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(57) Abstract: A high-speed current-mode clock driver includes feedback circuitry to maintain the voltage swing of a biasing node
within a defined range. The current -mode clock driver includes a PMOS and an NMOS transistor receiving an oscillating signal at

o their gate terminals. The drain terminals of the PMOS and NMOS transistors are respectively coupled to input terminals of first and
second variable conductivity circuits whose output terminals are coupled to a common node. A control circuit increases the conduct
ivities of the first and second variable conductivity circuits in response to decreases in voltage swing of the common node, and de -

o creases the conductivities of the first and second variable conductivity circuits in response to increases in voltage swing of the com -
mon node. The first and second variable conductivity circuits are optionally PMOS and NMOS transistors respectively.



CURRENT-MODE BUFFER WITH OUTPUT SWING DETECTOR FOR

HIGH FREQUENCY CLOCK INTERCONNECT

BACKGROUND OF THE INVENTION

[0001] The present invention relates to Integrated Circuits (IC), and more particularly

to a high-frequency clock interconnect circuit used in ICs.

[0002] An IC often includes a clock interconnect circuit adapted to generate a

multitude of clock signals that control the operations of the various blocks disposed in

the IC. Controlling the variation in the arrival times of the clock signals, commonly

referred to as clock skew, is important.

[0003] Clock skew is dependent on two main parameters, namely the loading seen by

the clock signal, as well as the RC delay of the clock interconnect. As is well known,

clock skew increases the cycle times and reduces the rate at which the IC can operate.

A number of different clock drivers have been developed to compensate for the

differential delays of individual clock signals in order to minimize clock skew.

[0004] As the operating frequency of an IC increases, the power consumption of

various components of a clock distribution circuit, such as the local oscillator (LO)

and the phase locked-loop (PLL), starts to increase. To reduce the power consumption

at high frequencies, current-mode clock drivers/buffers have been developed.

Conventional current-mode clock drivers, however, are designed to operate under

worst case voltage, temperature and process conditions. As such, conventional

current-mode buffers are not power efficient. Controlling the power consumption of a

clock interconnect circuit operating at relatively high frequencies remains a challenge.

BRIEF SUMMARY OF THE INVENTION

[0005] A current-mode driver circuit, in accordance with one embodiment of the

present invention includes, in part, a first PMOS transistor, a first NMOS transistor,

first and second variable conductivity circuits, and a control circuit. The first PMOS

transistor has a gate terminal receiving an oscillating signal and a source terminal

receiving a first supply voltage. The first NMOS transistor has a gate terminal

receiving the oscillating signal and a source terminal receiving a second supply



voltage. The first variable conductivity circuit has a first input terminal coupled to a

drain terminal of the first PMOS transistor and an output terminal coupled to a

common node. The second variable conductivity circuit has a first input terminal

coupled to a drain terminal of the first NMOS transistor and an output terminal

coupled to the common node. The control circuit is adapted to increase the

conductivities of the first and second variable conductivity circuits in response to

decreases in voltage swing of the common node, and further to decrease the

conductivities of the first and second variable conductivity circuits in response to

increases in voltage swing of the common node.

[0006] In one embodiment, the first variable conductivity circuit is a PMOS transistor

(second PMOS transistor) having a source terminal coupled to the drain terminal of

the first PMOS transistor and a drain terminal coupled to the common node. In one

embodiment, the second variable conductivity circuit is an NMOS transistor (second

NMOS transistor) having a source terminal coupled to the drain terminal of the first

NMOS transistor and a drain terminal coupled to the common node.

[0007] In one embodiment, the current-mode clock driver circuit further includes a

first biasing circuit that, in turn, includes a first current mirror, a first capacitor, and a

first differential amplifier. The first differential amplifier includes a third NMOS

transistor whose source terminal is responsive to the voltage of the common node.

The first differential amplifier further includes a fourth NMOS transistor receiving the

current generated by the first current mirror and having a gate terminal coupled to the

gate terminal of the third NMOS transistor.

[0008] In one embodiment, the first biasing circuit further includes, in part, a resistive

element coupled between the source terminal of the fourth NMOS transistor and the

second supply voltage. In one embodiment, the voltage across the first capacitor is

defined by a difference between the current supplied by the first current mirror and

the current flowing through the third NMOS transistor.

[0009] In one embodiment, the current-mode clock driver circuit further includes a

second biasing circuit that, in turn, includes a second current mirror, a second

capacitor, and a second differential amplifier. The second differential amplifier

includes a third PMOS transistor whose source terminal is responsive to the voltage of

the common node. The second differential amplifier further includes a fourth PMOS



transistor receiving a current generated by the second current mirror and having a gate

terminal coupled to the gate terminal of the third PMOS transistor.

[0010] In one embodiment, the voltage across the second capacitor is defined by the

difference between the current supplied by the second current mirror and the current

flowing through the third PMOS transistor. In one embodiment, the voltage across the

first capacitor is applied to the gate terminal of the second NMOS transistor, and the

voltage across the second capacitor is applied to the gate terminal of the second

PMOS transistor.

