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A STRESS-FOLLOWER CIRCUIT CONFIGURATION 

BACKGROUND 

Field 

The invention is related to transistors, and more particularly, to a stress­

follower circuit configuration to protect such transistors. 

Background Information 

As is well-known, transistors may suffer from Electrical Over Stress (EOS), 

which in this context refers to the application of voltages above the specified safe 

range of an electrical device, and may result in device degradation. This may 

occur, for example, when the transistor is employed in the manner using a 

significantly higher operating voltage than the native process transistors are able 

to tolerate. Native process transistors are the basic building blocks of a 

semiconductor process. For example, a 0.25 micron semiconductor fabrication 

process may have native transistors with specified operating voltages of 1 .8 to 

2.5 volts. However, if a technique or approach were devised in which these 

transistors could tolerate these higher operating voltages, this would allow devices 

and/or systems operating at higher voltages to be created using this technology. 

In today's environment typically legacy devices, components, or systems, such as 

those employing or combining with Peripheral Component Interconnect (PCI}, 

Accelerated Graphics Port (AGP), or Dynamic Random Access Memory (DRAM), 

for example, employ higher voltages than state-of-the art transistors fabricated 

using native processes. 

SUMMARY 

Briefly, in accordance with one embodiment of the invention, an integrated 

circuit includes: a stress-follpwer circuit configuration. The stress-follower circuit 

of the configuration is coupled to a pad of the integrated circuit. The stress­

follower circuit configuration is coupled so as to reduce the voltage stress on the 

gate of a transistor in a transistor stack so that in operation the transistor in the 

stack tolerates an operating voltage approximately 1.5 volts above its nominal 

voltage. The transistor stack is also coupled to the pad. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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The subject matter regarded as the invention is particularly pointed 

out and distinctly claimed in the concluding portion of the specification. The 

invention, however, both as to organization and method of operation, together 

with objects, features, and advantages thereof, may best be understood by 

reference to the following detailed description when read with the accompanying 

drawings in which: 

FIG. 1 is a circuit diagram illustrating an embodiment of a stress-follower 

circuit configuration in accordance with the present invention; 

FIG. 2 is a circuit diagram of an embodiment of a bias voltage source that 

may be employed in the embodiment illustrated in FIG.1; 

FIG. 3 is a schematic diagram illustrating an embodiment of a vertical drain 

metal-oxide transistor (VOMOS), such as may be employed in the embodiment of 

FIG. 1. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific details are set forth 

in order to provide a thorough understanding of the invention. However, it will be 

understood by those skilled in the art that the present invention may be practiced 

without these specific details. In other instances, well-known methods, 

procedures, components and circuits have not been described in detail so as not 

to obscure the present invention. 

As previously described, and as is well-known, transistors may suffer from 

Electrical Over Stress (EOS), which in this context refers to the application of 

voltages above the specified safe range of an electrical device, and may result in 

device degradation. This may occur, for example, in a situation in which a 

transistor is employed at a significantly higher operating voltage than the native 

process transistors are able to tolerate. Typically, this can occur when the 

transistors are employed in an interface because this is a common situation in 

which a particular operating voltage may be employed. Likewise, as is also well­

known, operating voltages for circuits, particularly integrated circuits, have been 

declining over the last few years. As a result, a situation has arisen in which 

transistors are being manufactured in a native process that tolerates a lower 

operating voltage than legacy interface operating voltage levels for some transistor 

applications. For example, this is the case in some situations for interfaces that 
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comply with, for example, the Peripheral Component Interconnect (PCI} 

Specification, version 2. 1, available from the PCI Special Interest Group, 2575 NE 

Kathryn St # i 7, Hillsboro, OR 97124, December 1997, the Accelerated Graphics 

Port (APG} Interface Specification, version 1, dated August 1, 1996, or version 

2.0, dated May 4, 1998, available from, for example, the AGP Implementors 

Forum or Intel Corp, or that comply with Dynamic Random Access Memory 

(DRAM), which may employ in the range of 3 to 5 volts. In one particular 

situation, although the intention is not limited in scope to this particular situation, 

a legacy interface voltage level for input-output (1/0) operation is about 3.3 volts, 

whereas in some state-of-the art transistor fabrication processes the native 

voltage level is on the order of 1.8 volts, for example. Of course, it is not 

intended to limit the scope of the invention to state-of-the-art fabrication 

processes. It would be desirable if the transistors could be modified or employed 

in a manner that allowed them to operate at such legacy interface voltage levels 

with reliability and with reduced risk of damage due to a high or relatively higher 

operating voltage. 

