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57 ABSTRACT 

A Voltage Scaling circuit for protecting an input node to a 
protected circuit uses a Voltage shifting circuit that includes 
two nmos transistors. One nimos transistor is configured as 
a bi-directional Voltage follower and the other nmos tran 
Sistor is configured as uni-directional Voltage follower to 
facilitate input high level shifting between an input Signal 
node, Such as a pin of an integrated circuit and an input node 
to the protected circuit. 
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VOLTAGE SCALING CIRCUIT FOR 
PROTECTING AN INPUT NODE TO A 

PROTECTED CIRCUIT 

BACKGROUND OF THE INVENTION 

The invention relates generally to over Voltage protection 
circuits for protecting other circuits from higher than desired 
Voltage levels, and more particularly to Voltage Scaling 
circuits for protecting an input to a protected circuit. 

With the continued demand for higher speed and lower 
power consumption integrated circuits a need exists for 
Simple, low cost and reliable over Voltage protection cir 
cuits. For example, CMOS based video graphics chips with 
128 input/output ports (I/O) ports are required to operate at 
clock speeds of 125 MHz to 250 MHz. Such devices may 
use a 2.5 V power Supply for much of its logic to reduce 
power consumption. One way to increase the operating 
Speed of Such devices is to decrease the gate length of core 
circuitry transistors. However, a decrease in the gate length 
of MOS devices can reduce the gate breakdown voltage to 
lower levels. For example, where an integrated circuit 
contains digital circuitry that operates from a 2.5 V Source 
and is fabricated using Silicon dioxide gate widths of 50 
Angstroms, a resulting gate breakdown voltage may be 
approximately 3.5 volts. Such IC's must often connect with 
more conventional digital devices that operate at 5 V or 3.3 
V. A problem arises when the core logic circuitry (operating 
at 2.5 volts) receives 5 V digital input signals from periph 
eral devices on input pins. Such standard 5 V input signals 
or 3.3 V input Signals can cause breakdown damage if 
Suitable Voltage protection is not incorporated. 

FIG. 1 shows a known over Voltage protection arrange 
ment that attempts to overcome this problem. AS Seen, a 
resistor R is placed in the input path from an input pin P to 
the input I of a MOS based core logic Stage, Such as an 
input/output port on a CPU or other processing unit. A 
clamping diode D is placed acroSS the input I of the core 
logic Stage and is connected to a 2.5 V Supply Voltage used 
by the core logic to clamp over Voltages coming from pin P. 
In operation, resistor R restricts current flow to the core logic 
circuit and a Voltage drop occurs across the resistor. When 
an input voltage is high enough to cause the diode D to 
conduct, the diode clamps the input voltage to a fixed level 
(2.5 V+diode junction voltage drop). Several problems arise 
with Such a configuration. If the core logic is fabricated with 
gate widths of 50 angstroms, a breakdown voltage of only 
3.5 volts is required to damage the core logic stage (0.7V/ 
A*50a=3.5 V). With the diode drop of approximately 7 
Volts, a 3.2 V input voltage is a maximum input voltage to 
the core logic Stage, however this is very close to the 3.5 V 
breakdown voltage So that over temperature and time, circuit 
reliability may be compromised. Also, the clamp diode D 
allows additional current to flow through the substrate which 
can cause latch-up of core logic circuitry. 

Another problem is the use of resistor R. Such resistive 
elements take up large areas on integrated circuits and 
dissipate large amounts of power, hence heat, when an input 
Voltage Such as 5 volts is placed on pin P. In addition, a large 
time delay can occur due to the resistor R and the parasitic 
capacitance of the gate junction of the core logic circuit. This 
time delay reduces the Speed of operation of the System. 

