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A Novel Frequency Divider Ccmfiguration

for Micro- and Millimeter-Wave Signals
P. Niichter and W. Menzel

Abstract-A novel frequency divider configuration is presented
that is based on the well-known regenerative frequency divider.
In addition to a multiplier in the feedback loop—as originally
suggested—an auxiliary frequency dhider is included in the loop.
The maximum operating frequency of the novel configuration can

be close to twi,ce the maximum input frequency of the auxiliary

divider.

I. INTRODUCTION

F REQUENCY dividers are useful devices for frequency

synthesis and measurement, e.g., phase-locked loops

(PLL’s) and frequency coi.tnters or digitizing oscilloscopes.

While many different principles of frequency division

are known, integrated prescalers are commercially available

mostly as “digital” dividers. The maximum operating

frequency of these digital dividers is continuously approaching

the mm-wave frequency range [1], [2].

In this work analog divider principles and digital com-

ponents are combined to form a novel frequency divider

configuration.

II. NOVEL FREQUENCY DIVIDER CONFIGURATION

Fig. 1 shows the novel configuration of the frequency

divider. The input and a feedback signal are mixed and the

resulting IF signal is used as input for an auxiliary frequency

divider. The cmttput signal of this auxiliary divider, which is

also the resulting output signal, is multiplied and used as

feedback signal. Due to the mixing process, the operating

range of this configuration is above the maximum frequency

of the auxiliary divider.

This structure is similar to the MILLER-divider [3], but here

a frequency divider is included in the loop.

Many integrated dividersl use regenerative circuits [3], [4]

or dynamic flip-flops [2], [5] as a first stage, followed by

static divide lby two stages. Due to the high internal gain

and limiting behavior of the input stages, they often exhibit a

self-oscillating behavior in the absence of an input signal.

Such a behavior is important for this configuration, because

in order to ensure proper startup conditions, a persistent

feedback signal is mandatory.2

Since the input signal must synchronize the system, the

name “Self-Synchronized Frequency Divider” is proposed.
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1Temic U6028BS-FP or NEC UPG506, for example.

2A multiplying phase-locked loop could be used as well.
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Fig. 1. Novel configuration.

III. THEORY

A. Pull-In Process

In the absence of im input signal, ihere will be no IF

signal and the self oscillating divider will output a signal at

its free-running frequency $ = ~f. With an input signal of

adequate power, the auxiliary divider will lock onto the IF

signal fi = $ – M . ~f and produce the output frequency

~ = j/1 – M/l . $f. Iterating infinitely yields the output
frequency

f- f
l+M;

;<1. (1)

Therefore, successful pull-in requires M/l <1.

B. Stability Conditions

Under proper operating conditions, 3 the input and output

signal of a divider s(t) N cos [wt + p(t)] and ;(t) N

cos [(w/n)t + @(t)] are related according to

(2)

where T and O model the phase delay and phase shift of the

divider and passive filter networks [6] and At9(t) represents

the residual phase noise [7].

In order to describe the behavior of the configuration of Fig.

1, the input power is assumed to be sufficient to generate an

IF signal in the operating range of the auxiliary divider. Since

frequency dividers are essentially limiting devices, amplitudes

are not considered.

The auxiliary divider and the multiplier of Fig. 1 can be
described according to (2), e.g..

3For example, the input ~ign~ is in the operating window of the divider.
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The resulting phase-transfer-characteristic in the Laplace do-

main is

@(s) = H(s) . q(s)+ : + AU(S) (4)

with

~—ris

H(s) =
1 + Me–(’l+”~)S

e —r-s
lTz – ikfrM

‘l+M; ‘= l+M
(5)

0 = (10[ – OM + 1. k27r) . H(0) (6)

AO(S) = [lAtil(s) . er’s – A8M] . H(s). (7)

In the time domain, the result is

(8)

A straightforward stability analysis [6] shows that the steady

state is stable for Al/l s 1.

