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Abstract — We present a dual-loop PLL architecture for has a constant loop bandwidth over the whole tuning
low-noise  frequency synthesizers. The approach is range. This eliminates the need for digital bandwid
experimentally verified for a 48 GHz PLL in 0.25mm SiGe control. The performance of the critical charge puis

BiCMOS technology intended for a 60 GHz wireless . db i tout biasi hich ol
transceiver. The design employs two parallel chargpumps improved by optimum output biasing, which may regiuc

one of which dominates the loop dynamics and is tsed at  the in-band phase noise.
optimum output voltage. This equalizes the loop badwidth

and reduces charge pump mismatch.
) Il. PLL ARCHITECTURE
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Synthesizer, Silicon-Germanium, 60 GHz. Integrated PLLs in the mm-wave range must typically
have a tuning range of a few GHz to compensatatians
of the device parameters with process and temperatu
This causes a high phase noise of the voltageaitaur
The 60 GHz band is perfectly suited for wirelessoscillator (VCO), the charge pump (CP) and the pmss
short-range communications at high data ratest$onuge filter (LPF). This problem is exacerbated in fully
amount of license-free bandwidth. Silicon-baseditims  integrated PLLs by the limited size of integrated
are  especially interesting here for low-costcapacitors. In order to reduce the noise of CPLAe and
implementations [1]-[4]. In order to convert thesbhand  the spur level, a dual-loop PLL was proposed in\@jere
signal to RF and vice versa, stable frequency ssueze g high-current charge pump controls a fine tuningov/
required, which are usually generated by a phasgestb input, while a coarse tuning VCO input is contrdliey a
loop (PLL) controlled by a crystal oscillator. THLL  |ow-current charge pump. The disadvantage of this
phase noise is critically here, especially in OFBydtems  approach is that for one PLL output frequency dimibe
[5]. Afirst PLL for a 60 GHz system was presenie@],  number of control voltage combinationsdrss Veine
where a VCO oscillating at the fundamental freqyeot  exists to generate the desired frequency. Since in
56 GHz was employed. Using a sliding-IF architegtur integrated PLLs, the VCO gain strongly depends lun t
similar to [7], the required PLL frequency can leeluced control voltages, this ambiguity results in an @tfictable
to 80 percent of the RF, that is, to 48 GHz. Tleduces loop bandwidth. One possibility to equalize the doo
power consumption, complexity, facilitates image bandwidth is a digitally controlled charge pump reut,
rejection and eliminates LO pulling in transmittedsfirst  which requires a large design effort. The contraltages
48 GHz silicon-based PLL was presented in [8]. Theof the PLL in [9] may approach the rail voltagesy\and
performance requirements imply several conflictingysg resulting in a poor charge pump performance,
demands such as a wide tuning range, low phase,noisncreasing phase noise and spur level. In a matidieal-
low spur level, low power consumption, predictableloop design [10] the two VCO control inputs haveeibe
settling behavior, and low complexity. connected through a large resistor. This eliminates
The goal of our paper is to present a simple PLLambiguity for Vkoarse and Ve, But still the fine loop
architecture, where a wide tuning range and a gumse  control voltage will vary over frequency resulting a
performance can be achieved simultaneously, andhwhi frequency dependent loop bandwidth. Fig. 1 shows a

|. INTRODUCTION



schematic view of the proposed PLL. The fine tunimmut
is controlled by a high-current CP connected t@@osd-
order low-pass filter, while the coarse tuning ingsi

Beside these advantages, our topology entails three
potential disadvantages. First, the total tuninggeais
limited to the coarse tuning range. For a tunimgearatio

controlled by a low-current CP loaded with a largeof 10:1 as used here, this might reduce the PLIlingun

capacitor to ground.
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Fig. 1. Schematic view of dual-loop PLL includinigd tuning
biasing.

The two parallel tuning loops share the frequenigiyddr
and the phase-frequency detector (PFD) in ordesate
power. Our approach architecture is similar to thaf9],
but entails an important improvement. Two largéastess
of size Ryjas connect the fine tuning VCO input to a
supply and the ground. It is advisable to use arsdp
supply Wbp for the voltage divider or to derive it from the
VCO supply to avoid noise coupling from other citoy
especially digital, into the VCO. The average finaing
voltage is \bp/ 2, resulting in an optimum output voltage
bias of the high-current charge pump CP1, regasdids
the PLL output frequency. As a result, CP mismatah
be reduced. Since the fine loop tuning voltagehigaygs
given by the bias resistors, the charge pump doekave
to be optimized for flat current over output vokad his
significantly reduces the required size of the ghgsump,
because short-gate-length transistors with highnroéla
length modulation can be used. Additionally, a lov@®

mismatch will reduce spurs and in-band phase noise

especially in fractional-N PLLs [11]. The outputltame of
the second charge pump CP2 for coarse tuningdsarise
not constant. This charge pump will, thereforefesurom
mismatch as the PLL output frequency moves towhed t
boundaries of the tuning range. But, since theecurof
CP2 is small and the output is loaded by a largeacitor
only, the effect on phase noise and spurs is sfaall
Another advantage of our approach compared to @] a
[10] is the fact that the PLL loop bandwidth is émpgndent
of the output frequency, provided that the effettthe
coarse tuning loop on the settling behavior is igdge.

range by about nine percent, which is, howevel, @i
large as ten times the fine tuning range. Therefare
consider this a minor drawback. The second potentia
disadvantage is the fact that the settling behawight be
affected by the two biasing resistors. Third, thasimg
resistors add thermal noise enhancing the phase.noi

In section Ill we will show that with proper siziraf
Rgias, heither the frequency settling nor the phaseenois
are significantly affected.

