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DESIGN STRUCTURE FOR AN AUTOMATED 
REAL-TIME FREQUENCY BAND 

SELECTION CIRCUIT FOR USE WITH A 
VOLTAGE CONTROLLED OSCILLATOR 

FIELD OF THE DISCLOSURE 

The present disclosure generally relates to the ?eld of 
voltage controlled oscillators. In particular, the present dis 
closure is directed to a design structure for an automated 
real-time frequency band selection circuit for use With a volt 
age controlled oscillator. 

BACKGROUND 

A voltage controlled oscillator (VCO) is one element of a 
phase-locked loop (PLL) circuit that is used in many appli 
cations in integrated circuits, among other. In an integrated 
circuit, a PLL circuit can be used, e.g., to generate an internal 
clock signal of a certain frequency from, e.g., a loWer fre 
quency reference signal. Because of process variations in an 
integrated circuit, a VCO in an integrated circuit may require 
several frequency bands from Which its operating frequency 
is selected. Consequently, an LC (inductor/capacitor) tank 
circuit for the VCO may be provided that has a ?xed set of 
frequency bands from Which to choose at the initial start up of 
the PLL circuit (e.g., during the poWer-up sequence). HoW 
ever, When the VCO is operating, poWer supply voltage varia 
tions and temperature variations over time may effect the 
VCO frequency. For example, if the capacitance of the LC 
tank circuit changes With temperature the PLL circuit has no 
mechanism for automatically adjusting its frequency band 
during operation and, consequently, the PLL circuit may lose 
its lock status and operate inef?ciently, Which is not accept 
able in many applications. 

SUMMARY OF THE DISCLOSURE 

In one embodiment, a design structure embodied in a 
machine readable medium used in a design process for an 
integrated circuit is provided. The design structure of the 
circuit includes a phase-locked loop circuit that includes: a 
charge pump outputting a control signal during operation of 
the phase-locked loop circuit; a voltage controlled oscillator 
responsive to the control signal and to a tuning signal during 
operation of the phase-locked loop circuit; and an LC tank 
circuit con?gured to generate the tuning signal as a function 
of the control signal, the LC tank circuit including: control 
signal monitoring circuitry con?gured to automatically 
monitor the control signal and generate an output signal; a 
controller for automatically generating a band selection sig 
nal as a function of the output signal; band sliding circuitry for 
generating an output voltage in any one of a plurality of 
bands, the band sliding circuitry being con?gured to select the 
one of the plurality of bands as a function of the band selec 
tion signal; and band determining circuitry responsive to the 
output voltage so as to create the tuning signal. 

In another embodiment, a design structure embodied in a 
machine readable medium for performing a method of auto 
matically selecting a frequency band Within a phase-locked 
loop (PLL) during functional operation of the PLL, the PLL 
having a lock time, is provided. The design structure includes 
a means for receiving a voltage control signal from the PLL; 
a means for monitoring the voltage control signal relative to a 
range of acceptable values; a means for generating a band 
selection signal as a function of the voltage control signal and 
the range of acceptable values; a means for selecting a fre 
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2 
quency band as a function of the band selection signal; a 
means for providing a band update time greater than the lock 
time of the PLL; and a means for determining an operational 
frequency band of the PLL in response to the frequency band 
selected as a function of the band selection signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, the draWings 
shoW aspects of one or more embodiments of the invention. 
HoWever, it should be understood that the present invention is 
not limited to the precise arrangements and instrumentalities 
shoWn in the draWings, Wherein: 

FIG. 1 illustrates a high level block diagram of an example 
of a PLL circuit in an integrated circuit that includes an LC 
tank circuit that provides automatic frequency band selection 
in real time; 

FIG. 2 illustrates a schematic diagram of an example of an 
LC tank circuit that provides automatic frequency band selec 
tion in real time based on a control voltage input; 

FIG. 3 illustrates a schematic diagram of an example con 
troller circuit for use With an LC tank circuit that provides 
automatic frequency band selection in real time based on a 
control voltage input; and 

FIG. 4 is a How diagram of a design process used in semi 
conductor design, manufacturing, and/or test. 

