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Design and Implementation of a Low-\Voltage
Fast-Switching Mixed-Signal-Controlled
Frequency Synthesizer

Tzi-Dar Chiueh, Jin-Bin Yang, and Jen-Shi Wu

Abstract—A new frequency synthesizer based on combining the code to correctly demodulate the incoming signal. Since the PN
analog phase-locked loop (PLL) and the all digital PLL (ADPLL)  code generator in a FHSS system switches carrier frequency
is presented. The frequency synthesizer achieves high frequencyfrequen“y (as fast as once every 1 ms), a fast-switching and
resolution, broad frequency range, high switching speed, and low . L .
supply voltage. The oscillator is controlled by both the digital Stabl? (low'J_'tter) frequenpy synth'eS|zer for generaFlng the
control word and the control voltage of the analog PLL. It is hopping carrier frequency is essential to FHSS transmitters and
an array oscillator implemented by symmetric load differential receivers.
inverting buffers which provide better rejection to supply noise Conventionally, frequency synthesizers are designed using
and fabrication variance. Fractional-IN divider and delay inter- analog phase-locked loop (PLL) [1] or direct-digital synthesizer

polation technique are employed to enhance the divider resolution . .
without inducing jitter. A binary search algorithm is used to find (DDS) [2]. The analog approach provides higher frequency res-

the proper digital frequency control word, which can be saved for olution, but suffers slow acquisition. On the contrary, the digital
later use and greatly speed up the frequency switching process. approach has low frequency range and poor frequency resolu-
Fabricated using a 0.6zm SPTM CMOS process, the synthesizer tion, but can achieve very fast switching.

achieves a frequency range of 54-154 MHz with a frequency error  Ap analog PLL usually includes a voltage control oscillator

e o e vy T e o o . (VCO) 0 generate  periocc ignal sychronized to a parc-
2-V supply voltage. ular reference signal. The frequency of the periodic signal is
controlled by an analog voltage, which is adjusted through a
feedback loop. Generally, the feedback loop includes a phase
frequency detector (PFD) and a loop filter. The PFD is used for
generating a phase error signal which represents the phase dif-

. INTRODUCTION ference between the periodic signal and the reference signal.

IRELESS transmission almost always suffers severde loop filter and a charge pump circuit are used for inte-
Winterferences from various sources. Spread spectrwﬂng the phase error generated from the PFD to output a con-
techniques have been applied successfully to combat the impHf! voltage. This control voltage generated from the loop filter is
ments in all sorts of wireless channels. Specifically, frequen§d back to control the frequency of the periodic signal from the
hopping spread spectrum (FHSS) approach has been ado g@)..The (.:ontrollof this voltage over the frequency of the peri-
by several commercial wireless communication standards, stRHc signal is continuous and, therefore, the analog PLL can pro-
as IEEE 802.11 wireless LAN, Bluetooth (http://www.blueVide agood frequency resolution. However, the loop bandwidth
tooth.com), and HomeRF (http:/Avww.homerf.org). Fig. pfthe analog PLL has to be carefully designed to ensure that the
shows the block diagrams of the transmitter and the receiverdgcillation signal from the PLL have a proper phase noise level
a frequency hopping spread spectrum system. In a frequed@ a fast settling process.
hopping spread spectrum system, the available channel bandD addition to the traditional analog PLLs, there is another ap-
width is subdivided into frequency slots. Selection of theggoach called all-digital (ADPLL) [3]. The ADPLL employs a
slots in each time interval is controlled by a PN code generat8igital-controlled oscillator (DCO) to replace the voltage-con-

algorithm is used to search for the digital control word in the

digital controlled oscillator, the digital PLL can capture the fre-
Manuscript received October 26, 1999; revised September 28, 2001. Tgigency in only 50 clock cycles, much faster then if analog PLLs
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Fig. 1. Block diagram of a FHSS system.

digital controller, the new frequency synthesizer can acquifieequency synthesizer can generate oscillation signal from 54
a frequency control word for coarse frequency acquisitioto 154 MHz with a frequency step of one MHz.

With the high resolution property of the accompanying analog The block diagram of the proposed mixed-signal controlled
PLL, the new frequency synthesizer can also provide higtequency synthesizer is shown in Fig. 2. It consists of a MSCO
frequency resolution. With this new mixed-signal contralising an array structure, nine fractionsilfrequency dividers,
concept, frequency synthesizers with better performance canltiplexers controlled by the delay-interpolation circuit, a
be designed. Moreover, this concept can be applied to variqisase frequency detector, a charge-pump PLL for analog offset
other existing PLLs. control, and a digital controller for digital frequency control.

