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Abstract—A multiplying delay-locked loop (MDLL) for high-
speed on-chip clock generation that overcomes the drawbacks of
phase-locked loops (PLLSs) such as jitter accumulation, high sensi- ﬁNL_
tivity to supply, and substrate noise is described. The MDLL de-
sign removes such drawbacks while maintaining the advantages of
a PLL for multirate frequency multiplication. This design also uses
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Deserializer

a supply regulator and filter to further reduce on-chip jitter gen- Ref _|  Clock Ref _ | Clock Multiplier
eration. The MDLL, implemented in 0.18-um CMOS technology,  Clock Multiplier Clock and Recovery
occupies a total of 0.05 mr# of active area and has a speed range

of 200 MHz to 2 GHz with selectable multiplication ratios of M —= Fig. 1. Basic components of a high-speed serial I/O.

4, 5, 8, 10. The complete synthesizer, including the output clock
buffers, dissipates 12 mW from a 1.8-V supply at 2.0 GHz. This

MDLL architecture is used as a clock multiplier integrated on a
single chip fora 72x 72 STS-1 grooming switch and has a jitter of V AKX /3' \
1.73 ps (rms) and 13.1 ps (pk—pk). m —

Index Terms—Clock  multiplication, clock synthesis, AN
delay-locked loop (DLL), low jitter, phase-locked loop (PLL),
serial links. t t Lt [t

u r a m
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p-p timing uncertainty or noise

time required to switch state

the duration the signal must be above the voltage margin V|
timing margin of the system

. e

S THE bandwidth demand of computer and digital corr

munications components continues to grow, high-spet
serial /O links are replacing traditional parallel buses. Ope.
ating at speeds of up to 5 Gb/s, such high-speed I/O circu,gtla 2. Timing components of an eye diagram
are already found in packet switches, circuit switches, and pro=" '
cessor-memory interconnects. Hundreds of these high-speed o ) ) )
I/0s have been successfully integrated on a single chip enablfigyeral bits in flight at once. The bit period of such a system is
monolithic switches with aggregate 1/0 bandwidths as high Hanited by three factors as illustrated by the abstract eye diagram
1 Tb/s [1]. By increasing the bandwidth per package pin arffi Fig. 2. The bit period must be at least the sum of the rise time
connector pin, high-speed 1/0s reduce the system size and ¢ést: the receiver aperture tinfe, ) and the peak-to-peak timing
per unit bandwidth and meet the demand for higher bandwid#Rcertainty or noisét, ) [2]. Notice thatt,, represents all timing
computer and communication systems. uncertainties in the system. In most systemsis a dominant

Fig. 1 shows a high-level diagram of a high-speed serial I/8Ctor limiting bit rate. _ o

consisting of a serializing transmitter, a channel, and a deseri/A m&jor timing noise contributor in high-speed I/O systems
alizing receiver. To operate with a bit period that is small com® the clock multiplier, which takes a low frequency (e.g., 125
pared to the time-of-flight over the channel, high-speed I/0 ciMH2z) and, in most cases, accurate (low jitter), reference clock
cuits are typically terminated with a matched impedance at &0d synthesizes a high-frequency (e.g., 2 GHz) timing reference
ther or both ends to achieircident-wave signalingnd recover for the _bit stream. Any jitter i_n the output of the clock multipli_er
the clock phase from the data arriving at the receiver. With sugdds directly td,,. In conventional systems, the clock multiplier

an approach, many bits can be wave-pipelined on the line—wihtypically implemented as a phase-locked loop (PLL) or using
delay-locked loop (DLL) frequency synthesis.

