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Introduction

Today, system clock frequencies continue to increase and are now approaching the 66-MHz to 100-MHz range. The clocl
period with which systems designers must work is shrinking, as is the tolerance for high propagatior,getayd fitgh
output skew @ (o) tsk(py and tk(pr) in clock-distribution systems (see Table 1):

tsk(o)is output-to-output skew in the same device.

tsk(p)is the difference between the low-to-high and high-to-low transition for a given output terminal, that is,
tsk(p) = IPHL — tPLHI

Table 1. Clock-Driver Timing Requirements

SYSTEM CLOCK
50 MHz | 66 MHz | 100 MHz
Clock cycle time, tT 20 ns 15ns 10 ns

Clock pulse duration, tW?t 10 ns 7.5ns 5ns

T Clock cycle time = (1/system clock frequency)
¥ Assumes a 50% duty cycle

Process skew or part-to-part skewi(brftskpv) is @ measure of the difference between the minimum low-to-high or
high-to-low transition and the maximum high-to-low or low-to-high transition on the same terminal of two different clock
drivers under the same operating conditions:

t = |min t,LH (device 3 — max t,HL (device 2 )

skipv)

Some manufacturers specify this parameter as:

Loy = IMin t,LH (device 3 — max {,LH (device 3 @

This is a less-stringent specification.

These timing requirements imply that thet; and b through the clock buffer and the maximum allowable output skews
tsk(o) @nd &k(pr) in @ given system need to be less than or equal to the clock-pulse duration to not violate system timing
specifications:

(©)

’tF’LH + tPHL + tsk(o) + tskjpr)

NOTE:
Maximum allowabledy q)for a 50% duty-cycle clock system is 10% of the clock cycle time. This is
an estimate.

Benefits of Phase-Lock Loops (PLLS)

Many of the fastest gate- and buffer-based clock-distribution devices cannot meet this timing requirement. A system designe
must, therefore, turn to a PLL-based clock driver as shown in Figure 1.
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Figure 1. Block Diagram of a Clock Generator Based on a Charge-Pump PLL

The advantage of phase-lock loops is that they receive an input signal, compare this to the feedback of their internal clock
generated by a voltage-controlled oscillator (VCO), and adjust the VCO by way of the charge pump to match the new input
frequency and synchronize the internal and external clocks.

The analog VCO in Figure 1 is either a ring-oscillator type or a multivibrator type. The VCO can also be designed using a
multistage tapped delay line that is calibrated to a precise delay per stage (a digital approach). The charge-pump design has
various approaches using inverters, switches, and a passive RC low-pass filter. The phase detector is the second most-important
element (see Figure 2). The input from the external clock enters the phase detector, which is a set of balancing bgiffigrs and hi
balanced D-type flip-flops. The phase detector must always be active. This clock input is compared to feediEafiomput

the VCO.
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Figure 2. Phase-Detector Block



If the D input to the flip-flop is high before the rising edge of the clock, D is phase advanced, the voltage to the \(C&xis red
via the charge pump, and the internal clock is slowed.

If the D input to the flip-flop is low before the rising edge of the clock, D is phase retarded and the voltage to the VCO is
increased through the charge pump to speed up the VCO.

This process is repeated with every external input-clock pulse so that the feedback clock and the external clock are
synchronized; the circuit then locks onto itself within a narrow frequency band. If the input clock varies slightly (within tha
frequency band), the PLL frequency does not vary. This narrow frequency band is knovaead tenef the phase detector.

Within this zone, the feedback clock and the external clock are so close in phase that there are no correction pulges out of tl
phase-detector circuit. Once the phase drifts out of this frequency band, the phase detector starts correcting again.

Circuitdesigners have tried to design nondead zone phase detectors such that the phase detector is always activegand correct
This, however, is very difficult to implement duej;@etr, an important specification that results from the phase-detector circuit
and noise in the VCO:

tiitter Of the phase detector = dead zone + correction pulse

The phase detector must be very accurate and balanced to reduce the dead zone and keep the correction pulses small. The de
result is a more analog than digital implementation.

The phase-lock loop locks in a very short time (less than 50 ms). In fact, after lock, many PLL-based clock drivers are termec
zero delayThe reality is that most haveg bf £500 ps from the input frequencies, with a Iovy;ar(t.e.,ilSO ps) available

soon. Comparing this to the 3-ns to 12151§(1f other gate-based or divider clock drivers, there is a great advantage for a
designer of high-performance systems to use a PLL-based clock driver.

