
;e3eOHODL(6THr~CA NOVEL DIODE-LIKE PLASMA INDUCED DAMAGE PROTECTION
STRUCTURE BACKGROUND OF THE INVENTION (1) FIELD OF THE INVENTION The
present invention relates generally to a structure and manufacturing
process of a 5 semiconductor device which provides protection from plasma
induced damage during integrated circuit device processing and more
particularly to a semiconductor diode like device with a controllable
trigger voltage to optimize the protection against plasma induced damage
for different process requirements. (2) DESCRIPTION OF PRIOR ART 1o As is
well known in the art, semiconductor devices are fabricated on a
semiconductor substrate that is subjected to numerous processing
operations. By way of example, a semiconductor device is typically
subjected to several plasma etching operations, which are designed to
pattern the various substrate, oxide and metallization layers and construct
the desired circuit layout. Although plasma etching has become the etching
process of choice. the intense 15 energies used to create the etching
plasma has had a degrading effect on thin sensitive gate oxides that lie
under gate electrodes of a given circuit design. Specifically, the plasma
that is generated in etching chambers is designed to bombard a layer being
etched with a high concentration of electrons and positively charged ions.
Unfortunately, these electrons and positively charged ions are known to
induce intense currents through the gate oxides. which necessarily produce
oxide .o degrading traps in the gate cedes. As feature sizes for device
decrease, the thickness of gate oxide layers decreases, thereby
exacerbating the adverse impact of plasma charging damage. A conventional
approach to the plasma charging damage protection comprises the formation
of a diode as typified in Fig 1A,   connected to the polycrystalline
silicon layer, i.e., gate electrode, thereby providing a discharge path for
electrical charging during plasma processing. The avalanche breakdown
voltage of a diode with shallow trench isolation (STI) has been increased
to the level where these devices are no longer very effective for plasma
induced damage 5 (PID) protection in deep-quarter-micron process. In this
situation, the breakdown voltage of the  diode tends to be hitter than the
gate oxide breakdown voltage. .As seen in Fig.7A thin gate oxide breakdown
is about -6.7 volts for a 0.25 um device. As shown in Fig. 7B, typical
normal diode breakdown is about -12.7 volts, vvell above the breakdown
level of the gate oxide. Therefore, it is very useful to have a new type of
diode like device with a low and controllable trigger voltage for 10
different PID protection requirements. 



Other structures have been used to protect against plasma damage. as shown
in Fig 1B, diodes stacked in parallel are sometimes used. This can have the
effect of reducing the point where current flow's, i.e. effectively
reducing breakdown voltage, but has the problem of leakage current flow
during normal device measurements and/or operation. Fig. 1C represents
zener diode device 15 protection, which also has the potential problem of
leakage current during normal measurements and or operation. Again, it is
very useful to have a new type of diode like device with a low and
controllable trigger voltage and improved leakage characteristics for
different PID protection requirements. The following patents describe ESD
protection devices. US 6,t)7,276 (Kitamura) discloses a protection circuit
using zener diodes. US 6. 057, 5 7 & (Aiello et al.) shows a protection
circuit with zener diodes. US 6,0e1,740 (Barnet), US 6,028,324 (Su et al.)
and 6, 013, 927 (Bothra et al.) show related protection circuits.
SUMMARY OF THE INVENTION Accordingly, it is the primary objective of the
invention to provide a novel, effective structure and manufacturable method
for protecting integrated circuits, in particular field effect transistor
devices, from damage caused by plasma processes used during manufacturing.
