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ABSTRACT 

Abuffer circuit includes an ampli?er, a pass gate circuit and 
( * ) Notice: This is a publication of a continued pros- a level shifter. The pass gate circuit communicates an input 

ecutioh application (CPA) ?led under 37 signal to the ampli?ers and includes a terminal to control the 
CFR 1,53(d)_ communication. A level shifter furnishes a control signal to 

the terminal of the pass gate circuit and regulates the control 
(21) Appl. No.: 09/460,743 signal based on a magnitude of the input signal. 
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BUFFER CIRCUIT 

BACKGROUND 

[0001] The invention generally relates to a buffer circuit, 
such as an input buffer, for example. 

[0002] A buffer circuit, or buffer, is an electrical circuit 
that typically is used for purposes of preventing one circuit 
from electrically loading another circuit While passing a 
signal betWeen the circuits. For example, an output buffer 
may be used to communicate a signal from a circuit to a load 
that has a loW impedance While preventing the circuit from 
experiencing the large current ?uctuations that are associ 
ated With driving a loW impedance load. 

[0003] Similarly, an input buffer may be used to, for 
example, receive a signal from a conductive line of a bus and 
provide an indication of the signal to digital circuitry that, in 
turn, processes the signal. The digital circuitry may not be 
capable of receiving the signal directly from the bus due to 
such factors as an incompatible voltage level of the bus line 
or a large capacitance of the bus line, as just a feW examples. 

[0004] A typical input buffer may include an ampli?er that 
has input terminals for receiving the input signal and output 
terminals for furnishing an output signal that is indicative of 
the input signal. The ampli?er or other circuitry of the buffer 
may be damaged if an input signal (such as an electrostatic 
discharge (ESD) signal, for example) is received by this 
circuitry When the input buffer is not poWered up. For 
purposes of preventing this damage from occurring, the 
input buffer may include a pass gate that is coupled betWeen 
an input terminal of the buffer and the input terminal of the 
ampli?er. In this manner, the pass gate does not conduct and 
thus, blocks communication of the input signal When the 
input buffer is poWered doWn, and the pass gate conducts 
When the input buffer is poWered up. 

[0005] As an example, the pass gate may be formed from 
an n-channel metal-oxide-semiconductor ?eld-effect-tran 
sistor (NMOSFET) 7, a device that is depicted in FIG. 1. A 
drain terminal 5 of the NMOSFET 7 may function as the 
input terminal of the input buffer to receive an input signal 
to the input buffer, and a source terminal 8 of the NMOSFET 
7 may be coupled to the input terminal of the ampli?er. 
When the input buffer is poWered up, a positive voltage is 
applied to a gate terminal 6 of the NMOSFET 7 to establish 
a suf?cient positive gate-to-source voltage (called VGS) to 
cause the NMOSFET 7 to conduct and communicate the 
input signal to the ampli?er. Typically, the VGS voltage is 
large enough to place the NMOSFET 7 in its linear resistive 
region, a region in Which a voltage difference (called VDS) 
betWeen the drain 5 and source 8 terminals is near Zero volts. 
To keep the VGS voltage large enough to keep the NMOS 
FET 7 in the linear resistive region, a relatively large 
constant turn on voltage may be applied to the gate terminal 
6 to accommodate ?uctuations in the voltage of the source 
terminal 8 due to ?uctuations in the input signal. In this 
manner, the VGS voltage decreases When the input signal 
increases. Unfortunately, the gate-to-drain voltage (called 
VGD) of the NMOSFET 7 also varies inversely With the level 
of the input signal and has a maximum gate-to-drain voltage 
may not be exceeded Without damaging the NMOSFET 7. 
Therefore, this criteria limits the voltage level that is 
selected for the gate turn on voltage and thus, limits the 
permissible voltage sWing of the input signal. 
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[0006] Thus, there is a continuing need for an arrangement 
that addresses one or more of the problems that are stated 
above. 

SUMMARY 

[0007] In an embodiment of the invention, an input signal 
is communicated to an ampli?er using a pass gate circuit. A 
control voltage is provided to the pass gate circuit, and the 
control voltage is regulated in response to a magnitude of the 
input signal. 
[0008] Advantages and other features of the invention Will 
become apparent from the folloWing description, draWing 
and claims. 

