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(57) ABSTRACT 
The large output driver transistors are used to shunt electro 
static-discharge (ESD) pulses. ESD pulses are capacitivly 
coupled to the gates of the large driver transistors by R-C 
networks. The capacitive coupling causes a gate-to-source 
voltage to exceed the transistor threshold, turning on the 
large driver transistor to shunt the ESD current. Transistor 
sWitches are inserted into the R-C networks. These transistor 
sWitches disconnect the R-C netWorks during normal opera 
tion, and ensure that the R-C netWorks couple the I/O pad to 
the gates of the output driver transistors only When poWer is 
turned off. Since ESD events norrnally occur When poWer is 
disconnected, such as during handling by a person or 
machine, the ESD protection is only needed When poWer is 
off. Thus an active ESD-protection device can be disabled 
during normal poWered operation of the IC. A feedback 
circuit detects poWer and biases the gates of the transistor 
sWitches. 
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ESD-PROTECTION DEVICE WITH ACTIVE R-C 
COUPLING TO GATE OF LARGE OUTPUT 

TRANSISTOR 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to integrated circuits, and 
more particularly to input-protection and electro-static-dis 
charges (ESD) protection circuits. 

[0002] Higher-density integrated circuits (IC’s) are made 
possible by advances in semiconductor manufacturing, espe 
cially by reducing transistor siZe. HoWever, smaller transis 
tors are more sensitive to damage from external shocks, such 
as electro-static-discharges (ESD). Thinner gate oxides can 
be shorted, and substrate junctions melted by relatively 
small currents applied to the tiny devices. Static charges 
from a person or machinery can produce such damaging 
currents. 

[0003] The input/output (I/O) pads of a semiconductor 
chip almost alWays have special protection circuits designed 
to block such ESD currents from reaching and damaging 
interior transistors. A Wide variety of ESD-protection cir 
cuits and devices are in use today. Yet the design of such 
ESD-protection circuits remains as much of an art as a 
science. 

[0004] FIG. 1 is a prior-art ESD-protection circuit. Core 
circuitry on the IC controls pre-driver 14, Which drives the 
gates of p-channel driver transistor 22 and n-channel driver 
transistor 24. Driver transistors 22, 24 have their drains 
connected to I/O pad 10, and drive signals off-chip. 

[0005] U0 pad 10 can sometimes operate as an input 
rather than an output. An external signal applied to I/O pad 
10 can drive internal circuitry in the core by passing through 
series resistor 20 and input buffer 12. U0 protection circuit 
18 includes series resistor 20 and n-channel grounded-gate 
transistor 23. When an ESD pulse is applied to I/O pad 10, 
series resistor 20 can dissipate some of the energy and 
reduce the voltage on the input of input buffer 12. Grounded 
gate transistor 23 can turn on to shunt the ESD pulse to 
ground, either by normal channel conduction for a negative 
ESD pulse, or by drain-to-source breakdown (punch 
through). A thicker ?eld-oxide may be used for the gate 
oxide of grounded-gate transistor 23 rather than the more 
damage-prone thin gate oxide. 

[0006] A second protection circuit is added for further 
protection. ESD protection circuit 16 is placed betWeen I/O 
pad 10 and series resistor 20. An R-C netWork is attached to 
the gate of n-channel ESD transistor 26. When an ESD pulse 
occurs, the rapid rise in voltage is coupled from I/O pad 10 
to the gate of n-channel ESD transistor 26 by capacitor 30. 
The rise in voltage turns on n-channel ESD transistor 26, 
alloWing it to shunt current from I/O pad 10 to ground. This 
can keep the voltage at the drains of driver transistors 22, 24 
beloW their breakdown voltage, protecting them as Well as 
protecting input buffer 12. 

[0007] Resistor 28 keeps the gate of n-channel ESD tran 
sistor 26 at ground during normal operation. HoWever, 
during normal operation high-speed signals may couple 
through capacitor 30 to the gate of n-channel ESD transistor 
26, possibly even turning it on, or alloWing sub-threshold 
conduction to occur if not fully turned on. This can degrade 
input signal quality and even cause false signal reception. 

