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Abstract—In this paper, we present a set of new equa- ~  [------------mssssommss-ooo-m--ooo-o--oo-o-Se
tions for the noise parameters of SiGe HBTs and a new

methodology to extract the noise parameters from they- B B
parameters of the transistors without fitting to measured nase !
data. This method was verified to provide excellent agreemen ! (z‘ﬁB I }‘ I (iic

to both simulated and measured noise parameter data. A '
NFyn that is approximately 1dB lower at 60 GHz when
noise correlation is account for is predicted using this metod.
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Index Terms—Noise modeling, noise correlation, millimetre-

wave, SiGe HBTSs. <v721E>
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Recent publications on 60-GHz SiGe HBT circuits re-  ~----=---=m7=m--mmmmmsmmmommomomomosmomoo oo
ported that the measured phase noise of VCOs [1] and Noi&g 1. siGe HBT noise equivalent circuit defining the insitn and
figure of LNAs [2] are systematically lower than simulate@xtrinsic y-parameters
values. At the same time, bipolar transistor models (SGP, Un
HICUM) currently available in simulators do not account + N\
for the correlation between the base and collector noisg G/ _fr’
current sources. It is well established that correlation, [Y]
typically captured in the noise transit time [3], can be in Cl)
ignored at lower frequencies with minimal impact on noise’ Noise-free block
model accuracy. However, as the operation frequency of the —
transistor increases, neglecting it leads to an overestima © ————o0
of transistor noise figure [4]. Expanding theparameter
based noise equations in [5] to account for correlatiors, thfig. 2. Chain matrix representation of a linear noisy twotpetwork.
paper describes a method to extract all noise parameters of
millimetre-wave SiGe HBTs from measurédparameters,

without fitting to measured noise parameters. Rp = Rpr + Rpx. The base and collector shot noises
are represented by two noise current sources with power

[l. THEORY spectral densities given by

Expression of SiGe HBT common-emitter noise param- 2\ 90T 1
. . <ZnB> = 44iB 1)

eters are derived as functions of the two-pgitarameters 5

based on the noise equivalent circuit illustrated in Fig. 1. <’n0> =2qlc, 2)

Instegd of_using an expliqit equivalent circuit, the insiin where Iz and I are the DC base and collector currents,
transistor is modeled by itg-parameters as a black box-respectively, and is the positive electron charge. The

This approach allows the results to be applied to othggrelation between the two shot noise sources is given
devices, for instance MOSFETSs, whose noise can be ag; 3]

equately modeled by this equivalent circuit.

The thermal noise contributions from the emitter and
base series resistances are modeled by lumped elemertiere 7, represents the noise transit time. This modeling
Rg and Rp respectively. Rp includes the contribution parameter describes the delay between the base and collec-
from both the intrinsic and extrinsic base resistances, iter shot noise currents. Although is commonly extracted

(inpinc) = 2qlc [exp (juT,) — 1], 3
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by fitting to measured noise data, as in [4], [6], it is related The two-dimensional SiGe HBT structure was con-
to and hence can be extracted from the high frequenstyucted using Silvaco’'s TCAD process simulator, Athena.
transconductance of the device [7]. The emitter length was assumed to hem. Since doping
Following a lengthy derivation to properly transfer alprofiles and detailed device geometry are confidential and
the internal noise sources to the input of the transistdrence unavailable, the simulated device does not corre-
the expressions of the power spectral densities of the inmpond exactly to the fabricated devices that will be dis-
referred noise voltage and noise current as defined in Figc@ssed in section IV. Instead, both devices have sinfilar
are obtained as equations (4)-(6), wheredescribe the- and fy,4x values of approximately 160 GHz.
parameters of the extrinsic transistor, including theatffe = They-parameters and noise parameters of this SiGe HBT
of Rp and Rg. The noise parameters are then obtainatkvice were simulated up to 100GHz using the device

using [8], [9] simulator, Atlas. The simulation employed Fermi-Dirac
<v2> statistics and drift-diffusion equations and accounted fo
R, = ﬁ (4) band gap narrowing and self-heating effects.
B The emitter and extrinsic base series resistances were
Yopr = (in) S (w,i*)\1° s (v,,15) extracted from low freq_uenc&% {z12} and high frequency
(v2) (v2) (v2) R {z11 — z12} characteristics, respectively, as in [5]. The

(5) intrinsic base resistance was extracted using the modified
(v,i%) + <02>Y* impedance circle method [12]. Finally, the noise transit
n ST OPT (6) time 7, was extracted at the pedi;x bias in the high
B