5 It is a further objective of the invention to improve plasma induced
damage (PID) protection by enabling the protection voltage threshold to be
varied to meet process and device design requirements. In addition, it is
an objective of this invention to minimize or eliminate stress in gate
oxides caused by current flow induced by plasma processes thereby
maintaining gate oxide integrity. 10 It is yet another object of the
invention to provide a manufacturable method for forming the PID protection
structure while maintaining the required operating characteristics of the
devices being protected. The above objectives are achieved in accordance
with the embodiments of the invention that describes a process and novel
structure for a diode-like PID protection (DLPP) device: 15 Beginning with
a semiconductor substrate, typically P doped, a N-well, two N-well N+
contact regions; and substrate N+ and P+ contact regions are formed. In the
invention, the DLLP has a metal layer disposed as a dummy antenna connected
to a polysilicon (poly ) gate. The DLPP is structured as a butting diode
with a polysilicon layer gate element above the butting region. There is a
N-well resistor (R) and capacitor (C) formed by the inherit electrical
characteristics of the N 



20 well, connected between the poly gate and P-substrate as a RC buffer
element. The structure is completed with appropriate metal conductors for
the electrical connection system. The DLPP has a function of a controllable
.Tare with Zener-liked-trigger, in which the dummy antenna picks up a
portion of the plasma charge to provide a gate voltage for the gate of the
DLPP. There is a N type    inversion layer or P type accumulation layer
formed under the poly gate for positive or negative plasma charge. The
junction of the zener diode is found in the interface between the N-type
inversion layer and P+ substrate contact, or N+ substrate contact region
and P-type accumulation layer. Changing the shape and the size of the dummy
antenna changes the amount of charge 5 acquired, and subsequently the truer
voltage of the DLPP. During normal IC operation, any accumulated charge
with the poly gate and associated antenna is discharged through the N-well
resistor (R), and therefore no channel inversion or accumulation layer is
developed under the poly gate. Thus; no leakage problem is found with this
structure during testing or normal operation. Another embodiment of the
invention uses a N doped substrate with a P well, two 10 associated P+
P-well contact regions and a N+ and P+ substrate contact region to provide
improved PID protection. For this embodiment the second voltage source is
typically Vdd. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1A, through 1C are
schematic representations of prior art PID protection devices representing
(1A) a normal diode. ( 1B) stacked diodes, and (1C) a zener diode. 15 Fig.
2 is a simplified schematic representation of the invention diode-like PID
protection structure (DLPP) showing the device location between the input
bonding pad and the active circuits. Fig. 3A is a simplified cross section
of one embodiment of the invention for a P type substrate showing the main
electrical elements. ''0 Fig. 3B is an equivalent circuit of the embodiment
shown in Fig. 3:a. Fig. 3C: is a simplified cross section of another
embodiment of the invention for a N substrate showing the main electrical
elements. Fig. 4A through 4D are cross sections of the invention utilizing
a P doped substrate during a    



various stages of processing. Fig. 5 shows a top view of the horizontal
topography of the invention for a P doped substrate. Fig. 6A through 6D
shows the development of the structure for: another embodiment of the 5
invention using a N doped substrate. Fig. 7.4 through 7C shows
characteristics of protection devices, Fig. 7A shows typical breakdown
characteristics for active device gate oxide, Fig. 7B shows standard diode
breakdown characteristics, and Fig. 7 C shows the controllable trigger
voltage characteristics of the invention protection device. 1o DESCRIPTION
OF THE PREFERRED EMBODIMENTS Fig. 2 shows a representation of the
conceptual electrical schematic showing the general location of the
diode-like plasma induced damage protection structure (DLPP): As depicted,
the diode like device with zener like trigger characteristics is inserted
electrically between the internal active circuit input pad and a second
voltage source, typically the substrate bias or ground. .A 15 potential
plasma induced damage event will trigger the protection device shunting
charge:, or current, to the second voltage location, typically ground for a
P substrate deuce. Fig. 3A shows a simplified cross section of one
embodiment of the invention for a P substrate device illustrating the
principle electrical elements. Shown is a P doped substrate 8 with a N+
contact region 2-1:\ connected to the active device input pad; and a
polysilicon (poly) gate clement 20 with oxide .o insulator 20.A with a
typical thickness of between 40 and 180 A and polysilicon conductor 20B
with a typical thickness of between 2000 to 3000 .A. The gate 20 is
connected to a metal conduction system 28 containing a dummy antenna for
collecting charge during plasma process operations. The gate/antenna
conductor 28 is connected to a N+ contact region 21C in a N-well 5    13.