. . , PLLs are attractive for use as clock multipliers because they
Manuscript received March 31, 2002; revised June 15, 2002. . . L
R. Farjad-Rad, H.-T. Ng, R. Senthinathan, M.-J. E. Lee, R. Rathi, aRfOvide asimple means of frequency multiplication and can sup-
J. Poulton are with Velio Communications, Inc., Milpitas, CA 95035 USA.  port a programmable multiplication rate. Unfortunately, given
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USA. P 5has higher jitter than a DLL due to phase noise accumulation
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Fig. 4. Basic idea of the frequency multiplying DLL.
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ement, connecting it as a ring oscillator. After passiMg—
1 rising edges in this configuration (and the preceding falling
edges), the multiplexer switches back to route the next rising

@ edge orrclk into the delay element. When this edge arrives, itis
0° 180° compared to the rising edge bolk and the delay element con-
trol voltage, V.11, is adjusted to align the two edges. Once the
loop is locked,M pulses are generated bolk for each input
pulse onrclk and the rising edge of eadith output pulse is
aligned with the rising edge of each input pulse.

(b) The advantages of the MDLL stem directly from this basic

Fig.3. (a) ADLL frequency synthesizer. (b) A simple frequency doubler. design. Each rising edge oflk zeros the phase error of the
outputbclk Thus, there is no phase error accumulation. Because
a single delay element is used to generate the edgbslif

Shere is no fixed pattern jitter due to device mismatch. Also,

many (ten or more) cycles until the loop filter can respond, re- Lo : . :
sulting in a peak phase error considerably larger (typically thrgtée multiplication rate is easily programmable by changing the

. - " n%mber of cycles obclk that are recirculated before switching
to four times) than the original phase variation. For an expandﬁ] .

. . - e multiplexer.
comparison analysis of PLL and DLL jitter performance refer to The basic design of the MDLL also leads to two issues that
[3]and [9]. This factor is especially important when one intends

to integrate a large number of 1/0Os with other digital processinrccﬁqUIre careful attention. First, the inpratk must be kept very

S an since any jitter on this signal will be passed directly to the
components, where a significant amount of power supply an : X . .
Lo output and will all appear during a single cycle. This is not a
substrate noise is present.

erious issue as inexpensive crystal oscillators have sufficiently

The above consideration has motivated the use of DLLs fE’)rwjitterforthis application. Second, any mismatch in the phase

frequency synthesis [6], [7]. Fig. 3 shows one possible scherg{ebclk andrclk will result in fixed-pattern jitter that occurs on
[7]. The equally spaced phases of the reference clock are pro- : N -
- . . very Mth bclk edge. Reducing this fixed pattern jitter to ac-
cessed through an edge-combining logic to produce a higher fre- : .
) . céptable levels requires a novel phase comparator design and
quency clock. An example of a simple frequency doubler is alsQ . . . : .
A . . . . careful attention to the design of the selection and multiplexing
shown in Fig. 3. Besides no jitter accumulation, a DLL is mostl CUits

a smgle-pq!e system, dqe_s not rt_eI)_/ ona high Ioop bandwidth %The remainder of this paper describes the design and evalua-
correct for jitter and exhibits negligible jitter peaking. Howeve

r . . . .
. - ; tion of our MDLL in more detail. Section Il describes the overall
the architecture as shown in Fig. 3 suffers from two major draw- _, . . O . .

. . . architecture of the MDLL. Circuit details, including the design
backs. First, any mismatch in the delay element or the ed

. . . . %Gf'the phase comparator, are described in Section Ill. Experi-
combining logic translates directly into duty cycle error an . .
mental results are presented in Section IV.

fixed-pattern jitter. Second, a programmable clock multiplica-
tion ratio is difficult with this architecture.