BRIEF DESCRIPTION OF THE DRAWING 

[0009] 
prior art. 

[0010] FIG. 2 is a schematic diagram of an input buffer 
according to an embodiment of the invention. 

[0011] FIG. 3 is a schematic diagram of a level shifter of 
the input buffer of FIG. 2 according to an embodiment of the 
invention. 

FIG. 1 is a schematic diagram of a transistor of the 

[0012] FIG. 4 is a more detailed schematic diagram of the 
input buffer of FIG. 2 according to an embodiment of the 
invention. 

DETAILED DESCRIPTION 

[0013] Referring to FIG. 2, an embodiment 10 of an input 
buffer in accordance With the invention includes a pass gate 
14 to prevent damage to an ampli?er 16 of the buffer 10 
When the buffer 10 is not poWered up. In this manner, the 
pass gate 14 receives a signal (called VN) that controls the 
communication of an input signal (called PADIN) from an 
input terminal 15 of the buffer 10 to an input terminal 17 of 
the ampli?er 16. When the input buffer 10 is not poWered up, 
the VN signal has a voltage level near or beloW a cutoff 
voltage (Zero volts, for example), a voltage that keeps the 
pass gate 14 from communicating the PADIN signal to the 
input terminal 17 of the ampli?er 16. HoWever, When the 
input buffer 10 is poWered up, the VN signal has a voltage 
that, in general, causes the pass gate 14 to conduct and 
communicate the PADIN signal betWeen the input terminals 
15 and 17. In the proceeding description, it is assumed that 
the input buffer 10 is poWered up. 

[0014] Unlike conventional input buffers, the input buffer 
10 does not set a turn on voltage level of the VN signal to a 
nearly constant level, but rather, the input buffer 10 includes 
a level shifter 12 to generate the VN signal and regulate the 
voltage level of the VN signal in a manner that maximiZes 
the permissible range of the PADIN signal. In this manner, 
the level shifter 12 receives the PADIN signal and adjusts 
the turn on level of the VN signal based on the magnitude, 
or level, of the PADIN signal. For example, in some embodi 
ments, the level shifter 12 generally increases the voltage 
level of the VN signal When the PADIN signal increases and 
generally decreases the voltage level of the VN signal When 
the PADIN signal decreases. For embodiments Where the 
pass gate 14 may be formed from a metal-oxide-semicon 
ductor ?eld-effect-transistor (MOSFET), for example, the 
VN signal may be received by a gate terminal of the MOS 
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FET. Therefore, for these embodiments, the level shifter’s 
adjustment of the VN signal permits a relatively large signal 
sWing (as compared to conventional arrangements) in the 
PADIN voltage Without exceeding the maximum gate-to 
drain voltage rating or the maximum gate-to-source voltage 
rating of the MOSFET. 

[0015] Referring to FIG. 3, in some embodiments, the 
level shifter 12 may include a resistive load 32 that is 
coupled betWeen a conductive line 59 that furnishes an 
upper poWer supply voltage (called VPWRP) and a node 33 
that furnishes the VN signal. The level shifter 12 adjusts a 
current (called IR) through the resistive load 32 to adjust the 
level of the VN voltage. As depicted in FIG. 3, the IR current 
has a positive orientation toWard the node 33. The level 
shifter 12 decreases the IR current to increase the VN voltage 
and increases the IR current to decrease the VN voltage, as 
described beloW. To accomplish this, the level shifter 12 
includes a voltage-to-current conversion circuit 34 that 
furnishes an output current (called Ic) and regulates the 
magnitude, or level, of the Ic current based on the level of 
the PADIN voltage. 

[0016] More particularly, the Ic current has a positive 
orientation aWay from the node 33, as depicted in FIG. 2. 
The circuit 34 increases the level of the Ic current in 
response to a decrease in the level of the PADIN signal, an 
event that increases the level of the IR current. The circuit 34 
decreases the level of the Ic current in response to an 
increase in the level of the PADIN signal, an event that 
decreases the level of the Ic current. Due to this relationship, 
an increase in the PADIN signal causes a corresponding 
increase in the VN signal, and a decrease in the PADIN 
signal causes a corresponding decrease in the VN signal. 

