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Abstract  —  The authors present three amplifiers, 

operating at 36, 40 and 50GHz implemented in a low-cost 
0.8 m Si/SiGe HBT Technology which features an fT and 
fMAX of 80GHz. Each amplifier shows a high gain, a high 

isolation and a good linearity. The high performance is 
obtained by using appropriate design techniques such as 
cascode topology, DC filtering network and efficient isolation 

techniques. 

Index Terms  —  Millimeter wave bipolar transistor 
amplifiers, heterojunction bipolar transistors. 

 

 

I. INTRODUCTION 

 

Spectral congestion at frequencies below 3GHz has led to 

an increasing interest in micro- and millimeter-wave 

systems addressing mass markets such as automotive or 

wireless applications. The suitability of SiGe bipolar 

transistors for millimeter-wave applications was already 

demonstrated e.g. in [1], [2], [3]. However, it is still 

challenging to reach high performance with a low-cost 

technology. In this paper, we present three amplifiers 

using a 0.8µm Si/SiGe HBT technology. The circuits 

operate at 36, 40 and 50GHz, respectively, and share the 

same topology. High performance such as high gain, high 

isolation and good linearity was obtained by using 

efficient design techniques which are highlighted here. 

II. OVERVIEW OF THE TECHNOLOGY 

The technology used to design these amplifiers is the 

second generation of the commercially available Si/SiGe 

HBT process of Atmel GmbH (Germany) [4]. The 

technology offers transistors with an effective emitter 

width of 0.5µm. A selective collector implant increases 

the f
T
 from 50GHz to 80GHz at the cost of a reduced 

breakdown voltage from 4V to 2.5V. Three metal layers, 

four types of resistors as well as MIM capacitors are 

available. All amplifiers are realized on a wafer with a 

resistivity of 20Ωcm  

III. DESIGN PHILOSOPHY 

A. Topology of the ICs 

To obtain a high gain, as well as a better bandwidth and 

stability, a cascode topology was chosen. Three stages and 

an appropriate reactive interstage matching were needed to 

reach a competitive gain and bandwidth. The stages were 

designed to operate at a supply voltage level of 3V. To 

increase the linearity, a reactive emitter degeneration was 

added to the common-emitter transistor of the cascode 

circuit topology. This technique also simplifies the input 

matching by shifting the real part of the input impedance 

towards 50Ω. This element was removed in the 50GHz 

amplifier in order to increase the gain. The circuit 

schematic of an individual stage is shown in Fig.1. 

 

 
Fig. 1. Schematic of the cascode topology



B. DC filtering network 

1)   Multistage isolation technique : The three stages are 

fed by a single supply voltage. However, after simulation, 

it was seen that this path creates a parasitic positive 

feedback that generates unstability and therefore possible 

oscillation tendency. To solve this problem, a filtering 

technique was provided. The supply voltage port of each 

single stage of the amplifiers is blocked by an efficient RC 

filter (see Fig.2). The capacitor (2pF) provides a low 

impedance to the V
CC,stage-

port and a compromise must be 

found for the R
filter

 between minimum necessary isolation 

to avoid oscillation and the introduced voltage drop at the 

V
CC,stage-

port. 

 

 

 

 

 

2)   Function-block to function-block isolation technique: 

In the case of a highly integrated system [5], two or more 

function-blocks (for example: an amplifier and a mixer) 

can be interconnected to a common supply voltage which 

may create a path for signal cross-talk. To avoid this 

problem an LC low-pass filter is provided. The block 

diagram of the complete DC filter network is depicted in 

Fig. 3. 

 

 

 

 

 

The inductor L
filter

 used  for the filtering is an on-chip 

spiral inductor of 300pH. The C
filter

 is made by placing 

several capacitors in parallel and has an overall value of 

30pF. 

 In order to estimate the isolation provided between the 

function-block supply voltage line and the V
cc
-port of a 

single stage, a test structure combining the multistage 

isolation technique and function-block to function-block 

isolation technique was used. The provided isolation is 

better than 40dB between 9GHz and 50GHz. This proves 

that this path can be considered as highly isolating for the 

frequency of operation. 

 

C. Layout 

 

For circuit design in the 24GHz ISM band and at higher 

frequencies typically transmission lines like coplanar or 

microstrip lines are used to realize reactances. The 

advantage is that there are lots of models available, most 

simulation tools include scalable models and 

electromagnetic simulations are more accurate due to the 

simple topology. In our approach we replaced the 

transmission lines by lumped elements (capacitors and 

spiral inductors). The advantage is a drastic reduction in 

chip size which is of key importance in mass market 

applications. For instance,  the overall size of the 40 GHz 

amplifier (see Fig. 4) is 735x380 µm², including the 

bonding pads. 

