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A LOW VOLTAGE CONTROLLABLE TRANSIENT TRIGGER NETWORK FOR
ESD PROTECTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an integréted electrostatic
discharge (ESD) protection circuit, and more particularly to a
low voltage trigger circuit utilizing parasitic devices for

proctecting from ESD.

2. Description of the Related Art

The protectlon of -integrated circuits from electrostatlc
dlscharge '(ESD) is a subject which has received a lot of
attention from circuit designers because of the serious damage
that ESD can wreak as device dimensions are reduced. - Workers in
the field and inventors have proposed many solutions, many trying
to solve the problem of protecting sub-micron devices while still
allowing them to function unencumbered and without undue, or
zero, increase of silicon real estate. The scaling down of CMOS
technology into the deep submicron area of .25 micron and below

has greatly degraded the robustness of the CMOS integrated

circuiés (1C).
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A conventional ESD design typically consists of a two stage
network, the first network comprising diodes, n- or p-channel
transistors (NMOS or PMOS), and the second network comprising
silicon controlled rectifiers (SCRs). The ;irst stage should
h#ve the characteristics of fast transit timg (turn cn) and low
trigger voltage. Because SCRs have a slower turn on and requirs
a relatively high trigger voltage, the first stage is needed in
crdef to p;ovide a successful ESD protection. Thus, the
performance of the first stage becomes important. Fast transit

and low 't:rigger voltage are the key criterion.

Typical circuits of the related art are shown in FIGs. 1 and
2 and will be discussed next. Turning now to FIG. 1, we show an
input paé 1 connected via résistors Rl and R2 to intermal circuit
2. A p-channel transistor 11 is connected between voltage supply
18 (Vy4q) and the junction of resistors Rl and R2. A second
P-channel transistor 12 is connected between voltage supply 18
and Point X, the input to internal circuit 2. The gates of both
transistors 11 and 12 are tied to voltage supply 18. An
n-channel transistor 13 is connected hetween the junction of
resistors R2/R2 and voltage supply 19, V,,, typically ground. A
Second n-chammel transistor is connected between Point X and
volﬁage stpoly 19. The gates of_n-channél transistors 13 and 14
axre also tied to voltage suppiy 19. Transistors 11 to 14-
function as diodes since their gates are tied to their sourée.y
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Two SCRs 15 and 16 are comnected between V44 and V., their

juncticns tied to Point X.

The circuit between input pad 1 and internal circuit 2
protects internal circuiﬁ 2 from ESD pulses in the following way.

If there is a positive signal at input pad 1, which is about
0.6 Volt higher than Vg3, then transistors 11 and 12 turm on, and
current will be discharged through them to Vg4. If there is a
negative signal at-input pad 1, which is about 0.6 Vclt lower
than ground, then transistors 13 and 14 turn on, and current will
be discharged through them to ground. The current through R2
will raise or lower the potential at Point X which will trigger
either SCR network 15 or 16 to further discharge the current and,

therefore, protect the intermal circuit 2.

Turning now to FIG. 2, we show an input pad 1 connected via
resistér Rl and R2 to internal circuit 2. A diode string 21 of
two diodes is connected between voltége supply 18 (V43) and the
junction of resistors Rl and R2. A second dicde string 22 is
connected between voltage supply 18 and Point X, the input to
internal circuit 2. The cathodes of diode sﬁrings 21 and 22 are
connected to voltage supply 18, and the anodes are connected to
either end of resistor R2. Siﬁilarly, a third diode string 23 is
connected between the junction of resistors R1/R2 and voltage
supply 19 (V.), typically ground, and a fourth diode string 24

3

=

-



R R

is connected between Point X and voltage supply 19. The cathodes
of dicde strings 23 and 24 are connected to either end of

resistor R2, and the ancdes are to tied to woltage supply 19.

Two SCRs 15 and 16 are connected between V44 and V,,, their

-
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junctions tied to Point X. : R 1

The circuit betwéeﬁ input pad 1 and intermal circuit 2
protects intermal circuit 2 from positive Esﬁ pulses at input pad
1 in a similar way as described for FIG. 1. If there is a
positive signal at input pad 1; which is about 1.2 Volt (two
diocde drops) higher than V43, then diode strings 21 and 22 become
forward biased, and current will be discharged through them to
Vaq- A negative signal at input pad 1 about 1.2 Volt lower than

ground turns on diode strings 23 and 24 and current will be

" discharge through them to ground. The fesponse of Point X and

s

SCRs 15 and 16 is identical to the description for FIG. 1.