[0017] In some embodiments, the level shifter 12 may also 
include tWo circuits that contribute relatively constant cur 
rents to the node 33: a current source 36 that furnishes a 
current called I2 and a current source 30 that furnishes a 
current called I1. Each of the I1 and I2 currents has a positive 
orientation toWard the node 33. The current level of the 
current source 30 is selectable to permit tWo different modes 
of operation of the level shifter 12 depending on the voltage 
sWing range of the PADIN signal. In this manner, if the 
PADIN signal remains in a loW voltage range, the current 
source 30 may be placed in a mode in Which the current 
source 30 furnishes a larger I1 current level, a level that 
generally decreases the level of the VN signal to match the 
loW voltage range. Similarly, if the PADIN signal remains in 
a high voltage range, the current source 30 may be placed in 
a mode in Which the current source 30 furnishes a smaller I1 
current level, a level that generally increases the level of the 
VN signal to match the high voltage range. 

[0018] FIG. 4 depicts a more detailed schematic diagram 
of the input buffer. Other implementations are possible. As 
illustrated in FIG. 4, in some embodiments, the voltage-to 
current conversion circuit 34 includes an n-channel MOS 
FET (NMOSFET) 54 that has its drain terminal coupled to 
the positive voltage supply line 59 that furnishes the VFWRP 
voltage. The source terminal of the NMOSFET 54 is 
coupled to the drain terminal of an NMOSFET 52, and the 
source terminal of the NMOSFET 52 is coupled to the drain 
terminal of another NMOSFET 50. The source terminal of 
the NMOSFET 50 is coupled to the input terminal 15 of the 
input buffer. The gate terminal of each NMOSFET 50, 52 
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and 54 is coupled to its drain terminal. Thus, the potential 
difference betWeen the VPWRP supply voltage and the 
PADIN signal is formed by the gate-to-source voltages of 
the NMOSFETs 50, 52 and 54, a design that causes the 
current level through the drain-source paths of the NMOS 
FETs 50, 52 and 54 to increase When the voltage level of the 
PADIN signal decreases and decrease When the voltage level 
of the PADIN signal increases. 

[0019] The voltage-to-current conversion circuit 34 also 
includes tWo p-channel MOSFETs (PMOSFETs) 56 and 58 
that are arranged to function as substantially constant current 
sources, as the source-to-gate terminals of the PMOSFETs 
56 and 58 are coupled together. The source terminal of the 
PMOSFET 56 is coupled to the supply voltage line 59, and 
the drain terminal of the PMOSFET 56 is coupled to the 
drain terminal of the NMOSFET 52 and the source terminal 
of the PMOSFET 58. The drain terminal of the PMOSFET 
58 is coupled to the drain terminal of the NMOSFET 50. 
Thus, the current in the drain-source path of the NMOSFET 
50 is a result of the combined PADIN dependent current that 
is established by the NMOSFETs 50, 52 and 54 and the 
substantially constant current that is established by the 
PMOSFETs 56 and 58. 

[0020] Avertical drain NMOSFET (VDNMOSFET) 66 of 
the circuit 34 has its drain terminal coupled to the input line 
15 and its source terminal coupled to the drain terminal of 
a PMOSFET 64. The PMOSFET 64 has its drain terminal 
coupled to its gate terminal to form an active load. The 
source terminal of the PMOSFET is coupled to the node 33 
and receives the Ic current. Due, to the above-described 
arrangement, the voltage betWeen the gate and drain termi 
nals of the VDNMOSFET 66 controls the current through its 
source-drain path. The gate terminal of the VDNMOSFET 
66 is coupled to the gate terminal of the NMOSFET 50, an 
arrangement that causes the Ic current to mirror the current 
in the drain-source path of the NMOSFET 50. 

