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(57) ABSTRACT 

Systems and methods are disclosed for localized electro 
static discharge protection of integrated circuit input/output 
pads. The localized clamp is isolated from the main supply 
voltage clamp and coupled to the input/output pad through 
low-capacitance diodes. 
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LOCALIZED ELECTROSTATIC DISCHARGE 
PROTECTION FOR INTEGRATED CIRCUIT 

INPUT/OUTPUT PADS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to electrical 
circuits and, more particularly, to electrostatic discharge 
protection for integrated circuits. 

[0003] 2. Related Art 

[0004] Electrostatic discharge (ESD) protection is com 
monly employed to protect electrical circuits and devices. 
For example, input/output (I/O) pads of integrated circuits 
generally require ESD protection. For high-frequency appli 
cations, the I/O pads require loW-capacitance ESD protec 
tion devices to reduce capacitive loading and increase the 
quality factor. HoWever, the loW-capacitance requirement 
forces the use of protection diodes having a smaller junction 
area, Which degrades their ESD performance. 

[0005] The loW-capacitance forWard-biased diodes are 
typically coupled to one large supply voltage (Vcc) ESD 
clamp diode. HoWever, the metal bus interconnect resistor 
capacitor (RC) time delay from the I/O pad to the large 
supply voltage ESD clamp diode can signi?cantly degrade 
ESD performance. As a result, there is a need for an 
improved ESD circuit. 

BRIEF SUMMARY OF THE INVENTION 

[0006] Electrostatic discharge protection systems and 
methods are disclosed herein. In accordance With some 

embodiments, localiZed supply voltage (Vcc) clamps are 
provided in close proximity to input/output pads to absorb 
electrostatic discharge energy applied to the input/output 
pads. The localiZed supply voltage (Vcc) clamps can be 
designed to be independent from the main supply voltage 
(Vcc) electrostatic discharge protection. The localiZed 
clamping technique enhances electrostatic discharge protec 
tion of loW-capacitance input/output protection diodes 
designed for high-frequency applications. 

[0007] In accordance With one embodiment of the present 
invention, an integrated circuit includes an input/output pad, 
a supply voltage pad, a ?rst diode coupling the input/output 
pad to the supply voltage pad, a second diode coupling the 
input/output pad to a ground terminal, and a ?rst transistor 
coupled to the ?rst diode and to the ground terminal to 
absorb electrostatic discharge ?oWing through the input/ 
output pad. 

[0008] In accordance With another embodiment of the 
present invention, a method of providing electrostatic dis 
charge protection for an input/output pad of an integrated 
circuit includes providing a ?rst diode to couple the input/ 
output pad to a supply voltage pad; providing a second diode 
to couple the input/output pad to a ground terminal; and 
providing a localiZed clamping circuit, for the input/output 
pad, having a ?rst transistor coupled to the supply voltage 
pad to absorb electrostatic discharge ?oWing through the 
input/output pad and the ?rst diode. 

[0009] The scope of the invention is de?ned by the claims, 
Which are incorporated into this section by reference. Amore 
complete understanding of embodiments of the present 
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invention Will be afforded to those skilled in the art, as Well 
as a realiZation of additional advantages thereof, by a 
consideration of the folloWing detailed description of one or 
more embodiments. Reference Will be made to the appended 
sheets of draWings that Will ?rst be described brie?y. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1A shoWs a circuit for electrostatic discharge 
in accordance With an embodiment of the present invention. 

[0011] FIG. 1B shoWs a circuit for electrostatic discharge 
in accordance With another embodiment of the present 
invention. 

[0012] FIG. 2 shoWs a circuit layout for electrostatic 
discharge in accordance With an embodiment of the present 
invention. 

[0013] FIG. 3 shoWs a circuit for electrostatic discharge in 
accordance With another embodiment of the present inven 
tion. 

[0014] FIG. 4 shoWs a circuit for electrostatic discharge in 
accordance With another embodiment of the present inven 
tion. 

[0015] FIG. 5 shoWs a circuit for electrostatic discharge in 
accordance With another embodiment of the present inven 
tion. 

