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CLOCK CIRCUIT AND METHOD

Related Applications

5 The present invention claims priority on provisional patent application,
Serial No. 60/612,826, filed on September 24, 2004, entitled “Crystal

Oscillator With Internal Current Control and Increase Noise Immunity”.

Field of the Invention

10
The present invention relates generally to the field of electronic circuits and

more particularly to a clock circuit and method.

Background of the Invention

15
Crystal oscillator circuits are widely used in industry, and perform the
function of producing a steady and stable, periodic time-varying waveform
which is used as the timing signal for a given electronic circuit or a clock
signal for a system timing.
20 A conventional crystal oscillator solution uses a fixed amount of current

during startup and during normal operation. The amount of current necessary
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for startup is greater than that needed for normal operation; however, the
conventional solution continues to use the greater amount of current. A
crystal oscillator circuit requires a large amount of current to bring the crystal
oscillator to a steady state operation where periodic waveforms with full swing
are generated from a startup condition where the external and internal
circuitry initial startup is from a non steady state operation. Once the steady
state oscillation operation is reached, the crystal oscillator circuitry only needs
to provides small amounts of current in order to compensate the losses due
to the quartz crystal itself so to sustain the oscillation. The first purpose of
crystal oscillator ampilifier circuits is to bring about a steady and periodic
oscillation from a startup condition where there exists no oscillation, and the
second purpose is to sustain periodic oscillation once the steady oscillation is
reached. The amount of current necessary to guarantee the first condition
above is generally several multiples greater than the current necessary to
guarantee the second condition. In general, conventional crystal oscillator
topologies are designed to consume current to guarantee the first condition
even after a steady state oscillation is reached. This creates unnecessarily
large amounts of current consumption durfng steady state condition since this
current consumption for startup is much larger than necessary for steady
state operation. |

It would be desirable to have a crystal oscillator circuit where the
current consumption of the gain element is adjustable. In order to achieve a
better overall current consumption, the crystal oscillator will be allowed to

consume a large amount of current to get to steady state oscillation condition
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from startup. Once the steady state oscillation is achieved, the circuitry can

be programmed to provide only the amount of current necessary to sustain

the oscillation.
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Summary of Invention

A clock circuit that overcomes these and other problems has a crystal.
A differential amplifier has a first input coupled to a first node of the crystal
and a second input of the differential amplifier coupled to a bias signal and an
output of the differential amplifier coupled to a second node of the crystal.
The differential amplifier may have a variable gain. The clock circuit may
further include a peak detect circuit coupled to the output of the differential
amplifier. An output of the peak detect circuit may be coupled to a gain
control of the differential amplifier. The output of the peak detect circuit may
be a binary signal. The variable gain may be a controllable current source.
The clock circuit may further including a squaring circuit having a first input
coupled to the output of the differential amplifier and a second input coupled
to an input signal.

In one embodiment, a method of operating a clock circuit includes the
steps of applying a first current level to a crystal clock during a start-up
condition. A secbnd current level is applied to the crystal clock during an
operating condition. A first current level may be greater than a second
current level. If an output of the clock circuit exceeds a predetermined level,
the second current level is applied to the cryétal clock. A gain of a differential
amplifier of the crystal clock may be reduced to lower the current level. The
step of reducing the gain of the differential amplifier may include the step of

turning off a current source of the differential amplifier. The predetermined
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level may be set to given level. The output of the crystal clock may be
digitized to determine its level.

In one embodiment, a clock circuit includes a crystal. A variable gain
circuit may have an input coupled to a first node of the crystal and an output
coupled to a second node of the crystal. A programmable control circuit may
have a control signal coupled to a gain input of the variable gain circuit. The
variable gain circuit may have a differential amplifier. The differential amplifier
may have a variable current source. The programmable control circuit may
include a peak detect circuit having an analog to digital converter. A decoder
may be coupled to the analog to digital converter. A squaring circuit may

have an input coupled to an output of the variable gain circuit.
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Brief Description of the Drawings

FIG. 1 is a block diagram of a clock circuit in accordance with one
embodiment of the invention;

FIG. 2 is a circuit diagram of a clock circuit in accordance with one
embodiment of the invention; and

FIG. 3 is a signal diagram of clock circuit in accordance with one

embodiment of the invention.
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Detailed Description of the Drawings

The clock circuit invention has two distinct operating reg}ons. In the power-
up or start-up stage during which the clock circuit draws a comparatively large
amount of current. In the standard operating mode the clock circuit draws a small
amount of current. This is accomplished using a variable gain amplifier and a
peak amplitude detector and controller. By reducing the current draw, the clock
requires less power. Power consumption in integrated circuits is becoming more
and more important to the industry.