Another feature of a PLL is the skew control of the device. Since the input signal is locked onto and regenerated at the outpt
of the device, the variation of the signal from output to output is no longer a function of the chip layout and prosdss as it i
gate- and flip-flop-based devices. PLL designs achieve maximum output gkgyy fif 250 ps or less and process skew
[tsk(pr)] of <1 ns, very important features from the designer’s point of view.

Two other aspects of a PLL design allow for additional functionality. One of these is external feedback (not all PLL devices
have this). This allows a designer to use an external gate- or flip-flop-based clock driver to drive multiple loads fram one PL
output. The PLL output drives the input of the external clock driver and, by feeding one output of that external buffer back
into the PLL-based clock driver through the feedback terminal, the remaining PLL outputs can be synchronized with the
remaining external buffer outputs and the input clock to the PLL-based clock driver. The other aspect is outpigt)tter (t

Jitter occurs when a signal deviates in phase or frequency from that of an ideal clock. This shows up as phase noise on tl
outputs of the device. When a PLL locks into the input frequency, there is a limited variation of that signal at the loistputs. T
provides for good lowitier specifications both on individual outputs and the entire device.

Multiple-board systems derive a great benefit from this feature. A designer can use a master PLL based on a motherboard a
synchronize the other boards in the system by driving the oscillator signal through the master PLL and out through the
backplane, then recovering it on each of the boards via a PLL-based clock driver on each of the system boards. This work
best because the master PLL has the lowest signal loss/output skew and can have high-drive outputs.

NOTE:
If one PLL is used to drive another PLL, the downstream PLL must have a greater loop bandwidth to
track the output of the upstream PLL (BY\ > > BWp| | 7).

Each system board is then synchronized to the master clock, and each board individually drives the clock via its own clocl
driver. This application also works best when the oscillator signal is divided down, driven across the backplane, ardi multiplie
back up through the clock recovery PLLs to the system operating frequency desired across all of the boards. By reducing tr
clock frequency driven across the backplane, the level of extraneous noise in the signal is also reduced.



Drawbacks to Phase-Lock Loops (PLLS)

The main drawback to the PLL-based clock driver is cost, although some PLLs are priced very competitively with buffer
solutions. Due to the complexity of the circuitry and speeds at which the VCO must run, PLLs are expensive. In general, a
PLL-based clock driver costs two to five times as much as a gate-based clock driver. This price is based upon the value of the
product. If the accuracy and speed of the PLL is not needed, other solutions can be used.

Other disadvantages of PLLs are:

* They are inherently noise sensitive.

¢ Some PLLs can require expensive, high-quality external components to implement the loop-filter design.

* The external loop filter might have to be modified from part to part due to processing variations in a vendor’s PLL
silicon. (None of the Texas Instruments (TI) PLLs require external loop components).

* tjirer canalso occur due to substrate conditions. Isolation of key components such as the VCO and charge pump from
the outputs and on-chip digital circuitry can redyggt tjier is increased if an external feedback terminal is
implemented in the design along with the reference-clock terminal. If the feedback terminal is tied to a separate V
and ground from the analog circuitry, it can increase jitter by shifting rail and ground levels between the feedback
and the analog VCO and reference input. This can be remedied by tying the feedback
terminals/clock input/VCO/charge pump to the sarngg-énd ground.

Conclusion

Tl has developed a group of three low-voltage, high-performance, PLL-based clock drivers. These devices are targeted at the
high-performance (66—-100 MHz), 3.3-V power-supply markets for RISC processors, Intel Pentiaroprocessors, and
synchronous DRAMSs.

Each of these markets requires multiple outputs, 12 on each device, and a way to configure the device outputs to be one-half
the input frequency, two times the input frequency, and the same frequency at the input frequency. Some of the devices also
incorporate damping resistors on the outputs to reduce reflections caused by transmission-line effects and increase the integri
of the signal at the load.

The Tl devices incorporate a five-stage ring oscillator VCO, and internal loop filter, and an external feedback terminal (which
allows for doubling the input-clock frequency at the outputs). The VCO, charge pump, reference-clock input, and feedback
terminal are all tied to the same¥ and GND and fully isolated from the remaining on-chip logic and outputs of the device.

This design is inherently stable and exhibits Igygton each of its outputs. Measurggh in SPICE simulation is 4fs or
less, with a typical value of 2.

The CDC2582, CDC2586, and CDC586 are very competitive solutions for the telecommunications, workstation, and
PC-equipment clock-distribution requirements.
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