DUMMY LAYER DIODE STRUCTURES FOR ESD PROTECTION This is a division of patent application
Ser. No. 09/534,549, filing date Mar. 27,2000, Dummy Layer Diode Structure for ESD Protection,
assigned to the same assignee as the present invention, now U.S. Patent No. 6,344,385.
BACKGROUND OF THE INVENTION 1. Field of the Invention The invention relates to electrostatic
discharge (ESD) protebtitviMdY infegratdel Qfric HIEREMIT bid SR Sy R EdcCiNg tihe avalanche
breakdown voltage of diodes with shallow trench isolation (STI) in deep-quarter-micron processes. 2.
Description of the Reiaie@ AitiFine ai/arinchanplisakiaowiey NadiO61H Gitddilinthasiallar trench isolation
(STI) has been increased to the level where these devices are no longer effective for ESD protection in
deep quartef-fmeYh ProrasskaYh Hirdsiriaeiree il PrdiRseoAERIORRTIR 1EhRAMBE than the gate
oxide breakdown voltage. Thus, the protection window is zero. Diodes with the STI trigger too high fail

when first triggeeege eﬂberc%?esr?\rgtjéPWtWBnp% qr%fdarmeéne@l?icaf%ﬁ Pthe 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. SpalloxCiERyON iseiatipns IihAeRIae

1. Field of the Invention
The invention relates to electrostatic discharge (ESD) protection of integrated
circuits, and more particularly to reducing the avalanche breakdown voltage of diodes

with shallow trench isolation (STI) in deep-quarter-micron processes.

2. Description of the Related Art

The avalanche breakdown voltage of a diode with shallow trench isolation (STI)
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 voltage 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. Therefore, it is essential to invent a new type of diode with a

low and controllable trigger voltage.



the p+ and n+ junctions. Therefore, it is essential to invent a new type of diode with a low and
controllable trigger voltage. 1 U.S. Patents relevant to the subject at hand are listed below. U.S. Patent
5,708, 550 (Avery) discloses an ESD protection structure having a dummy supply line. U.S. Patent
5,856,214 (Yu) shows a low voltage zener-triggered SCR for ESD. U.S. Patent 5,850,095 (Chen et al.)
teaches an ESD protection circuit using a zener diode and an interdigitated NPN transistor. U.S. Patent
5,808,342 (Chek &.df FisHbtvEcienmt|ip Sersunirmiriidanclarlistebbpletection. U.S. Patent 5,780,905
(Chen et al.) describes an asymmetrical triggering ESD structure. It should be noted that none of the

above-cited Bxaniphderdrand e afl (Avenildiselersscenith A pieeliapistougie ayingvhich provides a

low controllable trigger voltage and which can be used as a first trigger device in ESD protection
networks. SUMKMRYCEIFRIEIRB/ENTION 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
e U.S. Patent 5,856,214 (Yu) shows a low voltage zener-triggered SCR for ESD.

e U.S. Patent 5,850,095 (Chen et al.) teaches an ESD protection circuit using a zener
diode and an interdigitated NPN transistor.

e U.S. Patent 5,808,342 (Chen et al.) shows a bipolar SCR triggering circuit for ESD
protection.

e U.S. Patent 5,780,905 (Chen et al.) describes an asymmetrical triggering ESD

structure.

It should be noted that none of the above-cited examples of the related art utilize
a device with a controllable dummy layer which provides 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.



voltage and can be used as a first triggered device in ESD protection networks. 2 Another object of the
present invention is to provide a device for ESD protection in deep-quarter micron processes. A further
object of the present invention is to reduce the avalanche breakdown voltage of the device and to make
that breakdown voltage readily adjustable to a predetermined low level. These objects have been
achieved by providing a controllable dummy layer diode which is structured as a butting diode with a
dummy polysilicBRQHIR eRiest ehthd Biase ReHIVRNTAR Uit PIRPEIgAideHite e aatinretastian STI block
to remove the STI between the n+ and p+ regions of the diode. In one preferred embodiment of the
inventionfHéegipriv EE eGP IRFAGSTSERSntrollable gate with a punchthrough-like- trigger, 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 readily adjusted to a predetermined level. In a second preferred
embodiment of théuithesriecheighedysest invantae is indedusaieayalanaharbipakdamg the diode
into a zener diode. The low doping channel region under the dummy polysilicon layer functions as a

channel @Res ahtheugpriossasdHe ovakertriiedseaiaoxkagiagereadily adjustable to a

predetermined low level.

