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Abstract. We present an active Q-enhanced pseudo-combline resonator integrated in 
130nm SiGe BiCMOS. It is shown that the resonator Q0 can be enhanced, controlla-
bly, from 15 to 1578 at 78.8 GHz through application of a SiGe HBT-based negative 
resistance circuit. This is the first time that resonator Q-enhancement is demonstrated 
experimentally in silicon above 40 GHz, and the first time negative enhancement with 
single-ended pseudo-combline loading is used. 
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1 Introduction 

The millimeter-wave spectrum (30 – 300 GHz), and in particular the lightly li-
censed E-band (60 – 90 GHz), offers significant unused spectrum for automotive 
RADAR and communications backhaul applications [1]. Although the development 
of deep submicron nodes in CMOS and SiGe BiCMOS [2] have led to commercially 
feasible mm-wave front-ends suitable for system-on-chip (SoC) integration [3], 
there is still no compact, low-loss solution to effective channelization on-chip. Full 
SoC integration of front-end filters is hampered by the low attainable quality factors 
(Q-factors) of on-chip distributed passives [4], which reduces filter selectivity and 
increases insertion loss [2]. For this reason, front-end filters are currently omitted 
from SoCs [5, 6], and no E-band equivalents exist to ultra-compact SAW or BAW 
off-chip RF and microwave filters.  In addition, having filters on-chip would allow 
the SoC designer greater design flexibility to trade-off, for example, minimum noise 
figure (NF) and out-of-band suppression (with implications to image rejection or 

This is a pre-print of an article published in Journal of Infrared, Millimeter and Terahertz Waves. 
The final authenticated version is available online at: https://doi.org/10.1007/s10762-018-0524-0



2   

saturation) by changing the order of the filter and the LNA in the receiver.  
One possible remedy is the adoption of active Q-enhancement of passive resona-

tors on-chip [7–11], at the expense of potentially higher NF and finite dynamic 
range. A secondary goal would be to minimize the size of the distributed compo-
nents (thereby saving on chip area) by opting for pseudo-combline resonators [12] 
as opposed to full quarter-wave (λg/4) or half-wave (λg/2) resonators.  

Negative resistance based Q-enhancement on-chip has been applied in GaAs at 
65 GHz using λg/4 coplanar waveguide (CPW) resonators [7], as well as at 22.6 
GHz [8] with lumped resonators. Both enhancement circuits feature inductive input 
reactance due to inductive feedback, where capacitive reactance is required for the 
synthesis of combline filters [12]. In CMOS, active Q-enhancement has been 
demonstrated at 34.2 GHz [9] and 25.65 GHz [10] on λg/2 complementary conduct-
ing strip (CCS) transmission line resonators, though in both cases the choice of 
cross-coupled enhancement circuit rules out the use of more compact λg/4 resona-
tors. The lumped resonators in [11] were enhanced at 24 GHz using the lumped 
inductor itself as feedback element in the circuit, which also makes the single-ended 
input impedance inductive. 

An unexplored avenue for mm-wave resonator Q- enhancement on-chip is the 
application of single-ended Colpitts-type negative resistance circuits [3, 13]. In ad-
dition to the negative resistance, the capacitive feedback (exploiting the availability 
of high quality MIM capacitors in CMOS BEOL) would provide capacitive input 
reactance, thereby aiding in the synthesis of compact pseudo-combline filters if a 
single-ended topology is used  

In this letter, we present measurement results of an active Q-enhanced E-band 
pseudo-combline resonator, implemented with SiGe HBTs from the GlobalFound-
ries US 8HP 130nm SiGe BiCMOS process. This is the first time that Q-enhance-
ment of passive resonators in CMOS is presented above 40 GHz, and the first time 
that an active Q-enhanced pseudo-combline resonator is published. 