The antenna shape and size determines the trigger voltage level of the DLPP
device. The channel like charge layer 21 under the poly gate 2U will be
either a P accumulation charge layer for a negative gate voltage or plasma
charge, or a N inversion layer for a positive gate voltage or plasma
charge. The D2 device junction is formed between the P accumulation layer
21 and the N+ 5 substrate contact element 24.i for positive gate voltage,
and the D3 device junction is formed between the N type inversion layer 21
and the P+ substrate contact region 26 for positive gate voltage. This
device design structure thereby provides protection for either negative or
positive plasma charge. A conductor 32 connects the P+ substrate contact 26
and the N- low voltage Nwell contact 24B to either Vss or round. Diode D1
is formed with the cathode being the N+ to substrate contact 2-4.4 and the
P doped substrate 8 and provides protection against negative plasma charge
damage by enabling conduction of the negative charge to V low. As can be
seen in Fig. 3B 



negative plasma charge on the input line will essentially bias the diode D1
into conduction shunting the charge to the second voltage source, typically
ground. By changing the size and shape of the dummy antenna 2S, the trigger
voltage of the DLPP 15 device is readily adjusted to a predetermined level
suitable to the required application requirements. From actual experimental
test results shown in Fig. 7C it can be seen that the trigger voltage,of
the invention DLPP device can be preset by design in a range of between
about -5 volts to low of about -3 volts. This is well below the typical
gate oxide breakdown of about -6.75 volts shown in Fig: 7A and therefore
provides excellent protection for the gate oxide. The N-well 18 functions
as a resistive R and capacitive C buffer element to a second voltage
source, typically Vss or found. During normal circuit operation; any charge
that would tend to accumulate on the poly gate 20 would be discharged
through the N-well resistor R preventing an inversion or accumulation layer
from developing under the gate ?(l. This device    characteristic limits
leakage during testing or normal circuit operation to very low limits. Art
electrical schematic is depicted in Fig. 3B. Depicted are the electrical
connection 30 of the input pad to diodes Dl, D2 and D3. The gate element 20
with its antenna conductor 28 is connected to the D2 and D3 zener like
truer input point in addition to the N-well resistor and s capacitor buffer
element which in turn are shown connected to a second voltage source,
typically ground. Another embodiment of the invention would be for a N
substrate 108 as depicted in Fig. 3C. In this embodiment, a P-well 118 is
used for the RC buffer element. The antenna l28 is connected to a P+
contact 124C in the P-well 118 as well as to the poly gate 120. D2 is now
l0 formed between the P+ substrate input contact region 12-LA and the N
inversion layer 121 created by a positive gate voltage. D3 is formed
between a P accumulation layer 121 and the L+ substrate contact 126. The
shorting conductor 1,2 for the V+ contact 12G and P+ contact 124B is
typically connected to the Vdd bus. Care must be taken with the use of this
embodiment to ensure that the P+ substrate contact 124A to N substrate 108
diode D1 is reverse biased in normal circuit 15 operation. The process to
develop one embodiment of the invention is outlined in Fig. 4A through 



Fig. -1D which shows the structure for a P substrate in various stages of
manufacture. Fig. 4.A shows a patterned semiconductor substrate 8 with a
nominal P doping level of about 1E1 atoms per cubic centimeter (a/cm3). The
substrate surface is covered by a thermally grown or chemical .0 vapor
deposition (CVD) first oxide layer 10 sometimes called the pad oxide, which
provides thermal stress relief. This layer is typically between 200 to 600
angstroms (A) in thickness: A CVD layer of silicon nitride (SiN) is placed
over the pad oxide as a masking element to a thickness of between 1000 to
2000 A This in turn is covered by a conventional photolithographic masking
material such as photo resist (PR) 1.1 with a thickness typically between
4000 and 10,000 A. The structure as shovvn in Fig. 4A has been patterned in
preparation for the N-well 18 doping. A donor dopent, typically phosphorous
(P), is implanted with a typical dosage range of between 1E13 to lEl5 atoms
per square centimeter (a/cm2) and with an energy range of between 20 to 50
KeV. 5 This produces a N-well doping density of between 1E16 to 1E18.a/cm3.
