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INTEGRATED CIRCUIT HIGH VOLTAGE

without damage, and the thinner layers proportionately
less. Therefore, existing circuits that provide protection

PROTECTION

of voltage spikes in excess of 50 volts are no longer

adequate.
BACKGROUND OF THE INVENTION

5

This invention relates generally to techniques and
devices for protecting electronic circuits from unde
sired high voltage, particularly the protection of inte

grated circuit chips from high voltage spikes resulting
from electrostatic discharges from handling of pack
aged circuits.
From the beginning of metal-oxide-silicon (MOS)
integrated circuit semiconductor technology, it has
been recognized that electrostatic discharges through
the circuit that result from human handling of a ?nished 5

chip product can permanently affect the operation of
the circuit in undesirable ways. Principally, a thin oxide
layer that isolates a gate electrode from the substrate of
an MOS ?eld effect transistor can be irreparably rup
tured by a voltage spike being applied across it. In many
cases, a gate electrode is connected in a signal path to a

Accordingly, it is a primary object of the present
invention to provide a circuit and technique for reduc

ing any undesired voltage spikes to something less than
30-35 volts, and preferably to within approximately a
10-15 volt range and lower for the very thin gate ox
ides.
It is another object of the present invention to pro

vide a circuit and technique giving protection against
lower voltages that do not trigger the existing shunting
circuits but yet which can damage such thin oxides.
It is a further object of the present invention to pro

vide such protection without adversely affecting the
operation of the circuit which is being protected, partic
ularly to maintain reliability and speed of operation of
the circuit.

~

SUMMARY OF THE INVENTION
These and additional objects are accomplished by the
present invention wherein, brie?y, according to one
protection circuitry is provided within the package.
aspect thereof, a two stage series protection network is
The goal in providing such a protection circuit is to 25 provided between the integrated circuit pad and the
shunt the undesired voltage spikes around the sensitive
circuit to be protected. A ?rst stage adjacent the pad is
?eld effect transistors without affecting the operation of
designed
to shunt fast rise time, high voltage spikes. A
the transistor and its signal paths to the integrated cir
second stage adjacent the circuit to be protected re
cuit package pins. An early technique was to provide a
moves the lower voltages left unaffected by the ?rst
diode between a wire bonding connection pad and the
stage
and not heretofore considered because existing
integrated circuit substrate. As is well known, a wire is
gate oxides can withstand them. The technique and
bonded between an integrated circuit package pin and a
devices of the present invention are based upon the
pad on the chip itself. It was found, however, that this
realization that the fast rise time, high voltage spike
did not provide adequate protection because the diode

pin of a packaged integrated circuit, so the possibility of
damage occurring in handling is very high, unless some

operated too slowly, resulting in the fragile gate oxide
being ruptured before the diode operated to shunt~the
voltage spike around the transistor. The simple diode
also has a breakdown voltage that is large compared to
that of the thin oxide of the device to be protected.

must be treated differently from the lower voltage pulse

which is now becoming a problem because of the thin
ner gate oxides of the circuits to be protected. Accord

ing to another aspect of the present invention, this is
accomplished by employing a thick ?eld effect transis

Another attempt involved the use of Zener diodes as

tor and a resistor-diode network as a ?rst stage, and a

shunting devices, but dif?culties in reproduceability of

thin gate ?eld effect transistor as the second stage.

According to another aspect of the present invention,
Zener diodes in mass integrated circuit production
the protection circuit is arranged surrounding the pad
caused that technique to be abandoned.
on the semiconductor substrate such that the resistances
Other used diffused resistors in series connection
between the pad and the transistor to be protected. A 45 and active devices are formed in little space but yet with
a high degree of isolation. An elongated diffused resis
diffused resistor inherently forms a diode at its junction
tor is provided between the pad and the circuit to be
with the substrate, and further inherently possesses
protected, this resistor surrounding over half of the
capacitance that, in combination with the resistance,
perimeter of the wire bonding pad. The resistor is most
provides a delay line. The delay of an undesired pulse in
reaching the protected device provides more opportu 50 conveniently formed by standard diffusion processes. A
second diffused region is provided adjacent at least a
nity to shunt it around the transistor, but the diodes
portion of the length of the resistor but spaced a dis
themselves do not do so adequately. Yet others have
tance apart in order to form a thick oxide ?eld effect
used thin and thick ?lm ?eld effect transistors as shunt
device. The perimeter of the gate pad is extended over
ing devices, either alone or in combination with diffused
resistors.
55 at least a portion of this ?eld effect transistor to function

