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What is the most critical perfor-
mance characteristic for clock chips 
used with high-performance data 
converters?

The clock signal’s phase noise (or jit-
ter—the time-domain representation of 
phase noise) is the most critical spec. But 
also, pay attention to the band over which 
the jitter has been integrated. Phase noise 
limits signal-to-noise ratio (SNR). 

For converter applications, broadband 
RMS additive jitter is a good specification 
to compare. For networking applications, 
specific offset bandwidths, such as 12 
kHz to 20 MHz or 5 to 80 MHz, are 
typically specified. Either way, be sure to 
check the conditions for measurement. A 
faster slew rate, for example, will result in 
better SNR in data-converter applications. 
Additionally, measuring over a restricted 
band of offsets reduces jitter magnitude.

The highest-performance, high-speed 
converters require clocks with RMS jitter 
under 200 fs to achieve the highest SNR, 
so you should choose the lowest pos-
sible jitter under your conditions. If the 
number of outputs is not high enough, 
add fanout clock buffers of less than 100 
fs to avoid inserting too much additive 
jitter into the clock chain.

What kinds of clock chips are avail-
able for driving data converters?

Clocking chips can be based on 
analog or digital phase-locked loops 

(PLLs). They may include integer and 
fractional-N PLLs, as well as devices 
with as many as four PLLs. Although 
there is no significant reason to prefer 
either analog or digital as the base 
technology for the PLL, there are con-
cerns about fractional-N PLLs and 
multiple-PLL devices. Specifically, the 
spurs that result from implementing  
a fractional-N PLL are virtually always 
problematic. 

A new breed of clock device that uses 
cascaded PLLs provides improved jitter 
performance. It uses a front-end loop 
with a very narrow loop filter to estab-
lish a very clean reference source to  
a second (back-end) PLL that enables 
chip designers to take relatively noisy 
system reference clocks and gener-
ate output signals with very low SNR  
(Fig. 1). 
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1. The output of the Analog Devices AD9549 digital-PLL clock device is directly related in phase and 
frequency to the selected reference. However, the system clock primarily governs its phase-noise 
spectrum. A programmable digital filter in the PLL core reduces any jitter on the reference. 
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2. An integrated zero-delay clock synthesizer comprises a PLL, two (or more) output drivers with 
matched propagation delay, and a variable delay element in the PLL feedback path. It also requires equal 
interconnect delay from the synthesizer outputs to their associated target devices. The PLL aligns the 
clock edges at Point A with the REF clock edges. The variable delay element in the PLL feedback path 
causes the clock edges at Point B to precede those at Point A by the amount of the variable delay. The 
variable delay is set equal to the sum of the output driver propagation delay and the interconnect delay, 
so the clock edges at Point C coincide with those at Point A, which coincide with the REF clock edges. 



a d v e r t i s e m e n t

Using Analog Devices Clock ICs To Achieve The 
Highest SNR Performance From Data Converters

The AD9520 multi-output clock generator includes a 512-byte embedded 
EEPROM memory block, affording system engineers a programmable clock solution that can 
serve as both the source and system clock, while proposing the industry’s best combination 
of device integration, low-noise, low-jitter performance and signal output flexibility. In addi-
tion to the on-chip EEPROM and PLL (phase-locked loop), the AD9520 integrates dividers, 
fan-out buffers, and a VCO (voltage-controlled oscillator) that tunes from 1.4 GHz to 2.95 GHz. 
An external 3.3-V/5-V VCO/VCXO (voltage-controlled crystal oscillator) of up to 2.4 GHz also 
can be used. The PLL/VCO clock-generation circuitry boasts industry-leading phase noise 
of –150 dBc/Hz at a 10-kHz offset on a 200-MHz clock signal, while the clock distribution 
fan-out channels feature ultra-low wideband jitter performance of 225 femtoseconds.