[0016] The preferred embodiments of the present inven 
tion and their advantages are best understood by referring to 
the detailed description that folloWs. It should be appreci 
ated that like reference numerals are used to identify like 
elements illustrated in one or more of the ?gures. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] FIG. 1A shoWs a circuit 100 for electrostatic 
discharge (ESD) protection in accordance With an embodi 
ment of the present invention. Circuit 100 includes a supply 
voltage (Vcc) pad 102, an input/output (I/O) pad 104, diodes 
106, 110, and 112, resistors 108, 116, and 122, a capacitor 
114, and transistors 118 and 120. 

[0018] Asupply voltage (Vcc) is applied to supply voltage 
(Vcc) pad 102. Various information, depending upon the 
application and integrated circuit design, ?oWs through I/O 
pad 104. For eXample, I/O pad 104 is used to transfer data 
either into or out of the integrated circuit at a high data rate. 
Circuitry (not shoWn), Within the integrated circuit and 
coupled to I/O pad 104 through a node 126, receive the data 
from I/O pad 104 or provide the data to I/O pad 104. 

[0019] Capacitor 114, resistors 116 and 122, and transis 
tors 118 and 120 form a local clamping circuit 130 for I/O 
pad 104. Local clamping circuit 130 is coupled to I/O pad 
104 through diodes 110 and 112. The supply voltage (Vcc), 
When applied to supply voltage (Vcc) pad 102, is coupled to 
local clamping circuit 130 (e.g., at a node 128) through 
resistor 108. Resistor 108, resistor 108 in parallel With a 
diode 152 (as shoWn in FIG. 1B), or an active clamp (e.g., 
as shoWn in FIG. 5), Which are optional, provide isolation 
betWeen local clamping circuit 130 and the elements that 
provide the main clamping function for supply voltage (Vcc) 
pad 102. In circuits 100 and 150 (FIGS. 1A and 1B, 
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respectively), diode 106 provides the main clamping func 
tion for supply voltage (Vcc) pad 102. 

[0020] For local clamping circuit 130, transistor 118 is a 
large clamping MOSFET that provides the supply voltage 
(Vcc)-to-ground localiZed clamping for I/O pad 104. Tran 
sistor 118 functions to sink the majority of the ESD current, 
Which may ?oW through I/O pad 104, using its channel and 
parasitic NPN properties. As shoWn in FIG. 1A, a drain 
terminal and a source terminal of transistor 118 are coupled 
to supply voltage (Vcc) pad 102 (through resistor 108) and 
ground (labeled GND—at a node 124), respectively. 

[0021] A substrate of transistor 118 is coupled to a sub 
strate and a source terminal of transistor 120. Alternatively, 
transistor 120 could be replaced by a gated diode having the 
same breakdoWn properties as transistor 118. Transistor 120 
is integrated into transistor 118 to pull-up the substrate 
voltage (i.e., body voltage) of transistor 118 and force the 
source terminal of transistor 118 to inject a charge and 
turn-on the parasitic NPN channel of transistor 118 (e.g., at 
the PN junction of the substrate and the source terminal of 
transistor 118). 

[0022] Resistor 116 and capacitor 114 are designed to 
pull-up a voltage at a gate terminal of transistor 118 during 
an ESD event. Diodes 110 and 112 are small-capacitance 
diodes that couple ESD current from I/O pad 104 to local 
clamping circuit 130 and the ground terminal (e.g., at node 
128 and node 124, respectively, With node 128 having a 
non-ESD event voltage level approximately equal to the 
supply voltage (Vcc)). 
[0023] During an ESD event When I/O pad 104 is Zapped 
positive With respect to ground (i.e., the voltage at UQ pad 
104 is much greater than the voltage at node 124), diode 112 
is forWard biased and the entire ESD voltage appears on 
local clamping circuit 130. The high voltage on the drain 
terminal of transistor 118 is coupled to its gate terminal, 
through an internal drain-gate overlap capacitance (Cgd) in 
parallel With capacitor 114, and alloWs current to How 
through the channel of transistor 118. Additionally, transistor 
120, along With resistor 122, pulls-up the substrate voltage 
of transistor 118 to alloW the parasitic NPN action of 
transistor 118 to trigger into forWard conduction. 

[0024] The ESD current path, When I/O pad 104 is Zapped 
positive With respect to the supply voltage (Vcc), is through 
forWard-biased diode 112, transistor 118 (in parallel With 
transistor 120 and resistor 122), and forWard-biased diode 
106. Depending upon the isolator/resistor design, discussed 
above, a portion of the ESD current could ?oW directly to 
supply voltage (Vcc) pad 102. For example With resistor 
108, a portion of the ESD current Would ?oW through 
forWard-biased diode 112 and through resistor 108 (or 
through resistor 108 and diode 152 as shoWn in FIG. 1B) to 
supply voltage (Vcc) pad 102. 