Apr. 17, 2003 

[0008] Capacitance is also added to the input, due to the 
capacitance of capacitor 30. Often large device siZes are 
needed for protection circuits to handle the large ESD 
currents. The large device siZes can increase die siZe and IC 
cost. The additional capacitance can limit higher-frequency 
operation. NeWer, loW-voltage processes can have loWer 
threshold voltages, and thus n-channel ESD transistor 26 
may more easily turn on as devices are scaled doWn. Such 
unWanted turning on of ESD transistors during normal input 
sWitching can hinder IC operation. 

[0009] What is desired is an ESD-protection circuit for 
high-frequency and loW-voltage circuits. A loWer-cost, 
reduced-die-area ESD structure is desirable, one that has 
minimal additional capacitance and does not accidentally 
turn on during normal input sWitching for normal operation 
of the IC. 

BRIEF DESCRIPTION OF DRAWINGS 

[0010] 
[0011] FIG. 2 shoWs an ESD-protection circuit that uses 
R-C coupling to the gates of the large output driver transis 
tors. 

[0012] FIG. 3 is an alternate embodiment of the ESD 
protection circuit With R-C coupling to the gates of the large 
driver transistors. 

[0013] FIG. 4 is a Waveform diagram of a positive ESD 
pulse being dissipated by coupling to the gate of the large 
n-channel driver transistor. 

[0014] FIG. 5 is a Waveform diagram of a negative ESD 
pulse being dissipated by coupling to the gate of the large 
p-channel driver transistor. 

[0015] FIG. 6 is another alternate embodiment of the ESD 
protection circuit With R-C coupling to the gates of the large 
driver transistors. 

FIG. 1 is a prior-art ESD-protection circuit. 

DETAILED DESCRIPTION 

[0016] The present invention relates to an improvement in 
ESD-protection devices. The folloWing description is pre 
sented to enable one of ordinary skill in the art to make and 
use the invention as provided in the context of a particular 
application and its requirements. Various modi?cations to 
the preferred embodiment Will be apparent to those With 
skill in the art, and the general principles de?ned herein may 
be applied to other embodiments. Therefore, the present 
invention is not intended to be limited to the particular 
embodiments shoWn and described, but is to be accorded the 
Widest scope consistent With the principles and novel fea 
tures herein disclosed. 

[0017] The inventor has realiZed that the large output 
driver transistor can be used to shunt ESD pulses. Rather 
than connect an R-C netWork to a dedicated ESD transistor, 
R-C netWorks coupled the ESD pulse to the gates of the 
large output driver transistors. 

[0018] Transistor sWitches are inserted into the R-C net 
Works. These transistor sWitches disconnect the R-C net 
Works during normal operation, and ensure that the R-C 
netWorks couple the I/O pad to the gates of the output driver 
transistors only When poWer is turned off. Since ESD events 
normally occur When poWer is disconnected, such as during 



US 2003/0071662 A1 

handling by a person or machine, the ESD protection is only 
needed When poWer is off. Thus an active ESD-protection 
device can be disabled during normal poWered operation of 
the IC. 

[0019] FIG. 2 shoWs an ESD-protection circuit that uses 
R-C coupling to the gates of the large output driver transis 
tors. Core circuitry 40 drives the gate node PG of p-channel 
driver transistor 22 and gate node NG of n-channel driver 
transistor 24. Driver transistors 22, 24 are large driver 
transistors, often having channel Widths of several hundred 
microns but a channel length of only 1 micron. Driver 
transistors 22, 24 are typically able to deliver several milli 
amps of current to I/O pad 10. 

[0020] A standard I/O protection circuit 18 is connected 
betWeen I/O pad 10 and input buffer 12. Series resistor 20 
limits current to grounded-gate transistor 23, Which can turn 
on during an ESD pulse. This additional protection is 
desirable but not mandatory for protecting the more delicate 
gates of input buffer 12. ESD protection circuit 50 can be 
used separately or in conjunction with U0 protection circuit 
18. 

[0021] ESD pulses can be coupled to gate node NG of 
n-channel driver transistor 24 by an R-C netWork formed by 
capacitor 54, transistors 52, 56, and resistor 58. P-channel 
de-coupling transistors 52, 56 are turned off during normal 
operation of the IC to disconnect the R-C netWork during 
normal operation. The gates of p-channel de-coupling tran 
sistors 52, 56 are driven by gate node EG, Which is driven 
high by p-channel pullup transistor 66 during normal opera 
tion, When the poWer-supply Vcc voltage is active. 

