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Abstract:

High frequency properties of a P-channel JFET modularly integrated in a 130 nm SiGe:C BiCMOS tech-
nology offering bipolar transistors with fr / fmax of 300 GHz / 500 GHz are presented. The measured cut-
off frequencies fr / fmax of 3.5 GHz / 11 GHz are comparable with published values form physically faster
N-channel JFET. Furthermore, the influence of de-embedding is demonstrated and the calculation of fr
based on |h21| and gm is compared.
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Introduction
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Low noise transistors are essential in the first
stage of read-out circuitries in sensor applica-
tions e.g. biomedical systems [1] or Radiation
Detector in high energy physics [2]. Junction field
effect transistor (JFET) transistors have like bi-
polar transistors very low 1/f noise characteris-
tics but offer high input impedance, which is re-
quired for sensor read out circuitries.

In this work a short channel PJFET (p-channel
JFET) with split channel region was modularly
integrated in IHP’s 130 nm SiGe:C BiCMOS (Sil-
icon Germanium Carbon bipolar complementary
metal oxide semiconductor) technology [3].

In Figure 1, the schematic cross-section (a) and
the top view (b) of a quarter PJFET is depicted.
The drawn gate and channel length are 0.31 ym
and 3.15 pym respectively. An average channel
width of 30 um of the presented transistor can be
assumed. Since the measured test structure
consists 4 devices (Figure 2), the total channel
width is approximately 120 pm.

The measured cut-off frequencies (fr / fmax) of the
presented PJFET are comparable to the perfor-
mance of a physically faster NJFET with fr =
2.5 GHz (estimated) published in [4] and meas-
ured fr / fmax = 3.5 GHz / 23 GHz [5].

Radio frequency characterization

The radio frequency (RF) characterization up to
30 GHz was performed on-wafer using a semi-
automated wafer prober equipped with two RF-
probes for contacting the gate (G), source (S)
and drain (D) electrode and two DC probes for
biasing the bulk silicon (PSUB) and the back
gate (BG) (shown in Figure 2).
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Figure 1: Cross section (a) and quarter layout (b) of
the presented short channel PJFET

The RF setup including network analyzer (Ag-
ilent 8364A), RF-cables and RF-probes was cal-
ibrated using an impedance standard substrate
(ISS) and applying the Short-Open-Load-Thru
(SOLT) method [6]. For extracting the scattering
(S) parameters of the device under test (DUT)
surrounded by the backend metal stack includ-
ing comparatively large bond pads (see Figure
2) various methods can be found in literature.
Here, the open / short (OS) de-embedding
method [7] is applied. Therefore, scattering-pa-
rameters of an additional open and short struc-
ture are required.
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Figure 2: The parasitic influence of the pads is de-em-
bedded to extract the properties of the PJFET.
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Source measurement units (SMU - HP4142B)
are used to provide bias voltages and measure
the currents. The maximum cutoff frequency was
achieved with the following bias conditions Ve =
-0.2V;Vp=-3.3V;Ves=1V; Vpsug =-3.3V.

In Figure 3, the measured frequency dependent
small signal parameter |h21| and Mason’s unilat-
eral power gain (U) are depicted. U is calculated
using Eq. 1-3. The intercept points where
|h21|=1 is defined as transit frequency (fr) and
U=1 is defined as fuax.
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Figure 3: Measured cut-off frequencies fr = f(|h21|)
and fmax = f(U) at ambient temperature. For compari-
son, Open / Short (OS) or no de-embedding is de-
picted.

In Figure 3 the transit frequency fr is calculated
using |h21|. Another possibility to calculate fr
based on the transconductance (gm) using the
drain-source capacitance (cpos) and the gate-
source capacitance (css) extracted from S-pa-
rameter measurements and converted to Y-pa-
rameters. Using equations 4-7 fr is calculated
versus operating frequency.
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For comparison of fr based on |h21| and gm are
plotted versus operating frequency in Figure 4.
The difference between the two characteristics is
not significant. Nevertheless, fr(|h21]) is not as
constant as fr(gm).
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Figure 4: Comparison of open / short de-embedded fr
= f(gm) and fr = f(|h21|) versus measurement fre-
quency

Conclusion

The measured and open / short de-embedded
cut-off frequencies fr / fmax of the modularly inte-
grated PJFET are 3.5 GHz/ 11 GHz. Thus, com-
parable to the RF-performance of the physically
faster NJFET. fr(|h21|) and fr(gm) show similar
values while fr(|h21|) has a stronger frequency
dependence.
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