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FAST CALIBRATION OF PHASE LOCK 
LOOPS 

FIELD OF TECHNOLOGY 

The present invention relates generally to start-up pro­
cesses for integrated circuits and, more particularly, to a 
teclmique for quickly calibrating one or more phase lock 
loops in an integrated circuit. 

2 
transmitters) may be unable to operate until suitable cali­
brated values are determined for adjustable parameters of 
the phase lock loops. Where a fast start-up is desired, it is 
desirable to ensure fast completion of the phase lock loop 
calibration process. 

SUMMARY 

Accordingly, there are disclosed herein fast calibration 

BACKGROUND 
10 methods for phase lock loops as well as integrated circuits 

and systems that incorporate such methods. One illustrative 
calibration method for use in a controller determines a 
calibrated value of a calibration parameter for a phase lock Digital communications occur between sending and 

rece1vmg devices over an intermediate communications 
medium, or "charmel" (e.g., a fiber optic cable, insulated 15 

copper wire, or a wireless connection). Each sending device 
typically transmits symbols at a fixed symbol rate, while 
each receiving device detects a (potentially corrupted) 
sequence of symbols and attempts to reconstruct the trans­
mitted data. A "symbol" is a state or significant condition of 20 

the charmel that persists for a fixed period, called a "symbol 
interval". A symbol may be, for example, an electrical 
voltage or current level, an optical power level, a phase 
value, or a particular frequency or wavelength. A change 
from one charmel state to another is called a symbol tran- 25 

sition. Each symbol may represent (i.e., encode) one or more 
binary bits of the data. Alternatively, the data may be 
represented by symbol transitions, or by a sequence of two 
or more symbols. 

Many digital communication links use only one bit per 30 

symbol; a binary '0' is represented by one symbol (e.g., an 
electrical voltage or current signal within a first range), and 
binary '1' by another symbol ( e.g., an electrical voltage or 
current signal within a second range), but higher-order 
signal constellations are known and frequently used. In 35 

4-level pulse amplitude modulation ("PAM4"), each symbol 
interval may carry any one of four symbols, often denoted 
as -3, -1, +1, and +3. Two binary bits can thus be repre­
sented by each symbol. 

As part of the process for recovering digital data from the 40 

degraded analog signal, receivers obtain discrete samples of 
the signal. The sample timing is often a critical part of the 
process, as it directly affects the signal to noise ratio 
possessed by the discrete samples. Strategies for detecting 
and tracking optimal sample times exist with varying 45 

degrees of tradeoff between simplicity and performance, 
often relying on interpolation of a high frequency clock 
signal generated by a phase lock loop. For example, the 
Institute of Electrical and Electronics Engineers (IEEE) has 
published IEEE Std 802.3ba-2010, a standard which pro- 50 

vides for Ethernet communications at rates as high as 100 
Gb/s. The standard specifies multiple charmels each having 
a symbol signaling rate as high as 25 Gb/s. 

Phase lock loops may be designed to derive a low-jitter 25 
GHz clock signal from a more typical integrated circuit 55 

clock frequency of, e.g., 100 MHz. As with other integrated 
circuit designs, the chosen phase lock loop design must cope 
with potential changes in performance of its components due 
to process variation, supply voltage variation, and tempera­
ture variation ( collectively, "PVT variations") as well as 60 

drift due to component aging. The chosen design may 
accommodate one or more parameters that can be adjusted 
as part of a periodic calibration process to compensate for 
such changes. 

Such calibration is often part of the reset or power-on 65 

process of an integrated circuit. It should be noted that 
various components having phase lock loops ( e.g., receivers, 

loop configured to generate a clock signal. The method 
includes: finding a lower bound by stepping downward from 
an initial value of the calibration parameter while a fre-
quency error remains below a predetermined threshold; 
finding an upper bound by stepping upward from the initial 
value while the frequency error remains below the prede­
termined threshold; and using a value greater than or equal 
to the lower bound and less than or equal to the upper bound 
as the calibrated value. 

One illustrative integrated circuit includes a phase lock 
loop and a controller configured to implement the above 
calibration method. The calibration method may illustra­
tively be embodied on a non-transient information storage 
medium coupled to a controller to provide firmware that 
configures the controller to implement the calibration 
method. 

