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Abstract—This paper presents a 1.5 – 54 GHz high dynamic 

range low noise amplifier (LNA) and mixer combination MMIC, 

which is the core component of a monostatic multiple input, 

multiple output (MIMO) imaging radar receiver system. The 

circuit is implemented in a 0.13 µm SiGe BiCMOS process from 

IHP and occupies a core area of only 0.6 mm2. Controlled 

feedback, common-base mixer inputs, patterned transmission line 

grounds and a folded differential distributed amplifier topology 

were employed to optimize the performance. Ultra-wideband 

operation from 1.5 to 54 GHz, low noise of NFdsb = 4.8 dB, high 

linearity of Pin, 1dB = -1 dBm, controlled conversion gain in the 

range of 0 – 12 dB and a +20 dBm survivability were measured at 

a DC power consumption of 194 mW. With respect to these core 

design parameters, the proposed LNA and mixer combination 

outperforms the state of the art of its class. 

Keywords— BiCMOS integrated circuits, differential amplifiers, 

dynamic range linearization, low noise amplifiers, mixers, MMICs, 

radar applications, silicon germanium, ultra-wideband technology.  

I. INTRODUCTION  

Increasing the detection range is usually one of the key goals 
in radar design. In some scenarios this can be achieved by 
increasing the transmit power of the transmitter (Tx), however 
in most of the use cases, the transmit power and the frequency 
are strictly determined by the regulations. There are still design 
dependencies like the phase noise that impact the overall 
performance of the radar, but most of the improvements towards 
the detection range can be done on the receiver (Rx) side.  

The dynamic range of the radar receiver determines the 
maximum and the minimum distance of the detectable targets. 
The sensitivity of the receiver translates directly to the smallest 
signal that can be processed and the linearity – to the largest 
signal that can be interpreted by the system. Maximizing the 
gain and/or minimizing the noise in the receiver chain, enhances 
the sensitivity and thus increases the maximum distance for 
detectable targets. However this comes as a trade-off for 
decreased linearity. The non-linearity and resulting spurious 
tones may create false radar targets or decrease dynamic range 
in case of FMCW radars. On the other hand, matching the input 
receiver components for optimum power transfer and changing 
the bias points to allow largest possible voltage and current 
swings, would result to a good linearity, but strongly increase 
the noise and hence degrade the sensitivity. Therefore enhancing 
both – the linearity and sensitivity is one of the core challenges 
in high performance radar receiver design. Linearization 
techniques, such as Wide Range Derivative Superposition [1], 

Multi-Tanh Principle [2], [3], using on chip transformers [4] or 
even removal of low noise amplifying stage [5] have been 
reported in recent years. However these topologies are either 
limited to a narrowband operation, require large area or suffer 
from high noise and low gain.  

Furthermore, in some applications the direct path and the 
multi path problems [6], [7] need to be accounted for. 
Considering an example of a broadband monostatic FMCW 
MIMO radar [8], a portion of the transmitted signal is radiated 
via side lobe directly to the receiver antenna, causing a huge 
interference on the Rx side. Even in such case, the weak 
backscatters coming from the target can still be processed if the 
receiver is not driven into saturation by the direct path signal. 

In state of the art use case scenarios it is of a great advantage 
for an operator to be able to choose the operational frequency in 
real time. For instance the radar, mounted on a drone, flying over 
a rural area, could be set to operate in a different band than, when 
positioned over an urbanized territory. Furthermore, different 
radar frequency allocations are defined by the governments 
worldwide. Hence, there is a need for an ultra-wide band 
hardware, covering all the frequency bands of interest. This sets 
another great challenge in the Rx (and Tx) design, since trade-
offs between ultra-wide band operation, noise matching, 
survivability, power consumption, circuit size and linearity need 
to be met. 

Within this work, a low noise amplifier (LNA) and mixer 
combination, as a key enabler for a high dynamic range, ultra-
wide band reconfigurable MIMO radar receiver design is 
proposed. SECTION II discusses the design solution. SECTION III 
outlines the fabrication and measurement approach. The results 
are presented and this work is concluded in SECTIONS IV and V.  

II. DESIGN SOLUTION  

Considering a homodyne receiver architecture, which is 
commonly used for integrated circuit (IC) design, the LNA and 
the mixer are the core front-end components, determining the 
dynamic range and the operational bandwidth of the receiver 
system. In an FMCW approach, the large impinging signals, 
originating from direct path, multi path interferences, or 
reflected by nearby objects, are down-converted to very low 
frequencies by the front-end mixers and can be therefore easily 
suppressed by simply using a high-pass filter on the baseband 
side. These signals cause no harm, if the RF components, 
namely LNA and mixer remain in the linear region, at least a 
few dB before reaching the 1 dB compression point.  
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To address the trade-off between the survivability and the 
ultra-wide band operation, a travelling wave amplifier (TWA) 
topology was chosen for the LNA design (Fig. 1). The topology 
was optimized to withstand at least 20 dBm of input power level, 
without any damage being made to the circuit. This could be 
achieved by choosing large input transistor devices, large cross 
section transmission lines (TLs) and large resistors along the 
input signal path.  