Fig. 4B represents the partially completed device after the N-well masking
elements have been removed, the substrate repatterned, and a field oxide 16
has been thermally grown to a thickness of between 5000 and 11000 A for
isolation purposes. A gate oxide layer 20 A has then been grown to a
thickness of between about -10 to 180 .A, and a layer of polysilicon (poly)
20B has t0 been deposited by CVD to a thickness of between 2000 to 3000 .A
to serve as part of the gate conducting element. The N+ contact areas 24A,
24B, 24C have been anisotropically etched typically by means of a reactive
ion etch (RIE) using a chlorine or fluorine based gas source. There follows
as shown in Fig. 4B an ion implant of a donor element, typically arsenic
(As), with a dosage level between about 1E13 to lEl5 a/cm2, with an energy)
between 20 and -10 KeV. This 15 results in N+ contact regions with a dopent
concentration of between about 1E20 and 1E21 a/cm3. Fig. 4C shows the
partially completed device repattemed and etched for the P+ implant. This
is done with an acceptor element, typically boron (B) with a dosage of
between about 1E12 to 1E13 a%c;m-; and an implant energy- of between 40 and
80 KeV resulting in a P+ contact area with a dopent concentration of
between 1E21 and 1E21 a/cm3. 20 There then is a repatterning to grow field
oxide insulation for the sides of the gate element 20. This is followed by
repatteming to etch open contact holes in the oxide to the contact areas
24.A, 24B, 24C and the P+ contact 26, typically using a RIE anisotropic
etch process. There is a blanket metal deposition, typically using aluminum
or silicon doped aluminum, put could be other alloys such as g  



titanium platinum. The main metallurgy system could also be used in
conjunction with refractory type "barrier' metals such as titanium-tungsten
(TiW) or titanium nitride (TiN). Most commonly used methods for developing
the metallurgy system on the wafer are vacuum evaporation using either
filaments , electron beam or flash hot plate as sources, or physical vapor
deposition (PVD) 5, commonly known as sputtering. Common sputtering methods
would be RF sputtering or magnetron sputtering. With any method, the wafer
is blanketed with the metal, then patterned and unwanted metal removed by
etching. In addition, the metallurgy layer can be either first layer,
second layer on top layer metallurgy. As represented in Fig. 4D, after
selective removal of unwanted metal, a final passivation t o covering layer
3G is deposited, typically SiO2, silicon nitride ( SiN), or borophosphorus
silicate glass (BPSG). As depict d in Fig. 4D, the gate conductor 28, which
also forms the dummy antenna, is connected to the N-well N+ contact 24C. .A
separate conductor element 30 connects the device to the active circuit
input pad, and another conductor element 32 connects the P+ substrate
contact 2G to the N-FVell N- contact 24B and then to a second voltage
source. typically ground. 15 Fig. 5 shows the top view of the horizontal
topography of the DLPP device. The input pad metal 30 is shown connected to
the P substrate N+ contact 24A. The polysilicon gate element 20B extends
between the N+ contact 24:A and the P+ contact region 26: The N-well 18
extends between the N+ contacts 24B and 24C. The metal antenna 28 is a
digitated shape extending over the overall device and is connected to the
poly gate element 20B and the N+ N-V'oll contact 24C. 20 Also shown is the
conducting element 32 connecting the P+ contact 26 with the N+ N-well
contact 24B. This design layout demonstrates an economy of area important
to the requirements of decreasing device size and increasing device density
while at the same; time providing sufficient volume to handle plasma charge
current flow. 9   Fig 6A through 6D shows another embodiment of the
invention for a N substrate 108. Fig. 6A shows the substrate 108 which has
been covered with a pad oxide 110 will a thickness of between 200 to 600 A
and a SiN layer between 1000 and 2000 A in thickness. The surface has been
patterned with a patterning element. typically photoresist (PR) 124, to a
thickness of between 5 about 4000 to 10000A to define the P-well area 118.