Each of the foregoing may be employed alone or in 
combination, together with any one or more of the following 
optional features in any suitable combination: 1. the con­
troller is configured to determine a cycle count of the clock 
signal in a predetermined time. 2. the controller is config­
ured to measure the frequency error as an absolute value of 
a difference between the cycle count and a predetermined 
target count. 3. if the frequency error exceeds the predeter­
mined threshold for the initial value of the calibration 
parameter the controller is configured to perform a bottom­
up or top-down search to find the lower bound and the upper 
bound. 4. a step size for said stepping downward and said 
stepping upward is at least twice a step size of the bottom-up 
or top-down search. 5. the calibrated value is an integer 
closest to an average of the upper bound and the lower 
bound. 6. the initial value is the calibrated value determined 
during previous operation of the integrated circuit. 7. the 
phase lock loop is part of a first receiver having: a sampling 
element configured to sample a receive signal in accordance 
with a sampling clock; and a clock recovery circuit that 
derives the sampling clock from the clock signal. 8. the first 
receiver is one of multiple receivers in the integrated circuit. 
9. the controller is configured to use the calibrated value for 
the phase lock loop of the first receiver as an initial value of 
the calibration parameter for a phase lock loop of another 
one of the multiple receivers. 10. a transmitter having a 
transmit phase lock loop with a transmit calibration param-
eter. 11. the controller is configured to use the calibrated 
value for the phase lock loop of the first receiver as an initial 
value of the transmit calibration parameter. 12. the phase 
lock loop includes a voltage-controlled oscillator with a 
variable capacitor. 13. the calibration parameter is a baseline 
voltage of the variable capacitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an illustrative network. 
FIG. 2 is a block diagram of an illustrative switch. 
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FIG. 3 is a block diagram of an illustrative digital com­
munications receiver. 

FIG. 4 is a block diagram of an illustrative digital retimer 
with clock forwarding. 

FIG. 5 is a schematic of an illustrative voltage-controlled 
oscillator. 

FIG. 6 is a table of an illustrative frequency error vs 
calibration value measurements. 

FIG. 7 is a flow diagram of an illustrative calibration 
method. 

DETAILED DESCRIPTION 

Note that the specific embodiments given in the drawings 
and following description do not limit the disclosure. On the 
contrary, they provide the foundation for one of ordinary 
skill to discern the alternative forms, equivalents, and modi­
fications that are encompassed in the claim scope. 

For context, FIG. 1 shows an illustrative network such as 
might be found in a data processing center, with multiple 
server racks 102-106 each containing multiple servers 110 
and at least one "top of rack" (TOR) switch 112. The TOR 
switches 112 are connected to aggregator switches 114 for 
interconnectivity and connection to the regional network and 
internet. (As used herein, the term "switch" includes not just 
traditional network switches, but also routers, network 
bridges, hubs, and other devices that forward network com­
munication packets between ports.) Each of the servers 110 
is connected to the TOR switches 112 by network cables 
120, which may convey signals at high symbol rates. 

FIG. 2 shows an illustrative switch 112 with an applica­
tion-specific integrated circuit (ASIC) 202 that implements 
packet-switching functionality coupled to port connectors 
204 for line cards or "pluggable modules" 206. Pluggable 
modules 206 couple between the port connectors 204 and 
cable connectors 208 to improve communications perfor­
mance by way of equalization and optional format conver­
sion ( e.g., converting between electrical and optical signals). 
The pluggable modules 206 may comply with any one of 
various pluggable module standards including SFP, SFP­
DD, QSFP, QSFP-DD, and OSFP. Alternatively, the cables 
themselves may have connectors that conform to the plug­
gable module standards and incorporate the pluggable mod­
ule circuitry. 

The pluggable modules 206 may each include a retimer 
chip 210 and a microcontroller chip 212 that controls 
operation of the retimer chip 210 in accordance with firm­
ware and parameters that may be stored in nonvolatile 
memory 214 or other form of non-transient information 
storage media. The operating mode and parameters of the 
pluggable retimer modules 206 may be set via a two-wire 
bus such as 12C or MDIO that connects the microcontroller 
chip 212 to the host device (e.g., switch 112). The micro­
controller chip 212 responds to queries and commands 
received via the two-wire bus, and responsively retrieves 
information from and saves information to control registers 
218 of the retimer chip 210. 

