ESD PROTECTI ON FOR HI GH DENSI TY DRAMS US| NG' TR} BLE- WELY.

TECHNOLOGY CROSS REFERENCE TO RELATED APPLI CATI ONS Thi's
application is related to Serial No. 08/302,145, filed Septe r 7, 1994
(TI-18616), the contents of which are incorporated her re?ﬁ@)g

ref er ence. BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON

This invention relates to integrated cifcuits and, nore specifically, to
ESD protection for integE&P RROTEFELRN FOR HIGH BRNEFTHPEAME PTON OF THE PRI OR

ART El ectrostatic di sEREGERIPLESHLL THHNOLOE usey” danmage  to
sem conductor devices in an integrated circuit during handling of the
Integrated circuit chip package, this being particularly true

CROSS REFERENCE TO RELATED APPLICATIONS
This application is related to Serial No. 08/302,145, filed
September 7, 1594 (TI-18616), the contents of which are

incorporated herein by reference.

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTTON

This invention relates to integrated circuits and, more

specifically, to ESD protection for integrated circuits.

" BRIEF DESCRIPTION OF THE PRIOR ART

Electrostatic discharge (ESD) may cause damage to
semiconductor devices in an integrated circuit during handling of
the integrated circuit chip package, this being particularly true

% in the case of MOS circuitry including DRAMs. It is therefore
necessary to protect such circuits against damage due to stress
conditions such as high energy, high voltage and/or high current
pulses. Prevention of such damage generally 1is provided by

protection circuits incorporated into the chip of the integrated



in the case of MOS circuitry including DRAMs. It is therefore necessary
to protect such circuits agai nst danage due to stress conditions such as
hi gh energy, high voltage and/or high current pul ses. Prevention of
such damage generally is provided gy protection circuits incorporated
into the chip of the integrated
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i npedance or an open circuit therefromduring normal operating conditions
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rectifiers ), which are PNPN-type devices, can be have been
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the protected circuitry during an ESD event and such prior art devices and
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Serial No. 08/302, 145.
such as silicon controlled rectifiers (SCRs), which are PNPN-type
devices, can be and have been utilized to provide the switching
function required to essentially shunt the protected circuitry
during an ESD event and such prior art devices and a standard
manner of fabrication thereof is set forth in the above noted
Serial No. 08/302,145.

Prior art circuits and structures used for ESD protection can
withstand high levels of ESD stress. However, recent advances in
technology have produced devices with increasingly smaller
geometry. This smaller geometry results in devices which can fail
at voltage levels lower than the triggering voltages of prior art
protection circuits. Accordingly, improved ESD protection has been

sought, one such ESD protection circuit being set forth in the

above noted application Serial No. 08/302,145.



Prior art circuits and structures used for ESD protection can wthstand
hi gh | evel s of ESD stress. However, recent advances in technol ogy have
produced devices wth increasingly snaller geonetry. This snaller
geonetry results in devices which can fail at voltage |evels |ower than
the triggering voltages of prior art protection circuits. Accordingly,

| nproved ESD protection has been sought, one such ESD protection circuit
being set forth in the above noted application Serial No. 08/ 302, 145.

3 SUMVARY OF THE | NVENTI ON I n accordance with the present

I nvention, there is provided an arrangenent for ESD protection which
overcones the above noted problens using m nimum area and providi ng
maxi m zed protection |evels. BrPefIy, t he above is acconplished by

providing a triple well to formvertical bipolar/SCR structures in a CMOS
process. suUBRARY OF THE INVENTION

In accordance with the present invention, there is provided an
arrangement for ESD protection which overcomes the above noted
problems using minimum area and providing maximized protection
levels.