The disadvantages of the circuits of PIGs. 1 and 2 are tha;
the discharge capabilities of transistors 11 to 14 and diodes 21
to 24 are limited. 1In order to increase the current capabilities
these components would have to be made larger, which also

increases their parasitic capacitances and consequently slows

down their response.



U.S. Patents which relate to the subject of ESD protection

for integrated circuits are:

e U.S. Patent 5,917,336 (Smith et al.) teaches an electrostatic

discharge (ESD) circuit that provides robust protection to
an input/output driver circuit. The discﬁarge path is
provided by a bipolar transistor. A combination of an
n¥type MOSFET, a string gf dicdes, and a biasing circuit
trigger the bipeclar device. The t;igger point of the MOSFET
is programmable by varying the number of indivi@pal diodes
in the string of diodes. The relatively high . T
transconductance of the n-type MOSFET allows the use of a

smaller ESD circuit for a given degree of protectionm.

e U.S. Patent 5,530,612 (Maloney) describes a bias network in ESD

protection device. The bias network is used to augment the
diode stfing ﬁo distribute small but significant forward
current to the diodes. Also employed is the use of
cantilever diodes, which provide PNP Darlington gain block
for ESD protection. Also described is a termination that
supplies final base current to the gain block for a limited
amount of time, so that ESD charge can be shunted harmlessly
through the PNP chain, but assures that the structure draws

no current £rom a stable power supply long texm.

* U.S. Patent 5,631,793 (Ker et al.) illustrates a

-

capacitor-couple electrostatic discharge (ESD) protection

circuit for protécting an internal circuit and/or an output
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buffer of an IC from being damaged by an ESD curxrent. The
capacitor-couple ESD protection circuit includes an ESD
bypass device for bypassing the BSD current, a
capacitpr—couple circuit for coupling a portion of voltage
to the ESD bypass device, and a potential le%eling device
for keeping an ESD voltage transwmitted for the internal

circuit at a low potential level.

It should be noted that none of the above-cited examples of
the related art combine a) the low trigger voltage and fast
transit characteristics of a first stage network utilizing Zener
diocdes and MOS transistors with b) the discharge capabilities of
parasitic bipolar transistors (SCRs) of the second network and ¢}
the lcw device count. The preferred embodi@ent of the present

invention described subsequently provides all of these important

features.

. SUMMARY OF THE INVENTION

It is an cbject of the present invention to provide a

circuit which protects an internal circuit of an integrated

circuit (IC) from the damaging effects of electrostatic discharge
(BSD) . '
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Ancther object of the present invention is to provide one
type of circuit with a fast turn on time to ESD and a low trigger

voltage, and another circuit which is capable of shunting high

ESD currents safely.

A further cbject of the present invention is to provide a

protection circuit of low device count.

-

These cobjects have been achieved by providing two Zener
diodes in series connected between the input pa& and the intermal
circuit and bne or more CMOS transistor strings connected between
a positive voltage supply and a negative voltage supply, where
the junction of the PMOS and NMOS transistors is tied to the
above mentioned intermal circuit. The Zener diodes have their
cathodes joined causing one diode to go into breakdown mode when
an ESD pulse at the input pad exceeds the breakdown voltage, thus
reducing the magnitude of the ESD pulse. Resistive means are
paralleled with the diode string to provide a signal path at non-
ESD voltages. Negative ESD pulses cause‘the PMOS transistors to
turn on, dumping the ESD energy into the more positive voltage
supply, while positive ESD pulses cause the NMOS transistors to
turn on, dumping the ESD energy into the more negative voltage
supply. Increased current throﬁgh the resistive means increases

- . -

the voltage across the parasitic SCRs of the internal circuit,
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thereby triggering them to function as ESD protection by dumping

the bulk of the ESD current.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a circuit diagram of the prior art.

FIG. 2 is another circuit diagram of the prior art.