[0011] A method of driving a clock interconnect, in accordance with one embodiment

of the present invention includes, in part, applying an oscillating signal to the gate

terminal of a first PMOS transistor whose source terminal receives a first supply

voltage, applying the oscillating signal to the gate terminal of a first NMOS transistor

whose source terminal receives a second supply voltage, coupling the drain terminal

of the first PMOS transistor to a first input terminal of a first variable conductivity

circuit, coupling the drain terminal of the first NMOS transistor to a first input

terminal of a second variable conductivity circuit, coupling output terminals of the

first and second variable conductivity circuits to a common node, increasing

conductivities of the first and second variable conductivity circuits in response to

decreases in voltage swing of the common node, and decreasing the conductivities of

the first and second variable conductivity circuits in response to increases in voltage

swing of the common node.

[0012] In accordance with one embodiment, the first variable conductivity circuit is a

PMOS transistor (second PMOS transistor) having a source terminal coupled to the

drain terminal of the first PMOS transistor, and a drain terminal coupled to the

common node. The second variable conductivity circuit is an NMOS transistor

(second NMOS transistor) having a source terminal coupled to the drain terminal of

the first NMOS transistor and a drain terminal coupled to the common node.

[0013] In one embodiment, varying the conductivity of the second NMOS transistor

includes forming a first current mirror, coupling the first current mirror to a first

capacitor, and forming a first differential amplifier. The first differential amplifier

includes a third NMOS transistor whose source terminal is responsive to the voltage

of the common node. The first differential amplifier may further include a fourth



NMOS transistor that receives the current generated by the first current mirror and

whose gate terminal is coupled to the gate terminal of the third NMOS transistor.

[0014] The method, in accordance with one embodiment, further includes coupling a

resistive element between the source terminal of the fourth NMOS transistor and the

second supply voltage. The method, in accordance with one embodiment, further

includes forming a voltage across the first capacitor defined by the difference between

the current supplied by the first current mirror and the current flowing through the

third NMOS transistor.

[0015] In one embodiment, varying the conductivity of the second PMOS transistor

includes forming a second current mirror, coupling the second current mirror to a

second capacitor, and forming a second differential amplifier. The second differential

amplifier may further include a third PMOS transistor whose source terminal is

responsive to the voltage of the common node. The second differential amplifier may

further include a fourth PMOS transistor that receives the current generated by the

second current mirror and whose gate terminal is coupled to the gate terminal of the

third PMOS transistor.

[0016] The method, in accordance with one embodiment, further includes forming a

voltage across the second capacitor defined by the difference between the current

supplied by the second current mirror and the current flowing through the third PMOS

transistor. The method further includes applying the voltage of the first capacitor to

the gate terminal of the second NMOS transistor, and applying the voltage of the

second capacitor to the gate terminal of the second PMOS transistor.

[0017] A current-mode clock driver, in accordance with one embodiment of the

present invention includes, in part, means for applying an oscillating signal to a gate

terminal of a first PMOS transistor having a source terminal receiving a first supply

voltage, means for applying the oscillating signal to a gate terminal of a first NMOS

transistor a source terminal receiving a second supply voltage, means for coupling a

drain terminal of the first PMOS transistor to a first input terminal of a first variable

conductivity circuit, means for coupling a drain terminal of the first NMOS transistor

to a first input terminal of a second variable conductivity circuit, means for coupling

output terminals of the first and second variable conductivity circuits to a common

node, means for increasing conductivities of the first and second variable conductivity



circuits in response to decreases in voltage swing of the common node, and means for

decreasing the conductivities of the first and second variable conductivity circuits in

response to increases in voltage swing of the common node.

[0018] In one embodiment, the first variable conductivity circuit is a PMOS transistor

(second PMOS transistor) having a source terminal coupled to the drain terminal of

the first PMOS transistor and a drain terminal coupled to the common node. The

second variable conductivity circuit is an NMOS transistor (second NMOS transistor)

having a source terminal coupled to the drain terminal of the first NMOS transistor

and a drain terminal coupled to the common node.

[0019] In one embodiment, the means for increasing or decreasing the conductivity of

the second NMOS transistor further includes means for forming a first current mirror,

means for coupling the first current mirror to a first capacitor, and means for forming

a first differential amplifier having a third NMOS transistor whose source terminal is

responsive to the voltage of the common node. The first differential amplifier may

further include a fourth NMOS transistor that receives the current generated by the

first current mirror and whose gate terminal is coupled to the gate terminal of the third

NMOS transistor.

[0020] In one embodiment, the current-mode clock driver further includes, in part,

means for coupling a resistive element between a source terminal of the fourth NMOS

transistor and the second supply voltage. In one embodiment, the current-mode clock

driver further includes, in part, means for forming a first voltage across the first

capacitor defined by the difference between the current supplied by the first current

mirror and the current flowing through the third NMOS transistor.