Briefly, the above is accomplished by providing a triple well
to form wvertical bipolar/SCR structures in a CMOS process. The
vertical structures allow better power dissipation and higher ESD
levels than do lateral structures. The triple well is formed in a
doped substrate using the technigues of the prior art for formation
of wells in a substrate and/or within another well. Each
successive well is of opposite conductivity type from the substrate
or the well in which it is formed and each of the wells as well as
the substrate has a region extending to a single upper surface of
the device being fabricated. The substrate can be n-type or p-type
with the formed wells then being alternately of conductivity type
different from and then the same as the substrate. The last well
or region formed can be more highly doped to avoid the step of
forming a highly doped contact region therein. The result is a
vertical PNPN structure which also has access to all of the regions

from the top surface.



vertical structures allow better power dissipation and higher ESD |evels

than do lateral structures. The triple well is forned in a doped substrate
using the techniques of the prior art for formation of wells in a
substrate and/or wthin another well. Each successive well is of
opposite conductivity type fromthe substrate or the well in which it is

formed and each of the wells as well as the substrate has a region
extending to a single upper surface of the device being fabricated. The
substrate can be n-type or p-type wth the forned wells then being
alternately of conductivity type different fromand then the sane as the
substrate. The last well or region forned can be nore highly doped to
avoid the step of formng a highly doped contact region therein. The
result is a vertical PNPN structure which also has access to all of the
regions fromthe top surface.

4 BRI EF DESCRI PTI ON OF THE DRAW NGS
BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE la is a cross-sectional view of a partially fabricated
PNPN SCR structure having ESD protection;

FIGURE 1b is a view as in FIGURE la of a completed SCR
structure in accordance with the present invention;

FIGURE 1lc is a schematic diagram of the circuit of FIGURE 1b;

FIGURE 2 is a schematic diagram of the completed device of
FIGURE 1b;

FIGURE 3 is a device as in FIGURE 1lb but with the n-type
regions changed to p-type and the p-type regions changed to n-type;

FIGURE 4(a) is a schematic diagram showing the ESD protection
circuit of the present invention used in conjunction with an MOS
transistor for protection of the input transistor; and

FIGURE 4(b) is a schematic diagram showing the ESD protection
circuit of the present invention used in conjunction with an MOS

transistor for protection of the output transistor.



FIGURE la is a cross-sectional view of a partially fabricated PNPN SCR

structure having ESD protection; FIGURE |b is a viewas in FIGURE | a
of a conpleted SCR structure in accordance with the present invention;
FIGURE 1c is a schematic diagramof the circuit of FIGURE |b; FI GURE

2 is a schematic diagram of the conpl eted device of FlIGURE 1b;

FIGURE 3 is a device as in FIGURE | b but wwth the n-type regions changed
to p-type and the p-type regions changed to n-type; FIGURE 4(a) is a
schemati ¢ di agram showi ng the ESD protection circuit of the present

I nvention used in conjunction with an MOS transistor for protection of the
| nput transistor; and FI GURE 4(b) is a schematic di agram show ng the
ESD protection circuit of the present invention used in conjunction with

an MOS transistor for protection of the output transistor.
5

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to FIGURE la, there is shown a starting structure
which is fabricated by standard patterning and doping and includes
a p-type substrate 1 having a first n-type well 3 therein. A p-
type well 5 is formed within the first n-well 3 and a second n-type
well or region 7 is formed within the p-well 5. All of the wells
3, 5 and 7 extend to the upper surface 9 of the substrate 1 and a
portion of the substrate is also exposed at the upper surface. It
should be understood that an eguivalent device can be made starting
with an n-type substrate with the conductivity types of the wells
being reversed and such embodiment 1is also contemplated in
accordance with the present invention.