[0022] When poWer is disconnected, pull-doWn resistor 68 
pulls gate node EG to ground, turning on p-channel de 
coupling transistors 52, 56. Then a positive ESD pulse 
applied to I/O pad 10 is coupled across capacitor 54 through 
p-channel de-coupling transistor 52 to gate node NG, caus 
ing n-channel driver transistor 24 to turn on, shunting the 
ESD pulse from I/O pad 10 to ground. 

[0023] The coupled pulse to gate node NG is discharged 
through p-channel de-coupling transistor 56 and resistor 58 
to ground. The resistance value of resistor 58 determines 
hoW quickly the coupled pulse is discharged from node NG, 
and hoW long n-channel driver transistor 24 remains on to 
shunt the ESD pulse from I/ O pad 10. The capacitance value 
of capacitor 54 determines hoW high the voltage of gate node 
NG goes during an ESD pulse. Parasitic capacitances on 
node NG decrease the coupling ratio and thus decrease the 
voltage coupled into node NG. Simulations can be used to 
optimiZe these values for a particular circuit and type of ESD 
pulse. 

[0024] Gate node EG is driven by inverter 62, Which has 
its input grounded. Thus inverter 62 drives node EG high 
When poWered, but does not drive node EG When poWer is 
turned off. Inverter 64 inverts node EG to drive the gate of 
p-channel pull-up transistor 66, providing feedback to keep 
node EG high When poWered. Pull-doWn resistor 68 dis 
charges node EG When poWer is turned off, ensuring that the 
gates of p-channel de-coupling transistors 52, 56 are driven 
to ground When poWer is off, enabling transistors 52, 56 for 
BSD protection. 

[0025] A second R-C netWork is used to couple negative 
ESD pulses to turn on p-channel driver transistor 22. Capaci 
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tor 44 and p-channel de-coupling transistor 42 are connected 
in series betWeen I/O pad 10 and gate node PG, While 
p-channel de-coupling transistor 46 and resistor 48 are 
connected in series betWeen gate node PG and poWer. 

[0026] During normal IC operation When poWered up, the 
gates of p-channel de-coupling transistors 42, 46 are driven 
high by Vcc. This turns p-channel de-coupling transistors 
42, 46 off, disconnecting resistor 48 and capacitor 44 from 
gate node PG. This minimizes the added capacitance to gate 
node PG, improving speed. 

[0027] When poWer is turned off, the gates of p-channel 
de-coupling transistors 42, 46 are connected to Whatever is 
connected to the Vcc pad. During some ESD testing, the Vcc 
pad is grounded. Also, internal Vcc-to-ground ESD circuits 
can connect Vcc to ground When poWer is disabled. Thus the 
gates of p-channel de-coupling transistors 42, 46 can be 
eXpected to be connected to ground When poWer is discon 
nected and an ESD pulse occurs. 

[0028] When a negative ESD pulse is applied to I/O pad 
10, the ESD pulse is coupled across capacitor 44 through 
p-channel de-coupling transistor 42 to gate node PG. As gate 
node PG falls in voltage, p-channel driver transistor 22 
develops a negative gate-to-source voltage and turns on. The 
ESD pulse can then be conducted through p-channel driver 
transistor 22 to the Vcc poWer-supply bus. 

[0029] The negative pulse coupled to gate node PG is 
discharged through p-channel de-coupling transistor 46 and 
resistor 48 to the Vcc poWer-supply bus. Normally a dedi 
cated I/O poWer-supply bus and a dedicated I/O ground bus 
are used for some or all I/ O pins and driver transistors. These 
I/ O supply and ground busses are separate from the core Vcc 
and ground busses that supply core circuitry 40. Often 
separate I/O pins are used for I/O and core supplies, espe 
cially for larger IC’s. 

[0030] FIG. 3 is an alternate embodiment of the ESD 
protection circuit With R-C coupling to the gates of the large 
driver transistors. Core circuitry 40 drives gate node PG of 
p-channel driver transistor 22 and gate node NG of n-chan 
nel driver transistor 24. Large driver transistors 22, 24 have 
drains driving I/O pad 10. 

[0031] ESD protection circuit 50‘ directly couples capaci 
tor 44 betWeen I/O pad 10 and gate node PG Without a 
p-channel de-coupling transistor. LikeWise, capacitor 54 
directly couples I/O pad 10 and gate node NG Without an 
intervening de-coupling transistor. This increases capaci 
tance on gate nodes PG, NG during normal operation, but is 
a simpler, cheaper circuit arrangement. ESD pulses can be 
more rapidly coupled to the gate nodes Without the delay due 
to the effective resistance of the intervening p-channel 
de-coupling transistors. 

