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CLOCK WITH REGULATED DUTY

CYCLE AND FREQUENCY

Related Application

[0001] This application claims the benefit of U.S. Provisional Patent
Application S.N. 60/796,021 filed April 26, 2006, which is incorporated herein by

reference in its entirety.

Field of the Invention

[0002] This invention relates generally to creating clock signals for electronic
equipment, and more particularly relates to creating clock signals where both the duty

cycle and the frequency can be varied simultaneously.
BACKGROUND OF THE INVENTION

[0003] Clocks are commonly used in various electronic systems and circuits to
provide timing references. They are used in numerous integrated circuits (IC’s) such as
microprocessors and data converters, and typically are required in any communication or
telecommunication systems. Many different methods exist for generating a clock signal.
Oscillators in one form or another are typically used, and may for example include a
Schmitt trigger and an RC network, or op amps or comparators with positive feedback, or
a crystal which oscillates when a voltage is applied, with or without a phase-locked loop
(or PLL). Likewise, a free-running ring oscillator might be used, typically constructed of
an odd number of inverters or similar single gain stages. Each approach has its own
advantages and drawbacks. Ring oscillators and Schmitt trigger oscillators are smaller
and easier to implement than crystal (or PLL) circuits. However, érystal (and PLL) based
clocks have highest accuracy of the oscillation frequency. So, the accuracy of clock is
often improved at the expense of increased designs complexity, cost and power

consumption.
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[0004] Regardless of the design for a clock, duty cycle and frequency are two
important elements. Referring to Figure 1, duty cycle of a clock is defined as
D = Thigh / T = Thigh / (Triigh + Trow) 1)
where T is the total period of the clock and its related to its frequency fby T =
1/7, THign is the duration of clock within a period T for which the clock is at logic 1, and
TLow is the duration of clock within a period T for which the clock is at logic 0.
Typically, frequency of a clock can be controlled independent of its duty cycle and its
duty cycle can be regulated separate from its frequency by various methods. However,
the prior art has not permitted simultaneous variation of both frequency and duty cycle,

which permits, among other things, adjustment for operating conditions.

Summary of the Invention

[0005] The present invention provides a power supply independent clock with
controlled reference values to permits both frequency and duty cycle to be set
simultaneously. In an embodiment, Thigh and Ty are controlled through the use of two
voltage detectors, where reference voltages Vyign and Vo are supplied to a control block
to adjust frequency and duty cycle.

[0006] In an alternative embodiment, only a single voltage detector is used,
and Viign and Viow are appropriately switched to cause the adjustment of frequency and
duty cycle.

The Figures

[0007] Figure 1 illustrates determination of clock cycle.

[0008] Figure 2 illustrates a clock circuit in accordance with the present
invention.

[0009] Figure 3 is a timing diagram for the circuit of Figure 2.

[0010] Figure 4A shows an alternative embodiment using only one voltage
detector.

[0011] Figure 4B is a timing diagram for the circuit of Figure 4A.
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[0012] Figure 5 is a timing diagram for the embodiment in Figure 2 when both
detectors are active at all times.
[0013] Figure 6 shows a simplified block diagram of a common step-down
switching power converter.
[0014] Figure 7 depicts one methods for deriving Vyign from two voltages Vpp
and VRegr.
[0015] Figure 8 shows a graph of Vi, as a function of Vpp,.
[0016] Figure 9 illustrates one of many possible implementions of control
block 30.

