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Description
ADAPTIVE FREQUENCY CALIBRATION DEVICE OF

FREQUENCY SYNTHESIZER

Technical Field
[I] The present invention relates to a fractional-N frequency synthesizer with a high

speed automatic frequency calibration function for code division multiple access

(CDMA) application.

Background Art
[2] FlG. 1 shows a fractional-N frequency synthesizer having a general adaptive

frequency calibration function. The fractional-N frequency synthesizer includes a

reference frequency divider 110, a phase/frequency detector (PFD) 120, a charge pump

130, a loop filter 140, a voltage controlled oscillator (VCO) 150, an adaptive frequency

control unit (AFC) 160, and a main frequency divider 170.

[3] The reference frequency divider 110 divides a reference frequency F by R.
ref

[4] The phase/frequency detector 120 compares the frequency obtained as above with

an output frequency of the main frequency divider 170 and outputs the pulse string

signal corresponding to the frequency difference.

[5] The charge pump 130 pushes or pulls a current proportional to the pulse width and

employs a feedback error amplifier to reduce a mismatch between the up and down

currents with respect to the lower pseudo level and the noise.

[6] The loop filter 140 filters noisy frequencies generated during a loop operation and

changes a voltage of a control terminal of the VCO 150 through a variation in the ac

cumulated charge amounts in a capacitor.

[7] The VCO 150 outputs a specific frequency according to an input voltage.

[8] The AFC 160, which calibrates a frequency of the VCO 150, includes a frequency

detector 161 and a state machine 163.

[9] The frequency detector 161 compares a frequency divided by n using the reference

frequency divider 110 with the output frequency of the main frequency divider 170.

[10] The state machine 163 controls VOC 150 using the compared and detected

frequency.

[II] The main frequency divider 170 inputs the output frequency of the VOC 150 for

feedback and divides the output frequency by R. The main frequency divider 170,

which inputs the frequency obtained as above to the PFD 120 and the frequency

detector 161 of the AFC 160, includes a programmable counter 171, a prescaler 173,

and a sigma-delta (∑-∆ ) modulator 175.

[12] A conventional AFC detects a frequency using outputs of an N frequency divider



and an R frequency divider.

[13] However, since the AFC time is limited, the R frequency divider accelerates

processing speed through the multiplier. However, the resolution F of the VCO bank
res

becomes also large, and accordingly, the VCO bank step has to become large.

Therefore, it is difficult to operate normally and thus ineffective.

Disclosure of Invention

Technical Problem
[14] An adaptive frequency calibration unit with a small VCO bank resolution

employing an N-target algorithm for a high speed automatic frequency calibration for

CDMA application is provided.

Technical Solution
[15] According to an aspect of the present invention, there is provided an adaptive

frequency calibration device calibrating a frequency of a voltage controlled oscillator

(VCO) bank of a phase-locked loop (PLL), the adaptive frequency calibration device

including: a reference frequency divider dividing an output frequency of a temperature

compensated crystal oscillator (TCXO); a feedback frequency divider dividing an

output frequency of a prescaler; a frequency comparator comparing a frequency with

the reference frequency divider output and the feedback frequency divider output; and

a state machine providing a predetermined bit with a predetermined frequency

resolution for the VCO to calibrate the frequency of the VCO bank using the frequency

comparison result.

Brief Description of the Drawings
[16] FIG. 1 shows a frequency synthesizer having a general adaptive frequency

calibration function;

[17] FIG. 2 shows a frequency synthesizer having an adaptive frequency calibration

function in order to explain the present invention;

[18] FIG. 3 shows variation of a desired voltage controlled oscillator (VOC) bank

number AFCout according to time in order to explain an operation of the present

invention; and

[19] FIG. 4 shows a waveform of a Vcon node when a CDMA channel changes from

991 (low channel) to 799 (high channel).

Best Mode for Carrying Out the Invention
[20] Hereinafter, the present will be described in detail with reference to accompanying

drawings.

[21] FIG. 3 shows a frequency synthesizer having an adaptive frequency calibration

function in order to explain the present invention. The frequency synthesizer includes a

reference frequency divider 210, a phase/frequency detector (PFD) 220, a charge pump



230, a loop filter 240, a voltage controlled oscillator (VCO) 250, an adaptive frequency

control unit (AFC) 260, and a main frequency divider 270.

[22] The reference frequency divider 210 divides a reference frequency of a

temperature-compensated crystal oscillator (TCXO).

[23] The PFD 220 compares the reference frequency of the TCXO divided by the

reference frequency divider 210 with the output frequency divided by the main divider

270 and outputs a pulse string signal corresponding to the frequency difference.

[24] The charge pump 230 pushes or pulls a current proportional to the pulse width and

operates a feedback error amplifier to reduce a mismatch between the up and down

currents with respect to the lower pseudo level and the noise.

[25] The loop filter 240 has a low pass filter (LPF) structure. The loop filter 240 filters

noisy frequencies generated during the loop operation and changes the voltage of the

control terminal of the VCO through the variation in the accumulated charge amounts

using a capacitor.