Referring now to FIGURES 1{b} and 1l(c). a p+ contact region 11
is formed at the surface 9 of the substrate 1, an n+ contact region
13 is formed at the surface 9 of the n-well 3 and a p+ contact
region 15 is formed at the surface 9 of the p-well 5, the n-well or
region 7 having been initially doped to n+ level by appropriate
standard masking and doping. Pads and/or leads are provided to the
contact regions in standard manner, there being a V, lead 17 to the
n-well, a vV, lead 19 to the contact 15, a V., lead 21 to the contact
13 and a Vg, lead 23 to the contact 11. It can be seen that two
bipolar transistors have been formed, one such transistor being an

NPN transistor including regions 3, 5 and 7 and the other such



5 DESCRI PTI ON OF THE PREFERRED EMBCODI MENT Referring to FI GURE 1a,
there is shown a starting structure which is fabricated by standard
patterning and doping and includes a p-type substrate 1 having a first
n-type well 3 therein. Ap- type well 5 is forned within the first

n-well 3 and a second n-type well or region 7 is fornmed wthin the p-well
5. Al of the wells 3, 5 and 7 extend to the upper surface 9 of the
substrate 1 and a portion of the substrate is al so exposed at the upper
surface. It should be understood that an equi val ent device can be nade
starting wth an n-type substrate with the conductivity types of the wells
bei ng reversed and such enbodinment is al so contenplated in_ accor ance Wi th

the presentrPRSETHAToeing a P%f%ﬁhﬁt%v&'{c&uﬁ’r%@lﬂ‘ﬁ) and )2 a p+
contact regjon.1l rﬂ%e%ﬂ%ﬂ? Qﬁd%ﬂ?egu f%%?tg 3?“%2 m&%?%kﬁqggaﬁﬁuggp2+

contact region i S forne € surface e n-we

contact region 15 is forned at the surface 9 of the p-well 5, the n-well

or region 7 having been initially doped to n+ | evel by appropriate

st andard maski ngo afkrdapienGCr PatlsFaoukEon bl eadsiar s picaseeaty t oo timwagant act
regions in standard manner, there being a V[err] lead 17 to the n-well, a
V[err] | eadias any (e thoriunet iams sacly] @ rthe| guelct2Pnt bepwrenc §he agtweli33 and a

Vlerr] lead e cont act an_be seen . that t bi po
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including reghons o hPMhinte?Bd HOE/UNEMSYSell 5 and the n-well or
region 7. The requirement for SCR conduction is to first turn on
the PNP transistor portion of the SCR, this including the substrate
1, the n-well 3 and the p-well 5 or the NPN transistor portion of
the SCR, this including the n-well 3, the p-well 5 and the second
n-well or region 7. Turn-on is accomplished by raising the voltage
at terminal 23 above the voltage of the n-well 3 or by lowering the
voltage at terminal 17 below that at the p-well 5, thereby
injecting current into the base of either the PNP transistor or the
NPN transistor. The turn-on voltage is very low relative to the
prior art SCR ESD protection circuits because the turn-on voltage
is merely the voltage between terminal 23 and the n-well 3 or
between terminal 17 and the p-well 5.
The final structure, as shown in FIGURE 2, from an electrical
perspective, is a PNPN device with leads available from each of the
regions 1, 3, 5 and 7.
Referring now to FIGURE 3, there is shown a structure which is

identical to that of FIGURE 1lb except that the p-type regions have



6 transistor being a PNP transistor including regions 1, 3 and 5. The
common regions 3 and 5 result in the final PNPN SCR structure To
turn the SCR of FIGURE I b on, it is necessary to forward bias any of the
junctions such as the junction between the n-well 3 and the substrate 1,
the junction between the p-well 5 and the n- well 3 or the junction
between the p-well 5 and the n-well or region 7. The requirenent for SCR
conduction is to first turn on the PNP transistor portion of the SCR, this
i ncluding the substrate 1, the n-well 3 and the p-well 5 or the NPN
transistor portion of the SCR, this including the n-well 3, the p-well 5
and the second n-well or region 7. Tufn-on is acconplished by raising the
vol t age aechethimpld 23 aboye bhe thad hagepefrddienn-wtd b@eor cligndegwéei ng
the voltage at termnal 17 below that at the p-well 5, thereb I nj ecting
current i m-oyphearshyétbfaldi FREerarive PNFAGtaRSi KAIGTToNT tipe the sdme

structures as in FIGURE 1b being the same except that they are

primed {('}.

