; tue3eyVyS$46, T>F+ DUMW LAYER DI ODE STRUCTURES FOR ESD PROTECTI ON
BACKGROUND OF THE I NVENTION 1. Field of the Invention The invention relates
to electrostatic discharge (ESD) protection of integrated circuits, and
nore particularly to reducing the aval anche breakdown voltage of di odes

with shallow trench isolation (STI) in deep-quarter-mcron processes. 2.
- Description of the Related Art The aval anche breakdown voltage of a di ode

with shallow trench isolation (STI) has been increased to the |evel where

t hese devi ces RMM6LAYRRDIRDE STRVETURE FEEDRIESDRROTEGMONEP
quarter-mcron processes. In this situation, the trigger voltage of the

di ode is higher than the gate oxi de breakdown voltage. Thus, the protection

‘Wi ndow is zero. Diodes with the STI trigger too high fail when first

triggered. The probl em SRORGROUNDNOFHME PERNTOY i C fiel d of the n:
junction of -a diode which is responsible for t I gh 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 e .ng a common n+ cat hode 13. Shallow trench
2] %%I& ofatggéﬁ\?%élgﬁ . ; S

i sol ati ons 14 Separ + and n+ ]UnCtI ons. Therefore, it is essential

to i nvent new t de th a l.ow and caontrol |l able trigger voltage.
U. S. Pa'{*}een‘%e%g%“e@ ?S? 'P%O%IGB? dischaiger{E50) aretertien etintrdrated U, S.

Patent 5,708, 550 (Avery I) di scl oses an ESD protection structure having a

dunmy SEHFANG Mere paricllpgy & fedsicirithe Byvafanehe beatiown \milage|of dipeles
zener-triggered SCR for ESD. U. S. Patent 5,850,095 (Chen et al.) teaches an

- ESD prwitteghallew igenchuselation (TR i deep-qdaderemimon arodesses.di gi t at ed NPN

transistor. U S. Patent 5,808,342 (Chen et al.) shows a bipolar SCR
triggering circuit for ESD protection. U S. Patent 5,780,905 (Chen et al.)
descri bes ‘an asymmetrical triggering ESD structure. It should be noted that

none of the. abessiptibhoftexreERi@sARf the related art utilize a device with a
control |l abl e dummy | ayer which provides a | ow controllable trigger voltage

and whi ch cap HRiIaRAE Kr8akadvid Foitdde S hiodE WithSsHalom R Ah AL Sishid s &ﬂft wor ks,

has been increased to the level where these devices are no longer effective for ESD
protection in deep quarter-micron processes. In this situation, the trigger voitage of the
diode is higher than the gate oxide breakdown voltage. Thus, the protection window is
zero. Diodes with the STI 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. Therefdre, it is essential to invent a .new type of diode with a

low and controllable trigger voltage.




SUMVARY OF THE I NVENTION It is an object of the present invention to
provide structures and a nethod for a device with a controllable dunmy

| ayer which can provide a |ow controllable trigger voltage and can be used
as a first triggered device in ESD protection networks. 2 Anot her obj ect
of the present invention is to provide a device for ESD protection 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 nake that

br eakdown WbiSt Bgéente aslevantdolthessahjed dihaad@re distedrbaloved | ow | evel . These
obj ects have. been achi eved by providing a controllable dumy | ayer di ode
whi ch § ss$rmegtedt 8F085550 badrindiscloseieanvElSD proteidtion fariciielhagipig 4 ayer above
the butting region. The dummy polysilicon layer functions as an STl bl ock
to renove tdignm %uB?&Wﬁ@P the n+ and p+ regions of the diode. In one
preferred enmpodi nent "of the invention the diode has the function of a
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vol tage of the diode is readily adjusted to a predetermned level. In a
second pref@?‘?%é”@ﬁﬁdﬂﬁeﬁ@ﬂ‘ﬁatﬁ?jﬂmtriaﬂ§'§ffﬂfi on the p+ region of the diode is
made to overlap the n+ region turning the diode into a zener diode. The |ow
dopi nge chbHinBa e.ntagiS@ﬁ,Med&hetnr@ ahlirihpwsor biviolar &R tgagsring oiretit 6138 a
channel stopper and suppresses the occurrence of the | eakage current caused
by the zenegprotdatids. The adj ustnment of the channel stopper |ength and the
control | abl e gate voltage enables the controlling of a zener voltage. 3

