)teiumpl ngirReiESE enbr §yei ftCo thed posFLPdesva t age
supply, while positive ESD pul ses cause the NMOS transistors to turn on,

dunpi ng t he? EbDR8Rer'gy it 9 t e Tfedt | vé vittade BBPPPYS volTBge “thanges,
SRS e COERCLPoR™Ho 10 6V GO e Tt R of 7t hete Baapeibrbraeians 1y | ¢
AN A% AL AR ADL, AN 3 ARG ACE A 89120 AL AR A A Arfe ALh23%830 e
byproduct of the IC device layout. The function of
circuits 35 and 36 is to both trigger S$CRs 15 and 16
and to prevent them from latching up. In FIGS. 1 to 3

like parts are identified by like numerals.

The wvoltage limiting circuit 35 1limits the ES3D
voltage which is impressed at input pad 1. Circuit 35
comprises Zener Z diodes Z1, Z2 and resistors R3, R4.
Zener diodes 1 and 22 provide a discharge path during
an ESD pulse, and resistors R3 and R4 provide a signal
path for non-ESD periods. The Zener diodes and resistor
together represent a non-linear impedance at input pad

1. When the input pad sees voltages which exceed the
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109 R?R&¥i¢reheBAirst voltage supply 18 is typically V4q and the second
veltage supply 19 is typically ground (Vgg) and where voltage
supply 18 has a more positive potential than voltage supply 19.
Voltage clamp 36 is comprised of at least one p-channel and cne
n-channel transistor (CMOS technology) each, which clamp an ESD
pulse to a fixed magnitude. Their function will be explained

shortly.

SCR section 37 is connected between voltage supply 18 and 19
and the junctlon of parasitic SCRs 15 and 16 is connected to the
mput of :;nternal circuit 2, Point X. The SCRs function as ESD
-protection by dumping the bulk of the ESD current into the
voltage supplies Th.e voltage across either SCR 1s limited to a -

value below the SCR’s breakdown voltage to inhibit their _

' -destructive latchup.
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_ Still referring te FIG. 3, Zener diodes 21 and 22 of voltage
limiting circuit 35 are joined at their cathodes, while the anocde
of Z1 is connected to input pad 1, and the anode of 22 is
comnected to internal c1rcu1t 2. Resmstors R3 and R4 are
connected between input pad 1 and internal circuit 2, l.e., the °

resistors are paralleled with Zener dicdes Zl1 and 22. While twao

-

resistors are shewn in this illustrative example, it is

uncerstood that one or more resistive means will function equally

o well.

Voltage dlamp 36 is shown comprising a first and a second
pP-channel transistor 31 and 32, respectively, having their |
sourcefdrain paths connected in parallel between voltage supply
18 and Point X and the gate-also tied to Point X. The substrate
cf both transistors 31 and 32 is cénnected to voltage supply i8.
-Slmllarly a first and second n-channel transistor 33 and 34 have
their drain-source path connected between Point X and the second
voltage supply 19 (commonly ground), and their gates are
similarly comnected to Point X. The substrate of both
transistors 33 and 34 is connécﬁed to voltage supply 19. FIG. 3
shows two p- channel and two n-channel transzstors as an
111ustrat1ve example the number of tranSLStors of each type may
vary, however, to sult the needs of the designer, as is well
understood by those knowledgeable in the art.
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1"Cl0%& () - THB25uREpRon of voltage clamp 36 is to discharge the ESD

Current to protect the Zener diodes. A positive going ESD pulse
at Peint X turns on n-chénnel transistors 33 and 34, shunting the
ESD current to voltage supply 19 Similarly, a negative gclng
ESD pulse at Point x turns on p-channel Eransistors 31 and 32,
shunting the ESD curresnt to voltage supply 18. The p-channel
transistors, with their gates tied to their drains, can be viewed
as diodes, where the anode is coﬁnected to voltage supply 18 and
the cathode to Point X. Similarly, the n-channel transistors,
with their gaﬁes tied‘to their drains, can be viewed as diodes,
whers the anode is connected to Point X and the cathode to
voltage supply 19. Both p-channel and n-channel transistors are

realized by using parasitic transistors of the field region of

internal circuit 2.

The arrangement of the p-channel and n-channel transistors
21-34 combined with the voltage change caused by the increased
curvent flow through resistors R3 and R4 triggers SCRs 15 and 16,
but also inhibiﬁs those parasitic SCRs from reaching or exceeding

their breakdown voltage Preventing their destructive_latchup.

While the invention has been particularly shown and

'cescrlbed with reference to the preferred embodlments thereof, it

w2ll be understood by those skilled in the art that various“
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e without departing from
the spirit and scope of the invention.

What is claimed is:

P L
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CLATMS

1. An electrostatic discharge (ESD) protection circuit
for use in an integrated circuit {(IC), comprising:

a wvoltage limiting circuit for limiting the voltage
impressed by an ESD on an input pad of said IC, said
voltage limiting circuit connected between said input pad
and an internal circuit of said IC, said veoltage limiting
circuit comprising diodes and at least one resistive means;
and

a voltage clamp disposed in a field region of said IC,
said voltage clamp connected between said internal circuit
of said IC and a first and a second voltage supply, said
voltage clamp comprising two or more p-channel and two or
more n-channel fransistors, said veoeltage clamp clamping

said ESD pulse to a fixed magnitude.

2. The circuit of claim 1, wherein said resistive
means provides a signal path to said internal circuit in

the absence of said ESD.

3. The circuit of c¢laim 1, wherein said diodes
comprise a first and a second Zener diode each having an
anode and a cathode, where said cathodes are connected

together.
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said input pad and said internal circuit.

5. The circuit of claim 3, wherein said first Zener
diode when in breakdeown mode turns on said p-channel

transistors.

6. The circuit of c¢laim 3, wherein said second Zener
diode when 1n breakdown mode turns on said n-channel

transistors,

7. The circuit of claim 1, wherein said resistive
means are connected between said input pad and said

internal circuit of said IC.

8. The circult of claim 1, wherein said p-channel
transistors having a source-drain path and a gate, said
source—-drain of each of said p-channel transistors
connected between said first voltage supply and said
internal circuit of said IC, and said gate of each of said
p-channel transistors connected to said internal circuit of

said IC.

a. The circuit of ¢laim 1, wherein said n-channel
transistors having a drain-scurce path and a gate, said
drain-source of each of said n-channel {ransistors
connected between said internal c¢ircuit of said IC and said

second voltage supply, and said gate of each of said n-
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