Retimer chip 210 includes a host-side transceiver 220 
coupled to a line-side transceiver 222 by first-in first-out 
(FIFO) buffers 224. Though only a single lane is shown in 
the figure, the transceivers may support multiple lanes 
conveyed via multiple corresponding optical fibers or elec­
trical conductors. A controller 226 coordinates the operation 
of the transceivers in accordance with the control register 
contents and may provide for multiple communication 
phases pursuant to a communications standard such as the 
Fibre Channel Standard published by the American National 

4 
Standard for Information Technology Accredited Standards 
Committee INCITS, which provides phases for link speed 
negotiation (LSN), equalizer training, and normal operation. 

The receiver portion of each transceiver may employ any 
of the many equalization and demodulation techniques dis­
closed in the open literature for recovering digital data from 
the degraded receive signal even in the presence of ISL A 
critical piece of such techniques is a determination of the 
correct sample timing, as sample timing directly affects the 

10 signal to noise ratio of the discrete samples. Strategies for 
detecting and tracking optimal sample times exist with 
varying degrees of tradeoff between simplicity and perfor­
mance, including those disclosed in co-owned U.S. Pat. No. 
10,892,763, "Second-order clock recovery using three feed-

15 back paths", which is hereby incorporated herein in its 
entirety. 

FIG. 3 shows an illustrative receiver that employs a clock 
recovery technique. The receiver includes an analog-to­
digital converter 304 or other sampling element that samples 

20 the analog receive signal 302 at sample times corresponding 
to transitions in a sampling signal 305, thereby providing a 
digital or sampled receive signal to a detection module 306. 
The detection module 306 may apply equalization as well as 
symbol detection using, e.g., a matched filter, a decision 

25 feedback equalizer, a maximum likelihood sequence esti­
mator, or any other suitable demodulation technique. The 
resulting stream of detected symbols 308 may be provided 
as a parallelized symbol stream for handling by "on-chip" 
circuitry, e.g., error correction and FIFO buffering. 

30 The detection module 306 includes some form of a timing 
error estimator to generate an estimated timing error signal 
310. Any suitable design may be used for the timing error 
estimator including, e.g., a bang-bang or proportional phase 
detector. One suitable timing error estimator is set forth in 

35 co-owned U.S. Pat. No. 10,447,509, "Precompensator-based 
quantization for clock recovery", which is hereby incorpo­
rated herein by reference in its entirety. Other suitable timing 
error estimators can be found in the open literature, includ­
ing, e.g., Mueller et al., "Timing Recovery in Digital Syn-

40 chronous Data Receivers", IEEE Trans. Commun., v24n5, 
May 197 6, and Musa, "High-speed Baud-Rate Clock Recov­
ery", U. Toronto Thesis, 2008. 

The timing error signal 310 is coupled via a feedback path 
to control a phase interpolator 314 in a fashion that statis-

45 tically minimizes the timing error signal 310. In the feed­
back path, the timing error signal is scaled by a phase 
coefficient (Kp) and filtered by a phase error accumulator 
312 to obtain a phase code signal that is supplied as a control 
signal to the phase interpolator 314. The phase interpolator 

50 314 operates on a clock signal from a phase lock loop (PLL) 
316. The phase interpolator 314 may receive or construct 
different phases of the clock signal, combining the different 
phases in accordance with the control signal to provide the 
sampling signal 305 having an interpolated phase more 

55 precisely matched to the symbols conveyed by the receive 
signal 302. 

The clock signal produced by phase lock loop (PLL) 316 
is a frequency-multiplied version of a reference clock signal 
from reference oscillator 318. A voltage-controlled oscillator 

60 (VCO) 320 supplies the clock signal to both the phase 
interpolator 314 and to a counter 322 that divides the 
frequency of the clock signal by a constant modulus N. The 
counter 322 supplies the divided-frequency clock signal to a 
phase-frequency detector (PFD) 324. PFD 324 may use a 

65 charge pump (CP) as part of determining which input (i.e., 
the divided-frequency clock signal or the reference clock 
signal) has transitions earlier or more often than the other. A 
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low pass filter 326 filters the output of PFD 324. A summer 
adds a receiver PLL calibration parameter signal CR to the 
output of the low pass filter 326 to provide a control voltage 
to VCO 320. The filter parameters are chosen so that the 
divided frequency clock becomes phase aligned with the 
reference oscillator, and the calibration parameter signal CR 
is adjustable to compensate for potential PVT variations and 
drift. 