The result with current techniques is that existing
integrated circuits are provided adequate protection
against voltages above approximately 50 volts. The gate

as its gate.

without damage. However, continuing development of

junction with the accompanying drawings.

Additional objects, advantages and features of the
various aspects of the present invention become appar
ent from the following description of its preferred em
oxides presently utilized are in the 500-700 Angstrom
range and can withstand the resulting 50 or so volts 60 bodiments, which description should be taken in con
integrated circuit technology is resulting in a new gen
BRIEF DESCRIPTION OF THE DRAWINGS
eration of MOS devices with thinner gate oxides. Cur
rently proposed are 400 Angstrom thick gate oxide
FIG. 1 is a schematic diagram of a protection circuit
layers, with plans to go to a 250-300 Angstrom thick 65 employing the present invention;
ness and perhaps thinner (such as 200 Angstroms or
FIG. 2 is a plan view of an integrated circuit portion
even less) in a short period of time. A 300 Angstrom
which shows a particular construction of the circuit of
gate oxide can withstand only 30-35 volts across it

FIG. 1;
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FIG. 3 is a cross-sectional view of the circuit layout
of FIG. 2, taken at Section 3—3 thereof, showing the
structure of a thick oxide punch through device of FIG.

The maximum voltage in the signal path at a circuit
node 39 between resistances R2 and R3 is limited by the
impedance of the transistor M1. In this case, a voltage
1;
divider is formed by the series impedances R1, R2 and
FIG. 4 is a sectional view of the circuit layout of 5 M1, across which the high voltage spike on the pad 11
FIG. 2, taken at Section 4-—4 thereof, showing the
is impressed. This reduced voltage drop across M1 may
structure of a thick oxide ?eld effect transistor of FIG.
be, for example, much less than 50 volts. Depending

1;

upon the nature of the input voltage spike, the voltage

FIG. 5 is a sectional view of the layout of FIG. 2
at node 39 can further be limited by the second stage
taken at Section 5-5 thereof, showing the structure of 10 described below.
a thin oxide ?eld effect transistor of FIG. 1; and
Because the resistances R1 and R2 are placed in series
FIG. 6 illustrates the use of the present invention in a
in the signal path between the gate connection of the
circuit for protecting both input and output elements
transistor M1 and its source connection, the transistor
connected to a single pad.
M1 is more likely to be turned on hard before a fast
15 rising pulse reaches its source than would be the case if
DESCRIPTION OF THE PREFERRED
its gate was connected to the node 39. This is because of
EMBODIMENTS

the delay line characteristic of the diffused resistors R1

Referring initially to FIG. 1, a schematic diagram of
a circuit employing the present invention will be de
scribed. An integrated circuit pad 11 is provided, as is
standard, for attaching a wire thereto. An integrated
circuit has many such pads, all or a portion of which

may desirably be provided with the protection of the
present invention. A circuit 13 includes one or more

MOS ?eld effect transistors to be protected against
excessive high voltage, one such transistor 15 being
illustrated. The transistor 15 has its gate electrode con
nected to a terminal 17. The terminal 17 is at the end of
a signal current path from the pad 11 that goes through

the high voltage protection circuitry to be described.

and R2.
As a further optional element in the ?rst stage of the

protection circuit, a punch through device M3 is con
nected between the signal path at a junction between
the resistances R1 and R2, and the common circuit
point V55. An advantage of the device M3 is to provide
a second path for shunting undesired high voltage
25 pulses to the common circuit point that is in parallel