FIG. 1 is a circuit diagram illustrating an embodiment 100 of a stress­

follower circuit configuration in accordance with the present invention. This 

particular stress-follower circuit configuration embodiment includes the stress­

follower circuit embodiment illustrated, and additional components. This 

embodiment is illustrated on an integrated circuit (IC} chip. The invention, of 

course, is not limited in scope to this particular embodiment. Therefore, 

alternative embodiments may include only an embodiment of a stress-follower 

circuit in accordance with the invention or more than just an embodiment of a 

stress-follower circuit, and these alternatives may also be embodied on an IC, 

embodied on more than one IC, or not embodied on an IC at all, for example. For 

the embodiment illustrated in FIG. 1, a two transistor stack is illustrated as 

coupled to a voltage V dd· In this particular embodiment, these transistors comprise 

P-channel metal-oxide semiconductor (MOS) transistors, such as 120 and 130, as 

illustrated in FIG. 1. Therefore, the stack comprises a pull-up stack; however, the 

invention is not limited in scope in this respect. For example, alternatively, the 

stack may comprise N-channel transistors and may operate as a pull-down stack 

instead. For the embodiment illustrated in FIG. 1, bias voltage clamps are applied 

to the gates of the transistors of the stack. For example, an isolation bias 105 is 
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applied to the gate of transistor 120 and a· 1evel shifter 140 is applied to the gate 

of transistor 130. A level shifter in this context comprises a circuit that changes a 

logical signal at one voltage level to an appropriate voltage level for use 

elsewhere. As only one example, it may change ground to a 1.8 voltage signals 

used in core logic to 1.5 to 3.3 voltage signal levels used in an output circuit. 

Level-shifters are well-known circuit blocks and need not be described in additional 

detail here. Any one of a variety of possibilities will provide satisfactory 

operation. Circuit configurations for producing a bias voltage source are also well­

known in the art and will not be described in great detail here. Any one of a 

variety of bias voltage sources or bias generator circuits may be employed. FIG. 

2, without limitation, illustrates one such embodiment. The output voltage in this 

embodiment is the sum of the voltage across the diode and the voltage across the 

N-channel metal-oxide semiconductor (NMOS) transistor. In addition, as another 

example, a bandgap circuit might be employed, although the voltage produced 

may or may not be useful, depending on the particular embodiment of the 

invention. As shall be explained in greater detail below, the bias voltage clamps 

are coupled in the circuit so that the bias voltage "automatically" accounts or 

adjusts for pad voltage excursions, that.is, pad voltage overshoots or undershoots 

from the power rails of the circuit. In this particular embodiment in accordance 

with the invention, it is desirable to reduce the stress due to voltage on the 

isolation layers or gates of transistors 120 and 130 when these excursions occur. 

In this embodiment, the isolation layers comprise oxide gates, although the 

invention is not limited in scope in this respect. 

Embodiment 100, as illustrated in FIG. 1, includes stress-follower circuit 

110. As illustrated in this particular embodiment, when embodied on an IC, the 

stress-follower circuit is coupled to a pad of the IC, here 150. As previously 

suggested, the stress-follower circuit is coupled here so as to reduce the voltage 

stress across the gate of the transistors in a two transistor stack ,so that in 

operation the transistors in the stack tolerate an op.erating voltage exceeding their 

nominal or native voltage. Likewise, the two transistor stack is also coupled to 

pad 150 in this particular embodiment. In this particular embodiment, the stress­

follower circuit allows the transistors in the stack to tolerate an operating voltage 

approximately 1.5 volts above their nominal voltage. For example, although the 

invention is not limited in scope in this respect, transistors 120 and 130 have a 
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nominal or native voltage of approximately 1.8 volts, whereas for this particular 

embodiment the operating voltage is approximately 3.3 volts. 

For the stress-follower circuit illustrated in FIG. 1 , the transistors employed 

comprise vertical drain metal-oxide semiconductors field effect transistors 

(hereinafter, VDMOS transistors). Of course, the invention is not limited in scope 

in this re~pect. In one embodiment, VOMOS transistors may be formed by 

coupling the drain node of a transistor to the channel of the transistor through a 

lightly doped well layer which passes underneath a field oxide isolation layer and 

couples vertically up into the transistor channel. This reduces the high electric field 

at the drain/gate interface, and allows higher drain voltages without substantial of 

the transistor gate. This embodiment is illustrated in FIG. 3 and comprises a drain 

and channel formation that allows such transistors to w!thstand higher voltages 

than native transistors. For example, in a nominal 1.8 volt fabrication process, it 

would not be unusual for such transistors to tolerate greater than six volts. 