BRI EF DESCR| P35 80005 @R &GP deseribles an asymnmetricabtiggeriag ESew of two
di odes with a common n+ junction and a uniformelectric field across that
n+j uncti on.giflc$ure2a and 2b illustrate the electric field crowding for a
shal l ow and for a deep planar diffused junction, respectively FIG 3a is a
cross-sectional view of the preferred enbodi nent of the dummy | ayer

- puncht hrough-1i ke-trigger device (DPLT) of the present invention. FIG 3b

5 3 Senomt ElodH B BaFb O rEhe rEBARR N RNBhet et Eartgbl ¢
Vi _ew OL dteoi%e%’ﬁ\fae rccr)r?tgol%%?eogbr%rvla%r vtvtﬁllgh %?Mes a low controllable trigger

voltage and which can be used as a first trigger device in ESD protection networks.
SUMMARY OF THE INVENTION

It is 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 controllable trigger

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




| 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 5a. FIG 6 is
a schematic diagramof the DZLT device. FIG 7 is a block diagram of the
met hod of the invention. 4 DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The
junction of a diode with a shallow trench isolation (STI) is |like sonme
paral l el plane junction with a high breakdown voltage. FIG 2a shows a
p-diffusion 21 with an n+ diffusion 22a illustrating a shallow pl anar

di f fused j untathemobjsetral e prasent inyentien i toroadieg devidenfor ESeprobsctione

cl oseness of Arrows A at the surface 23 of the sem conductor wafer and

r esul tins deepagUanter onie@kdoocessekt age. I n contrast, FIG 2b shows a
p-diffusion 21 with an n+ diffusion 22b illustrating a deep planar diffused
junction. This deep planar diffusion approxi nates a parallel plane junction
as illustrated in FIG 1. The uniformand weaker electric field is

i ndi cat ed by firfifer WBidcP bMreRsesss |ﬁ‘verﬁfornQ¥"€o RdiRd the sVhibRchd biddkdown

af orenent i oned hi gher breakdovvn vol t age. (ﬂ% present 1 nvention two kinds

3%???{4"%???@%%‘2?%@& Ak d=futi n‘g'“?ﬁﬁé% R Rl B8 vo « age

of di odea n 9 es two newy invented devices can each be used as a
first QP Sbeé’r’“éﬂ? 018\% E‘éel n electrostatic discharge (ESD) protection networks
for deep-quarter-m cron processes. Key points of the present invention are:
‘Using a durrrry polysilicon | ayer to renove the STl between n+ and

p+j uncti ons. Chan t he breakdown point fromthe bottom of the n+/p+
junction toThEFF@ @zmtagavebeen@cb@wﬁ@@mr@wdtngwawrtrollablerdum@wmeed in FIG
2b and FIG 2a, thereby making use of surface electric effects to control

t he _br@adelwmnh/ielsttrugmrewsb acputtieg giode twitir @ dgmnaypolysifieon lagecatpsve, thdi scl osed
subsequently, to reduce the diode-like-trigger voltage. In the first

- pr ef erbwiting rdgot.NEhe dafrhy poysiseniayeniartibenas AR STEIsk et ase a dummy
| ayer puncht hrough-Iike-trigger (DPLT) device. The DPLT device is a clanp

‘EE% cfe%’fre&menaheauenaw RgiHe RheWicHR. | INYrlSorBferRAERbodifie bffryy (M35

invention the diode has the function of a controllable gate with a punchthrough-like-

tri_gger, in which a capacitor-couple circuit couples a portion of the ESD voltage into the

gate of the diode to provide a gate voltage. By changing the channel length under the

gate of the diode as well as the gate voltage, the reverse-biased voltage of the diode is
readi!y adjusted to a predetermined level. In a second preferred embodiment of the

invention the p+ region of the diode is made to overlap the n+ region turning the diode

inte a zener diode. The low doping channel region under the dummy polysilicon layer
functions as a channel stopper and suppresses the occurrence of the leakage current

caused by the zener diode. The adjustment of the channel stopper length and the

controllable gate voltage enables the controlling of a zener voltage.




