
;e3eP]XXY4ZX$[\6\TP]YgE A NOVEL DIODE-LIKE PLASMA INDUCED DAMAGE PROTECTION
STRUCTURE BACKGROUND OF THE INVENTION ( 1 ) FIELD OF THE INVENTION *Q~2*
The present invention relates generally to a structure and manufacturing
process of a semiconductor device which provides protection from plasma
induced damage doting integrated circuit device processing and more
particularly to a semiconductor diode like elite with a controllable
trigger voltage to optimize the protection against plasma induced damage
for different process requirement (2) DESCRIPTION CAF PRIOR .ART 10 As is
w11 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 ri-typically
subjected to several plasma etching operations. which are designed to
pattern the various substrata oxide and metallization layers and construct
the; desired circuit layout. Although plasma etching has become the etching
process of choice the intense I S energies used to create the etching
plasma has had a degrading effect nn thin sensitive gate olides that lie
under gate electrodes of a given circuit design. |Specifically the plasma
that i5 generated in etching chamber 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 oxide which necessarily produce
oxide '_'o degrading traps iii the gate oxide -As feature sizes for device
decrease the thickness of gate oxide layers decrease thereby excaerbating
the adverse impact of plasma charging damage. A conventional approach to
the plasma charging damage protection comprise the formation of a diode as
typified in Fig l.a,   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
device 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 o diode tends to hehogherthan the gate oxide breakdown
voltage. As seen in Fig.7.A, thin ?ate oxide breakdown is about -G. 7 volts
for a U. ? 0.25 um device. As shown in Fig. 7B, typical normal diode
breakdown is about -1?.7 volts, well above the breakdown level of the gin
wide. Therefore, it is very useful to have a new t<-po of diode like device
with a low and controllable trigger voltaic for 



10 different PID protection requirement Other structures have been used to
protect against plasma damage As shown in F'ig 113. diodes stacked in
parallel are sometimes used Thus pan haw the effect of reducing the point
where current flows, i.e. effectively reducing breakdown voltage, hut has
the o problem of leakage current fiow during normal device measurements and
or operation Fig. 1 C represent zener diode device 15 protection which arse
has the potential problem of leakage current during normal measurements and
or operation. .gain, it is very useful to have a new type of diode like
device with a low and controllable truer voltage and improved leakage
characteristics for different PDJ protection requirement T he following
patents describe ESD protection devices US 6,075,276 (Kitamura) discloses a
protection circuit using zener diodes. US 6,057.578 (Aiello of al.) shows a
protection circuit with Lover diodes US 6,054,740 (Barret), US G, US
6,028,324 (Su U al.) and G, t)1 i, 9? i (Bothra of al.) skew related
protection circuit   SUMMARY OF THE INVENTMENT A 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. It is a further objective of the invention to
improve plasma induced damage (PLD) protection by enabling the protection
voltage threshold to be varied-icd to meet procces and device design
requirements. In addition, it is an objective of this invention CO minimize
or eliminate stress in date: oxides caused by current flow induced by
plasma processes thereby maintaining date oxide integrity 10 It i5 vet
another object of the invention to provide a manufscturable method fur
Coming the P117 protection structure while maintaining the required
operating` characteristics of the device being protected The above
objection are achieved in according with the embodiment of the invention
that describes a process and novel Structure for a diode-line PTD
protection (DLPP) devices 15 Beginning with a semiconductor substrate
typically P doped a V-well. two \-well N - contact region and substrata N-
and P- contact regions arc formed. In the invention, the DLPP has a metal
layer disposed as a dummy antenna connected to a polysilion (poly} gate
'The DLPP is structured as a butting diode with a poysilicon lever 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 2o well. connected between the polo Matt and
P-substrate as a RC buffer element The c structure is completed with
appropriate metal conductors for the electrical connection system The DLPP
has a function of s controllable gate with Zener-liked-trigger, in which
the dummy antenna picks up s 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
bwtween the N-mpc inversion layer and P+ substrate contact, or V+ substrate
contact region and P-ypc accumulation layer. Changing the shape and the
size of the dummy antenna changes the amount of charge 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 ?ate. Thus. no
leakage problem is found with this structure during testing or normal
operation. Another embodiment of the invention uses a ~ doped substrate
with a P well, two to associated P- P-will contact region and a \- and P--
substrate contact region to provide unproved PID protection. For this
embodiment the second voltage source is typically Vdd. BRIEF DESCRIPTION
CAF THE DRAWINGS Fig 1.A through 1C asp schematic rcpresentations of prior
art PID protecting decives representing (1.A) a normal diode. (1B) stacked
diodes, and (IC) a zener diode 15 Fig. ? is a simplified schematic
representation of the invention diode-like PID protection structure (DLPP)
showing the device location between the input bonding pad and th a active
circuits. Fig. 3A is a simplifed cross suction of one embodiment of the
invention for a P type substrate showing the main electrical element Fig.