Referring now to FIGURE 4(a), there is shown typical ESD
protection of an MOS tranmsistor 31 with an ESD protection circuit
35. The ESD protection circuit normally is off, thereby providing
a very high impedance to ground. When the voltage at the bond pad
33 becomes excessive, the voltage thereon is applied to the ESD
circuit 35 and specifically to the terminals 17,19 and 21,23 to
turn on one of the PNP or NPN transistors and shunt the current
around the MOS transistor 31, thereby avoiding damage to the MOS
transistor.

Referring now to FIGURE 4(b), there is shown typical ESD
protection of PMOS transistor 35 and NMOS transistor 37 (or both
transistors can be NMOS) with an ESD protection circuit 39. The
ESD protection circuit normally is off, thereby providing a very
high impedance to ground. When the voltage at the bond pad 41
becomes excessive, the voltage thereon is applied to the ESD
circuit 35 and specifically to the terminals 17,19 and 21, 23 to
turn on one of the PNP or NPN transistors and shunt the current

around the MOS transistors 35 and 37, thereby avoiding damage to

the MOS transistors.



NPN transistor. The turn-on voltage is very lowrelative to the prior art
SCR ESD protection circuits because the turn-on voltage is nerely the
vol tage between terminal 23 and the n-well 3 or between termnal 17 and

the p-well 5. The final structure, as shown in FIGURE 2, from an

el ectrical perspective, is a PNPN device with | eads avail able from each of
the regions 1, 3, 5 and 7. Referring nowto FIGURE 3, there is shown
a structure which is identical to that of FIGURE | b except that the p-type
regi ons have 7 been changed to

n-type and the n-type regi ons have been changed to p-type and wth al
reference characters referring to the sa® structures as in FIGURE Ib

bei ng the sane Exopt theat inveefien ebapr PAeY gejorided withRaledPEPRRE nbW to
\I/:\/:ﬁ‘]JREnél(Eg%bS%g i(g:gt :p%ﬁ%h?%,\é;du} %gan{bggllmeEn%[s) Q%g£eec(>: ,I Orr]na%fy a(]/arla itol;lgns!agéor 31

modifications will immediately become apparent to those skilled in
the art. It is therefore the intention that the appended claims be
interpreted as broadly as possible in view of the prior art to

include all such variations and modifications.



35. The ESD protection circuit normally is off, thereby providing a very
hi gh i npedance to ground. When the voltage at the bond pad 33 becones
excessive, the voltage thereon is applied to the ESD circuit 35 and
specifically to the termnals 17,19 and 21,23 to turn on one of the PNP or
NPN transi stors and shunt the current around the MOS transistor 31,

t hereby avoi di ng damage to the MOS transistor. Referring now to

FI GURE 4(b), there is shown typical ESD protection of PMOS transistor 35
and NMOS transistor 37 (or both transistors can be NMOS) with an ESD
protection circuit 39. The ESD protecgion circuit normally is off,

t hereby providing a very high inpedance”to ground. Wen the voltage at

t he bond pad 41 becones excessive, the voltage thereon is applied to the
ESD circuit 35 and specifically to the termnals 17,19 and 21, 23 to turn
on one of tHLWMEP or NPN transistors and shunt the current around the MOS

transistors 35 gndy3Tpgg BeLeby. v QLA MhRrBOR k0us § N MRS skt O S

{a) a terminal;
{b) a semiconductor device coupled to said terminal; and
(c) and an ESD protection circuit comprising:

{i}) a substrate of a first conductivity type and having
a surface;

(ii) a first well of conductivity type opposite to said
first conductivity type disposed within said substrate and
extending to said surface;

{iii) a second well of said first conductivity type
disposed within said first well and spaced from said substrate and
extending to said surface; and

(iv) a third region of said opposite conductivity type
disposed within said second well and spaced from said first well
and extending to said surface;

{(d) at least one of said substrate or said third region

coupled to said terminal.

2. The circuit of claim 1 wherein said semiconductor device is

an MOS transistor.

3. The circuit of claim 1 wherein said first conductivity type

is p-type.