[0021] In one embodiment, the means for increasing or decreasing the conductivity of

the second PMOS transistor further includes means for forming a second current

mirror, means for coupling the second current mirror to a second capacitor, and means

for forming a second differential amplifier having a third PMOS transistor whose

source terminal is responsive to the voltage of the common node. The second

differential amplifier may further include a fourth PMOS transistor that receives the

current generated by the second current mirror and whose gate terminal is coupled to

the gate terminal of the third PMOS transistor.



[0022] In one embodiment, the current-mode clock driver further includes, in part,

means for forming a second voltage across the second capacitor defined by the

difference between the current supplied by the second current mirror and the current

flowing through the third PMOS transistor.

[0023] In one embodiment, the current-mode clock driver further includes, in part,

means for applying the first voltage to the gate terminal of the second NMOS

transistor, and means for applying the second voltage to the gate terminal of the

second PMOS transistor.

[0024] A non-transitory computer readable storage medium, in accordance with one

embodiment of the present invention, includes instructions that when executed by a

processor cause the processor to apply an oscillating signal to a gate terminal of a first

PMOS transistor having a source terminal receiving a first supply voltage, apply the

oscillating signal to a gate terminal of a first NMOS transistor having a source

terminal receiving a second supply voltage, couple the drain terminal of the first

PMOS transistor to a first input terminal of a first variable conductivity circuit, couple

the drain terminal of the first NMOS transistor to a first input terminal of a second

variable conductivity circuit, couple output terminals of the first and second variable

conductivity circuits to a common node, increase conductivities of the first and

second variable conductivity circuits in response to decreases in voltage swing of the

common node, and decrease the conductivities of the first and second variable

conductivity circuits in response to increases in voltage swing of the common node.

[0025] In accordance with one embodiment, the first variable conductivity circuit is a

PMOS transistor (second PMOS transistor) having a source terminal coupled to the

drain terminal of the first PMOS transistor and a drain terminal coupled to the

common node. The second variable conductivity circuit is an NMOS transistor

(second NMOS transistor) having a source terminal coupled to the drain terminal of

the first NMOS transistor, and a drain terminal coupled to the common node.

[0026] In one embodiment, to vary the conductivity of the second NMOS transistor,

the instructions further cause the processor to form a first current mirror, couple the

first current mirror to a first capacitor, and form a first differential amplifier having a

third NMOS transistor whose source terminal is responsive to the voltage of the

common node. The first differential amplifier may further include a fourth NMOS



transistor that receives the current generated by the first current mirror and whose gate

terminal is coupled to the gate terminal of the third NMOS transistor.

[0027] In one embodiment, the instructions further cause the processor to couple a

resistive element between the source terminal of the fourth NMOS transistor and the

second supply voltage. In one embodiment, the instructions further cause the

processor to form a voltage across the first capacitor defined by the difference

between the current supplied by the first current mirror and the current flowing

through the third NMOS transistor.

[0028] In one embodiment, to vary the conductivity of the second PMOS transistor,

the instructions further cause the processor to form a second current mirror, couple the

second current mirror to a second capacitor, and form a second differential amplifier

having a third PMOS transistor whose source terminal is responsive to the voltage of

the common node. The second differential amplifier may further include a fourth

PMOS transistor that receives the current generated by the second current mirror and

whose gate terminal is coupled to the gate terminal of the third PMOS transistor.

[0029] In one embodiment, the instructions further cause the processor to form a

voltage across the second capacitor defined by the difference between the current

supplied by the second current mirror and the current flowing through the third PMOS

transistor. In one embodiment, the instructions further cause the processor to apply the

voltage of the first capacitor to the gate terminal of the second NMOS transistor, and

apply the voltage of the second capacitor to the gate terminal of the second PMOS

transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Figure 1 is a simplified schematic diagram of a current-mode buffer adapted to

drive a high-frequency clock interconnect, in accordance with one embodiment of the

present invention.

[0031] Figure 2 is a simplified transistor schematic diagram of one of the biasing

circuits of the current-mode buffer of Figure 1, in accordance with one embodiment of

the present invention.



[0032] Figure 3 shows the relationship between the current flowing through and the

source voltage of one of the transistors disposed in the biasing circuit of Figure 2 .

[0033] Figure 4 is a simplified transistor schematic diagram of another one of the

biasing circuits of the current-mode buffer of Figure 1, in accordance with one

embodiment of the present invention.

[0034] Figure 5 shows the relationship between the current flowing through and the

source voltage of one of the transistors disposed in the biasing circuit of Figure 5 .

[0035] Figure 6 is a simplified schematic diagram of a current-mode clock driver

adapted to drive a high-frequency clock interconnect in accordance with another

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0036] Figure 1 is a simplified schematic diagram of a current-mode buffer

(alternatively referred to herein in as clock driver) 100 adapted to drive a high-

frequency clock interconnect in accordance with one embodiment of the present

invention. Clock driver 100 is shown as including PMOS transistors 104, 108, NMOS

transistors 106, 110, inverters 112, 114, and control circuit 200. Control circuit 200

includes a biasing circuits 150 adapted to bias transistor 108, as well as biasing circuit

250 adapted to bias transistor 110.