[0021] In some embodiments, the adjustable current 
source 30 includes a PMOSFET 62 that has its source 
terminal coupled to the supply voltage line 59 and its drain 
terminal coupled to the node 33. The drain terminal of the 
PMOSFET 62 furnishes the I1 current. The current source 30 
also includes a NMOSFET 60 that has its drain terminal 
coupled to the gate terminal of the PMOSFET 62. The 
source terminal of the NMOSFET 60 receives a signal 
(called V160) that sets the mode of the input buffer 10. In 
this manner, When the V160 has a ?rst voltage level (1.6 
volts, for example), the NMOSFET 60 establishes this 
voltage level at the gate terminal of the PMOSFET 62 to 
loWer the I1 current, an event that loWers the IR current level 
and increases the VN voltage level to permit a high range of 
PADIN voltages. HoWever, When the V160 signal has a 
loWer second voltage level (0 volts, for example), the 
NMOSFET 60 establishes the second voltage level at the 
gate terminal of the PMOSFET 62 to establish a higher I1 
current, a current that causes a higher IR current level and 
decreases the VN voltage level to permit a loWer range of 
PADIN voltages. 

[0022] In some embodiments, the current source 36 of the 
level shifter 12 may include PMOSFETs 70 and 72 that have 
their source-drain paths serially coupled together. The 
source terminal of the PMOSFET 70 is coupled to the supply 
voltage line 59, and the drain terminal of the PMOSFET 72 
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furnishes the I2 current. The gate terminal of the PMOSFET 
72 receives the V160 signal, and the gate terminal of the 
PMOSFET 70 receives a bias voltage called V20. Both the 
V160 and V20 voltages have higher voltages levels When the 
input buffer 10 is in a mode to receive higher input signals 
so that the I2 current has a loWer level in this mode to 
generally reduce the level of the VN signal. Similarly, both 
the V160 and V20 voltages have higher loWer levels When 
the input buffer 10 is in a mode to receive loWer input signals 
to generally increase the level of the VN signal. 

[0023] The V20 voltage is furnished by a voltage refer 
ence circuit (of the level shifter 12) that includes a PMOS 
FET 74 that has its source terminal coupled to the supply 
voltage line 59. The drain terminal of the PMOSFET 74 
furnishes the V20 signal. The voltage reference circuit also 
includes a PMOSFET 76 that has its source terminal coupled 
to the drain terminal of the PMOSFET 74 and its drain 
terminal coupled to the source terminal of another PMOS 
FET 78. The drain terminal of the PMOSFET 78, in turn, is 
coupled to the source terminal of a PMOSFET 80 that has 
its drain terminal coupled to the source terminal of a 
PMOSFET 82. The gate terminal of the PMOSFET 74 is 
coupled to the drain terminal of the PMOSFET 76, and the 
source terminal of the PMOSFET 82 is coupled to gate 
terminal of the PMOSFET 82. The drain terminal of the 
PMOSFET 82 is coupled to ground. The gate terminals of 
the PMOSFET 76, 78 and 80 receive the V160 signal. 

[0024] In some embodiments, the pass gate 14 includes a 
VDNMOSFET 90 that has its drain terminal coupled to the 
input terminal 15 of the buffer 10 and its source coupled to 
the input line 17 of the ampli?er 16. The gate terminal of the 
VDNMOSFET 90 receives the VN signal. The VDNMOS 
FET 90 permits a high input level for the VN signal on the 
drain terminal of the VDNMOSFET 90 and permits positive 
going transients While protecting the source terminal of the 
VDNMOSFET 90 from high transient voltages. The pass 
gate 14, in some embodiments, also includes a VDNMOS 
FET transistor 92 that has its drain connected to the input 
terminal 17 and its source coupled to a positive supply 
voltage line 59. The voltage of the line 59 (called VPWRC) 
may be less than the VPWRP voltage. For example, in some 
embodiments, the VPWRC voltage may be about 1.8 volts, 
and the VPWRC voltage may be about 3.3 volts. 

[0025] The gate of the VDNMOSFET 92 is coupled to 
ground, thereby con?guring the VDNMOSFET 92 to turn on 
and clamp the voltage (called IN3VP) on the input terminal 
17 When the INV3P voltage exceeds a predetermined level. 
NMOSFETs 94 and 96 are coupled betWeen the input 
terminal 17 and ground to bleed, or remove, excess charge 
present at the input terminal 17. In this manner, the NMOS 
FET 94 has its drain and gate terminals coupled to the input 
terminal 17, and the source of the NMOSFET 94 is coupled 
to the gate and drain terminals of the NMOSFET 96. The 
source of the NMOSFET 96 is coupled to ground. 