[0025] When I/O pad 104 is Zapped negative With respect 
to ground (i.e., the voltage at UQ pad 104 is less than the 
voltage at node 124), diode 110 is forWard biased and 
conducts the ESD current. Thus, When I/O pad 104 is Zapped 
negative With respect to the supply voltage (Vcc), diode 106 
conducts or forces all of the ESD current through forWard 
biased diode 110. 

[0026] FIG. 2 shoWs an exemplary circuit layout for a 
portion of circuit 100 that provides electrostatic discharge 
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protection in accordance With an embodiment of the present 
invention. The circuit layout shoWn is for 0.5 pm CMOS 
technology. As illustrated in FIG. 2, I/O pad 104 (not 
shoWn) Will be coupled to ground through a loW-capacitance 
N"/P+ gated diode (labeled N+/PWell Gated Diode and 
corresponding to diode 110 of FIG. 1A) and coupled to the 
supply voltage (Vcc) through a loW-capacitance PMOS 
drain-body diode (corresponding to diode 112). The exem 
plary circuit layout is structured such that diodes 110 and 
112, capacitor 114, transistors 118 and 120, and resistor 116 
can be tuned (i.e., ?ngers or segments added or shorted out) 
using metal. 

[0027] The local supply voltage (Vcc) clamp (i.e., tran 
sistor 118) and its body voltage pull-up device (i.e., transis 
tor 120) are integrated together, as shoWn in FIG. 2 (labeled 
large VCC Body-pump Clamp). Transistors 118 and 120 are 
implemented as N-channel MOSFET structures, but can be 
implemented in accordance With embodiments of the present 
invention using various NPN-type or silicon controlled 
recti?er (SCR)-type of devices (as discussed herein, for 
example, in reference to FIGS. 3 and 4). 

[0028] In FIG. 2, capacitor 114 (labeled MOS Cap) is 
designed using a MOSFET and resistor 116 (labeled NWell 
R) is designed using NWell diffusion. Capacitor 114 and 
resistor 116 are distributed in the circuit layout to alloW 
uniform turn-on of transistor 118 (i.e., the clamping MOS 
FET). 
[0029] Alternative embodiments of the present invention 
are disclosed in FIGS. 3 and 4. FIG. 3 shoWs an exemplary 
circuit 300 for BSD protection, Which includes a capacitor 
306, a resistor 308, and transistors 302 and 304. Circuit 300 
is similar to circuit 150 (FIG. 1B), but With capacitor 306, 
resistor 308, and transistors 302 and 304 serving as the local 
clamping circuit rather than local clamping circuit 130 (as 
shoWn in FIG. 1B). For circuit 300, transistor 302 is an NPN 
device that conducts the main current While transistor 304 
assists by pulling-up the base voltage of transistor 302 
during an ESD event. Transistor 304 is a small MOSFET 
device, but alternatively could be substituted With a gated 
diode to trigger transistor 302. 

[0030] FIG. 4 shoWs an exemplary circuit 400 for BSD 
protection, Which includes as the local clamping circuit a 
capacitor 402 and transistors 406, 408, and 410. Circuit 400 
illustrates another form of supply voltage (Vcc)-to-ground 
clamping using a silicon controlled recti?er (i.e., transistors 
406 and 408). During an ESD event, transistor 410 sWitches 
on transistor 406, Which in turn sWitches on transistor 408, 
With transistors 406 and 408 conducting the main current. 

[0031] Resistors 404 and 412 (labeled R2 and R1, respec 
tively, in FIG. 4) represent the PNP base and NPN base 
resistances of transistors 408 and 406, respectively. Resis 
tors 404 and 412 can be integrated With the silicon controlled 
recti?er (SCR) by extending the base of the corresponding 
NPN and PNP devices (i.e., transistors 406 and 408, respec 
tively). Transistor 410 is a small MOSFET device, but 
alternatively could be substituted With a gated diode to 
trigger transistor 406 during an ESD event. 