To overcome the difficulties of previous PLL and DLL clock
multipliers, we have developed a multiplying delay-locked loop The multiplying DLL (MDLL) architecture, shown in Fig. 5,
(MDLL) clock multiplier. This circuit accepts an input clock andprovides the programmable clock multiplication without the as-
generates a phase-locked output clock at a multiple of the inmaiciated jitter accumulation of a PLL and without the fixed pat-
clock frequency. As with a DLL, each rising edge of the inpuern jitter due to device mismatch of a DLL frequency synthe-
clock zeros the phase error of the loop. Hence this circuit cosizer [4]. The MDLL consists of a three-stage differential in-
bines the low phase noise of a DLL with the clock multiplicatiowerter DLL whose delay is controlled by adjusting its power
ability of a PLL. Because the same delay elements generate esupply voltage using a voltage regulator. The MDLL output is
edge of the output clock in an MDLL, the fixed-pattern jittefed back to its input through a multiplexer. The differential 2: 1
due to device mismatch in a conventional DLL frequency symaultiplexer selects between the clean reference aldkkwhen
thesizer is eliminated. theselis asserted by select logic, and the DLL outpcik, when

The basic idea of the frequency multiplying DLL is shown irselsignal is deasserted. The front-end clock buffer level converts
Fig. 4. Each rising edge of the input cloaklk, enters an in- the input PECL clock to match the DLL internal signal levels
verting delay element via a multiplexer. After each edge passasd transition times. A phase detector is used to align the edge
the multiplexer switches to select the output of the delay &b rclk to the corresponding edgeloélkwhen multiplexing hap-

x2ck x2clk_b

Il. MULTIPLYING DLL ARCHITECTURE
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Fig. 5. Proposed MDLL.
Fig. 6. Multiplying DLL timing.

pens. A divide-byA/ counter, with adjustable divide ratio, pro- )
vides a programmable multiplication ratid for the MDLL. thus thg DLL delay toward smgller phase error. .Flnally, the se-
When the DLL loop is closed through the multiplexer, a rindeCt ogic deassertselat the rising edge afclk which restarts
oscillator is formed that oscillates with a period twice that df'€ ring oscillator—with its phase reset to the phaseléf This
the delay around the DLL loop composed of the inverters a§@"mection loop is repeated till the phase erfop is zero and
multiplexer generating the high-speed bit clobkjk The di- _the MDLL is locked. After the loop is Iocke_d, any p_hase offset
vide-by-M counter divides down thbclk signal to generate a in the phase detector and charge pump circuits directly shows
pulse,last, everyM cycles of thebclk Thelastsignal triggers UP @S cycle-to-cycle jitter on MDLL output whealk is muxed
the select logic that switches the multiplexer input to pass a clélfin Therefore, the phase offset in the phase detector and charge
reference clock edgeclk. This function resets the ring oscil-PUMP must be minimized or cancelled.
lator phase to the phase of the claatk edge removing any  1he MDLL open loop has one pole at the output of the
accumulated jitter over the pasf — 1 cycles. Therefore, the charge pumgV...1), and one pole at the regulated voltage node
maximum number of cycles that the ring oscillator accumulaté¥aclay) due to the large bypass capacitdy. Considering that
jitter is limited to M. In contrast, a PLL typically accumulatesth® voltage buffer is a unity gain buffer, The open loop transfer
jitter over at least 10/ cycles—until its loop filter can act to function is
correct the error. K, K;-M
Any mismatch between the swing levels, transition times, and H,(s) = sC. - (sCy - Ry + 1) 1)
timing alignment of theclk edge to the correspondibglkedge ¢ ’
of the DLL stages results in signal distortion during clock mulwhere K, is the chargepump gait, is the DLL gain,M is
tiplexing which leads to deterministic jitter in final multipliedthe multiplication factor, and?, is the effective ac resistance
clock. Therefore, the design of the clock buffer and phase dst-the regulated supply node. As can be seen from (1), unlike a
tector circuits is very critical for the MDLL performance. A sim-PLL loop, the MDLL has only one pole at the origin and there-
ilar idea is used in [2]; however, lack of attention in its circuifore does not require an extra zero to stabilize the feedback
implementation to the factors above makes its performance slwsp. To ensure the closed loop has acceptable phase margin,
able only for much lower-frequency applications even in fasténe unity gain crossover frequency of the open loop transfer
processes. function (H,(s)) must be well below the second pole caused
Fig. 6 shows the detailed timing diagram of the MDLL foiby the regulated supply capacitor. The worst case condition for
two cases when the closed oscillation frequency is more thstability is when the loop gain is highest, i.e., highest multipli-
(during startup) and equal to (after settling)times that of the cation factor, highest DLL and chargepump gain. Maximum
reference clock. At circuit startup, the DLL control voltage i$s equal to ten in this design, and maximum charge pump and
pulled high, setting the line delay to its minimum and the rinBLL gain happens at maximum speed of 2 GHz and fast corners
frequency to its maximum. As a result, thelkcompletesitsi/  of the process. However, note thfaj reduces at this corner, but
cycles considerably before the following rising edgeaf. At it is a slower function of process corner and speed as the feed-
the Mth rising transition obclk, the divide-byAZ counter as- back in unity gain voltage buffer mainly controls the effective
serts thdastsignal, which in turn activates the select logic. Theesistance at the node.
select logic asserts trgelsignal at the following falling transi- At maximum MDLL speed of operation and fastest corner of
tion of bclk, switching the multiplexer to itsclk input. During the process withi/ = 10, the loop parameters measured from
this period the DLL stops oscillation and the multiplexer corsimulations ard<{; = 0.75 ns/V,K,, = 11 zA/ns, R, = 50092,
tinues to selectclk. The phase detector, which is also enable@. = 10 pF, andC; = 40 pF, resulting in a worst case phase
by theselpulse high, compares the corresponding rising edgerfargin of >60° at a unity gain bandwidth o£1.5 MHz.
thebclkwith that ofrclk and applies a correction pulse, propor- One advantage of our MDLL is that it captures lock to any
tional to the phase difference between the two clock edgis frequency below its reset frequency. Therefore, as long as the
to a charge pump circuit that moves the loop control voltage aMDLL is started at its maximum startup voltage and thus its
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Fig. 7. Delay line schematic.