Fig. 1. LNA topology  

With increased number of cascode stages, the linearity is 
enhanced, however the trade-off here is the increase in size and 
DC power consumption. The linearity vs. noise matching vs. 
bandwidth trade-off was optimized by choosing 4 input cascode 
pairs (Fig. 1), where each cascode pair is biased for maximum 
output voltage swing and matched to its optimum noise 
impedance ZOpt at the input, providing an ultra-wide band low 
noise operation. The ultra-wideband matching of ZOpt was 
achieved by adjusting the input TL length l1 (Fig. 1) and the size 
of the blocking capacitor Cb (Fig. 2). The length of output TLs 
l2 was chosen iteratively with respect to the optimized values of 
Cb and l2. Since the usage of large input devices deteriorates the 
wideband gain flatness, this was addressed by using cascode 
configurations, which allowed to minimize the Miller effect and 
the additional peaking inductors Lpeak increasing the gain at 
higher frequencies. Furthermore, with the balanced design the 
even harmonics could be nearly eliminated, which further 
enhanced the linearity.  

 

 

 

 

 

 

 

Fig. 2. Gain controlled cascode stage 

The gain control was realized by controlling the amount of 
signal passing through the feedback path. Compared to other 
gain control topologies [9], [10], this approach has the advantage 
that when reducing the gain, the bias conditions of the LNA 
circuit itself remain unchanged and hence the linear operation 
vs. the input power is strongly increased.  

 Considering the mixer design, the core challenge here is to 
yield best possible linearity vs. low noise operation vs. DC 
power consumption. A lot of attention has been drawn to the 

Multi-Tanh input based Gilbert Cell topology [2], [3], [11], 
which due to its unique capability of spreading the gm curve vs. 
the input voltage, is a very promising design approach for highly 
linear circuits. However, the Multi-Tanh topology still suffers 
from a number of drawbacks. Complex circuitry is penalized by 
high DC power consumption. Increasing the number of input 
pairs does spread the gm curve vs. input voltage, but it also 
complicates and makes symmetrical layout impossible, causing 
the circuit to lose the balanced setup advantages. Broadband 
matching is difficult, since the input connects to high ohmic and 
highly capacitive transistor gates or bases. The attenuation, 
introduced by the input source/emitter follower stage further 
deteriorates the noise matching.  

 

Fig. 3. The proposed mixer topology. 

The proposed mixer topology (Fig. 3) was designed to 
overcome these drawbacks and to keep the advantages of a 
Gilbert cell. The simple common base input of the proposed 
mixer has a low-ohmic impedance that can be approximated as 
follows:  

                   ����/� =
�

	
,��/�
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Here, in (1), gm, CB describes the transconductance for a common 
base configuration and Lin stands for the input shunt inductance. 
As seen in eqn. 1, Zin is a function of both gm, CB and Lin. This 
gives us an option to adjust the input impedance by adjusting 3 
different variables, since the transconductance of a bipolar 
device is a function of collector current IC and the emitter area 
AE. Hence Zin can be adjusted by scaling the devices (Qin+ and 
Qin-), sizing the shunt inductances (Lin+ and Lin-) or actively by 
changing the bias points of Qin+ and Qin- [12]. For yielding the 
optimum broadband noise matching, the input impedance was 
adjusted with respect to the simulated ZOpt. 

Furthermore, it can be demonstrated that in a heterojunction 
bipolar transistor (HBT) most of the harmonics are generated in 
the base-emitter junction [13], therefore injecting the input 
signal into the emitter gives a more linear behavior. In addition 
to that the shunt input inductors Lin+ and Lin- are modelled to 
create a short (by reaching the resonance frequency) for 
harmonic waves above the fundamental frequencies in this way 
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adding to the linearity of the circuit. The output is shunted with 
capacitors Cshunt, which serve for grounding the RF and local 
oscillator (LO) leakages, whereas the charge injection resistors 
RInjection serve for higher gain. The simplistic topology allows for 
an easy, symmetrical layout and no buffers are needed for the 
impedance matching.  