[0032] Gate node PG is still discharged after an ESD event 
by pullup resistor 48 through p-channel de-coupling tran 
sistor 46. The gate of p-channel de-coupling transistor 46 is 
connected to poWer to turn it off When poWer is applied, but 
alloW it to turn on When poWer is grounded during an ESD 
event. 

[0033] Gate node NG is discharged to ground by resistor 
58 through p-channel decoupling transistor 56. The gate of 
p-channel de-coupling transistor 56 is node EG, Which is 
driven high during normal poWered operation by inverter 62 
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and p-channel pull-up transistor 66, Which is feedback 
through inverter 64. When power is removed, pull-doWn 
resistor 68 pulls node EG to ground, enabling p-channel 
de-coupling transistor 56. 

[0034] FIG. 4 is a Waveform diagram of a positive ESD 
pulse being dissipated by coupling to the gate of the large 
n-channel driver transistor. The embodiment of FIG. 3 is 
being simulated. In this simulation, an ESD pulse of +7 volts 
is applied to the I/ O pad, While the I/O ground is ground, and 
the I/O poWer supply is ?oating. 

[0035] The capacitor couples a portion of the ESD pulse 
into gate node NG. Gate node NG rises to about 3 volts, 
indicating a coupling ratio of less than 50%. This gate 
voltage is above the transistor threshold voltage, so the large 
n-channel driver transistor turns on. As node NG rises above 
threshold, the n-channel driver transistor turns on, shunting 
current from the ESD pulse on the I/O pad to ground. 

[0036] Node EG is also pulled up to about 1 volt, due to 
parasitic capacitive coupling across the gate of p-channel 
de-coupling transistor 56. Pull-doWn resistor 68 eventually 
discharges node EG. The U0 poWer supply also rises. The 
U0 pad is coupled to the I/ O Vdd poWer pad by the parasitic 
p+ to N-Well diode, and IO VDD is ?oating for this case, so 
the I/O Vdd pad tracks the I/O pad by a ?xed diode drop. 

[0037] When a negative ESD pulse is applied betWeen the 
I/O pad and the I/O ground, the ESD pulse can be dissipated 
by forWard biasing of a parasitic diode. The parasitic p-n 
junction betWeen the n+ drain and p-type substrate (or 
P-Well) of the large n-channel driver transistor is forWard 
biased, since the positive ESD pulse is applied to the n+ 
drain, While the p-type substrate is a ground. Thus both 
positive and negative ESD pulses can be dissipated by the 
large n-channel driver transistor When the ESD pulse is 
applied betWeen the I/O pad and ground. 

[0038] FIG. 5 is a Waveform diagram of a negative ESD 
pulse being dissipated by coupling to the gate of the large 
p-channel driver transistor. The embodiment of FIG. 3 is 
again being simulated. In this simulation, a negative ESD 
pulse of —7 volts is applied to the I/O pad, While the I/O 
poWer supply is grounded. The U0 ground is ?oating. 

[0039] The capacitor couples a portion of the loW-going 
ESD pulse into gate node PG. Gate node PG falls to about 
—3 volts. This gate voltage is more negative than the 
p-channel transistor threshold voltage of about —0.7 volt, so 
the large p-channel driver transistor turns on. As node PG 
falls past the threshold, the p-channel driver transistor turns 
on, shunting current from the ESD pulse on the I/O poWer 
supply pad, Which is grounded during this ESD test. 

[0040] Node EG is also pulled doWn to about —2 volt, due 
to parasitic capacitive coupling across the gate of p-channel 
de-coupling transistor 56. Pull-doWn resistor 68 or a path 
through a parasitic diode of p-channel pullup transistor 66 
eventually discharges node EG. 

[0041] When a positive ESD pulse is applied betWeen the 
I/O pad and the I/O poWer-supply, the ESD pulse can be 
dissipated by forWard biasing of a parasitic diode. The 
parasitic p-n junction betWeen the p+ drain and n-type 
substrate (or N-Well) of the large p-channel driver transistor 
is forWard biased, since the positive ESD pulse is applied to 
the p+ drain, While the n-type substrate is at ground. Thus 
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both positive and negative ESD pulses can be dissipated by 
the large n-channel driver transistor When the ESD pulse is 
applied betWeen the I/O pad and the poWer-supply pad. 