Detailed Description of the Invention
[0017] The present invention provides a power supply independent clock with

controlled Thigh and Tiow, which permits both frequency and duty cycle to be set
simultaneously. Reference is made to Figures 2 and 3, which show, respectively, a block
diagram of a clock generator block in accordance with the invention a timing diagram of
the key signals in the design. Here, two voltages Vi, and Vhign are used to set the duty
cycle of a clock signal CLK according to

Trow = aViow
THigh = BVHign
[0018] Parameters o and B are two constant coefficients with units of

second/volt (s/v). The period of CLK is defined by
T = Trow * THigh = &VLow + BVHign
and its frequency is obtained from
J=UT =1/(aViow + BVhign)
So the duty cycle of CLK is
D = Thigh / T = BVhign/(VLow *+ B VHign)

[0019] Values of Vyigh, Viow, @, and B can be set by various methods within a
system (using digital or analog circuitries). Those skilled in the art will recognize that
this permits both duty cycle and frequency to be varied simultaneously in the present

invention, as discussed in greater detail hereinafter.

)
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[0020] Voltages Vy;g, and Viow and coefficients o and B can be set to have
constant values, which would result in a fixed clock frequency with a fixed duty cycle.
Or, voltages Vuigh and Viow, and coefficients o and B can all have adjustable (and, in at
least some embodiments, can be user defined) values that can be dependent upon, for
example, temperature, power supply variations, or any other variable within the system,

design or device that includes the clock.

[0021] Referring again to Figure 2, the operation of the present invention may
be better understood. A voltage Vpp, indicated at 10, supplies a current I to a switch S1,
indicated at 15. The switch S1 closes and connects Vpp to a node V., indicated at 20, in
response to a control signal 25 which is supplied from Control Block 30 at times
discussed hereinafter. Control Block 30 can be implemented in a variety of ways; one
example is shown in Figure 9.

[0022] The Control Block 30 also supplies as its output a clocking signal CLK
indicated at 35. Connected between the node V, and ground is a capacitor C, indicated at
40. Tt will therefore be appreciated that the node V, represents the voltage across the
capacitor C. A second switch, S2 indicated at 435, is connected across the capacitor C,
and switch S2 closes in response to a second control signal, indicated at 50, from the
Control Block 30 at times discussed hereinafter.

[0023] The node V¢ supplies a positive input to a pair of detectors, indicated at
55 and 60, which may be any of a variety of devices suited to detecting a voltage change,
.including a voltage comparator, Schmitt trigger, an operational amplifier operating either
open loop or with high gain through small feedback. The negative input to the detector
55 is supplied by a voltage Vhigh, while the negative input to the detector 60 is provided
by a voltage Viow. The outputs of the detectors, Vss and Vo, are supplied to the Control
Block 30 and form the output clock signal.

[0024] With the foregoing circuit in mind, the operation of the clock of the
present invention can be explained. To begin, assume an initial condition where the
voltage on the capacitor C is at zero volts (V¢ = 0). Then, when switch S1 closes, current
I flows into the capacitor C and the voltage on capacitor C starts increasing toward Vpp.

At this point the detector 60 is disabled and only detector 55 is operational. So, once V¢
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reaches Viigh (Vc = Viign), the output of the detector 55 changes state from zero to high
(from logic 0 to 1). At that point switch S1 opens and switch S2 closes to discharge the
capacitor C to ground (now V¢ = 0 again). The value of Thig, is obtained from

Thigh = (VhignC)/1 )
[0025] After C is discharged to ground, switch S1 closes again and capacitor C
starts charging toward Vpp. But now detector 55 is disabled and detector 60 is enabled
because of the voltages Vhign and V), relative to V.. Once V¢ reaches Vigw (Ve =Viow),
the output of detector 60 changes state from 0 to 1, which in turn opens S1 and closes S2.
Now TLow is calculated from

Tow=(VLowCYT - ®
[0026] Those skilled in the art will therefore appreciate that the two

coefficients o and B (in equations 2-6) are

a=B=C/I (8)
[0027] Thus, the frequency of the clock signal 35 is calculated from .
J=UT=1/[C(Vuign + VLow)] €))
[0028] The duty cycle of the clock signal 35 is obtained from
D = Thrigh/ (TLow + Trigh) = Vaign/(Vaigh + Viow) (10)
[0029] So for a 50% duty cycle, Viigh =Viow, yet for a 25% duty cycle, Viow =
3 Vhigh-
[0030] It will be appreciated that the clock frequency, f,is a constant value for

a fixed current I, fixed value for capacitor C, and constant Vhigh and Viqy. On the other
hand, by fixing voltages Viign and View, the duty cycle and frequency of the clock can
easily be manipulated by changing values of I or C in a design.