) ] Fig. 9. Level converter schematic.
maximum frequency, there is no need for a frequency acqui-

sition loop. Another advantage of this design is that it exactg/
aligns the phase of the outphbitlk signal to the phase of the B- Supply Regulator

inputrclk signal—because the phase detector operates directlyrhe goals of the supply regulator are to provide enough
on these two signals. In contrast, conventional PLL implemegriving capability to regulate the clock multiplier and to shield
tations compare the phase of the reference clock with the outgytt clock multiplier from the supply noise while having a high
of the divider and hence do not precisely align the input phaggndwidth 300 MHz) to ensure the DLL stability. Shown in
with the output phase. A drawback of the MDLL architecturgig, g, this design uses the same topology as well as stability
is that in a rare case of a missinglk edge, there will be no compensation scheme as [5]. For high frequency supply noise
outputbclkfor arclk cycle, Fig. 6, and the charge pump chargeseyond the loop bandwidth of the supply regulator, the output
the loop control voltage down during this period. The contr@{pise is mostly determined by capacitive feed through as well
voltage drop may result in a low enough oscillation frequen@g sudden current surge due to instantandaus change in
that can make recovery impossible in the next cycle. This sit71. To minimize these effects, a large bypass capadifar
uation is avoided by adjusting the charge pump current Iq¥ pjaced at the output. Therefore, at lower frequencies a high
enough so that any control voltage reduction duringlape-  power supply rejection ratio (PSRR) is provided by the supply
riod in this event is small enough, and the oscillation frequen%{gmator feedback loop, and at higher frequencies high PSRR
is still within MDLL capture range. A lock detector is also im-jg guaranteed by the large bypass capacitor. This design has a
plemented in the MDLL to reset the circuit in the rare event SRR of at least 20 dB across the whole frequency spectrum,

multiple missingrclk edges. reducing the supply noise sensitivity of the delay line by at
least 10<.
I1Il. CIRCUIT IMPLEMENTATION C. Level Converter