FIG. 3 is a circuit diagram of the preferred embocdiment of

the present invention. -

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to FIG. 3, we show a schematic of a preferred
embodiment of a electrostatic discharge (ESD) protection circuit
30 used in an integrated circuit (IC) according to the present
invention and utilizing a low voltage controllable transient
trigger network. The circuit of FIG. 3 operates as follows:

Z1 and 22 are Zener diodes which have a low breakdown
{trigger) voltage. If the input signal is high enough (positive)
Zener diode Z1 will break down first followed by n-channel
transistors 33 and 34 turning on. Once turﬁed on, current will
discharge to ground through resistor R4 and transistors 33, 34,
thereby protecting the Zemer diodes. If the input signal is low
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enough (negative), Zener diode 22 will break down first followed
by p-channel tr;néistors 31 and 32 turning on. Again, when they
are turned on, current will discharge to Vg4 through resistor R3
and transistors 31, 32, protecting the Zener diodes. Because of
current flowing througﬁ R3 or R4, the potential at Point X will

change and trigger SCRs- 15 and 16, causing them to function as

ESD protection devices.

In FIG. 3 fhe.electrostatic discharge (ESD) protection
circuit 30 is installed between an input pad 1 and an internmal
circuit 2 of the IC, and includes a voltage limiting circuit®3s
and a voltage clamp 36. SCRs 15 and 16 of SCR section 37, are
parasitic devices of the inte;nal circuit 2 and are the
- unavoidable byproduct of theaic device layout. The function of
circuits 35 and 36 is to both trigger SCRs 15 and 16 and to
prevent them from latching up. In FIGs. 1 to 3 like parts are

identified by like numerals.

The voltage limiting circuit 35 limits the ESD voltage
which is impressed at input pad 1. Circuit 35 comprises Zener
diodes Z1, Z2 and resistors R3, R4. Zener diodes Z1 and 22
provide a discharge path during an BSD pulse, and resistors R3
and R4 provide a signal path for non-ESD periods. The Zener
diodes and resistor together represent a non-linear impedance at
input pad 1. Whén the input pad-sees voltages which‘exceed.thé'
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breakdown voltage of reversed biased Zener diodes 21 or 22 (which
diode is reverse biased depends on the polarity of the ESD pulse)
_the Yoltage at Point X changes, turning on either tramsistors 31,
32 or transistors 33, 34. On a negative ESD pulse Zener diode121

is reverse biased and on a positive ESD pulse Zener diode Z2 is

réverse biased.

The voltage clamp 36 is connected between the internal
circuiﬁ 2-of the IC and a first and a second voltage supply,
where the first voltaée supply 18 is typiéally V;d and the second
voltage supply 19 is typically ground (V,,) and where voltage
supply 18 has a more positive potential than wvoltage supply 19.
Voltage clamp 36 is comprised of at least one p-channel and one
n-channel transistor (CMOS techmology) each, which clamp an ESD

pulse to a fixed magnitude. Their function will be explainéd

shortly.

SCR section 37 is connected between voltage supply 18 and 19
and the junction of parasitic SCRs 15 and 16 is connected ﬁo the
input of internal circuit 2, Point X. The SCRs function as ESD
protection by dumping the bulk of the ESD current into the
volta?e supplies. The voltage across either SCR is limited to a
value below the SCR’s breakdown voltage to inhibit their

-destructive latchup.
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Still referring to FIG. 3, Zener diodes Z1 and Z2 of voltage
limiting circuit 35 are joined at their cathodes, while the anode
of 21 is connected to input pad 1, and the ancde of 22 is
connected to intermal circuit 2. Resistors R3 and R4 are
connected between inpuﬁ pad 1 and internal circuit 2, i.e:, tﬁe
resistors are paralleled with Zener diodes Z1 and Z2. While two
resistors are shown in this illustrative example, it is

understood that one or more resistive means will function equally

well.