2 Circuit model and layout  

The negative resistance is generated by a single HBT in common collector con-
figuration [3], as shown in Fig. 1. Q1 is an HBT of 2.5 × 0.12 µm. C1 and C2 are 
identical 17 fF MIM capacitors, and R1 is a 495 Ω TaN BEOL resistor. The circuit 
is biased with fixed V1 at the collector and variable V2 (through an unshielded in-
ductive line L1 of 4 × 650 µm on the top metal AM acting as RF choke) at the base 
in order to control collector current IC and, consequently, the achieved negative re-
sistance. C3 is a 464 fF MIM capacitor used to provide an AC ground, bypassing 
the DC probe and off-chip cable inductance LC. The negative resistance circuit is 
capacitively coupled to the resonator through C4, a 200 fF MIM capacitor.  
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The resonator itself is a microstrip pseudo-combline resonator, implemented us-

ing the top two AM and MQ metal layers of the BEOL. The 350 × 30 µm resonator 
is grounded on one end using a 29.1 × 6.5 µm via array stack between AM and MQ. 
The resonator is weakly coupled to input and output 50 Ω feed lines over a 30 µm 
gap.  

3 Measurement results  

The transmission response of the circuit is shown in Fig. 2(a).  Q0 is extracted 
from two-port S-parameters using the method in [14], and is found to be tunable up 
to 1578 at an f0 of 78.8 GHz for an IC of 3.44 mA (equating to a negative resistance 
of -6Ω) whilst remaining stable. For comparison, the response of an identical unen-
hanced combline resonator loaded with a 19 fF MIM capacitor is also shown in Fig. 
2, achieving a Q0 of only 15. It is observed in Fig. 2(b) that increasing IC enhances 
Q0 up to a critical point beyond which enhancement is reduced, similar to what is 
observed in [7].  

Because the resonator is weakly coupled to the ports, the NF response is domi-
nated by the attenuation of the coupling, making it impossible to make a meaningful 
Y-factor measurement. Similarly, the high attenuation makes resonator immune to 
compression for practical values of E-band power sources. 

When compared to state-of-the-art in active Q-enhanced resonators above 20 
GHz (Table 1), it is evident that this this is the first resonator circuit of its type in 
SiGe BiCMOS and the first in E-band. The enhancement is achieved at the expense 
increased power consumption Pdiss, though the Q-tunability demonstrated in Fig. 
2(b) could be used as a trade-off between Pdiss and Q0. It is also the first to use 
capacitive feedback in a single-ended enhancement. 
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Fig. 1.   a Active Q-enhanced resonator circuit diagram  

b Micrograph of circuit under test 

(a) 

(b) 



4   

 
 
Table 1. Comparison of MMIC Q-enhanced resonators above 20 GHz 

Ref. Process 
Resonator, En-

hancement 
RN (Ω) f0 (GHz) Q0 Pdiss (mW) 

[7] 
150nm  

GaAs 

λ/4 CPW,  

single-ended 
-2 65 N/A N/A 

[9] 
180nm 

CMOS 

λ/2 CCS,  

cross-coupled 
N/A 34.2 N/A 1.85* 

[10] 
180nm 

CMOS 

λ/2 CCS,  

cross-coupled 
-146* 25.65 513 0.67 

[11] 
180nm 

CMOS 

Lumped,  

single-ended 
-7.55* 24 46.1 2.1* 

This  

work 

130nm 

SiGe 

λ/4 microstrip, 

single-ended 
-6 78.8 1578 12 

*Values estimated 

4 Conclusion 

It is demonstrated, for the first time, that a Q-tunable high-Q0 pseudo-combline 
resonator can be realized in a SiGe BiCMOS process using a BEOL microstrip line 
and an HBT-based negative resistance circuit. Future work will include application of 
frequency agility through implementation of varactors, as well as application in a full 
frequency agile filter. The effect of active Q-enhancement on linearity and NF will 
also be investigated using resonators with stronger source and load coupling.  

 
Fig. 2.   a Transmission response of active Q-enhanced resonator at various enhancement levels.  

b Q0 tuning for different values of IC. 
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