;[\e3e@)| (n6T28! 24 SEP 2004 DUMW LAYER DI ODE STRUCTURES FOR ESD PROTECTI ON
BACKGROUND OF THE INVENTION 1. Field of the Invention The i nventignsgghmgs
to el ectrost.atic discharge (ESD) protection of integrated circut%-s,
nore.particularly to reducing the aval angche breakdown vol tage of di odes
with shallow trench isolation (STI) in deep-quarter-mcron processes. 2.
Description of the Related Art The aval anche breakdown vol tage of a di ode
wi th shal | ow tdﬁ@%lj& tion (STI) has been increased to the |evel where

t hese devi ces %P'Q et RUCTYURESSEOR BBBPROTEGTIdMep )
quarter-mcron processes. In this situation, the trigger voltage of the

di ode is higher than the gate oxi de breakdown voltage. Thus, the protfection
wi ndow is zero. Diodes with the STI trigger too high fail when first
triggered. The probl em sBAGKGROWUNDoOBTHRMMVENGION ¢ field of the n+
junction of a diode which is responsible for the high breakdown, as
indicated by Arrow F of FIG 1. FIG 1 depicts a cross-section of a

sem conductor wafer with a p-well 11 having enbedded two di odes with a p+
junction 12 epgly ofRd IRGYARYH @ common n+ cathode 13. Shallow trench

i solations 14 separate the p+ and n+ junctions. Therefore, it is essential
to i nvent new type of diqde with a |ow and controllable trigger voltage.
1 ~2°4s Ft‘ez'é‘é!ﬁx'.'éfe’@%Pgﬂt%e?t@Sé%%&SFBaﬁgﬁe(Eémj rretection phintearated i st ed
bel ow. ., U, S. F(’ﬁtent 5,708, 550 (Av_ery?_| di scl oses an ESD protection

st r uct@fcEthANNGose darigriaslydel reducing the @valarehediealii ®a6valiagd Mdiodesws a

| ow vol tage zener-triggered SCR for ESD. U. S. Patent 5,850,095 (Chen et

al .) twiticshallowmtresth [sofatient (SH) ini deep-yuatenmiconprécesdeade and an
interdigitated NPN transistor. U S. Patent 5,808,342 (Chen et al.) shows a
bi polar SCR triggering circuit for ESD protection. U S. Patent 5,780, 905
(Chen et al.) describes an asymmetrical triggering ESD structure. It should

be noted t At Daga®pth sMBedFAMRICALed exanpl es of the related art utilize a
device with a controll able dummy | ayer which provides a | ow controll able

trigger volt®g ' first ftri r device. in ESD
protection net %@Egc@méw@@gmpwﬁ §I‘§a||039§ﬁn%blsgfq‘?ao&f(sﬁie
prese J i t rpvide structures and a nmethod for a device with a
contr QJIi qéa%@p Eﬁ%q%a@etﬁg\m@ MheLs tﬂb‘??ﬁ/?’ﬁ\éc‘és PEf e g?ﬂg% eftgstive farikfar
vol taggej_ ?r}% can be used as .a first triggered device in ESD protection
net worl¥8tECHON Ip degp guarter-gicroRRioresses; kcthissituationpthestaigget voltags afithes t o
provide a device for ESD protection :
diode is higher than the gate oxide breakdown voitage. Thus, the protection window is
zero. Diodes with the ST trigger too high fail when first triggered. The problem stems
from the uniform electric field of the n+ junction of a diode which is responsible for the
high breakdown, as indicated by Arrow F of FIG. 1. FIG. 1 depicts a cross-section of a
semiconductor wafer with a p-well 11 having embedded two diodes with a p+ junction

12 each, and having a common n+ cathode 13. Shallow trench isolations 14 separate

the p+ and n+ junctions. Therefore, it is essential to invent a new type of diode with a

low and controllable trigger voltage.
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in deep-quarter mcron processes. A further object of the present invention
is to reduce the aval anche breakdown voltage of the device and to nmake that
br eakdown vol tage readily adjustable to a predetermined | ow | evel .2H&EP 2004
obj ects have been achieved by providing a controllable dumy | ayer di ode
which is structured as a butting diode with a dummy polysilicon |ayer above
the butting region. The dunmy polysilicon |ayer functions as an STl bl ock
to renove the STl between the n+ and p+ regions of the diode. In one
preferred dhbBoliatans refevanictol the esubjenh at handibasitsted helidg, function of a -
controll able gate with a punchthrough-Iliketrigger, in which a -
capacist &J.Sc Bapdrd 5708830 Goupyedis@obes bh BBEH rdtB&icﬁSBﬁM&hL@ggviwtao the gate
of the diode to provide a gate voltage. By changing the channel™l'ength
under the gRintm9fsuppfy Ifedde as well as the gate voltage, the reverse-biased
voltage of the diode’is readily adjusted to a predetermined level. In a