Consequently there exists a need for a protection circuit 
that reduces power consumption, improves the Speed of 
operation of a System in a simple and reliable manner. It 
would desirable if the protection circuit provided Voltage 
Scaling in a cost effective manner. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram generally depicting a prior art 
over protection circuit; 

FIG. 2 is a block diagram generally depicting one embodi 
ment of the invention; and 

FIG. 3 is a circuit diagram depicting one embodiment of 
a Voltage Scaling circuit for protecting a circuit in accor 
dance with one embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A Voltage Scaling circuit for protecting an input node to a 
protected circuit uses a Voltage shifting circuit that includes 
two nmos transistors. One nimos transistor is configured as 
a bi-directional Voltage follower and the other nmos tran 
Sistor is configured as uni-directional Voltage follower to 
facilitate input high level shifting between an input Signal 
node, Such as a pin of an integrated circuit and an input node 
to the protected circuit. 

FIG. 2 shows one embodiment of the invention where an 
integrated circuit Substrate 10 contains MOS based core 
logic circuitry 12 that Serves as the protected circuit. The 
substrate 10 has a plurality of input signal nodes 14a–14n 
which may be pins or pads that may be used to interface with 
peripheral circuitry 16 or other Source of unacceptable 
Voltage levels. The peripheral circuitry 16 may be any 
Suitable logic circuitry 18 that may operate at a higher 
Voltage level than the core logic circuitry 12. For purpose of 
illustration, signals from the logic circuitry 18 are 5 V digital 
Signals. The peripheral circuitry 16 may also include other 
digital logic 20 that may operate at a different Voltage Such 
as 3.3 volts. The peripheral circuit 16 provides an input high 
Voltage level Signal coming from the logic circuits 18 and 20 
to the core logic 12 through nodes 14a–14n. AS an 
alternative, the peripheral circuitry 16 may not be on a 
Substrate but may be other chips with associated pins. The 
Substrate 10 includes Voltage shifting circuits 22a-22n, each 
asSociated with a node or pin 14a–14n. The Voltage shifting 
circuits 22a-22n are interposed between an input node 24 to 
the protected circuit 12 and an input Signal node 14a. Each 
input signal node 14a–14n receives an over Voltage input 
Signal from the peripheral circuitry 16. 
The core logic 12 includes a reference (or Supply) Voltage 

Source 26, Such as a 2.5 VDC reference Source which is used 
throughout the core logic as a Source Voltage for the core 
logic circuitry. The reference Voltage Source 26 is connected 
to the Voltage shifting circuits 22a-22n. 
FIG.3 shows one embodiment of a voltage shifting circuit 

22a. As shown, the first core logic Stage 36 (protected 
circuit) is an input stage of an I/O port. The Voltage shifting 
circuit 22a includes an n-channel field effect (nmos) tran 
sistor 30 which is connected to the reference voltage source 
26 through a reference voltage bus 32. The nimos transistor 
30 is also connected to the input signal node 14a. The nimos 
transistor 30 is configured as an uni-directional Voltage 
follower. Another n-channel field effect (nmos) transistor 34 
is coupled in Series with the input Signal node 14a and the 
input node 24 of the core logic Stage. The nimos transistor 34 
is also coupled to the reference Voltage bus 32 and is 
configured as a bi-directional Voltage follower. The combi 
nation of the nmos transistors 30 and 34 facilitate input high 
Voltage level shifting between the input Signal node 14a and 
the input node 24 to a protected circuit 36. The nimos 
transistors 30 and 34 may be any suitable field effect 
transistors including poly Silicon oxide type, metal oxide 
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type or any other suitable type. The protected circuit 36 is 
one stage of core logic 12 that may be for example a MOS 
input Stage of an input/output port having a configuration as 
shown. However, it will be recognized that any suitable 
circuit may also receive benefit from the disclosed inven 
tion. 

The first nmos transistor 30 is configured as an uni 
directional Voltage follower by having its gate 38 connected 
to the input signal node 14a So that the gate receives 
incoming digital input Signals for the protected circuit 36 
from the peripheral circuitry 16. The first nmos transistor 30 
has its drain 39 connected to the reference voltage bus 32 
and its source 40 connected to the input node 24 to the 
protected circuit 36. 

The Second nimos transistor 34 has its gate 41 coupled to 
the reference Voltage Source through the reference Voltage 
bus 32. A drain 42 of the second nmos transistor 34 is 
connected to the input signal node 14a So that the drain 
receives incoming digital input signals for the protected 
circuit 36. A source 44 of the second nmos transistor 34 is 
connected to both the Source 40 of the first nmos transistor 
30 and the input node 24 of the protected circuit 36. 