These objects have been achieved by providing a controllable dummy layer
diode which is structured as a butting diode with a dummy polysilicon layer above the
butting region. The dummy polysilicon layer functions as an STl block to remove the
STI between the n+ and p+ regions of the diode. In one preferred embodiment of the
invention the diode has the function of a controllable gate with a punchthrough-like-
trigger, 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
readily 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
into 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.



caused by the zener diode. The adjustment of the channel stopper length and the controllable gate
voltage enables the controlling of a zener voltage. 3 BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1
is a cross-sectional view of two diodes with a common n+ junction and a uniform electric field across that
n+ junction. FIG. 2a and 2b illustrate the electric field crowding for a shallow and for a deep planar
diffused junction, respectively. FIG. 3a is a cross-sectional view of the preferred embodiment of the
dummy layer punchthrough-likeEHgfgd? e ESRDIRIN 1T thd lpleBeViiVeition. FIG. 3b is a plan view of
a portion of the cross-sectional view of FIG. 3a. FIG. 4 is a schematic diagram of the DPLT device. FIG.
5a is a cross-sectional view of the preferred embodiment of the dummy layer zener-like-trigger device

(DZLT) of the present invention. FIG, 5b is a plan_ view gf a portign of the cross-sectional view of FIG. 5a.
Fio. 6 is & ot ol el A SREOAAT Y O R0 GeS WBLR SRIEAT N LT LA Y fue
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FIG. 2a and 2b illustrate the electric field crowding for a shallow and for a deep

planar diffused junction, respectively.

FIG. 3a is a cross-sectional view of the preferred embodiment of the dummy

layer punchthrough-like-trigger device (DPLT) of the present invention.
FIG. 3b is a plan view of a portion of the cross-sectional view of FIG. 3a.
FIG. 4 is a schematic diagram of the DPLT device.

FIG. 5a is a cross-sectional view of the preferred embodiment of the dummy

layer 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 diagram of the DZLT device.

FIG. 7 is a block diagram of the method of the invention.



The junction of a diode with a shallow trench isolation (STI) is like some parallel plane junction with a
high breakdown voltage. FIG. 2a shows a p-diffusion 21 with an n+ diffusion 22a illustrating a shallow
planar diffused junction. Strong electric field crowding is indicated by the closeness of Arrows A at the
surface 23 of the semiconductor wafer and results in a low breakdown voltage. In contrast, FIG. 2b

shows a p-diffusion 21 with an n+ diffusion 22b iIIustraE:'iBlr%%a deep planar diffused junction. This deep
planar diffusion approxim&ES& BHrAIIRIN @re Tttt fiREH R B EMBRPEIMENThe 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 cantrollable trigger voltage for reducing the avalanc reakdown voltage of diodes in
T Theso two NBRA/HRHGRMGA ALUREE ¢ 8t Lo AP UPTSEILE 6o meahta Rl
discharge (ESD) protection networks for deep-quarter-micron processes. Key paints_of the present
iventionPLAEE U ST, e TR G 0 RRovE 1o b AR GuR AR 21 MURCAR, o
L e At s nalow planar difUzed Tncion. BfioRg elsciic heig e coneueror

crowding is indicated by the closeness of Arrows A at the surface 23 of the
semiconductor wafer and results in a low breakdown voltage. In contrast, FIG. 2b
shows a p-diffusion 21 with an n+ diffusion 22b illustrating a deep planar diffused
junction. This deep planar diffusion approximates a parallel plane junction as illustrated
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 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 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+ junctions.



thereby making use of surface electric effects to control the breakdown voltage. Using the punchthrough
and zener concepts, disclosed subsequently, to reduce the diode-like-trigger voltage. 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 polysfibangiyeits tRRTeliom. thrabdiomisiriiesnth® civsstierte s 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 $8riRceaphdde SeasicooehetwRiell s ysiaiar om Ger2BsamnddoseRas a clamp device
between gate 33 and source 32 of a MOS type semiconductor device for MOS gate protection. The
controllable duntheyalyenaldae usstaicuriarasieaiaiataatsde wantoliherhyeaigewsorriiaes-35 above
the butting region, i.e. the region where n+ implant 13 and the adjacent p+ implant 36 meet. Also refer to
the samesitems Ustngiha sy zendhrengpland esnor eencrids. idisalosed sthseamiy ptysine®e layer 35
functions as an STI block to remove the STI between the n+ and p+ regions, items 13 and 36
respectively. STtheediode-liksséiggate/al@aed1 and source 32 from 6

