;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

a2cause of the serious damagg

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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13 July 2004 Two SCGRs 15 and 16 .are connected between Vdd and V9g, their
junctions tied to Point X. The circuit between input pad 1 and internal
circuit 2 protects internal circuit 2 fromESD pulses in the follow ng way.
If the=a is a positive signal at input Fad 1, Wiich is about 0.6 Volt

hi gher than Vdd, then transistors 11 and 12 turn oif, and current will be

di scharged through themto vdd. If there is a negative si gn%dlﬂ}l 6611DUt pad
1, which is about 0.6 Volt |ower than ground, then transistors % and 14
turn on, and current will be discharged through themto ground. The current
t hrough R2 WA l-pairsgrehnk t ent Pqj . i.¢ch_w_ll trigger
ei ther SCR ne%work 15 or 1%WFEDf El(rétsﬁ'gﬁa gﬁ@%ﬁg%g ?hggéé}:r@éﬁ gn(liwo st:a%%

t her ef or gaewpdok pctheh@istehadhogid eeinprdsihy! BEBEEE?V"I{LOQE' ?'C% show
~an input pad 1 connected via resistor RL and™R2 to 1 nterna I rcul . A

di ode sttramgsPdtofst WMOSodes PMOS)ONEGE etiebebrean wakiagk TR il Vdd)
and the junction of resistors RL and R2. A second diode string 22 i1s

connect eshi bixtormenonbirpddeds mggiti fi&rand SBRisNt. XTheh€irgRUkrhed MY
circuit 2. The cathodes of diode strings 21 and 22-are connected to voltage
suppl y IsaventhehehansgEsristicsnedcifedtt cransitheimend cafry ©%)Steid Rdw
SSmlarly, a third_diode string 23 is connected between the junction of

resi st or S*FEFRY ERUCPTRr agBeSANFSy SRS VayR, & yaival wugmownd amehdeanfiots t h
di ode strin 24_._3@?1.I 13 ‘]"élg\é_ 2004 is connected between Point X and vol tage
suppl y 13.THRETEThEABESEr CH 686 S (ALtGE =23 taRd T2FSEr S te@mds aadedeiither
end of resistor,. ad .t he odes_ar.e tied to voltage supply 19. Two
SCRs 15 %’fl“ 16£55é-r8g’%%§ctge§%b%§t‘v%§ ﬁllvﬁ%aﬁfogﬁé"f:lﬁﬁei r%ﬁ%ﬂﬁot i tied to
Poi nt X ggrrdBfaktbCHit cRat i t nd.internal circuit 2 protects
i nter nalp%rffr%w t Séf ?gmt%%s}ft&?\%g %gpeﬁl%%gém%s AESE SHEEF -1 TSt S5RISAt way
as descrihed doreFi&gel. vhitll i It i | at input pad 1,
which is about 1.2 VoIt (two |p(;%efecsj-rtglpeg) i_gch\ég'rtgfﬁgﬁ'wd, t hen di ode
strings 22 and 22 becone 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 tTypbcah dicdaisls iafgshS mmlhit2d and ae’ @blowd liln gﬁéﬂ SGharge
through themto ground. The response of Point X and SCRs |5 and 16 is

i dentical 38l il Heber Aiscussiesy oG . 1 Tuldngi sev @t FgEs. Qf, Whe sHdwedd S
of FI'GS.; 1 and 2 _are that the discharge capabilities of transistors 11 to
14 and diBfds BACtdh $RTRPETShiviied rasi shaRsr Rlo andc Réate timsemalérdircuit

- capabi | izti es, these conponents .woul d _have to be made | arger, which al so

i ncreasés t ieift™ Pri FFERF 4G des 1 Prewrtedu batveen ol thgm supply

response.g “{\fng and the junction of resistors R1 and R2. A 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.

2
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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 ngtBFFEEPESef PEPEREFOSRE iLatdiraeiagecuit~BSn) .

