
(
2

(51) International Patent Classification: (74) Agent: MINHAS, Sandip S. et al.; MICROSOFT TECH¬
H03B 5/04 (2006.0 1) H03B 5/12 (2006.0 1) NOLOGY LICENSING, LLC, One Microsoft Way, Red¬

mond, Washington 98052-6399 (US).
(21) International Application Number:

PCT/US20 19/04 1767 (81) Designated States (unless otherwise indicated, for every
kind of national protection av ailable) . AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
15 July 2019 (15.07.2019)

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
(26) Publication Language: English KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

15/983,041 17 May 2018 (17.05.2018) US OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(71) Applicant: MICROSOFT TECHNOLOGY LI¬ TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
CENSING, LLC [US/US]; One Microsoft Way, Redmond,
Washington 98052-6399 (US). (84) Designated States (unless otherwise indicated, for every

kind of regional protection available) . ARIPO (BW, GH,
(72) Inventors: BUSONO, Julia Jacinta; MICROSOFT GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

TECHNOLOGY LICENSING, LLC, One Microsoft Way, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Redmond, Washington 98052-6399 (US). LAVIER, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Jack Thomas; MICROSOFT TECHNOLOGY LI¬ EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
CENSING, LLC, One Microsoft Way, Redmond, Wash¬ MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
ington 98052-6399 (US). RUNDELL, Robert Glenn; TR), OAPI (BF, BJ, CF, CG, Cl, CM, GA, GN, GQ, GW,
MICROSOFT TECHNOLOGY LICENSING, LLC, One KM, ML, MR, NE, SN, TD, TG).
Microsoft Way, Redmond, Washington 98052-6399 (US).

(54) Title: CIRCUIT WITH SHUNT PATH

FIG. 1

(57) Abstract: Examples are disclosed that relate to oscillator circuits. One example provides a circuit comprising an amplifier, a
resonator in parallel with the amplifier, and a shunt path including one or more circuit elements, the shunt path coupled to a first node
downstream of an output of the amplifier and to a second node, the shunt path configured to shunt current received at the first node
away from an input of the resonator and toward the second node, the second node having, at steady state, a relatively lower voltage
than an input voltage of the resonator.
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CIRCUIT WITH SHUNT PATH

BACKGROUND

[0001] A typical electronic oscillator converts direct voltage into alternating voltage

to generate a periodic output. Periodic outputs produced by an oscillator are frequently used

as a clock signal to regulate the operation of a processor, as a broadcast signal, and/or for

other purposes. Various oscillator circuits have been developed, some of which may employ

a piezoelectric crystal to generate periodic output.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1 schematically shows an example oscillator circuit.

[0003] FIG. 2 schematically shows another example oscillator circuit having a first

shunt path.

[0004] FIG. 3 schematically shows another example oscillator circuit having a

second shunt path.

[0005] FIG. 4 schematically shows another example oscillator circuit having a third

shunt path.

PET All, D DESCRIPTION

[0006] As described above, a typical electronic oscillator converts direct voltage

into alternating voltage to generate a periodic output. Periodic outputs produced by an

oscillator are frequently used as a clock signal to regulate the operation of a processor,

microcontroller, or other logic device; as a broadcast signal; and/or for other purposes.

Various oscillator circuits have been developed, some of which may employ a piezoelectric

crystal to generate periodic output.

[0007] Typically, the physical configuration of an oscillator crystal stipulates an

upper limit on the power with which the crystal can be driven before exhibiting degraded

operation. This upper limit may be referred to as the “drive load tolerance,” and the power

with which the crystal is driven at any point in time may be referred to as the “drive level.”

Drive levels that exceed the drive load tolerance may result in the crystal experiencing a

condition referred to as being “overdriven,” which can result in physical degradation (e.g.,

fracture) of the crystal, distorted oscillator output, and/or other adverse effects. As oscillator

crystals are increasingly downsized - due to the selection of surface-mount crystals instead

of typically larger through-hole counterparts, and other manufacturing advances - their

drive load tolerances may correspondingly decrease. However, circuits designed to drive

oscillator crystals have not been adapted to this decreasing drive load tolerance resulting



from downsizing. Typically, vendors offer crystal drive circuits as discrete components

separate from crystals, leaving third-party designers of oscillator circuits with the

responsibility of interfacing drive circuits with crystals. As a result, crystal drive circuits

may not be tuned for the drive load tolerances of the crystals with which they are

subsequently associated. Further, the frequent implementation of amplification structures

that control drive load in a crystal drive circuit make it so third-party purchasers of the drive

circuit are unable to control their drive load.