[0026] The IN3VP voltage controls the bias voltages that 
are generated by an input reference voltage generation 
circuit 18 and are used to bias the ampli?er 16. In this 
manner, the circuit 18 includes a MOSFET voltage divider 
that is formed from PMOSFETs 130, 132, 134 and 136, each 
of Which has its gate terminal coupled to its drain terminal. 
The source-drain paths of the PMOSFETs 130, 132, 134 and 
136 are serially coupled together. The PMOSFET 132 
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receives a reference voltage (called VREFP) at its gate 
terminal, and the source terminal of the PMOSFET 136 
furnishes a bias voltage (called VPCAS) and is coupled to the 
gate and drain terminals of an NMOSFET 138 that is 
con?gured as an active load. The source terminal of the 
NMOSFET 138 is coupled to the source terminal of VDN 
MOSFET 140 that is coupled to the input terminal 17 of the 
ampli?er 16. Thus, due to this arrangement, the VPCAS and 
VREFP bias voltages increase and decrease With the IN3VP 
voltage to avoid stressing components of the ampli?er 16. 

[0027] In some embodiments, the ampli?er 16 may 
include a transconductance ampli?er. In this manner, one 
side of the transconductance ampli?er includes a PMOSFET 
104 that has its gate terminal coupled to the input signal line 
17 of the ampli?er 16. The drain terminal of the PMOSFET 
104 is coupled to the source of another PMOSFET 108. The 
drain terminal of the PMOSFET 108 is coupled to an active 
load formed by a NMOSFET 112 that has its drain terminal 
coupled to its gate terminal. The gate terminal of the 
PMOSFET 108 is coupled to the VPCAS bias voltage that is 
furnished by the voltage reference generation circuit 18. The 
source terminal of the NMOSFET 112 is coupled to ground. 
The other side of the differential ampli?er is formed from a 
PMOSFET 114, a PMOSFET 116 and an NMOSFET 117 
that are matched and connected in a similar manner to the 
NMOSFET 106, the PMOSFET 108 and the NMOSFET 
112, respectively, With the exception that the gate terminal of 
the PMOSFET 114 receives the VREFP bias voltage instead 
of the signal from the input terminal 17. 

[0028] Among the other features of the ampli?er 16, a 
substantially constant current source supplies current to the 
source terminals of the PMOSFETs 104 and 114. The 
current source may be formed from a PMOSFET 103 that 
has its drain terminal coupled to the source terminals of the 
PMOSFETs 104 and 114 and its source terminal coupled to 
the drain terminals of PMOSFETs 100 and 102. The gate 
terminal of the PMOSFET 102 receives the V160 signal. 
The source terminals of the PMOSFETs 102 and 100 are 
coupled to the supply voltage line 59. The gate terminals of 
the PMOSFET 102 receive voltages to set the current that is 
supplied to the rest of the ampli?er. 

[0029] The output currents from the transconductance 
ampli?er are formed by tWo NMOSFETs 118 and 122 that 
mirror the NMOSFETs 112 and 117, respectively. In this 
manner, the NMOSFET 118 has its gate terminal coupled to 
the gate and drain terminals of the NMOSFET 112 to 
produce a current through the drain-source path of the 
NMOSFET 118 that mirrors the NMOSFET 112; and the 
NMOSFET 122 has its gate terminal coupled to the gate and 
drain terminals of the NMOSFET 117 to produce a current 
through the drain-source path of the NMOSFET 122 that 
mirrors the NMOSFET 117. The source of the NMOSFET 
118 is coupled to ground, and the drain of the NMOSFET 
118 is coupled to an active load formed from a PMOSFET 
119. In this manner, the gate terminal of the PMOSFET 119 
is coupled to its drain terminal, and the source terminal of 
the PMOSFET 119 is coupled to the supply voltage line 57. 