3B is an equivalent circuit of the embodiment Shown in Fig. 3A Fig. 3C is a
simplified ,:toss section of another embodiment of the invention For a
substrate showing the main electrical elements. Fib. -4A through -1D are
crows section of the invention utilizing a P doped substrate during
various stages of processing. Fig. 5 shows a top view of the horizontal
topography of the invention fur a P doped substrate. Fig. GA through 6D
shows the development of the structure for another embodiment of the 5
invention using a N doped substrate. 



Fig. 7.a through 7C shows characteristics of protection devices, Fig. 7.A
shows typical breakdown characteristics for active device gate oxide Fig.
7B shows standard diode breakdown characteristics and Fig. i C shows the
controllably trigger voltage characteristics of the invention protection
device. to DESCRIPTION OF THE PREFERRED EMBODIMENT Fig. ? 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 x P substrate device Fig. i.1 shoves a
simplified cross section of one embodiment of the invention for a P
substrate device illustrating thu principle electrical elements. Shown is a
P doped substrate 8 1V1111 a N+ contact region 24 A connected to the active
device input pad, and a polysilicon (poly) gala element ?U with ox
insulator 20A with a typical thickness of between -IU and 1 ~l) .~ and
polysilion conductor 'UB with a typical thickness of between 2000 to 3000 A
The gay 2U 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 24C in a V-will
18. The antenna shape and size determind 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 lever
21 and the N+ 5 substrate contact element 24A for positive gate voltage,
and the D3 device junction is formed between the N type inversion layer ? 1
and the P+ substrate contact region 2G far 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 N well contact 2-1B to either Vss or ground Diode
D1 is formed with the cathode being the N l o substrate contact 24A and the
P doped substrate 8 and provides protection against negative plasma charge
damage by enabling conduction of the negative chary w V low. .as can be
seen in Fig. 3I3 negative plasma charge on the input line will essentially
bias the diode D 1 into conduction Shunting the charge to the second
voltage source, typically ground. 