The supply regulated delay line produces clock signals that
swing between ground and the control voltage. A level converter

Fig. 7 shows the delay line schematic. The clock selectiaminserted whenever a rail-to-rail clock signal is required. Fig. 9
multiplexer is implemented with complementary transmissioshows the schematic of the level converter. The first current mir-
gates. The delay elements are simple CMOS inverters whaeeng stage has positive supply sensitivity while the subsequent
delay is varied through supply regulation. As the control voltageverter stage has negative supply sensitivity. The fan out of the
approaches the transistor threshold voltage, the gain and tive stages can be adjusted so that the overall supply sensitivity
supply sensitivity of the delay line increases significantly. To ais significantly less than either stage to minimize jitter [5].
leviate this problem, a secondary shunting inverter controlled byln addition, a level converter is also required at the reference
the binary programmable sigrtaimf is placed around the main clock input to convert the PECL level signal to the CMOS
inverter stage to prevent the control voltage from becoming ebevel under the regulated supply. Fig. 10 shows the schematic.
cessively low at fast corner and low frequencies. The delay elBde front-endRC network provides ac coupling and biases the
ment is slower withrimf low than high. Cross-coupled invertersnput signal at the transistor threshold voltage. The preceding
are inserted at each delay stage to suppress skew between ammmon-source amplifier uses cross-coupled negative resis-
plementary clock signals. tance to boost gain. A current-mirroring amplifier to provide

A. Delay Line
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. . . / tabl
full CMOS levels follows this stage. All circuits are under sel (unacceptable) 7N
the regulated supply to minimize supply noise sensitivity and (b)
provide proper signal levels for the delay line. Fig. 11. (a) Select logic circuit. (b) Example of bad and good select pulse.

D. Select Logic

down I ]
rclkp

The timing of the select logic is critical at very high frequen-  bcikp
cies and can affect the MDLL jitter performance. If the select 7</n
logic does not completely switch the mux input before the ap- sel
propriate clock edge passes through the mux, the clock edge peiin
experiences a distortion that results in extra delay and there- "</kp
fore a phase error in that cycle. To avoid this condition,sble
signal should have fast transitions and be asserted immediafedy12. Phase detector and charge pump.
after the falling edge of the labtlkand deasserted immediately
after the rising transition atlk. Therefore, the dynamic CMOS
gate shown in Fig. 11(a) is used to increase the speed and sl rclkn

rate of the select logic. Note thaelis deasserted when both o TN
rclk andbclk go high. This is done to guarantee a minimset belkp \

pulse width when theclk rising edge advances ttelk rising

edge following thebclk falling edge that asserted thelpulse.  /goun

Fig. 11(b) show acceptable and unacceptable cases of the se b
pulse, where the unacceptable select pulse is late with a lar

rising time, therefore distorting the following edgelmfik. ‘
belkr—
i sel . /
E. Combined Phase Detector and Charge Pump rclkp AV,
Fig. 12 shows the block diagram of the combined phas belkn

detector and charge pump circuit. The phase detector is com- _

posed of twoAND gates that are activated during the sele&l9: 13 Combined phase detector and charge pump.

pulse window. TheaND gates take advantage of the available

complementary clocks to generate a high output pulse whdgg,, or Ii.wn) into the loop capacitor. This choice akD gate

width is equal to the phase lag (UP gate) or leedwN gate) implementation is to generate a narrow current pulse when

betweenrclk and the corresponding edge btlk, Fig. 12. the loop is locked, (as shown in Fig. 13) which minimizes the

Device mismatches and asymmetries in the phase detector phdse error caused by the charge pump current mirroring. This

charge pump result in phase error in the multiplied clock, &sirrent pulse is significantly narrower than what is possible

discussed earlier. with a voltage signal that must charge and discharge parasitic
To minimize phase error, a combined phase detector acapacitances.