An anisotropic etch, typically RIE, has been performed on the pad oxide 110
and SiN 112 removing them in the P-well area 118. This is followed by an
acceptor important, typically As with a concentration of between about lE15
and 1E17 a/cm2 and an energy level between 30 and 80 KeV, resulting in a
P-well dopent concentration of between 1E16 and 1E18 a/cm3. 10 Fig. 6B
shows the partially completed structure after field oxide 116, gate oxide,
130:1 and poly processing, with the structure patterned and etched for the
acceptor contact implant. This is done typically with B with a dosage of
between about 1E12 and 1E13 a/cm2, and an energy of about 40 to 80 KeV to
produce a contact region doping level of between lE20 and IE21 a/cm3. As
shown in Fig: 6C. the partially completed structure lugs been repatterned
and etched for the N+ ti contact region 126 implant. typically done with As
with a dopent level of between 1E 13 and 1C1 a,/cm2, and an energy
typically between 20 and 40 KeV. This results in a N+ contact area 12G
dopent density of between 1E20 and 1E21 a/cm3. Fig. 6D depicts the
structure after reestablishing field oxide 116, depositing, patterning and
etching metal 128, 130 and l32. typically aluminum, but could be other
metals as previously 



?0 described, and coveting the structure with a passivation layer 13G,
typically SiO2 or silicon nitride (SiN), or borophosphorus silicate class
(BPSG). As depicted in Fig. (6D, the gate conductor 128. which also forms
the dummy antenna, is connected to the N-well N+ contact 12C. 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 25 changes in form and details may be made without
departing from the spirit and scope of the invention. What is claimed is Iu
1..A semiconductor device protection structure on a substrate to protect
active devices From plasma charge induced damage comprising: a first doped
region extending down from the surface of said substrate; an insulating
layer for structure element isolation; s a plurality of doped second
regions Evithin said first doped regon; a doped third region cvithin said
substrate and adjacent to said first doped region; a doped fourth region
within said substrate of opposite doping than said substrate; a thin
insulation layer covered Evith a crystalline conducting layer on said
substrate surface over the area between said third and fourth doped
regions; 10 a first metal conductor element one and of which is connected
to said cn~stalline conducting layer vvith shape geometry conducive to
process charge accumulation and which other end is connected to one said
second doped regions; a second metal conductor element connecting said
fourth doped region with said actiie device input pad: t; a third metal
conductor element connectingsaid doped third region with one said doped
second region closest to said third doped region and to a second voltage
source; a top passivation layer coveting said structure. 2. The protection
structure of claim 1 wherein said substrate consists of P doped
semiconductor material. .0 3. The protection structure of claiml wherein
said first doped region forms a N-W ell with a dopent concentration of
between 1E16 and lEl~ a~cm' and possessing resistive and capacitive
characteristics. -L. The protection structure of claim 1 wherein said
insulating layer is field wide to a thiclrtess 



between ~UUU and 110U0 .~. 5; The protection structure of claim l wherein
said plurality of second doped regions are N+ regions with a dopent
concentration of between 1E20 and 1E21 a~cm' . 6. The protection structure
of claim 1 wherein said third doped re~~on is a P+ region Evith a dopent 5
concentration between lE2U and 1E21 a.-cm'. 7. The protection structure of
claim 1 wherein said fourth doped region is a N+ region with a dopent
concentration of between lE2U and 1E21 a~cm' and forms a first diode with