[0030] The current through the PMOSFET 119 is mirrored 
in a PMOSFET 120 that has its source terminal coupled to 
the supply voltage line 57 and its gate terminal coupled to 
the gate terminal of the PMOSFET 119. The drain terminal 
of the PMOSFET 120 is coupled to the drain terminal of the 
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NMOSFET 122. Due to the above-described arrangement, 
the drain terminal of the NMOSFET 122 furnishes an 
inverted indication of the VOUT signal and is coupled to a 
complimentary metal-oxide-semiconductor (CMOS) 
inverter that is formed from a PMOSFET 124 and an 
NMOSFET 126 and provides signal buffering. The drain 
terminals of the NMOSFET 126 and the PMOSFET 124 
furnish the VOUT signal. 

[0031] While the invention has been disclosed With 
respect to a limited number of embodiments, those skilled in 
the art, having the bene?t of this disclosure, Will appreciate 
numerous modi?cations and variations therefrom. It is 
intended that the appended claims cover all such modi?ca 
tions and variations as fall Within the true spirit and scope of 
the invention. 

What is claimed is: 
1. A buffer circuit comprising: 

an ampli?er; 

a pass gate circuit to communicate an input signal to the 
ampli?er, the pass gate circuit including a terminal to 
control the communication; and 

a level shifter to furnish a control signal to the terminal of 
the pass gate circuit and regulate the control signal 
based on a magnitude of the input signal. 

2. The buffer circuit of claim 1, Wherein the pass gate 
circuit comprises a transistor. 

3. The buffer circuit of claim 1, Wherein the pass gate 
circuit comprises a metal-oXide-semiconductor ?eld-effect 
transistor and the terminal comprises a gate terminal of the 
transistor. 

4. The buffer circuit of claim 1, Wherein the level shifter 
comprises: 

a voltage-to-current conversion circuit to generate a cur 
rent indicative of a voltage of the input signal and a 
resistive element to furnish the control signal in 
response to the current. 

5. The buffer circuit of claim 4, Wherein the level shifter 
further comprises: 

a current source to furnish a predetermined second current 
to the resistive element. 

6. The buffer circuit of claim 5, Wherein the current source 
is adjustable to operate in a ?rst mode for a ?rst voltage 
range of the input signal and in a second mode for a second 
voltage range of the input signal. 

7. The buffer circuit of claim 1, Wherein the ampli?er 
comprises a differential ampli?er. 

8. A method comprising: 

communicating an input signal to the ampli?er using a 
pass gate circuit; 
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providing a control voltage to the pass gate circuit; 

regulating the control voltage in response to a magnitude 
of the input signal. 

9. The method of claim 8, Wherein the communicating 
comprises regulating operation of a transistor. 

10. The method of claim 8, Wherein the communicating 
comprises regulating operation of a metal-oXide-semicon 
ductor ?eld-effect-transistor. 

11. The method of claim 8, further comprising: 

generating a current indicative of a voltage of the input 
signal; and 

routing the current through a resistive element to furnish 
the signal in response to the current. 

12. The method of claim 11, farther comprising: 

furnishing a predetermined second current to the resistive 
element. 

13. The method of claim 12, further comprising: 

adjusting the second predetermined current level based on 
a voltage range of the input signal. 

14. An apparatus comprising: 

a ?rst circuit; 

a pass gate circuit to communicate an input signal to the 
?rst circuit, the pass gate circuit including a terminal to 
control the communication; 

a voltage-to-current conversion circuit to generate a cur 
rent indicative of a voltage level of the input signal; and 

a resistive element to furnish the control signal in 
response to the current. 

15. The apparatus of claim 14, Wherein the pass gate 
circuit comprises a transistor. 

16. The apparatus of claim 14, Wherein the pass gate 
circuit comprises a metal-oXide-semiconductor ?eld-effect 
transistor and the terminal comprises a gate terminal of the 
transistor. 

17. The apparatus of claim 16, Wherein the ?rst circuit 
comprises a differential ampli?er. 

18. The apparatus of claim 14, further comprising: 

a current source to furnish a predetermined second current 
to the resistive element. 

19. The apparatus of claim 18, Wherein the current source 
is adjustable to operate in a ?rst mode for a ?rst voltage 
range of the input signal and in a second mode for a second 
voltage range of the input signal. 


