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Abstract  —  This paper presents an investigation of the low 
frequency noise properties of SiGe based n MODFET’s 
through the characterization of both the gate current noise 
and the drain current noise including their correlation. 
Measurements versus bias and gate geometry have shown 
that this noise is generated through mobility fluctuations or 
carrier diffusion at the gate terminal and that carrier 
number fluctuations are involved in drain current 
fluctuations. Microwave residual phase noise measurements 
have shown that the up-conversion effect mainly occurs on 
the drain current noise. 

I. INTRODUCTION

The Si/SiGe heterojonction bipolar technology has 
been extensively demonstrated with devices featuring cut 
off frequencies in excess of 200 GHz and through 
monolithic integrated circuits both in the microwave and 
millimeter wave range [1,2]. The emergence of Si/SiGe 
Modulation Doped Field Effect Transistors (MODFET’s) 
is more recent due to a higher complexity of the 
technological process (i.e relaxed buffer). Nevertheless 
n-MODFET’s and p-MODFET’s with very attractive 
electrical and noise performances have already been 
demonstrated [3-6]. It has also been reported that these 
devices exhibit improved low temperature performance 
which make them candidate for specific low noise 
application. However there is still a lack of an exhaustive 
investigation of the low frequency noise in these devices 
in order to know if they could be good contender for low 
noise non linear applications (i.e low phase noise 
oscillator or amplifier or low IF mixer). 
In this paper, we report and comment the low frequency 
noise (LFN) exhibited by these devices. In next section II 
we present a brief description of the technology used for 
processing the devices under discussion and we show 
some of their I(V) properties. Section III concentrates on 
the low frequency noise characterization performed on 
devices featuring different dimensions with different bias 
conditions. Finally, section IV outlines the conclusions of 
this paper. 

II. TECHNOLOGY, DESCRIPTION AND STATIC 
BEHAVIOR

The investigated devices were n-type MODFET’s 
designed and fabricated at the Daimler Chrysler Research 
Center. The core of structure is a 9 nm thick undoped 
pseudomorphic Si channel which is tensile stressed. It is 
embedded between two unstrained Sb doped Si0.6Ge0.4
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s. The layers are grown through a LEPECVD 
s (Low Energy Plasma Enhanced CVD). Figure 1 
tes the device layer structure. The technology uses 
on p- substrate with  > 1000 cm. More details 
the device technology are given in [6].   
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wafer I(V) and LFN measurements have been 
 out on devices featuring different gate length (0.1, 
.25, and 0.5 µm) and different gate width (30, 50 
0 µm). I(V) measurements have been carried out 
er to obtain a general electrical signature of the 
s, to extract their key parameters and to check the 
le presence of parasitic effects (Kirk effect). Figure 
s the I-V characteristics of 2x50 µm gate width, 

m gate length n- type MODFET at 300°K.  
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The devices under investigation are able to provide a 
drain current of 100 mA/mm at VGS = 0.7 V. The 
transconductance scales well with the gate width and its 
maximum value is gmmax =165 mS/mm at VDS= 0.5V. 

We will refer to these I(V) measurements to discuss 
the low frequency noise behavior that will be presented 
in the next section.

III. SiGe MODFET’S LOW FREQUENCY NOISE  

A. Low Frequency Noise characterization technique 

A transistor is a two port device and an exhaustive 
noise characterization necessitates the measurement of 
two noise generators including their correlation. 
Different methods are available. One consists in output 
noise measurements for various input terminations and in 
referring the noise to the input through an appropriate 
numerical method that provides an equivalent input noise 
voltage generator V, an input noise current generator I 
and their correlation. This technique called “multiple-
impedance” technique is very popular for high frequency 
noise figure characterization. It is also effective for LFN 
noise investigations in bipolar devices. Nevertheless, for 
LFN noise in FET devices, this method is not very easy 
to implement as it is understood that the LF gate current 
noise of a FET device is very low and the technique 
would necessitate inapplicable too high input 
terminations. It is also understood that gate current noise 
investigation is a very interesting tool to assess the 
quality of the Schottky contact. For these reasons, we 
have developed a dedicated test set that is able to 
measure the gate current noise, drain current noise and 
the correlation. 