Preferably the gate width of the nmos transistors 30 and 
34 is the same as the gate width of the protected circuit 36, 
Such as a gate width of 50 angstroms. The Voltage shifting 
circuit 22a is fabricated on a Same Substrate as the protected 
circuit 36 in the form of a monolithic integrated circuit. In 
this way fabrication is enhanced by having a same gate 
width for all devices. This avoids having to fabricate larger 
width over Voltage protection circuits on the die during 
fabrication. With the voltage shifting circuit 22a fabricated 
on the same substrate as the protected circuit 36, both the 
protected circuit and the Voltage shifting circuit also use the 
common reference Voltage Source 26. The protected circuit 
and the Voltage Scaling circuit 22a are on a common I/O pad 
of the monolithic integrated circuit, although other Suitable 
locations may also be used. 

The reference Voltage Source may be any Suitable Voltage 
Source Such as a 2.5 voltage Source as known in the art. The 
protected circuit 36 may be a portion of an nmos 
bi-directional port or any other Suitable circuit. 

In operation, when the input Signal node 14a is receiving 
a rising edge of an over Voltage input signal of 0 to 5 V 
digital Signal, and the Signal level is 0 V, the nmoS transistor 
30 is off since the gate voltage is also at 0 V. The nimos 
transistor 34 is on Since its gate Voltage is at the reference 
Voltage of 2.5 V resulting in input node Voltage to the 
protected circuit 36 of 0 V. As the over voltage input signal 
increases from 0 to 5 volts, the nmos transistor 34 provides 
a following input Signal Voltage to the protected circuit up to 
approximately 1.9 V (2.5 volts minus the gate to drain 
threshold voltage-0.6 volts). Also at this input signal level, 
the nimos transistor 30 begins to turn-on. When the input 
signal 14a reaches the over voltage level of 5 V, nmos 
transistor 30 is completely on and Scales the input node 
Voltage 24 to the reference Voltage of approximately 2.5 V. 
In this way, during the rising edge of an input Signal from 0 
to 5 V, the protected circuit input 24 will never exceed the 
reference Voltage. 

In addition, the System having a reference Voltage Selected 
approximately 72 the level between an expected maximum 
over voltage level allows the system to maintain a 2.5 volt 
limit on any gate junction in the nmos transistorS 30 and 34 
So that these protection devices also do not experience 
Voltage levels beyond their breakdown voltage. Although 
transistor 30 can have a 5 V over Voltage Signal at its gate 
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4 
when it is on, the Voltage potential of the n-channel is 2.5V. 
Therefore, each gate junction is maintained within an 
acceptable Voltage level. Also, the use of field effect tran 
Sistors prevents excessive current being transferred to the 
substrate through the reference bus 32 in contrast with 
conventional protection circuits that use resistive elements. 
In addition, power consumption is lowered and delay is 
reduced due to the elimination of the resistive element. For 
example a 128 pin I/O port Section of a processing unit 
employing the above described design can have Substan 
tially reduced power consumption during normal operation 
when the input signal is from a 5 Volt peripheral circuit. 

During a falling edge of a digital over Voltage input signal 
from 5 V to 0 V, the uni-directional nmos transistor 30 
begins to turn off when the input voltage of the digital pulse 
falls to about 2.5 V. The bidirectional nmos transistor 34 
begins to turn on when the input signal falls to about 2.0 V 
and causes the Voltage at the node 24 to follow the falling 
Voltage down to Zero Volts. 

The uni-directional nmos transistor 30 produces only a 
high voltage (2.5V) to the input 24 of the protected circuit, 
or it is off. The bidirectional nmos transistor 34 provides a 
high voltage (2.5V-Vthreshold) when the over voltage input 
changes from OV to 5V and provides a low voltage to the 
input 24 of the protected circuit when the over Voltage input 
changes from 5V to OV. Hence nmos transistor 30 generates 
a high Voltage or nothing and nmos transistor 34 generates 
either a high Voltage or a low Voltage to the input 24. 