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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6 Y'I YT 13 July 2004 Anot her, obj ect of the present invention is to
provi de one type of circuit with a fast turn on tinme to ESD and a.l ow
trigger voltage, and another circuit which is capabl e of shunting high ESD
-currents safely. A further cbject of t'~e present invention is to provide a
protection circuit of |ow device count. ' , ...r These objects have been
achi eved by providing two Zener diodes in series connected Pf.ﬁr.‘:’lvef 4t he
iagut pad and the internal circuit and one or nore CMOS trafsT st or stri ngs

connected between a positive voltage supply and a negative vol tage supply,

where thed Wi Qgg,an gPCS ransistors is tied to the above
nment i oned interr%teg r}%}ﬁg heOJZ%dtn acﬂ%d’ AR SHRRIY et hodEre jwthates
causi ng @re "ide de3i3Hyd MO 1L npde en. an ESD pulse at the input
 pad exceeds the br ealgg%vm vola?%g?,@t ﬁuis crne:}ju%%i&% ?rb@lﬁ?’fu‘t‘fégo?fthe ESD
pul se. Rasissiduer neanam earfldaled vt t [ ring to provjde a
signal path at nonESD vol tages. Nega?aff\,/%a éageuc?s%ge%%%%@%h%u 13.
transi st A tSTRUME Ghd QB ddithdeSR &N EYed i@, | A e ppgitive
vol t age' suppl y, while positive ESD pul ses cause tkm?qv%%gnﬁgahsﬁé?%?s to °
turnon, Jjouwpiinns heldcSRergygyt it o the' nore negative vol tage supply..
| ncreased current through the resistive nmeans increases ..r the. voltage
across the parasitic SCRs of the internal circuit, 7 . - 13 July 2004 -

thereby triggering themto function as ESD protection by dunping the bulk .
of the ESD'cur%t‘?leFR}-’-EI: mﬂmmﬂ@lﬂ AW NS=rnal circuic 2

protects internal circuit 2 from positive

ESD pulses at input pad
1 in a similar way as described for FIG. 1. 1If there is a .
positive signal at input pad 1, which is about 1.2 Volt (two
diode drops) higher tham Vg, then diode strings 21 and 22 become
-forward biased, and current wiil be discharged thrﬁugh them to
Vagq- A negative signal at input pad 1 about 1.2 Volt lower than
Qround turns on diocde striggs 23 and 24 and current will be

‘ dischargé throggh ﬁhemltd ground.‘ The feépcnse of Point X aﬁd

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.



FIG 1 is a circuit diagramof the prior art. FIG 2.is another circuit
diagram of the prior art. FIG .3 is a circuit diagramof the preferred
enbodi ment of the present invention. DESCRI PTION OF THE PREFERRED

EMBODI MENT Referring nowto FIG 3, we show a schematic of a preferred
enbodi ment of a electrostatic discharge (ESD) protection circuit 30 used in
an integrated circuit (1 C according to the present inventi ?@Jﬁngod%i l'izing
a low voltage controllable transient trigger network. The ci Fcul £-0F FIG 3
operates as follows: ZI and Z2 are Zener diodes which have a | ow breakdown
(trigger) volUaye. Pdderte whpoh skyask ts Bhehs8PPEER LROgKH g&}:tggE% '
diode Z2 wil]| break down first followed by n-channel transistors an](;ll 34
turni ng B0 EeRGTeRdcbncutusrape:wi | | di scharge to ground through

" resistor R4 and transistors 33, 34, thereby protecting the Zener diodes. If
the i nput Bignaf2%ent ofu B17,3136JUBpi2B04tepdughtéaehati wa) c1éeitebstizede Z1
will break do first followed by p-channel transistors 31 and 32 turning
on. Again, thRyIar EBERY nedrsnitc ghasnpraviitiedi sobusge protédt iida @dgh
resistor R3"and transistors 31, 32, protecting the Zener diodes. Because of
current flowi 7y TRPBLGAURBUEr ARAVerheigsliasti allhat dpsichargenidaticiange and
trigger. SCRs I;;q@n\? '16'1?1 caugi,n&t hemto function as ESD protection devices.
In FIG 3 the el eciTostat Fc dPSCRAr & 3FESH)Brot B¢ CPBR IEidtdem <0 ans
instal |l ed bet M Ny r pad_l.and an internal _circuit. 2 of the I1C, and

i ncl udes a voiiﬁ?gg%él E|‘Iér3n§t?|ﬂ'?;(j; %i rséﬁﬁfl%g%arq&o?‘e\%lfﬁa‘eac AT IS BEWUS5 and
16 of SCR secC¢tfoRcad¥, e Lt i ce f i_nternal_ci it 2 and
are the unavoi da ngbi"/%%oﬁgg?ig td}%gql%é 'de\slflh%e “trfgggﬁfr. Pids lﬁ'l'{it 'L‘i’(?nM&SFET
circuits 35 atd BfobfatezBoth k,g,g@r-% and .1 Q. ent. them
from | at chi ng up? Iir:lr FI GS. % Fgrs | I.ZLe par t%%g?%gfégﬁ{]%é@gf%&l\ﬁi IE‘%e]'C"iDes
nuneral s. Theimothagetkingt ofigddiodes ! Ind irdllgihRa £33 gt0! t age which s