the protection of the MOS gate. The DPLT is structured as a butting diode
with a dummy polysilicon |ayer above the butting region. FIG 3a
illustrates the cross-section of a p-well or p-substrate 11 in a

sem conductor wafer 10. A diode 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 controllable dunmy

| ayer diode is struct @%@Fa@E§QRlPtQFIGJ§ QF bt MRANVINGISInmMY pol ysilicon | ayer
35 above the butting region, i.e. the region where n+ inplant 13 and the
adj acent p+ inplant 36 neet. Also refer to the sane itens 13, 35, and 36 on

t he pl an vi of. the diode.in FIG 3b. The dummy polysilicon |ayer 35
functions a I\&an1 I8 CTEPHERUDY Miew f veediedes with @commar nd-jungtienand agi ons,

itens nd I ctively. STl regions 14 separate drain 31 and source
32 froéﬁg%HI%éggﬁﬁ%%fgm?§s gua rom ot her structures (not shown). The
- diode has a controllable gate 35 with a punchthrough-Iike-trigger, in which
.a capacitor-couple circuit 37, typically conprised of a capacitor 38 and
resistive i - ) i i, scharge (ESD)
Vol tage | nt o gare gk oE WRSHEEANI AR A POuEBI! & BhBley B i o
event . pBrafaiR0seMAirichsn, RS (Rmbypf channel 29 of the diode as well as the
gate voltage, the reverse-biased voltage of the diode is readily adjusted
to a predetermned |level. Gate 33 and n+ inplant 13 are connected to
integrated circuit (1C) pad 34 of the chip. Source 32 and p+ inplant 36 are
typical l'y tFi&l 3adsgraussisetiapaciibarofahe prefefib embodiehboftthe duaimpne end to
gate 35, as already nentioned, and to ground at the other end. By changi ng
t he chieyaepunchtiorobgbike-tidgdaPldeviced DRWLT) lof theopigentohv@gnof the DPLT is
changed. Changing the gate voltage of the DPLT changes the depletion region
profile under the dunmmy polysilicon | ayer. The change of the depletion
region profile in turn changes the puncht hrough voltage of the DPLT. Wen
the gate vorfCag isrddan yiemhel a ppBioRcI dhe slassgectional iview B G Ea.

sem conduct or device a zener-like diode appears between the p+/n type
inversion layer which is in parallel with the channel depletion region. The
ef fect of couplin n the surfac lectric field of the n+t/p-well or p
substrate ]gﬁ fi '8@%@3?@?10 raﬂh%ff'ﬁﬁﬁbﬁﬁﬁeiﬁ%akdom voltage. FIG 4 is a
schemati ¢ di agram of di ode 28, show ng p-well 11, n+ region 13, and gate
35. The advantage of 7 this first preferred enbodi mrent of the present
invention i t:.al I rse-hiased valtage of the DPLT
readily adj Itsjlgt'ggl 'Séé‘)ﬂtécgoéjtg B%éeﬂ Z‘ g?i %ﬁ’fPéBp?B\E‘ﬁfgﬁ%@%mb‘i@?WN ‘%rjfé?\/%b'f@%ss t he
second ﬁ@%gi j ion by referring to FIG
5a andhg?ﬁgﬁgﬁﬁq%ﬁé e&?%gkﬁgb%a ?Egkgﬁggﬁ%Qﬂ%%$§W'zener-liketrigger (DZLT)
device. Attention is directed to the fact that nost features are the sane
as those of FIG 3a and FIG 3b, where the sanme nuneral s designate the sane
conponent . B BbAY &rglaw Riedofa pbtidh &1 tR? céfss Heltiéha Vidwp ofFRP 3L to overlap
n+ region 13, the structure is functioning as a zener-type di ode. The | ow
dopi ng channel 53 region, of length L, under the dummy polysilicon |ayer 35
functions as a channel stopper, and suppresses the occurrence of the

| eakage curklént is auheénafictdimgraenefthe yf Tdiledes. The adj ustnent of the
channel 53 stopper length and the controllable gate voltage enables the
controlling of a Zener voltage. Wien ESD stress is present at the IC pad 34
di ode 51 goes into a controllable voltage breakdown. Accordingly, the ESD
stress at IIdGdds adlpek dingeass ofithgymethedcefttiedvestionf t he di ode and t he
conduction of the whole ESD protection network to thus allow an internal
circuit to be protected fromESD 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 protection of the MOS
gate 33. The dumy polysilicon layer 35 functions as a STl block to renove
the STI 14 between the n+ 13 cat hode/p+ 8




over | apping region 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 nmeans 39, couples a portion of an
ESD voltage into gate 35 to provide a gate voltage for the diode in an ESD
event. The DZLT has a controllable gate 35 with a zener-like-trigger. The
DZLT is structured as a zener diode with a dummy polysilicon |ayer, gate
35, above the overl apping region of p+ (36) to n+ (13), in which the DZLT
can act as a zenerPDEBKRIBTHN GA TWE AREFFRRED @MBODIMENTEl st opper 53 to
suppress | eakage currents of diode 51 and to adjust the clanp voltage. FIG
6 is a schematic diagram of the DZLT devi ce showi ng zener-type di ode 51
connected to channel 53 and gate 35 di sposed above channel 53. Al so