DETAILED DESCRIPTION 

The present invention is directed to a design structure for an 
automated real-time frequency band selection circuit for use 
With a voltage controlled oscillator. Referring noW to the 
draWings, FIG. 1 illustrates a PLL circuit 100 in an integrated 
circuit 104 that includes a voltage controlled oscillator 
(V CO) 108 having an LC tank circuit 112 that provides the 
VCO automatic frequency band selection in real time. LC 
tank circuit 112 is an important feature of PLL circuit 100 and 
is described in detail beloW. HoWever, prior to describing LC 
tank circuit 112, for the sake of completeness, PLL circuit 100 
is ?rst described further. In general, PLL circuit 100 is a 
closed-loop frequency control circuit that includes a phase 
frequency detector 116 having a ?rst input that may be elec 
trically connected to a reference clock signal REF CLK. 
Additionally, phase-frequency detector 1 1 6 has an output that 
may be electrically connected to an input of a charge pump 
120. Charge pump 120 has an output that may be electrically 
connected to an input of a ?lter 124. Filter 124 has an output 
control voltage V-CNTL that may be electrically connected to 
an input of VCO 108. VCO 108 has an output clock signal 
OUT CLK that may be electrically connected to an input of a 
frequency divider 128. Frequency divider 128 has an output 
that may be electrically connected to a second input of phase 
frequency detector 116 and, thereby, closes the loop of PLL 
circuit 100. Those skilled in the art Will be readily familiar 
With the operation of the various components of PLL circuit 
100, except for automatically adjusting LC tank circuit 112, 
Which is a novel aspect of the PLL circuit. 

Attention is noW directed to automatically adjusting LC 
tank circuit 112, Which is illustrated in more detail in FIG. 2. 
At a high level, LC tank circuit 112 provides automatic fre 
quency band selection in real time based on a control voltage 
V-CNTL. More particularly, an optimal voltage range of volt 
age V-CNTL is predetermined, and circuitry Within LC tank 
circuit 112 automatically selects one of multiple frequency 
bands of the LC tank circuit on-the-?y depending on the value 
of voltage V-CNTL, Which may vary over time due to tem 
perature and/ or poWer supply variations. When the voltage 
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V-CNTL approaches the limits of a predetermined voltage 
WindoW, a calibration operation is automatically initiated in 
order to shift the VCO 108 (FIG. 1) to a frequency band of 
higher or loWer frequency coverage until an optimal fre 
quency band is reached. In doing so, it is ensured that VCO 
108 and, thus, PLL circuit 100 (FIG. 1), is operating at opti 
mal ef?ciency regardless of temperature variations and/or 
poWer supply variations over time. 

Referring to FIG. 2, LC tank circuit 112 may be considered 
to include control voltage monitoring circuitry 200 for moni 
toring control voltage V-CNTL during operation. The output 
of control voltage monitoring circuitry 200 is provided to a 
controller 204, Which converts the output of the control volt 
age monitoring circuit to a frequency band control signal 
(SH_L, SH_R). LC tank circuit 112 also includes band slid 
ing circuitry 208 and band determining circuitry 212. Band 
sliding circuitry 208 is responsive to the frequency band 
control signal to shift the selected frequency band of the LC 
tank circuit and provides a time period for band update much 
greater than the lock time of PLL circuit 100 (FIG. 1). Band 
determining circuitry 212 is responsive to the output of band 
sliding circuitry and determines the operational frequency 
band of PLL circuit 100 (FIG. 1). Examples of each of control 
voltage monitoring circuitry 200, controller 204, band sliding 
circuitry 208 and band determining circuitry 212 are 
described in detail beloW. 
Band determining circuitry 212 may include and arrange 