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-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 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. STl regions 14 separate drain 31 and source 32 from
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components 13 and 36 and from other structures (not shown). The diode has a controllable gate 35 with
a punchthrough-like-trigger, in which a capacitor-couple circuit 37, typically comprised of a capacitor 38
and resistive means 39, couples a portion of an electrostatic discharge (ESD) voltage into gate 35 to
provide a gate voltage for the diode in an ESD event. By changing the length 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
predeter®@ieRdeealsdsans e and irapaines siredoreetiad shawadralée ¢iede 1@y pad 34 of the
chip. Source 32 and p+ implant 36 are typically tied to ground. Capacitor couple circuit 37 is tied at one
end to g&er8R @bl reats Ihamiid Gepy aeRt byt ineerHerwhigh B\cenaatmiccaidthalitieltiength of
the DPLT the punchthrough voltage of the DPLT is changed. Changing the gate voltage of the DPLT
changes ¥e ojstatip coaymisgiciia crrreithe Aty @B BIeRIS B N9 YRR ReHedebletion
region profile in turn changes the punchthrough voltage of the DPLT. When the gate voltage exceeds the
thresholcRVokige ostaiic Moshg/ige {ERlidbHaliaas ikaigata 2orerpieyidio deuatpaitagripetitthe p+/n
type inversion layer which is in parallel with the channel depletion region. The effect of gate coupling on
the surfagiogrbirRrvieRbENRNH+BY\ebiRBEIPIShieseaa iun e anrelrfep titles ghederabrealdsvn

voltage. FIG. 4 is a schematic
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
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 parallel 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

7



diagram of diode 28, showing p-well 11, n+ region 13, and gate 35. The advantage of 7 this first preferred
embodiment of the present invention is that all of this makes the reverse-biased voltage 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 fact that most features are the same as those of FIG.
3a and Fi@s dstmieferties sanhoAlneat=ps sspiieseMHewiendsifsdrdnef Wisemakesdpping p+ region
52 of diode 51 is disposed to overlap n+ region 13, the structure is functioning as a zener-type diode. The

low dopiri§\@iaarkinsairegiagcoidngth PLingadiheadlivsiaped SlietaRipemImer fWda%als 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. Accoteinglylanedispssiee Seeo0phatEbriebhepedimentiad timairsemt d1vRetiN6de and the
conduction of the whole ESD protection network to thus allow an internal circuit to be protected from
ESD dantygeiend1&i9i§ e dapaidr (6. dibde THE deviepiaraalledosshiuppivdayer ingpientis2: polysilicon
gate 35 above channel 53, and p+ implant 36.

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 numerals designate the 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 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

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 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+

8



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 STI block to remove the
STI 14 between the n+ 13 cathode/p+ 8 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 to provide a
gate volt&yenapHeaiiegiom 2 Fsbhe entanpd ¥l viae Qgéﬂ-troﬂ@lﬁll@ggall%@H%ﬂtﬁ)B'-Z'Ener-like-trigger.
The DZLT is structured as a zener diode with a dumm){ polysilicon layer, gate 35, above the overlapping

region of Ve PECHEEEPTRVIRHRIK RETACTUAFONERIB SECHiS (- P igRICOMRIIRSd Rit8 control
cchermatE G B A oot BN & RO BB 53" (o85S HdEand gate
changing R Che S g e BT Al EhAr Soply Bkl 4S crenybTabfocn
rosstor SR R R 5 e QRGeS Do v 28 P s A T s sovond
preferredgmbedigoRtiRidh8ayer, 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 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 changes 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:



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: 9 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 theseViibe 8 semisprieeiisatdshpvirgiadpelieen 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, WHPERES RS feichnCheinel gl tealeanale n+ region of the diode and the
e B A aIalehe AP T ReE yer oot e bung oo of e
et b e L
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 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 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 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
(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,

10



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 controllable 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 controllabléhgaghogirH thenduaiibumake-aritRirtyne ehedsioveen it Pluregivnsaisiedindetype
diode when the p+ region of the diode is disposed to overlap the n+ region of the diode, a low doping

channel 18 flERasRe [ erRvedRR Mol deRiAY PdhRiIfPSayer functions as a channel stopper, the low
tne oner cype OB, SoRRE o ARIHIE! VBRI e PIED B (R A e sener
\Z/glrtz?e 0, utrpc i%%rs‘ea{ Styé)ghdégg]gl gPOnr}E)()ejlri’ng the voltage the control gate enables the controlling of the
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.
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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. 11 What is claimed is:
1. A devi¥éh@vielaimeehisiy layer Punchthrough-Like-Trigger (DPLT) 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 n-channel transistors and said diodes separated by shallow trench isolations

(STI); a dummy bolysHeyiseaYipk el Whenbianes chanrihsepa sk TF06F 1RPAT) @igsHYIss said

diodes and adjacent p+ regions, said diodes called zener-like-diodes;
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 n-channel transistors and said diodes separated by shallow trench isolations
(STI);

a dummy polysilicon layer placed over of the channel separating each of the n+
regions of said diodes and adjacent p+ regions, said diodes called 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 layer connected 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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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 layer connected 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.
12 2. The device of claim 1, wherein said DPLT is a clamp device between a gate and said source of
said n-channel transistor for the protection of said gate in an ESD event. 3. The device of claim 1,
wherein said n-éharit® flavisister Riaim ihsibaiethaaitePiradsistararariegyice behwesivrR@aleclaim 1,
wherein said DPLT has a controllable gate with a punchthrough-like-trigger. 5. The device of claim 4,
wherein, anesES DaseAtOEsrRIEApetropidiipnsisieyfer 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 claim 1, wherein said DPLT has a controllable gate with a

punchthrough-like-trigger.