[0032] FIG. 5 shoWs a circuit 500 for electrostatic dis 
charge in accordance With another embodiment of the 
present invention. Circuit 500 is similar to circuit 300 (FIG. 
3), but substitutes an active clamp for resistor 108 and diode 
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152. The active clamp is exempli?ed by a transistor 504, 
Which serves as a pass transistor providing isolation during 
an ESD event. Transistor 504, for example, is a ?eld-oXide 
or thick-oxide pass transistor controlled via its gate terminal 
or a bipolar device controlled via its base terminal. 

[0033] Associated With transistor 504 is a control circuit 
502, Which is coupled to a gate terminal of transistor 504, to 
supply voltage (Vcc) pad 102, and to ground (i.e., node 124) 
to control transistor 504. Control circuit 502 alloWs current 
to How through transistor 504 during normal circuit opera 
tion, but sWitches off transistor 504 to inhibit current ?oW 
from supply voltage (Vcc) pad 102 to input/output (I/O) pad 
104 during an ESD event (e.g., a tWo-pin ESD event). 

[0034] As described herein for some embodiments, loW 
capacitance (i.e., small junction area) diodes, such as poly 
diodes or thin ?lm diodes for eXample, are employed for 
BSD protection of integrated circuit input/output pads With 
out degrading ESD performance during high-frequency 
applications. The loW-capacitance diodes (e.g., diodes 110 
and 112) may also, for eXample, represent stacked diodes 
(i.e., tWo or more diodes in series for each of diode 110 and 
for diode 112) to further reduce capacitance. The ESD 
performance is enhanced through localiZed clamping near 
the input/output pads as part of a supply voltage (Vcc)-to 
ground clamping netWork or clamping netWork from the 
supply voltage (Vcc) to a secondary voltage level (i.e., other 
than ground). 

[0035] Because the localiZed clamp is coupled to the 
supply voltage (Vcc), its capacitance does not load the 
input/output pad and consequently enhances high-frequency 
operation. The localiZed clamping netWork can be designed 
to be independent of the main supply voltage (Vcc)-to 
ground clamp and optimiZed for any required frequency of 
the application. 

[0036] In accordance With one embodiment, the localiZed 
clamp is designed using the inherent parasitic NMOS bipo 
lar (e.g., body-to-source junction) With enhanced turn-on 
using a gate-to-drain coupling capacitor and integrated gated 
diode or NMOS to trigger bipolar conduction. The localiZed 
clamp is coupled to the input/output pad using the loW 
capacitance gated diodes. 

[0037] Embodiments described above illustrate but do not 
limit the invention. It should also be understood that numer 
ous modi?cations and variations are possible in accordance 
With the principles of the present invention. For eXample, the 
techniques described herein are not limited to CMOS tech 
nology, but are applicable to various types of integrated 
circuit processing or technologies, such as BiCMOS, 
DMOS, and SiGe technologies or designs. Accordingly, the 
scope of the invention is de?ned only by the folloWing 
claims. 

We claim: 
1. An integrated circuit comprising: 

an input/output pad; 

a supply voltage pad; 

a ?rst diode coupling the input/output pad to the supply 
voltage pad; 

a second diode coupling the input/output pad to a ground 
terminal; and 
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a ?rst transistor coupled to the ?rst diode and to the 
ground terminal to absorb electrostatic discharge ?oW 
ing through the input/output pad. 

2. The integrated circuit of claim 1, further comprising: 

a capacitor coupled to the ?rst diode and to a gate terminal 
of the ?rst transistor; and 

a ?rst resistor coupled to the gate terminal of the ?rst 
transistor and to the ground terminal. 

3. The integrated circuit of claim 2, further comprising: 

a second transistor coupled to the ?rst diode and to the 
?rst transistor, With a gate terminal of the second 
transistor coupled to the gate terminal of the ?rst 
terminal; and 

a second resistor coupled to a substrate terminal of the 
second transistor and to the ground terminal. 

4. The integrated circuit of claim 3, Wherein the second 
transistor is a gated diode. 

5. The integrated circuit of claim 3, Wherein a substrate 
terminal of the ?rst transistor is coupled to the substrate 
terminal and a source terminal of the second transistor. 

6. The integrated circuit of claim 1, further comprising an 
isolation resistor coupling the ?rst diode to the supply 
voltage pad. 

7. The integrated circuit of claim 6, further comprising an 
isolation diode, in parallel With the isolation resistor, cou 
pling the ?rst diode to the supply voltage pad. 

8. The integrated circuit of claim 1, further comprising an 
active clamp coupling the ?rst diode to the supply voltage 
pad. 