By changing the size and shape of the dummy antenna 28 the trigger voltage
of the DLPP 15 device; is device adjusted to a predetermind level suitable
to the required application requirement From actual actual test results
shown in Fib. 7C it van 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
a low of about -; volts. This is well below the typical gate oxide
breakdown of about -6. i ~ volts shown u1 Fig. 7A and therefore provides
excellent protection for the gate oxide The \-wall 18 functions as a
resistive R and capacitive C buffer element to a second voltage source,
typically Vss or round. During normal circuit operation, any charge that
would tend to accumulate on the poly gate '_() would he discharged through
t the X-will resistor R prevention an inversion or accumulation layer tram
developing under the gate ?f1. This device    characteristic limits
teal:ale during testing or normal circuit operation to very low limits. Art
electrical schematic is depicted in Fig. 3B. Depicted are the electrical
connection 3U of the input pad to diodes D1, D2 and D3. The gate element 2U
with its antenna conductor ?~ is connected to the D2 and D3 zener like
truer input point in addition to the N-well resistor and 5 capacitor buffer
element which in tutu are shown connected to a second voltage source,
typically ground. Another embodiment of the invention would be for a N
substrate 1 U8 as depicted in Fig. 3C. In this embodiment, a P-well 118 is
used for the RC buffer element. The antenna 128 is connected to a P-
contact 124C in the P-will 118 as well as to the poly gate ! 120 D? is now
10 formed between the P- substrata input contact region 1 Z-124A and the ~
inversion layer 1? 1 created by a positive gate voltage. Ds is formed
between a P accumulation layer 1'_ 1 and the ~ - substrate contact 12G. The
shorting conductor 132 for the N+ contact 12G and P-- contact 124B is
typically connected to the ~-Vdd bus. Care must he taken with 111C use of
this embodiment to ensure that the P- substrate contact 12-l.a to \
substrate 1 U8 diode D! is reverse biased in normal normal circuit 1 ~
operation. The process to develop one embodiment of the invention is
outlined in Fig. -l.~ through Fig. 4D which shows C110 strcture for a P
substrate in various stages of manufacture. Fig. -lA shows a patterned
semiconductor substrate 8 with a nominal P doping level of about 1E15 atoms
per cubic centimeter (a/cm'). The substrate surface is covered by a
thermally grown or chemical .0 vapor deposition (CVD) first oxide layer 10
sometime called the had oxide which provide thermal stress relief. This
layer is typically between 200 to 600 angstroms (.A) in thickness .~ C VD 



layer of silicon nitride ( SIN) is placed over the pad oxide as a masking
element to a thickness of brtween urn l 1000 to 2000 A This in turn is
covered by a conventional photolithobographic masking   material such as
photo resist (PR) 1-l with a thickness typically between -40UU and 10,000 A
The structure as shown in Fib. -4A has burn patterned in preparation for
the N-wUl 18 doping. :\ donor dopent, typically phosphorous (P), is
implanted with a typical dosage range of between 1 E 13 to lEl5 atoms per
square centimeter (a/cm'') and with an energy rangy of between 20 to 50
he`'. 5 This produces a N-well doping densintyof between lE16 to 1E18
a/cm'. Fig. -4B represents the partially completed device after the; 1.-wc;
ll mashing element haw been removed, the substrate repatterned, and a field
oxide 1G has been thermally grown own to a thickness of between 5000 and
11000 A for isolation purposes. .a gate oxide layer 20A has then been grown
to a thickness of between about 40 to 13U A and a layer of polysilicon
(poll) 20B has 10 been deposited by CVD D to a thickness of between 2000 to
3000 A to serve as part of the gate conducting element The N+- contact
areas 2-24A ''-1B, 2~24CC have been anisotropically etched typically by
means of a reactive ion etch (RIE) using a chlorine or fluorine based has
source source follows as shown in Fin. -1B an ion implant of a donor
element typically arsenic (.Ass), with a dosage level between era about lE
13 to lE l ~ a.rm'. with an energy betwqeen 20 and 40 KeV This 1~ results
in ~- contact regions with a dopent concentration of between about 1E2()
and 1E21 a/cm3 Fig. -4C shaves the partially completed device repatterened
and etched for the: P-- implant. This is done with an acceptor element
typically boron (B) with a dosage of between about lE12 to 1E13 a-cm'. 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-cm`.  There then is
a repatteming to grow field oxide insulation for the sides of the gam
element 20 This is followed by repatterning to each open contact holes in
the oxide to the; contact areas 24A 24B 2-4C and the P- contact 3G,
typically using a RIE anisotropic etch process There is a blanket metal
deposition, typically using alumunium or silion doped aluminum, but could
by other alloy 5 such as    titanium platinum. The main metallurgy system
could also be used in conjunction with refactory type "hairier'' metals
such as titanium-tungsten (Ti`V) 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 method would be RF sputtering or magnetron sputtering.