charge pump circuit performs theiD operations using series Phase errors in the charge pump are also due to the channel

FETs to generate narrow current pulses as shown in Fig. 1&)gth modulation of devices/1-M4, and size mismatch of

[8]. Each 3-inputanD gate is constructed by a stack of threall transistors in Fig. 13, resulting iy, and/gown current mis-

NMOS devices that gate the source of an NMOS current souro@tch for zero input phase difference. The phase or timing error

device in a current mirror. When all devices in the stack akt., of the charge pump when locked is related to the current

three turn on, the NMOS current source pumps a fixed currenismatch factory (i.e., I,,, = alqown fOr zero phase error) and
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Fig. 14. Clock divider schematic.

the width of the current pulsg,. When the loop is locked and
has settled, the up and down charges pumped into the loop Bg-15. CPL style (multiplexer merged with flop).
pacitor are equal:

Qup = Qdown = (tp - Ater)Iup = (tp + Ater)Idown (2)
= Aty = [(1—a)/(1+ a)li,. @)

As shown by (2), there are two ways to reduce the phase or
timing error At of the combined phase comparator and charge
pump: 1) reducer, the current mismatch in the charge pump and
2) using a very narrow current pulse (smgll that is achieved | R , I
by the stacked NMOSND gate. To reducer, the NMOS and F R a1 1 e
PMOS pairs in the current mirrot{ 1-M4) must have large - R,
area to reduce size mismatch and long channel leng2hyfmn) m—8 .-
to reduce the channel length modulation effect on output current S [ e . i
when the voltage difference between the two sides of the charge R\ FET | S L A
pump (eir1 @ndV;,) is large. Implementing the Ol:)Serva'tion‘t%ig. 16. Differential TX output jitter as an indicator of MDLL jitter
above and adjusting the device sizes for best performance, gb@rmance at 2.0 GHz.
phase comparator and charge pump combination shows simu-

lated phase errors of less thard ps across process, voltagejs 1, only every othelow pulse is passed through, resulting in a
and temperature. divide-by-8 or -10 function.

The gate of the two NMOS deviced/(1 and M2) are bi-  Tg ensure correct functionality, the divider should be able to
ased at the output voltage of the charge pump through a lagggp up with the VCO at all the times. The startup frequency of
resistor to ensure the current source NMOS devices are alwgys \vcoO could be up to 4.5 GHz, thus requiring the divider to be
in saturation for different values of charge pump outpt{). aple to operate at least that fast. This is achieved through careful
This self-biasing scheme also causes the charge pump cur(ggic and circuit design. As can be seen, there is a maximum of
to track the process, supply voltage, and temperature variatigfi@ gate between any two critical flops. It is important to note
in the chip. For example, at high temperature and with weakg@yat the path from thhi flop to thelastflop is a multicycle path.
devices, the DLL requires a highét., to maintain the cor- Also, both the low and hi counters are self-starting, enabling a
rect frequency. Thus the gate bias voltages of the charge pumster design by avoiding the reset logic. This has the additional
weak NMOS devices are also higher to adjust their currents. advantage of recovering from an illegal state without requiring

o areset. Yet another advantage of the thermometer counter is that
F. Clock Divider the last signal is automatically a pulse without requiring extra