ment of four varactors VAR1, VAR2, VAR3, VAR4, and an 
inductor L1 that are electrically connected as shoWn in FIG. 2. 
Each varactor may be a semiconductor diode Whose capaci 
tance changes in order to match an applied voltage. Varactors 
VAR3, VAR4 are used for continuous frequency tuning and 
their capacitance changes as a function of voltage V-CNTL of 
?lter 124 (FIG. 1). Varactors VAR1, VAR2 are used for the 
VCO frequency band selection instead of the ?xed capacitors 
of conventional LC tank circuits. The capacitance of varac 
tors VAR1, VAR2 changes as a function of a control voltage 
V2, Which is a voltage on a capacitor C0 of band sliding 
circuitry 208. When the voltage on capacitor C0, e.g., V2, 
increases, the capacitances of varactors VAR1, VAR2 
decreases for high frequency bands. Conversely, When the 
voltage on capacitor C0, e. g., V2, decreases, the capacitances 
of varactors VAR1, VAR2 increases for loW frequency bands. 
The frequency output of LC tank circuit 112 (FIG. 1) is 
differential output tuning signals OUT and OUTN of VCO 
108 (FIG. 1). Because of the inherent nature of a PLL circuit, 
as the frequency at tuning signals OUT and OUTN changes, 
the voltage V-CNTL changes due to the response of charge 
pump 120 (FIG. 1) in response to phase-frequency detector 
116 (FIG. 1) and, thereby, a locked status is maintained. 
Band sliding circuitry may further include a voltage divider 

216 that is formed betWeen a poWer supply P/S and ground 
220 by a set of serially connected resistors R1, R2 . . . Rn by 
Which different voltage values are provided at a voltage node 
V1. Additionally, a resistor R0 is connected betWeen voltage 
node V1 and voltage node V2. In one example, the node 
connecting resistor Rn and Rn+l provides the smallest frac 
tion of the voltage of poWer supply P/ S at voltage V1 and the 
node connecting resistor R1 and R2 provides the largest frac 
tion of the voltage of the poWer supply at voltage V1. Resis 
tors R1, R2 . . . Rn have a set of associated sWitches, such as 

a set of ?eld-effect transistors (PETS) T1, T2 . . . Tn, Which 
are used to select the voltage that is applied across capacitor 
C0, i.e., control voltage V2 that is connected to varactors 
VAR1, VAR2 for the VCO frequency band selections. Only 
one of transistors T1, T2 . . . Tn is turned on at a time under the 

control ofan associated set ofgate-select bits b1, b2 . . . bn. In 
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4 
one example, When gate-select bit b1 is at logic high, transis 
tor T1 is turned on, and the largest fraction of the voltage of 
poWer supply P/ S is provided at voltage node V2 and, thus, the 
highest frequency band is selected. In another example, When 
gate-selection bit bn is at logic high, transistor Tn is turned on, 
and the smallest fraction of the voltage of poWer supply P/ S is 
provided at voltage node V2 and, thus, the loWest frequency 
band is selected. 
The combination of resistor R0, Which is connected 

betWeen voltage V1 and voltage V2, and the capacitor C0 
form a sliding ?lter Within Which the time constant is much 
larger than the PLL locking time. In one example, the time 
constant of the sliding ?lter that is formed by resistor R0 and 
capacitor C0 may be ?ve times that of the locking time of PLL 
circuit 100 (FIG. 1). When the VCO band is to be changed 
during the time that PLL circuit 100 (FIG. 1) is in the locked 
status, voltage V2 on varactors VAR1, VAR2 changes very 
sloW so that the PLL circuit has su?icient time to adjust the 
VCO control voltage (e. g., voltage V-CNTL of charge pump 
120 (FIG. 1)), thereby holding PLL circuit 100 (FIG. 1) in the 
locked status. 