With any method. the wafer is blanked with the metal, then patterned and 



unwanted metal removed by etching. In addition. the metallurgy layer can be
either first layer, second layer or top layer metallurgy As represented in
Fig. -lD, after selective removal of unwanted metal, a final passivatton 10
covering layer 36 is deposited, typically SiO2 silicon nitride (SIN), or
burophosphorus silicate glass (BPSG). .as depicted in Fig. -4D the gate
conductor 23, which also forms the dummy antenna us connected to the t-well
N- contact 2-tC. A seoarete conductor element 3() connect the device  to
the active circuit input pad, and another conductor element 32 connect the
P~ substratc contact ?G to the V-cvcll 1.- contact 3-lB and thin to a
second voltage soure typically ground. 15 Fig. _-. 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 polvsilicon gate
element 20B extends between the N- contact 24A and the P~ contact region 26
The V-evcll 18 extend between the VT contacts 24B arid 2-lC. The metal
antenna ?3 is a digitaed shape extending over the overall device and is
connected to the poly gate element 2l)13 and the V r N-well contact 24C .
20 Also shown is the conducting element 32 connecting the PT contact 26
with the N+ N-well contact 24B. This design layout demonstrates an economy
of area important to the requirement of decreasing device size and
increasing device density- whip at the same time providing sufficient
volume to handle plasma charge current flow    Fig 6 a through l 6D shows
another embodiment of tire invention for a N substrate 1U8. Fig. 6A showns
the substrate 108 which has been covered with a had oxide 110 with a
thickness of between 200 to 600 A and a SIN layer between 10U0 and 200U :~
in thickness The surface has been patterned with a patterning element,
typically phoroesist (PR) 124 to a thickness of betweeen 5 about -1000 to
10000a to define the P-well area 113. ran anisotrohic etch, typically RIE
has been performed on the pad oxide 110 and SIN 11? removing them in the
P-well area 118. This is followed by an acceptor implant, n typically W
with a concentration of between about lE 1 ~ and 1E17 a/cm3 and an entry
level between 3U .111C130 keV, resulting in a P-well dopent concentration
of between 1E16 and 1E13 a,cm'. LO Fig. GB shows the partially completed
structure after field oxiode 116. gate oxide 1g0.1 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 1E1? and 1E13
a/cm2, anti an energy-w of about 40 to 80 KeV to produce a contact region
eloping level of between lE20 and 1E21 a,cm3 As shown in Fig. 6C. the
partially completed structure ha, been repattetned and etched tier the V N+
1s contact region 126 implant. typically done with As with a dopent level
of between 1f 13 and 1C 1 a,'cm', and an energy typically between ?0 and 40
KeV 'This results in a 1- contact area 126 dopent density of between lE20
and 1E21 a/cm3. Fig. 6D depicts the structure after reestablishing field
oxide 11<,, depositing patterning and etching metal 128, 130 and 132,
typically aluminum, hut could be other metals as previously ?0 described.
and covering the structure with a passivation layer l36, typically Sio2 or
silicon nitride (SiN), or borophosphorus silicate bass (BPSG). As depicted
in 1i<g. 6D the gate conductor 138 which also forms the :income antenna, is
concocted to the N-well ~-- contact 1?~C. While the invention has bean
particularly shown and described with reference to rive preferred
embodiments thereof. it will by understand by those skilled in flit; art
that various '-5 change in form and details may be made without departing
from the spirit ant! scope of the invention. What is claimed is lu   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; 



5 a plurality of doped second regions within said first doped region; a
doped third region within 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 with a crystalline
conducting layer on said substrate surface over the area between said third
and fourth doped regions to a fast metal conductor element one end of which
is connected to said crystalline conducting lawn with shape geometry
conducive to process chary accu,ulation and which other end is connected to
one said second doped regions a second metal conductor clement connecting
said fourth doped region with Said active device input pad: 15 a third
metal conductor element connecting said doped third region with ow said
doped second region closest to said third doped region and to a second
voltage source: a top passivation layer coveting Said structure. ?. The
protection structure of claim 1 wherein said substrate consists of P doped
semiconductor material. ^_0 3. The protection structure of claim 1 wherein
said first doped region forms a :v-well with s dopent concentration of
between l E 1 G and 1 E 1 ~ a.-cm ` and possessing resistive; and
capacitive characteristies -1. The protection structure of claim 1 wherein
said insulating layer is field oxide to a thickness   between 5000 and
11000 A ~, The protection structure of claim 1 wherein said plurality of
second doped regions are N regions with a dopent concentration of between
1E20 and 1E21 a/cm' . G. The protection structure of claim 1 wherein said
third doped region is a P+ region with a dopent 5 concentration between
lE20 and 1E21 a/cm'. 7. The protection structure of claim 1 wherein said
fourth doped region is a iV-~- region with a dopent concentration of
between 1E20 and 1E21 a/cm' and forms a first diode with said P substrate.