The rest of the paper is organized as follows. Section Il The MSCO consists a control current generator and an array
presents the architecture of the proposed mixed-signal-camirent-controlled oscillator. Nine signals which are equally
trolled frequency synthesizer. Then the new mixed-signgpaced in phase will be generated by the array oscillator. These
PLL, mixed-signal-controlled oscillator (MSCO), and a digitasignals are frequency divided individually by nine identical
frequency acquisition algorithm are discussed. In Section Iftactional-V frequency dividers whose divisors are controlled
detail circuit design and simulation results of the proposdyy the delay-interpolation circuit. Therefore, nine signals are
frequency synthesizer are given. The fabricated frequendiyided by a fractional numbe¥V and are still equally spaced.
synthesizer chip and its measurement results are describedlien, the nine frequency-divided signals are multiplexed by
Section IV. Section V then concludes this paper. the delay-interpolation circuit, thus generating a low-jitter

frequency-divided signal. The phase frequency detector will
compare this signal with the reference signal. According to the

Il. ARCHITECTURE OF THEMIXED-SIGNAL-CONTROLLED PLL ~ Phase difference between these two sigridlDN pulses are

FREQUENCY SYNTHESIZER generated.
For the analog feedback loop, these pulses control the

For the aforementioned FHSS applications, the frequenclgarge-pump to charge or discharge the loop filter. Then the
range is between 2400-2500 MHz. To include a VCO witholtage output of the loop filter is transformed into an offset
such a high frequency on chip is quite difficult, so an offseturrent Iorrsgr by a voltage-to-current converter. For the
VCO approach [4] is adopted. In this approach two oscillatiosther digital feedback loop, theP/DN pulses are translated
signals, one from a fixed oscillator and the other from a VCOnto SUB and BYPASSsignals first. TheSUB signal tells the
are mixed to generate a final oscillation signal whose frequendigital controller to increase or decrease the control word,
is the sum of the frequencies of these two signals. With thishile the BYPASSsignal represents leaving the control word
the frequency range of the desired frequency synthesizer carubehanged. With these two signals, a binary search algorithm
made attainable by an on-chip VCO. In this paper, the proposeah locate the correct control word (the one that generates a
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Fig. 2. Block diagram of the proposed mixed-signal-controlled frequency synthesizer.

frequency nearest the desired frequency) very quickly. The twmalog control of the MSCO provides an offset current to the
control signals (one analog and one digital) are then combinearrent-controlled oscillator, enhancing its frequency resolution
to control the MSCO. However, note that the two control loopand at the same time canceling the nonideal factors, such as
do not operate simultaneously. The digital loop is allowed forocess variation, device mismatch, etc. Since the oscillator
operate first, then its control signal is frozen and the analagntrol signal from the loop filter in the analog PLL is a voltage
loop starts to work. Therefore, the stability of the proposesignal, a voltage-to-current converter is needed.

frequency synthesizer is similar to that of the traditional analog The current-controlled oscillator generates a wide-fre-

PLL. guency-range clock signal controlled by the currents supplied
from the digital-to-current and the voltage-to-current con-
A. MSCO verters. To achieve the goal of low phase noise and high

The core of the new mixed-signal-controlled frequency syff€duency switching speed, we use an array oscillator [5] as
thesizer is an oscillator controlled by both digital and analog siflé current-controlied oscillator in the proposed MSCO. The
nals. This design combines both the advantages of digital-c¥ucture of an array oscillator is a two-dimensional array of
trolled oscillators and voltage-controlled oscillators. In a digiu@l-inputinverting buffers. Rings of delay buffers that extend
ital-controlled oscillator, the output frequency is determined HjPrizontally are also coupled vertically though the coupling
the delay of each DCO cell. The control word turns on or off thBPUts- By connecting the top array nodes and the bottom array
MOS devices, thus changing their drain currents and controllif{gdes in a particular manner, an array oscillator is formed. The
the time to charge or discharge their load capacitance. Thef@UPIiNg connections force the rings to oscillate at the same
fore, the output frequency is controlled by the control word. uffeduency and maintain a precise delay between each coupled
fortunately, the frequency resolution of a DCO is limited by thEngs- The cyclic connections make the total delay from top to
word length of its control word, especially at low frequency. TBOtOM equals to some multiples of the buffer delay.
overcome this drawback, another analog offset current is added OUr design, we choose >3 3 array oscillator using dif-
to increase the frequency resolution, as shown in Fig. 3. THfFential-input buffers. Therefore, 18 phases can be generated
newly designed oscillator is called the MSCO. The MSCO Rnd we choose the noninverting nine phases as the outputs. The
composed of the following three components: a digital-to-cuﬂrucwre of our array OSC|II§1t0r is shown in Fig. 4, where nodes
rent converter, a voltage-to-current converter, and a current-cgh@'e connected to nodés(i + 2), respectively.
trolled oscillator.