' f [ he i [ h [ f the diode i
made o boel P thane eag b Rhobi & R el Rener s el st ford e, The | ow
dopi h I j t h lysiLi I f tion:
channe Sen s CRRSd HBHEbebe! ahs eaesbaaines Dooteronica aising ¢ sateaused

by the zener. |odg. The adj ustnment of the channel stopper |length and the
control | abl O‘S%PB PO iPiggdidiatad NEN fhensiglat.r ol | i ng of a zener voltage. 3

~2 4 SEP ~O1$ BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a

cr oss-*s 48 Gipdent 5,808 812t (Wheti elcdy stiavs a bimiaroBC RHfiggeting Birawtfca B8 f or m
electric field across that n+ junction. FIG 2a and 2b illustrate the

el ectric fipbteatioowdi ng for a shallow and for a deep planar diffused
junction, respectively. FIG 3a is a cross-sectional view of the preferred
enbodi TenIS. Fatéies de0mps! , a4 LKemidd Moy LT) of
the present invention. Fl(g%g]bat%ggbg{:an V?Hé\?vggr{‘hgétgg@ttpgﬁgﬂéﬁgﬁega
Cross-sect ié?ﬂ?tur@. ew of FIG 3a. FIG 4 is a schematic diagramof the DPLT
devi ce. ais a cross-sectional view of the preferred enbodi nent of
the dummy | ayer zener-like-trigger device (DZLT) of the present invention.
FIG 5b is a plan view of a portion of the cross-sectional view of FIG ba.
FIG 6 isﬁ schemati c di agram of the DZLT device. FIG 7 is a block diagram
of the met Hbahekldigenetrddhat aene af thet abave-siteplOmraEeCRIf BT GNateR dtiktilize
PREFERRED EMBCDI MENT The junction of a diode with a shallow trench

i sol at@ davicsmith a sontralabie deinpray ddyee iwhittaprovidiscs iow contrbllabldigyder eakdown
voltage. FIG 2a shows a p-diffusion 21 with an n+ diffusion 22a

i |1 ustvaitagegaral whith! can Iné ased adid fids 8fhider BElicany ‘ forks €1 d
crowding is indicated by the cl osenesg]ggf Ar Fg\;\ﬁ;EE[g thﬁgﬂugfﬁb?{éﬂgoé&%S of the
sem conduct or wafer and results in a | ow breakdown voltage. In contrast,
FIG 2b shows a p-diffusion 21 with an n+ diffusion 22b illustrating a deep
pl anar diffused junction. &hj rod) [LON approxi mtes a

paral |l el plane junction asgqhﬁh&g\?ﬁgp?dﬂqﬁ llglq}gﬁﬁab?he uni form and weaker
electric field is indicated by the uniformspacing of Arrpws B and results
in the aforenenti oned hi gher breakdown voltage.

Itis an object of the present invention to provide structures and a method for a
device with a controllable dummy layer which can provide a low controliable trigger

voltage and can be used as a first triggered device in ESD protection networks.



In the present invention two kinds of new devices with a controllable dummy
| ayer provide a |low and controllable trigger voltage for reducing the

aval anche breakdown voltage of diodes in STI. These two newly iqunt&EP 2004
devi ces, can each be used as a first triggered device in electrostatic

di scharge (ESD) protection networks for deep-quarter-mcron processes. Key
points of the present invention are: Using a dummy polysilicon |ayer to
renove the STl between n+ and p+ junctions. 5 2 4 SEP 2004 Changing the
br eakdown guiatherf oljecttdfdhe presmntifivdAtion s brovits b quVidrdr TS préaegop! the
sem conductor wafer, as illustrated in FIG 2b and FIG 2a, thereby naking
use ofinsieepa@@nekﬂq@rdn(:pr@téggé§ to control the breakdown voltage. , *Using
t he puncht hrough and zener concepts, disclosed subsequently, to reduce the
di ode-like-trigger voltage. In the first preferred enbodi nent of the
present invention the device is called a dumy | ayer