i ndi cat ed aTie [uARLERbNE W dHeSTOFs 1RY BRRSh ARt he
channel stoppe&ml éngth of thelt%g(l_g‘lﬁgyﬂgtrtceﬁgpme t!soglgﬁ;[g)relsrhgéisg or |r§ﬁ%lhanged,

whi ch the el ' T i th t | t

of tneP Ot P TN it & BRnARE R E s otalle, st 28 o8 Pfifion A7 M Archanges
th I . f .t DZLT.. Th d . of _thi d pref d
embodi feqittgiie fbebdie T rta SRRRe ARHERT ieuen. SHrP8S HRcek: T8 ol arp
vol t age of 'the'rg[))c%LT readj |y adjustable to a predeterm ned low |level. Wth
r ef er eOWAING I§)i Rafafiiyrt fcloseaessyof fEows v ddbesuface B8 afdieod of creating

a device with a controllable du | ayer structure for electrostatic

di schafjaicprdstopwates @nddasulishin ehloworeakdasn volkagen| Inasintrgst Fé@s2b 9
provi di ng a sem conductor wafer having a p-well, inplanting diodes and

n- changtgiwe a grdiffesion & 1iwitht amn+pliffudion 2pb dvustiating 2 @ebp plartidresfeusdigodes with a
control |l able dumry polysilicon |ayer, where those di odes are disposed as a

cl anp jdeviiare TDieitweep pdargidiffasich approsinttedt &d&éllélpﬁ?@]ﬂﬁbtidr{ addusireqf or
the protection of the gate fromESD, see BL 71, structuring that diode

as a btRIGNg. diedeniforesiRl WhskdrEIddtAg ieMak %iéa?ef%g?#%rﬁagﬁcgﬁﬁfebet ween

the n+ region of the diode and the p-well, see B

contr oAnaRs & SWTTBSURS Y fle! 4B AR d RGN trlSikdtiid %]%gre?gi on of the

In the present invention two kinds of new devices with a controllable dummy
layer provide a low and controllable 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 dischar.ge (ESD) protection nefworks for

deep-quarter-micron processes.

Key points of the present invention are:

Using a dummy polysilicon layer to remove the ST between n+ and p+ junctions.




di ode, where the controllable dumry polysilicon |ayer acts as a control
gate for the diode, see BLOCK 73, connecting the diode to a .
capacitor-couple circuit 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
_predeterm ned | evel by changing the length of the aforenentioned channel,
see BLOCK 75, and further adjusting the reverse-biased diode voltage to a
pr edet er m n@banging theyreakdogh poirit fidny td ibgtond bf tHeen-/patiimitiodab ehe See BLOCK
76. The nmethod further provides that: the controll able dummy polysilicon

| ayer functdffeas the SEidaPduLIoR Welfer 39Ii|ﬁfs'tr9f&ao|(ilﬁ'l‘ﬁ[%E Db aml Fi@, hgmove the STI

bet ween the n+ region of the diode and the p-we p substrate, thg di oﬁe
functions yRLkiaL _B! i fs%qg -1 ' t he
di ode furtﬁl\T(;'F'a(?c unctéjiiig sug gs?? Sggéﬁ%yewk?ze |odgﬁﬁwméeb%%kéé‘gﬁ%ﬁﬁ%qét he

channet r ecy a0 g b EHEFUER Arisaelr B8k Yt e bl By % falicfons s

a channel stopper, .the. | ow i ng channel region of the zener type di ode
R EAGte. e Biqogr uolbR

suppr esses %akage currents caused by the zener type
di ode,

In the first preferred embodiment of the present invention the device is called a
dummy layer punchthrough-like-trigger (DPLT) device. The DPLT device is a clamp
.device between a gate and a source of an inside n-channel transistor (MOS FET) for
the protection of the MOS gate. The DPLT is structured as a butting diode with a

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—subsfrate 11 as anode
and n+ implant 13 as cathode, has a controllable dummy polysilicon layer 35 disposed

asa 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 a 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 plan 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 drain 31 and source 32 from