Control voltage monitoring circuitry 200 may include a 
?rst comparator COMP1 and a second comparator COMP2, 
Which are voltage comparators used to detect Whether the 
VCO control voltage V-CNTL is Within a predetermined nor 
mal voltage WindoW. VCO control voltage V-CNTL may be 
connected to a negative input of comparator COMP1 and a 
positive input of comparator COMP2. A high reference volt 
age VH may be connected to a positive input of comparator 
COMP1 and a loW reference voltage VL may be connected to 
a negative input of comparator COMP2. In one example, high 
reference voltage VH may be the predetermined normal 
upper limit threshold voltage of comparator COMP1 and loW 
reference voltage VL may be the predetermined normal loWer 
limit threshold voltage of comparator COMP2. When VCO 
control voltage V-CNTL is Within the WindoW, PLL circuit 
100 (FIG. 1) is in the locked status and the VCO frequency 
band is selected correctly. 
When VCO control voltage V-CNTL is higher than high 

reference voltage VH, a digital output signal VOH of com 
parator COMP1 is at logic loW, Which indicates that the VCO 
frequency band selected has frequency coverage that is too 
loW and, consequently, a “slide up” procedure is needed. 
When VCO control voltage V-CNTL increases and reaches a 
level that is greater than the high reference voltage VH, output 
signal VOH of comparator COMP1 transitions from logic 
high to logic loW in order to invoke an increase in voltage V2 
at varactors VAR1, VAR2. By contrast, When VCO control 
voltage V-CNTL is loWer than loW reference voltage VL, a 
digital output signal VOL of comparator COMP2 is at logic 
loW, Which indicates the VCO frequency band that is selected 
has frequency coverage that is too high and, consequently, a 
“slide doWn” procedure is needed. When VCO control volt 
age V-CNTL decreases and reaches a level less than loW 
reference voltage VL, output signal VOL of comparator 
COMP2 transitions from logic high to logic loW in order to 
invoke a decrease in voltage V2 at varactors VAR1, VAR2. 
Band sliding circuitry 208 may further include a shift reg 

ister 224, Which may be an n-bit shift register that generates 
gate-select bits b1, b2 . . .bn, Which, again, control the on/off 
status of transistors T1, T2 . . . Tn, respectively. Since only one 

transistor of T1, T2, . . . Tn is alloWed to be turned ON, only 
one bit ofb1, b2, . . .bn is at logic high at the same time. The 
active one of logic high gate-select bit may be shifted right 
(e.g., toWard gate-select bit bn) or left (e.g., toWard gate-select 
bit b1) under the control of a shift-right signal (SH_R) and a 
shift-left signal (SH_L) that are generated by controller 204. 
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When a positive pulse appears on shift-right signal SH_R, the 
active one of logic high gate-select bit is shifted one bit 
toward gate-select bit bn and When a positive pulse appears on 
shift-loW signal SH_L, the active one of logic high gate-select 
bit is shifted one bit toWard gate-select bit b1. In this example, 
a left shift of shift register 224 increases the voltage V2 at 
varactors VAR1, VAR2, in order to approach a high-fre 
quency coverage band. By contrast, a right shift of shift reg 
ister 224 decreases voltage V2 at varactors VAR1, VAR2, in 
order to approach a loW-frequency coverage band. 
Band sliding circuitry 208 may further include a third 

comparator COMP3 and a fourth comparator COMP4, Which 
in this example are voltage comparators. Voltage V2, Which, 
again, is the voltage of capacitor C0, may be connected to a 
negative input of comparator COMP3 and an output of a ?rst 
voltage divider VS1 may be connected to a positive input of 
comparator COMP3. Voltage V1, Which is the voltage of 
voltage divider 216, may be connected to a negative input of 
comparator COMP4 and an output of a second voltage divider 
VS2 may be connected to a positive input of comparator 
COMP4. VS1, VS2 are voltage dividers that may have a ratio 
K of about 0.8 to 0.9. When a higher frequency band is 
selected, voltage V1 increases and a digital slide-up output 
signal SL_UP of comparator COMP3 goes to a logic high, 
Which initiates a slide up procedure. 