The phase interpolator 314 is configured to interpolate the 
phase in discrete steps from Oto 360°. A 7-bit control signal 
would enable 128 steps for a phase resolution or-2.8°. Other 
resolutions would also be suitable. In any case, the phase 
error accumulator 312 may be implemented with a higher bit 
resolution for improved performance, with the control signal 
being derived using truncation of the least significant bit(s). 
For various implementation reasons, the 360° interpolation 
range of the phase interpolator 314 may correspond to 
multiple symbol intervals, e.g., four, consequently reducing 
the number of phase increments per unit interval to, e.g., 32. 
The sub-unit phase may be determined by excluding the 
most significant bit(s) of the phase interpolator control 
signal. 

To monitor PLL performance, a counter 330 may be 
employed to measure the frequency of the generated clock 
signal by, e.g., counting the number of clock cycles in a 
predetermined time interval such as, e.g., 1 millisecond. The 
controller 226 determines a difference D between this cycle 
count and a target count, which represents the expected 
clock signal frequency. The controller 226 optionally applies 
an absolute value operation 332 to obtain an absolute value 
of the difference IIDII- Though the feedback-based nature of 
the phase lock loop 316 provides a degree of stability, the 
calibration parameter signal CR can nevertheless affect the 
difference D as described further below. 

6 
parameter. Many other suitable VCO circuits are available in 
the open literature and can alternatively be employed. When 
power is first applied, the transistors Ml, M2 are both off 
and currents begin flowing through the halves of inductor L 
to charge the capacitors (varactors) Cl, C2 relative to the 
control signal voltage (VIN), raising the voltage at nodes X, 
Y. One of the nodes, say node Y, charges slightly faster, 
causing transistor Ml to conduct while transistor M2 is still 
off. Current source Iss reduces the voltage at node X, 

10 momentarily "latching" the transistors in their state. Due to 
the inductor current, the node Y voltage continues to 
increase charging capacitor C2 beyond the supply voltage 
V DD until the inductor current is suppressed and begins 
flowing in the opposite direction, pulling the node Y voltage 

15 down to a level that causes transistor Ml to tum off and, 
because the inductor current flow exceeds Iss, raises the 
voltage at node X, causing transistor M2 to tum on. There­
after, the inductor current and capacitor charges oscillate at 
a frequency determined by the inductor's inductance and the 

20 varactor's capacitance. 
The transistors Ml, M2 enable the current source Iss to 

"boost" the inductor currents at the right moments to sustain 
the oscillation. If the voltages from nodes X, Y are supplied 
to a differential amplifier, a digital clock signal is produced 

25 at the resonance frequency. Capacitors Cl, C2 may be 
voltage-controlled capacitors, enabling the resonance fre­
quency to be controlled by a bias voltage on the capacitors. 
The bias voltage may be set at an initial level by the 
calibration parameter and thereafter adjusted by the output 

30 of the low pass filter 326 to achieve phase lock between the 
generated clock signal and the reference clock signal. If the 
initial bias voltage is set too high or too low, the low pass 
filter 326 may be unable to provide enough adjustment for 
the PLL to achieve phase lock. 

FIG. 6 is an illustrative table of frequency error (repre-
sented by difference D) as a function of the value of PLL 
calibration parameter C. (The digital calibration parameter 
values may be converted to an analog voltage by a digital to 
analog converter.) The illustrative table shows sixteen set-

FIG. 4 shows an illustrative retimer that combines the 35 

receiver design of FIG. 3 with a buffer 402 and transmitter 
404. Buffer 402 stores detected symbols 308 in a first-in 
first-out (FIFO) fashion. Transmitter 404 retrieves the buff­
ered symbol stream 406 and retransmits it as an outgoing 
data stream 408. A transmit phase lock loop 410 provides a 
transmit clock 411 to the transmitter 404 to control the 
symbol timing in the outgoing data stream 408. The FIFO 
may accept sample clock 305 as a write clock for storing 
detected symbols 308 and may accept transmit clock 411 as 

40 tings for the PLL calibration parameter C, but in practice the 
number of settings may be higher or lower. As can be seen 
from the table, the frequency error exhibits a zone of 
stability between a lower bound 602 and upper bound 604 
where the PLL achieves phase lock. The absolute value of 

a read clock for providing buffered symbols to the transmit­
ter 404. Loop filter block 412 represents the filter(s) and 
feedback path(s) circuitry that converts the phase error 
signal 310 into a phase control signal for interpolator 314. 

