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LOW VOLTAGE DEVICE OPERABLE WITH A HIGH VOLTAGE SUPPLY 

FIELD OF THE INVENTION 

The present invention relates to integrated circuit 

devices generally and more particularly to deep sub-micron de-

vices. 

BACKGROUND OF THE INVENTION 

As the critical dimensions of integrated circuit de-

vices become increasingly smaller and fall within the deep sub-

micron range, the voltages at which individual transistors there-

in operate decrease accordingly. Difficulties often arise in 

adapting deep ~11b-micron devices to systems having voltage 

sources which provide output voltages at levels which exceed 

those at which the deep sub-micron devices operate. 

An example of such a difficulty is the need for in-

board pin to pin compatibility of deep sub-micron devices with 

corresponding earlier ~eneration devices operating at signifi-

cantly higher voltages. 
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SUMMARY OF THE INVENTION 

The present invention seeks to provide an improved 

integrated circuit device which overcomes the above-described 

limitations of the prior art. 

There is thus provided in accordance with a preferred 

embodiment of the present invention an integrated circuit device 

including transistors having predetermined upper voltage limits, 

a multi-layer metal interconnect structure connecting the tran­

sistors to each other and to an external voltage source having a 

voltage in excess of the predetermined upper voltage limits of a 

first 

along 

plurality of transistors, and a voltage reducer 

the interconnect structure between the external 

source and the first plurality of transistors. 

connected 

voltage 

Further in accordance with a preferred embodiment of 

the present invention the integrated circuit device is a program­

mable device, such as field programmable gate array, mask pro­

grammable gate array or laser programmable gate array. 

Additionally in accordance with a preferred embodiment 

of the present invention the first plurality of transistors 

constitutes at least 50% of the total number of transistors in 

the integrated circuit device. 

Alternatively the first plurality of transistors con­

stitutes at least 90% of the total number of transistors in the 

integrated circuit device. 

Still further in accordance with a preferred embodiment 

of the present invention the voltage reducer comprises an N-

transistor having a source connected to the external voltage 

source, a gate connected via a voltage divider including a capac-
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itor to the external voltage source and to ground and a drain 

connected to at least some of the first plurality of transis­

tors. 

Moreover in accordance with a preferred embodiment of 

the present invention the voltage reducer comprises a plurality 

of voltage reducers which are generally uniformly distributed 

over a periphery of the integrated circuit device. 

Further in accordance with a preferred embodiment of 

the present invention the voltage reducer comprises a voltage 

reducer transistor, and the first plurality of transistors each 

comprise a first gate oxide and the voltage reducer transistor 

comprises a second gate oxide and wherein the second gate oxide 

is thicker than the first gate oxide. 

Still further in accordance with a preferred embodiment 

of the present invention the first plurality of transistors 

constitutes at least 50% of the total number of transistors in 

the integrated circuit device. 

Alternatively the first plurality of transistors con­

stitutes at least 90% of the total number of transistors in the 

integrated circuit device. 

Additionally in accordance with a preferred embodiment 

of the present invention the external voltage source has a single 

output voltage which is in excess of the predetermined upper 

voltage limits of a first plurality of transistors. 

There is also provided in accordance with another 

pref erred embodiment of the present invention an integrated 

circuit device including transistors having predetermined upper 
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voltage limits, a multi-layer metal interconnect structure con-

necting the transistors to each other and to an external voltage 

source having a single output voltage which is in excess of the 

predetermined upper voltage limits of a first plurality of the 

transistors, and a voltage reducer connected along the intercon­

nect structure between the external voltage source and the 

first plurality of the transistors. 

Further in accordance with a preferred embodiment of 

the present invention the voltage reducer comprises an N-transis­

tor having a source connected to the external voltage source, a 

gate connected to the external voltage source and to ground via 

a voltage divider including a capacitor and a drain connected to 

at least some of the first plurality of transistors. 