 

 
 
 
D. Isolation Techniques 

1) Bonding pad shielding: The large area consumed by the 

bonding pads has to be considered as a receiver of 
substrate noise, therefore the lowest available 
metallization is placed below the signal pads and 
connected to ground providing a shielding technique [6] 
and eliminating this particular noise source. This 
technique makes the pads act purely reactive and 
moreover is simple to model. 

Fig. 2. Multistage isolation technique 

Fig. 3. Function block to function block isolation technique

Fig. 4. Picture of the 40 GHz amplifier



 2) Inductor to inductor coupling: If on-chip inductors are 

placed in close vicinity in the layout, a parasitic coupling 

will occur. Hence, this effect was studied. The isolation 

between inductors depends on their separation but also on 

their environment. A metallization frame was placed 

around these elements to reduce the cross-talk for a given 

spacing [7], which allows a more compact layout. The 

influence of the distance between the components was 

studied for two types of inductors: basic spirals and 

stacked inductors (using the three available metal layers of 

the technology). The value of these elements is chosen to 

be around 0.3nH which is a widely used value in this work 

and typical for inductance in this frequency range. In both 

cases, the test structure consists of two coils separated by 

10µm and 90µm. The transmission is then measured 

between the 2 passive components. For frequencies 

beyond 30GHz, for both type of inductors and both 

spacing, the isolation is excellent (higher than 40dB). 

According to this study, the low coupling between the 

elements also in close vicinity allows a compact circuit 

layout and can be neglected in the simulation 

environment. 

 

3) Collector to collector coupling: Due to the high 

integration density, the commom-emitter and the 

common-base transistors of each stage are facing each 

other. Due to the fact that no isolation techniques such as 

deep trench or buried oxide are available in this 

technology, a parasitic coupling between collectors occurs 

through the substrate [8], [9]. Therefore, it is of prime 

importance to estimate the influence of this effect. Hence, 

a simple test structure consisting of two transistors placed 

in front of each other has been designed. The intrinsic 

transistor itself is removed to obtain a structure with 

which the subcollector can be characterized in an isolated 

way. The S-Parameters are measured at different 

collector-substrate voltages (VCS). The parameters of the 

equivalent circuit (see Fig. 5) are then calculated to fit the 

measurement curves. 

 

Fig. 5 Model of the collector to collector coupling 

 

The values for Rcoup and Ccoup describe the coupling 

behaviour through the substrate between the two closely 

placed collector electrodes. For instance for VCS=0V Rcoup 

and Ccoup are estimated to be 54Ω and 38fF respectively. 

This characterization technique cannot be taken as a 

general model because the test structure itself has an 

influence on the measurements. However, the model can 

be used to analyze critical areas and give a good estimate 

of the coupling influence on the circuits performance.  

IV. MEASUREMENTS 

The S-parameters of the 3 amplifiers were measured on 

wafer in a 50Ω test environment. Each amplifier consumes 

150mW at a supply voltage of 3V. Fig. 6 shows the 

transmission coefficient |S21| of the 3 ICs. The network 

analyzer used to perform the measurements operates up to 

50GHz. Therefore, it was not possible to characterize the 

50GHz amplifier small signal in its full operation 

frequency. The 3dB bandwidth of this circuit was 

calculated assuming that the bell shape of the transmission 

curve is symmetrical to its peak. Fig.7 shows the excellent 

reverse isolation of the 36GHz amplifier. The measured 

1dB output compression point of the 36GHz and 40GHz 

amplifiers (see Fig.8) is 4.4dBm and 5.5dBm respectively. 

The large signal measurements of the 50GHz amplifier 

could not be performed. 

 

 

Fig. 6. Measured transmission of the 36GHz, 40GHz 

and 50GHz amplifier 



 

 

 

 

 

 

 

 

V. CONCLUSION 

In this paper, we presented three different amplifiers 

operating beyond 30GHz using a 0.8µm technology. Each 

amplifier shows high performance such as high gain, high 

isolation and good 50Ω matching. To obtain these results 

several techniques were used. An appropriate cascode 

topology was chosen in order to provide the targeted gain. 

An efficient filtering network was used to avoid signal 

cross-talk through the  DC supply voltage line. Finally, to 

anticipate possible inaccuracy in the simulation, a simple 

test structure was used to estimate the coupling between 

active or passive components. 
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Fig. 8. Large signal measurement of the 40GHz 

amplifier 

Fig. 7. Measured isolation of the 36GHz amplifier