The transmit PLL 410 derives the transmit clock from the 
sample clock signal 305 and as with receive PLL 317 may 
be adversely affected by parameter drift and PVT variations. 
To provide compensation, a transmit PLL calibration param­
eter signal CT may similarly be added to the output of an 
internal low pass filter to provide a control voltage to an 
internal VCO. 

For PLL performance monitoring, a switch 420 supplies 
a selected one of the clock signals generated by the receive 
PLL 317 and transmit PLL 410, to counter 330. As before, 
the cycle count for a predetermined interval may be com­
pared to a target count T to obtain a difference D. The 
difference represents a frequency error from an expected 
clock frequency represented by target count T. As explained 
further below, the controller 226 may determine the fre­
quency error's dependence on the PLL calibration parameter 
value. 

FIG. 5 shows an illustrative circuit schematic for VCO 
320 to illustrate the potential influence of a calibration 

45 the frequency error grows with distance from this zone. 
The target count T is readily derived from the symbol 

clock frequency specified in the relevant communications 
standard and the predetermined time interval used by coun­
ter 330. The standard typically specifies an acceptable 

50 frequency error margin, or one may be determined empiri­
cally. Knowing the predetermined time interval, this fre­
quency error margin can be similarly converted to a margin 
count M, perhaps with an enhancement to provide additional 
engineering margin. If the frequency error difference D is 

55 between +Mand -M, or equivalently, if the absolute value 
of difference D is less than M, the controller 226 can 
presume that the PLL has achieved a phase lock. 

Due to various environmental factors or even, in some 
cases, intentional frequency modulation, the symbol clock 

60 frequency may vary relative to the reference clock fre­
quency. To enhance the PLL's ability to track such varia­
tions, the calibration process may be designed to set the 
calibration parameter to a value between lower and upper 
bounds, preferably somewhere near the middle of this zone. 

65 It is also noted here that in devices having multiple receivers 
and transmitters operating with the same symbol clock 
frequency, there is a high degree of correlation among the 
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ideal calibration settings for their various PLLs. The cali­
bration process disclosed here with reference to FIG. 7 
exploits these observations to substantially shorten the aver­
age time required for the calibration process. 

The process begins in block 702 with the controller 
setting the calibration parameter C for a given phase lock 
loop to an initial value START and finding the resultant 
frequency error D and absolute value thereof. Where a 
previous calibrated value is known (e.g., during a reset), the 
controller may use that as the initial value. Where a previous 10 

calibrated value is not available for the given PLL, but a 
calibrated value has been found for another PLL, the con­
troller may use that as the initial value. Where calibrated 
values are unknown for any of the PLLs on a given device, 15 
the controller may use a default value as the initial value. 
The default value may be determined empirically by the 
manufacturer. In the absence of an empirical value, the 
controller may use a midrange value as the initial value. 

In block 704 the controller determines whether the abso- 20 

lute value of the frequency error D is less than or equal to 

8 
In block 722, the controller finds the magnitude of the 

frequency error, and in block 724 determines whether it is 
less than or equal to the margin M. If not, in block 726 the 
controller determines whether the calibration value has 
reached the opposite extreme, e.g., its maximum value 
Cmax. If so, the full range of calibration values has been 
searched without achieving a phase lock, so the calibration 
process exits with an error to signal failed calibration. 

Otherwise, in block 727, the controller steps to the next 
calibration parameter value. Preferably the controller uses 
the minimum step size, i.e., one, to ensure that the search is 
exhaustive. The controller repeats blocks 722-727 until the 
frequency error magnitude is less than or equal to the margin 
or the process fails as described above. 