[0008] One approach for at least partially addressing crystal overdriving includes

the addition of a series resistance in an oscillator circuit. FIG. 1 illustrates one example of

such an approach, and schematically shows an example oscillator circuit 100. Circuit 100

includes an amplifier 102 in parallel with a resonator 104, which is shown in form of a

piezoelectric crystal. Resonator 104 may include a quartz crystal, a lead zirconate titanate

crystal ceramic resonator, or any other resonator suitable for an oscillator circuit. In the

depicted example, amplifier 102 takes the form of a complementary metal-oxide-

semiconductor (CMOS) inverting amplifier with a P-type MOS (PMOS) transistor 106 and

an N-type MOS (NMOS) transistor 108. A voltage source (not shown in FIG. 1) providing

a voltage Vdd is coupled to the source of PMOS transistor 106, and the source of NMOS

transistor is coupled to ground. Further, the drain of transistor 106 is coupled to the drain of

transistor 108, and the gate of transistor 106 is coupled to the gate of transistor 108.

Amplifier 102 may assume any suitable form that provides the desired gain and phase shift

(e.g., -180 degrees) for sustaining oscillation, however. The output of amplifier 102 (and of

oscillator circuit 100 overall) is indicated at 110, and includes an oscillating signal that may

be used as a clock signal, a broadcast signal, and/or for any other suitable purpose. In some

examples, the output may oscillate at substantially a single frequency.

[0009] Circuit 100 also includes a resistor 112 in parallel with amplifier 102.

Resistor 112 may bias amplifier 102 at its midpoint - e.g., within the amplifier’s linear

region of operation - and cause the input voltage (Vm) of the amplifier to be substantially

equal to the output voltage (Vout) of the amplifier. More particularly, resistor 112 may help

center amplifier 102 at the midpoint during startup of circuit 100, as, during this period of

operation, output from the circuit may be unstable (e.g., undesirably varying in frequency).

Resistor 112 may have any suitable resistance, such as 1 ΜΩ. As an example, resistor 112

may implement a direct current (DC) bias of approximately VDD/2 to amplifier 102.

[0010] Circuit 100 further includes a capacitor 114 coupled to the gates of transistors

106 and 108, and a capacitor 116 arranged downstream of the drains of the transistors.



Capacitors 114 and 116 are each further coupled to ground. The capacitance values of

capacitors 114 and 116 may be selected to achieve a desired frequency of the output of

circuit 100. Further, capacitors 114 and 116, along with other components of circuit 100,

may provide phase shifts to current flowing through the circuit that help facilitate desired

signal amplification at amplifier 102 and desired signal output from the circuit.

[0011] Were the power supplied to resonator 104 to exceed the drive load tolerance

of the resonator, physical degradation of the resonator and/or undesired output from circuit

100 may result. Overdriving of resonator 104 may result from a failure to tune the drive load

produced by amplifier 102 (and influenced by other components of circuit 100) to the drive

load tolerance of the resonator, which, as described above, may result from portions of the

circuit being supplied separately from the resonator. In some examples, an entity other than

a vendor of these circuit portions, such as a designer of circuit 100 who interfaces the circuit

portions with resonator 104, may find it impracticable to alter the drive load by modifying

the amplification structures within amplifier 102 due to their internal implementation in the

amplifier. To address these issues and avoid overdriven operation of resonator 104, circuit

100 includes a resistor 118 in series with the output of amplifier 102 and the inputs of

resonator 104 and capacitor 116.

[0012] However, the addition of resistor 118 in circuit 100 may present various

issues that inhibit desired operation of the circuit. For example, resistor 118 adds a voltage

drop between its input and output, adding a corresponding voltage drop to the input of

resonator 104 and amplifier 102. This voltage drop may cause the input voltage at amplifier

102 to fail to meet the common-mode voltage requirement of the amplifier, which

consequently may fall out of its linear range of operation, resulting in degraded operation of

circuit 100. The inclusion of resistor 118 may thus be an ineffective solution - e.g., a voltage

drop - to a transconductance issue.

[0013] FIGS. 2-4 respectively illustrate alternative approaches to designing an

oscillator circuit that avoid overdriving a resonator without introducing the issues associated

with circuit 100 described above. In these examples, the drive level applied to a resonator is

constrained not by introducing a voltage drop via a resistive series circuit element, but by

constraining current supply to the resonator by shunting current away from the resonator via

an alternative current path.