puncht hr ou pke-tri LT).device. .The LT device is a clanp device
bet ween a gg[dermaég(?rbgécg%ﬁhég%sebﬁ'qvﬁ@%ﬂa' P%W%ﬁ@ltﬁ?laaﬁ@@hﬁrbr?mwaET)
for thetgrot?ﬁgi n.of the MOS gate. The DPLT is structured as a butting

di ode {RlteAe R Lﬁwaﬁv'ﬁ%ﬁyl itPirpaie thaj drealdawn veltagauraadiy adiusitable t6aG.  3a
illustrates the cross-section of a p-well or p-substrate 11 in a

sem cdngdetesningsklew level. A di ode 28, conprised of p-well or p-substrate 11
as anode and n+ inplant 13 as cathode, has a controllable dunmy polysilicon
| ayer 35 di sposed as a clanp device between gate 33 and source 32 of a MOS
type sem conductor device for MOS gate protection. The controll abl e dumy

| ayer di odeTibesdtjusts Wad Herfadtiibldd By Profigind!d SordtiEI aRRIMPlEVLEON | aver

35 above the butting region, i.e. t gl on ere n+t I np nd the

adj ac Whi t s . 40 th ane itens 13, 35 nd 36 on
fhe. plag it uctlicl'a bR A Wit W7 BBSURRT 1ifr abgis Tt
functi ST bl ock to,remove the ST]. between the n+ and p+ regions,

i tens lﬁﬂ%ﬁgﬁl‘geg?)@nr jibﬁedéwmgl%?lys‘@*ﬁonﬁéé?'bfh@chgn%%%éf"a?@ Rlpek i remavritheour ce
32 fro 2 4 ﬁEP 2004 conponents 13 and 36 and from ot her structures
(not sﬁﬁﬁ?ﬁt@"’eﬁaﬁé BINGRNhRE rediepnof 8re disde. Jatoweameigrred ambodiment of the
puncht hrough-like-trigger, in which a capacitor-couple circuit 37,

t ypi cadNV§nticsmie diede bas the inntionof acontrullabls gstei with agamehfougioligées a
portion of an electrostatic discharge (ESD) voltage into gate 35 to provide

a_gat elrigget, dywhichr a thpacitardmupte eincESELWIES b-pddlorn bR B8t fsitdggngidthk Of
channel 29 of the diode as well as the gate voltage, the reverSe-bi ased

vol t aggatefoftthe difidedts irbviteaslahtt asiads! %}r Effarying ﬂf@?tﬁéﬂé&?&%ﬁ‘(@hég te 33

aﬂq n+ inplant 13 are cpnnFc ed to i'ntegr:e a r_cud t he
coupi STar e e adYiel FRE gt Bl M 8l erke hiied Veihas dne cBkEds and

to gro .at th her epd. B angi t he channel |ength of the DPLT the
puncht %%gugﬁd%%‘ﬁ?ea BFGC{]GEQ”B%E%W?% c Hgﬁgﬁﬁonéﬂiﬁ[ﬁrw emboginentafithage of
the DPLT changes the depletion region profile under the dumy polysilicon

| ayer . NygRlQMEeget moiemef thepdiedrds madg tonoyarisii the risnragiomturhimgdae didde
puncht hrough vol tage of the DPLT. Wen the gate vol tage exceeds the

t hr eshigt@lazeneadiodef ~lffhaelohﬁdtlﬁbmi;lgez:hsuaniabltmlgi:tm:lt:|®cllertithéidm‘nr&layzﬁa‘dmal’lIicioinkléyé,ﬁl*' ode
appears between the p+/n type inversion |ayer which is in parallel wth the

channefundtiphehs @chargicbstoppbe apll 'sebrétisedahe ot BUREHEW oPthd |B§k§$l§ Eﬁﬁénth
electric field of the n+t/p-well or p substrate junction is to Tower the

j unct i eaustdERKtHRFer? IiGRE - TH Gdjubt! gﬂaalﬁ Ry | 28,
showi ng p-well 11, n+ region 1§?n§ﬁ3§82?§ﬁga. n%lg{v ﬁ?gﬁgﬁ%gnaqﬁez 4 SEP
2009 t hi ' I odi ment .of.the present invention is that al