‘adjusting the length of the channel stopper enables the controlling of the
‘zener vol tage 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

di ode goes into a controllable voltage | evel breakdown, the ESD stress is
bypassed by the conduction of the diode. Wiile the invention has been
particularly shown and described with reference to the preferred

enbodi gependrien 8ehd 36 and frbmbsthenstaiditieadnbysHaiane THE dib@shb&at he art that
various changes in formand details may be made without departing fromthe

i e RRSRIE05 I L RS Shor R R bl
| i ' ' . .Sl ng: ' ctoor wafer
o th Sp i AR R P Bhl s e ﬁgd?oa*@i%s”éﬁﬁﬂw%cqfnneL
i . h id n-ch ' ' i at i t
one oron apatrestafic SiseBere STl yknend ARGl o6 R PiokideA ol iags 'SeBir at ed by
shal l ow trench isolations (STI); a du pol ysilicon | ayer placed over of
the chHifARRIN IvFALheYeN- Evghaggingfbedangth L of channel 29 of the diode as well as

the gate voltage, the reverse-biased voltage of the diode is readily adjusted to a

predetermined level.

Gate 33 and n+ implant 13 are connected to integrated circuit (IC) pad 34 of the.
chip. Source 32 and p+ implant 36 are typically tied to ground. Capacitor couple circuit
37is tiéd at one end to gate 35, as élready mentioned, and to ground at the other end.
By changing the channel length pf the DPLT the punchthrough voltage of the DPLT is
changed. _Chang.ing the gate voltage of the DPLT changes the_depletion region profile -
Linder the dummy polysilicon layer. The change of the depletion region profile in turn
changes the punchthrough yo!tage 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 parallel with the qhannei 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




regions of said dirodes and adjacent p+ regions, said diodes called
zener-1ike-di odes; said n+ region of said diode connected through
conductive nmeans to a gate of its associated n-channel transistor; said
DPLT used as a first triggered device in electrostatic discharge (ESD)
protection networks; each of said diodes conprised of said nt+ region as

cat hode and sai d p-substrate as anode; said dummy polysilicon |ayer
connect ed through capacitor-couple nmeans to a reference voltage; and during

ESD stthissfirst mtfdreal émpodiment oéitde fliesdnt inaémtion iodest aiwfithis enakesather ol | abl e
vol tage | evel breakdown. 12 2. The device of claim1l, wherein said DPLT

is a geesBedfyddPvdigigeastithe DIatrercanfy 88justabfioCE pRidetdthiindd RARIE! _
transi stor for the protection of said gate in an ESD event. 3. The device

of claim 1, wherein said n-channel transistor is an inside n channel
transistor of a circuit. 4. The device of claim1, wherein said DPLT has a

cont 01 a0\ R ol O S BB o o JRECBE B, '

porti Ot?y %fferﬁﬂg%os Pld.o éé gﬁg |:'|(Et gb.s‘fﬂ)g dce(\)f@ériso lclal?ebcl ae d ﬁ{[rr?y layer zener-like-
trigger (DZLT) device. Attention is directed to the fact that most features are the same
as those of FIG. 3a and FIG. 3b, where the same humera[s designate the same
compdnent. 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 channel
53 region, of length L, under the dummy polysilicon 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
!C 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 view of diode 51, n+ implant 13, overlapping 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+




6. The device of claim1l, wherein said DPLT is structured as a butting

di ode, said n+ region of said diode and said p-substrate butting agai nst
each other. 7. The device of claim1, wherein said dummy polysilicon |ayer
functions as an STl block renoving the effect of said STI between said n+
region of said diode and said adjacent p+ region. 13 8. The device of
claim1, wherein said dummy polysilicon | ayer changes the breakdown point
of said diode fromthe bottom of said n+ region and said p-substrate region
t o t heoveelappimgregiontiRearsdliteqreanddes il df the DEQT o ralabaasitd tee DIt rate. 9.
The device of claim1, wherein changing the |length of said channel changes
t he putelicd discussedvreviagsly od capacitobieblipleldircuit 3&, typicatie compeibad of 2, wherein
changi ng the gate voltage of said DPLT changes the depletion region profile
under cHpiaditotBrEng edsistiviel rheand a9 ecouplds a pbetiothenfianeESD vitageinto gath8s ei n
changi ng said depletion region profile changes the punch-through voltage of

sai d DBlpfovidid.a Jgdte vaitage fordfie dloglierin bh, EShevenn, T BZLTHasgatentvsilabrge of
sai d n-channel transistor exceeds a threshold voltage, there appears said

zener - gatkS5divicla Zeabmiientrigher. pFH¢ D21VEE Strabturey as aGlensatbddiitea 13. The
device of claim 12, wherein there appears a channel depletion region under

sai d Wymlwlidohqwbr! gater3maibave eslbveppiMerogiirest i @5) @ ns i ), prt/ n
i nversion |ayer.
w_hich 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 indicated 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 changés the
clamp voltage of the DZLT. The advantage of this second preferred embodiment of the
present invention is that all 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:




14 ~ 14. The device of claimn-1, wherein the effect of gate coupling of
said dummy polysilicon |ayer on the surface electric field of the n+/p-well
junction of said diode |owers the junction breakdown voltage of said diode.
15. A device having a Dunmmy | ayer Zener-Like-Trigger (DZLT) structure for
el ectrostatic discharge (ESD) protection, conprising: a sem conductor wafer
Wth a p-substrate; said p-substrate inplanted with di odes and n-channel
transistors, where each of said n-channel transistors is associated with
one of sai gravidgas semicandiddewatesinaymgzapavell, i ke- di odes; sai d n-channel
transi stors and sai d di odes separated by shallow trench isolations (STIl);
each of saiimnptindingsliedasmandedhanneitransisiord imthadwewelhppi ng p+ region, said
over | appi ng p+ regions overl apping said n+ regions of said diodes; second
p+ regi ons pbuding eathafdntse diodes withai cordrodiablepinmy pelysdigoodayera dunmy

pol ysilicon | ayer placed over of the channel separating of each of said
secondwheredhdss diodesaee Hsppsed)apa daypaeyicefbadaeen digade and sasairceiofry
polysilicon layer creating a controllable trigger gate; said n+ region of
sai d dhedecltanmet trapsiston fanibé peatadiart ofthergade frotoESBe sga B Q3K i7tis associ at ed
n-channel transistor; said DZLT used as a first triggered device in

el ect r ost atstouctlirighhatdiod€8B)a butting diode, where the butting region 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 buiting 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 circuit to couple a portion of an ESD
voltage into the control gate of the diode, thus providing é gate volfage for the control
gate, see BLOCK 74,
adjusting the reverse-biased di.ode 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 controllable dummy polysilicon layer functions as a shallow trench isolation
(S_TI) block to remove the STl between the n+ region of the diode and the p-well or p-
substrate,

the diode functions as a controllable gate with a pu nchthrough-like-trigger,
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| protection networks; 15 said DZLT acting as a clanp between said gate and
said source of said n channel transistor for the protection of said gate of
said n-channel transistor in an ESD event; said dunmy polysilicon |ayer
connected through a capacitor-couple circuit to a reference voltage; and
sai d diodes going into a controllable voltage breakdown, during ESD stress
at the input to said DZLT. 16. The device of claim 15, wherein said
n-channel transistor is an inside n channel transistor of a circuit. 17.
The devi ce tb¢ disidgi farther fupstions as agiedetyperdivdeawhen the gyeegigatoé thesdiade
zener-like trigger. 18. The device of claim 17, wherein a capacitor-couple
ci r cuiis dispegke $0 averlan them-ofegion efSbevdiddeage, in an ESD event, into said
controll able trigger gate. 19. The device of claim 15, wherein | ow doping
of the area o deping chammadregind endenihe chntneliaipleldusirhy polysiliageiayeanct i ons as
a channel stopper, thereby suppressing the occurrence of |eakage current
causedubgticns ak a shanndlisteppdirode. 16
the low doping channel region of the zener type diode suppresses the
occurrence of leakage currents caused by the zener type diode,
adjusting the length 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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20. The device of claim 19, wherein said DZLT acts as said zener-1like-di ode
in series with a gate control channel stopper. 21. The device of claim 20,
wherein said zener-like-diode in series with said gate control channel

st opper suppresses | eakage. 22. The device of claim 20, wherein said
zener-like-diode in series with said gate control channel stopper adjusts
the voltage of said clanp. 23. The device of claim15, wherein said dumy
pol ysilicon layer functions as an STl bl ock renoving the effect of said STI
bet ween saild A+danice badng agpimmydayerdeiromdhrofigls-hilat- Oiiggee (BRUTS sirdctescond p+
region. 24. The device of claim15, wherein said dunmy polysilicon |ayer

changefsr elretrbstetié dinchapei (BESMfpretiction edeprigiegn t he bottom of said n+ and
over |l apping p+ regions to the region near the p-substrate surface of said

n+ and overd ganicBedictor REf<INth Zp-sublfatievi ce of claim15, wherein changing
the Il ength of a channel stopper changes the resistance of said channel