For the embodiment illustrated in FIG. 1, isolation voltage bias 105 is 

applied to the gate of transistor 120 of the stack. As illustrated, transistor 120 is 

directly coupled to pad 150, whereas transistor 130 is coupled to the pad 

indirectly via transistor 120. Furthermore, three VDMOS transistors, 160, 170, 

and 180, couple pad 150 to isolation bias 105 in this particular embodiment. For 

example, transistor 180 couples between bias 105 and pad 150. A bias is applied 

to the gate of transistor 180. In this embodiment, the bias voltage applied 

comprises a semiconductor threshold voltage deviation from a source operating 

voltage for the integrated circuit, in this embodiment one threshold voltage for an 

N-channel transistor above V ss· Of course, in an alternative embodiment, such as 

where a P-channel transistor is employed, for example, a different bias voltage 

may be applied. Likewise, two VDMOS transistors, 160 and 170 for this 

particular embodiment, as illustrated in FIG. 1, are coupled together with each 

coupled in a diode configuration. Likewise, these two transistors, 160 and 170, 

together couple between pad 150 and isolation bias 105 in this embodiment. It is 

noted that for the embodiment illustrated in FIG. 1, transistor 175 also comprises 

a VDMOS transistor, although, again, alternative embodiments are possible and, 

therefore, the invention is not restricted in scope in this respect. 

As previously indicated, the circuit configuration of FIG. 1 is employed to 

reduce voltage stress on the isolation layers or gates as the pad voltage 
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overshoots or undershoots the power rails for the circuit. For example, when the 

pad voltage is driven "low," the stress-follower circuit in this embodiment pulls the 

voltage of bias 105 lower. Likewise, when the pad voltage overshoots Vdd• the 

stress-follower circuit pulls the bias voltage higher. However, nominally the bias, 

105, is set to the native voltage level. 

Specifically, on voltage overshoots above Vdd. when the pad receives an 

input voltage signal, transistors 160 and 170, due at least in part to the diode 

configuration employed, pull the bias node voltage up, thereby reducing the stress 

across the gate oxide of transistor 120. Alternatively, if the pad voltage 

undershoots, the bias node voltage is pulled lower via transistor 180, to again 

reduce the stress on the gate oxide of transistor 120. For transistor 130, 

alternatively, its gate in this embodiment is tied, via level shifter 140, to a 

semiconductor threshold voltage down from a drain operating voltage, which in 

this particular embodiment is V dd minus a P-channel transistor threshold voltage. 

When the voltage of pad 150 undershoots, the intermediate node, designated 115 

in FIG. 1, is also pulled somewhat lower. Thus, the drain/gate interface of 

transistor 1 20 experiences little or no overstressed. If node 115 is designed such 

that it does not drop more than the native process voltage, which in this example 

is 1.8 volts, although the invention is not .limited in scope in this respect, plus one 

p-channel threshold voltage, down from V dd• then the gate/source interface of 

device 130 also experiences little or no overstress. Thus, the voltage stresses at 

device 1 30 are maintained in the range of the native process, which in this case is 

1.8 volts, although, again, the invention is not limited in scope in this respect. 

This operation also allows the transistor stack to be employed as an MOS clamp 

for the pad. In this regard, see, for example, U.S. Patent 5,546,016, titled "MOS 

Termination for Low Power Signaling," by M. Allen, issued July 3, 1995, assigned 

to the assignee of the present invention. 

One advantage of this embodiment is that it allows a significantly higher 

operating voltage relative to native process voltage capability with acceptable EOS 

and reliability risk. Whereas typical approaches allow about 1 .4 times operating 

voltage over native voltage, this approach allows two times operating voltage over 

native voltage. Other advantages of this approach is neither extra pins nor power 

supplies are employed to achieve its results. Therefore, by employing this 

particular embodiment, leading edge circuit products may be manufactured using 
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lower voltage native processes and continue to interface with devices, 

components or systems employing higher, legacy operating voltages, such as, for 

example, 3 .3 volt buses and other such systems. 

