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Abstract—A 1.8 ~ 3.2-GHz fully differential phase-locked loop AMUX
(PLL) is realized for asynchronous transfer mode clock genera-
tion applications. The PLL includes a new differential voltage con-

1

trolled oscillator with the wide tuning range of 1.74 ~ 3.40 GHz t, O O
and a new differential charge pump with improved hold character-

istics. The PLL is implemented with 0.5z:m GaAs MESFET tech- O 0 VCO
nology. The experimental results show that the proposed PLL has 4 Output
a lock range of 1.8~ 3.2 GHz and its output RMS jitter is at most c

5.0 ps (0.015 Ul) at 3.2 GHz.

Index Terms—MESFET integrated circuits, phase-locked loops,
very-high-speed integrated circuits.

Fig. 1. Block diagram of the conventional VCO using feedback loop coupling.

I. INTRODUCTION Vy
—>
N MULTILINK systems such as asynchronous transfe v, VCO
mode (ATM), it is cost effective to integrate several links [ | Output

into one high-speed serial link reducing the system complexi
This requires high-speed phase-locked loops (PLLS) whiv,
provide the system clock for data serialization and deserializa-

tion. There have been intensive research efforts to increase fige2- Block diagram of the proposed VCO.

operating frequency and operating range of the PLL, and reduce ) ) _

output jitter [1]-[9]. Most research efforts for high-speed PLICOUPling method [12] is most suitable for the high-speed PLL
are focused on the voltage controlled oscillator (VCO) arfPPlication. This is because it can be designed with a fully
the charge pump, since the maximum operating frequency ﬁﬁerenual structure, it has no maximum pscnlann frequgncy
operating range of the PLL are determined by the VCO and tAggradation due to output loading capacitance, and with it the
jitter characteristics are influenced by the VCO and the char§y&€O tuning range can be easily determined. _
pump. Our goal is realizing a high-speed PLL with a wide lock Fig. 1 shows the block_ diagram of a convgntlonal VCO using
range and low jitter characteristics for ATM applications. Ihe feedback loop coupling method. Tfiesc is controlled by

order to achieve this goal, we implement new circuit ideas f§i€ control signal{c) of an analog multiplexer (AMUX) which
the VCO and the charge pump. combines two loops having different loop delays. By assuming

that the propagation delays for the inverters and AMUXtgre
the VCO tuning range can be determined A4d.0¢,) ~ 1/(6¢,)

Il. VOLTAGE CONTROLLED OSCILLATOR

) ) o [12].

A ring-oscillator-type VCO is widely used for PLLs for  Ajthough this type of VCO has several advantages, as men-
system clock generation applications, since it occupiestigned above, there is a limitation in increasing its tuning range
small chip area and produces high-frequency signals Wife to the unstability of the AMUX. In Fig. 1, the delay time dif-
large magnitude sw_table for d|g|tal_ systems. Among varioygrence between two AMUX inputs i&,. When the VCO os-
methods of controliing the oscillation frequencyofc) of  cillates with its minimum oscillation frequency, the oscillation
the ring-oscillator-type VCO [10]-[12], the feedback loomeriod of the VCO isl0t,, and the phase difference between

two AMUX inputs is 27 /5. Similarly, when it oscillates with
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Fig. 3. Measured and calculated VCO tuning sensitivity.
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delay element of the other loop. Since two loops are combine
by AMUXs, voltage signals appeared in all nodes of the VCC
always have the same frequengysc. Consequently, the oper-
ation of the VCO shown in Fig. 2 can be explained by a simpl
phasor analysis as in the case of the VCO shown in Fig. 1. A
suming that the AMUX outpuV. is linearly controlled byVc vIT vIT
whic.h varies from 0 to 1 and 'Fhe propggatiqn delays of AMUXﬁg_ 4. Schematic diagram of the SCFL AMUX.

and inverters are;, the following relationship can be derived:

VHREF

Va=[1-Ve)V,+VeVy] e’ The advantage of the new VCO is that the AMUX input phase
_ie difference is fixed atr /2 in the whole tuning range. As shown
Vi = [(1 = Ve)Ve = VeV - e () in Fig. 2, two inputs of AMUX1 and AMUX2 ard’, andV,,