By programming their own specific set of output conditions using the on-chip memory, 
designers can easily configure the AD9520 as the source clock to ensure initial processing 
functions are synchronized when the system is powered on or reset. Competing clock ICs 
require a separate source clock, which must be independently matched to the system 
processor or microcontroller in order to program the system clock chip, adding component 
count, cost, and complexity to clocking designs.

Two reference inputs allow glitch-free switchover for applications requiring redundant 
references, while a PLL holdover mode maintains the output frequency in the event of a 
lost reference signal. Zero-delay operation is available to ensure precise phase alignment 
between inputs and outputs. The AD9520 offers 12 differential LVPECL (low-voltage positive 
emitter-coupled logic) outputs in four groups, each with a 1 to 32 divider and phase delay.

The AD9520, offering a versatile multiple output architecture, integrated PLL, and on-chip 
EEPROM, with outstanding jitter performance, provides an elegant solution for sampling 
clock generation and distribution to clock high-speed converters, allowing them to meet the 
current challenges that designers face today.

Many of today’s high-performance system designs require more than 12 clock channels. 
For these applications, the AD9250 can be paired with a clock buffer with very low jitter, very 
low skew, low power, and high speed such as the ADCLK954 fan-out clock buffer.

The industry-leading jitter (75 fs rms) and skew (9 ps) performance that the 12-channel 
ADCLK954 LVPECL fan-out buffer delivers allows design engineers to achieve better SNR 
(signal-to-noise ratio) from an ADC or DAC. The 4.8-GHz ADCLK954 has two selectable 
differential inputs. Both inputs are equipped with 100-Ω on-chip termination resistors and 
may operate with either differential or single-ended clock sources.

What logic levels are used for con-
verter clock signals?

Most of today’s converters use differen-
tial, low-voltage, positive emitter-coupled 
logic (LVPECL), based on a 3.3-V sup-
ply, with low and high thresholds of 1.6 
and 2.4 V. Compared to low-voltage 
differential signaling (LVDS), LVPECL  
clock edges are faster, resulting in less 
time uncertainty for the converter’s clock 
input buffer. Other logic levels, such 
as high-speed transition logic (HSTL), 
are sometimes seen. These provide still 
sharper edges and can enable even bet-
ter SNR, as long as the signal can be 
terminated appropriately.

What’s the best way to accommo-
date the need for multiple clock sig-
nals?

Many devices, such as FPGAs and 
complex programmable logic devices 
(CPLDs), don’t need the same level of 
performance as data converters. They 
often can utilize the same (or an integer-
related) frequency as the converters. The 
same base clock can easily support them 
as long as there is a sufficient number of 
outputs from the clock device. 

As systems become more complex, the 
number of clock signals needed on a 
board keeps growing. But at the same 
time, there are good reasons (cross-talk, 
electromagnetic interference, and signal 
degradation, to name a few) to limit the 
number of clock traces routed across a 
circuit board. 

Very low-jitter, high-toggle-rate, low-
power LVPECL buffers can clock the 
additional converter channels to get the 
best SNR performance from the high-
speed, high-resolution converters. (Very 
low-power, low-cost, highly integrated 
LVDS buffers are used for FPGAs.)

High-channel-density clock distribu-
tion products and high-fanout clock 
generators are available, but they can’t 
always answer the full need, so simple 
but high-performing clock buffers or 
dividers and devices with narrow fanout  
are available.

What is “zero delay,” and why do I 
need it?

Zero delay refers to a clock synthesizer’s 
ability to provide an output signal that is 
edge aligned with a clock reference source 
(Fig. 2). Applications include many syn-
chronous systems, such as the SONET 
and synchronous digital hierarchy (SDH) 
networks, high-speed network servers, and 
network line cards, as well as baseband 
timing for W-CDMA and Wi-Fi. 

Part # Description  Wideband RMS 
jitter (fs rms)

Number of outputs 
and logic family Package

AD9520 Programmable clock generator 225 (distribution and 
fanout) 12 LVPECL/24 CMOS 64-LFCSP

ADCLK954 High-speed, high-performance 
clock fanout buffer 75 12 LVPECL 40-LFCSP