i mpressed at input pad 1. Crcuit 35 conprises Zener “Z diodes Zl, Z2 and
resistors R3, tR&NsZondncdrodes of ahd A2 gy iMbSrEeTdiaqwdepatdsdwd ng an
ESD pul se, and resistors R3 and R4 provide a signal path for non- ESD

peri ods. The 2BAdLe¥i BEBs carcduidsifcma tgigrrh degreme efe iracewhidd near

i npedance at ingui__J Bad 1.__Wen the input pad sees voltages which exceed the
9 13 Julg"ﬁoo AbFESkdowrt Ov &iliZaddladionaxie draribesed RS nitUdwsk Zn @S2
(whi ch di ode %é ERY r.se'ﬁi ased depends on the polarity of the ESD pul se)
the vol tage at Boint =X chEYFEE - h BEIREE deaisTed oke Zagment gihe

“transistors 33ioad4eeC legafi ESD pul se Zener - diode_Z1 is reverse

bi ased and on 308§SFF%3%E%%Q%S}§:§§%e$ %2'33 iSRS EBRTdThe

vol tage cl anpcg@restCeRNeHEL -Qﬁ%/gaen [ r ' 1t 2 of the IC and

a first and a second vol tage(aslupp Y, vé%}%e %’%dsgé\’/%%g%sﬁuﬁél y 18 is

typical |y Vddcantilkeeseddodes b byidd o tr)@éf—ﬁ}ég% round (VeHl
ralTthanTv

and where vol tage supply 18 has a nore positive potent ol't'age

supply 19. VoipagESd pmptetrtinronklseHefcribd®as HNeefniAapish &gk One
n- channel. transistor (CMOS technol ogy) each, which clanp as ESD pulse to a

fixed magnit u§BPPIAGS fimed: ibasen durbentexpd atlne dysiw bl yck SEGrsecligiedd

i s connected between vol tage supply 18 and 19

: amount of time, so that BSD charge can be shunted harmlessly
through the PNP chain, but assures that the structure draws
no curr_en_t from a stable .power supply long term.

* U.S. Patent 5,631,793 (Ker et al.) iliustratesha
capacitor-couple electrostatic discharge (ESD) protection

cﬁircuit for protéct.ji.ng an internal circuit and/or an cutput

5
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and the junction of parasitic SCRs 15 and 16 is connected to the input of
internal circuit 2, Point X. The SCRs function as SSD protection by dunping
the bul k .of the ESD current into the voltage supplies. The voltage across

" either SCRis limted to a value below the SCR s breakdown voltage to
inhibit their destructive latchup. 10 a 13 July 2004 Still referring to
FIG 3, Zener diodes Z1 and Z2 of voltage |imting circuit f§5@§§?déﬁ ned at
their cathodes) while the anode of Z1 is connected to input pa ,and t he
anode of Z2 is connected to internal circuit 2. Resistors R3 and R4 are
connect ed bet We@EtanNpHt spag ' al,_circuit 2. i, e.) the -' resistors
are paralleled with Zengg gFoggnggggﬁ éﬁ&géﬁﬁlgyti% B BT e Biown
is this illusteghicieccexamphees Egp ' od; o [ .npre resjstive

~ nmeans w | function-equallgﬂhelr. gﬁggggigﬁa§%£§%1$s sﬁgﬁ%e%dﬁ%ﬁ‘ ng a
first and a s&bvpagspdeviceelfctr apdaskehg3tnantsB2cutespectvel y, having
their source-drain paths connected in parallel between voltage supply I8
and Point X af@Pefe @arecupde rieduia Bornto¥plife Substtdde Of RPithge
transjstors 3 an%@?Z is connected to voltage supply 18. Sinmilarly 61%1rst
and second n- &Rar8l BEPaksPassr devigmd 3adhavpotént iallr Beve 5one CEePaid)
connect ed betwg&pkggth X_and _the second voltage supply 19 (commonly .
ground), and thei fgates &feSSPni'CdtRFecsnRBETRECed ForntaX ifbersabstrat e
of both transi 33a0d 34 s, Connected to voltage supply 19. PIG 3 :
shows two p-cﬁgﬁﬁgﬁt %5 ?Mégﬁ-Pﬁ&ﬁﬁ&ﬁaﬁriﬁgPétors as an