[0014] FIG. 2 schematically shows an example oscillator circuit 200 that includes

an amplifier 202 in parallel with a resistor 204 and a resonator 206. Some aspects of circuit

200 may be shared with those of circuit 100, and as such may be understood from the



foregoing description. Amplifier 202 may be an inverting CMOS input buffer (e.g.,

amplifier 102) or any other suitable amplifier. Resistor 204 (e.g., resistor 112) may apply a

DC bias to amplifier 202 such that the amplifier is biased at its midpoint, for example.

Resonator 206 (e.g., resonator 104) may be a piezoelectric crystal, ceramic crystal, or any

other suitable resonator for producing oscillating output. The internal structure of amplifier

102, and the input and output of circuit 200, are not shown in FIG. 2 for simplicity. Circuit

200 also includes a capacitor 208 (e.g., capacitor 116) coupled to the output of amplifier

202 and to ground, and a capacitor 210 (e.g., capacitor 114) coupled to the output of

resonator 206 and to ground.

[0015] Circuit 200 further includes a shunt path 212 coupled to a first node 214

downstream of the output of amplifier 202, and to a second node 216. At steady state of

circuit 200, second node 216 may have a relatively lower voltage than an input voltage of

resonator 206, such that at least a portion of current flowing from the output of amplifier

202 flows into first node 214 and into the second node. As shown in FIG. 2, in some

examples second node 216 may be a ground node. Shunt path 212 includes a resistor 218

that dissipates current shunted away from resonator 206 and into the shunt path. The

resistance of resistor 218 may be selected based on a desired dissipation current. When this

dissipation current is dissipated by resistor 218, the remaining current that is not shunted

into shunt path 212 and dissipated by the resistor, but that instead flows into resonator 206,

a drive level of the resonator may result that satisfies a non-overdrive condition of the

resonator - i.e., a drive level that does not exceed the drive load tolerance of the resonator

and thereby overdrive the resonator. The resistance of resistor 218 may be further selected

based on the common-mode voltage requirement of amplifier 202 (e.g., using its midpoint

voltage), so that the remaining current not shunted into shunt path 212 is sufficient to support

desired operation of the amplifier. Further, the resistance of resistor 204 may be selected in

view of the inclusion of resistor 218 to achieve an appropriate DC bias for amplifier 202.

[0016] Circuit 200 represents an approach in which the supply of current to

resonator 206 is constrained via an alternative current path, as opposed to approaches in

which the overall power delivered to a resonator is constrained by a series resistance, as in

circuit 100. In other words, approaches represented by circuit 100 merely consider the issue

of an overdriven resonator in terms of the bulk power delivered to the resonator, whereas

approaches represented by circuit 200 (and the circuits shown in FIGS. 3 and 4 described

below) address resonator overdriving by identifying excess current to be shunted elsewhere.

Motivated in this way, shunt path 212 may mitigate degradation of resonator 206 and



resulting degraded oscillator output without inhibiting operation of amplifier 202.

[0017] While circuit 200 largely addresses the issues associated with circuit 100

described above, some opportunities for improvement in relation to addressing overdrive

may remain. For example, reducing the current available to resonator 206 at startup of circuit

200 may adversely affect the resonator’s ability to initiate oscillation, which could inhibit

overall operation of the circuit. Further, the additional DC path to second node 216 (e.g.,

ground) may affect the DC metastable point of circuit 200 - e.g., in such a manner that

renders the circuit unstable. To address these issues, the DC path to ground provided by

shunt path 212 may be substantially blocked.

[0018] FIG. 3 schematically shows an example oscillator circuit 300. Circuit 300

includes an amplifier 302 in parallel with a resistor 304 and a resonator 306. Some aspects

of circuit 300 may be shared with those of circuits 100 and/or 200, and as such may be

understood with reference to the foregoing description. Amplifier 302 may be an inverting

CMOS input buffer (e.g., amplifier 102) or any other suitable amplifier. Resistor 304 (e.g.,

resistor 112) may apply a DC bias to amplifier 302 such that the amplifier is biased at its

midpoint, for example. Resonator 306 (e.g., resonator 104) may be a piezoelectric crystal,

ceramic crystal, or any other suitable resonator for producing oscillating output. The internal

structure of amplifier 302, and the input and output of circuit 300, are not shown in FIG. 3

for simplicity. Circuit 300 also includes a capacitor 308 (e.g., capacitor 116) coupled to the

output of amplifier 302 and to ground, and a capacitor 310 (e.g., capacitor 114) coupled to

the output of resonator 306 and to ground.