8. The protection structure of claim 1 wherein said thin insulating
ta~layer-er consists of silicon oxide l0 with a thickness between 40 and
18U A and said crystalline conducting lever consists of polvsilicon with a
thickness between 2000 and 3000 A and Forms a poly gala element between
said third and fourth doped regions. 9. The protection structure of claim 1
wherein said gate element forms a \ types inversion layer 



within said substrate under said gate region For positive plasma charge and
forms a P type accumulation layer within said Substrate under said gate
region for a negative plasma charge;. 10 The protection structure of claim
1 wherein the interface between said 1' type accumulation layer under said
gate structure and Said ~- doped fourth region forms s second diode element
with zener like trigger characteristics. 11. The promotion structure; of
claim 1 wherein the interface between said V type inversion lever ''0 under
Said gate structure and said P- doped third region forms a third diode
element with zener like trigger characteristics 1?. The protection
structure of claim I wherein sand first moral conductor element ,;an by a
first or second lay-layer or top metal lever, arid said metal charge
accumulation element acts as an antenna   collecting a portion of said
plasma charge to provide a voltage for said poly gate. 13. The protection
Structure of claim I 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-I. The
pritection structure of claim 1 wherein said top passivation layer covering
said structure consists of SiO: or silicon nitride or borophosphorus
silicate Mass with a thickness of between 3U00 and 7000A . I ~ .~
semiconductor device protection structure on a V doped semiconductor
substrate for active; device protection from plasma induced damage
comprising: t0 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 acid P doped first
re<rion: a doped Vii- thud region within said substrate and adjacent to
Said first P doped region a P- doped fourth region within said substrate; a
thin oxide insulation layer covered with a polysilicon conducting layer
forming a gate element on said substrate surface over the area between Said
N- doped third region and said PT fourth re<sion: a first metal conductor
element one and of which is connected to said gate polysilion conducting
layer with shape geometry conducive to process charge accumulation and
which other ''o end 1S connected to one said P- doped second regions: a
second metal conductor element connecting said ft doped fourth region with
active device input pad; a third metal conductor element concocting said V-
doped third region with one said P l;   doped second region closest to said
third region arid to a second voltage source; a top passivation layer
covering said structure. 16. The protection structure of claim 1 S wherein
said first P-doped region forms a P-well within said N dopod substrate with
a dopent concentration of between lE 1 G and 1 E 1 ~ ar cm' and 5
possessing resistive and capacitive characteristics. 17. The protection
structure, of claim 1 ~ wherein said insulating layer i5 field oxide to a
thickness between 5000 and 11000 A I8. The protection structure of claim 1
~ wherein said pluraliy of doped P+ second regions have a 



dopent concentration of between lE20 and 1E21 a/cm3 . l0 19. The protection
structure of claim 1 G wherein slid V t doped third region has a dopent
concentration between 1E20 and 1E21 a./cm`. 2U. The protection structure of
claim 15 wherein said fourth P- doped region has a dopent concentration of
between IE20 and 1i:21 a,-cm3` and forms a first diode with said N
substrate 21. The protection structure of claim 15 wherein said gate Dement