FIG. 1 is a block diagram of a clock circuit 10 in accordance with one
embodiment of the invention. The clock circuit 10 has an input signal 12 coupled
to a positive input 14 of a differential amplifier 16. The negative input 18 is
coupled to a bias voltage signél (Vbias) 20. A feedback resistor 22 is coupled
between the positive input 14 of the differential amplifier 16 and the output 24 of
the differential amplifier 16. A first node 26 of a crystal 28 is coupled to the
positive input 14 of the differential amplifier 16. A second node 30 of the crystal
26 is coupled to the output 24 of the differential amplifier 16. A first input 34 of a
squaring circuit 32 is coupled to the output 24 of the differenti4al amplifier 16. In
one embodiment the squaring circuit 32 is a differential amplifier. A second input
of the squaring circuit 32 is coupled to the input signal 12. The output (Xosc) 36
of the squaring circuit 32 is the clock signal. The output (Xout) 24 of the
differential amplifier is coupled to a peak detect circuit 38.

FIG. 2 is a circuit diagram of a clock circuit 50 in accordance with one

embodiment of the invention. The clock circuit 50 had an input signal 52 coupled
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to a first node 54 of a crystal 56. The input signal 52 is coupled to a feedback
resistor 58. The inputs signal 52 is also coupled to a gate 60 of an n-channel
MOS (Metal Oxide) FET (Field Effect Transistor) transistor 62. The drain 64 of
transistor 62 is coupled to a drain 66 and a gate 68 of a p-channel FET (Field
Effect Transistor) transistor 70. The source 72 of the transistor 70 is coupled to
power supply voltage (Vpwr) 74. The gate 68 of the transistor 70 is coupled to the
gate 76 of p-channel FET (Field Effect Transistor) transistor 78. The source 80 of
transistor 78 is coupled to the power supply voltage 74. The drain 82 of transistor
78 forms the output (Xout) 84 and is coupled to the feedback resistor 58 and the
second node 86 of the crystal 56. The drain 82 of transistor 78 is coupled to the
drain 88 of n-channel FET (Field Effect Transistor) transistor 90. The source 92
of the transistor 90 is coupled to the source 94 of transistor 62. The source 92 of
the transistor 90 is coupled to the drain 96 of an n-channel FET (Field Effect
Transistor) transistor 98 and to the drain 100 of an n-channel FET (Field Effect
Transistor) transistor 102. The drain 104 of transistor 102 is coupled to ground
106. The drain 108 of transistor 98 is coupled to ground 106. The gate 110 of
transistor 102 is coupled to current supply bias signal (CS_BIAS) 110. The drain
112 of transistor 98 is coupled to a decoder 114. The decoder 114 is coupled to a
register 116. The register 116 is coupled to an analog to digital converter (A/D)
118. The input 120 of the A/D converter 118 is coupled to the output signal 84.
The output signal 84 is coupled to an input 122 of a squaring circuit 124.
The second input 126 of the squaring circuit 124 is coupled to the input signal 52.

The output (Xosc) 128 of the squaring circuit 124 is the clock signal.
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The transistors 62, 70, 78, 90, 98, 102 form a variable gain differential
amplifier having inputs (Xin) 52 and Vbias 130. Note that the Vbias 130 signal is
coupled to the gate 132 of transistor 90. The tranéistors 98 & 102 are current
sources for the differential amplifier. In one embodiment, there are additional
current sources, which may be transistors in parallel with transistors 98 & 102.

The decoder 114, register 116 and A/D converter 118 form a peak detector
132. Note that the peak detector controls the current source 98 and in another
embodiment may control multiple current sources. The peak detec’gor 132 may
not contain the register 114. In yet another embodiment, the peak detector 132
may be replaced with an analog comparator circuit that triggers a latch circuit.
The advantage of the present peak detector is that it is programmable as to the
threshold at which the current sources are turned off. The register 116 allows the
peak detect circuit to control several current sources.