20

with the transistor M1, in case the transistor M1 cannot

handle it. This is particularly advantageous for high
energy pulses.
The voltages at the pad 11 which are less than the
30 threshold voltage of the transistor M1 will not be lim

Resistors R1, R2 and R3 are provided in series along

ited by that transistor, since it will not be turned on by

the signal path. These resistances are preferably formed
by diffusion into the substrate of the integrated circuit,

higher than the 10-15 volts maximum that is desired.

voltages less than its threshold, but yet can still be

in accordance with usual techniques. This inherently
Therefore, in order to shunt such a lower voltage that
results in a junction between the diffused resistor and 35 may appear on the pad 11 away from the protected
substrate that acts as a diode. Thus, ‘diodes D1, D2 and
device 15, a second transistor M2 is connected to the
D3 are shown in FIG. 1 associated with their respective
signal path on an opposite side of another series resis
resistances R1, R2 and R3. The diffused resistor also
tance R3. The transistor M2 can now have a thin oxide
forms a capacitor with the substrate, not shown in FIG.
since the protection afforded by the ?rst transistor M1
1, which introduces a delay in the signal’s propagation 40 assures that a voltage at the output terminal 17 will
from the pad to the active protected circuit 13 in the
remain below approximately 50 volts, as an example, or
nature of a delay line.
other voltage range resulting from a particular geome
A ?rst MOS ?eld effect transistor M1 has its source
try of M1. The gate oxide of the transistor M2 is made
connected into the signal path between resistances R2
to have a thickness substantially the same as that of the
and R3, and its drain connected to a common circuit 45 protected device 15. This can be in the order of 200-400
point, in this case the voltage supply terminal V55
Angstroms. The voltage at the node 39 can still be in the
which is most often connected to a ground potential bus
neighborhood of 50 volts and not cause the gate oxide
of the circuit, for an n-channel device. The transistor
of M2 to rupture because its gate is electrically con
M1, in the speci?c circuit con?guration of FIG. 1, pro
nected to its channel. The thinner gate oxide means that
vides a controllable shunting path of undesired high 50 the transistor M2 can be made with a low threshold

voltage spikes from the signal path to the circuit’s

ground bus, thus avoiding that potential being placed

voltage, below the desired 10-15 volts, even as low as

typically 0.5-1.0 volts. Once the voltage in the signal

upon the gate of the protected device 15.
path at the terminal 17 exceeds the threshold of M2, it
The high voltage is so shunted to ground through the
turns on and the voltage at that terminal is then limited
transistor M1 when the voltage on its gate, which is 55 to a value above VDD that depends upon its impedance
connected to the signal path at the pad 11, reaches the
as controlled by the geometry of the device.
threshold value of the transistor M1. That threshold
It will be noted that the thin ?lm transistor M2 is
value is necessarily high because the gate oxide must be
connected between the signal path and the supply bus
thick enough to avoid its destruction by the high volt
for the voltage VDD rather than the substrate or the
age spikes against which it is to protect subsequent
voltage bus for V55. This is because the latter are likely
devices. Because of the thick gate oxide, a gate voltage
to be elevated in voltage in response to a high voltage
in the neighborhood of 50-100 volts is required, as an
spike being applied to the pad 11. A further limitation of
example, depending upon the exact transistor character
the voltage rise is thus desired to be made to a different
istics, to cause transistor M1 to be switched on and to
common point of the circuit.
become relatively highly conductive. Once completely 65 The second stage, namely transistor M2, of the volt
turned on, the transistor M1 has an impedance that
age protection circuit thus protects the device 15 from
depends primarily upon the geometry of its'source and
voltages applied to the pad 11 which are not high
drain, and the spacing between them, as is well known.
enough to effectively turn on the transistor M1. Fur

5
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ther, because of the second stage existing, the transistor

the diffusion 33, is connected to the circuit common

M1 need not reduce the voltage all of the way. For

point V35.

example, if the transistor M1 reduces high voltage

In order to further simplify the circuitry, an edge of
the conductive pad 11 extending between the locations

spikes at the node 39 to less than the 50 volt range, as
used in this example, the transistor M2 is turned on.
Whether turned on by that mechanism or by a lower

voltage that is ignored by the transistor M1, the transis
tor M2 forms a voltage divider in series with the resis