oxide insulation lever is 15 between 40 and 13t) A in thickness and said
gate polvsilicon layer is between 2000 and 30t)0 A in thickness and which
said gate element forms a N type inversion layer within said substratze
under said gate region fox a positive plasma charge and forms a P type
accumulation layer within said substrate said gala region for a negative
plasma charge. 22. The protection structure of claim 15 wherein the
interface between said Fourth P~ region and said N type inversion layer
under said gay structure forms s second diode element with zener like
trigger characteristics. 2 i. The protection structure of clean 1 ~ wherein
the interface between said LT- doped third region and said P type
accumulation lever under paid gate structure forms a third diode element
with l -1   zener like tri~c;r characteristics. 2-1. Tlie protection
structurC of claim I ~ wherein said first metal conductor c;t~mcnt can by a
lir5t or second or top metal layer, and said metal char?c 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 tllC voltage Of said gate
and truer voltage of said protection dwice. 2G. The prot,,ction structure
of claim 1 wherein said top passivation layer covering said structure
consists of SiC~. or silicon nitride or borophosphorus silic;at~ ~r ass. to
?7. .a method of fabricating a diode like protection device on a P dopc;d
semiconductor sub5tral~ to prote;;t activa semiconductor dz~.i~"s from
plasma charge induced damage comprising: forming a first doped re:4rion on
said wmiconductor Substrate: fornin~_= an insulating lamr on said substrate
for element isolation: forming a pluraiin~ of doped second regions within
said doped first region; is 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 polysilieon
layer on said substrate over the region beriveen said third and fourth
doped rc;~gions; 



forming an insulating layer over said substrate surfae;e; '_0 forming a
first metal ~,onductor element for gate conductor, charge accumulation
antenna and ona second r~~on contact: funnin~,~ a second metal ~onduc;tor
cUmtnt for the; doped fourth rc~~on input vontact; fonning a third mwal
~:onductor ~Icmunt For one said doped s.;cond a1'va, and doped tJiird l
area contact to ~ second voltage source; covering the structure with a
passivation Iavcr. 28. The method according to claim 27 whereby said dopzd
first region is doped with a donar dopent such as phosphorous with a doping
level bettvecn lElG and lEl~ aicm'' to form a N-evall 5 region with a
dopent concentration beriveen 1E16 and 11:1 aicm'. 29. Tha method according
to claim 27 whereby said insulating layer for element isolation is Field
oxide ivet thermally grown to a thickness between ~UUU and 11UUU.~ in
thickness. 3U. The method aLaordin~g to claun 27 whereby said pluralih~ of
dup~:d S~;cond rwgiuns and said fourth region are doped by ion implant with
a donar dopent of arsenic with a dosage bWve~n to 1E13 and lEl~ a.-cm' and
with an every level benocen 3ta and -1t) IW~ to form N+ rc~ons. 31. The
method zc;cording to claim ?7 whereby said doped third re~~on is ercatcd
with a donor dopent n~picall~~ boron with a dosage bcr<vc;,n 1L1'? and 1E1
3 a gym' and an ~n ~1~~' Iw~l uC betzv~en -tU and 8U IW'. 32. The cnethod
ac;.ording to claim ? 7 whereby said silicon oiide insulator layr is
thwnallv 1 s grown to a thickness of ber<veen .lU to 1 ~U .~. 33. The
mothod according to claim 37 wherc;by said poly layer gate ~lumwt is
clvpositcd by CVD to a thickness of 2UUU to 3UUt) .~ and is doped W th
phosphorous to produco a dopent dwsin' of beriveen 1E17 and 1E'1 :~'cm' .
3-1. The method according to claim 27 whereby said mCtallur<,.~v s~~stcm is
deposited using blanl:ot Zo evaporation and is doped with 1o silicon. 3 5.