During the slide up procedure, voltage V2 increases 
because of the charge current through resistor R0. When 
voltage V2 reaches K><voltage V1, slide-up output signal 
SL_UP of comparator COMP3 transitions from a logic high 
to a logic loW, Which indicates that the slide up procedure is 
complete. The transition signal is used to initiate a logic status 
check (via controller 204) of loW reference voltage signal 
VOL of comparator COMP2. If the output signal VOL of 
comparator COMP2 is a logic high, VCO control voltage 
V-CNTL is Within the predetermined desired voltage WindoW 
and the calibration operation is complete. HoWever, if the 
output signal VOL of comparator COMP2 is a logic loW, 
another slide up procedure is initiated, and so on until VCO 
control voltage V-CNTL is Within the predetermined desired 
voltage WindoW. 
When a slide doWn procedure is initiated, voltage V1 

decreases and slide-doWn output signal SL_DN of compara 
tor COMP4 transitions from a logic loW to a logic high, Which 
initiates a slide doWn procedure. Capacitor C0 is then dis 
charged through resistor R0 and voltage V2 decreases. When 
voltage V2><K falls to voltage V1, slide-doWn output signal 
SL_DN of comparator COMP4 transitions from a logic high 
to a logic loW, Which indicates that the slide doWn procedure 
is complete. The transition signal is used to initiate a logic 
status check (via controller 204) of the output signal VOH of 
comparator COMP1. If the output signal VOH of comparator 
COMP1 is a logic high, VCO control voltage V-CNTL is 
Within the predetermined desired voltage WindoW and the 
calibration operation is complete. HoWever, if the output sig 
nal VOH of comparator COMP1 is a logic loW, another slide 
doWn procedure is initiated, and so on until VCO control 
voltage V-CNTL is Within the predetermined desired voltage 
WindoW. 

FIG. 3 illustrates a schematic diagram of controller 204, 
Which is an example controller circuit for use With an LC tank 
circuit, such as LC tank circuit 112 of FIG. 2, that provides 
automatic frequency band selection in real time based on a 
control voltage input, such as VCO control voltage V-CNTL 
that is generated by charge pump 120 (FIG. 1). Controller 204 
may include a plurality of one-shot generators, such as one 
shot generators (OS) OS 300, OS 304, OS 308, OS 312. When 
a one-shot generator circuit senses a signal transition at its 
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6 
input it generates one instance of pulse of a certain pulse 
Width at its output. In one example, When one-shot generators 
OS 300, OS 304, OS 308, OS 312 sense an input signal 
transition from a logic high to a logic loW they generate one 
instance of a positive output pulse of a certain pulse Width. 
Additionally, output signal VOH of comparator COMP1 
feeds the input of OS 300, slide-up output signal SL_UP of 
comparator COMP3 feeds the input of OS 304, output signal 
VOL of comparator COMP2 feeds the input of OS 308, and 
slide-doWn output signal SL_DN of comparator COMP4 
feeds the input of OS 312. 

Controller 204 may further include an arrangement of logic 
gates, such as OR gates OR1, OR2, OR3, OR4 and an AND 
gate AND1, that may be electrically connected With one-shot 
generators OS 300, OS 304, OS 308, OS 312 as shoWn in FIG. 
3. An output of OR gate OR1 provides shift-left signal SH_L 
to shift register 224 and an output of OR gate OR3 provides 
shift-right signal SH_R to shift register 224. 

Still referring to FIG. 3, and also to FIG. 2, When output 
signal VOH of comparator COMP1 transitions from logic 
high to logic loW, Which indicates that the VCO frequency 
band that is selected has frequency coverage that is too loW, 
one-shot generator OS 300 generates a positive narroW pulse 
that passes through OR gate OR1 and becomes the positive 
pulse of shift-left signal SH_L to shift register 224, Which 
initiates a slide up procedure that increases voltage V2 at 
VAR1, VAR2 such that a neW VCO frequency band that has 
higher frequency coverage is selected. 
When the slide up procedure is completed, slide-up output 