stopper. 26id B Beirhednladitd Wih Poddd SIEh RneRAOUIGAS GASISLANE Of

sai d channe opper changes the clanp voltage sal The

the et ROk ransiEtsiaReEoaRfumiul B ShEaABTs: et 2 27, wherain
gp arsjg: SQDEES%EJ ﬁ-scih%ﬁglct(raan%fistgr%i e?ndp shaaig r&|eo|dessts(t)ali?)g(raartet(*j %‘?{%ﬂgﬁov&r rt]r%n(c::I|1 ?so at?()%lst 49e
(STh;
a dummy polysilicon layer placed over of the channel separating each of the n+
. regions of said diodes and adjacent p+ regions, said diodes calied zener-like-diodes;
said n+ region of said diode connected through conductive means to a gate of its
associated n-channel transistor; |
said DPLT used as a first triggered device in electrostatic discharge (ESD)
protection networks;
each of said diodes comprised of said n+ region as cathode and said p-substrate
as anode;
said dummy polysilicon fayer connecied through capacitor-couple means to a
reference voltage; and

during ESD stress, at the input to said DPLT, said diodes go into a controllable

. voltage level breakdown.
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18 CALCALA AU AAAA L AAA.AAAA AU AEANIMS<h s 3).] -
}xsnl d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Te$"CuRWEL" kZ

A"s""1xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

aj ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca! "rw&l && +,, % g/ / 0: 001N2222

3F3333444

5u555561 6} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

'ca] ca] ca] c&. cdhealevidecal]atainc b | veted re | szid CRILITOE Gfolamp @RSHSRBHWRAGH i 1 1 &

; =<<<<<=K=u==} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c

a] ca] caidcedie sbarkaslsand 6-zhashsiattrlstal aiHead et tish of ¥aicgaty TaR He® @ @aaohQ

AAAABgBBBCc CCDXDI Dr DDE} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] cadygpt cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! E' EEE

Fi FFF1GGGGRHYH_HHI ;

[111533J3J3J @(KKLTLLLI\/} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! M/\M M M\/I\li\lkNi\lNN]GQ/\;I)G]D

NPPP3 SATITLxsnj d Z] ca] cal cal,ca cal.ca ca cal ca] ca] ca] ca

ca] ca]ch:a] ca ciR Sﬁsééﬁec%f]"}%{]“cb]"&%ﬂ} re %3&%’ 85'@5*]‘8@‘}%%% ”F'O U=V Ve 's’s)

PNPPP3 TTT }.xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

] ca] caﬁ%@%ﬁ E%ET‘HE] ca] ca] ca] ca] ca] ca] ca] ca] ca] calMySudDp#10%h&' () -

"10%,& ()-1" 10%\!& ()-LCMLO% & ()-10% & ()-$10%&' () - Cu; CECL0%& ()- }

0I 10%'& () 109%&' ()-10, 10, 10, @10% & ()- p#1l0%, & ()-L<h ~ ?cE

v, 1 109&' ()-*109%& ()- o, "109%& ()-S109%& ()- h, T#109%&' ()- h,f!109%& ()- s

3fH T .1 10% (The«iei ¢f)clam 1LoMERréin said DI Kjas a\cohtrdlef®e (ateFwith a

109 () -109%& ()-)+,-.[ a?l :

. 1 10% pufieh@r86gh(ike-Wigget 0988& () -!, "10988&' () -101010@s10%&k () -1 CO

109%& ()-"bCl .1109% 6109 ()-=I 10%& ()- 109 ()- 109%& ()- 108 108

108#8s1098& () - TedEbCl .!110% $10%& ()- f z109%& ()- @O%& () -1 wLO%&' () -

109%& ()- | 109& ()-e$" abcdYNCl .!109% 10 10

_10#85 109%& (g, - GhiQidkido) o c]lzgiFhO@f v(rﬁér)aﬁ%ﬂf/ (5 (E)S“Ij M&saﬁ 'cﬁH%%r}c%%EIe circulit

couples a portion of an ESD voltage into said controllable gate.

8. The device of claim 1, wherein said DPLT is structured as a butting diode,

said n+ region of said diode and said p-substrate butting against each other.

7. The device of claim 1, wherein said dummy polysilicon layer functions as an
STI block removing the effect of said STI between said n+ region of said diode and said

adjacent p+ region.