illustrative, exanpl e; the nunmber of .transistors of each type may vary,
however, to suit the needs of the designer, as is well understood by those

knomdedgeabIeItnshh&larbe hbt¥d that none of the above—cited examples of

the related art combine a) the low trigger voitage 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) - '. | | I

o
[



13 July 2004 The function of voltage clanp 36 is to discharge the ESD
current to protect the, Zener diodes. A positive going 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 is transistors 33 and 34) shunting the 19. Simlarly, a
negative goi ng p-channel transistors 31 and 32, Wtags supph% %8 &Qe
p-channel tied to their Grains, cau be v_ewea connected to Vv fT%ég uppl y

| 8 and the cathode to Point X. Simlarly, the n- channel transistors, with

their gates tifembtthea hijedl AINThe Frdiant € Ji ades., wher e, fhe anode

IS conne(t::t ed togf_ Poi nt X and the cat %gi:le to vo age supltﬁ O PTYGde one

p- channeltY@%d of cHamelt twisisistias: aherd e sk e &R :
~transistors of the field region of internal CIFCUIt 2. d;he af?%ﬁ’eﬁiﬁﬁQQﬁr

the p- ch¥fié2nd 3k Fantdien reinshsitonnidh 3 capimned y tﬁ&@ilﬂ%
change C%%%Egnfé'the I ncreased cu_~ent flow through resister d
triggers=s rF F2L9dit- al so inhibits those parasitic SCRs from
reachi ng ot exceeding their breakdown voltage preventing their destructive

| at chup. while the invention has been- particularly shown and cascri bed

with referenc ferred enbodi nents thereof, it x-_.11 be

under st ood by%t hose s é’(?qtn Ocﬁné"’eﬁ PHIREDY AIVRRE IR 5 to phbwlidey 2004

changes Jedn;ahd de Wthout departing fromthe sp|r|t
and scopg&of thé'%:hn\}:g%tﬂlﬂor?s #ﬁﬁt ém’aﬁ%réﬂ"‘}%t .. 13 - L. _

These objects have been achleved by prav1d1ng.two zenev‘
dicdes in serzes connected between the input pad and the internal
circuit and one c: 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 jozned causzng one diode to go lnto 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 vo;tages. Negative ESD pulses cause the PMOS trans;stors to

turn on, dumplng the ESD energy into the more positive voltage
,supply, while positive ESD pulses cause the NMOS tran51stors to
turn on, dumpzng the EsSD. energy 1nto the more negatzve vbltage
supply. Increased current through the resist

- .

the voltage across the paras;tlc SCRs of the intermal circuit
!

lVE means :.ncreases )

=
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13 July 2004 CLAIMS 1. An electrostatic discharge (ESD) protection circuit

for use in an integrated circuit (1C, conprising: a voltage limting
circuit for limting the voltage inpressed by an ESD on an-{gnpytoopad of
said IC, said voltage limting circuit connected between said input pad and
an internal circuit of said IC, said voltage limting circuit conprising

di odes and at | east one resistive neans; and a voltage clanp disposed in a

field regi aneQfersaidilfgerSdigd tHeld agde shai: sonected pebvweenisai Byi nterna
circuit of said IC and a first and a second voltage supply, said voltage

clanp conprisifg o Wa0hL AR 8rPrBanssl capdefwo or nore n-channel
transistors, said voltage clanp clanping said ESD pulse to a fixed

magni tude. 2. The circuit of claim1, wherein said resistive neans provides
a signal path to said internal circuit in the absence of said ESD. 3. The

cirouit of claiml, wheseisy i diadey GATRLESBeAntics! and a second Zener

di ode each havi ng an anode a a cathode, where said cathodes are connected
t oget her.

