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Noise Analysis of a Photoreceiver Using a P-1-N and
GaAs HBT Distributed Amplifier Combination

Xizhen Tian, A. P. Freundorfer, Member, |IEEE, and Langis Roy, Member, IEEE

Abstract—A noise analysis for a Common-Collector-Cascode
traveling wave HBT preamplifier is developed. The photoreceiver,
consisting of a P-I-N and GaAs HBT MMIC distributed ampli-
fier, was implemented using Nortel's fr = 70 GHz GaAs HBT
process, is the first to have a P-I-N mounted on the MMIC chip.
The P-1-N preamplifier, having a measured bandwidth of 22 GHz,
displayed a measured average equivalent input noise current den-
sity of 24 pA/+/Hz. Good agreement was obtained between thepre-
dicted and measured noise performance.

Index Terms—Distributed amplifier, HBT, P-I-N, preamplifier.

|. INTRODUCTION

aAs HBT distributed amplifiers (DAS) are attractive for

optical receiver applications due to the HBT device's ex-
cellent threshold voltage uniformity, the advantage of low-phase
jitter properties[1], [2], the DA’ sinherently high bandwidth, as
well astheintegration possibility with InGaAsP-I-N diodes[3].
HBT distributed amplifiers with wide bandwidth performance
have been demonstrated [2]-{5] in recent years. Encouraged by
thistrend, anoiseanalysisfor the HBT Common-Collector-Cas-
code (CCC) preamplifier is devel oped.

Noise performance analysis for MESFET preamplifiers has
been widely published [6]-{8]. However, a noise analysis for
the HBT CCC traveling wave preamplifier, has not been previ-
ously done, and is the subject of this letter. An optical receiver
employing a P-I-N diode and a GaAs HBT MMIC distributed
preamplifier combination was constructed, using Nortel’ s GaAs
HBT and InGaAs P-I-N photodiode process. The HBT Spice
model used in this paper has been validated in high speed light-
wave systems at Nortel. The HBT preamplifier’s noise perfor-
mance is predicted by this noise analysis.

Il. NOISE ANALYSIS OF THE HBT DA

A simplified schematic of aHBT CCC preamplifier isshown
in Fig. 1. The short transmission lines on the input line, which
are equivalent to inductors, and the equivalent input capaci-
tances of the HBT gain cell, form a transmission line with an
impedance equal to Z;. The collector lineisformed in asim-
ilar way and is terminated by impedance Z .. The preampli-
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Fig. 1. Schematic of P-I-N HBT preamplifier.

fier includes the following noise sources: noise from the base
termination Z,, noise from the collector termination Z .., and
noisefromthe HBT gain cell. The noise model of theHBT CCC
gain cell can be transformed into a noiseless two-port network
with two correlated voltage and current noise generators (¢,
and 4,,.) connected at itsinput, which is more suitable for noise
analysis of a preamplifier. The derivation of noise sources e,,..
and ¢,,. can be carried out analytically following the noise net-
work theory. Then, following the same analysis method as in
[8] except for a different gain cell, the transimpedance of the
preamplifier in the passband can be derived as
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where ( is the equivalent transconductance of the HBT CCC,
which is represented as the equation at the bottom of the next
page and where ¢,,, and r, are the transconductance and base
resistance of the HBT, respectively.
The equivalent input noise current density of the preamplifier
is given by
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where ¢ is the per stage phase delay of the distributed ampli-
fier, and r,; and C;; arethe HBT'smodel parameters. The first
two terms in (2) are the noise densities produced by base ter-
mination Z,,; and collector termination Z,.., respectively. The
remaining contributions are the noise sources produced by the
HBT gain cells. i2_ and ¢2 ., are the equivalent noise sources of
the HBT gain cell, which are derived from the equivalent circuit
of the HBT gain cell. i,,.¢’. is the correlation between those
two noise sources. i;; and ;o represent the input and output
intrinsic current noise sources of transistor @; (1 = 1, 2, 3);
ey; 1S the thermal noise source due to the base resistor 7, of
transistor (2;. e.1 and e.o are thermal noise sources due to re-
sistor R.; and R.». Inspecting (1) and (2), we can see that in-
creasing Z,; will decrease the first, second, fourth and fifth
termsof |i,,|*. Therefore, the equivalent input noise current den-
sity of a HBT preamplifier can be reduced by increasing Z,,.
The effect of increasing Z, is twofold: it increases the tran-
simpedance gain Z¢. At sametime, it reduces the magnitude of
the equivalent noise current density. However, increasing Z,;
will lead to a lower cutoff frequency of the input distributed
structure, which will limit the bandwidth of the distributed am-
plifier. Fig. 2 shows simulated HBT preamplifier’s equivalent
input noise current density curvesfor Z,, = 60  and 7., =
40 ©, which confirms the improvement by increasing Z ;. Our
analysisalso showsthat the noise contribution of 7, dominates
the DA’ sequivalent input noise current density at low frequency,
while the gain cell’s noise contribution dominates at high fre-
quency. Z..'s noise contribution isrelatively small. In order to
improve high frequency noise performance, the noise source of
the gain cell should be reduced. This can be achieved by re-
ducing the bias current of the HBTSs.