[0037] Clock driver 100 is shown as receiving an oscillating signal OSC from

voltage-controlled oscillator (VCO) 102, and driving clock interconnect 200 that may

be distributed throughout one or more sections of an Integrated Circuit in which it is

disposed. Voltage-controlled oscillator 102 may be part of a phase locked-loop,

frequency locked-loop or any other controlled- loop circuit. As is seen from Figure 1,

oscillating signal OSC is applied to the gate terminals of PMOS transistor 104 and

NMOS transistors 106.

[0038] When signal OSC is at a low value, PMOS transistor 104 is on and NMOS

transistor 106 is off. Accordingly, when signal OSC is at a low value, node B is

enabled to charge to the supply voltage VCC via transistor 104. Conversely, when

signal OSC is at a high value, PMOS transistor 104 is off and NMOS transistor 106 is



on. Accordingly, when signal OSC is at a high value, node C is enabled to discharge

to the ground potential via transistor 106.

[0039] The drain terminal of transistor 104 is coupled to the source terminal of

transistors 108. Likewise, the source terminal of transistor 110 is coupled to the drain

terminal of transistor 106. The drain terminals of transistors 108, 110 are coupled to

common node A and to the input terminal of inverter 112. The output terminal of

inverter 112 is coupled to the input terminal of inverter 114 whose output terminal is

coupled to the input terminals IN of biasing circuits 150, 250. The output terminal of

biasing circuit 150 is coupled to the gate terminal of transistor 108. Likewise, the

output terminal of biasing circuit 250 is coupled to the gate terminal of transistor 110.

[0040] Biasing circuit 150 is adapted to cause transistor 108 to be on when transistor

104 is on. Biasing circuit 150 is further adapted to cause transistor 108 to be off when

transistor 104 is off. Likewise biasing circuit 250 is adapted to cause transistor 110 to

be on when transistor 106 is on/off. Biasing circuit 250 is further adapted to cause

transistor 108 to be off when transistor 104 is off.

[0041] Accordingly, when transistor 104 is on and transistor 106 is off, because

transistors 108, 110 are on and off respectively, node A is charged to supply voltage

Vcc via transistors 104, 108. Likewise, when transistor 106 is on and transistor 104 is

off, because transistors 108, 110 are off and on respectively, node A is discharged to

the ground potential via transistors 110, 106. The voltage at node A is buffered via

inverters 112, 114 and applied to the input terminals IN of biasing circuits 150, 250.

Node B, coupled to the source terminal of transistor 108, supplies a signal to clock

interconnect 200, which in turn, is adapted to provide clock signals to various blocks

of an integrated circuit in which clock diver 100 is disposed.

[0042] Figure 2 is a simplified transistor schematic diagram of an exemplary biasing

circuit 150, in accordance with one embodiment of the present invention. Biasing

circuit 150 is shown as including PMOS transistors 152, 156, NMOS transistors 154,

158, capacitor 160 and resistor 162. Transistors 152, 156 have the same gate-to-

source voltage and form a current mirror. Resistor 162 is adapted to maintain the

voltage of the source terminal of transistor 154, i.e., node D, above the ground

potential. For example, in one embodiment, when the supply voltage VCC is 1.2

volts, node D is at 0.2 volts.



[0043] The gate terminals of transistors 152, 154,156 and 158 are coupled to one

another. The gate and drain terminals of transistors 152, 154 are also coupled to one

another. Capacitor 160 has a first terminal coupled to the ground potential. The

second terminal of capacitor 160 is coupled to node nbias and to the drain terminals of

transistors 156, 158.

[0044] Biasing circuit 150 is adapted to operate differentially to compare the voltages

of source terminals of transistors 1 4 and 158 to detect the minimum voltage of the

source terminal of transistor 158, i.e., the minimum voltage of terminal IN. As

described above, PMOS transistors 152, 156 form a current mirror and thus generate

the same current Ii. Accordingly, if the voltage at de IN increases, because of the

decrease in the gate-to-source voltage of transistor 158, the current through transistor

158 decreases. Since the current Ii flowing through transistor 156 is relatively

constant, the decrease in the current flow through transistor 158 causes more current

to flow and charge capacitor 160, thereby causing the voltage of node nbias to

increase.

[0045] Conversely, if the voltage at node IN decreases, because of the increase in the

gate-to-source voltage of transistor 158, the current through transistor 158 increases.

Since the current Ii flowing through transistor 156 is relatively constant, the increase

in the current flow through transistor 158 causes current to be withdrawn from

capacitor 160, thereby causing the voltage of node nbias to decrease.

