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By summing Eq. (3-a) and (3-b), the following equations

are obtained.
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Since the left side of Eq. (4-b) represents the phase delay

between V,, and V,, , “+j” in the right side is meaningless.
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In addition, 8 can be expressed by Tosc and t, as
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By combining Eq. (5) and (6), fosc can be expressed by as
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From Eq. (7), it can be seen that the new VCO has the
tuning range of 1/(12t,) ~ 1/(6t,), which is wider than the
conventional VCO structure.

The advantage of the new VCO is that the AMUX
input phase difference is fixed at W2 in the whole tuning
range. As shown in Figure 1, two inputs of AMUXI and
AMUX2 are V, and V,, and -V, and V,, respectively. In
case of AMUXI, the phase difference between V, and V,

ana v, IS an OSCHIAUNg SIZNAl WIICH Ha3 & Peiivy Ul 1y,
In case of AMUX2, the phase difference between V, and
-V, is also exactly m/2, because the phase difference
between ~V, and V, is .

In order to estimate the tuning sensitivity of the
proposed VCO, fosc at various V¢ is measured from the
fabricated VCO. As can be seen in Figure 2, VCO tuning
range is 1.74 ~ 3.40GHz and it can be accurately fitted by
Eq. (7) by using t;=50ps.

III. Charge Pump

A differential charge pump is generally used for high-
speed PLL applications because it switches only the
current paths while leaving the current sources and sinks
always turned on.

Figure 3 shows the schematic diagram for our new
charge pump [7]. In order to increase the output resistance
of all the current sources and sinks, they are implemented
with the cascode structure using one GaAs MESFET and
one resistor. Six enhancement mode GaAs MESFET
diodes are placed in each current path to prevent the
charges in the loop filter capacitors from flowing to the
current sinks during the hold state. In order to block the
le-akage currents from Iy, and Iy, to Cp and Cy, the
current sink control blocks, F1 and F2, are implemented
which respectively make Iy, and Iy, to be equal to or
larger than Iyp; and Iyp,. This scheme differs from the
current sink control method used in [8] in that Iy, and
Ipx; do not have to be exactly matched to Iyp, and Iyp,. The
only requirement in our scheme is Iy, 2 Iy and Ipy, 2

Iyp,, @ much easier condition to satisfy.

IV. Experimental Results
A PLL that has newly proposed VCO and the charge
pump was implemented with 0.5um GaAs MESFET




process. Figure 4 shows the layout of the chip which
include three PLLs with slight modifications for the
measurement purpose. The chip size is 3500pum x 3500um
and the power dissipation of the PLL core is about
380mW with +3.3V/-2.0V power supplies. The PLL uses
a generic PFD implemented with nine SCFL 2-input OR
gates and two SCFL 3-input OR gates, frequency dividers
(divide by 20) implemented with SCFL D-type flip-flop,
and on-chip second order loop filters. The loop filter
parameters (18009, 40pF, 4pF) were chosen to make
damping factor (£) of the closed-loop transfer function to
be 0.707, which corresponds to loop bandwidth of
6.45MHz.

The fabricated PLL was fully functional with the lock-
range of 1.8 ~ 3.2GHz with the input reference signal
ranging from 90 to 160 MHz. Figure 5 shows the
measured RMS jitters  for the entire lock ranges. The
jitter ranges from 0.009UI at about the center oscillation
trequency to 0.015U1 at the highest oscillation frequency.
Figure 6 shows the measured jitter histograms of the VCO
output when the PLL was locked at its minimum, center,
and maximum frequency. The RMS jitters for the VCO
output are 6.2ps (0.011UI) at f,co=1.8GHz, 3.9ps
(0.010U1) at fyco=2.6GHz, and 5.0ps (0.015UI) at
fvco=3.20GHz.

V. Conclusions

A 1.8 ~ 3.2GHz fully differential on-chip PLL with

ow fitter characteristics was successfully realized with
pm GinAds MESFET. The experimental results show

REFERENCES

[1] J.T. Wu, et al,, “A Bipolar 1.5Gb/s Monolithic Phase-
Locked Loop for Clock and Data Extraction,” in
Digest of Technical Papers of the 1992 Symposium on
VLSI Circuits, pp.70-71, 1992.

[2] W. Baumberger, et al., “A GaAs Single Chip 2.4GHz
PLL Frequency Multiplier,” in Digest of Papers of the
IEEE 1996 Microwave and Millimeter-Wave
Monolithic Circuits Symposium, pp.39-42, 1996.

[3] B. Razavi, “A 2GHz 1.6mW Phase-Locked Loop,” ir
Digest of Technical Papers of the 1996 Symposium on
VLSI Circuits, pp.26-27, 1996.

[4) W.Z. Chen, et al., “A 2V 1.6GHz BJT Phase-Locked
Loop,” in Proceedings of the 1998 IEEE Custom
Integrated Circuits Conference, pp.563-566, 1998.

[5] T.S. Cheung, A Design of GHz-Range GaAs MESFET
Phase-Locked Loops, Ph.D. Dissertation, Yonsei
University, Seoul, Korea, 2000.

[6] E.C. Choi, et al., “Two-Stage Voltage-Controlled Ringv
Oscillator Using One Pair of Variable Delay
Elements,” Korean Patent Pending, 99-28262, 1999.

[7] B.C. Lee, et al., “A High-Speed Charge Pump
Circuit,” Korean Patent Pending, 99-29262, 1999.

(8] J.R. Wahl, et al., “Integrated, High Speed, Zero Hold
Current and Delay Compensated Charge Pump
Circuit,” U.S. Patent, 4847519, 1989.

-)\m
gl ) 16 ) bV [ L
g o T & s B e e S B

)
%

Figure 1 Block diagram of the proposed VCO




—— calculated by Eq. (9) 1,=40ps

| —e— measured results
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Figure 2 Measured and calculated VCO tuning
sensitivity
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Figure 3 Schematic diagram of the proposed
charge pump

Figure 4 Layout of PLL.
(3 PLL circuits are included)
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