signal SL_UP of comparator COMP3 transitions from logic 
high to logic loW and one-shot generator OS 304 generates a 
positive narroW pulse. If VCO control voltage V-CNTL is 
already Within the predetermined voltage WindoW de?ned by 
high and loW reference voltages VH, VL, output signal VOH 
of comparator COMP1 is a logic high and the narroW pulse 
from one-shot generator OS 304 is blocked at OR gate OR2. 
HoWever, if VCO control voltage V-CNTL is above high 
reference voltage VH at comparator COMP1, output signal 
VOH of comparator COMP1 is a logic loW and the pulse from 
one-shot generator OS 304 passes through OR gates OR2 and 
OR1 and provide shift-left signal SH_L to shift register 224, 
Which initiates the next slide up procedure. 

When output signal VOL of comparator COMP2 drops 
from logic high to logic loW, Which indicates that the VCO 
band selected has frequency coverage that is too high, one 
shot generator OS 308 generates a positive narroW pulse 
Which passes through OR gate OR3 and provides shift-right 
signal SH_R to shift register 224, Which initiates a slide doWn 
procedure that decreases voltage V2 at varactors VAR1, 
VAR2, such that a neW VCO frequency band having loWer 
frequency coverage is selected. 
When the slide doWn procedure is completed, slide-doWn 

output signal SL_DN of comparator COMP4 transitions from 
logic high to logic loW and one-shot generator OS 308 gen 
erates a positive narroW pulse. If VCO control voltage 
V-CNTL is already Within the predetermined voltage WindoW 
de?ned by high and loW reference voltages VH, VL, output 
signal VOL of comparator COMP2 is a logic high and the 
narroW pulse from one-shot generator OS 308 is blocked at 
OR gate OR4. HoWever, if VCO control voltage V-CNTL is 
beloW loW reference voltage VL at comparator COMP2, out 
put signal VOL of comparator COMP2 is a logic loW and the 
pulse from one-shot generator OS 308 passes through OR 
gates OR4 and OR3 and provides shift-right signal SH_R to 
shift register 224, Which initiates the next slide doWn proce 
dure. 
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The above-described procedure is repeated until VCO con 
trol voltage V-CNTL is Within the predetermined voltage 
WindoW that is de?ned by high and loW reference voltages 
VH, VL and both output signal VOH of comparator COMP1 
and output signal VOL of comparator COMP2 are a logic 
high. A status signal VBCC is provided via AND gate AND1 
that indicates When LC tank circuit 112 is at equilibrium. In 
one example, status signal VBCC is a logic high When LC 
tank circuit 112 is at equilibrium. 

Referring again to FIGS. 1, 2, and 3, the operation of PLL 
circuit 100 may be as folloWs. When the PLL circuit 100 is 
poWered up, a poWered on reset signal RESET is provided 
that presets the output of shift register 224 to a knoWn state. In 
one example, reset signal RESET Which is a positive pulse 
presets the output of shift register 224 such at gate-select bit 
bn is set to logic high. Additionally, reset signal RESET may 
be connected to the gate of N type MOSFET T0 in Block 212 
of FIG. 2. During the poWer on reset, the signal RESET turns 
on T0 and forces voltage V2 to about 0.0 volts by discharging 
capacitor C0 through T0. 

After reset signal RESET has been ended, PLL circuit 100 
starts the closed loop operation that produces a locked status, 
and capacitor C0 is charged by voltage V1 and voltage V2 
increases. Since the time constant of ROC0O is much longer 
than the PLL locking time, the PLL should be in the locked 
status before V2 reaches K><V1 if a correct band is selected. 
When voltage V2 reaches K><voltage V1, comparator 
COMP3 generates a negative transition on its slide-up output 
signal SL_UP, Which initiates a check (via controller 204) of 
the logic status of output signal VOH of comparator COMP1. 
If output signal VOH of comparator COMP1 is at logic high, 
Which indicates PLL circuit 100 is in the locked status, the 
VCO frequency band is selected correctly and no corrective 
action is needed. HoWever, if output signal VOH of compara 
tor COMP1 is at logic loW, another slide up procedure is 
required and shift-left signal SH_L is issued to shift register 
224 and a next slide up procedure is initiated. The slide up 
procedure is repeated until output signal VOH of comparator 
COMP1 becomes logic high, Which indicates that the VCO 
frequency band calibration is complete and, thus, status sig 
nal VBCC is set to logic high. 