[0042] FIG. 6 is another alternate embodiment of the ESD 
protection circuit With R-C coupling to the gates of the large 
driver transistors. This embodiment eliminates the feedback 
circuit that drove node EG. Instead, the gate of p-channel 
de-coupling transistor 56 is connected to poWer. 

[0043] To ensure that the gate of p-channel de-coupling 
transistor 56 is pulled to ground When poWer is discon 
nected, poWer resistor 98 is connected betWeen poWer and 
ground. A high resistance value is used for poWer resistor 98 
to minimiZe current loss during normal poWered operation. 
PoWer resistor 98 is connected betWeen the I/O poWer 
supply and the I/O ground supply, and not the core poWer 
and ground supplies. 

[0044] Core circuitry 40 drives gate node PG of p-channel 
driver transistor 22 and gate node NG of n-channel driver 
transistor 24. Large driver transistors 22, 24 have drains 
driving I/O pad 10. 

[0045] ESD protection circuit 50“ couples capacitor 44 
betWeen I/O pad 10 and gate node PG through p-channel 
de-coupling transistor 42. Likewise, capacitor 54 couples 
I/O pad 10 and gate node NG through intervening de 
coupling transistor 52. 

[0046] Gate node PG is still discharged after an ESD event 
by pullup resistor 48 through p-channel de-coupling tran 
sistor 46. The gate of p-channel de-coupling transistor 46 is 
connected to poWer to turn it off When poWer is applied, but 
alloW it to turn on When poWer is grounded during an ESD 
event. 

[0047] Gate node NG is discharged to ground by resistor 
58 through p-channel de-coupling transistor 56. The gate of 
p-channel de-coupling transistor 56 is connected directly to 
poWer, so it is driven high during normal poWered operation. 
When poWer is removed, poWer resistor 98 pulls the gate of 
p-channel de-coupling transistor 56 to ground, enabling 
p-channel de-coupling transistor 56. 

[0048] Alternate Embodiments 

[0049] Several other embodiments are contemplated by 
the inventor. For eXample other kinds of feedback circuits 
can be used to bias the gates of the p-channel de-coupling 
transistors. The terms source and drain are interchangeable 
as they depend on applied voltages. 

[0050] Other transistors, resistors, or capacitors could be 
added to the R-C netWork, and the order of the sWitch 
transistors can be changed or reversed. For eXample, an 
additional sWitch transistor could be inserted betWeen the 
coupling capacitor and the I/O pad to reduce output capaci 
tance as Well as to reduce driver gate-node capacitance. The 
p-channel de-coupling transistors could be placed on the 
other sides of the resistor and/or capacitor and still block the 
current ?oW through the resistor, and de-couple the capaci 
tor. 

[0051] Just 1 coupling capacitor rather than 2 could be 
used to couple to the 2 p-channel de-coupling transistors. 
The ESD-protection circuit can be applied to dedicated 
outputs rather than shared input-output pins. The output can 
be placed in a high-impedance state by driving node PG high 
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and node NG loW. The ESD-protection device could even be 
used for input-only pads, such as When standard cells are 
used for all inputs, outputs, and bi-directional pins. The 
feedback circuit that drives node EG can be shared among 
several or all I/O driver cells. 

[0052] A variety of output buffers can use the neW ESD 
protection structure. Instead of the simple 2-driver output 
buffer, more complex output buffers can be substituted. 
Some output buffers have several parallel pull-doWn driver 
transistors that are enabled in a controlled sequence to 
control the output sleW rate. The R-C netWork could be 
applied to just one of these parallel driver transistors, or to 
several of the drivers, or to all parallel driver transistors. 
Some output buffers use additional Weaker driver transistors. 
The R-C netWork could be applied to the Weaker driver 
transistors or not applied to these Weaker driver transistors. 

[0053] The ESD-protection circuit can be combined With 
other input-protection circuits, such as a Vcc-to-ground ESD 
protection circuit, or a series-resistor protection circuit to the 
gate of an input buffer. Grounded-gate and thick oXide 
protection transistors and diodes can also be added at 
various points to increase ESD protection. 