said P substrate. 8. The protection structure of claim 1 wherein said thin
insulating layer consists of silicon ovdv 1o cvith a thickness beriveen 4U
and 18U .~ and said crystalline conducting layer consists of polysilicon
with a thickness between 200U and 3000 .~ and forms a poly gate element
between said third and fourth doped regions. 9. The protection structure of
claim 1 wherein said gate element forms a N ype inversion layer within said
substrate under said gate region for positive plasma charge and forms a P
t>~pe I s accumulation layer Evithin said substrate under said gate region
for a negative plasma charge. lU. The protection structure of claim 1
wherein the interface betvween said P ty-p~ accumulation layer under said
gate structure and said N+ doped fourth region forms a second diode element
with zener like trigger characteristics. 11. The protection structure of
claim 1 wherein the interface hatwecn said V ypc inversion layer ^o under
said gate structure and said P+ doped third region forms a third diode
element with zener like truer characteristics. 12. The protection structure
of claun 1 wherein said first meal conductor clwvnt van by a Iirst or
second layer or top metal layer, and said metal charge accumulation element
yts as an antenna t.   collecting a portion of said plasma charge to
provide a voltage for said poly gate. 13. The protection structure of claun
1 wherein the shape and size of said metal antenna controls the amount of
charge collected and thereby controls the voltage of said gate and trigger
voltage of said protection device. 5 1~. The protection structure of claim
1 wherein said top passivation layer covering said structure 



consists of SiO_ or silicon nitride or borophosphorus silicate glass with a
thickness of between 3UU0 and 7UUU X . 1~ A semiconductor device protection
structure on a N doped semiconductor substrate for active device protection
from plasma induced damage comprising: 10 a first region of P doping
extending down from the surface of said N doped substrate; an insulating
layer for structure element isolation; a plurality of P= doped second
regions within said P doped first region: a doped N+ third region within
said substrate and adjacent to said first P doped region a P- doped fourth
region within said substrate; 15 a thin ulide insulation layer covered with
a polysilicon conducting layer forming a gate element on said substrate
surface over the area between said N- doped third re'ion and said P+ fourth
region; a first metal conductor element one end of which is connected to
said gate polysilicon conducting layer with shape geometry conducive to
process charge accumulation and which other 3o end is connected to one said
P+ doped second regions; a second metal conductor element connecting said
f+ doped fourth region 4vith active deuce input pad; a third metal
conduc.or element connecting said N+ doped tlWd region evith one said P+ 1;
doped second region closest to said third region and to a second voltage
source; a top passivation layer covering said structure. 16. The protection
structure of claim 1 ~ wherein said first P-doped region forms a P-well
within said N doped substrate with a dopent concentration of bettveen 1E16
and 1E18 a'cm` and 5 possessing resistive and capacitive characteristics.
17. The protection structure of claim 1 ~ wherein said insulating layer is
field oxide to a thickness between ~UUU and 11UUU :~. 18. The protection
structure of claim 1 ~ wherein said pluraliy of doped P+ second regions
have a dopent concentration of bettveen lEZO and 1E21 a,~ctn' . to 19. The
protection structure of claim 1~ wherein said N+ doped third region has a
dopent concentration bercveen lEZO and 1E21 a-cm'. 2U. The protection
structure of claim 1 ~ wherein said fourth P- doped region has a dopent
concentration of between lE2U and 1E21 a-em' and forms a first diode with
said N subsu~ate. 