of thigé'?trﬁ "easBF%ﬂ%resjé’@tébg%-"%i@%se@ev?ﬂ’}f%@%?fﬁpﬁ%"%lﬂ@ﬁaﬂ@adi ly adjustable to
a predetermned low level. W will now discuss the second preferred

enbodi nent of the present invention



by referring to FIG 5a and FIG 5b. The device is called a dummy | ayer
zener-liketrigger (DZLT) device. Attention is directed to the faﬁé4thP
nost features are the sane as those of FIG 3a and FIG 3b,, wher®e't sgwé
nuner al s designate the sanme conponent. \Wen overl appi ng p+ region 52 _of

di ode 51 is disposed to overlap n+ region 13, the structure is functioning
as a zener-type diode. The | ow dopi ng channel 53 region, of length L, under
t he dunmmy polysilicon layer 35 functions as a channel stopper, and
suppresses the occurr gmerFah baads G A by the zener type -
di ode. The adj ustnent of theE§E§ﬂnel ggeg{gg%er Igﬁgt and the controll able
gate voltage enables the controlling of a Zener voltage. When ESD stress is
present at the I C pad 34 diode 51 goes into a controllable voltage

breakdown. FAGEarigiangbys-sbiforzPNic bERTo BlodkS vidHa 34 g\ﬁ%ﬁ i S&fhrPind He

conduction of the diode and the conduction of the protection

net wonlnifoemtdiectrialfichlacoss thatrmajunetisguit to be protected from ESD damage.
FIG- 5b is the top view of diode 51, n+ inplant 13, overl apping p+ inplant
52, polysilicon gate 35 above channel 53, and p+ inplant 36. The DZLT
device is a clanp device between gate 33 and source 32 of an inside MOS FET
for the prdtiecfirand?b illetriesthgatiecBid. fiskh erahding forat sisalldve and fayededp
functions as _a STl block to renmove the STI 14 between the n+ 13 cathode/ p+
8 2 Plarsprdifiosed pnstipapeispgctiely.on 52 and the p+ anode 11 of the DZLT.
Anal ogous to the DPLT devi ce discussed previously, a capacitor-couple
circuit 37, typically conprised of a capacitor 38 and resistive neans 39,
coupl es a portion of an ESD voltage into gate 35 to provide a gate voltage
for the di dd& 3% 8@ erops-seelienal Mrw prtie prefened enthadiment ef thetdurBBywi t h a
zener-like-trigger. The DZLT is structured as a zener diode with a dumy
pol ysilRY&Runchiiough-dike-taggergryies (RL by of theppeaentriayeriorof p+ (36) to n+
(13), in which the DZLT can act as a zener-like diode 51 with a gate
control channel stopper 53 to suppress |eakage currents of diode 51 and to
adj ust thedgl yolta8e~ Fl 6 i.s a_schematic diagram of the DZLT device
showi ng zenelG-13RJs aR'BHIeN of grnution af the eleasmserctional virw @5FEG38adi sposed
above channel 53. Also indicated are the cathode and anode of the DZLT

devi ce. By changing the channel stopper length of the DZLT the channel
stopper resgstof. i s _changed,. which a t he clanp voltage of the DZLT.
By changi nghﬁie‘{ﬁa&l%&?%F%%g‘agfamﬁ%gﬁmﬁee‘éﬁ%ﬂneI stopper resistor is
changed, which in turn changes the clanp voltage of the DZLT. The advant age
of this second preferred enbodi ment of the present invention is that all of

tp? ieZej[rEellr( '%s ngg‘?’l %v e&e?%é'%ﬁ%%épgﬁe@&%tg g&qﬁeﬁghéﬁ% l‘%lt%;g d?'fn'mé ‘now
truct el fendralkadfiafer 5fEt (DALT BEHIIFEEMING I, or | Whi ch comur i aoe. the

following steps: 9 2 4 SEP 2004 providing a sem conductor wafer having a
p-wel |, inplanting diodes and n-channel transistors in that p-well,

provi di ng epgh. b is BQtEn YieW8Fa PokbriotRBldgbd T id con |ayer,
where those di odes aﬁg disposedwgs a Jﬁggﬁﬁggisgéﬁgg#meent#g%H%Land a
source of the n-channel transistor for the protection of the gate from ESD,
see BLOCK 71, structuring that diode as a butting diode, where the butting