[0054] The large driver transistors also act as large diodes 
for some of the ESD tests and conditions. For eXample, 
When the ESD pulse is applied across the I/O pad and the 
poWer-supply pad, a positive ESD pulse can turn on the 
parasitic p-n drain-substrate junction of the drain of the large 
p-channel driver transistor. The n-type substrate or Well of 
the p-channel driver transistor is normally connected to the 
I/O poWer supply. Thus the p-n junction is forWard biased by 
the positive ESD pulse. 

[0055] Likewise, When the ESD pulse is applied across the 
I/O pad and the ground pad, a negative ESD pulse can turn 
on the parasitic n-p drain-substrate junction of the drain of 
the large n-channel driver transistor. The p-type substrate or 
Well of the n-channel driver transistor is normally connected 
to the I/O ground. Thus the p-n junction is forWard biased by 
the negative ESD pulse. 

[0056] The abstract of the disclosure is provided to com 
ply With the rules requiring an abstract, Which Will alloW a 
searcher to quickly ascertain the subject matter of the 
technical disclosure of any patent issued from this disclo 
sure. It is submitted With the understanding that it Will not 
be used to interpret or limit the scope or meaning of the 
claims. 37 C.F.R. §1.72(b). Any advantages and bene?ts 
described may not apply to all embodiments of the inven 
tion. When the Word “means” is recited in a claim element, 
Applicant intends for the claim element to fall under 35 USC 
§112, paragraph 6. Often a label of one or more Words 
precedes the Word “means”. The Word or Words preceding 
the Word “means” is a label intended to ease referencing of 
claims elements and is not intended to convey a structural 
limitation. Such means-plus-function claims are intended to 
cover not only the structures described herein for performing 
the function and their structural equivalents, but also equiva 
lent structures. For example, although a nail and a screW 
have different structures, they are equivalent structures since 
they both perform the function of fastening. Claims that do 
not use the Word means are not intended to fall under 35 

USC §112, paragraph 6. Signals are typically electronic 
signals, but may be optical signals such as can be carried 
over a ?ber optic line. 
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[0057] The foregoing description of the embodiments of 
the invention has been presented for the purposes of illus 
tration and description. It is not intended to be eXhaustive or 
to limit the invention to the precise form disclosed. Many 
modi?cations and variations are possible in light of the 
above teaching. It is intended that the scope of the invention 
be limited not by this detailed description, but rather by the 
claims appended hereto. 

1. An integrated circuit (IC) With an output buffer With 
integrated electro-static-discharge (ESD) protection com 
prising: 

a pad for driving a signal from the IC to an eXternal 
device; 

a p-channel driver transistor, having a p-gate node driven 
by core circuitry inside the IC to indicate When to drive 
the signal high, the p-channel driver transistor coupled 
to drive a pull-up current to the pad in response to the 
p-gate node; 

a ?rst coupling capacitor for capacitivly coupling to the 
p-gate node an ESD pulse applied to the pad; 

a ?rst resistor for discharging an ESD pulse coupled to the 
p-gate node by the ?rst coupling capacitor; 

a ?rst sWitch transistor, coupled to block current through 
the ?rst resistor, for disconnecting current through the 
?rst resistor from the p-gate node When poWer is 
applied to the IC, but for enabling current ?oW through 
the ?rst resistor from the p-gate node When poWer is not 
applied to the IC; 

an n-channel driver transistor, having an n-gate node 
driven by core circuitry inside the IC to indicate When 
to drive the signal loW, the n-channel driver transistor 
coupled to drive a pull-doWn current to the pad in 
response to the n-gate node; 

a second coupling capacitor for capacitivly coupling to 
the n-gate node an ESD pulse applied to the pad; 

a second resistor for discharging an ESD pulse coupled to 
the n-gate node by the second coupling capacitor; and 

a second sWitch transistor, coupled to block current 
through the second resistor, for disconnecting current 
through the second resistor from the n-gate node When 
poWer is applied to the IC, but for enabling current ?oW 
through the second resistor from the n-gate node When 
poWer is not applied to the IC, 

Whereby R-C netWorks couple ESD pulses to gates of 
driver transistors When poWer is not applied to the IC. 

2. The IC of claim 1 Wherein the ?rst sWitch transistor is 
a p-channel transistor having a gate coupled to a poWer 
supply bus. 

3. The IC of claim 2 Wherein the second sWitch transistor 
is a p-channel transistor having a gate coupled to the 
poWer-supply bus. 