It will be recognized that the drain and Source of nmos 
transistor 34 may be reversed Such that the Source is con 
nected to the input signal node 14a and the drain is con 
nected to the input node 24. Also, the reference Voltage for 
the nmos transistor 34 need not be the same reference 
voltage as that for the nmos transistor 30. It should be 
understood that the implementation of other variations and 
modifications of the invention in its various aspects will also 
be apparent to those of ordinary skill in the art, and that the 
invention is not limited by the specific embodiments 
described. It is therefore contemplated to cover by the 
present invention, any and all modifications, variations, or 
equivalents that fall within the Spirit and Scope of the basic 
underlying principles disclosed and claimed herein. 
What is claimed is: 
1. A Voltage Scaling circuit for protecting an input node to 

a protected circuit comprising: 
a reference Voltage Source; 
a Voltage shifting circuit operatively interposed between 

the input node to the protected circuit and an input 
Signal node that receives an Overvoltage input Signal, 
the Voltage shifting circuit having: 
a first circuit, operatively coupled to the reference 

Voltage Source and to the input signal node to receive 
incoming digital input Signals for the protected 
circuit, configured as a unidirectional Voltage fol 
lower; and 

a Second circuit, operatively coupled to the reference 
Voltage Source and to the input signal node, config 
ured as a bidirectional Voltage follower to facilitate 
input high Voltage level shifting between the input 
Signal node and the input node to the protected 
circuit. 

2. The Voltage Scaling circuit of claim 1 wherein the 
Voltage shifting circuit is fabricated on a same Substrate as 
the protected circuit in the form of a monolithic integrated 
circuit. 

3. The Voltage Scaling circuit of claim 1 wherein the 
reference Voltage Source is common to both the protected 
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circuit and the Voltage shifting circuit and wherein the 
protected circuit is an nmos bidirectional port. 

4. The Voltage Scaling circuit of claim 2 wherein the first 
circuit includes a first nmos transistor having a first gate 
coupled to the input Signal node So that the first gate receives 
incoming digital input signals for the protected circuit, and 
wherein the first nmoS transistor has a first drain coupled to 
the reference Voltage Source and a first Source coupled to the 
input node to the protected circuit. 

5. The voltage scaling circuit of claim 4 wherein the 
Second circuit includes a Second nimos transistor having a 
Second gate coupled to the reference Voltage Source, a 
Second drain coupled to the input signal node So that the 
Second drain receives incoming digital input Signals for the 
protected circuit, and a Second Source coupled to the first 
Source and input node of the protected circuit. 

6. The system of claim 1 wherein the protected circuit and 
the Voltage Scaling circuit are on a common I/O pad of an 
integrated circuit. 

7. A Voltage Scaling circuit for protecting an input node to 
a protected circuit comprising: 

a reference Voltage Source; 
a Voltage shifting circuit operatively interposed between 

the input node to the protected circuit and an input 
Signal node that receives an overVoltage input Signal, 
the Voltage shifting circuit having: 
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6 
a first nmoS transistor having a first gate coupled to the 

input signal node So that the first gate receives 
incoming digital input Signals for the protected 
circuit, a first drain coupled to the reference Voltage 
Source, and a first Source coupled to the input node 
to the protected circuit; and 

a Second nimos transistor having a Second gate coupled 
to the reference Voltage Source, a Second drain 
coupled to the input signal node So that the Second 
drain receives incoming digital input signals for the 
protected circuit, and a Second Source coupled to the 
first Source and input node of the protected circuit. 

8. The voltage scaling circuit of claim 7 wherein the 
Voltage shifting circuit is fabricated on a same Substrate as 
the protected circuit in the form of a monolithic integrated 
circuit. 

9. The voltage scaling circuit of claim 7 wherein the 
reference Voltage Source is common to both the protected 
circuit and the Voltage shifting circuit and wherein the 
protected circuit is an nmoS bidirectional port. 

10. The system of claim 8 wherein the protected circuit 
and the Voltage Scaling circuit are on a common I/O pad of 
the monolithic integrated circuit. 