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



14 13 July 2004 9. The circuit of claim3, wherein said anodes of said
fisrt and said second Zener di ode are connected between said i nput pad and
said internal circuit. 5 The circuit of claim3, wherein saighfagoat Zener
di ode when i n 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 claiml1l, wherein

sai d reSlStéN@uaﬁan$n@5§tqqewect@Qn%%tweged%aldllnwuqlpagread sabdni nterna
circuit of said The circuit of claiml, wherein said p-channel

tran5|storSfb@ytngfﬁis@wé@e By ai ;- pathnabd argateéstsaisd saur eeddr ai2n of
each of said p-channel transistors connected between said first voltage
supply and sefminat ennal BBREDIt wﬁe@araewca%ﬁmtganadgave of uE&ERTof said
p- channel transistors connected to _said jnter CIFCUIt of id Ig. 9. The
circuit of Thtatm AlSHEES s&fd n? ﬁhanEéFoP? n5|%?%+§ %EV|ﬁ§9 &

drai n- sour ce, pat b, apd.a gate. said drginesource Af eagh, of saiddagchannel

transi stors connected bet wéen sai d nterna Circuit of said IC and said

second vol tegeasyppl ¥y andrsahd galewdhgeaehrofighai d3n 3% RrRL3 Jihy 2004
channel, transistors connected to said internal circuit of said IC. 10. The
circuit of mbeemtilalwkerePoishi & fwibkl vblngge supply iggsra HORe Positive

potential than said second voltage supply. 16 ,
and 16, causing them to function as ESD protection

devices.

In FIG. 3 the electrostatic discharge {ESD}
protection circuit 30 is installied between an input pad
1 and an internal circuit 2 of the IC, and includes a
voltage limiting circuit 35 and a voltage clamp 36.
SCRs 15 and 16 of SCR section 37, are parasitic devices
of the internal c¢ircuit 2 and are the unavoidable
byproduct of the IC device layout. The function of
circuits 35 and 36 is to both trigger SCRs 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



13 July 2004 A LOW VOLTAGE CONTROLLABLE TRANSI EN ~ TRI GGER NETWORK FOR ESD
PROTECTI ON ABSTRACT A transient protection circuit is described which

provi des el ectrostatic discharge (ESD.) protection for an internal circuit
of an IC. The Eransient protection circuit conprises two Zener diodes
connected i.n series between the input pad and the internal’ cir~sit of the
IC. A - suff|C| =qtly 1W=a ESD pulse wll drive one the two 5 odes

i nto breakdown node, thereby reducing the magnitude of the % se to
the remainder of tie circuit: ~Resistire neans are paralleled with the
Zener dikxkakdewprovl dega sf~reaer$aahbﬁhsé@nz&ﬁeﬁDiﬂ@hééggi oFOzhelp, shpat
the ESD cu”eat away =romthe internal cireui.t, PMOS and NMOS transistors
are ,.comdR b i 58YR¥ ¢ | blasedwdepents pnsthévpeiansiciyhesnepat E¥p yelkage
" supply and thejr junction_ is connected to the internal circuit. Negative
ESD pul s¥€ CiRise? 9P 2 PNERIREaisFhabgest otunningnyndeiphey thanESBreper gy, -
into the 03|t|ve vplta ge supply, while positive ESD pul ses cause the NMOS
transi st s ?o TRFL8ho ﬁuﬁ%vné4theOES@ BREAGYVENESDt pulregdener dbbagel
supply, ¥ e chagg a Eﬁéed by currents flow ng through the resistive
means, eﬁﬁ? ¢Feds Pht EBHHE&FFOESPOPB 8¢ denekedbotik 82 fhe -
E~SD~ pr '
. Ah. A% A fé@%%gnbh%%e#( AC<. A <. AD1% A/ . Al % AV(. A A A A) | 5:]3e&45 &C (°

pp  xxxlIlI x> " >800p0 p@ (1Ug<Q@vwvP?@b_vw %

}xsni-d_ ZTLﬂca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]Ca]caLﬂcaLﬂcaLﬂcaLﬂcaLﬂcaLﬂc'

?Bra}ﬁﬁiﬁ$g}gﬂ%gﬁﬁgg%gg%gg?gg?ggﬁggkca%ﬁﬁfcafca?ca%éﬁ% gf@af&&ﬁf&@fcaU]caw

cal cal] catfuat] cabfcand] ctabheat ¢abkeakeaUhC8econd voltage supply,
where the first voltage supply 18 is typically V;d‘and_the_second
veltage supply 19 is typically ground (Vgg) and where voltage
supply 18 has a more positive potential than voitage supply 19.
vOltage clamp 36 is comprised of at least one p-channel and one
n-channel transistor (CMOS technolegy) each, which clémp 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
1nput of 1nterna1 circuit 2, Point X. The SCRs function as ESD
-protection by dumping the bulk of the ESD current into the
voltage supplies The voltage across either SCR 1s limited to a -