[0019] Circuit 300 further includes a shunt path 312 coupled to a first node 314

downstream of the output of amplifier 302, and to a second node 316 (e.g., a ground node).

At steady state of circuit 300, second node 316 may have a relatively lower voltage than an

input voltage of resonator 306, such that at least a portion of current flowing from the output

of amplifier 302 flows into first node 314 and into the second node. Shunt path 312 includes

a resistor 318 that dissipates current shunted away from resonator 306 and into the shunt

path. The resistance of resistor 318 may be selected based on a desired dissipation current

(and on a common-mode voltage requirement of amplifier 302), such that, when dissipated

by the resistor, a non-overdrive condition of resonator 306 is satisfied, while the remaining

current flowing into amplifier 302 is sufficient to support desired operation of the amplifier.

[0020] Shunt path 312 further includes a capacitor 320 in series with and

downstream of resistor 318, and coupled to second node 316. Via its response to DC,

capacitor 320 may substantially eliminate the DC path to second node 316 otherwise



provided by shunt path 312. Conversely, the capacitance of capacitor 320 may be selected

to minimize the impedance of the capacitor at an oscillation frequency of circuit 300, so that

desired current shunting facilitated by shunt path 312 is preserved. As is evident from FIG.

3, the series arrangement of resistor 318 and capacitor 320 form a resistor-capacitor (RC)

network, which may function as a high-pass filter. As in some examples a substantially

single frequency of output may be desired from circuit 300, this RC network may desirably

reduce other harmonics and facilitate desired circuit output. Other filter structures,

alternatively or in addition to the RC network, may be implemented in circuit 300, however,

including active, passive, high-pass, and band-pass filter structures.

[0021] Circuit 300 may at least partially address the issues associated with circuit

200 described above - for example, circuit instability resulting from a DC path to second

node 316 otherwise created without the inclusion of capacitor 320). However, to secure

sufficient current supply to amplifier 302 at startup, it may be desirable to employ a

switching mechanism for selectively disables current shunting.

[0022] FIG. 4 schematically shows an example oscillator circuit 400. Circuit 400

includes an amplifier 402 in parallel with a resistor 404 and a resonator 406. Some aspects

of circuit 400 may be shared with those of circuits 100, 200, and/or 300, and as such may

be understood from the foregoing description. Amplifier 402 may be an inverting CMOS

input buffer (e.g., amplifier 102) or any other suitable amplifier. Resistor 404 (e.g., resistor

112) may apply a DC bias to amplifier 402 such that the amplifier is biased at its midpoint,

for example. Resonator 406 (e.g., resonator 104) may be a piezoelectric crystal, ceramic

crystal, or any other suitable resonator for producing oscillating output. The internal

structure of amplifier 402, and the input and output of circuit 400, are not shown in FIG. 4

for simplicity. Circuit 400 also includes a capacitor 408 (e.g., capacitor 116) coupled to the

output of amplifier 402 and to ground, and a capacitor 410 (e.g., capacitor 114) coupled to

the output of resonator 406 and to ground.

[0023] Circuit 400 further includes a shunt path 412 coupled to a first node 414

downstream of the output of amplifier 402, and to a second node 416 (e.g., a ground node).

At steady state of circuit 400, second node 416 may have a relatively lower voltage than an

input voltage of resonator 406, such that at least a portion of current flowing from the output

of amplifier 402 flows into first node 414 and into the second node. Shunt path 412 includes

a resistor 418 that dissipates current shunted away from resonator 406 and into the shunt

path. The resistance of resistor 418 may be selected based on a desired dissipation current

(and on a common-mode voltage requirement of amplifier 402), such that, when dissipated



by the resistor, a non-overdrive condition of resonator 406 is satisfied, while the remaining

current flowing into amplifier 402 is sufficient to support desired operation of the amplifier.

[0024] Shunt path 412 further includes a capacitor 420 in series with and

downstream of resistor 418, and coupled to second node 416. Via its response to DC,

capacitor 420 may substantially eliminate the DC path to second node 416 otherwise

provided by shunt path 412. Conversely, the capacitance of capacitor 420 may be selected

to minimize the impedance of the capacitor at an oscillation frequency of circuit 400, so that

desired current shunting facilitated by shunt path 412 is preserved. As is evident from FIG.