During normal operation of PLL circuit 100 in a locked 
status, the voltage V-CNTL may drift outside of the WindoW 
de?ned by high and loW reference voltages VH, VL, e.g., due 
to poWer supply voltage and/or the temperature variations. 
Consequently, LC tank circuit 112 automatically initiates a 
calibration operation of PLL circuit 100 as folloWs. If VCO 
control voltage V-CNTL is above high reference voltage VH, 
a transition from logic high to logic loW occurs on output 
signal VOH of comparator COMP1, controller 204 issues a 
shift-left signal SH_L to shift register 224, Which initiates a 
slide up procedure that shifts VCO 108 to the frequency band 
of the higher frequency coverage than the currently selected 
band. When the slide up procedure is completed, slide-up 
output signal SL_UP of controller 204 transitions from logic 
high to logic loW, Which initiates a check (via the controller) 
of Whether output signal VOH of COMP1 is a logic high. If 
yes, the calibration operation is completed and status signal 
VBCC is set to logic high. If not, a next slide up procedure is 
initiated. The slide up procedure is repeated until VCO con 
trol voltage V-CNTL is Within the WindoW de?ned by high 
and loW reference voltages VH, VL and, thus, the calibration 
operation is completed and status signal VBCC is set to logic 
high. 

If VCO control voltage V-CNTL is beloW loW reference 
voltage VL, output signal VOL of comparator COMP2 tran 
sitions from logic high to logic loW, controller 204 issues a 
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8 
shift-right signal SH_R to shift register 224, Which initiates a 
slide doWn procedure that shifts VCO 108 to the frequency 
band of loWer frequency coverage than the currently selected 
band. When the slide doWn procedure is completed, slide 
doWn output signal SL_DN of comparator COMP4 transi 
tions from logic high to logic loW, Which initiates a check (via 
controller 204) of Whether output signal VOL of comparator 
COMP2 is a logic high. If yes, the calibration operation is 
completed and status signal VBCC is set to logic high. If no, 
a next slide doWn procedure is initiated. The slide doWn 
procedure is repeated until VCO control voltage V-CNTL is 
Within the WindoW de?ned by high and loW reference voltages 
VH, VL, and, thus, the calibration operation is completed and 
status signal VBCC is set to logic high. 

FIG. 4 shoWs a block diagram of an example design How 
400. Design How 400 may vary depending on the type of IC 
being designed. For example, a design How 400 for building 
an application speci?c IC (ASIC) may differ from a design 
How 400 for designing a standard component. Design struc 
ture 420 is preferably an input to a design process 410 and 
may come from an IP provider, a core developer, or other 
design company or may be generated by the operator of the 
design How, or from other sources. Design structure 420 
comprises circuit 100 in the form of schematics or HDL, a 
hardware-description language (e. g., Verilog, VHDL, C, 
etc.). Design structure 420 may be contained on one or more 
machine readable medium. For example, design structure 420 
may be a text ?le or a graphical representation of circuit 100. 
Design process 410 preferably synthesizes (or translates) cir 
cuit 100 into a netlist 480, Where netlist 480 is, for example, 
a list of Wires, transistors, logic gates, control circuits, I/O, 
models, etc. that describes the connections to other elements 
and circuits in an integrated circuit design and recorded on at 
least one of machine readable medium. This may be an itera 
tive process in Which netlist 480 is resynthesiZed one or more 
times depending on design speci?cations and parameters for 
the circuit. 