[
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Though the invention has been described with reference to specific
preferred enbodinents thereof, nmany variations and nodifications wll
i mredi at el y becone apparent to those skilled in the art. It is therefore
the intention that the appended clains be interpreted as broadly as

possible in view of the prior art to include all such variations and
nodi fi cati ons. 9 CLAI V5

1. An ESD protected sem conductor circuit which conprises: (a) a
term nal ; (b) a sem conductor device coupled to said termnal; and
(c) and an ESD protection circuit conprising: (i) a substrate of
a first conductivity type and having a surface; (i) a first
wel | of conductivity type opposite to gaid first conductivity type

di sposed within said substrate and extending to said surface;

4. The circuit of claim 2 wherein said first conductivity type

is p-type.

5. The circuit of claim 1 wherein said first conductivity type

is n-type.

6. The circuit of claim 2 wherein said first conductivity type

is n-type.

7. An ESD protection circuit comprising:

{a) a substrate of a first conductivity type and having a
surface;

(b) a first well of conductivity type opposite to said first
conductivity type disposed within said substrate and extending to
said surface;

{c) a second well of said first conductivity type disposed
within said first well and spaced from said substrate and extending
to said surface: and

(d) a third region of said opposite conductivity type disposed
within said second well and spaced from said first well and

extending to said surface.

L A



(ti1) a second well of said first conductivity type disposed within said
first well and spaced from said substrate and extending to said surface;
and (iv) athird region of said opposite conductivity type

di sposed within said second well and spaced fromsaid first well and
extending to said surface; (d) at |east one of said substrate or said
third region coupled to said termnal. 2. The circuit of claim1l
wherein said sem conductor device is an MOS transistor. 3. The
circuit of claiml1 wherein said first conductivity type is p-type.

11

8. The circuit of claim 7 wherein said semiconductor device is

an MOS transistor.

9. The circuit of claim 7 wherein said first conductivity type

is p-type.

10. The circuit of claim 8 wherein said first conductivity

type is p-type.

11. The circuit of claim 7 wherein said first conductivity

type is n-type.

12. The circuit of claim 8 wherein said first conductivity

type is n-type.
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10 4. The circuit of claim2 wherein said first conductivity type

is p-type. 5. The circuit of claim1 wherein said first
conductivity type is n-type. 6. The circuit of claim2 wherein
said first conductivity type 1is n-type. 7. An ESD protection
circuit conprising: (a) a substrate of a first conductivity type and
having a surface; (b) a first weld2 of conductivity type opposite to
said first conductivity type disposed within said substrate and extendi ng
to said surface; g proseEPIvh Wekl nody SaNd Ik r skaonductivity type

di sposed wthin said first well and spaced from said substrate and
extending to said surface; BHHG TRIPL%d’}EIé‘ TRFCYE on of said opposite
conductivity type disposed wthin said second well and spaced from said

first well A%ngcerXto%‘nM%xtsngm sur f ace.

An ESD protected semiconductor circuit and the ESD protection
circuit. The protected circuit includes a terminal (33), a
semiconductor device (31) coupled to the terminal and an ESD
protection circuit (35). The ESD protection circuit includes a
substrate (1) of a first conductivity type and has a surface (9).
A first well (3) of conductivity type opposite to the first
conductivity type is disposed within the substrate and extends to
the surface. A second well ({5) of the first conductivity type is
disposed within the first well and is spaced from the substrate and
extending to the surface. A third region (7) of the opposite
conductivity type is disposed within the second well and is spaced
from the first well and extending to the surface. At least one of

the substrate or the third region is coupled to the terminal.

Figure 1



11 8. The circuit of claim7 wherein said sem conductor device is

MOS transi stor.
conductivity type
said first conductivity

wherein said first conductivity

is p-

an
9. The circuit of claim7 wherein said first

t ype. 10. The circuit of claim8 wherein

type is p-type.
type is n-type.

claim8 wherein said first conductivity

11. The circuit of claim?7
12. The circuit of

type i s n-type.
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