Digital control of the MSCO can be viewed as a cur
rent-output digital-to-analog converter (DAC) that converts To provide higher frequency switching speed, we need
the digital control word into an analog current. With sucl high-frequency reference clock signal, which entails that
a DAC, changes in the control word directly reflect on th&actionalsvV frequency divider is preferred. However, the
control current, thus switching the output frequency quicklynajor drawback of the fractiona¥ frequency divider, spurious

B. Delay Interpolation
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frequency components, makes it inadequate for low-jitter fre- Phase (M-1)

guency synthesizers [6], [7]. Delay-interpolation is an approa%. 5. Waveforms in the delay interpolation block.
that can eliminate spurious frequency components [8].
In a fractional#V divider, the frequency of the input oscil- _ _ )
lation signal is divided byV or N + 1. Therefore, its output €dge of the second-earliest signaNis-1/9 input clock cycles.
may have several periods & input clock cycles followed by So !f the_ output of the delay m'FerpoI.ater swn_ches _frqm the
several period ofV + 1 input clock cycles so that on averag@ar“eSt signal to the secqnd ea_lrllest signal dur!ng this interval,
the output signal has a period 8f plus a fractional number and then. to Fhe thlrQ—earllgst signal at a later time, and so on,
of input clock cycles. The concept of delay interpolation is t8 Periodic signal with periodv + 1/9 clock cycles can be
select among a group of evenly spaced nonperiodic oscillatigftained. In the same vein, one can generate periodic signals
signals and reconstruct (interpolate in time domain) a periodiith period N +-/9 clock cycles; =0, 1, ..., 8. _
oscillation signal (see Fig. 5). In our design, we choosgé < N < 18. _Therefore, with a
The MSCO in the proposed frequency synthesizer produc%‘é/”"z reference frequency, the synthesized fre.que.ncy range
nine same-frequency oscillation signals whose phases @S from 54 to 154 MHz and the frequency spacing is 1 MHz.
evenly spaced in a period. Passing these nine oscillation signals o )
through nine identical fractiona¥ frequency dividers will C: Digital Frequency Acquisition Algorithm
generate nine frequency-divided signals, each delayed fronirhe digital frequency acquisition controller takes in two dig-
another by one-ninth of the input clock cycle. The intervatal control signals and outputs a digital frequency control word.
between a rising edge of the earliest signal and the next risifije SUBsignal represents whether the frequency-divided and
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delay-interpolated clock signal leads or lags the reference siggakncy acquisition is achieved, the analog PLL is started to fur-

(9 MHz). We use another sign@)YPASSto indicate if the dig- ther tune the control current of the mixed-mode-controlled os-

ital frequency control word needs to be adjusted. WherBthie cillator. In addition, this digital control word can be saved for

PASSsignal is low, the control word will be modified accordinglater use. Next time when the same frequency needs to be syn-

to the polarity of theSUBSsignal. thesized, the corresponding control word can be loaded back.
The flow chart of the frequency acquisition algorithm is ilHence, no digital acquisition process is required and the acqui-

lustrated in Fig. 6. A binary search strategy is employed in tls&tion process can be sped up tremendously.

acquisition of the frequency control word. In the beginning, the

control word and the step size are set to predefined values. When IIl. CIRCUIT DESIGN

theBYPASSignal is low, the control word will be incremented L

or decremented by the step size. However, when the searchtji-MSCO Circuit

rection is reversed, i.e., tRUB signal changes sign, the step The core of the MSCO is made up of the following three

size will be halved, thus effectively reducing the control worgarts: a digital-to-current converter, a voltage-to-current con-

search range. Finally, when the step size reaches a predefineder, and a current-controlled oscillator.