When the frequency error magnitude falls to or below the 
margin M, the controller sets the lower bound L equal to the 
current calibration parameter value C in block 728. In block 
730, the controller increases the value of the calibration 
parameter value by another step size and finds the frequency 
error magnitude. In block 732, the controller determines 
whether the frequency error magnitude exceeds the margin 
M. If not, the controller repeats blocks 730 and 732 until the 
frequency error magnitude exceeds the margin M. Once the 

the margin M. If so, the controller reduces the value of the 
calibration parameter C by a predetermined step value Ii and 
finds the associated frequency error D and absolute value 
thereof. The manufacturer selects the step size Ii to balance 
two considerations: a larger step size enables faster location 
of upper and lower bounds, whereas a smaller step size 
increases search accuracy. In some implementations, the 
step size is chosen to be approximately a quarter of the 
expected zone size. For the illustrative table of FIG. 6, the 
step size Ii may be set to two. 

25 frequency error magnitude exceeds the margin M, the con­
troller sets the upper bound U equal to the previous value of 
the calibration parameter in block 734. Thereafter the con­
troller uses the lower and upper bounds to set the calibrated 
value of the calibration parameter in block 718 as previously 

30 described. 

In block 708 the controller determines whether the abso­
lute value of the frequency error D is greater than the margin 

Numerous alternative forms, equivalents, and modifica­
tions will become apparent to those skilled in the art once the 
above disclosure is fully appreciated. The order of opera­
tions described in the flow diagram can be varied, with 

35 certain operations being reordered, pipelined and/or per­
formed in parallel. It is intended that the claims be inter­
preted to embrace all such alternative forms, equivalents, 
and modifications where applicable. 

M. If not, the controller repeats blocks 706 and 708, stepping 
downward through the calibration parameter values until the 
magnitude of the frequency error exceeds the margin M. 
Once the magnitude of the frequency error exceeds the 
margin, the controller sets the lower bound L equal to the 
previous value of the calibration parameter in block 710, and 
resets the calibration parameter to the initial value START, 40 

In block 712, the controller increases the value of the 
calibration parameter by the step size Ii and finds the 
associated frequency error D and absolute value thereof. In 
block 714, the controller determines whether the absolute 
value of the frequency error is greater than the margin M. If 45 

not, the controller repeats blocks 712 and 714, stepping 
upward through the calibration parameter values until the 
absolute value of the frequency error exceeds the margin M. 
Once the magnitude of the frequency error exceeds the 
margin, the controller sets the upper bound U equal to the 50 

last calibration parameter value that had a frequency error 
magnitude below or equal to the threshold. 

In block 718, the controller sets the calibration parameter 
equal to a calibrated value between the upper and lower 
bounds. In at least some embodiments, the calibrated value 55 

is midway between the upper and lower bounds, or the 
integer value nearest thereto. Block 718 completes the 
calibration process for the given PLL. The process may be 
repeated sequentially or in parallel for any other PLLs on the 
device. 60 

Returning to block 704, if the magnitude of the frequency 
error exceeds the margin, meaning that the initial calibration 
parameter value is not in the zone between upper and lower 
bounds, the controller prepares for a bottom-up or top-down 
search by setting the calibration parameter to the corre- 65 

sponding extreme value in block 720. In FIG. 7, the cali­
bration parameter is set to its minimum value, zero. 

What is claimed is: 
1. An integrated circuit that comprises: 
a phase lock loop configured to generate a clock signal, 

the phase lock loop having a calibration parameter that 
is adjustable over a predetermined range; and 

a controller configured to determine a calibrated value for 
the calibration parameter by: 
finding a lower bound by stepping downward from an 

initial value of the calibration parameter while a 
frequency error remains below a predetermined 
threshold; 

finding an upper bound by stepping upward from the 
initial value while the frequency error remains below 
the predetermined threshold; and 

using a value greater than or equal to the lower bound 
and less than or equal to the upper bound as the 
calibrated value, 

wherein the controller is further configured to: 
determine a cycle count of the clock signal in a pre­

determined time; and 
measure the frequency error as an absolute value of a 

difference between the cycle count and a predeter­
mined target count. 

2. The integrated circuit of claim 1, wherein if the 
frequency error exceeds the predetermined threshold for the 
initial value of the calibration parameter the controller is 
configured to perform a bottom-up or top-down search to 
find the lower bound and the upper bound. 
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3. The integrated circuit of claim 2, wherein a step size for 
said stepping downward and said stepping upward is at least 
twice a step size of the bottom-up or top-down search. 