Vo= — A2V and V, = A2 ¥V, (2) andV, andV;, respectively. In case of AMUX1, the phase dif-
ference betweel, andV,, is exactlyr /2, becaus&’,, is a de-

whereA is the small signal gain of the inverter at the frequencgY®d signal o, by 3¢5, andV is an oscillating signal which
of fosc, andd is the output phase delay produced by the invert8S @ period oi2¢,. In case of AMUX2, the phase difference

and AMUX. From (1) and (2), the relationship betwdén and PetweenV, andV, is also exactlyr/2, because the phase dif-
V., is obtained as ference betweel, andV;, is «.

Fig. 5 shows the simulation results to evaluate the phase re-

(1 —Vg)A2e938 lationship betweerV,,, V,, andV,, at Vo = 0,0.5, and1. As
Vo = 1+ VeA2e—d36 Va shown in the figure, the phase difference betw&grandV,,,
and andV, and—V,, are exactlyr /2 in the whole tuning range. This
(1 —Vg)A2e 3¢ guarantees the stable operation of AMUXs.
Vip =~ Vi 3)

- 1 +V0A26_j30
I1l. CHARGE PumpP

From (3),c /¢ can be derived as . . . .
A differential charge pump is generally used for high-speed

eI — AT [(1 - Vo) +ch]_1 ) (4) PLL applications beqausg of its fast switching papabil!ty. Fig..6
shows the schematic diagram of a conventional differential
charge pump [6]. In this figure, UPP, UPN, DNP, and DNN

Since# can be expressed ds= 27ty/Tosc, is derived
P a/Tosc, fosc are the differential outputs of PFD. When it is in the hold state

from (4) as
(UPIDNI“O”), Iypy flows to Ipng andiyps to Ipne. If Tups
1 T . Ve 1 is exactly same a$yps and Ipn: asIpnz, the charge pump
Josc =g |5 ttan™ | o AT (®)  outputsVer and Vex are not changed. When it is in the up

state (UR="1,” DN ="0"), Iyps flows to Ipn2 andIyp; to the
From (5), it can be seen that the new VCO has the tuning rarigep filter capacitorCp increasingVcp, andIpn; flows from
of 1/(12t4) ~ 1/(6t4), which is wider than that of the conven-the loop filter capacitorCy decreasingVen. In the similar
tional VCO structure. way, when it is in the down state (4P0,” DN ="1"), Vgp is

Fig. 3 shows the experimental results in which the tunindecreased antqy is increased.

range of the proposed VCO is analyzed. Results calculated wittHowever, as the charge pump output level is shifted from its
(5) are also shown. The VCO is implemented fully differentiallynitial bias level, it tends to converge to its initial state. This is
by using a source-coupled FET logic (SCFL) inverter [15] arloecause the current sourcks»; and Iyp2 have finite output
a SCFL AMUX, which is shown in Fig. 4. The experimental reresistances andl;p; and Iyps are proportional to the charge
sults show that the VCO tuning range is 1+44.40 GHz and pump output voltages/-p andVay, respectively. This problem
it can be accurately fitted by (5) by using = 50 ps. is particularly serious for GaAs MESFET circuits as there is no
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Fig. 6. Schematic diagram of the conventional charge pump.

complementary FET and consequently it is very difficult to dé=g. 7. Schematic diagram of the proposed charge pump.
sign proper current sources. In [16], a differential charge pump
was proposed to lessen this problem by controlliag: and s I, > Iyp; andIpn2 > Iups, @ much easier condition to
Ipn2 with the charge pump output. However, this is not a pegatisfy.
fect solution, as it is difficult to exactly matahpx; to fyp; and  Fig. 8 shows the simulation results to evaluate the depen-
Ipne2 10 Iype. dence oflyp and Ipx on charge pump outpdt:. As shown