Voltage élamp 36 is shown comprising a first and a second

" p-channel transistor 31 and 32, respectively, having their
source-drain paths connected in parallel between voltage supply
18 and Point X and the gate also tied to Point X. The substrate
of both transistors 31 and 32 is connected to voltage supply 18.
SImllarly a first and second n-channel transistor 33 and 34 have
their drain-sou;ce path connected between Point X and the second
voltage supply 19 (commonly ground), and their gates are
similarly connected to Point X. The substrate of both
transistors 33 and 34 is connected to voltage supply 19. FIG. 3
shows two p-channel and two n-channel transistors as an
illustrative example; the number of transistors of each type may
vary, however, to suit the needs of the desigmer, as is well
understood by those knowledgeable in the art.
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The function of voltage clamp 36 is to discharge the ESD
current to protect the Zener diodes. A positive going ESD pulse
at Point X turns on n-channel transistors 33 and 34, shunting the
ESD current tc voltage supply 19. Similarly, a negative going'
ESD pulée at Point X turns on p-channel transistors 31 and 32,
shunting the ESD current to voltage supply 18. The p-channel
transistors, with their gates tied to their drains, can be viewed
as diocdes, where the anode is connected to voltage supply 18 and
the cathode to Point X. Similarly, the n-channel transistors,
with their gates tied to their drains, can be viewed as diodes,
where the anode is connected to Point X and the cathode to
voltage supply 18. Both p-channel and n-chgnnel transistors are

realized by using parasitic transistors of the field region of

internal circuit 2.

The arrangement of the p-channel and n-channel transistors

31-34 combined with the voltage change caused by the increased
rrent flow through resistors R3 and R4 triggers SCRs 15 and 16,
but alsc inhibits those parasitic SCRs from reaching or exceeding

their breakdown voltage preventing their destructive_latchup.

While the invention has been particularly shown and .
Gescribed with reference to the preferred embodiments thereof, it

will be understood by those skilled in the art that varioﬁs*
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changes in form and details may be made without departing frcm

the spirit and scope of the invention.

What is claimed is:

> s
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1. An electrostatic discharge (ESD} protection circuit for
-use in an integrated circuit (IC), comprising:

a voltage limiting circuit fér limiting the woltage
impressed on an input pad of said IC, said voltage limiti#g
circuit connected ﬁetween said input pad-and an internal circuit
"~ of said.IC, said voltage iimiting circuit comprising diodes and
at }east one rssistive means; and

a voltage clamp connected between said internmal circuit of
said IC and a first and a second voltage supply, said voltage
clamp ccmprising one or more p-channel and one or more n-channel

transistors, said voltage clamp clamping said ESD pulse to a

fixed magnitude.

2. The circuit of claim 1, wherein said resistive means

provides a signal path to said internal circuit for non-BSD

pulses.

3. The circuit of claim 1, wherein said diodes comprise a
first and a second Zener diode each having an anode and a

cathode, where said cathodes are connected together.

4. The circuit of claim 3, wherein said anodes of said first

and said second Zener diode are connected between said input pad

and said internal circuit.
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5. The circuit of claim 3, wherein said first Zener diode

when in breakdown mode turns on said p-channel transistors.

6. The circuit of claim 3, wherein said second Zener diode
when in breakdown mode turns on said n-channel transistors.

7. The circuit of claim 1, wherein said resistive means are
connected between said input pad and said intermal circuit of
said IC.

8. The circuit of claim 1, wherein a voltage change produced
by current flowing through said resistive means triggers into

conduction parasitic silicon controlled rectifiers (SCRs) of said

internal circuit.

9. The circuit of claim 8, wherein said voltage change is

less than the breakdown voltage of said parasitic SCRs.

10. The circuit of claim 1, wherain said voltage clamp
comprises one or more p-channel transistors, each of said
b-channel transistors having a source-drain path and a gate, said
sourcé-drain of each of said p-channel transistors connected
'between said first voltage supply and said intermal circuit of

said IC, and said gate of each of said p-channel transistors

connected to said internal c¢ircuit of said IC.

-
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11. The circuit of claim 1, wherein said voltage clamp
comprises one or more n-channel transistors, each of said
n-channel transistors having a drain-socurce path and a gate, said
drain-source of each of said n-channel transistors connected
betﬁeen said internal circuit of said IC and said second Qoltaée
supply, and said gate of each of said n-channel transistors

connected to said internal circuit of said IC.

12. The circuit of claim 1, wherein said first voltage
supply has a more positive potential than said second voltage

supply.

13. The circuit of claim 1, wherein said p-channel and said
n-channel transistors are realized by using parasitic transistors

of the field region of said internal circuit.
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