21, The protection structure of claun 1 ~ wherein said gate element oxide
insulation layer is 15 beriveen 4U and 18U :$ in thickness and said gate
polysiliconlayer is beUveen Z000 and 30U0 .~ in thiclmess and which said
gate element forms a N h~pe inversion layer within said substrate under
said gate rejon for a positive plasma charge and forms a P tye accumulation
layer within said substrate under said gate region for a negative plasma
charge. 22. The protection structure of claim 13 wherein the interface
beriveen said fourth P+ region and o said N ype inversion layer under said
gate structure forms a second diode element witli zener like trigger
characteristics. 23. The protection structure of daitn 1~ 4vhcrein the
interface beOveen said N+ doped third re~~on and said P type accumulation
layer tinder said gate structure forms a third diode clement with l~
zener like truer characteristics. 24. The protection structure of claim 1 ~
wherein said first metal conductor element can be a first or second or top
metal layer, and said metal charge accumulation element area acts as an
antenna collecting a portion of said plasma charge to pro~ride a voltage
for said poly gate. 2~. The protection structure of claim 1~ wherein the
shape and size of said metal antenna controls the amount of charge
collected and thereby controls the voltage of said gate and tri~er voltage
of said protection device. 26. The protection structure of claim 1 wherein
said top passivation layer covering said structwe consists of SiO_ or
silicon nitride or borophosphorus silicate glass. to 27. :-1 method of
fabricating a diode like protection de4ice on a P doped serruconductor
substrate to protect active semiconductor devices from plasma charge
induced damage comprising: fomung a first doped rer~on on said
semiconductor substrate: forming an insulating layer on said substrate for
element isolation: forming a plurality' of doped second regions within said
doped first region; 15 providing a doped third region within said substrate
and adjacent to said first doped region; providing a doped fourth region
within said substrate of opposite doping than substrate providing a thin
insulating silicon oxide layer covered by a conducting polysilicon layer on
said substrate over the region between said third and fourth doped regions;
forming an insulating layer over said substrate surface; ^0 fornvn~ a first
metal conductor element for gate conductor. charge accumulation antenna and
one second region contact 



formin<_ a second metal conductor element for the doped fourth re~~on input
contact; forming a third metal conductor element for one said doped second
area, and doped tltird t5   area contact to a second voltage source;
covering the structure with a passivation layer. 28. The method according
to claim 27 whereby said doped first region is doped with a donar dopent
such as phosphorous with a doping level bettveen 1E16 and 1E18 a,'cm' to
form a N-well 5 region with a dopent concentration between 1E16 and 11:18
a:'cm'. 29. The method according to claim 27 whereby said insulating layer
for element isolation is field ode wet thermally grown to a thickness
between Q000 and 11000.4 in thickness. 30. The method according to olaun 27
whereby said plurality of doped second regions and said fourth region are
doped by ion implant with a donar dopent of arsenic with a dosage bWVVeen
to 1E13 and lEl~ a,-cm' and with an cnery level between 20 and -40 IieV to
fornl N+ regions. 31. The method according to claim 27 whereby said doped
third re~ion is created with a donor dopent typically boron with a dosage
between 1E12 and 1E13 a-cm' and an anergt' level of beriveen =10 and 80
KeV. 32. The method according to claim 27 whereby said silicon oxide
insulator layer is thermally 15 gown to a thickness of hetvveen 40 to 180
.4. 33. The method according to claim 27 whereby said poly layr gate
vlcment is deposited by CVD to a thickness of 2000 to 3000 .4 and is doped
with phosphorous to produce a dopent density of beriveen 1E17 and 1E21
a,'cm' . 34. The method according to claun 27 whereby said metallm.'v
system is deposited using blanket 20 evaporation and is doped with Io
silicon. 35. The method according to dawn 27 whereby said first, second and
tkw-d metal conductor elements are fornted by patterning and plasma
etching. to   36. The method according to claim 27 whereby said passivation
layer is silicon nitride deposited by LPCVD using a silane and ammonium
source or dichlorosilane source at a temperature bettveen 40U and 7U0 C.