The clock divider takes the multiplied clock and generateslagic.
pulse everyM cycles. This pulse is used by the select logic to Fig. 15 shows the complementary pass-gate logic (CPL) style
mux in the fresh reference clock edge evéficycles. The clock used to implement the divider. CPL is a simple and yet very
multiplication factorM is programmable and can be 4, 5, 8, ofast logic style because inversions required to implement logic
10. Fig. 14 shows the schematic of the clock divider. The divid&rnctions can be avoided. This avoids additional inverter delays,
is implemented as a divide-by-4 or -5 stagmn) and a divide which can be prohibitive at high frequencies. The flip-flop is im-
by 2 stage lfi). The low stage is a free running thermometegplemented in a similar differential style with the logic merged
counter that produces a pulse lonv every four or five cycles directly into the flip-flop input. This further enhances speed
depending ordiv5 being 0 or 1. Théi signal toggles on every by eliminating the final level restoring stage typical of most
low pulse. Ifdiv2is 0, thelow pulse passes to the output directlyCPL gates. Instead, the cross-coupled invedé&mndl2 in the
giving a divide-by-4 or -5 function. On the other handdi¥2 master latch provide the required level conversion.
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Fig. 18. (a) Micrograph of a quad SerDes block. (b) Micrograph of & 772
grooming switch.

(ISI) that will manifest itself as deterministic jitter, obscuring
the true random jitter performance of the MDLL. Care has been
taken that the serializer transmitter output is properly terminated
to avoid reflections that will corrupt the jitter readings.

The output clock of the MDLL passes through several more
stages of buffering before it is used by the srializer’s transmitter.
Thus, the jitter performance data shown here should be slightly
pessimistic. The quality of the external reference clock is also
important in determining the quality of the MDLL. Low jitter
crystal oscillators with 1 ps of RMS jitter were used.

Fig.17. (a) Spectrum of TX output showing MDLL performance. Spanof 100 Fig. 16 shows the jitter performance of the MDLL whigh=
s . e b, 15 used in conjunction with a 250-MHe reference clock o pro-
performance. Span of 4 GHz showing reference clock feedthrough. duce a 2.0 GHz internal clock. The tandom jitter of 1.62 psiis
obtained after 25k waveform samples have been collected on an
Agilent 86 100A oscilloscope. When the same measurement is
performed ona 7% 72 STS-1 grooming switch, therkfandom

jitter increased to 1.73 ps due to higher switching noise on the

The jitter performance of the MDLL can only be observegower supply and through the substrate. Fig. 17 shows the spec-
via a serializer's transmitter output when the output data haem of the serializer’s transmitter output. Fig. 17(a) shows the
an nonreturn to zero (NRZ) alternating 1 and O data pattefow phase noise of the transmitted signal while Fig. 17(b) shows
An alternating 1 and 0 data pattern ensures that the resultingtbe 250 MHz reference clock spurs that are 37 dBm below the
rializer transmitter output is free from intersymbol interferencearrier frequency. The reference clock feedthrough is shown in

CENTER 2.000GHz SPAN L.00OGHZz
#*ABU 10kH2 * YBHU 10kH2 SUP 100se:

IV. EXPERIMENTAL RESULTS
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TABLE |
SUMMARY OF MDLL PERFORMANCE DATA

Process Technology

0.18um standard CMOS

Supply Voltage 1.8V
Active Area 0.05mm?
Power @ 2.0GHz 12mW

Frequency Range

200MHz - 2.0GHz

Random jitter @ 2.0GHz (1o)

1.64ps (250MHz X 8)
1.73ps (250MHz X 8, 72 X 72 grooming switch)

Random jitter @2.0GHz (peak-to-peak)

13.11ps (250MHz X 8)

Deterministic jitter @2.0GHz

12.00ps (250MHz X 8)

Random jitter @2.0GHz, 1.65V (1o)

1.89ps (250MHz X 8)

Random jitter @2.5GHz, 2.00V (1o)

1.94ps (250MHz X 10)

Random jitter @1.25GHz (10)

1.74ps (250MHz X 5)

Random jitter @1.25GHz (10)

1.99ps (125MHz X 10)

and
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charge pump circuit computes phase difference using

narrow current pulses to reduce the fixed-pattern jitter due to
phase comparator offset. A power supply regulator with greater
than 20 dB of PSRR reduces jitter due to power supply noise.
Also, a fast, self-resetting divide-byf counter is critical to
proper initialization of the circuit.
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