The set-up measures directly the AC short-circuited 
gate noise current iG, drain noise current iD at the 
transistor input and output terminals using two 
transimpedance current amplifiers. This set-up 
additionally allows coherence measurements between 
gate and drain noise. In contrast with the previous 
technique, the current amplifiers technique directly 
provides the two noise sources iG and iD physically 
located at the device terminals [7] and not the equivalent 
voltage/current noise generators V and I. 

B. Low frequency noise behaviour 

In order to have an exhaustive signature of the low 
frequency noise behavior of the devices under 
investigation, we have simultaneously measured at the 
wafer level not only the input noise current SIG and the 
output noise current SID including the cross correlation 
but also the input noise voltage SV, input noise current SI
and their correlation. It will be shown that each of these 
techniques benefits from each other when the origin and 
the location of the noise sources [7,8] are under 
consideration. 

a. Gate noise current spectral density 

In figure 3, we have plotted several gate current 
spectra for different gate bias when drain source voltage 
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figure 4, we have plotted SIG at 10 Hz and 
0.5 V versus IG : we observe a linear dependence 
 versus IG. Additional noise measurements have 
arried out in order to get a better insight. 
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re 5 displays the frequency dependence of SIG
 the gate length for a device featuring a 50 µm gate 
 We observe that LFN gate noise inversely scales 
he gate length and hence with the gate surface. 
ehaviour is observed in all types of FET devices as 
s noise related to surface gate leakage is not pre-
nt. Therefore bulk effects are involved and this 
ent suggests that 1/f noise at the gate terminal is 
 to mobility fluctuations or mostly carrier diffusion 
 space charge region under the gate [11]. 

onally, the gate current noise strongly increases 
the Schottky diode is forward biased, and such an 
se of the 1/f noise magnitude can be associated 
uctuations of the Schottky barrier height [12]. 
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b.  Drain noise current spectral density 

In figure 6, we have reported noise measurements at 
the drain terminal versus different IDS and VDS values. 
Noise spectra indicate that 1/f and generation-
recombination noise are superimposed. This important 
result suggests that the physical mechanisms producing 
the noise at the gate and at the drain terminal are 
probably different. 
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In figure7, we have plotted the drain noise measured at 
400 Hz versus the drain current and the results show two 
different regions. One region, where the noise is varying 
with ID

2, corresponds to a noise originating from carrier 
number fluctuations due to traps while the other region, 
with a slope equal to 3, shows an additional noise source 
similar to the one reported in reference [13].  
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all of the bias points investigated, we have 
ed a coherence  close to 0 (as an example, figure 
ws versus frequency  for VDS = 1.5 V, VGS = -
 ID = 1.4 mA and IG = 68 nA) confirming that the 
nd drain noise generators are almost uncorrelated 
at the physical mechanisms involved at the gate 
ain terminals are different. 
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e MODFET’s Phase Noise Behavior 

 understood that low frequency noise is driving the 
ase noise capabilities of a device through a very 
icated up-conversion processes. In order to verify 
int and to determine which process is primarily 

ed in the phase noise performances, we have 
cted phase noise measurements in an open loop 
uration. The measurements have been carried out 
GHz for an input power of 0 dBm. Figure 9 
ts the residual phase noise measurement versus 
ltage. The results indicate that the gate noise is not 

g a strong role in the conversion process since the 
al phase noise decreases at VGS=0V as the gate 
s expected to increase. Therefore the drain noise is 
 responsible for the observed device residual phase 
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IV. CONCLUSION

This paper reports on the low frequency noise 
characterization of SiGe based n-type MODFETs. In 
contrast with III-V devices, it has been observed these 
MODFETs show a non negligible gate noise which 
scales with the gate leakage current and that can be due 
to carrier diffusion across the gate space charge. Drain 
noise has classically been found to originate from 
number fluctuations in the channel. Moreover gate/drain 
noise correlation measurements confirm that gate and 
drain noise originate from different physical mechanisms. 
Finally, residual phase noise measurements have been 
performed at 10 GHz and the results let us expect that 
unconverted drain current fluctuations are mostly 
responsible for residual phase noise. This result is 
important for future works dealing with the design of low 
phase noise oscillator based on these devices. 
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