37 and 39 serves as the gate electrode for the thick ?lm

transistor M1. As noted in the schematic diagram of
FIG. 1, the gate of the transistor M1 is electrically
connected directly to the pad 11. But since the punch

tances R1, R2 and R3. The voltage drop across M2 of
through device M3 has no gate, the pad 11 is cut away
this series circuit thus becomes the voltage at the output 10 so as not to extend over the diffusions 21 or 33 in a
terminal 17.
region between locations 35 and 37.
The discussion so far has described the mechanism of
The thin ?lm transistor M2 is separately formed by a
the circuit in protecting against positive high voltage
structure shown at the bottom of the plan view of FIG.
pulses or spikes. The circuit works to protect against
2, a cross-section of which is given in FIG. 5. An elon
negative spikes, as well. Each of the transistors M1 and
gated drain diffusion 45 is connected at one end to the
M2 has an equivalent NPN bipolar transistor which
diffusion 21 at its location 31. In fact, the diffusions 21

provides a high negative pulse current handling capabil

ity.

and 45 are formed as a single structure. The drain diffu

sion 45 extends between the locations 31 and 47. A
A preferred layout of the circuit of FIG. 1 on a sili
metal conductive layer 49 extends along the length of
con integrated circuit chip is illustrated in FIGS. 2-5. A 20 the diffusion and a short distance beyond, this metal

large number of layouts for implementing the circuit of
FIG. 1 are possible, but that shown in FIGS. 2-5 pro
vides a functional circuit in very little space and with

few additional structural components. This and the
other circuits in this application provide for a p-type 25

layer becoming the output terminal 17 of the protection
circuit. The metal 49 is electrically connected to the
diffusion 45 by a plurality of contacts 51 along its

length.

A separate source diffusion 53 is positioned adjacent
the drain diffusion 45. A metal layer 54 overlays the
diffusion 53 and is electrically connected therewith by a
alternatively be utilized, wherein the polarities of the
plurality of contacts 55 along their lengths. The metal
components illustrated would be reversed. Addition
ally, the circuit can advantageously be implemented in 30 layer 54 is then the common point VDD for the circuit.
A polysilicon gate 57 overlays a thin ?eld oxide layer
CMOS, latch-up susceptability being dramatically im
silicon substrate with n-type diffused regions, an n
channel device. Of course, a p-channel structure could

proved.
Referring to the plan view of the preferred circuit
layout of FIG. 2, a substrate 20 has an elongated diffu-'
sion 21 which forms the series resistors R1, R2 and R3
of FIG. 1. An end 23 of the diffused region 21 is electri
cally connected to a corner of the lead bonding pad 11,

which is itself electrically conducting, by a plurality of

81 in the space between the drain and source diffusion
45 and 53. This conductive gate 57 is attached at one

end by contacts 59 to the metal layer 49 and, similarly,
at its other end by contacts 61 to the same metal layer
49. This then forms the transistor M2 shown schemati
cally in FIG. 1.
Additional conventional oxide and protective layers,

not shown in FIG. 2, are also utilized. These are shown
tween the end 23 of the diffusion and an intermediate 40 in the cross-sectional views of FIGS. 3-5. They include

contacts 25. The resistance R1 is formed generally be

point 27. The resistance R2 is formed between about the
point 27 and another intermediate point 29. The resis
tance R3 can similarly be viewed as that part of the

a ?eld oxide layer 75, an overlaying ?eld oxide layer 77,
and a topside protective oxide layer 79. It will be noted
from FIG. 4 that the thickness of the ?eld oxide 77 will
determine, in large part, the threshold voltage charac

diffusion 21 extending from about the point 29 to about
the point 31. The arrangement of the diffusion 21 is 45 teristics of the device M1.
What has been described with respect to FIGS. 1-5 is
functionally and space ef?cient in being laid out around
a particular example of an input protection circuit that
three sides of the perimeter of the rectangularly shaped
utilizes the various aspects of the present invention.
pad 11. This layout provides good isolation, yet uses

