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Abstract  —  A fully differential, high input power handling, 
ultra-wideband, variable gain low noise amplifier MMIC for 
a monostatic MIMO radar was designed in a 130 nm SiGe 
BiCMOS Technology. The amplifier features an extensively 

high RF input power survivability, high power handling, 
ultra-wideband operation of 0.1 – 50 GHz and a linearly 
variable gain with 12 dB tuning range. The measured 
differential mode noise figure is below 5.5 dB within the 
bandwidth, whereas the 1-dB compression point is reached at 
-7.8 to -2.6 dBm input power levels at nominal gain operation. 

The maximum DC power consumption is 70 mW and the total 
chip area is 0.76 mm2. 

Index Terms  —  BiCMOS integrated circuits, differential 
amplifiers, low noise amplifiers, radar applications, ultra-
wideband technology. 

I. INTRODUCTION 

The MIMO radar technology is superior in multiple ways 

compared to its phased array counterpart – the price and 

simplicity, the resolution, number of targets detectable and 

many more [1]. However, when designing a multi-

functional, ultra-wideband MIMO radar system, a number 

of challenging specifications for its components need to be 

met. On the receiver side, the low noise amplifier (LNA) is 

the key component in the chain, thus implying multiple 

design challenges. The core ones are robustness for high 

input power levels, controlled and/or limited output power, 

wideband operation, good noise matching and low DC 

power consumption as well as high degree of integration 

and cost effectiveness [2].  

The need for robustness comes from multiple facts. In a 

monostatic MIMO radar approach (c. f. Fig. 1), especially 

when operating at broadband frequencies, a proper isolation 

between some collocated receiver (Rx) and transmitter (Tx) 

antennas becomes nearly impossible, resulting into large 

power levels coupling from Tx to the Rx antennas. 

 

 

 

 

 

 
Fig. 1. Antenna array of a monostatic MIMO radar. 

 
If not assessed properly, this can result into saturation or 

even damage of the electronic Rx components.  

Furthermore RF multipath reception, RF spikes or even 

jamming clearly indicate the need for high input power 

handling capability and robustness of the LNA. To account 

for this problem, a power limiter is usually introduced at the 

input of the LNA. However this degrades the input 

matching and hence the noise performance. A solution 

without employing the limiter would be of a great 

advantage. 

To further increase the power handling and hence the 

dynamic range of the Rx system, the output power of the 

LNA needs to be limited and/or controlled. In case a high 

input power signal is received, reducing the gain and hence 

limiting the output power of the LNA can preserve the 

subsequent mixer component from being driven into 

saturation.  

Furthermore, for ultra-wideband, high power handling 

LNA design, the distributed amplifiers have clear 

advantages compared to other LNA topologies. However, 

the drawback of distributed LNA topologies is that the 

cascodes generally used in such designs require a very good 

emitter/source to ground connection [3], [4]. When using 
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bond-wires such connection is hardly possible due to bond-

wire inductances, the problem of ground bounce occurs. 

This causes a decrease of gain, especially at higher 

frequencies and might even cause instability problems. To 

come across this problem, fully differential topologies need 

to be employed. 

This paper proposes a fully differential, highly robust, 

high input power handling, ultra-wideband low noise 

amplifier for a radar receiver application.  

II. DESIGN CONSIDERATIONS 

To achieve high degree of integration, cost effectiveness 

and good RF performance, a 130 nm SiGe BiCMOS 

process IHP SG13G2, featuring fT = 300 GHz and  

fMAX = 450 GHz was chosen. To comply with the high input 

power handling specification without using a power limiter 

and to overcome the problem of ground bounce, a fully 

differential, distributed, 5 stage LNA topology was chosen 

(c. f. Fig. 2). Each stage of the LNA is parallel with respect 

to the input. The largest portion of the input power is 

grounded by the terminating resistors RB. The remaining 

input power is shared among the 5 cascode stages, where 

the maximum input power at the 1st stage is 2 dBm in case 

25 dBm is applied at the input if the LNA. Furthermore, the 

differential design allows 3 dB more input power, makes 

the circuit more linear, by nearly eliminating the even order 

harmonics and increases the noise performance by 

suppressing the common-mode noise. 

Fig. 2.  Proposed distributed 5-stage LNA architecture. 

 
 

 

 

 

 

 

 

 
Fig. 3.  Single cascode stage. 

 
To further increase the robustness, the stages are 

implemented as fully differential cascodes with large HBT 

input devices, featuring an emitter area of  

AE = 10 × 0.9 µm × 0.07 µm. The input and output 

capacitances of the cascodes are matched by the 

transmission line (TL) inductances LB and LC respectively. 

The TLs are terminated with 50 Ω resistances RB and RC, 

whereas the latter ones are also used as chokes to supply the 

DC Voltage VCC (c. f. Fig. 2). The overall design is 

optimized for 25 dBm total input power survivability. 

The power handling is further increased by adjusting the 

cascode power gain GT, which is realized by varying the tail 

current Itail (c. f. Fig. 3).  

III. FABRICATION AND MEASUREMENTS 

Due to large HBT devices used, extensively long 600 µm 

TLs were required to form a characteristic 50 Ω impedance 

together with the input and output capacitances of the HBT 

devices. For a 5-stage distributed LNA this results in a 

minimum chip length of 3 mm. To achieve a more compact 

design, the layout was folded, by placing the stages in 

vertical manner instead of horizontal order (c. f. Fig. 4). The 

impact of folded TLs was assessed by means of 3D FEM 

simulation. The fabricated MMIC occupies a total area of 

0.76 mm2, whereas the effective area is approx. 0.4 mm2.  

