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Abstract In this paper, an open loop phase noise the transistor baseband noise. Indeed, an oscillator is
measurement bench is used for the selection of SGe  already a complex system, in which all the parameters
transistors in a sapphire oscillator application. This  (|gop gain, loop phase shift...) are not easy to control. On
oscillator - has demonstrated a phase noise level of  {he contrary, the baseband noise measurement is a too
—133dBo/Hz at 1_kHZ°ff39t (at ambient temperat;]re) frm; rough approach which does not provide any information
204§§06HZ carrier frequency, for a loaded Q. factor o on the noise conversion process from baseband to phase

e noise or on the effect of the device nonlinearities on this
conversion process.

The measurement bench is depicted in Figure 1. It

Microwave sources are today challenging quartz crystabllows residual phase noise characterization in the
sources for some metrology applications in which a very higimicrowave range (1-18 GHz) of transistors and other
short term frequency stability is required. Cryogenic sapphirgjevices such as amplifiers, mixers, frequency dividers and
oscillators [1,2] are among these sources, the ones that feat%ltipliers [7 to 11]. A noise floor of —180 dBrad/Hz at

Fhe best phasg noise performance. Howe_ver, it is of stror&go kHz can be observed at 3.5 GHz in Figure 2.
interest to realize a reference source of this type with already

high performance at ambient temperature, thus avoiding the cost FFT spectrum £
and size of cryogenic equipment. D analyser
The resonator Q being fixed, the only solution to improve
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the source phase noise performance is to reduce the noise of 91%,-;1--.-t-;“----F-"i‘r-"i‘g?‘y-?-s-h-'?l‘?'-r-‘gg e R ——
amplifier included in the oscillator loop. This can be done using purity asliator feveeecereeses PR T :
. Ixer -

@

----- + Amplitl

a carrier rejection (or interferometric) noise suppressiorg@_‘j_abg_ w
technique [3], but this technique, in spite of being very efficient; e nmiting iﬂa
device

is rather complex and difficult to tune. Another approach is in P
the optimization of active device used in the amplifier. The\3/ " calibration :
optimization is performed both on the device itself (selection) | ¥™hezer for AM =eessesmssnmmsmmmnssmnmsnrsssneeey Calibration LF signal

and on its working conditions (RF and DC load).

. . . ) Figurel: i -
It is well known that SiGe bipolar transistors are good . 9 Open loop phase noise measurement set-up
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candidates for low phase noise generation [4,5]. Typically, &
phase noise improvement of 10 dB or more can be observe.is -
close to the carrier (10 kHz offset) on a SiGe HBT Dielectric N
Resonator Oscillator (DRO) compared to a GaAs FET DRO [6].%°
In this presentation, we will describe a residual phase noisq_160 \ATfrw.. — Mixefs 1 and
measurement bench dedicated to the test and selection of ve  [Cross-spectium (withou e N
low phase noise transistors. Then, we will use these., | AMcanceliation 4 T
measurement results to realize a sapphire oscillator whict Cross-speftrum (with
features state of art performance at 295 K. 180 AM candelation) T
-190 T L T TS TR I
|. Residual phase noise measurement bench 1 10 100 1000 10000 100000
fOf de/lces %Iectlon Residual phase noise [dBrad/Hz] vs Frequency [HZz]

Selecting the appropriate device is one of the key ofFigure 2 : Residual phase noise floor measurement system on
success in low phase noise design. An important tool afach mixer and using cross-correlation configuration. (avg. 200)

this purpose is an efficient noise measurement system, o special technigues must be implemented due to

able to characterize the noise in nonlinear regime of ﬁ1e low noise levels that have to be measured. We use a

single device. Residual phase noise data are Olcte<':1ross-correlation technique [12], which is based on a

preferred in this case_to the data obtained from thgfoss spectrum measurement on two identical mixers. It
measurement of an oscillator or from the measurement 0
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allows a substantial improvement of the experiment noische MITEQ DRO is thus cascaded with a limiting
floor by eliminating the uncorrelated noise contributionsamplifier stage made of an Infineon BFP620 SiGe bipolar
of the two mixers (see Figure 2). But the phase detectatevice. Although this transistor features a phase noise a
noise is not the only challenge in this experimental setugew dB higher than the DUT investigated (a SiGe
The source noise can also be a limiting element of th8emiconductor LPNT32 HBT) in Figure 5, it has the
measurement. Its phase noise is theoretically suppressadvantage of a very high small signal gain of 12 dB onto
with a good balance between the two phase detectors arm$0Q load at 3.5 GHz.
(no electrical delay). -110
However the rejection of its amplitude noise (AM
noise) is more difficult. There are two ways in which this