4. The IC of claim 3 further comprising: 

a leaker resistor, coupled betWeen a poWer-supply bus and 
a ground on the IC, for discharging the poWer-supply 
bus to ground When poWer is not applied to the IC. 

5. The IC of claim 2 Wherein the second sWitch transistor 
is a p-channel transistor having a gate coupled to a biased 
gate node; 
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further comprising: 

a biasing circuit for driving the biased-gate node With 
a high voltage When power is applied to the IC, but 
for coupling the gate of the second transistor to a loW 
voltage When poWer is not applied to the IC. 

6. The IC of claim 5 Wherein the biasing circuit corn 
prises: 

an inverter With an input connected to a ground and an 
output driving the biased-gate node; 

a pull-doWn resistor coupled to the biased-gate node, for 
discharging the biased-gate node to ground When 
poWer is not applied to the IC. 

7. The IC of claim 6 Wherein the biasing circuit further 
comprises: 

a feedback transistor for driving the biased-gate node high 
in response to a feedback node applied to a gate; 

a second inverter, having an input from the biased-gate 
node, With an output driving the feedback node. 

8. The IC of claim 2 further comprising: 

a ?rst de-coupling transistor coupled to disconnect the 
?rst coupling capacitor from the p-gate node When 
poWer is applied to the IC, but for connecting the ?rst 
coupling capacitor to the p-gate node When poWer is 
not applied to the IC; and 

a second de-coupling transistor coupled to disconnect the 
second coupling capacitor from the p-gate node When 
poWer is applied to the IC, but for connecting the 
second coupling capacitor to the n-gate node When 
poWer is not applied to the IC, 

Whereby the ?rst and second coupling capacitors are 
de-coupled by the ?rst and second de-coupling transis 
tors When poWer is applied to the IC. 

9. The IC of claim 8 Wherein the ?rst de-coupling 
transistor is a p-channel transistor having a gate coupled to 
the poWer-supply bus. 

10. The IC of claim 9 Wherein the second de-coupling 
transistor is a p-channel transistor having a gate coupled to 
the poWer-supply bus. 

11. The IC of claim 9 Wherein the ?rst de-coupling 
transistor is connected to conduct current betWeen the p-gate 
node and the ?rst coupling capacitor; 

Wherein the ?rst coupling capacitor is coupled betWeen 
the ?rst de-coupling transistor and the pad; 

Wherein the second de-coupling transistor is connected to 
conduct current betWeen the n-gate node and the sec 
ond coupling capacitor; 

Wherein the second coupling capacitor is coupled betWeen 
the second de-coupling transistor and the pad. 

12. The IC of claim 11 Wherein the ?rst resistor is coupled 
betWeen the poWer-supply bus and the ?rst sWitch transistor; 

Wherein the ?rst sWitch transistor has a source coupled to 
the ?rst resistor and a drain coupled to the p-gate node; 

Wherein the second resistor is coupled betWeen a ground 
bus and the second sWitch transistor; 

Wherein the second sWitch transistor has a drain coupled 
to the second resistor and a source coupled to the n-gate 
node. 

Apr. 17, 2003 

13. The IC of claim 12 Wherein When an ESD pulse is 
applied betWeen the pad and the poWer-supply bus, and the 
poWer-supply bus is grounded and the ESD pulse is nega 
tive, the p-channel driver transistor turns on to shunt the 
ESD pulse to the poWer-supply bus; 

Wherein When an ESD pulse is applied betWeen the pad 
and the poWer-supply bus, and the poWer-supply bus is 
grounded and the ESD pulse is positive, a diode formed 
by a drain and a substrate of the p-channel driver 
transistor is forWard biased and turns on to shunt the 
ESD pulse to the poWer-supply bus; 

Wherein When an ESD pulse is applied betWeen the pad 
and a ground bus, and the ground bus is grounded and 
the ESD pulse is positive, the n-channel driver transis 
tor turns on to shunt the ESD pulse to the ground bus; 
and 

Wherein When an ESD pulse is applied betWeen the pad 
and the ground bus, and the ground bus is grounded and 
the ESD pulse is negative, a diode formed by a drain 
and a substrate of the n-channel driver transistor is 
forWard biased and turns on to shunt the ESD pulse to 
the ground bus, 

Whereby the p-channel driver transistor shunts current for 
BSD pulses to the poWer-supply bus, While the n-chan 
nel driver transistor shunts current for BSD pulses to 
the ground bus. 