[0046] Figure 3 shows a plot 180 indicating the relationship between the current flow

through transistor 158 and the voltage V I received by the source terminal of

transistor 158. As seen from Figure 3, current ¾has an inverse relationship with

voltage VIN, decreasing when VIN increases and increasing when VIN decreases.

Voltage V D of node D and the corresponding current Ii flowing through node D is

identified in plot 180 as point D'.

[0047] As is seen from Figure 3, plot 180 has a relatively high slope when voltage

VIN is small (for example, between points F and G), and a relatively low slope when

voltage VIN large (for example, between points K and L). Accordingly, the voltage

across capacitor 160 is mostly defined by the near minimum values of voltage V^. In

other words, biasing circuit 150 is a minimum peak detector adapted to detect the near

minimum value of voltage VIN—seen by its input terminal IN—and generate a



voltage at its output terminal nbais that is defined by the detected minimum voltage.

The larger the voltage swing at node IN and thereby the longer the time when the

voltage at node IN is smaller than the voltage of node D , the greater is the voltage at

node nbias. As is seen from Figure 1, output terminal nbias of biasing circuit 1 0 is

coupled to the gate terminal of transistor 110.

[0048] Figure 4 is a simplified transistor schematic diagram of an exemplary biasing

circuit 250, in accordance with one embodiment of the present invention. Biasing

circuit 250 is shown as including PMOS transistors 252, 256, NMOS transistors 254,

258, capacitor 260 and resistor 262. Transistors 258, 254 have the same gate-to-

source voltage and form a current mirror. Resistor 262 is adapted to maintain the

voltage at the source terminal of transistor 154, i.e., node M, below the supply voltage

Vcc. For example, in one embodiment, when the supply voltage VCC is 1.2 volts,

node M may be at 1.0 volts.

[0049] The gate terminals of transistors 252, 254, 256 and 258 are coupled to one

another. The gate and drain terminals of transistors 252, 254 are also coupled to one

another. Capacitor 260 has a first terminal coupled to the ground potential. The

second terminal of capacitor 260 is coupled to node pbias and to the drain terminals of

transistors 256, 258.

[0050] Biasing circuit 250 is adapted to operate differentially to compare the voltages

of source terminals of transistors 256 and 262 to detect the peak voltage of the source

terminal of transistor 256, i.e., the peak voltage of terminal IN. As described above,

NMOS transistors 254, 258 form a current mirror and thus generate the same current

¾. Accordingly, if the voltage at node (terminal) IN increases, because of the increase

in the gate-to-source voltage of transistor 256, the current through transistor 256

increases. Since the current I 3 flowing through transistor 258 is relatively constant, the

increase in the current flow through transistor 256 causes more current to flow and

charge capacitor 260, thereby causing the voltage of node pbias to increase.

[0051] Conversely, if the voltage at node IN decreases, because of the decrease in the

gate-to-source voltage of transistor 256, the current through transistor 256 decreases.

Since the current I 3 flowing through transistor 258 is relatively constant, the decrease

in the current flow through transistor 256 causes capacitor 260 to discharge, thereby

causing the voltage of node pbias to decrease.



[0052] Figure 5 shows a plot 280 indicating the relationship between the current flow

I 4 through transistor 258 and the voltage V I received by the source terminal of

transistor 258. As seen from Figure 5, current I4 has a direct relationship with voltage

V IN , decreasing when V I decreases, and increasing when V IN increases. Voltage V

of node M and the corresponding current I 3 flowing through node M is identified in

plot 1 0 as point M'.

[0053] As is seen from Figure 5, plot 280 has a relatively high slope when voltage

V N i large (for example, between points P and Q), and a relatively low slope when

voltage V IN is small (for example, between points N and O). Accordingly, the voltage

across capacitor 260 is mostly defined by the near maxim values of voltage V N . In

other words, biasing circuit 250 is a peak detector adapted to detect the near peak

value of voltage V I —seen by its input terminal IN—and generate a voltage at its

output terminal pbais that is defined by this detected peak voltage. The larger the

voltage swing at node IN and thereby the longer the time when the voltage at node IN

is larger than the voltage of node M, the greater is the DC voltage at node pbias. As is

seen from Figure 1, output terminal pbias of biasing circuit 250 is coupled to the gate

terminal of transistor 108.

[0054] Referring to Figures 1, 2 and 4 concurrently, as the voltage swing of node IN

increases and thereby the peak and minimum voltages of node IN increase and

decrease respectively, the voltage at node pbias increases and the voltage at node

nbias decreases. This causes transistors 108, 110 to become less conductive, thereby

causing the voltage swing of node IN to decrease. Likewise, as the voltage swing of

node IN decreases, the voltage at node pbias decreases and the voltage at node nbias

increases. This causes transistors 108, 110 to become more conductive, thereby

causing the voltage swing of node IN to increase. Accordingly, the feedback loop

formed by transistors 108, 110 and control circuitry 200 is adapted to minimize the

variations of the voltage at node IN.