3, the series arrangement of resistor 418 and capacitor 420 form a resistor-capacitor (RC)

network, which may function as a high-pass filter. As in some examples a substantially

single frequency of output may be desired from circuit 400, this RC network may desirably

reduce other harmonics and facilitate desired circuit output. Other filter structures,

alternatively or in addition to the RC network, may be implemented in circuit 400, however,

including active, passive, high-pass, and band-pass filter structures.

[0025] Shunt path 412 also includes a switch 422 in series with resistor 418 and

capacitor 420. Switch 422 is operable to electrically disconnect second node 416 from

resistor 418 and capacitor 420, and thereby disable shunting of the current received at first

node 414 away from the input of resonator 406 toward the second node. In a more general

sense, switch 422 is operable to electrically disconnect shunt path 414 from first node 414

and the rest of circuit 400, to selectively control when current is and is not shunted away

from resonator 406. In some examples, switch 422 may be controlled to disable current

shunting via shunt path 412 until steady state of circuit 400 is reached - e.g., during startup

of the circuit. In this way, amplifier 402 may receive sufficient current during startup of

circuit 400, facilitating desired operation of amplifier and output of the circuit. Switch 422

may thus enable the operating conditions of circuit 400 to be changed after startup (and

during other stages of operation).

[0026] In some examples, switch 422 may include a transistor, such as a metal-

oxide-semiconductor field-effect transistor (MOSFET). In the example depicted in FIG. 4,

switch 422 takes the form of an NMOS transistor, with its drain coupled to the output of

capacitor 420 and its source coupled to second node 416. Any suitable implementation of

switch 422 is possible, however, including its implementation as a PMOS transistor. A

PMOS transistor may facilitate the formation of a desired current drop across the transistor,

while an NMOS transistor may be more robust with respect to mitigating nonlinearities in

its output and resulting spurious frequencies in the output of circuit 400. Other arrangements



of switch 422 are possible, such as those in which the switch is implemented as a PMOS

transistor located between the output of amplifier 402 and resistor 418.

[0027] Control signals for operating switch 422 may be generated in any suitable

manner. In one example, control signals may be generated via a (e.g., digital) counter or a

phase-loop-lock (PLL) indicator. In another example, control signals may be generated via

circuit 400 - for example, amplifier 402 and resonator 406 (and potentially other elements

of the circuit) may form an oscillator, and switch 422 may be controlled by signals produced

by the oscillator (e.g., the periodic output of the oscillator, and/or signal(s) derived from the

oscillator output).

[0028] In view of the above, shunt path 412 and the circuit elements therein may

achieve the following effects: (1) desired startup of circuit 400 and achievement of circuit

steady state and oscillating output, (2) non-overdriven operation of resonator 406 and the

mitigation of resonator degradation and degraded oscillator output, and (3) stable operation

of the circuit and desired output filtering via the RC network formed by resistor 418 and

capacitor 420. Via the selective connection and disconnection of shunt path 412 enabled by

switch 422, different configurations of circuit 400 for startup and steady state may be

respectively achieved without diminishing circuit operation in either state.

[0029] Circuits 100, 200, 300, and 400 are provided as examples, and any suitable

modification to the approaches described herein are within the scope of this disclosure.

Further, in some examples various terms used herein to describe electrical circuit elements

may not connote a specific circuit element, or physical or electrical structure. For example,

“resistor” as used herein may not refer to a resistor per se, but a circuit element that has

resistance, and “capacitor” as used herein may not refer to a capacitor per se, but a circuit

element that has capacitance.

[0030] Another example provides a circuit comprising an amplifier, a

resonator in parallel with the amplifier, and a shunt path including one or more circuit

elements, the shunt path coupled to a first node downstream of an output of the amplifier

and to a second node, the shunt path configured to shunt current received at the first node

away from an input of the resonator and toward the second node, the second node having,

at steady state, a relatively lower voltage than an input voltage of the resonator. In such an

example, the circuit alternatively or additionally may comprise a resistor in parallel with the

amplifier. In such an example, the one or more circuit elements may include a resistor. In

such an example, a resistance of the resistor may be selected based on a dissipation current

associated with the resonator, such that, with the dissipation current dissipated by the



resistor, a non-overdrive condition of the resonator is satisfied. In such an example, the

resistance alternatively or additionally may be selected based on a common-mode voltage

requirement of the amplifier. In such an example, the one or more circuit elements

alternatively or additionally may include a capacitor. In such an example, a capacitance of

the capacitor may be selected to minimize an impedance of the capacitor at an oscillation

frequency of the circuit. In such an example, the capacitor may substantially eliminate a DC

path to the second node. In such an example, the resistor and the capacitor may form a high-

pass filter. In such an example, the one or more circuit elements alternatively or additionally

may include a switch operable to electrically disconnect the second node from the one or

more circuit elements and thereby disable shunting of the current received at the first node

away from the input of the resonator and toward the second node until steady state is

reached. In such an example, the switch may include a MOSFET. In such an example, the

amplifier and the resonator may form an oscillator, and the switch may be controlled by a

signal produced by the oscillator. In such an example, the second node may be a ground

node.