13




108\ 8t 1098& ()- ,. 109B& ()-C ,
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109&' () -1 &r&o&'ﬂi&q&‘wqe, ef\claim 1, wherein said dummy polysmcon layer changes the

108\ 8s10%g& ()-!, CO#10%gg& ()- Lf $10%&' () -! 10%;1&' ()-' 10M 10M

10My 8streshovn pmn;t oVesit/diodEfréh A8 bbRYEBoN d=id T 1Q&’@&n (@hd 1@ & substrate
D#109%& () -1 ni 10% ()- 10g 10g 10g: 001N222222dE: ]

109\ 812¥ibk to)thé P£JiBAGEak QﬁelﬁjrﬂaQégﬁs(a}dm ilébq@rﬁ?‘aﬁ?i saﬁ#&g & ! 10%0& () - 22

9. The device of claim 1, wherein changing the length of said channel changes

the punch-through voltage of said DPLT.

10. The device of claim 1, wherein changing the gate voltage of said DPLT

changes the depletion region profile under said dummy polysilicon layer.

11. Th(_a device of claim 10, wherein changing said depletion region profile

changes the punch-through voltage of said DPLT.

12. The device of claim 11, wherein, when the gate voltage of said n-channel

transistor exceeds a threshold voltage, there appears said zener-like-diode between the

p-;-/n inversion layer of said diode.

13. The device of claim 12, wherein there appears a channel depletion region

under said dummy polysilicon layer as a result of the appearance of said p+/n inversion

layer.
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15. A device having a Dummy layer Zener-Like—Trigger (DZLT) structure for
- electrostatic discharge (ESD) protection, comprising:
a semiconductor wafer with a p-substrate;
said p-substrate implanted with diodes and n-channel transistors, where each of
said n-channel transistors is associated with one of said diodes, said diodes called
zener-like-diodes;
said n-channel trénsistors and said diodes separated by shallow trench isolations
(STI); |
each of said diodes comprised of an n+ and an overlapping p+ region, said
“overlapping p+ regions overlapping said n+ regiohs of said diodes;
- second p+ regions placed adjacent to each said overlapping p+ regions;
a dummy polysilicon layer placed over of the channel separating of each of said
second p+ and said overlapping p+ regions of said diodes:
said dummy polysilicon layer creating a controllable triggér gate;
said n+ region of said diode connected through conductive means to the gate of
its associated n-channel transistor;
said DZLT used as a first triggered device in electrostatic discharge (ESD)

| protection networks;
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F10%<& ()-# 109%& ()- XDl DoDpDgDr DDE' EbC 10g, C10%g& ()-, "10%& ()-
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F109&' ()- J 10%& ()- 109
-~ event;
said dummy polysilicon layer connected through a capacitor-couple circuit to a
reference voltage; and
said diodes going into a confrollable voltage breakdown, during ESD stress at

the input to said DZLT.

16. The device of claim 15, wherein said n-channel transistor is an inside n-

channel transistor of a circuit.

17. The device of claim 15, wherein said controllable trigger gate is a zener-like-

trigger.

18. The device of claim 17, wherein a capacitor-couple circ_uit couples a portion

of an ESD voltage, in an ESD event, into said controllable trigger gate.

19. The device of claim 15, wherein low doping of the area of said channel
under said dummy polysilicon layer functions as a channel stopper, thereby

suppressing the occurrence of leakage current caused by said zener-like-diode.
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10?@109%%& 30. - The Hevipgeaf qlgim 19, viverein(gaid PZOFeets ps said zener-like-diode in
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VdaVK@ 10 21. The device of claim 20, wherein said zener-like-diode in series with said

gate control channel stopper suppresses leakage.

22. The device of claim 20, wheréin said zener-like-diode in series with said

gate control channel stopper adjusts the voitage of said clamp.

23. The device of claim 15, wherein said dummy polysilicon layer functions as
. -an STl block removing the effect of said STl between said n+ and overlapping p+

regions of said diode and said second p+ region.

24. The device of claim 15, wherein said dummy polysilicon layer changes the
breakdown point of said diode from the bottom of said n+ and overlapping p+ regions to

the region near the p-substrate surface of said n+ and overlapping p+ regions.

25. The device of claim 15, wherein changing the length of a channel stopper:

changes the resistance of said channel stopper.

26. The device of claim 25, wherein changing the resistance of said channel

stopper changes the clamp voltage of said DZLT.
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changes the resistance of a channel stopper.

28. The device of claim 27, wherein changing the resistance of said channel

stopper changes the clamp voltage of said DZLT.
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