[0055] Figure 6 is a simplified schematic diagram of a current-mode clock driver 300

adapted to drive a high-frequency clock interconnect in accordance with another

embodiment of the present invention. Clock driver 300 is similar to clock driver 100

except that clock driver 300 includes first and second variable conductivity circuits

208, 210 in place of transistors 108, 110 of clock driver 100.



[0056] The drain terminal of transistor 104 is coupled to a first input terminal of

variable conductivity circuit 208. Likewise, the drain terminal of transistor 106 is

coupled to a first input terminal of variable conductivity circuit 210. Output terminals

pbias and nbias of control circuit 200 are respectively applied to the second input

terminals of first and second conductivity circuits 208, 210. The output terminals of

first and second conductivity circuits 208, 210 are coupled to a common node A and

to the input terminals IN of first and second biasing circuits 150, 250.

[0057] Biasing circuit 150 is adapted to cause variable conductivity circuit 208 to be

on when transistor 104 is on. Biasing circuit 150 is further adapted to cause variable

conductivity circuit 208 to be off when transistor 104 is off. Likewise biasing circuit

250 is adapted to cause variable conductivity circuit 210 to be on when transistor 106

is on/off. Biasing circuit 250 is further adapted to cause variable conductivity circuit

210 to be off when transistor 104 is off.

[0058] As the voltage swing of node IN increases and thereby the peak and minimum

voltages of node IN increase and decrease respectively, the voltage at node pbias

increases and the voltage at node nbias decreases. This causes variable conductivity

circuits 208, 210 to become less conductive, thereby causing the voltage swing of

node IN to decrease. Likewise, as the voltage swing of node IN decreases, the voltage

at node pbias decreases and the voltage at node nbias increases. This causes variable

conductivity circuits 208, 210 to become more conductive, thereby causing the

voltage swing of node IN to increase. Accordingly, the feedback loop formed by

variable conductivity circuits 208, 210 and control circuitry 200 is adapted to

minimize the variations of the voltage at node IN.

[0059] The above embodiments of the present invention are illustrative and not

limitative. Embodiments of the present invention are not limited by the variable

conductivity circuit used in the clock driver. Embodiments of the present invention

are not limited by the type of device, wireless or otherwise, in which the clock driver

circuit may be disposed. Other additions, subtractions or modifications are obvious in

view of the present disclosure and are intended to fall within the scope of the

appended claims.



WHAT IS CLAIMED IS:

1. A current-mode driver circuit comprising:

a first PMOS transistor having a gate terminal receiving an oscillating

signal and a source terminal receiving a first supply voltage;

a first NMOS transistor having a gate terminal receiving the oscillating

signal and a source terminal receiving a second supply voltage;

a first variable conductivity circuit having a first input terminal

coupled to a drain terminal of the first PMOS transistor and an output terminal

coupled to a common node;

a second variable conductivity circuit having a first input terminal

coupled to a drain terminal of the first NMOS transistor, said second variable

conductivity circuit having an output terminal coupled to the common node; and

a control circuit adapted to increase conductivities of the first and

second variable conductivity circuits in response to decreases in voltage swing of the

common node, said control circuit further adapted to decrease the conductivities of

the first and second variable conductivity circuits in response to increases in voltage

swing of the common node.

2. The current-mode clock driver circuit of claim 1 wherein said

first variable conductivity circuit is a second PMOS transistor having a source

terminal coupled to a drain terminal of the first PMOS transistor and a drain terminal

coupled to the common node.

3. The current-mode clock driver circuit of claim 2 wherein said

second variable conductivity circuit is a second NMOS transistor having a source

terminal coupled to a drain terminal of the first NMOS transistor and a drain terminal

coupled to the common node.

4. The current-mode clock driver circuit of claim 3 wherein the

control circuit comprises a first biasing circuit, said first biasing circuit comprising:

a first current mirror;

a first capacitor; and

a first differential amplifier comprising a third NMOS transistor having

a source terminal responsive to the voltage of the common node.



5. The current-mode clock driver circuit of claim 4 wherein the

first differential amplifier further comprises a fourth NMOS transistor receiving a

current generated by the first current mirror and having a gate terminal coupled to a

gate terminal of the third NMOS transistor.

6. The current-mode clock driver circuit of claim 5 further

comprising a resistive element coupled between a source terminal of the fourth

NMOS transistor and the second supply voltage.

7. The current-mode clock driver circuit of claim 6 wherein a

voltage across the first capacitor is defined by a difference between a current supplied

by the first current mirror and a current flowing through the third NMOS transistor.

8. The current-mode clock driver circuit of claim 7 wherein the

control circuit further comprises a second biasing circuit, said second biasing circuit

comprising:

a second current mirror;

a second capacitor; and

a second differential amplifier comprising a third PMOS transistor

having a source terminal responsive to the voltage of the common node.

9. The current-mode clock driver circuit of claim 8 wherein the

second differential amplifier further comprises a fourth PMOS transistor receiving a

current generated by the second current mirror and having a gate terminal coupled to a

gate terminal of the third PMOS transistor.

