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Abstract - We demonstrate regenerative dividetegenerative circuit fodividing by N+1 would
by-two (halver) circuits withvery low phase include a frequency multiplier (x N) between
modulation(PM) noise at input frequencies of the power splitteand the RFport ofthe mixer
18.4 GHz and 39.8 GHz. The Pihdise of the [3-4]. Usuallythere ardrequency bands where
18.4 to 9.2 GH4ivider pair was/(10 Hz) = the divider is unstable [5]; the divider should be
-134 dBbelow the carrier in a 1 Hzandwidth  carefully designed to avoidperation in these
(dBc/Hz) and/(10 MHz) = -166 dBc/Hz, and regions.

the PM noise ofthe 39.8 GHz to 19.9 GHz

divider pair was/(10 Hz) = -122 dBc/Hz and Yo
2(10 MHz) = -167 dBc/Hz.
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Introduction

In this paper we presengéxperimental phase
modulation(PM) noise results for regenerative
divide-by-two (halver) circuits at microwave  Figure 1. Block diagram of a regenerative

frequencies. Regenerative dividers are divider.

relatively simplecircuits thatcanwork atvery

high frequencies, limited only by mixer |n an ideal mixerthe IF signal is equal to the
availability. Low PM noise has been multiplication of the RF signal and the LO
demonstrated for these dividersfesquencies  signals. The frequency componentstié IF

in the MHz range [1,2], but we artaware  sjgnal aresge+v o. If such amixer isused in
of any PM noiseresults at frequencies above a regenerative halver circuit, thehase

10 GH.Z' Forthis reason we mvestlg_ate_d the modulation(PM) noise ofthe frequency halver
PM noise oftwo regenerative halver circuits: a is given by [4]:

18.4 GHz to 9.2 GHdivider and a39.8 GHz
to 19.9 GHz divider. _ > Sp(f)comp

Sp(f)aiv = == (1)
PM Noise in Regenerative Halver Circuits

. . where §(f refers to the PMhoise of the
Regenerative halvers usenaixer, a bandpass Sefcomp

filter, and an amplifier in a closed-loop loop componentgmixer, amplifier,and power

configuration to create odlations at a SPItter) andSyf)qy is the PMnoise of the

the mixer is driven with a signal at a frequency /00p components is thus reduced by a factor of

vin [1-4]. SeeFig. 1. A more general
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In actual mixersthe frequency components of
the output signal of theixer are the result of
severalimixing combinations. Furthermore, the
input signals athe LO and RFports usually
have harmonics, which alsmontribute to the
frequency components dhe mixer's output.
Rubiola, et al[2] showed thatwhen such a
mixer is considered, the PMnoise of a
regenerative halver is given by

2
Sp( f)div2=[ : )ZSP( eomp (2)

Gm
whereGy, is the phasegain ofthe mixer. For
an ideal mixerG,, = -1 andEq. (2) becomes

Eq. (1). Rubiola et al. foundhat the PMhoise
of regenerative halver circuits changes
considerably wheis,,, is varied by varying the

phase shift in the loop of the divider [2].

1_

Theflicker noise of regenerative halvers is the
result offlicker noise inthe mixer and flicker
noise inthe amplifier, and the broadbanadbise

is due to the thermal noise of the amplifier. We

have foundthat, whenthe 3 dBbandwidth of
the amplifier is higher thatheimage frequency
(3vi/2), Eq. (2) needs to be adjusted to

2
1
So( Fdiv2 :[1_Gm) [Sp,1/¢( ) mix (3)

+ ap,llf( f)amp+2 %,thermaﬁ f) am])

where Sy 1/(f)mix is the flicker noise of the
mixer, Sy 1/f(flamp is the flicker noise of the
amplifier and Sythermaff)amp is the thermal

noise ofthe amplifier. InEq. (3) thethermal
noise ofthe amplifier is multiplied by 2 since
thermal noise generate@dbout the image
frequency mixeswith the input signab;, and

the frequency halver as in Fig. the PMnoise
is given by Eq. (2).
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Figure 2. Block diagram of frequency halver
with image rejection filter.
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Figure 3. Block diagram of the PM
measurement system used.