minimum, the step size is fixed at that value. A counter startsThe digital-to-current converter converts the digital control

to count the number of polarity changes in tléBsignal after word into an analog current and is implemented using a

the step size reaches the minimum value. Searching the taftpeth-type current-output DAC. With such a digital-to-analog

control word using a minimum step size ensures that the seaocmverter, changes in the control word directly reflect on the

process will stop. Thus, the target control word generating tbatput current, thus switching the oscillation frequency swiftly.

correct frequency can be found quickly. Once the digital fré&he voltage-to-current converter is needed because the analog
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Fig. 7. (a) Basic delay stage of the array oscillator. (b) Bias generation.
control signal from the analog PLL loop filter is in the voltage  To From Oscillator
form, so it needs to be converted to a current so as to be com- PEP foue
bined with the digital control signal (now in current form after
the aforementioned DAC). The voltage-to-current converter
is implemented by a simple MOS transistor working as the
transconductance device that accomplishes the voltage-to-cur- P/P+1
rent conversion. Counter
For the current-controlled oscillator, 33 array configura-  Divisor Control
tion is adopted. The delay cell is a differential-mode dual-input
mverter. To reducg noise coupled from_ the supply rail, a spe- Programmable Programmable
cial type of load circuit, called symmetric load [9], is adopted.  ¢—] Counter - - Coutner
Although the linearity performance of the symmetric load is not M A
perfect, its symmetric characteristic still provides good rejection freset freset

to noise. The symmetric load is composed of a diode-connected
PMOS device in shunt with an equal-sized PMOS device [Sg. 8. Block diagram of the dual-modulus frequency divider.

Fig. 7(a)]. Thel-V characteristic is symmetric about the center

of the voltage swing, thus it is calledsgmmetridoad. Veorgy, S ) ) )

is the bias voltage of the PMOS device. It controls the resiSircuit simulation for the proposed MSCO. Simulation results

tance of the symmetric load, thus controlling the delay of tH§1°W the niné phases generated by the array oscillator are
dual-input inverter. evenly spaced in one clock period. Further simulations reveal

Fig. 7(a) shows the detail circuit diagram of the delay ceﬁhat with a 2-V supply voltage the oscillation frequency scales

In this cell, each input MOS device is divided into two Moénoqqtonically with the control current up to over 150 MHZ' In
devices in shunt, resulting in a differential-mode dual-input m’g_dqlmon, the output frequency scales almost linearly with the
verting buffer. Two variabled/-r gy, andV;., control the delay digital control word, from 20 to 160 MHz.
of the delay cell. In addition, the current source needs be tuned o
according to the control voltage of the symmetric load to maif: Frequency Divider
tain proper voltage swing. Otherwise, first order noises can notln the fractional& frequency divider, we need a frequency
be canceled. Fig. 7(b) illustrates the bias-generation circuit fdivider that can divide the input oscillation signal at more than
the two bias voltage¥-rgr;, andV;.. Note that/,. mirror the 150 MHz with 2-V supply voltage. We use the dual-modulus
sum of the two control currents, one from the digital loop anlequency divider [2] which includes a counter that has two pos-
the other from the analog loop. With increasihg, the driving sible counts and can operate only for integer divisors.
capability of each delay cellis enhanced, thus reducing the delayrig. 8 shows the block diagram of the dual-modulus fre-
and increasing the oscillation frequency. guency divider. A dual-modulus divider consists of three
Since the performance of a frequency synthesizer depemasinters, which aré’/P + 1, M, and A counters. The divisor
largely on its controlled oscillator, we conduct post-layoutf P/P + 1 counter is controlled by the overflow signal of
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the A counter. At the beginning of a divide cycle, both thé
and A counters are set to zero, and the divisor of By&” + 1
counter is set ta”? + 1. The output of theP?/P + 1 counter
triggers both thél/ and A counters to increment by one. When
the A counter overflows, the divisor of th&/P + 1 counter
is set toP. From then on, only the/ counter is triggered
and increments, whereas thecounter stays overflowed until T
the M counter also overflows. When th&/ counter also Aup

Cup

overflows, both thel! counter and thel counter are reset back W - 5 C:]) So— YIRS
dn

to zero and the divisor of th®/P + 1 counter is also reset to

P + 1, completing a divide cycle. Therefore, the divisor of the Bup
dual-modulus frequency divider is given by E :D’_I_ s