In addition, if current I and capacitor C are temperature and power supply independent,
then frequency and duty cycle of CLK becomes independent of any temperature and
power supply modulations (for fixed values for Vyign and Vi ow). As noted previously,
detectors 55 and 60 can be a voltage comparator, Schmitt trigger, an operational amplifier
(that is operating in open loop or with little feedback to have a large gain) or any device
capable of detecting voltage changes.

[0031] Referring next to Figures 4A and 4B, where there is shown an

alternative method for implementing the current invention, in this case with only one
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voltage detector instead of two. An embodiment of a circuit for implementing this
approach is shown in Figure 4A, and Figure 4B shows the relevant signals. Elements
which are common with Figure 1 are assigned the same reference numerals. In this
approach, switches SH and SL, designated at 85 and 90, respectively, are added to the
design in order to switch either Vhigh or Viow to the detector 95, depending on the state
(high or low).of clock signal CLK, which generates control signals 100 and 105, supplied
to control SH and SL, respectively. The output Vi, of detector 95 is supplied as the input
to the control block 30.

[0032] Referring next to Figure 5, this Figure shows a timing diagram of
signals for the embodiment shown in Figure 2 when both detectors are active at all times.
In this particular case the output of detector 60 is ignored during Thigh.

One application of the invention is as a clock in a switching power converter to adjust the
duty cycle and frequency of the clock for different values of a power supply. Figure 6
shows a simplified block diagram of a common step-down switching power converter
where its output V) is less than input Vpp (V1<Vpp). For this application, when CLK is
at logic 1, switch S1 is conducting but switch S2 is open. And when CLK is at logic 0,

S2 is conducting while S1 is open. Hence, the two switches S1 and S2 operate in

sequence.
[0033] Current in the inductor L during on-time (when CLK is at 1) is

IL = Trigh(Vop — V1)/L (11)
[0034] Now, when the power converter is initially activated, its output voltage

would be at zero (V,=0). Hence, current Iy is
I = (THign Vop)/L (12)
and can reach a large value which can be sufficient to damage the inductor. Or, it
can create a large voltage spike on the capacitor C and can damage either capacitor C or
any other device that might be connected to V.
[0035] One solution at the initial start-up is to reduce value of Tyg, for larger
Vb values to reduce the current in the inductor L to improve the reliability of the
converter. The reliability is an important issue primarily at the initial start-up phase when
Vi=0.
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[0036] In this application, the value of Vhigh and consequently the value of
Thign (Which is the time for which S1 in Figure 6 is conducting) is set by designto be a
function of the input voltage (Vpp) applied to the converter. Here, the value of VHign is
obtained from
VHigh = NVrer — MVpp (13)

[0037] Both N and M are constant coefficients, and Vg is a reference voltage
within the system. The goal is to create a relationship between Ve and Vpp such that
VHigh (and Thign) is reduced as Vpp is increased. Figure 7 depicts one of the many
possible methods of deriving Viyign from two voltages Vpp and Vggr that can be used in
this invention. Using the circuit depicted in Figure 7, the value of Vhign is calculated by

Viigh = Vrer (1+R2/R1) — Vpp(R2/R1) (14)
[0038] Figure 8 shows a graph for value of Ve as a function of Vpp where
Vrer=350mV and R1=25(R2). The relationship shown in equation 11 or 12 can be
derived from any other analog or digital scheme inside or outside a chip. In at least some
embodiments, as least one goal is to lower the value of Vi (and consequently Tgn
which is called “on-time™) inside the converter as the power supply voltage is increased.
In one embodiment, the clock of the present invention is integrated into a larger system,
and the value of Vi, is set by other circuits in the system to ensure proper regulation for
the converter. In addition, values of capacitor C and current I (depicted in Figure 2) are
set so that the clock signal has a known frequency with a defined duty cycle.
Having described the invention in detail, including several embodiments and alternatives,
those skilled in the art will appreciate that numerous other alternatives and equivalents
exist which are within the scope of the present invention. Therefore the invention is
intended not to be limited by the above description, but rather only by the appended

claims.
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I claim:

1. A clock generator circuit comprising

a first reference voltage for setting the portion of a clock period when the clock
signal is high,

a second reference voltage for setting the portion of a clock period when the clock
signal is low,

at least one voltage detector responsive to at least one of the first and second
reference voltages,

a control block for receiving signals from the at least one voltage detector derived
at least in part from the first and second reference voltages,

a timing circuit for selecting which of the reference voltages is applied to the
control block, and

switch control signals generated by the control block for controlling the timing

circuit.

2. The clock generator circuit of claim 1 wherein at least one of the first and

second reference voltages is variable.

3. The clock generator circuit of claim 1 wherein the timing circuit includes at

least one component across which either voltage or current varies with time.

4. The clock generator circuit of claim 3 wherein at least one of the time variant

components is a capacitor.

5. The clock generator circuit of claim 4 wherein the value of the capacitor is

variable.

6. The clock generator circuit of claim 1 wherein both the first and second

reference voltages are variable.
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7. The clock generator circuit of claim 1 wherein the at least one voltage detector

comprises two voltage detectors.

8. A clock generator circuit comprising

at least one voltage detector,

a timing circuit having an output which varies with time, the output providing one
input to the at least one voltage detector,

a pair of reference voltages selectively applied as a second input to the at least one
voltage detector, whereby the output out the voltage detector is determined by comparing
the output of the timing circuit and the applied reference voltage, and

a control block responsive to the voltage detector for generating a clock output
having a variable frequency and duty cycle, and for generating switch control signals for

operating the timing circuit.

9. A clock generator circuit comprising

a timing circuit having an output that varies with time,

a first reference signal,

a second reference signal,

a first voltage detector for comparing the first reference signal and the output of
the timing circuit,

a second voltage detector for comparing the second reference signal and the
output of the timing circuit, and

a control block, responsive to outputs from the first and second voltage detectors,
for forming an output clock signal and generating at least one timing control signal for

selectively applying charge to the timing circuit.

10. The clock generator circuit of claim 8 wherein at least one of the reference

voltages is variable.

11. The clock generator circuit of claim 8 wherein the timing circuit includes a

current source.
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12. The clock generator circuit of claim 8 wherein the timing circuit has a time

constant.

13. The clock generator circuit of claim 12 wherein the time constant is variable

to adjust frequency and duty cycle of an output clock signal.

14. The clock generator circuit of claim 9 wherein at least one of the reference

voltages is variable.

15. The clock generator circuit of claim 9 wherein the timing circuit has a time

constant.

16. The clock generator circuit of claim 15 wherein varying the time constant

varies at least one of the frequency or the duty cycle of the output clock signal.

17. The clock generator circuit of claim 1 wherein the at least one voltage
detector is selected from a group comprising a voltage comparator, Schmitt trigger, an
operational amplifier operating either open loop or with high gain through small
feedback.

18. The clock generator circuit of claim 8 wherein the at least one voltage
detector is selected from a group comprising a voltage comparator, Schmitt trigger, an
operational amplifier operating either open loop or with high gain through small
feedback.

19. The clock generator circuit of claim 9 wherein the at least one voltage
detector is selected from a group comprising a voltage comparator, Schmitt trigger, an
operational amplifier operating either open loop or with high gain through small
feedback.
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Figure 3
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Figure 8 Different values for Vi, (vertical axis) as a function of Vpp (horizontal axis),
both in Volis calculated from equation 14 for Vges=0.35 and R1=25(R2).
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