10. The current-mode clock driver circuit of claim 9 wherein a

voltage across the second capacitor is defined by a difference between a current

supplied by the second current mirror and a current flowing through the third PMOS

transistor.

11. The current-mode clock driver of claim 10 wherein the voltage

across the first capacitor is applied to a gate terminal of the second NMOS transistor.



12. The current-mode clock driver of claim 11 wherein the voltage

across the second capacitor is applied to a gate terminal of the second PMOS

transistor.

13. A method of driving a clock interconnect, the method

comprising:

applying an oscillating signal to a gate terminal of a first PMOS

transistor having a source terminal receiving a first supply voltage;

applying the oscillating signal to a gate terminal of a first NMOS

transistor having a source terminal receiving a second supply voltage;

coupling a drain terminal of the first PMOS transistor to a first input

terminal of a first variable conductivity circuit;

coupling a drain terminal of the first NMOS transistor to a first input

terminal of a second variable conductivity circuit;

coupling output terminals of the first and second variable conductivity

circuits to a common node;

increasing conductivities of the first and second variable conductivity

circuits in response to decreases in voltage swing of the common node; and

decreasing the conductivities of the first and second variable

conductivity circuits in response to increases in voltage swing of the common node.

14. The method of claim 13 wherein said first variable conductivity

circuit is a second PMOS transistor having a source terminal coupled to a drain

terminal of the first PMOS transistor and a drain terminal coupled to the common

node.

15. The method of claim 14 wherein said second variable

conductivity circuit is a second NMOS transistor having a source terminal coupled to

a drain terminal of the first NMOS transistor and a drain terminal coupled to the

common node.

16. The method of claim 15 wherein varying the conductivity of

the second NMOS transistor comprises:

forming a first current mirror;

coupling the first current mirror to a first capacitor; and



forming a first differential amplifier comprising a third NMOS

transistor having a source terminal responsive to the voltage of the common node.

17. The method of claim 16 wherein the first differential amplifier

further comprises a fourth NMOS transistor receiving a current generated by the first

current mirror and having a gate terminal coupled to a gate terminal of the third

NMOS transistor.

18. The method of claim 17 further comprising:

coupling a resistive element between a source terminal of the fourth

NMOS transistor and the second supply voltage.

19. The method of claim 18 further comprising:

forming a voltage across the first capacitor defined by a difference

between a current supplied by the first current mirror and a current flowing through

the third NMOS transistor.

20. The method of claim 19 wherein varying the conductivity of

the second PMOS transistor comprises:

forming a second current mirror;

coupling the second current mirror to a second capacitor; and

forming a second differential amplifier comprising a third PMOS

transistor having a source terminal responsive to the voltage of the common node.

21. The method of claim 20 wherein the second differential

amplifier further comprises a fourth PMOS transistor receiving a current generated by

the second current mirror and having a gate terminal coupled to a gate terminal of the

third PMOS transistor.

22. The method of claim 2 1 further comprising:

forming a voltage across the second capacitor defined by a difference

between a current supplied by the second current mirror and a current flowing through

the third PMOS transistor.

23. The method of claim 22 further comprising:



applying the voltage of the first capacitor to a gate terminal of the

second NMOS transistor.

24. The method of claim 23 further comprising:

applying the voltage of the second capacitor to a gate terminal of the

second PMOS transistor.

25. A current-mode clock driver comprising:

means for applying an oscillating signal to a gate terminal of a first

PMOS transistor having a source terminal receiving a first supply voltage;

means for applying the oscillating signal to a gate terminal of a first

NMOS transistor having a source terminal receiving a second supply voltage;

means for coupling a drain terminal of the first PMOS transistor to a

first input terminal of a first variable conductivity circuit;

means for coupling a drain terminal of the first NMOS transistor to a

first input terminal of a second variable conductivity circuit;

means for coupling output terminals of the first and second variable

conductivity circuits to a common node;

means for increasing conductivities of the first and second variable

conductivity circuits in response to decreases in voltage swing of the common node;

and

means for decreasing the conductivities of the first and second variable

conductivity circuits in response to increases in voltage swing of the common node.

26. The current-mode clock driver of claim 25 wherein said first

variable conductivity circuit is a second PMOS transistor having a source terminal

coupled to a drain terminal of the first PMOS transistor and a drain terminal coupled

to the common node.

27. The current-mode clock driver of claim 26 wherein said second

variable conductivity circuit is a second NMOS transistor having a source terminal

coupled to a drain terminal of the first NMOS transistor and a drain terminal coupled

to the common node.



28. The current-mode clock driver of claim 27 wherein said means

for increasing or decreasing the conductivity of the second NMOS transistor further

comprises:

means for forming a first current mirror;

means for coupling the first current mirror to a first capacitor; and

means for forming a first differential amplifier comprising a third

NMOS transistor having a source terminal responsive to the voltage of the common

node.