SuB

N=(M-AP+AP+1)=MP+ A (1) B

Since the reference frequency is 9 MHz, the divisor of theg. 11. ~ Circuit diagram of the control sign@BandBYPAS$generator in
dual-modulus frequency divider is in the range of 6 to 18. Wge digital frequency acquisition controller.
choose 2 as the value #1. The resultant range a¥/ is from

3to 9 and that ofd is from 0 to 1. TheA counter, counting  Fig. 9 shows the tri-state phase frequency detector [12] em-

only 0 or 1, is replaced by a multiplexer whose output controfjoyed in the frequency synthesizer. It consists of two D-type

the divisor of the 2/3 counter. Due to circuit speed concern ffjp-flops and anoR gate with inputs from th€) signals of the

a low-supply-voltage setting, the 2/3 counter is simplified tgyo D-type flip-flops. As soon as either of ti@@signals is low,

some combinational logic and true single-phase-clock (TSPak noR gate output resets both flip-flops. Since tHE or DN

D-type flip-flops [10], [11]. Moreover, thé/ counter is imple- signals are generated afi@ or (0, is lowered, the minimum

mented using synchronous counter made up of TSPC flip-flogsisewidth orlUP andDN is only one gate delay, which results

Its structure is modified to reduce its complexity and to synchrgy |ower jitter, better linearity, and smaller dead zone.

nize with the delay-interpolation circuit. Fig. 10 illustrates the circuit diagram of the charge pump cir-
With the dual-modulus frequency divider, fractiondlfre- ¢yt in the proposed frequency synthesizer. When htfrand

quency division can be accomplished by switching the divisgyN are low, M, and M, are turned off andout is zero. With

of the dual-modulus divider according to a predeterminggp high andDN low, thenIout equals—Ic. On the contrary, if

schedule. UP is low andDN is high, then/out equals/c. When bothUP
andDN are high,/out is again zero. In summary, the polarity of
C. Analog PLL the charge-pump output curredivf:t) depends on thelP and

A traditional analog charge-pump PLL consists of th®N signals and its magnitude is equal to the curdent
following four components: voltage-controlled oscillator, The MOS devices\/, and M, are dummy transistors to re-
phase-frequency detector, and charge pump and loop filtduce the effect of clock feed-through. In addition, the MOS
In the proposed frequency synthesizer, the MSCO acts devicesM, and M, are implemented using regulate cascode
the controlled oscillator for both the digital control loop andRGC) technique [13], which can be viewed as a “super” MOS
the analog PLL. We will discuss only the remaining thredevice that provides a very large output resistance without con-
components in this subsection. fining the output voltage swing.
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Another component in the charge-pump PLL is the loop filter.
The loop filter used in our design is a second-order RC filter. The
natural frequency and the damping characteristic are influenced
by the gain of the controlled oscillator and the divisor. Since a
digital control scheme is used, the loop filter is designed for best
performance when the digital control word of the corresponding
frequency has been found.
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Fig. 11 shows the circuit diagram of how the two digital
control signals,SUB and BYPASSare generated. Basically,
two integrators are used to integra® andDN signals from

the phase-frequency detector. When naddes high enough, a

. . . . . ; Digital Fractional-N
Schmidt trigger is enabled, thus making n@lkigh. A register Frequency &
and some logic are used to produce a discharge sijrrster Acquisition Delay Interpolation
Circuit Circuit

the charge in the capacitor is discharged, the integrating process
starts over again.

By comparing the signal8up and Adn, node E represents
the direction that the control word should be adjusted. Awo I ) .

nput Pins Demultiplexer

gates and na SR-latch are employed to generate the SgHal
Furthermore, the sign@YPASSs generated by arNOR gate. f j

The circuit diagram of the digital frequency acquisition con-
troller is shown in Fig. 12. The length of the control word reg- _
ister is 12 bit. Only the eight most significant bits are used fgf9 13 Floorplan of the proposed frequency synthesizer.
the control of the MSCO. The four least significant bits act as
a smoothing filter that will remove noises caused by spuriOL\f
trigger signals. The step size register has a word length of ¥
bits, providing a maximum step size as large as one quarter of
the control word range. The counter that counts the change of
the SUB signal is three-bit wide, so the maximum number of The proposed mixed-signal controlled PLL frequency syn-
sign changes in th8UBsignal is eight. Furthermore, to pro-thesizer chip is fabricated using a TSMC @8 n-well SPTM

1T 1T

de a direct load capability, a multiplexer is employed to select
ere the input of the control word register comes from.