III. FABRICATION AND MEASUREMENTS  

The combined LNA and mixer circuit MMIC, as described 
above, was fabricated on IHP 130 nm SiGe BiCMOS process 
SG13G2, featuring fT = 300 GHz and fMAX = 450 GHz. The 
maximum gain of the LNA was compromised to +12 dB for 
maintaining better linearity throughout the entire operation. The 
supply voltage was set to 3 V. To minimize the IC size, a 
patterned ground was used for the TWA TLs, which allowed a 
significant improvement in terms of inductive behavior of the 
TLs. To minimize the layout length, the TWA was folded, where 
each cascode is vertically stacked upon the other. All the inputs 
and outputs of the design were electrostatic discharge (ESD) 
protected up to 2 kV by using ESD diodes and clamps. A 
photograph of the designed LNA-mixer combination incl. the 
initial measurement setup is seen in Fig. 4.  

  

Fig. 4. Microphotograph and the fabricated MMIC (left) and the initial 

 measurement setup (right). Total area: 1.27 mm2 and active area: 
 0.6 mm2. 

To complete the measurements setup, a signal generator 
(Agilent E8257D) was used to drive the LO input, a network 
analyzer (Rohde & Schwarz ZVA-67) to drive the RF input and 
a spectrum analyzer (Rohde & Schwarz FSW-67) to measure the 
spectrum and the noise behavior.  

IV. RESULTS 

The losses of the passive components were separately 
measured and de-embedded. The LNA and mixer circuit 
demonstrated an ultra-wide band performance, in terms of 
conversion gain (CG), slightly exceeding the simulation based 
predicted results. The noise figure was calculated with respect 
to the H. T. Friis formula for noise factor and with the methods 
described in [14]. Fig. 5 - 7 present the measured circuit 
performance. The linearity was assessed for the maximum CG 
setting (Gain control = 0V) and for reduced gain setting 

(CG ≈ 0 dB, Gain control = -2.7…-2.5 V). The input 3rd order 
intercept point (IIP3) was measured at -2.2 dBm and at 8.8 dBm 
for high gain and low gain settings respectively. The CG vs. 
input power results are presented in Fig. 6. The circuit consumed 

64 mA from a 3 V DC supply, which exactly corresponds to the 
simulation. 

    
Fig. 5. CG (triangles) and NFdsb (crosses), Sdd11 (squares). Measured (solid) 

 vs. simulated (dashed). IF freq. = 100 MHz, LO = 0 dBm, RF = -30 

 dBm, high gain setting. 

 

Fig. 6. CG (dB) vs. Pin at RF freq. = 10 GHz (dashed), 30 GHz (circles) 

 and 50 GHz (solid). IF freq. = 100 MHz, LO = 0 dBm, high gain 

 setting (top), 0 dB gain setting (bottom). 
 

 

Fig. 7. CG vs. LO (solid) at IF freq. = 100 MHz, RF freq. = 25 GHz and CG 

 vs. IF freq. (dashed) at LO = 0 dBm, RF freq. = 25 GHz.  

The input was stressed with a +20 dBm input power, no 
change in performance could afterwards be observed. The 
circuit demonstrated nearly identical performance for LO levels 
in range from -2 dBm to +6 dBm. The isolation results: LO to 
RF, LO to IF and RF to IF were better than 65 dB, 64 dB and 
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67 dB respectively. The input matching was below -10 dB. 
Table I shows comparison with similar designs. 

V. CONCLUSION 

Innovative design solutions were applied to design an LNA 
and mixer combination, which is targeted to comply with very 
tough specifications for future MIMO radar design. The 
measured results showed a very close correlation to simulations 
and hence confirmed the feasibility of the design. To the best 
knowledge of the author, there has been no comparable LNA 
and mixer combination reported yet that would compete in 
terms of fully differential design, survivability, bandwidth, 
linearity and noise figure.  

This LNA mixer combination was used as an enabler 
solution for designing a very high performance MIMO radar 
receiver, further publications in this regard are pending in future 
work.  
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TABLE I - COMPARISON OF STATE-OF-THE-ART LNA AND MIXER MMIC COMBINATIONS. 

Technology Type 

RF/IF  

3 dB BW 

(GHz) 

Max CG 

(dB) 

IIP3 

(dBm) 

Min NFdsb 

(dB) 

Pdc 

(mW) 

Aact  

(mm2) 

Ref. 

0.35 µm SiGe Unbalanced 2 21.4 -6.5 4 16.83 0.16 [15] 

0.09 µm CMOS Double balanced 17 15 -20.4 8 170 n/a [16] 

0.09 µm CMOS Single balanced 8 3-12 -4.9 6.5 72 1.28 [17] 

0.12 µm SiGe Single balanced 5 18 n/a 5.5 34 n/a [18] 

0.18 µm SiGe Double balanced 6 26 -16.5 4 57 0.078 [19] 

0.13 µm SiGe Double balanced 52.5 0-12 -2.2 / +8.8 4.8 192 0.6 This work 

 