Synthesizer| o

|
noise can be detected [13]. Firstly, by using an e . v
imperfectly balanced mixer or, secondly, in a direct ™*° m ot
manner by the device under test in non-linear regime. Wi -0 =y 3:5 GHz DRQ _¢
propose two solutions to these problems : 160 t:t:."]“"“.""*-
AM cancellation technique 170 d >

In order to minimize the detection of the AM noise, s [(23.6H2DRPand amplityde fluctyatign limiting deyice, ==,

the first solution lies in the implementation of a ! 10 100 1000 10000 100000

AM noise [dBc/Hz] vs Frequency [HZ]

systematic refinement of the mixer quadrature condition.
The goal is to search for conditions where not only therigure 3 : AM noise at 3.5 GHz of different sources (avg. 200)
phase detection is maximum but also, and above all, Einall ) he DRO foll d by the SiGe devi
where the AM detection is minimum (the two extrema do inafly, using the DRO fo owe yt_ e SiGe devite a
not necessarily coincide). When this minimum AM the optimum point Iegds to an impressive 15 dB reductlon
detection is reached, a possible diminution of the phadd (e source AM noise, as shown in Figure 3. This new
detection coefficient K is evaluated using the FM source, which features an AM noise level lower than
modulation —170 dBc/Hz at 10 kHz from the 3.5 GHz carrier, is

The impact of this procedure on the noise floor igorobably the quieter microwave source ever published (to

shown in Figure 2. The AM noise of the source, 4" knowledge) with respect to the AM noise.

3.5 GHz dielectric resonator oscillator (DRO) from
MITEQ Co., is detected by the mixer in quadrature mode,
but this parasitic detection is then efficiently reduced by The new source is then used in the measuremen
the proposed AM cancellation technique. bench to characterize different SiGe transistors and
particularly a very low noise device, an SiGe HBT from

Source AM noise and itsreduction SiGe Semiconductor. This device i | it
Even if the previously described procedure js>I°€ >emiconductor. This device IS a large emitier area

implemented, it has no effect on the conversion of théranSiStor (4*0.8*32 um?), featuring a high, 3f 8.5 dB

source amplitude fluctuations by the DUT itself. Indeed, i t. 3.5GHz, and dedicated to applications in this low
a non-linear device is characterized, an AM-to-pMMicrowave range [14]. The measurement of the 3.5 GHz

conversion process may occur. In this case, the sourj@s'dual phase noise of this device, loaded into(50

amplitude fluctuations are converted into phas oads, is depicted in Figure 4. The effect of the AM noise

fluctuations and detected by the experiment set-up ju&ancellation techniques presented previously is clearly

like true phase fluctuations. The DUT phase noise is thuéeen on this example. Without these techniques, the

artificially increased, and in a way which is hard to detec eylceﬂph;ets? tl’f]]OISGr could rrr]olt tt_)ennt;easzred,t even Ilf thre
unless the DUT noise and the source AM noise featur@2/S€ MOOr OF (N€ Cross correlation based Setup IS fowe

very different spectral signatures. The only solution tot aq'rfgesti)GUeTt?gr?;siitgﬁlsirls)\ﬁ.ance is then compared to
this problem is in the reduction of the source AM noise. ) , P ; P .
other SiGe devices, measured in the same way, in

This can be done firstly by selecting an oscillator with e\: 5 All the devi foat 4 oh .
low AM noise level, such as a DRO instead of a '94r€ > € devices Tealure a very good phase noise

ﬁerformance. There is actually a trade off to be made

I1. Residual phase noise of microwave SGeHBT

synthesizer (see Figure 3). However, when testing ve . X -
m ( 9 ) 9 etween phase noise and gain performance. The noisier

low noise nonlinear devices, this source selection can = Vice is the one that features the best gain berformance
insufficient. To overcome this problem, a device similar . o gain p
However, in our application, the gain performance

to the low phase noise DUT is used as an amplitude . T
limiter, in olroder to reduce the AM noise of the solource.prOVIdecj by the LPNT32 devices was sufficient and we
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have selected this device for further designs. Such a phase Figure 6 illustrates the effect of the bias network on
noise performance could have not be reached without ahe residual phase noise of the SiGe HBT. The possible
appropriate noise minimization technique at the transistdsias network configurations are : low impedance (LI) and
level. The main noise source in these devices is the bad@gh impedance bias network (HI) with different
emitter current noise source. Previous works have showraepacitance’s value in parallel on the emitter-base
that this can be realized with a high value capacitance danction. The best performance is achieved with the low

the base-emitter junction [5,15]. impedance bias network. Considering the excellent

120 . residual phase noise level of this transistor

130 without amplitude fluctuation limiting dpvice — -171 dBrad/Hz at 10 kHz offset and —143 dBrad/Hz at

and AM cancellation . . .