9. The integrated circuit of claim 1, further comprising a 
third diode coupled to the supply voltage pad and to the 
ground terminal to provide electrostatic discharge protection 
for the supply voltage pad. 

10. An integrated circuit comprising: 

an input/output terminal; 

a supply voltage terminal; 

a ?rst diode coupling the input/output terminal to the 
supply voltage terminal; 

a second diode coupling the input/output terminal to a 
ground terminal; and 

means coupled to the ?rst diode for providing localiZed 
electrostatic discharge protection for the input/output 
terminal. 

11. The integrated circuit of claim 10, further comprising 
a resistor coupling the ?rst diode to the supply voltage 
terminal. 

12. The integrated circuit of claim 11, further comprising 
a diode, in parallel With the resistor, coupling the ?rst diode 
to the supply voltage terminal. 

13. The integrated circuit of claim 10, further comprising 
a third diode coupling the supply voltage terminal to the 
ground terminal. 

14. A method of providing electrostatic discharge protec 
tion for an input/output pad of an integrated circuit, the 
method comprising: 

providing a ?rst diode to couple the input/output pad to a 
supply voltage pad; 

providing a second diode to couple the input/output pad to 
a ground terminal; and 
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providing a localized clarnping circuit, for the input/ 
output pad, having a ?rst transistor coupled to the 
supply voltage pad to absorb electrostatic discharge 
?owing through the input/output pad and the ?rst 
diode. 

15. The method of claim 14, further comprising providing 
an isolation elernent betWeen the supply voltage pad and the 
?rst diode to isolate the localiZed clarnping circuit from the 
supply voltage pad. 

16. The method of claim 15, further comprising providing 
a diode coupled to the supply voltage pad and to the ground 
terminal to provide electrostatic discharge protection for the 
supply voltage pad. 

17. An integrated circuit comprising: 

an input/output terminal; 

a supply voltage terminal; 

a ?rst diode coupled to the input/output terrninal; 

an isolation elernent coupling the ?rst diode to the supply 
voltage terminal; 

a second diode coupling the input/output terminal to a ?rst 
voltage terminal; and 

a ?rst transistor coupled to the ?rst diode and to the ?rst 
voltage terminal to absorb electrostatic discharge ?oW 
ing through the input/output terminal. 

18. The integrated circuit of claim 17, further comprising: 

a capacitor coupled to the ?rst diode and to the ?rst 
transistor; 

a resistor coupled to the capacitor, a gate terminal of the 
?rst transistor, and to the ?rst voltage terminal; and 

a gated diode coupled to the ?rst transistor and to the ?rst 
diode to pull-up a substrate voltage of the ?rst transistor 
during an electrostatic discharge event. 

19. The integrated circuit of claim 18, Wherein the gated 
diode comprises a second transistor. 
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20. The integrated circuit of claim 18, further comprising 
a second resistor coupled to the ?rst transistor and to the ?rst 
voltage terminal to assist the gated diode pull-up the sub 
strate voltage of the ?rst transistor during an electrostatic 
discharge event. 

21. The integrated circuit of claim 17, further comprising: 

a capacitor coupled to the ?rst diode and to a gate terminal 
of the ?rst transistor; and 

a second transistor coupled to the ?rst diode and to the 
gate terminal of the ?rst transistor. 

22. The integrated circuit of claim 21, Wherein the second 
transistor pulls-up a voltage level of the gate terminal of the 
?rst transistor during an electrostatic discharge event. 

23. The integrated circuit of claim 22, Wherein the second 
transistor comprises a gated diode. 

24. The integrated circuit of claim 17, further comprising: 

a capacitor coupled to the ?rst diode and to a gate terminal 
of the ?rst transistor; 

a second transistor coupled to the ?rst diode and to the 
?rst transistor; and 

a third transistor coupled to the ?rst diode and to the ?rst 
transistor. 

25. The integrated circuit of claim 24, Wherein the third 
transistor pulls-up a voltage level of the gate terminal of the 
?rst transistor during an electrostatic discharge event. 

26. The integrated circuit of claim 24, Wherein the third 
transistor comprises a gated diode. 

27. The integrated circuit of claim 17, Wherein the ?rst 
voltage terminal is at a ground voltage potential. 

28. The integrated circuit of claim 17, Wherein the isola 
tion element is a resistor, a resistor in parallel With a diode, 
or an active clarnp. 