39.8 GHz to 19.9 GHz Regenerative Divider

A pair of 39.8 GHz to 19.9 GHregenerative
dividers of the type in Fig. 1 wersuilt and
tested. Abandpass filter betweethe splitter
and the RFport of the mixer wasnot included
because theamplifier gain at the image
frequency wassmall. The mixers,amplifiers,
and filters used in our circuits were all
commercial devices with low PM noise. The
output power of the dividersvas 9.5 dB
relative to 1 mW (dBm), anthe gain of the
amplifying stage was 20 dBFigure 3 shows
the cross-correlation PMoise measurement
system used to obtaithe PM noise of the

generates additional broadband noise at alivider pair [6]. In this systenthe PMnoise of

frequency ofv;,/2. When the 3 dBandwidth

of the amplifier is smallerthan the image
frequency or when aextrafilter is added to

the PM detectors is reduced &, where N is
the number of samples ithe measurement. A

0-7803-4471-5/98/$10.00 (c) 1998 IEEE



PM/AM noise calibration standard was used topair assuming an ideatixer can be computed

calibrate the gain of the system [7].
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Figure 4. PM noise for 39.8 GHz to 19.9 GHz
divider pair and for components\g}, = 21.2

GHz.

Trace A inFig. 4 showghe output PMnoise

from the thermal noise of the amplifier, using

2(f )thermal,amp: KTFG

2(f =2
( )thermal 4 4P0

(4)
wherel(f) hermal,amgs the thermal noise of the
amplifier, k is Boltzmann’sonstant, T is the
temperature ikelvins, F isthe noisefactor of
the amplifier, G isthe gain ofthe amplifier and
P, is the output power of themplifier. For a
noise figure of 2B, G = 20 dB and = 13
dBm, £(f)thermal for the pair is -171 dBc/Hz,
approximately 4 dB lower thathe PM noise
measured at 10 MHz.

18.4 GHz to 9.2 GHz Regenerative Dividers

for the 39.8 GHz to 19.9 GHz divider pair. The Theoutput power of the 18.6Hz to 9.2 GHz
measured |0W frequency PM noise WanIVIdeI’S bl.“ltwas apprOXImately 14 dBm In

approximately/(10 Hz) = -122 dBbelow the
carrier in a 1 Hz bandwidth (dBc/Hz) for the
pair, and the PMhoise at 10 MHz from the
carrier was/(10 MHz) = -167 dBc/Hz for the
pair. We also measured the Ridise added by
the amplifiers andmixers used in thehalver
circuits. These measurements werade at a
carrier frequency of21.2 GHz. Thenoise
added by the amplifiers waapproximately 8
dB higher tharthe mixer noisefor frequencies
below 100 kHz. Trace B ifig. 4 shows the
total PM noise ofthe amplifiers andmixers
used in thelividers. Thistraceincludes noise
of two amplifiersand two mixers. At Fourier
frequencies lower than 1 kHhe components

these circuits themixer was operating in
compression, and thgain of the amplifying
stage wasapproximately 20dB. A bandpass
filter betweenthe splitter and the RPport of
the mixer was not included because the
amplifier gain at27.6 GHz(image frequency)
was verysmall, approximately - 20 dBTrace

A in Fig. 5 shows theutput PMnoise for a
pair of 18.4 GHz to 9.2 GHzegenerative
halvers. The measured low frequency
component wasg(10 Hz) = -134 dBc/Hz (for
the pair), and thenoise at 10 MHz from the
carrier was/(10 MHz) = -166 dBc/Hz (for the
pair). Trace B in Fig. 5 shows the total PM
noise ofthe components used in tlogviders

dividers PM noise. At higher frequencies the Weremade at a carrier frequency .6 GHz.
components noise is approximately 6 dB higherThe components noise, dominatedagplifier

than the noise in the divider pair. These

noise, is approximately 10 dB higher than the

regenerative halver in agreement wily. (2).
The theoretical broadband noisetbé divider

reduction of 10 dB in the componentsise
when used inthe dividers or that the
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measurements ahe componentsioise were can be used along withtenes-nine frequency
limited by the noise in the measurement systemmultiplier to yield aregenerative prescalénat
At frequencies above 1 MH#he difference is  divides by 10.

approximately 6 dB in agreement widg. (2).

The theoretical thermal noise d¢fie divider  With the constantmprovement of PM noise in
pair, computed using Eq. (4) is -175 dBc/Hz. oscillators, the need of lowoise devices for
frequency synthesis growing. Woode et al.

-100
110- —— Trace A - [8] have recently demonstrated 895 GHz
Dividers oscillator with PM noise of(1 kHz) O -156
T . " Eﬁf}gfﬂ;mc dBc/Hz. Tosynthesizdower frequenciegrom
31307 ] this oscillatorwithout degrading the PMoise
%-140 Eag requires the use of lowoise schemes such as
¥ 150 L regenerative dividers.
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