Still further in accordance with a preferred embodiment 

of the present invention the first plurality of transistors each 

comprise a first gate oxide and the N-transistor comprises a 

second gate oxide and wherein the second gate oxide is thicker 

than the first gate oxide. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciat­

ed more fully from the following detailed description, taken in 

conjunction with the drawings in which: 

Fig. 1 is a simplified illustration of an integrated 

circuit device constructed and operative in accordance with a 

preferred embodiment of the present invention; 

Fig. 2 is a simplified illustration of a voltage reduc­

er useful in the integrated circuit device of Fig. l; 

Fig. 3 is a simplified illustration of a voltage divid­

er useful in the voltage reducer of Fig. 2; and 

Figs. 4A and 4B are sectional illustrations of two 

different types of transistors employed in the integrated circuit 

of Fig. 1, showing the difference in the thickness of their 

respective oxide layers. 
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

Reference is now made to Fig. 1, which illustrates an 

integrated circuit device constructed and operative in accordance 

with a preferred embodiment of the present invention. The inte­

grated circuit device comprises a semiconductor substrate 10 onto 

which are formed a multiplicity of transistors, including tran­

sistors 12 having a relatively low upper voltage limit and tran­

sistors 13, having a relatively high upper voltage limit. 

Disposed adjacent the periphery of the substrate 10 are 

a first plurality of pads 14 which provide electrical signal 

connections to some of the transistors 13 which belong to I/O 

cells 15, and a second plurality of pads 16 which provide elec­

trical power to the transistors 13. Pads 14 and 16 form part of a 

multilayer metal interconnect network 18 which also includes an 

outer, high voltage, metal ring 20 and an inner, low voltage, 

metal ring 22. It is noted that although in the illustrated 

embodiment, the pads 14 and 16 are shown at the periphery of the 

substrate, alternatively pads may be located at any other suit­

able location on the substrate. 

Pads 16 are connected to metal ring 20. Metal ring 20 

is connected to metal ring 22 via multiple voltage reducers 25 

which include some of transistors 13. Metal ring 22 powers 

transistors 12. Transistors 12 receive electrical signals from 

I/O cells 15. Metal ring 22 is not directly connected to any of 

pads 14 and 16. 

Reference is now made to Fig. 2, which illustrates a 

preferred embodiment of a voltage reducer 25 useful in the embod­

iment of Fig. 1 and employing an N-transistor. As seen in Fig. 2, 
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an N-transistor 30 includes a gate 32, a source 34 and a drain 

36. The source 34 is connected to outer ring 20 (Fig. l) and the 

drain is connected to inner ririg 22 (Fig. 1). Gate 32 is connect­

ed via a voltage divider 38 to outer ring 20. Preferably N-tran­

sistor 30 has a relatively large W/L ratio, preferably exceeding 

1000. N-transistor 30 may be implemented as a plurality of tran­

sistors connected in parallel. 

Referring now to Fig. 3, it is seen that voltage divid­

er 38 preferably comprises a resistor Rl 40 connected between 

outer ring 20 and a junction 42, connected to gate 32 (Fig. 2), 

and a resistor R2 44 connected between junction 42 and ground. 

Preferably, but not necessarily, a capacitor 46 is connected 

between junction 42 and ground. 

In order to provide a desired relatively low voltage VL 

at the inner ring 22, which voltage does not exceed the prede­

termined upper voltage limits of transistors 12 or an even lower 

voltage limit which is selected, the ratio of resistances of the 

resistors Rl and R2 must be determined in accordance with the 

following equation: 

Rl/R2 = [VH -(VL + VT)] / (VL + VT) 

where VT is the threshold voltage of transistors 13 and VH is the 

voltage of the outer ring 20, pad 16 and of the external voltage 

source. 

Reference is now made to Figs. 4A and 4B are sectional 

illustrations of two different types of transistors employed in 

the integrated circuit of Fig. 1, showing the difference in the 

thickness of their respective oxide layers. It is seen in Fig. 4A 
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that a transistor 12 (Fig. 1) having a relatively low predeter-

mined upper voltage limit, has a relatively thin gate oxide layer 

50. In contrast, a transistor 13 (Fig. 1), shown in Fig. 4B, has 

a relatively thick gate oxide layer 51. For 0.35 micrometer 

geometry integrated circuit devices, an example of the thickness 

of gate oxide layer 50 is 80 angstrom, while an example of the 

thickness of gate oxide layer 51 is 110 angstrom. 

Other than the difference in their gate oxide layers as 

indicated, the remainder of the cross section of transistors 12 

and 13 may be identical, as indicated by identical reference 

numerals 52 indicating their sources, 54 indicating their drains 

and 56 indicating their gates. 

It will be appreciated by persons skilled in the art 

that the present invention is particularly useful for operating 

0.35 micrometer geometry integrated circuit devices in systems 

which supply only voltages of 5 volts, such as PCs and worksta-

tions, rather than at a voltage of 3.3 volts which is conven-

tional for devices having this geometry. It is appreciated that 

for increasingly smaller geometries, even lower voltage limits 

apply for the transistors 12 and the present invention is equally 

applicable thereto. 