An embodiment of a method of reducing the voltage stress on the isolation 

layer of a transistor coupled to the pad of an integrated circuit in accordance with 

the present invention is as follows. A voltage bias is applied to or coupled to the 

isolation layer of the transistor, such as illustrated in FIG. 1, for example. 

Likewise, another port of the transistor, such as the drain or source, is coupled to 

the pad. The voltage bias is also coupled to the pad via one or more 

semiconductor devices capable of tolerating a voltage greater than the nominal 

transistor operation voltage, such as, for example, as illustrated in FIG. 1, VDMOS 

transistors. Therefore, as previously explained, the pad bias "automatically" 

adjusts to reduce the stress on the isolation layer of the transistor. Of course, the 

invention is not limited in scope to this particular embodiment. 

While certain features of the invention have been illustrated as described 

herein, many modifications, substitutions, changes and equivalents will now occur 

to those skilled in the art. It is, therefore, to be understood that the appended 

claims are intended to cover all such modifications and changes as fall within the 

true spirit of the invention. 
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Claims: 

1 . An integrated circuit comprising: 11111111111111 11111 1111111 1111 
* C L M S * 

a stress-follower circuit configuration; 

the stress-follower circuit of the configuration being coupled to a pad of the 

integrated circuit; 

the stress-follower circuit configuration being coupled so as to reduce the 

voltage stress on ail isolation layer of a transistor in a transistor stack so that in 

operation the transistor in the stack tolerates approximately 1.5 volts above its 

nominal voltage; 

the transistor stack also being coupled to the pad. 

2. The integrated circuit of claim 1, wherein the isolation layer comprises a 

gate and the transistors in the transistor stack comprise metal-oxide 

semiconductor transistors. 

3. The integrated circuit of claim 2, wherein the nominal voltage comprises 

approximately 1 . 8 volts and the operating voltage comprises approximately 3.3 

volts. 

4. The integrated circuit of claim 2, wherein the transistors of said stress-

follower circuit comprise vertical drain metal-oxide semiconductor field effect 

transistors( VOMOS transistors). 

5. The integrated circuit of claim 4, wherein the stress-follower circuit 

comprises three VOMOS transistors; 

the integrated circuit further comprising a voltage bias applied to the gate 

of the transistor of said stack that is directly coupled to said pad; 

one of said VDMOS transistors coupling said pad to said voltage bias, said 

one VDMOS transistor having a voltage bias applied to its gate; 

the remaining VDMOS transistors being coupled together, each in a diode 

configuration, and also coupling said pad to said voltage bias. 

6. The integrated circuit of claim 5, wherein the voltage bias applied to said 

one VDMOS transistor comprises a threshold voltage deviation from a source 

operating voltage for said integrated circuit. 

7. The integrated circuit of claim 6, wherein a voltage bias applied to the 

other transistor of said stack comprises a threshold voltage from a drain operating 

voltage for said integrated circuit. 

8. The integrated circuit of claim 2, wherein the transistor stack comprises 
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one of a p-channel transistor stack and an n-channel transistor stack. 

9. The integrated circuit of claim 2, wherein the transistor stack comprises a 

two transistor stack; 

the stress-follower circuit configuration being coupled to reduce the voltage 

stress on the gate of both transistors in the stack. 

1 O. A method of reducing the voltage stress on the isolation layer of a 

transistor coupled to the pad of an integrated circuit including the transistor 

comprising: 

coupling the isolation layer of the transistor to a voltage bias and coupling 

another port of the transistor to the pad; and 

coupling the voltage bias to the pad via one or more semiconductor devices 

capable of tolerating a voltage greater than the nominal transistor operating 

voltage. 

11 . The method of claim 10, wherein the transistor comprises a metal-oxide 

semiconductor transistor, the isolation layer comprises a gate and the other port 

comprises one of a drain and a source. 

12. The method of claim 11, wherein the one or more semiconductor devices 

capable of tolerating a voltage greater than the nominal transistor operating 

voltage comprise one or more vertical drain metal-oxide semiconductor transistors. 

13. An stress-follower circuit configuration for an integrated circuit comprising: 

a transistor stack; 

means for reducing the voltage stress on the gate of a transistor, the 

voltage stress reduction means being coupled to a pad of the integrated circuit; 

the transistor stack also being coupled to the pad. 

14. The stress-follower circuit of claim 13, wherein the transistor stack 

comprises one of a pull-up and a pull-down stack. 

15. The stress-follower circuit of claim 13, wherein the transistor stack 

comprises a two transistor stack. 
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