IV. EXPERIMENTAL RESULTS
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Fig. 15. Measurement results of the output frequency and the target frequeB&d only the digital loop of the frequency synthesizer is en-
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abled. Fig. 15 shows the synthesized frequency and the target
frequency with the digital loop in operation. To reduce the fre-
quency error, the analog PLL is further activated. Fig. 16 shows
the frequency error between the synthesized frequencies and the
target frequency after both digital and analog loops are enabled.
The frequency error is less than 1 ppm at all output frequencies.
Fig. 17 show the measured spectra of the output frequency at 54
MHz. The phase noise is abouB2 dBc/Hz at 100-KHz offset.

The measured peak-to-peak jitter is about 340 ps, as shown in
Fig. 18 and the rms jitter is about 62 ps.

Since the most important characteristic of the proposed fre-
quency synthesizer is its switching speed, we next measure the
performance of the frequency synthesizer chip during channel
switching. The measured frequency switching performance
is plotted in Fig. 19. Two cases are experimented: frequency

Fig. 16. Measurement results of the frequency error using both the digital asiitching from a low frequency (94 MHz) to the highest

the analog loops.

frequency (154 MHz) and frequency switching from 154 to

54 MHz. Since the control variable is a current, which is hard

CMOS process. The floorplan and the photograph of the chip observe from outside the chip, thus we measure the cycle

are illustrated in Figs. 13 and 14, respectively.

time (period) distribution of the output oscillation signal. With

To test the fabricated frequency synthesizer, we design a @rehange in the divisor, a corresponding digital control word is
cuit board to connect the chip to a personal computer via Braded into the chip on a trigger from thead signal. Notice
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TABLE |

SUMMARY OF RESULTS

Technology

Supply Voltage

Working Frequency
Frequency Switching Time
Frequency Error

Jitter

Phase Noise

Power Consumption

Die Area

0.6 pm SPTM CMOS

2-3V

54-154 MHz @ 2V

< 10pus

< 1 ppm

340 ps (P-P); 62 ps (rms)

-92 dBc/Hz @ 100 KHz (Fout = 54 MHz)
47 mW Q 2V (Fout = 154 MHz)

2.4 % 2.4 mm?
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controlled PLL can acquire the frequency control word of a
MSCO in a very short time. Another analog charge-pump PLL
performs the phase tracking and frequency fine-tuning. In ad-
dition, to improve the acquisition speed and reduce jitter, sev-
eral techniques are employed. Using a symmetric-load differen-
tial delay cell based array oscillator, rejection to power supply
noise is enhanced. Using fractionsllfrequency divider with a
delay interpolation technique, the reference frequency is made
higher without inducing noises usually caused by fractiaNal-
frequency dividers. Furthermore, the charge pump performance
is enhanced by using the regulate-cascode current mirrors.

The frequency synthesizer was fabricated through a 0.6
»m n-well SPTM CMOS technology. The range of frequency
synthesis is from 54 to 154 MHz with 1-MHz spacing and
its switching time is less than 10s while drawing only 47
mW from a 2-V power supply. Despite our efforts in reducing
jitter (delay interpolation, symmetric-load delay cell, and RGC
charge pump), the frequency synthesizer still does not perform
very well in phase noise{92 dBc/Hz) and rms jitter (62 ps),
though it does excels in the other three important categories. It
operates at a very low voltage (2 V) and consumes little power
(47 mW at 154 MHz); its frequency switching time is very
short (less than 1ps); its frequency resolution is very high (1
ppm error at 1-MHz channel spacing).

The reason for poor jitter performance has been identified
and is mainly due to poor isolation between the ground lines
of the analog and the digital circuits in the chip. The contami-
nated ground line voltage has a peak-to-peak variation of about
500 mV. With the slew rate of the synthesizer output at about
2.5 mV/ps, the noise of the on-chip driver for the synthesizer
output alone generates about 200-ps jitter. We believe that with
better shielding from the ground/power bounce coupling be-
tween the analog and the digital portions of the chip, the fre-
guency synthesizer should be able to generate oscillation signal
with much better jitter/phase noise performance. Nevertheless,
the proposed fast-switching frequency synthesizer is suitable for
FHSS systems, such as WLAN, Bluetooth, and HomeRF, which
use FSK modulation that puts less stringent requirement on the
phase noise but demands frequency accuracy and fast switching
speed. We believe that the proposed mixed-signal control con-
cept and the frequency synthesizer architecture provide a very
good foundation for designing future frequency synthesis sys-
tems.
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