 

 

 

 

 

 

 

 

Fig. 4. Photograph of the fabricated MMIC. Bottom and top: 

differential GSGSG input and output pads respectively. Sides: 

PGPGP DC biasing and gain control pads.   

 
The LNA was measured in the labs of Technische 

Universität Dresden. True differential small signal and 

large signal parameters [5], [6] were extracted by using 

Agilent/Keysight PNA-X (model: N5247 A) for 0.1 to 67 

GHz frequency. The transducer gain (GT) was varied from 

the nominal operation at Itail = 45 µA, PDC = 70 mW; up to 

the maximum and the minimum, given at: Itail = 65…8 µA 

and PDC = 100…12 mW.  
Large signal measurements were performed with the 

same set up, using true differential stimulus mode. The 

transducer gain versus the input power was measured at the 

nominal operation bias point. The result for 3 different 

frequencies, namely 5, 25 and 50 GHz is seen in Fig. 6. The 

resulting 1 dB compression point was measured at input 

power levels of Pin, -1dB = -7.8, -5.4 and -2.6 dBm for 5, 25 

and 50 GHz frequency signals, whereas the Pout,-1dB is given 
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at 4.2, 4.8 and 6.2 dBm for 5, 25 and 50 GHz signals 

respectively. 

 
Fig. 5. Measured small signal parameters. Solid: GT (Itail: 
65…8 µA). Nominal operation, dashed: S21, dotted: S22, solid 
circled: S12. 

 
Fig. 6. Measured GT at nominal operation bias point.  

 
Since the noise of the differential amplifier can only be 

measured using two ports of the PNA-X, the baluns were 

employed.  

 
Fig. 7. Differential mode noise figure measurement setup.  

 

Extra phase shifters were added to the setup to 

compensate for the phase deviation at the output, caused by 

the cables (c. f. Fig. 7). The overall hardware was capable 

of noise measurements from 1 to 50 GHz. First the noise 

figure was measured for the whole system from points A to 

B (c. f. Fig. 7) by using the classical two-port method [7]. 

Then the method for determining the differential mode 

noise parameters and noise figure described in [8] was 

followed with a slight modification. 
The loss and therefore the noise was separately 

determined for the input passive network (from point A up 

to the amplifier) and for the output passive network (from 

the amplifier to point B). Mixed mode S-Parameters [9] 

were used to describe the hybrid 3-port impedance 

parameters as 2-port equivalents, method described in [8]. 

Finally the noise factor of the differential LNA was 

determined from the H. T. Friis formula for noise factor (1), 

by modifying it to express the noise of the LNA stage (2). 
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Ftotal stands for the total system noise factor; F1, G1 – 

respectively for the noise factor and attenuation of the 2-

port equivalent of the input passive network; FLNA, GT for 

the noise factor and the transducer gain of the differential 

LNA and F3 stands for the noise factor of the 2-port 

equivalent of the output passive network. The values are 

given in decimal order.  

 

F��� � G��F����� � F�� �
	��

��
� 1             (2) 

 

The small signal gain GT was taken from the true 

differential measurements with the same bias points. 

Resulting noise figure in dB is compared to the simulation 

results (c. f. Fig. 8).  

 

 
Fig. 8. Noise figure at nominal operation bias point. Dotted: 
simulation, solid: measurement.  

 
The resulting measured differential mode noise figure is 

below 5.5 dB within the 1-50 GHz frequency band. The 

rippled character is due to unavoidable measurement 

uncertainties, typical for noise measurements. However the 

comparison with the simulation results confirms the 

feasibility of the measurement method used. 
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To the best knowledge of the authors, this is the only 

published SiGe LNA design offering ultra-wideband 

performance along with high survivability, variable gain 

and fully differential configuration. For benchmarking 

purposes, state of the art of comparable LNA designs is 

given in TABLE I. 

IV. CONCLUSION 

An ultra-wideband, fully differential, robust, variable 

gain low noise amplifier MMIC was designed. Innovative 

design approaches were applied to achieve the design goals, 

including outstanding performance and compact chip size. 

The design was evaluated using innovative measurement 

techniques featuring true differential stimulus mode and 

differential mode noise figure measurements. 

Measurements are in a fair agreement with simulations. The 

outstanding LNA performance in terms of ultra-wideband 

operation, noise matching, robustness, linear adjustable 

gain and low DC power consumption along with promising 

survivability confirmed the potential of this design for 

future MIMO radar receiver applications.  
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TABLE I 

Technology Differential BW 

(GHz) 

GT 

(dB) 

Pout, -1 dB 

(dBm) 

Pin max. 

(dBm) 

NF 

(dB) 

PDC 

(mW) 

Area 

(mm2) 

Ref. 

0.25 µm SiGe pseudo 10.6 18 n/a n/a <5 55 0.99 [10] 

0.055 µm SiGe no 135 8.5 9.5 n/a <7 99 0.36 [11] 

0.13 µm InGaAs no 0.5 17.5 13.2 37 <1 n/a n/a [12] 

0.15 µm GaAs yes 15.7 25 n/a n/a <3 n/a 1.575 [13] 

0.25 µm GaN no 1 12 n/a >20 <6 750 n/a [14] 

0.25 µm GaN pseudo 10.5 12 n/a 40 <3.5 1500 9.75 [2] 

0.13 µm SiGe yes 49.9 12.8 6.2 25 <5.5 70 0.76 This work 

 