5. The device of claim 4, wherein, in an ESD event, said capacitor-couple circuit

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

6. 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.
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couples a portion of an ESD voltage into said controllable gate. 6. 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 8.
The device of claim 1, wherein said dummy polysilicon layer changes the breakdown point of said diode
from the bottom of said n+ region and said p-substrate region to the region near the surface of said n+
region and said p-substrate. 9. The device of claim 1, wherein changing the length of said channel
changes the puhichlthediR)icRRAGR R Saiwigremn sBaTheTHay e Fsbican Byahehaindssei§ing the gate
voltage of said DPLT changes the depletion region profile under said dummy polysilicon layer. 11. The
device oftRadoWWpRirdiaisriAgliRpsdiaeietepitaygioh gristie: cagivgeant saigheshB a8 voltage of
said DPLT. 12. The device of claim 11, wherein, when the gate voltage of said n-channel transistor
exceeds gieesitolbe/ oheigs, I’dl@@(é%ﬁéﬁm saiebnikedipstansbarisbR-gibrateinversion layer of
said diode.

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. The 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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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. 14 14. The device of claim
n-1, wherein the effect of gate coupling of said dummy polysilicon layer on the surface electric field of the
n+/p-well junction of said diode lowers the junction breakdown voltage of said diode. 15. A device having
a Dummy layer Zener-Like-Trigger (DZLT) structure for electrostatic discharge (ESD) protection,
comprising: a sdrhicohirRigleyYidRRraaimaplsuherate;tbaigfiestipswate pappinerhanididdesind
n-channel transistors, where each of said n-channel transistors is associated with one of said diodes,
said diodeelysiliegndatier-ardhrctigsacaialectirfinll ehtwstordanellJunctvtes seigaiadd by shallow
trench isolations (STI); each of said diodes comprised of an n+ and an overlapping p+ region, said
overlappif®/8rs 1&g dwachiesY ks skg e vielaggiensaipsdid@iodes; 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

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 transistors 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+ regions 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 trigger 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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second p+ and said overlapping p+ regions of said diodes; said dummy polysilicon layer creating a
controllable trigger 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; 15 said DZLT acting as a clamp 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
dummy polysiIicﬁid@ZLapmtﬁrélﬁg’ﬂmQ%W%fbﬁiﬂdmﬁﬁdiﬁﬂicbswréi%ﬁéé@idlt@ge; and said
diodes going into a controllable voltage breakdown, during ESD stress at the input to said DZLT. 16. The
device ofcklannelsransistanfesitha-riaatiotai ssigragtaroinsaid Prehizanet tieasirtesivra delit. 17. The
device of claim 15, wherein said controllable trigger gate is a zener-like- trigger. 18. The device of claim
17, wher@¥fAtcapacitor-couple circuit couples a portion

said dummy polysilicon layer connected through a capacitor-couple circuit to a
reference voltage; and
said 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 device of claim 15, wherein said controllable trigger gate is a zener-like-
trigger.
18. The device of claim 17, wherein a capacitor-couple circuit 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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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.
16 20. The device of claim 19, wherein said DZLT acts as said zener-like-diode 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 cha#fhel Stihperiseppirekias 18andurrerp sTigkRithicaeisAgisaid zamrirdiesdiede in

zener-like-diode in series with said gate control channel stopper adjusts the voltage of said clamp. 23.
The devicerigTMiA a5)aid ety ebraunesteRPiicon layer functions as an STI block removing the
effect of said STI 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 ovefibppliig sleviggRiclaln Ak whaeinealdize s WiRAiRPEHAREA§ IR SGH of a channel

stopper changes the resistance of said channel stopper.
gate control channel stopper suppresses leakage.

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

gate control channel stopper adjusts the voltage of said clamp.

23. The device of claim 15, wherein said dummy polysilicon layer functions as
an STI block removing the effect of said STI 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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26. The device of claim 25, wherein changing the resistance of said channel stopper changes the clamp
voltage of said DZLT. 17 27. The device of claim 15, wherein changing the gate voltage of said DZLT
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. 18

27. The device of claim 15, wherein changing the gate voltage of said DZLT

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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