TP 12.5: A 1.4GHz Differential Low-Noise trolled and the buffer at the output of the divider is differen-
CMOS Frequency Synthesizer tially clocked by the VCO. The loop bandwidth is designed to

using a Wideband PLL Architecture be 8MHz.

A circuit diagram of the differentially controlled VCO with
differential output is shown in Fig.12.5.1. The on chip resona-
tor consists of spiral inductors using three layers of metal con-
o ) ) ) nected in parallel and varactors using P+/Nwell junctions
The growing importance of wireless media for voice and datapartitioned into small units. The differential control path is
communications is driving a need for higher integration in per-implemented with four varactors connected as shown with dif-
sonal communications transceivers in order to achieve loweferential controls. Capacitance changes of D1 and D2 due to
cost, smaller form factor, and lower power dissipation [1]. Onecommon mode control voltage perturbations are first order
approach to this problem is to |ntegrate.the RF functionality incompensated by opposite changes of D3 and D4. The oscilla-
low-cost CMOS technology together with the baseband transtion frequency to the first order depends only on the differen-
ceiver functions. This in turn requires integration of the fre- tja] controls rather than the common-mode control voltage.
guency synthesizer with enough isolation from supply noise to

allow the synthesizer to coexist with other on-chip transceivergy, o5 tones resulting from the frequency comparison pro-
circuitry and still meet the phase noise performance require-

A ; - X .~cess do not get much attenuation by the loop filter because of
ments of the application. This paper describes a d|ffer¢_entlafhe wide loop bandwidth. Matching of the current sources in
synthesizer for block-down-convert receivers that achlevest

: d levels of ph X d | ecti ; he charge pump is critical in minimizing these tones.
Improved Ievels of phase noise and Supply rejection periory;q 15 5 5 shows the circuit diagram of the differential charge

mance through the use of fully differential architecture and 3hump with active loop filter. Full swing UP and DN signals
wide-bandwidth PLL. from the phase/frequency detector (PFD) output are used to
) ) ) completely turn off the switches in order to minimize the leak-
In conventional double conversion receivers, the RF syntheage current and hence the mismatch of the leakage current. An
sizer utilizes a low-phase-noise VCO which is coupled to aactive loop filter is used so that the steady-state charge pump
reference oscillator by a low bandwidth synthesizer loop. Thegjfferential output is always zero even when a large control
low bandwidth is desirable in order to minimize spurious tonesyoltage is required to drive the VCO. A common-mode feed-
in the output frequency spectrum that result from the fre-pack (CMFB) circuit sets the charge pump output common
quency comparison process. One consequence of the lowode at a level so that the matching between the current
bandwidth is that the phase noise of the overall synthesizer igources in the charge pump is maximized. This CMFB loop is
dominated by the phase noise of the VCO. Because of the limpnly connected when all four switches in the charge pump are
ited Q of varactor-tuned tank circuits implemented with on- off,"which is true for a portion of the frequency comparison
chip components, realization of low-phase-noise synthesizergeriod at the PFD. Hence this CMFB is a sampied data circuit.
required in the most demanding applications using this con-z separate continuous time CMFB circuit sets the loop filter
ventional approach has proven a difficult challenge. common mode output to be the same as the VCO common
mode output in order to maximize the VCO tuning range.
An alternative approach is to use a wide bandwidth PLL to

closely couple a noisy on-chip VCO to a clean reference. Thethe prototype produces three RF frequencies, e.g.,
phase noise contribution from the on-chip VCO to the output] 3824GHz, 1.4688GHz, and 1.5552GHz, while achieving a
within the synthesizer control bandwidth is thus suppressedphase noise of -118dBc/Hz at 100kHz, a spurious tone of -
Because wide PLL bandwidth requires a high comparison fre56dBc at 86.4Mhz. When a 0.8MHz 200mV peak-to-peak sin-
quency, this type of synthesizer is most amenable to the synewave is added to the supply, the synthesizer generates a tone
thesis of a few widely spaced frequencies, and is thus mosf -42dBm. This translates to an effective PSRR of -32dB.
compatible with block-down-convert receiver architectures measured PSRR for other frequencies is shown in Fig.12.5.5.
such as the wideband IF double conversion architecture [2]. Inwhen the 200mV tone is present, synthesizer phase noise at
these architectures, the entire signal band at RF is mixed dowlookHz degrades to -116dBc/Hz. The complete synthesizer

to the IF with a fixed RF frequency synthesizer, and a variablegjssipates 84mw from a 3.3V supply. Table 12.5.1 shows a
frequency synthesizer at IF is used to tune the desired channgimmary of the chip performance.

from IF to the baseband. Because this second synthesizer is at
a much lower frequency, minimization of its phase noise Con‘AcknowIedgmentS'
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Figure 12.5.1: Differentially controlled VCO
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Figure 12.5.2: Differential charge pump with active

loop filter.
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Figure 12.5.3: Measured phase noise performance.
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Figure 12.5.4: Measured phase noise with an
800kHz 200mV peak-to-peak sinewave
applied to the power supply.
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Figure 12.5.5: Effective PSRR vs. power ripple frequency.

Power VCO 39.55mw
CP,PD,DIV,Buffer 44.5mwW
Total 84.05mW

Phase @100kHz -118dBc/Hz

Noise @1MHz -120dBc/Hz
@3MHz -123dBc/Hz

Spurious @86.4MHz -56dBc

Effective with 200mV p/p, -32dB
0.8MHz sinewave on

PSRR supply

Die Size 2260m x 186(um

Process 0.35m CMOS, 5-metal, 2-poly

Table 12.5.1: Performance summary at 2&