[26] The VCO 250 outputs a specific frequency according to an input voltage based on

a standard negative gm topology connected to an LC tank. In the output process, n-

channel metal oxide semiconductor (NMOS) and p-channel metal oxide (PMOS) cores

connected to each other are used so that a negative gm reduces the phase noise. To

overcome process variation, the VOC 250 includes a digital capacitor bank used for the

AFC 260 that employs the N-target algorithm according to an embodiment of the

present invention.

[27] The AFC 260, which provides a predetermined bit for the VCO 250 bank, includes

a reference frequency divider (R2) 261, a feedback frequency divider (N2) 262, a

resolution frequency comparator 263, and a state machine 265.

[28] The main frequency divider 270 inputs the output frequency of the VCO 250 for

feedback, divides the output frequency by N, and inputs the divided frequency to the

PFD 220. The main frequency divider includes a programmable frequency divider 271,

a prescaler 273, and a sigma-delta ( -∆ ) modulator 275.

[29] Here, the sigma-delta (∑-∆ ) modulator 275 is designed to have a fourth order

multistage-noise-shaping (MASH) structure with a 20-bit resolution. The MASH is

selected for its high stability and good noise shaping performance.

[30] The AFC 260 will be described in detail based on the aforementioned structure.

[31] The numbers of reference frequency divider (R2) 261 and the feedback frequency

divider (N2) 262 are determined by Equation 1 as follows, for predetermined

frequency resolution and AFC locking time.

[32] [Equation 1]



P 9 = f T Υ
tcxo comp

[34]

Nl=Rl - F rj F tcxo

[35] where, F
tcxo

is a frequency of the TCXO, and T
comp

is a time used for one

comparison.

[36] The total AFC lockingI time is deterrr

[37] [Equation 2]

[38]

r VCObankT1 AFC = T1 comp

(linear search algorithm)

[39]

= T
- comp VCObank

(binary search algorithm)

[40]

= T
- comp K

(N-target algorithm according to an embodiment of the present invention)

[41] where, N is the number of VCO bank bits, and K is the repetition number of
VCObank

calibrations in the N-target algorithm.

[42] The N-target value is determined by Equation 3 as follows,

[43] [Equation 3]

[44]

channelN target F ,cxo - Nl - P

[45] where, F is an output channel frequency, and P is the number of prescaler
channel

frequency dividers.

[46] FIG. 3 shows variation of a desired VCO bank number AFCout according to time

in order to explain an operation of the present invention. When a channel or VCO

frequency changes, the VCO bank number AFCout changes to the center bank number

and then enters a coarse mode to change the VCO bank number to the sum of the

center bank number and the bank difference Bankdiff. In addition, in a fine mode, the

N
gen

is compared with the N
target

, and the VCO bank number AFCout is modified so that



and the N is equal to the N . In FlG. 3, according to the criterion for changing
gen target

from the coarse mode to the fine mode, a channel setting, the N ,and the N are
target gen

calculated during a first period with respect to the unit time T to obtain the Bank .
comp diff

When the Bank is output, a Coarse_Lock signal is output at a high level, and then the
diff

coarse mode is performed during the next unit time period of T
comp

. Since the unit time

period of T
comp

is considerably long, the Coarse_Lock is generally completed by one

comparison. The final AFC Lock singal is output at a high level by performing the

coarse mode two or three times after the Coarse_Lock is output at a high level. The

time is referred to as AFC locking time T
° AFC

[47] Hereinafter, two operation modes of the N-target algorithm will be described in

more detail.

[48] In the coarse mode, the state machine calculates the center bank number and the

divided VCO output signal during the divided TCXO signal period.

[49] Accordingly, the difference between the center bank and the VCO bank is

calculated by Equation 4 shown below.

[50] [Equation 4]

[51]

Bankdiff= X( N gen- N target)
step

[52] In the coarse mode, the VCO bank number is determined by adding the VCO bank

difference to the center bank number.

[53] In the fine mode, the desired VCO bank number is determined by using a linear

search algorithm to correct the bank error due to the VCO gain slope and variation of

the frequency step of the bank.

[54] K is an approximated first order search measuring number between 1 and 3. When

the VCO includes a large number of banks, the N-target algorithm has a short AFC loc

king time, since the N-target algorithm is not sensitive to the number of banks. The

AFC is designed using the TCXO input which is used in the main loop and the output

of the prescaler, for low power consumption and a small silicon region.

[55] Accordingly, F is input and the output of the prescaler 273 is input in order to

reduce the F , power consumption, and a size of hardware.
res

[56] The Tres is determined by T = F * (P*N/2)/R2. The reference frequency
res tcxo

divider 261 and the processing speed are dominantly determined by the resolution.

[57] Since F and F (target frequency: F * N ) are known, it is possible to move
res target res tar

to the desired bank at once by comparing the practically desired N
tar

with the countered

value.



[58] When the VCO is designed, F is irregular and an error exists. The error is
step

corrected together with a linear search in the end of the process.