Design process 410 may include using a variety of inputs; 
for example, inputs from library elements 430 Which may 
house a set of commonly used elements, circuits, and devices, 
including models, layouts, and symbolic representations, for 
a given manufacturing technology (e.g., different technology 
nodes, 32 nm, 45 nm, 90 nm, etc.), design speci?cations 440, 
characterization data 450, veri?cation data 460, design rules 
470, and test data ?les 485 (Which may include test patterns 
and other testing information). Design process 410 may fur 
ther include, for example, standard circuit design processes 
such as timing analysis, veri?cation, design rule checking, 
place and route operations, etc. One of ordinary skill in the art 
of integrated circuit design can appreciate the extent of pos 
sible electronic design automation tools and applications 
used in design process 410 Without deviating from the scope 
and spirit of the invention. The design structure of the inven 
tion is not limited to any speci?c design How. 

Design process 410 preferably translates an embodiment 
of the invention as shoWn in FIG. 1, along With any additional 
integrated circuit design or data (if applicable), into a second 
design structure 490. Design structure 490 resides on a stor 
age medium in a data format used for the exchange of layout 
data of integrated circuits (e.g. information stored in a GDSII 
(GDS2), GL1 , OASIS, or any other suitable format for storing 
such design structures). Design structure 490 may comprise 
information such as, for example, test data ?les, design con 
tent ?les, manufacturing data, layout parameters, Wires, lev 
els of metal, vias, shapes, data for routing through the manu 
facturing line, and any other data required by a semiconductor 
manufacturer to produce an embodiment of the invention as 
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shown in FIG. 1. Design structure 490 may then proceed to a 
stage 495 Where, for example, design structure 490: proceeds 
to tape-out, is released to manufacturing, is released to a mask 
house, is sent to another design house, is sent back to the 
customer, etc. 
An exemplary embodiment has been disclosed above and 

illustrated in the accompanying draWings. It Will be under 
stood by those skilled in the art that various changes, omis 
sions and additions may be made to that Which is speci?cally 
disclosed herein Without departing from the spirit and scope 
of the present invention. 

What is claimed is: 
1. A design structure embodied in a machine readable 

medium used in a design process for an integrated circuit, the 
design structure of said circuit comprising: 

a phase-locked loop circuit that includes: 
a charge pump outputting a control signal during opera 

tion of said phase-locked loop circuit; 
a voltage controlled oscillator responsive to said control 

signal and to a tuning signal during operation of said 
phase-locked loop circuit; and 

an LC tank circuit con?gured to generate said tuning 
signal as a function of said control signal, said LC 
tank circuit including: 
control signal monitoring circuitry con?gured to 

automatically monitor said control signal and gen 
erate an output signal; 

a controller for automatically generating a band selec 
tion signal as a function of said output signal; 

band sliding circuitry for generating an output voltage 
in any one of a plurality of bands, said band sliding 
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circuitry being con?gured to select said one of said 
plurality of bands as a function of said band selec 
tion signal; and 

band determining circuitry responsive to said output 
voltage so as to create said tuning signal. 

2. The design structure of claim 1, Wherein the design 
structure comprises a netlist, Which describes the circuit. 

3. The design structure of claim 1, Wherein the design 
structure resides on storage medium as a data format used for 
the exchange of layout data of integrated circuits. 

4. The design structure of claim 1, Wherein the design 
structure includes at least one of test data ?les, characteriZa 
tion data, veri?cation data, or design speci?cations. 

5. A design structure embodied in a machine readable 
medium for performing a method of automatically selecting a 
frequency band Within a phase-locked loop (PLL) during 
functional operation of the PLL, the PLL having a lock time, 
the design structure comprising: 

a means for receiving a voltage control signal from the 
PLL; 

a means for monitoring said voltage control signal relative 
to a range of acceptable values; 

a means for generating a band selection signal as a function 
of said voltage control signal and said range of accept 
able values; 

a means for selecting a frequency band as a function of said 
band selection signal; 

a means for providing a band update time greater than the 
lock time of the PLL; and 

a means for determining an operational frequency band of 
the PLL in response to said frequency band selected as a 
function of said band selection signal. 

* * * * * 