FIG. 3 is a signal diagram of clock circuit in accordance with one
embodiment of the invention. The top trace 140 is the input signhal (Xin) 52
showing émblitude versus time. The second trace 142 is the output signal (Xout)
84 showing amplitude versus time. The third frace 144 is the gain control signal
112 showing amplitude versus time. The fourth trace 146 is the clock sigﬁal 148
showing amplitude versus time. During the initial start-up period the gain control
signal 144 is high 148 as a result the current source (transistor) 98 is on and
drawing current. As a result, the differential amplifier is in a high gain mode. The
output signal 142 initial has a low amplitude that builds over time. When the
amplitude of the output signal 142 exceeds a threshold 150 this is detected by the

peak detect signal and the gain signal is turned off or low 152. As a result, the
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tfansistor 98 no longer draws current and the amplitude of the output signal (Xout)
84 flattens out.

The squaring circuit 124 has its first input coupled to (Xout) 84, 142 and its
inverse input 126 coupled to the input signal 52, 140. The output signal 84 is 180
degrees out of phase with the input signal 52 and as a result the clock output
(Xosc) 128 is a square wavé, signal 146. The squaring circuit 124 also serves to
reject any common mode noise between the input 52 and the output 84.

A method of operating a clock circuit includes the steps of applying a
first current level to a crystal clock during a start-up condition. A second
current level is applied to the crystal clock during an operating condition. A
first current level may be greater than a second current level. If an output of
the clock circuit exceeds a predetefmined level, the second current level is
applied to the crystal clock. A gain of a differential amplifier of the crystal
clock may be reduced to lower the curren't level. The step of reducing the

gain of the differential amplifier may include the step of turning off a current

" source of the differential ampliﬁer. The predetermined level may be set to

given level. The output of the crystal clock may be digitized to determine its
level.

Thus there has been described a clock circuit that uses less current
and power in the operating mode than in the start up mode. In addition, the
clock circuit rejects common mode noise between the input and output
signals. The clock circuit also has a programmable threshold for switch

between the operating mode and the start up mode.
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While the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alterations, modifications, and
variations will be apparent to those skilled in the art in light of the foregoing
description. Accordingly, it is intended to embrace all such alterations,

modifications, and variations in the appended claims.
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Claims

What is claimed is:

Claims

1. A clock circuit, comprising:

10 a crystal;

a differential amplifier having a first input coupled to a first node of the
crystal and a second input of the differential amplifier coupled to a bias signal
and an output of the differential amplifier coupled to a second node of the
crystal.

15
2. The clock circuit of claim 1, wherein the differential amplifier has

a variable gain.

3. The clock circuit of claim 2, further including a peak detect

20 circuit coupled to the output of the differential amplifier.

4, The clock circuit of claim 3, wherein an output of the peak detect

circuit is coupled to a gain control of the differential amplifier.
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5. The clock circuit of claim 4, wherein the output of the peak

detect circuit is a binary signal.

6. The clock circuit of claim 2, wherein the variable gain is a

5 controllable current source.

7. The clock circuit of claim 1, further including a squaring circuit
having a first input coupled to the output of the differential amplifier and a

second input coupled to an input signal.

10
8. A method of operating a clock circuit comprising the steps of:
a) applying a first current level to a crystal clock during a start-up
15 condition; and
b) applying a second current level to the crystal clock upon during an
operating condition.
9. The method of claim 8, wherein a first current level is greater
20 than a second current level.

10. The method of claim 8, wherein step (b) further includes the

steps of:
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b1) determining if an output of the clock circuit exceeds a
predetermined level; and
b2) when the output of the clock circuit exceed a predetermined

level, applying the second current level to the crystal clock.
11.  The method of claim 10, wherein step (b2) includes the step of

reducing a gain of a differential amplifier of the crystal clock.

10 12. The method of claim 11, wherein the step of reducing the gain
of the differential amplifier includes the step of turning off a current source of

the differential amplifier. .

13.  The method of claim 10, wherein step (b1) includes the step of a

15 setting the predetermined level.

14. The method of claim 10, wherein step (b1) includes the step of

digitizing an output of the crystal clock.

20

15. A clock circuit comprising:

a crystal,
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a variable gain circuit having an input coupled to a first node of the
crystal and an output coupled to a second node of the crystal; and
a programmable control circuit having a control signal coupled to a

gain input of the variable gain circuit.

5
16.  The clock circuit of claim 15, wherein the variable gain circuit is
a differential ampilifier.
17.  The clock circuit of claim 16, wherein the differential amplifier
10 has a variable current source.
18.  The clock circuit of claim 15, wherein the programmable control
circuit is a peak detect circuit having an analog to digital converter.
15 19.  The clock circuit of claim 18, further including a decoder coupled

to the analog to digital converter.

20. The clock circuit of claim 15, further including a squaring circuit
having an input coupled to an output of the variable gain circuit.

20
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