region is deféres @gcﬁétﬂaaéa?adash\/\@ﬁﬂetd%ﬁa {iggi on of the diode and the
p-well, see BLOCK 72, placing the contro abFe umry polysilicon |ayer
above the butting region of the diode, where the controll able dummy
polysilicon | ayer acts as a control gate for the diode, see BLOCK 73,
congggti Ng FIG. Hiwdeldck dlagraipmef e metdd 6f hefiftdtidn® coupl e a portion of.
an



voltage into the control gate of the diode, thus providing a gate voltage
for the control gate, see BLOCK 74, adjusting the reverse-biased di ode

voltage to a predeternm ned | evel by changing the I ength of the 24 SEP. 20%

af orementi oned chanpel, see BLOCK 75, and further adjusting the

reverse-bi ased diode voltage to a predeterm ned | evel by changing the
vol tage of the control gate, see BLOCK 76. The nethod further provides
that: the controll able dummy polysilicon |ayer functions as a shall ow

trench isolation (ﬁgt@pv%t@:ﬁﬂ@pﬁ%ﬁ%ﬁggg eﬁ,}ngét?gmgﬁer n+ region of the

di ode and the p-well or p substrate, rons as a controllable
gate with a puncht hrough-|ike-trigger, 10 (2 4 SEP 200 the diode farther
functions as a zener type di ode when the p+ region of the diode is disposed

to overlap-the n+.regjon.of the diode, a |ow doping _channel region under
the contr olﬁ%PBCRmﬁfﬂ g&ﬂ‘{ﬁs‘f‘qﬂi‘ é‘cﬁrhq?@%?’eﬁr eﬁ@h@@lﬁ?ﬁ@%ﬁg Ids dikaseare paiedper
the | ow dopi nfq channel region of the zener type di ode suppresses the
occur PiaReiusclior Mithgs highrhreakdowa vollagey FiGe2a shews taypdiftlisiate 2 1 adihust i ng
the Il ength of the channel stopper enables the controlling of the zener

vol t ager diffusioe 2Z=nilustrating alshdikow plaiardiffugeg juhetion! S8R dectiORBIKO! gat e
enabl es the controlling of the zener voltage of the zener type diode, when
ESD stareadinigs diGABY bylthblafosiieas of AfudACanBSlihedsigrf. the di ode
goes into a controll abl'e voltage | evel breakdown, the stress is
by pas s@ehibynd 8o ® ' ' [ i,nventi o 1S peen
parti cul alr I?/ Lﬁ%mgﬁwggggﬁ%ghdg \'ﬂ’ ﬁ%%l?d\eépvé‘l]‘%g{%% tIHeCOS&r@?gﬁgd ZB _
enbodi S, tF it W | e .under od by those skilled ipn the art that
var i oug‘sﬁ%g{?aanglehgﬁlﬁﬁg? %W‘ﬁial‘&tﬁt%{ﬁ‘é"’%@‘i IR CRERPIAIAHYSRA f r om t he
spirit, ar}d sc.ﬂplze of the inyention. Wiat is clained is: 11 -
junction. This deep planar ditfusion approximates a paralle! plane junction as illustrate
in FiG. 1. The uniform and weaker electric field is indicated by the uniform spacing of

Arrows B and results in the aforementioned higher breakdown voltage.

In the present invention two kinds of new devices with a controllable dummy
layer provide a low and controliable trigger voltage for reducing the avalanche
breakdown voltage of diodes in STI. These two newly invented devices can each be

used as a first triggered device in electrostatic discharge (ESD) protection networks for

deep-quarter-micron processes.

Key points of the present invention are:

. Using a dummy polysilicon layer to remove the STI between n+ and p+ juhctions.