14. An electro-static-discharge (ESD) protection circuit 
comprising: 

a pad for connecting to an external system; 

a p-channel driver transistor having a ?rst gate coupled to 
a ?rst gate node, a source connected to a poWer-supply 
bus, and a drain coupled to the pad; 

a ?rst capacitor coupled betWeen the pad and a ?rst 
coupling node; 

a ?rst de-coupling transistor coupled betWeen the ?rst 
coupling node and the ?rst gate node; 

a ?rst resistor coupled betWeen the poWer-supply bus and 
a ?rst discharge node; 

a ?rst discharge transistor coupled betWeen ?rst discharge 
node and the ?rst gate node; 

an n-channel driver transistor having a second gate 
coupled to a second gate node, a source connected to a 
ground bus, and a drain coupled to the pad; 

a second capacitor coupled betWeen the pad and a second 
coupling node; 

a second de-coupling transistor coupled betWeen the 
second coupling node and the second gate node; 

a second resistor coupled betWeen the ground bus and a 
second discharge node; 

a second discharge transistor coupled betWeen second 
discharge node and the second gate node. 

15. The ESD protection circuit of claim 14 Wherein the 
?rst de-coupling transistor and the ?rst discharge transistor 
are p-channel transistors having gates coupled to the poWer 
supply bus. 
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16. The ESD protection circuit of claim 15 wherein the 
second de-coupling transistor and the ?rst discharge tran 
sistor are p-channel transistors having gates coupled to the 
poWer-supply bus. 

17. The ESD protection circuit of claim 16 Wherein the 
second de-coupling transistor and the ?rst discharge tran 
sistor are p-channel transistors having gates coupled to a 
biasing node; 

further comprising: 

a biasing circuit for driving the biasing node to a 
poWer-supply voltage When a poWer-supply voltage 
is applied to the poWer-supply bus, but for driving 
the biasing node to a ground voltage When the 
poWer-supply voltage is not applied to the poWer 
supply bus. 

18. The ESD protection circuit of claim 17 Wherein the 
biasing circuit comprises: 

an inverter having an output that drives the biasing node 
high When poWer is applied; 

a leaker transistor coupled betWeen the biasing node and 
the ground bus, for driving the biasing node to ground 
When poWer is not applied. 

19. An electro-static-discharge (ESD) protected output 
buffer comprising: 

an output node; 

pullup driver transistor means for sourcing a rising driv 
ing current from a ?rst bus to the output node in 
response to a ?rst gate node; 

coupling capacitor means for coupling an ESD pulse 
applied to the output node to a coupled node; 

?rst de-coupling transistor means for connecting the 
coupled node to the ?rst gate node When poWer is not 
applied, but for disconnecting the coupled node from 
the ?rst gate node When poWer is applied; 

?rst discharge means for discharging the ?rst gate node to 
the ?rst bus When poWer is not applied, but for not 
discharging the ?rst gate node When poWer is applied; 
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pull-doWn driver transistor means for sinking a falling 
driving current from the output node to a second bus in 
response to a second gate node; 

second de-coupling transistor means for connecting the 
coupled node to the second gate node When poWer is 
not applied, but for disconnecting the coupled node 
from the second gate node When poWer is applied; and 

second discharge means for discharging the second gate 
node to the second bus When poWer is not applied, but 
for not discharging the second gate node When poWer 
is applied, 

Whereby the ESD pulse applied to the output node is 
coupled to the ?rst or second gate node to enable the 
pullup or pull-doWn driver transistor means to shunt the 
ESD pulse When poWer is not applied. 

20. The ESD protected output buffer of claim 19 Wherein 
the pullup driver transistor means is a p-channel transistor; 

the pull-doWn driver transistor means is an n-channel 

transistor; 

the ?rst de-coupling transistor means is a p-channel 
transistor With a gate coupled to the ?rst bus; 

the second de-coupling transistor means is a p-channel 
transistor With a gate coupled to the ?rst bus; 

the ?rst bus is a poWer-supply bus; 

the ?rst discharge means comprises a ?rst resistor coupled 
to the ?rst bus and ?rst discharge transistor betWeen the 
?rst gate node and the ?rst resistor With a gate coupled 
to the ?rst bus; 

the second discharge means comprises a second resistor 
coupled to the second bus and second discharge tran 
sistor betWeen the second gate node and the second 
resistor. 