[0031] Another example provides a circuit comprising an amplifier, a resonator in

parallel with the amplifier, and a shunt path including a resistor, the shunt path coupled to a

first node downstream of an output of the amplifier and to a second node, the shunt path

configured to shunt current received at the first node away from an input of the resonator

and toward the second node, the second node having, at steady state, a relatively lower

voltage than an input voltage of the resonator. In such an example, a resistance of the resistor

may be selected based on a dissipation current associated with the resonator, such that, with

the dissipation current dissipated by the resistor, a non-overdrive condition of the resonator

may be satisfied. In such an example, the shunt path alternatively or additionally may

include a capacitor. In such an example, the shunt path alternatively or additionally may

include a switch operable to electrically disconnect the second node from the resistor and

the capacitor and thereby disable shunting of the current received at the first node away from

the input of the resonator and toward the second node until steady state is reached. In such

an example, the amplifier and the resonator may form an oscillator, and the switch may be

controlled by a signal produced by the oscillator.

[0032] Another example provides a circuit comprising an amplifier, a resonator in

parallel with the amplifier, and a shunt path including one or more circuit elements, the

shunt path coupled to a first node downstream of an output of the amplifier and to a second

node, the shunt path configured to limit current supply to the resonator by shunting current



away from an input of the resonator and toward the second node, such that the current

shunted away from the input of the resonator results in a drive level of the resonator that

satisfies a non-overdrive condition of the resonator. In such an example, the one or more

circuit elements may include a resistor, a capacitor, and a switch operable to electrically

disconnect the second node from the one or more circuit elements and thereby disable

shunting of the current away from the input of the resonator and toward the second node

until steady state is reached.

[0033] It will be understood that the configurations and/or approaches described

herein are exemplary in nature, and that these specific embodiments or examples are not to

be considered in a limiting sense, because numerous variations are possible. The subject

matter of the present disclosure includes all novel and non-obvious combinations and sub

combinations of the various processes, systems and configurations, and other features,

functions, acts, and/or properties disclosed herein, as well as any and all equivalents thereof.



CLAIMS

1. A circuit, comprising:

an amplifier;

a resonator in parallel with the amplifier; and

a shunt path including one or more circuit elements, the shunt path coupled to a first

node downstream of an output of the amplifier and to a second node, the shunt path

configured to shunt current received at the first node away from an input of the resonator

and toward the second node, the second node having, at steady state, a relatively lower

voltage than an input voltage of the resonator.

2 . The circuit of claim 1, further comprising a resistor in parallel with the amplifier.

3 . The circuit of claim 1, where the one or more circuit elements include a resistor.

4 . The circuit of claim 3, where a resistance of the resistor is selected based on a

dissipation current associated with the resonator, such that, with the dissipation current

dissipated by the resistor, a non-overdrive condition of the resonator is satisfied.

5 . The circuit of claim 3, where the resistance is further selected based on a common

mode voltage requirement of the amplifier.

6 . The circuit of claim 3, where the one or more circuit elements include a capacitor.

7 . The circuit of claim 6, where a capacitance of the capacitor is selected to minimize

an impedance of the capacitor at an oscillation frequency of the circuit.

8 . The circuit of claim 6, where the capacitor substantially eliminates a DC path to the

second node.

9 . The circuit of claim 6, where the resistor and the capacitor form a high-pass filter.

10. The circuit of claim 6, where the one or more circuit elements include a switch

operable to electrically disconnect the second node from the one or more circuit elements

and thereby disable shunting of the current received at the first node away from the input of

the resonator and toward the second node until steady state is reached.

11. The circuit of claim 10, where the switch includes a MOSFET.

12. The circuit of claim 10, where the amplifier and the resonator form an oscillator, and

where the switch is controlled by a signal produced by the oscillator.

13. The circuit of claim 1, where the second node is a ground node.

14. The circuit of claim 1, where the current shunted away from the input of the

resonator results in a drive level of the resonator that satisfies a non-overdrive condition of

the resonator.
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