C. Bandwidth

If the operating window of the auxiliary divider is limited

by the range jimi. S ~ < fimax and an ideal multiplier with
pure sinusoidal output is used, the new configuration has the

bandwidth

< 2fimax . (9)

A real multiplier usually produces not only the desiredAhar-

monic Mf, but also some sub- and superharmonics M– f and
.M+~ with M- < M < M+. The auxiliary divider fails to

operate if more than one signal with similar power is applied.

Therefore the limits of (9) may be narrowed by

M+l

f <1 – (M+ _ M) ‘i.in

(lo)

(11)

respectively, whichever is more restrictive. These additional

constraints are less severe, if the division ratio 1 is chosen as

small as possible.

D. Remarks

● The special case 1 = 1 corresponds to the MILLER-

divider with multiplier [3]. Albeit, this circuit not only has

startup-problems, but appears to be unstable for M >1.

● If a self-oscillating divider is utilized, the multiplier

can be replaced by a filter,4 which selects the desired
harmonic of the “digital” output signal of the divider. In

such a case the useful range of M is limited to about

three.

4AS ~in be ~ho~n in the example, the operating window Of fie auxiliw

divider acts like a filter.
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Fig. 2. Self-oscillating output spectrum
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Fig. 3. Input sensitivity of experimental novel divider.

● If the multiplier is realized as phase-locked loop, some

modifications of the theory must be taken into account,

i.e., the phase-transfer-function of the PLL must be used,

the resulting phase-transfer-characteristic will differ from

(5), and the stability condition is no longer valid. In fact,

the configuration will be stable in a much wider range

because of the integrating properties of a PLL.5

IV. EXAMPLE

A first test was made with readily available components.G

The experimental setup consisted of a self-oscillating dynamic

frequency divider with 1= 8 and an operating window of 3-6

GHz, a standard mixer, and a simple 20-dB gain-block in the

feedback path. All components were housed separately and

connected with coaxial cables.

Fig. 2 shows the output spectrum of the setup without input

signal. Instead of an extra multiplier, the third harmonic of the

auxiliary dividers output signal is chosen as feedback,7 such

that the overall division ratio is M + 1 = 3 + 8 = 11. Since

the second harmonic is in the same order of magnitude, (10)

applies with M = 3 and M– = 2 and the lower frequency

limits is 7.3 GHz.

The divider works as expected, and the measured input

sensitivity is shown in Fig. 3.

As a dynamic test, a FM-modulated carrier at 7.7 GHz

with modulation index q = 2.405 was used as input signal.
Fig. 4 shows the corresponding output spectrum. The output

5If a first-order PLL with negligible delay is used, the configuration is
stable for arbitrary M/l.

6Tefic u60’28BS-FP, Miteq TBR 0226LW2, Hp MGA-86 576.

7me foufih hmmonic is too weak to be Significant.
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Fig. 4. Output spectrum of divided FM signal.

modulation index is ij = 2.405/11 = 0.219, and the sidebands

appear at – 19’ and –45 dBc, as expected.

V. OUTLOOK

In the above example, the relative gain in maximum oper-

ating frequent y was only 3/8.

A more impressive increase in maximum operating fre-

quency could be obtained with a divide-by-four circuit and

the third harmonic as feedback signal. With this, the operating

window of the commercially available NEC UPG503 could be

translated from 3.5–9 GHz to 12.6–15.7 GHz, for example.

With ongoing progress in GRAS technology, integrated di-

viders for the 60 GHz-band are conceivable—an ultra-high-

speed divider for 36-48 GHz [2] and the output signal directly

as feedback should yield an operating range of 54-72 GHz!

VI. CONCLUSION

A novel frequency divider configuration is presented tiat

makes use of au auxiliary divider. It is shown tiat the

maximum operating frequency of the new configuration can be

nearly twice the maximlum frequency of Ithe auxiliary divider.

The conditions for successful pull-in and stability are derived.

An example with off-the-shelf components is presented.

Since “digital” dividers are approaching 50 GHz, this con-

figuration provides the possibility to build integrated mm-wave

frequency dividers.
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