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Application
Note

The 2030/2040/2050 Series of Signal Generators use
and advanced fractional-N technique to overcome the

problems normally encountered in signal synthesis.

Fractional-N Synthesis in 2030/2040/2050
Series Signal Generators



Introduction

When designing single loop synthesisers incorporating frequency

dividers there is a conflict between frequency resolution and the

phase detector operating frequency. If the phase locked loop

uses an integral divider the frequency resolution cannot be small-

er than the operating frequency of the phase detector.

There are, however, persuasive arguments for maintaining as high

a phase detector frequency as possible, since both the speed and

noise performance of the loop are considerably improved. The

most successful technique of avoiding the frequency resolution /

phase detector conflict is a technique usually referred to as frac-

tional N-synthesis.

Basic System

In its most basic form a fractional-N system achieves a fine fre-

quency resolution whilst maintaining a high phase detector fre-

quency by manipulating the division ratio of the frequency divider.

The price to be paid for the improvement in frequency resolution

is that the manipulation of the divider ratio inevitably generates

phase perturbations and hence spurious signals.

The nature of the phase perturbations is predictable, and can be

cancelled to a reasonable extent by applying an analog correction

signal to a phase modulator in the phase locked loop. There is a

limit to how accurately this cancellation can be achieved, and

often good analog cancellation results in the phase detector

being operated at significantly below its maximum potential

frequency.

Digital Solution

An ideal system should not require any analog cancellation of the

residual phase jitter, and the all-digital solution found by IFR

results in a phase locked loop performance which is virtually indis-

tinguishable from a non-fractional loop operating at the same

phase detector rate.

The single accumulator normally used in fractional-N systems is

replaced by 3 or more accumulators, the output of each accu-

mulator being connected to the input of the next accumulator. As

with conventional fractional-N the division ratio is manipulated by

the overflows of the accumulators, with the first accumulator

changing the division ratio of the divider from N to N+1 for one

clock cycle when it overflows.

The second accumulator changes the division ratio to N+1 and

the N-1 on the next clock cycle, and the third accumulator

changes the division ratio to N+1, N-2, N+1, although they have

no long term effect on the division ratio. Larger division ratio

changes are experienced, but if the results are passed through

the phase locked filter the end result is much more accurate can-

cellation of phase error.

Performance

Aeroflex have simulated the performance of a fractional-N system

using this technique and shown that the cancellation becomes

more precise as further accumulators are added. In practice most

systems would require only 3 or 4 accumulators before the result-

ing spurious signals are unmeasurable. 

The most demanding test for the technique is to compare its per-

formance with what can be achieved with a loop operating under

the same conditions but with integer division ratios. If the system

has been well designed the difference in performance is

negligible.
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As we are always seeking to improve our products,

the information in this document gives only a general

indication of the product capacity, performance and

suitability, none of which shall form part of any con-

tract. We reserve the right to make design changes

without notice. All trademarks are acknowledged. 
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