value below the SCR’s breakdown voltage to inhibit their

'-destructlve latchup.
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tlfﬂ22?%2?82?§a}c;]ca{cgiga]tl}ca]ca]ca]ca]ca]ca]caU]caU]cal&( CPceo;]EEF
zt nhc"YTj e Z]ca]ca]ca]caLﬂcaLﬂca;ﬂc?]gftlfgLCﬁP%F?U&caLﬂca]caLﬂca]ca]c

ajcalc
3?]| ??] C?]5'(':§ILJJ]O]CZ] F?f] ga]Z]C?(l:J]a]CgaU]] ga] cal C?U] i:a] fJ]a] ciat] C?U]acg'l'J]mcl:g] cal] ca] cal] cay
ca] cal ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] cal] ca]ca]c ’13f%%F%ﬁ
WROOE2EBRE&ERY' ' G*L*Y*+-//~ytoje [Vje Z]]ca calcalc
ifg\é\jﬁgi?%?g?g?ca] cal] cay caU]yca] ca] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca
JcaU ca] ca] ca¥¥L1l referring te FIG. 3, Zener diodes Z1 and ljz Tf T— ,]-_ Fea
44444Y555666L667L8889}xsnlCAY|e Z]]c]calcaUlcalcalcaJc
o) o] EF R G S ea] ] am it codnid o) oabsehosgobiahie
ca]ca 99

9 90:

carsieg ) saptakhcalcal ca] cal

 Lis” aik %lca ch Eﬁf’i c : ]-ﬁ?lgzi%a}a@%alﬂz?i? Sg]}ige]}mcﬂca] cal] cal] ca] ca] ca
22%2?k$ﬁ%%k%%%%§%ﬁfiCfﬁgifg%f' EL O H#HHHITX SR daiZft] Re] aakca] cal ca] ¢
ool SR S ARl e £ o e
ANRRRD Nt &a C ca] ca] cal cal cal] cal] cal
caUl cAll 25Ul oAt a}%ﬁicg% SOrRef careet HIes Bl capdarea Lgnbbonabn,

' »a GHE% ) 0 l =10% R& o
?gwé???k&%é(%%égfspg"igg[ R R %b Rﬁ%o{%ﬁ%‘c 290% F%’f@&%}"ilb% R& ()-1FYd0% R

weRORE () 0 O R E716
L0%cct ()-1 0955100 E (- O () IO s it Eieblon equariy

well.

Voltage dlamp 36 is shown comprising a first and a second

- P-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:)%1/%9&8{&(5) IX @ SERETipD 0of vollp@ge0lclBimg\ A¥1A% & &sch‘é&‘b&o%ﬁe( ksg(d
10% & ( 100/ LloEh L0% & ()-1940% & ()-
e E rrgn to é otect the Zener diodes. A pOSlthE going ESD pulse
at Point X turns on n-channel 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“

12
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J& ()-109$10% R R&' ()-0$10% R&' () - 0#10% R&' () -=0$10% R&' () --! 0$10% R

R& () -889999999dE: /
CLAIMS

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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4. The circuit of claim 3, wherein said anodes of said
fisrt and said second Zener diode are connected between

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-

15
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10. The circuit of claim 1, wherein said first wvoltage

supply has a more positive potential than said second

voltage supply.
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A transzent protectmcn cmrcult is descrlbed which prcv1des

electrostat“c dzscharge (ESD) protactlon for an lnte*nal circuit

of.an,Ic. The transzent protectlon circuit comnrises two Zener

dlodes ccnnected in series between the input pad and the intermal

‘c**”u*P of the IC. a sufﬁlc;ently large ESD pulse will drive one

the twe Zener diodes into breakdown mode, thereby reducing the

magnitude of the ESD pulse-tc the remainder of the circuit.

Resistive means are Parallsalad with the Zener- icdes o ﬁ*av*de a

 sigmal path at non-ESD voltages. To help shunt the ESD curvent
“fawaY'from the inté;nal circuit, PMOS and NMOS transistors are
“édnneéted.in pataLLel between the positive and the negative
voltage supply and their junction. is comnected to the internmal
cir;uit. Negative ESD pulses cause the PMbS tténsistc:s to turn
cn,rdumping thg'ESD energy into the positive voltage supply,
while pcsitive ESD pulses céuse the NMCS transisﬁors to tu:n on,

dump;ng the ESD energy into the negative voltage supply. VOltage

'changes, caused by currents flcwlng th:ough the resistive means,

trigger parasztlc SCRs into conduction to prcvzde the bulk of the

ESD protection. ' ) -
Fig'3 |
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