[59] FIG. 4 shows a waveform of a Vcon node when a CDMA channel changes from

991 (low channel) to 799 (high channel).

[60] Total time of the AFC time (F =4.8MHz) and the entire locking time is about 200
res

µsec (BW=15KHz).

[61] While the present invention has been particularly shown and described with

reference to exemplary embodiments thereof, it will be understood by those skilled in

the art that various changes in form and details may be made therein without departing

from the spirit and scope of the present invention as defined by the appended claims.

Industrial Applicability
[62] According to the present invention, it is possible to reduce power consumption and

have a small silicon region by designing the adaptive frequency calibration device

using the TCXO input and the prescaler output.

[63] In addition, a short switching time, phase noise reduction, and low power

consumption can be achieved.



Claims
[1] An adaptive frequency calibration device calibrating a frequency of a VCO

(voltage controlled oscillator) bank of a PLL (phase-locked loop), the adaptive

frequency calibration device comprising:

a reference frequency divider dividing an output frequency of a TCXO

(temperature compensated crystal oscillator);

a feedback frequency divider dividing an output frequency of a prescaler;

a frequency comparator comparing a frequency with outputs of the reference

frequency divider and the feedback frequency divider; and

a state machine providing a predetermined bit with a predetermined frequency

resolution for the VCO in order to calibrate the frequency of the VCO bank using

the frequency comparison result.

[2] The adaptive frequency calibration device of claim 1, wherein the numbers of the

reference frequency divider and the feedback frequency divider are determined

by the following equations:

- tcxo comp

N2=R2 F rj F tcxo

where, F is a frequency of the TCXO, and T is a time used for one
tcxo comp

comparison.

[3] The adaptive frequency calibration device of claim 1, wherein, in a coarse mode,

the state machine calculates the center bank number and a divided VCO output

signal during the divided TCXO signal period.

[4] The adaptive frequency calibration device of claim 3, wherein the difference

between the center bank and the VCO bank is calculated by the following

equation:

Bank r X( N gen- N target)
step

[5] The adaptive frequency calibration device of claim 4, wherein, in the coarse

mode, the VCO bank number is determined by adding the VCO bank difference

to the center bank number.

[6] The adaptive frequency calibration device of claim 4, wherein, in the fine mode,

the desired VCO bank number is determined by using a linear search algorithm

to correct the bank error due to the VCO gain slope and variation of the



frequency step of the bank.







A. CLASSIFICATION OF SUBJECT MATTER

H03L 7/00(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC8 H03L 7/00 H04B 1/40 H03L 7/087 H03L 7/099

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
KOREAN PATENTS AND APPLICATIONS FOR INVENTIONS SINCE 1975

Electronic data base consulted during the intertnational search (name of data base and, where practicable, search terms used)
WPI, PAJ "PLL'V'FREQUENCY SYNTHESIZER", "CALIBRATION","TARGET","ALGORITHM","STATE","DIVIDER", "AFC"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category' Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

X US 6,710,664 B2 (RF MICRO DEVICES INC) 23 MARCH 2004 1

A see the abstract, column 3, line 56 - column 4, line 14, fig 1 2 - 6

A JP15318732 A2 (HITACHI LTD) 07 NOVEMBER 2003 1 - 6
see the abstract, [0010] - [0032], fig 1 - 4

A US 6,563,387 B2 (MATSUSHITA ELECTRIC INDUSTRIAL CO) 13 MAY 2003 1 - 6
see the abstract, cloumn 5, line 44 - column, 6, line 24, fig 1, 2

A US 6,043,717 A (INTEL CORPORATION) 28 MARCH 2000 1 - 6
see the whole document

P, X US 2005/0258906 A l (SU et al ) 24 NOVEMBER 2005 1

P, A see the abstract, [0016] - [0023], fig 2 2 - 6

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance, the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of citation or other "Y" document of particular relevance, the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

20 NOVEMBER 2006 (20 11 2006) 21 NOVEMBER 2006 (21.11.2006)
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
920 Dunsan-dong, Seo-gu, Daejeon 302-701, KANG, YOON SEOK
Republic of Korea

Facsimile No 82-42-472-7140 Telephone No 8322

Form PCT/ISA/210 (second sheet) (April 2005)



Patent document Publication Patent family Publication
cited in search report date member(s) date

US6710664B2 23.03.2004 US2003197564A1 23.10.2003

JP15318732A2 07.11.2003 US2003203720A1 30.10.2003

KR20030084739A 01.11.2003

US6563387B2 13.05.2003 CN1245046C 08.03.2006

CN1326304A 12.12.2001

DE60110686C0 16.06.2005

DE60110686T2 06.10.2005

EP01168627A2 02.01.2002

EP01168627A3 15.10.2003

EP01168627B1 11.05.2005

JP 1333930 1A2 07.12.2001

US20010052823A1 20.12.2001

US6043717A 28.03.2000 NONE

US20050258906A1 24.11.2005 US7042253B2 09.05.2006

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