The method ac,;ordin~ to ~laiin ? 7 wherehv said first, second and tlw-d
metal .;onduc for clCm~:nts arc formed by patterning and plasma ctctuiig.
to   36. The method according to claim 27 whereby said passivation layer is
silicon nitride deposited by 



LPCV'D using a silane and ammonium source or dichlorosilanu source at a
temperature between ~.UU and 7UU C. 37. The method according to claim 27
whereby said passivation layer is SiO,_ deposited LPCVD using TEOS as a
source at a temperature bvhveen -~UU and 7Ut? ('. 38. The method according
to claim ?7 whereby said passivation lawr is boropEtosphorus stL~cate glass
deposited by LPCVD using dichlorosilane with nitrous ovde and phosphinc and
diborane at a temperature ber<veen ~UU and 7UU C'. 39. ,a method of
fabricating a diode like protection dwie:~ on a ~i doped semiconductor
suhstrat~ to to protect active semiconductor d~~rices from plasma charge
induced damage comprisin~~: forming a first doped P region on said
semiconductor substrate; forming an insulating Iaier on Said substrate for
elcme;nt isolation; fornving a pluraliy of PT doped s.;cond rc?ions within
said doped first region: providing a doped V- thud region witltin said
substratC and adjacent to said Fast f doped 15 region; providing a P- dopCd
Fourth region within said substrate; providing a thin insulating silicon
oiide layer covered by a vonducting poll'silicon layer on said substrate
over the region between said third and Fourth doped regions; reforniing an
insulating Iawr over said substrate surface; forming a first metal
conductor clement for gate vondu~lor. charge accumulation antwna and one
said second region contact; fonning a second metal "ondu~aor eh:munt for
the doped fourth region input contact: forinutg a third natal condwtor
clement wnnactin<v one said dop.;d second rc<gion and said   third doped
region and to connect to a second voltage source; covering the structure
with a passivation layer. ~0. The method according to claim 39 whereby said
doped first region is doped with an acceptor dopent such as boron with a
doping level berVVeen 1 E 1 G and 1 E 18 ai cmt to form a P-well region 5
with a dopent concentration berzveen lElG and 1E18 a!em'. .11. The method
according to claim 39 whereby said insulating layer for ehment isolation is
field oxide wet thetrnally gown to a thickness ber<veen 3UUU and 11UUU:~ in
thickness. .12. The method according to claim 39 whereby said pluraliy
dopCd second regions and tourth region are doped by ion implant with a
donar dopent of boron with a dosa~~e b~W zen 1 E 1 Z and to 1E13 a<'cm' and
with an ~nery level between 20 and -LU hW' to form ~- re~~tons with a dopwt
concentration between 1E21) and 1E21 a-cm'. ~3. The method ac.;ording to
alaitn 39 herabv said doped tlurd region is created with arswic; with a
dosage benveen 1E13 and 1E13 a.~ cm2 and an en~ra~ level of bet<veen 2U and
-tU I~~V to 



produca a ~i~- doping conc~ntraaon of b~,nwen 1E21 anti 1E22 a,~cni`. .1-L.
The method according to claim 39 whereby said silicon cede insulator layer
is themlallv gown to a thickness of benveen ~U to 18U .~. -13. The method
according to claun 39 whc;rehv said poly layer gate element is deposited by
C`'D to a thickness of 2UUU to 3UUU .~ using and is doped with phosphorous
to produce a doping densir5~ of between 1E17 and 1E21 a:'cm' . ''o .1G. The
method according to Maim 39 whereby said insulating layer consists of 5i.
to a tlticlatess of between 3UUU to 11 UUU .~. -L7. The method ac:cordin`
to claim 3O tvhvrcbv said mwallur~~~ system is ciepositatl using hianl:~t
evaporation and is dopad tth 1o silicon. t   .~8. The method according to
claim 39 whereby said first, second and ltui~d mc;tai conductor elements
are formed by patterning and plasma etchin5. ~.9. The method according to
claim 39 whereby said passivation layer is silicon nitride deposited by
LPCVD using a silane and ammonium source or dic;hlorosilane source; at a
temperature bet~veen 4U0 and 7UU C. ~U. The method according to claim 39
whereby said passivation layer is SiC~Z deposited LPCVD using TEAS as a
source at a temperature bet<veen -lUU and 7Ut) C. 51. The method according
to claim 39 whereby said passivation layer is borophosphorus silicate glass
deposited by LPC VD using dichlorosilane with nitrous otid~ and phosphine
and diboran~ at to a temperature b~twzen -~t)U and iUU C. 1 ~) .AYh, .A 2
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