,2 4 SEP 2004 1. A nethod of creating a device with a controll able dumy

| ayer structure for electrostatic discharge (ESD) protection, conprisin

the steps of: providing a semconductor wafer with a p-substrate; 24 SEﬁ]ﬂm4
i npl anti.ng di odes and n-channel transistors [n said p-substrate; providing
each of said diodes with a controll able dummy polysilicon |ayer, said diode
di sposed as a clanp device between a gate and a source of said n-channel
transi stor for the protection of said gate from ESD, structuring that diode
as a huttir i i [ ' j ar ea. bet ween the n+
regi on of gl %‘ngﬁﬁ%é@é?#\%k@ g?‘@ %&ggﬁﬁ%ﬁg g)%ft{;??igf% rilﬁa- jl&%‘ﬁfor”gtp\ﬁﬁﬁl e’ durmy
polysilico r id butting region of said diode, said i
controll ablns'ed ﬁ%w"fqﬁ%?é%‘s“ﬁ‘?‘}’@éﬁ% & r’a%%“Hatr%@dd” {7 £Blang 16128 sai d

di ode, mheﬁg t he mﬁﬁlh of said control gate is defined by the channel

bet ween sai'deiFPYUGKEE e dautfageslectin @fisstsle candial the brgakdewnegiltage.
alternately, creating a gate controlled zener type di ode by overl apping a
second .p+ regreihaipuRchibrengivand geoer otnaspits] disdosed suisdedqueatly stairédabannel
is bordered by said first and said second p+ region, where said channel is
a | ow dopi rfhechoderike-triguerivottagg as a channel stopper, said channe
suppressing the occurrence of |eakage currents caused by said zener diode;
connecting said diode to a capacitor-couple circuit to couple a portion of
an ESD voltage into said control gate of said diode, thus providing a gate

vol t age forinsakd; P&hBodi : | | e
reverse- bi as Zdbgiir%?gbf/égh age%'? gﬂﬁerﬁ)tr(gfc‘}ﬁ? ? T eﬁn'lggn«{ezgi’gﬁﬁ% Q%Hé?%d? ﬁall?%
| engt L ; Sfurther, adjusting t r se-bi ased di ode
vol ¢ st 3e0e LR heos Bt abORE B hGinch ndfo SIS, Bure R siamat r o
gat e. % .ThS ﬁget hod Ogﬁhd im1, wherein said controllable dumy polysilicon
layer T8 PEIYLCELa g3, ad a\Fures ehan deside nharoel rapsistac (MO &) dos ai d
STl between said n+ region of said diode and said p-substrate. 3. The .
met hodthgrPretegtipn pf tbmé/?% gatdi dhelilRleT fusicydtorest as aduting diodeatitreagat e with
a puncht hrough-1ike-trigger. 13

dummy polysilicon layer above the butting region.

FIG. 3a illustrates the cross-section of a p-well or p-substrate 11 in a
semiconductor wafer 10. A diode 28, comprised of p-well or p-substrate 11 as anode
and n+ implant 13 as cathode, has a controllable dummy polysilicon layer 35 disposed
as a clamp device between gate 33 and source 32 of a MOS type semiconductor
device for MOS gate protection. The controllable dummy layer diode is-structured as a
butting diode with é dummy polysilicon layer 35 above the butting region, i.e. the region
Where n+ implant 13 and the adjacent p+ implant 36 meet. Also refer to the same items
13, 35, and 36 on the pian view of the diode in FIG. 3b. The dummy polysilicon layer
35 functions as an STI block to remove the STI between the n+ and p+ regions, items
13 and 36 respectively. STI regions 14 separate c;rain 31 and source 32 from

6



a 4 SEP 2004 4. The nethod of claim11, wherein adjusting the length of said
channel stopper enables the controlling of the zener voltage of said zener
type diode. 5. The nmethod of claim1, wherein controlling the voLtagb &éh(iﬂﬂq
control gate enables the controlling of the zener voltage of said zener

type diode. 6. The nethod of claim1l1, wherein when ESD stress is present at
said gate of said n-channel transistor, said diode goes into a controllable
vol tage | evel breakdown. 7. The nethod of claim®6, wherein'said ESD stress

i's byparapedertg 1hane 3Bdunt from cthes stirgctdt<digiot %ﬂown;( The diode ha .
A@AC AL AN/ AC . A AL, AKQL. ALL. A/ LA #iT L AKQ A@ A <XrAT[7 B ihgb%)

ngf‘gg] HARLEA AR 6 U PAORNAREA @%@LF%w.&%%%bséi&i%o%%‘l&%&é&}l ¢-all
o cal ey e ERREA R CER R ERL R ey B iplane aoeince