37. The method according to claim 27 whereby said passivation layer is
SiO_deposited LPCVD 5 using TEOS as a source at a temperature between 4UU
and 700 C. 38. The method according to claim 27 whereby said passivation
layer is borophosphorus silicate glass deposited by LPCVD using
dichlorosilane with nitrous oxide and phosphine and diborane at a
temperature between -1UU and 7UU C. 39. A method of fabricating a diode
like protection device on a N doped semiconductor substrate to to protect
active semiconductor deuces from plasma charge induced damage comprising:
forming a first doped P region on said semiconductor substrate; forming an
insulating laser on said substrate for element isolation; forming a
plurality of P+ doped second regions within said doped first region:
providing a doped N+ third region within said substrate and adjacent to
said first f doped 15 region; 



providing a P+ doped fourth region within said substrate; providing a thin
insulating silicon ovde layer covered by a conducting polysilicon layer on
said substrate over the region beriveen said third and fourth doped
regions; refomvng an insulating layer over said substrate surface; forming
a first metal conductor element for date conductor, charge accumulation
antenna and one said second region contact; fomung a second metal conductor
element for the doped fourth region input contact; forming a third metal
conductor element connecting one said doped second region and said   third
doped region and to connect to a second voltage source; coveting the
structure with a passivation layer. 40. The method according to claim 39
whereby said doped first region is doped with an acceptor dopent such as
boron with a doping level between 1E16 and 1E18 y'cmL to form a P-well
region 5 with a dopent concentration between 1E16 and 1E18 a~cm'. 41. The
method according to claim 39 whereby said insulating layer For element
isolation is field oxide wet thermally ~ocvn to a thickness beriveen ~UUU
and 11U00. in thickness. 42. The method according to claim 39 whereby said
plurality doped second regions and fourth region are doped by ion implant
4vith a donar dopent of boron cvith a dosage heriveen 1E13 and 10 lEl~
alcm- and with an energy level between 2U and .IU IieV to form 1`i+ regions
with a dopent concentration beriveen lE2U and 1E21 a:'cm'. 3. The method
according to claim 39 whereby said doped third region is created with
arsenic with a dosage between 1E13 and 1E1 ~ a-crn2 and an enera~ level of
betwveen 20 and -10 ICeV' to produce a N+ doping concentration of bW veen
1E21 and 1E22 a%cm'. 15 4-1. The method according to claim 39 whereby said
silicon otide insulator layer is thermally gown to a thickness of between
4U to 18U .~. 4>. The method according to claim 39 tvhereby said poly layer
gate element is deposited by CVD to a thickness of 2U00 to 3U00 .~ using
and is doped with phosphorous to produce a doping densit)~ of beriveen 1E17
and 1E21 aacm' . .0 46. The method according to claim 39 whereby said
insulating layer consists of SiO_ to a thickness of between 00U to 11U00
.~. 17. The method according to claim 39 whereby said metallura~ system is
deposited using blanl:~t evaporation and is doped with 1o silicon. 



Is   48. The method according to claim 39 whereby said first, second and
ttw~d metal conductor elements are formed by patterning and plasma etching.
49. The method according to claim 39 whereby said passivation layer is
silicon nitride deposited by LPCVD using a silane and ammonium source or
dichlorosilane source at a temperature between 5 400 and 7U0 C. ~0. The
method according to claim 39 whereby said passivation layer is SiOz
deposited LPCVD using TEUS as a source at a temperature between 4b0 and 700
C. 51. The method according to claim 39 whereby said passivation layer is
borophosphorus silicate glass deposited by LPC VD using dichlorosilane with
nitrous ovde and phosphine and diborane at 1o a temperature bettveen 40Q
and 70t) C. 19   .ABSTR~GT A NOVEL DIODE-LIKE PLASMA INDUCED DAMAGE
PROTECTION STRUCTURE a novel structure for a diode-line P>D protection
(DLPP) device structure and process are described. Att N-well, three
associate N+ regions and a P+ region are formed on a P substrate. The DLPP
is structured as a butting diode with a polysilicon gate above the butting
region. The gate is connected to a metal antenna element and to the zener
like trigjer element of the deuce. The N-well functions as a resistor and
capacitor buffer between the poly gate and antenna and the substrate. The
antenna picks up a portion of the plasma charge to pro4ide a gate: voltage.
There is an inversion layer or accumulation layer for positive or negative
plasma charge formed under the poly gate. The junction of the effective
zener diode is found itt the interface bettveen the N-ype inversion layer
and P+, or N+ and P-t}~pe accumulation layer. Changing the shape and the
size of the antenna changes the gate voltage, and subsequently the truer
voltage of the DLPP. During normal IC operation, any charge on the poly
gate or associated antenna has been discharged tluough the N-well resistor
and therefore no channel evsts under the poly gate tnn,imizing any deuce
leakage. Axt alternative embodiment uses a N doped substrate with
appropriately doped well and contact regions. FIGURE 5 .0 .A NO
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