It will be appreciated by persons skilled in the art 

that the present invention is not limited by what has been par­

ticularly shown and described hereinabove. Rather the scope of 

the present invention includes both combinations and subcombina-

tions of the various features described hereinabove as well as 

modifications and variations thereof which would occur to a 

person skilled in the art reading the disclosure and which are 
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not in the prior art. 
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An integrated circuit device comprising: 

transistors having predetermined upper voltage limits; 

a multi-layer metal interconnect structure connecting 

the transistors to each other and to an external voltage source 

having a voltage in excess of the predetermined upper voltage 

limits of a first plurality of said transistors; and 

a voltage reducer connected along said interconnect 

structure between said external voltage source and said first 

plurality of said transistors. 

2. An integrated circuit device according to claim l and 

wherein: 

said voltage reducer comprises a voltage reducer tran-

sister; and 

said first plurality of transistors each comprise a 

first gate oxide and said voltage reducer transistor comprises a 

second gate oxide and wherein said second gate oxide is thicker 

than said first gate oxide. 

3. An integrated circuit device according to claim 1 and 

wherein said first plurality of transistors constitutes at least 

50% of the total number of transistors in said integrated circuit 

device. 

4. An integrated circuit device according to claim 1 and 

wherein said first plurality of transistors constitutes at least 
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90% of the total number of transistors in said integrated circuit 

device. 

5. An integrated circuit device according to claim 2 and 

wherein said first plurality of transistors constitutes at least 

50% of the total number of transistors in said integrated circuit 

device. 

6. An integrated circuit device according to claim 2 and 

wherein said first plurality of transistors constitutes at least 

90% of the total number of transistors in said integrated circuit 

device. 

7. An integrated circuit device according to claim 2 and 

wherein said external voltage source has a single output voltage 

which is in excess of the predetermined upper voltage limits. 

8. An integrated circuit device according to claim 3 and 

wherein said external voltage source has a single output voltage 

which is in excess of the predetermined upper voltage limits. 

9. An integrated circuit device according to claim 4 and 

wherein said external voltage source has a single output voltage 

which is in excess of the predetermined upper voltage limits. 

10. An integrated circuit device comprising: 

transistors having predetermined upper voltage i~mits; 

a multi-layer metal interconnect structure connecting 
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the transistors to each other and to an external voltage source 

having a single output voltage which is in excess of the prede­

termined upper voltage limits of a first plurality of said tran-

sisters; and 

a voltage reducer connected along said interconnect 

structure between said external voltage source and said first 

plurality of said transistors. 

11. An integrated circuit device according to claim 1 and 

wherein said voltage reducer comprises an N-transistor having a 

source connected to said external voltage source, a gate connect-

ed via a voltage divider including a capacitor to said external 

voltage source and to ground and a drain connected to at least 

some of said first plurality of transistors. 

12. An integrated circuit device according to claim 10 and 

wherein said voltage reducer comprises an N-transistor having a 

source connected to said external voltage source, a gate connect-

ed to said external voltage source and to ground via a voltage 

divider including a capacitor and a drain connected to at least 

some of said first plurality of transistors. 

13. An integrated circuit according to claim 11 and wherein 

said first plurality of transistors each comprise a first gate 

oxide and said N-transistor comprises a second gate oxide and 

wherein said second gate oxide is thicker than said first gate 

oxide. 
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14. An integrated circuit according to claim 12 and wherein 

said first plurality of transistors each comprise a first gate 

oxide and said N-transistor comprises a second gate oxide and 

wherein said second gate oxide is thicker than said first gate 

oxide. 

15. An integrated circuit device according to claim 10 and 

wherein: 

said voltage reducer comprises a voltage reducer tran-

sister; and 

said first plurality of transistors each comprise a 

first gate oxide and said voltage reducer transistor comprises a 

second gate oxide and wherein said second gate oxide is thicker 

than said first gate oxide. 

16. An integrated circuit device according to claim 1 and 

being a programmable device. 

17. An integrated circuit device according to claim 2 and 

being a programmable device. 

18. An integrated circuit device according to claim 10 and 

being a programmable device. 

19. An integrated circuit device according to claim 1 and 

wherein said voltage reducer comprises a plurality of voltage 

reducers which are generally uniformly distributed over a periph-

ery of the integrated circuit device. 