Ill. RESULTS

A monoalithic eight-stage GaAsHBT distributed preamplifier
was designed and fabricated. The DA chip was implemented
using Nortel’s GaAs HBT (fr = 70 GHz) process in a CPW
regime with 7, = 60 Q, Z,. = 50 Q. Five HBT transistors
wereused to buildone DA cell: a2 x 2 pm? HBT (g,,, = 55 mS)

+i35 (YazC1) (Ya3Co)'" for the CC (Common Collector) stage, and two pairs of 3 x 6.5
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Fig.2. HBT preamplifier’ sinput equivalent noise current density versusinput
termination.
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Fig. 3. Micro photograph of P-I-N, HBT distributed amplifier MMIC
combination.
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Fig. 4. Measured versus simulated S21 parameter of the HBT distributed
amplifier.

pum? HBT (g,,, = 225 mS) for the cascode. In order to optimize
the complete photoreceiver’ s performance, the HBT distributed
amplifier MMIC chip was designed to have a P-I-N mounted on
it and connected to itsinput directly at the chip level, through a
very short wire bond. The preamplifier’s performance was op-
timized while the electrical model of the P-1-N and wire bond
was integrated into the circuit during simulation.

Fig. 3 shows a micro photograph of the fabricated HBT
preamplifier MMIC chip with the P-I-N mounted on it and
wire bonded to its input. The measured optical response of the
HBT P-I-N preamplifier showed a low frequency (<4 GHz)
gain drop due to the absence of off-chip decoupling caps on
DC biaslines and a3 dB bandwidth of about 22 GHz, whichiis
mainly limited by the P-I-N photodiode’s bandwidth. This is
confirmed by Fig. 4, showing the bandwidth of the fabricated
HBT DA to be much wider (about 35 GHz). Fig. 4 aso shows
the impact of changing Z.;, from 60 €2 to 40 2. The Nortel
InGaAs P-1-N photodiode employed has a limited bandwidth
due to its conventional verticaly illuminated photodetector
(VPD) structure [9]. Fig. 5 shows both the measured and
analyzed equivalent input noise current density, as well as
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Fig. 5. Measured versus analyzed equivalent input noise current density and
noise figure of the distributed preamplifier.

the corresponding noise figure, of the preamplifier up to 20
GHz. An average equivalent input noise current density of
24 pA/v/Hz was measured in the frequency range of 2—20
GHz. At lower frequencies (below 2 GHz), the measured noise
appears much higher than expected due to the test setup, which
allowed interfering radio frequency signals to be coupled
into the circuit. It seems that the agreement between (2) and
the measurement results is very good, hereby confirming the
validity of the noise analysis.

IV. CONCLUSION

A noise analysis for the HBT CCC distributed preamplifier
has been presented, resulting in an expression for the preampli-
fier's equivalent input noise current density. An implemented
HBT distributed preamplifier has demonstrated a 3 dB band-
width of 22 GHz and an average equivalent input noise current
density of 24 pA/+/Hz, which agreeswell with analytical predic-
tions. The analysis gives useful insight into the dominant noise
contributions of the preamplifier.
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