29. The current-mode clock driver of claim 28 wherein the first

differential amplifier further comprises a fourth NMOS transistor receiving a current

generated by the first current mirror and having a gate terminal coupled to a gate

terminal of the third NMOS transistor.

30. The current-mode clock driver of claim 29 further comprising:

means for coupling a resistive element between a source terminal of

the fourth NMOS transistor and the second supply voltage.

31. The current-mode clock driver of claim 30 further comprising:

means for forming a first voltage across the first capacitor, said first

voltage being defined by a difference between a current supplied by the first current

mirror and a current flowing through the third NMOS transistor.

32. The current-mode clock driver of claim 31 wherein said means

for increasing or decreasing the conductivity of the second PMOS transistor further

comprises:

means for forming a second current mirror;

means for coupling the second current mirror to a second capacitor;

and

means for forming a second differential amplifier comprising a third

PMOS transistor having a source terminal responsive to the voltage of the common

node.

33. The current-mode clock driver of claim 32 wherein the second

differential amplifier further comprises a fourth PMOS transistor receiving a current



generated by the second current mirror and having a gate terminal coupled to a gate

terminal of the third PMOS transistor.

34. The current-mode clock driver of claim 33 further comprising:

means for forming a second voltage across the second capacitor, said

second voltage defined by a difference between a current supplied by the second

current mirror and a current flowing through the third PMOS transistor.

35. The current-mode clock driver of claim 34 further comprising:

means for applying the first voltage to a gate terminal of the second

NMOS transistor.

36. The current-mode clock driver of claim 35 further comprising:

means for applying the second voltage to a gate terminal of the second

PMOS transistor.

37. A non-transitory computer readable storage medium

comprising instructions that when executed by a processor cause the processor to:

aPply n oscillating signal to a gate terminal of a first PMOS transistor

having a source terminal receiving a first supply voltage;

apply the oscillating signal to a gate terminal of a first NMOS

transistor having a source terminal receiving a second supply voltage;

couple a drain terminal of the first PMOS transistor to a first input

terminal of a first variable conductivity circuit;

couple a drain terminal of the first NMOS transistor to a first input

terminal of a second variable conductivity circuit;

couple output terminals of the first and second variable conductivity

circuits to a common node;

increase conductivities of the first and second variable conductivity

circuits in response to decreases in voltage swing of the common node; and

decrease the conductivities of the first and second variable

conductivity circuits in response to increases in voltage swing of the common node.

38. The non-transitory computer readable storage medium of claim

37 wherein said first variable conductivity circuit is a second PMOS transistor having



a source terminal coupled to a drain terminal of the first PMOS transistor and a drain

terminal coupled to the common node.

39. The non-transitory computer readable storage medium of claim

38 wherein said second variable conductivity circuit is a second NMOS transistor

having a source terminal coupled to a drain terminal of the first NMOS transistor and

a drain terminal coupled to the common node.

40. The non-transitory computer readable storage medium of claim

39 wherein said instructions further cause the processor to:

form a first current mirror;

couple the first current mirror to a first capacitor; and

form a first differential amplifier comprising a third NMOS transistor

having a source terminal responsive to the voltage of the common node, thereby to

vary the conductivity of the second NMOS transistor.

4 1. The non-transitory computer readable storage medium of claim

40 wherein the first differential amplifier further comprises a fourth NMOS transistor

receiving a current generated by the first current mirror and having a gate terminal

coupled to a gate terminal of the third NMOS transistor.

42. The non-transitory computer readable storage medium of claim

4 1 wherein said instructions further cause the processor to:

couple a resistive element between a source terminal of the fourth

NMOS transistor and the second supply voltage.

43 . The non-transitory computer readable storage medium of claim

42 wherein said instructions further cause the processor to:

form a voltage across the first capacitor defined by a difference

between a current supplied by the first current mirror and a current flowing through

the third NMOS transistor.

44. The non-transitory computer readable storage medium of claim

43 wherein said instructions further cause the processor to:

form a second current mirror;

couple the second current mirror to a second capacitor; and



form a second differential amplifier comprising a third PMOS

transistor having a source terminal responsive to the voltage of the common node,

thereby to vary the conductivity of the second PMOS transistor.

4 . The non-transitory computer readable storage medium of claim

44 wherein the second differential amplifier further comprises a fourth PMOS

transistor receiving a current generated by the second current mirror and having a gate

terminal coupled to a gate terminal of the third PMOS transistor.

46. The non-transitory computer readable storage medium of claim

45 wherein said instructions further cause the processor to:

form a voltage across the second capacitor defined by a difference

between a current supplied by the second current mirror and a current flowing through

the third PMOS transistor.

47. The non-transitory computer readable storage medium of claim

46 wherein said instructions further cause the processor to:

apply the voltage of the first capacitor to a gate terminal of the second

NMOS transistor.

48. The non-transitory computer readable storage medium of claim

47 wherein said instructions further cause the processor to:

apply the voltage of the second capacitor to a gate terminal of the

second PMOS transistor.
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