I#YB&E& / ONO} xsni d calcalca]calc
a] ca] @3]95‘%‘1@%%5 ‘é'é %p@dﬁ@fa]%?sa]im]&;%?@&] t]@eqr]eurpe a gate voltage for the
al] ca] ca] caj ca] cabg calcalcalcalc
al No0dip2e38 @i BSBs/em 4 By d661g6)theaznghvis b8 8B8en i Poxshithd diddeas well as
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ted gateoalitagk tecverdsBial88 vbitage af the diode is readily adjusted to a
;; <=<<<==Uk=i =o=r =} ==>C>>>#?X???9@ad wr mhc”Y] ca] ca] ca] ca] €a] ca] ca] calJcalJcalc
a] ca] preddiérmsihedliewdical cal caj ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]c
a! @\ ABB6C<CBCOCCCD9DDDEUEWE} EEE
FI FFGXGGGG xs| wr mhc”Y] ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca]ca] ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢ a] ca] ca] ca] ca] ca] ca] ca<Xr i K- 10%

e (Bt I e b i Y B i e @

chip. Source 32 and p+ implant 38 are typically tied to ground. Capacitor couple circuit
37 is tied at one end to gate 35, as already mentioned, and to ground at the other end.

~ By changing the channel length of the DPLT the punchthrough voltage of the DPLT is
changed. Changing the gate voltage of the DPLT changes the depletion region profile
under the dummy polysilicon layer. The change of the depletion region profile in turn
changes the punchthrough voltage of the DPLT. When the gate voltage exceeds the
threshold voltage of the MOS type semiconductor device a zener-like diode appears

between the p+/n type inversion layer which is in parallei with the channel depletion

region.

The effect of gate coupling on the surface electric field of the n+/p-well or p-
substrate junction is to lower the junction breakdown voltage. FIG. 4 is a schematic
diagram of diode 28, showing p-well 11, n+ region 13, and gate 35. The advantage of
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this first preferred embodiment of the present invention is that all of this makes the .

reverse-biased voitage of the DPLT readily adjustable to a predetermined low level. ;

We will now discuss the second preferred embodiment of the present invention
by referring to FIG. 5a and FIG. 5b. .The device is called a dummy layer zener-like-
trigger (DZLT) device. Attention is directed to the fac;t that most features are the same
as those of FIG. 3a and FIG_. 3b, where the same numerals designa.tethe same
component. When overlapping p+ region 52 of diode 51 is disposed to overlap n+
region 13, the structure is functioning as a zener-type diode. The low doping channei'
53 region, of length L, under the dummy bolysilicon layer 35 functions as a channel
stopper, and suppresses the occurrence of the leakage current caused by the zener

- type diode. The adjustment of the channel 53 stopper length and the controllable gate
voltage enables the. controlling of a Zener voltage. When ESD stress is present at the
- IC pad 34 diode 51 goes into a controllable voltage breakdown. Accordingly, the ESD
stress at IC pad 34 is bypassed by the conduction of the diode and the conduction of
the whole ESD protection network to thus allow an internal circuit to be protected from
ESD damage. FIG. 5b is the top Qiew of diode 51, n+ ifnplant 13, ovér!apping p+

implant 52, polysilicon gate 35 above channel 53, and p+ implant 36.

The DZLT device is a clamp device between gate 33 and source 32 of an inside
MOS FET for the protection of the MOS gate 33. The dummy polysilicon layer 35

functions as a STl block to remove the STI 14 between the n+ 13 cathode/p+

8
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overlapping region 52 and the p+ anode 11 of the DZLT. Analogous to the DPLT
device discussed previously, a capacitor-couple circuit 37, typically comprised of a ’
capacitor 38 and resistive means 39, couples a portion of an ESD voltage into gate 35
| fo provide g gate voltage for the diode in an ESD event. The DZLT has a controliable
- gate 35 with a zener-like-trigger. The DZLT is structured as a zener diode with a
dummy polysilicon layer, gate 35, above the overlapping region of p+ (36) to n+ (13), in

which the DZLT can act as a zener-like diode 51 with a gate control channel stopper 53

to suppress leakage currents of diode 51 and to adjust the clamp voltage.

FIG. 6 is a schematic diagram of the DZLT device showing zener-type diode 51

connected to channel 53 and gate 35 disposed above channel 53. Also ind.icated are

- the cathode and anode of the DZLT device.