I1l. SIMULATION RESULTS

Fig. 2 shows the simulated phase noise for twoesbf
Rgias and for the case without biasing resistors. Olsligu
for Rgias > 500 WV the effect of the biasing resistors on the
loop dynamics is negligible. The same holds for the
thermal noise of these resistors, which also afféwt total
phase noise spectrum.
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Fig. 2. PLL phase noise forgRs = 100 RV (circles), 500 W/
(squares) and without biasing resistors (solid)line

' In order to investigate the effect of the biasiegistors
in the time domain, we performed a behavioral satioh
for Rgias = 500 WV and for the case without biasing
resistors. The constant fine tuning gain issK00 MHz/V,
and the coarse tuning gain is K1 GHz/V. Beside the
tuning voltages ¥ne and \eoarss We monitor the
effective tuning voltage M- = [K;/ (Ki+K3)] Vene +
[KA(K1+K5)] Veoarse representing the sum of the two
control voltages weighted with the correspondingQ/C
gain. This quantity is suited for investigating fhequency
settling, since the momentary VCO frequency isnadr
function of Verr . Fig. 3 shows the settling behavior for the
two cases. Obviously, in the case of biasing the funing



voltage approaches the valueppv//2 = 1.25 V.
Interestingly, the effective voltage settles muaktér than
the fine and coarse voltages. After the settliny ef-, the
fine and coarse tuning voltages drift to their ffinalues in
opposite direction with slew rates in proportion the
corresponding inverse VCO gain.
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Fig. 3. Coarse, fine and effective tuning voltagesus time for
the case without biasing resistors (a) and witlstes (b).

During this time, the effective voltage and the Riditput
frequency have already settled. Fig. 4 shows tfectbfe
control voltages with and without CP biasing

~ without biasing resistors
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Fig. 4. Effective tuning voltage versus time foe tbase without
biasing resistors and with resistors.

As evident from this figure, the small-signal freqay
settling behavior is hardly affected by the biagiesgjstors.

IV. MEASUREMENTS

We have fabricated two versions of the synthedizex
0.25mm SiGe BiCMOS process with three thin and two
thick metal layers [12]. The first version has nasing
resistors and has been described in [8]. Measuhadep
noise at 1 MHz offset was below -98 dBc/Hz oveursing
range from 47.2 to 49.6 GHz. In the second versibe,
biasing resistors are added at the fine tuning VQyait
according to Fig. 1. The targeted bandwidth waseiased
to 150 kHz for phase noise minimization. Fig. 5whahe
chip photo of the PLL including biasing resistors.

Fig. 5. Chip photo of the PLL with biasing resistor

The bandwidth was measured for both versions bygeha
modulating the input frequency and monitoring el of
sidebands in the PLL output spectrum by using atspm
analyzer. Fig. 6 shows the result for a low modoiat
frequency of 20 kHz.
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Fig. 6. PLL output spectrum at 12 GHz with a 20 kptmse
modulated reference signal.



For a modulation frequency of 150 kHz the sidebeards
3dB lower than in Fig. 6. The bandwidth at a PLLtput
frequency of 4 x 12.16 GHz = 48.64 GHz is, therefor
150 kHz. Repeating this measurement over the whble

significant size reduction of the charge pump isgiale.
With proper sizing of the loop parameters, the loop
bandwidth is almost independent of the PLL output
frequency. This allows the settling behavior of Bld. to
be predicted, also in the presence of device paeme

tuning range for the two PLL versions we obtain liwep
bandwidth as a function of the output frequencyicteg
in Fig. 7.
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Fig. 7. Measured loop bandwidth as a function dpatu

frequency for the PLL with and without biasing sters.

In the version without CP output biasing the Ioop[5]
bandwidth strongly depends on the PLL output fregye
and is proportional to the VCO gain. In the version
including the biasing resistors the loop bandwidttilat.
The loop bandwidth variation is as low as + 7 peta
the mean value over the tuning range of 2.6 GHz,
compared to a factor of three over the same ramghe  [7]
case without biasing resistors. This verifies oumpde
approach for loop bandwidth equalization, which
eliminates the need for digital bandwidth contidking
our architecture, the dominating charge pump CRilbea
optimized for a given bias, e.g.,p¥/ 2. This will
minimize the charge pump mismatch for all PLL otitpu
frequencies. ]

(6]

(8]

V. CONCLUSION

variations with process and temperature. A digitsrge
pump control
therefore, not required.

for loop bandwidth equalization is,
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