140 ‘ 10 Hz, a very low phase noise oscillator dedicated to
\—\\M'\. with amplitude [fluctuation limiting e metI’O|Ogy app|IC8.tI0nS can be deSIgned

-150 "\{t\h device

160 I11. Application : sapphire/ SiGe oscillator

-170

The goal was then to realize with this device a
microwave source better than the best quartz based
X o o0 1000 10000 o000 OSCillators. This work is part of the PHARAQO program

Residual phase noise [dBrad/Hz] vs Frequency [Hz] leaded by the French national space agency (CNES).
The oscillator configuration is based on a parallel
Figure 4 : Residual phase noise of a SiGe Semiconductor feedback topology. The resonator is a monocrystalline
LPNT32 bipolar transistor in Compl’ession Conﬁguration at Sapphlre rod used on a[h EDrder Wh|sper|ng Ga”ery
Pin(3.5 GHz)=3 dBm. Transistor bias network high impedanceMode (WGM) resonance at 4.85 GHz. The measured

with a filtering capacitance on base-emitter junction. (avg. 200)unloaded and loaded factors. of the resonator are

e fluctuation |i

180 with amplitud
and AM cancellatjon

-190

respectively about 290,000 and 60,000. Because the

130 ~/ expected performance of the oscillator was much beyond
140 \\4\ the best available microwave synthesized reference
\\ \F‘ sources, a two oscillators measurement has been

150 N/ ' infineol BFP 620 performed. Therefore, two identical sapphire/SiGe

oscillators have been realized at 4.866 GHz and
4.849 GHz. Their output signal is mixed to generate a
17 MHz beat frequency which is compared to a reference
synthesizer (HP8662A) used at 170 MHz and divided by
10 in order to improve its phase noise performance at
17 MHz. The measured phase noise spectrum is plotted in
Figure5: Open loop phase noise of different SiGe HBT at Figure 7. Above 10 kHz offset frequency the observed
Pin(3.5 GHz)=0 dBm. Transistor bias network high impedance spectrum is related to the synthesizer phase noise. Under
with a filtering capacitance on base-emitter junction. (avg. 200)10 Hz offset frequency, the increase of the noise may be
20 due to a thermal instability. The phase noise of a single
%&i | |HI +Cc=20uF 4.85 GHz oscillator can be estimated by subtracting 3 dB
V4 \\«J HI +C=1uF to this curve. The measured phase noise at 1 kHz is
A\Ur\ { therefore —133 dBc/Hz and by extrapolation close to
A |

-160

-170 ;

SiGe $emiconductof LPNT 32

-180

1 10 100 1000 10000 100000

Open loop phase noise [dBrad/Hz] vs Frequency [HZ]

-130

-140

—160 dBc/Hz at 10 kHz offset.

This observed performance is close to state-of-the-art
[16] and is compared in Figure 8 versus other published
170 low phase noise oscillators at 295 K. Some RF quartz
180 sources are shown in this figure. The result that could be

! 10 100 1000 10000 wooo poptained at microwave frequencies by multiplying these

Open loop phase noise [dBrad/Hz] vs Frequency [Hz] . . N
quartz sources is shown by dotted lines (with the

Figure6 : Open loop phase noise of the LPNT32 device in assumption of no additive multiplier noise). It shows that

different bias network configuration aif3.5 GHz)=0 dBm.  the measured performance of our oscillator corresponds to
HBT bias : £=10 mA, V=2 V (avg. 200) the best single loop microwave oscillator at ambient

temperature. The only other comparable source is the

-150 J

-160
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sapphire-interferometric oscillator previously reported

[3]. This oscillator, however, makes use of a complex
noise cancellation circuit, which requires a fairly high

volume and which may be difficult to tune.
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A
microwave frequencies has allowed us to select a

Conclusion

low residual phase noise measurement bench at

transistor featuring exceptional phase noise performance.
This performance is reached not only by selecting the
device, but also the devices operating conditions. The
device is then used in sapphire microwave oscillator,
which demonstrates the best phase noise performance
ever published for a microwave single loop oscillator.

(1]

(2]

Figure 7: Single sideband phase noise of the 17 MHz beat

signal between the two Sapphire / SiGe HBT microwave
oscillators (4.866 GHz and 4.849 GHz)
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Figure 8: Phase noise comparison at 10 kHz offset with oth
state-of-the-art oscillators (Reference in Table 1).
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11. 9 GHz WGM sapphire oscillator, Ivanov et al., IEEE MGW Lett., sept. 1996
12.10.2 GHz SiGe HBT DRO, M. Régis and al., IEEE-UFFC S, 1998

13. 11 GHz HBT DRO, Tutt et al., IEEE trans. on MTT, 1995

14. 11 GHz HBT DRO, Khatibzadeh, Electron. Lett., 1990

15. 11 GHz FET DRO, EuMC, 1983

16. 12 GHz FET DRO, Graffeuil and al., 1/f Noise Conference, 1983
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