Fig. 7 shows the schematic diagram for our new charge purmpthe figure,Iyp is linearly proportional td/¢ with the slope
[13], [17]. Six diodes are placed in each current path to prevesift —84 ,A/V. But Ipy is nearly independent df while it
the charges in the loop filter capacitors from flowing to the cuis linearly proportional to the current sink control voltagg
rent sinks during the hold state. In order to block the leakag#éth the slope of 16@.A/V. From this, it can be determined that
currents from/yp; and Iyps to Cp and Cjyy, the current sink the current sink control blocks F1 and F2 have the voltage gain,
control blocks, F1 and F2, are implemented which respectively’r /dV¢, larger than 0.5 satisfyinfhx > Iyp. Consequently,
make Ipn; and Ipn2 to be equal to or larger thafyp; and a source follower with the small signal gain of 1 can be used for
Iypa. This scheme differs from the current sink control methodl and F2.
used in [16] in thatlpn: and Ipn2 do not have to be exactly  Fig. 9 shows the simulation results for the output hold char-
matched tdyp; and/yps. The only requirement in our schemeacteristics of the proposed and the conventional charge pump.
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In the conventional charge pump, it converges to its initial Staggy. 11. Measured jitter characteristics of the fabricated PLL.
as the output level goes up from its initial bias level. In com-
parison, the output level in the new charge pump keeps its le¥@mbinational logics. We estimate that the power dissipation
during the hold state. The maximum relative drift of output levébr frequency divider alone is 210 mW. One possible way of
of the proposed charge pump output is 0.14% during 500 nsreducing power dissipation would be using single logics such
as direct-coupled FET logic (DCFL) where possible.

The PLL was fully functional with a lock range of 18

2 GHz with the input reference signal ranging from 90 to
A PLL that has th I Vv h ) =
that has the newly proposed VCO and charge pu 0 MHz. Fig. 11 shows the measured RMS jitters for the en-

was implemented with 0.pm GaAs MESFET technology. ..
Although it is possible to implement gigahertz-range PLLs witﬂre lock ranges. ‘The jitter ranges from 0.009 UI at about the

3-V CMOS technology, we have chosen the GaAs MESFE%E‘terOSCi"aﬂon frequency to 0.015 Ul at the highest oscillation

IV. EXPERIMENTAL RESULTS

process technology for application because this work is a p quency. Fig. 12 shows the measured jitter histograms of the

; ; : . O output when the PLL was locked at its minimum, center,
of very-high-speed ATM switch implementation based o : -
MESFET. Fig. 10 shows the layout of the chip, which include%nd maximum frequency. The RMS jitters for the VCO output
three PLLs with slight modifications for measurement puf © 6.2 ps (0.011 UI) afvco = 1.8 GHz, 3.9 ps (0.010 UI) at
poses. The PLL uses a generic PFD implemented with elevBro = 2.6 GHz, and 5.0 ps (0.015 Ul) dirco = 3.20 GHz.
OR/NORgates, a programmable frequency divider implemented
with a 4-bit counter and several combinational logics, and
on-chip second-order loop filters. The loop filter parameters A 1.8 ~ 3.2-GHz fully differential on-chip PLL was success-
(1800¢2, 40 pF, 4 pF) were chosen to make the damping factfully realized with 0.5m GaAs MESFET process technology.
(¢) of the closed-loop transfer function to be 0.707, whicfihis PLL includes a newly proposed VCO which has an en-
corresponds to the loop bandwidth of 6.45 MHz when theanced tuning range and stability, and a newly proposed differ-
dividing number is set to 20. The power dissipation for the PLéntial charge pump which has improved output hold characteris-
core is estimated to be 380 mW with3.3-V/—2.0-V power tics. The experimental results show thatthe PLL has alock range
supplies. This high power consumption is due to the fact that 1.8 ~ 3.2 GHz and the maximum VCO RMS jitter of 5.0 ps
all PLL core blocks are designed fully differentially and th€0.015 Ul) at 3.2 GHz. It is believed that our PLL can find very
programmable frequency divider has many SCFL flip-flops angseful applications for high-speed clock generation systems.

V. CONCLUSION
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