] ) ) ) ~ frequency domain where the phaseggf (w) is linear as
where R,, is the equivalent noise resistancEppr is

the optimum source impedancéy,;y is the minimum Th = —iphaSng ()] = 0 (yl2’\llT _yllf\le)’ (7)
noise factor,kp is the Boltzmann constant arifl is the Ow Ow

absolute temperature in kelvin. Note that in (4)-(®p Wherey;)T are the intrinsicy-parameters of the transistor
and Rz appear both explicitly and implicitly through the(Fig. 3). They are obtained from the extringigparameters
expressions ofy;;. The latter important aspect might beas

missed, as in [10]. 1 R+ R -R
Ynr=—= (Y —det]Y]|"FT7¢ E})s
I1l. SIMULATION RESULTS "D ( [¥] [ —Rg Rp + REg ®)

Equations (4)-(6) were first verified by device simulatiomwhere D = 1 — y;1Rg — y22Rc — Rg Zij Yij +
on a two-dimensional SiGe HBT structure. The equatioifig Rc + RpRr + RgRc) det [Y].
were applied to simulateg-parameters to obtain the noise Figs. 4-5 compare the noise parameters of the SiGe HBT
parameters of the device. The values calculated from thalculated by the device simulator with those obtained from
equations were compared to those calculated directly byuations (4)-(6). The noise parameters in the absence of
the device simulator, which employs the impedance fiekhot noise correlation were obtained from the same equa-
method [11]. tions by settingr,, to zero. Excellent agreement is obtained,

Fyivn =1+
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Fig. 3.  Extracting noise transit time,, from the high frequency Fig. 4. Simulated and extractel F'y;;n and R, with and without

transconductance of the simulated SiGe HBT. correlation at minimum noise bias. The emitter ared.isx 1um?.
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Fig. 5. Simulated and extractéd, p with and without correlation at  Fig. 6. Simulated and extractdd F'y;; n at 65 GHz for different values
minimum noise bias. The emitter arealiL x 1um?. of 7,,. The emitter area i9.2 x 1um?.

even at 60 GHz, when shot noise correlation is accountbticrowaves tuner system and a HP8970B/HP8971C noise
for using the derived equations with, extracted as in figure test set.

equation (7).NFy v at 65GHz was also calculated for )

different values ofr, and plotted in Fig.6. The deviation Fig- 7 shows the high frequency transconductance of the
of the calculated values from those predicted directly gjpeasured SiGe HBT. A value of 0.28 ps was extracted for
the simulator at high current bias is due to the breakdoie noise transit time using equation (7). Figs. 8-11 compar

of the uncorrelated carrier assumption that is fundamentf measured noise parameters of the transistor (with pad
to the p-n junction shot noise expressions in (1)-(3). contribution) to those calculated solely from measured
y-parameters using (4)—(6) with and without accounting

for correlation. These results confirm that, for 160-GHz
SiGe HBTSs, the impact of noise current correlation is
Experimental validation was carried out by applying thisignificant up to 18 GHz and is typically drowned in
equations to the measuregparameters of commercialthe noise measurement scatter. In contrast to noise mea-
SiGe HBTs featuringfr and fy ax values of approxi- surements, high frequend§-parameter measurements are
mately 160 GHz. The noise parameters derived frgm less scattered. Considering also the complexity of a noise
parameters were then compared with those obtained gieasurement setup and the difficulty of de-embedding
rectly from noise parameter measurements. millimetre-wave noise measurements, the extraction of
The S-parameters of the SiGe HBTs were measured uyise parameters from measurggarameters is preferable
to 65GHz and de-embedded using the open-short te@mnd likely more accurate. Finally, using the measuged
nigque [13] before applying the equations (4)-(6) to extragarameters, the technique predicts a noise figure that is
the noise parameters. In addition, directly measured noisleout 1 dB lower at 60 GHz when correlation is considered
parameters were obtained up to 18 GHz using a Foc{iSg. 12). The later is in good agreement with the measured

IV. EXPERIMENTAL RESULTS
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mum noise bias (with pad parasitics).

phase noise of 60-GHz SiGe HBT VCOs [1].

parameter data. The equations and the extraction method-

V. CONCLUSION

minimum noise bias (with pad parasitics).

(3]

A set of new equations for the noise parameters ol
millimetre-wave SiGe HBTs was presented and a new
method was developed to extract the noise transit timel
solely from HBT y-parameters, without fitting to noise

ology were verified through device simulations and noiséS]
measurements. By applying the new method to the mea-
suredy-parameters of 160-GHz SiGe HBTSs, theF), N
at 60 GHz is predicted to be 1 dB lower when correlation is

accounted for, in agreement with published VCO and LNAS®

results.
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