4. The integrated circuit of claim 1, wherein the calibrated 
value is an integer closest to an average of the upper bound 
and the lower bound. 

5. The integrated circuit of claim 1, wherein the initial 
value is the calibrated value determined during previous 
operation of the integrated circuit. 

6. The integrated circuit of claim 1, wherein the phase 10 

lock loop is part of a first receiver having: 
a sampling element configured to sample a receive signal 

in accordance with a sampling clock; and 

10 
includes performing a bottom-up or top-down search to find 
the lower bound and the upper bound. 

12. The calibration method of claim 11, wherein a step 
size for said stepping downward and said stepping upward 
is at least twice a step size of the bottom-up or top-down 
search. 

13. The calibration method of claim 10, wherein the 
calibrated value is an integer closest to an average of the 
upper bound and the lower bound. 

14. The calibration method of claim 10, wherein the initial 
value is the calibrated value determined during previous 
operation of the integrated circuit. 

15. The calibration method of claim 10, wherein the phase a clock recovery circuit that derives the sampling clock 
from the clock signal. 15 

!~ck ~oop is one of multiple phase lock loops in an integrated 
cJrcmt, and wherein the initial value of the calibration 
par_ameter for one of the multiple phase lock loops is a 
calibrated value of the calibration parameter for another one 
of the multiple phase lock loops. 

7. The integrated circuit of claim 6, wherein the first 
receiver is one of multiple receivers in the integrated circuit, 
and wherein the controller is configured to use the calibrated 
value for the phase lock loop of the first receiver as an initial 
value of the calibration parameter for a phase lock loop of 20 

another one of the multiple receivers. 
8. The integrated circuit of claim 6, further comprising a 

transmitter having a transmit phase lock loop with a transmit 
calibration parameter, wherein the controller is configured to 
use the calibrated value for the phase lock loop of the first 25 

receiver as an initial value of the transmit calibration param­
eter. 

9. The integrated circuit of claim 1, wherein the phase 
lock loop includes a voltage-controlled oscillator with a 
variable capacitor, and wherein the calibration parameter is 30 

a baseline voltage of the variable capacitor. 
10. A calibration method for use in a controller configured 

to determine a calibrated value of a calibration parameter for 
a phase lock loop configured to generate a clock signal, the 
method comprising: 35 

finding a lower bound by stepping downward from an 
initial value of the calibration parameter while a fre­
q~ency error remains below a predetermined threshold; 

findmg an upper bound by stepping upward from the 
initial value while the frequency error remains below 40 

the predetermined threshold; and 
using a value greater than or equal to the lower bound and 

less than or equal to the upper bound as the calibrated 
value, 

wherein the frequency error is determined by: 
subtracting a cycle count of the clock signal in a 

predetermined time from a predetermined target 
count to obtain a difference; and 

taking an absolute value of the difference. 

45 

11. The calibration method of claim 10, wherein if the 50 

frequency error exceeds the predetermined threshold for the 
initial value of the calibration parameter the method further 

16. The calibration method of claim 10, wherein the phase 
lock loop includes a voltage-controlled oscillator with a 
variable capacitor, and wherein the calibration parameter is 
a baseline voltage of the variable capacitor. 

17. A non-transient information storage medium coupled 
to a controller to provide firmware that configures the 
controller to implement a calibration method to determine a 
calibrated value of a calibration parameter for a phase lock 
loop configured to generate a clock signal, the calibration 
method comprising: 

finding a lower bound by stepping downward from an 
initial value of the calibration parameter while a fre­
quency error remains below a predetermined threshold· 

finding an upper bound by stepping upward from th~ 
initial value while the frequency error remains below 
the predetermined threshold; and 

using a value greater than or equal to the lower bound and 
less than or equal to the upper bound as the calibrated 
value, 

wherein if the frequency error exceeds the predetermined 
threshold for the initial value of the calibration param­
eter the calibration method further includes: 
performing a bottom-up or top-down search to find the 

lower bound and the upper bound, wherein a step 
size for said stepping downward and said stepping 
upward is at least twice a step size of the bottom-up 
or top-down search. 

18. The non-transient information storage medium of 
claim 17, wherein the frequency error is determined by 
su_btract~ng a cycle count of the clock signal in a predeter­
mmed time from a predetermined target count to obtain a 
difference and taking an absolute value of the difference. 

* * * * * 
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