signal path resistances, but portions of its length are also

Protection of a similar nature is also desired to protect
output circuits that are connected to an integrated cir
cuit pad. With reference to FIG. 6, a pad 11' is shown to

utilized as source diffusions for the punch through de
vice M3 and the transistor M1. A drain diffusion for

be connected to both input circuits, through input pro
tection 85, and to output circuits 89 through output

very little space.
The diffusion 21 is not only used to form the three

protection 87. Although output circuits are not as sensi
extends along the line of most of the diffusion 21 but is 55 tive to the high voltage spikes that are generated by
electrostatic discharge from handling or otherwise,
separated therefrom by a gap in which a ?eld oxide
they are still sensitive to some degree and protection of
layer 71 is deposited. The punch through device M3 is
them at a point 91 in the output signal path is usually
formed between about location 35, which is one end of
desired. The input protection 85 functions to bleed volt
the diffusion 33, and an intermediate location 37. The
age of the pad 11’. A resistor R4 is used to limit the rise
structure of the device M3 is shown in more detail in the
time of the voltage at node 91. Punch through devices
cross-sectional view of FIG. 3. The transistor M1 is

these devices is provided by the diffusion 33 which

formed in a region extending approximately between

M4 and M5 provide further protection against high

voltage spikes.
the location 37 and the location 39 of FIG. 2. The struc
ture of the transistor M1 is shown in more detail in the
If only an output circuit is connected to a pad, the
cross-sectional view of FIG. 4. A metal layer 41 over 65 circuit of FIG. 6 is still used, except that the input pro
lays a portion of the diffusion 33 and is electrically

connected thereto along substantially all of its length by

tection 85 includes only those components of the FIG.
1 protection circuit between the pad and the node 39.

a large number of contacts 43. The metal 41, and thus

The elements R3 and M2 are omitted.
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Although the various aspects of the present invention
have been described in their preferred embodiments, it

8

resistance and said ?rst common point, thereby to
’ provide a second low impedance path between said
current path and said ?rst common point for high

will be understood that the invention is entitled to pro
tection within the full scope of the appended claims.
It is claimed:
1. As part of an integrated circuit chip formed on a

voltage spikes, and
a second ?eld effect transistor having a gate con
nected to said current path at an intermediate loca

semiconductor substrate, having a wire connection pad
and an active circuit to be protected from high voltage

tion between the ?rst transistor and the active cir
cuit, and source and drain connections disposed
between said current path at said intermediate loca
tion and a second common point of the active cir

spikes introduced through said pad, a protection circuit
located on said chip and disposed in an electrical cur

rent path therebetween, comprising:

cuit, said gate being separated by an insulative

a ?rst effect transistor having a gate connected to said
current path, and source and drain connections
disposed between said current path and a ?rst com

layer a distance from said substrate such that the
gate insulation would irreversibly break down dur

ing said high voltage spikes but is protected there

mon point of the active circuit, said gate separated

from by said ?rst ?eld effect transistor.
2. The protection circuit according to claim 1
wherein said ?rst resistor is provided as at least part of
a single elongated resistor structure that is diffused into

by an insulative layer a distance from said substrate
such that the gate insulation remains effective dur

ing said high voltage spikes, whereby the existance
of a high voltage spike causes the ?rst transistor to

turn on with a low impedance path between said 20 said substrate in a path around at least a portion of a

current path and said ?rst common point and thus

perimeter of said pad, said diffused resistor also serving

limit the voltage in said current path,

in different segments thereof as the source or drain of

each of said ?rst transistor and said punch through
a ?rst resistance provided in said current path be
device.
tween said pad and said ?rst ?eld effect transistor,
said gate of said ?rst transistor being connected on 25
3. The protection circuit according to claim 2
the pad side of said ?rst resistance,
wherein the gate of said ?rst ?eld effect transistor com
a punch through semiconductor device connected
between said current path intermediate of said ?rst

prises a portion of said pad perimeter.
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