By changing the channel stopper length of the DZLT the channel stopper resistor
~ is changed, which changes the clamp voltage of the DZLT. By changing the gate

. voltage of the DZLT the channel stopper resistor is changed, which in turn changes the
clamp voitage of the DZLT. The advantage of this second preferred embodiment of the

_present invention is that afl of this makes the clamp voltage of the DZLT readily

adjustable to a predetermined low level.

With reference to block diagram, FIG. 7, we now describe the method of creating

a device with a controllable dummy layer structure for electrostatic discharge (ESD)

protection, which comprises the following steps:

9
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providing a semiconductor wafer having a p-well,
implanting diodes and n-channel transistors in that p-well,
providing each of those diodes with a controllable dummy polysilicon layer,
- where those diodes are disposed as a clamp device between a gate and a source of
the n-channel transistor for the protection of the gate from ESD, see BLOCK 71,
structuring that diode as a butting diode, where the butting lregion is defined by
" the area between the n+ region of the diode and the p-well, see BLOCK 72,

- placing the controllable dummy polysilicon layer above the butting region of the

diode, where the controllable dummy polysilicon layer acts as a control gate for the

diode, see BLOCK 73,

connecting the diode to a capacitor-couple circﬂit to couple a portion of an ESD

‘voltage into the control gate of the diode, thus providing a gate voltage for the control

gate, see BLOCK 74,

adjusting the reverse-biased diode voltage to a predetermined level by changing

the length of the aforementioned channel, see BLOCK 75, and

further adjusting the reverse-biased diode voltage to a predetermined level by

changing the voltage of the control gate, see BLOCK 76.

The method further provides that;

the controliable dummy polysilicon layer functions as a shallow trench isolation
(STI) block to remove the STI between the n+ region of the diode and the p-well or p-

substrate,

the diode functions as a controllable gate with a punchthrough-like-trigger,
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is disposed to overlap the n+ region of the diode,

a low doping channel region under the controllable dummy polysilicon layer

functions as a channel stopper,
the low doping channel region of the zener type diode suppresses the
occurrence of leakage currents caused by the zener type diode,

adjusting the Iength of the channel stopper enables the controlling of the zener _

voltage of the zener type diode,

controlling the voltage the control gate enables the controlling of the zener

voltage of the zener type diode,

when ESD stress is present at the gate of the n-channel-transistor, the diode

goes into a controllable voltage level breakdown,

the ESD stress is bypassed by the conduction of the diode.
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.

What is claimed is:
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electrostatic discharge (ESD) protection, comprising the steps of:

providing a semiconductor wafer with a p-substrate;

implanting diodes and n-channel transistors in said p-substrate;

providing each of said diodes with a controllable dummy polysilicon layer, said
diode disposed as a clamp device between a gate and a source of said n-channel
transistor for the protection of said gate from ESD;

structuring that diode as a butting diode, said butting region defined by the area
between the n+ region of said diode and said p-subsirate;

placing said controllable dummy polysilicon layer above said butting region of said
diode, said controllable dummy polysilicon layer acting as a contro! gate for said diode,
where the width of said control gate is defined by the channel between said n+ region of
said diode and an adjacent first p+ region;

alternately, creating a gate controlled zener type diode by overlapping a second
p+ region with said n+ region of said diode, such that said channel is bordered by said
first and said second p+ region, where said channel is a low doping channel functioning
as a channel stopper, said channel suppressing the occurrence of leakage currents
caused by said zener diode;

connecting said diode to a capacitor-couple circuit {o couple a portion of an ESD

voltage into said control gate of said diode, thus providing a gate voltage for said control

gate;
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adjusting the reverse-biased diode voltage to a predetermined level by changing
the length of said channel; and
further adjusting the reverse-biased diode voltage o a predetermined level by

changing the voltage of said contro! gate.
2. The method of claim 1, wherein said controllable dummy polysilicon layer
functions as a shallow trench isolation (STI) block to remove said ST| between said n+

region of said diode and said p-substrate.

3. The method of claim 1, wherein said diode functions as a controllable gate

with a punchthrough-like-trigger.
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enables the controlling of the zener voltage of said zener type diode.

6. The method of claim 1, wherein when ESD stress is present at said gate of

said n-channel transistor, said diode goes into a controllable voltage level breakdown.

7. The method of claim 6, wherein said ESD stress is bypassed by the

conduction of said diode.
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