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Abstract. A frequency-selective device has been developed in the form of a rejector active
filter based on transconductance amplifiers and capacitors in the 180 nm CMOS technology
of Mikron JSC. The layout dimensions are 62 x 26 um. Post-layout simulation results are as
follows: rejection frequency is 312.5 MHz; passband gain is 1.44 dB; rejection is 23.1 dB; power
consumption is 4.8 mW; total harmonic distortion is 0.07%. A comparison with the results from
other studies is performed. The device can be applied in optical communication systems.
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YACTOTHO-U3BUPATEJIbHOE YCTPOUCTBO
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AnHoTamus. Pa3paboTaHO YacTOTHO-M30MpaTeIbHOE YCTPOMCTBO B BHIE PEXKEKTOPHO-
ro akKTUBHOTO (pMIbTpa Ha OCHOBE TPAHCKOHAYKTMBHBIX YCUJIUTEICH M KOHIOCHCATOPOB B
KMOII-rexnonorun AO «Muxkpon» 180 um. Pasmepsl Tormonoruu 62 x 26 MkMm. Pe3yabraThl
MOJIEJIMPOBAHUS MO TOIOJOTUU CIIeAyIolIMe: yacToTa pexekuuu 312,5 MIil; ycuneHue B 1o-
noce nponyckanus 1,44 nb; nomasnenue 23,1 ab; nmorpednsiemass momHocTh 4,8 MBT; K03(h-
dumment rapmonnk 0,07%. I1poBeneHO cpaBHEHHWE ¢ pe3yJIBTaTaMU JIPYTMX paboT. YCTpOMCTBO
MOXET OBITh IIPUMEHEHO B CHCTEMaX ONTUYECKNX KOMMYHMKAIIUI.

KmoueBbie ciaosa: KMOII, uyacToTHO-M30MpaTenbHOE YCTPOMCTBO, PEXEKTOp, aKTWUBHBIN
(buABTp, TPAHCKOHAYKTUBHBIN YCUIINTEIIb, 9JIEMEHTHASI UMUTAIIMS

®unancupoanne: [IpoM3BOICTBO MHTETPATBHOM MHMKPOCXEMBI OBLIO BBIIIOJTHEHO 3a CYET
cpeactB MuUHMCTEPCTBA HayKM M BbICIIEro oOpasoBaHust Poccuiickoit Denepaiin B pamMKax
¢enepanbHoro NMpoekTa «[loaroToBka KaapoB M HaydHOTo (hyHIAMEHTa JJIs1 JEKTPOHHOI Mpo-
MBIIIJIEHHOCTH» MO TOCYJapCTBEHHOMY 3aiaHulo «Pa3paboTka METOINMKM MPOTOTUIIMPOBAHMSI
3JIEKTPOHHOW KOMIOHEHTHOI 0a3bl HA OTEUECTBEHHBIX MUKPO3JIEKTPOHHBIX MPOU3BOICTBAX Ha
ocHoBe cepBuca MPW».

Jnsa murupoBanms: Pilipko M.M., Morozov D.V. A frequency-selective circuit in 180 nm CMOS
// Computing, Telecommunications and Control. 2026. T. 19, Ne 2. C. 44—51. DOI: 10.18721/
JCSTCS.19204

Introduction

Continuous-time Gm-C active filters based on transconductance amplifiers and capacitors rep-
resent frequency-selective circuits and are applied for high-frequency devices [1—7]. For the imple-
mentation of the Gm-C active filters, CMOS technology is usually used. In this paper, realization of
a frequency-selective circuit as a rejector Gm-C active filter is discussed in the Mikron JSC 180 nm
CMOS technology.

Transconductance amplifier circuit

The transconductance amplifier circuit is shown in Fig. 1. The transconductance amplifier is a
voltage-controlled current source. It consists of an input stage [8] and a common-mode stabilization
circuit. The input stage is based on two-finger MOSFETs M1-M6 and the common-mode circuit
is realized by single-finger MOSFETs M7—M12. Inputs of the transconductance amplifier circuit
are labeled “inp” — non-inverted and “inm” — inverted one. Outputs are “outp” — non-inverted
and “outm” — inverted one. The common mode signal is “bias”. The transconductance amplifier
circuit in the Gm-C active filter should have a tuning range to compensate temperature and CMOS
technology variations in the production of the integrated circuit dies. The tuning capability of the
transconductance amplifier circuit is provided by varying the voltage in the node “tune”. When using
multiple transconductance amplifiers in an element imitator, the “com2” nodes of these amplifiers
are connected together.
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Fig. 1. Transconductance amplifier circuit

The transconductance amplifier circuit is implemented in the Mikron JSC 180 nm CMOS tech-
nology with a supply voltage of 3.3 V. Usage of a linear dropout regulator is implied with an output
voltage of 2.8 V, which is indicated as “vdda!”. The channel dimensions of each MOSFET “w” and
“]” are shown in Fig. 1. The transconductance of the amplifier circuit is near Gm = 242 uA/V at the
nominal voltage value in the node “tune” equal to 1.4 V. The current consumption of the transcon-
ductance amplifier circuit is 230 uA.

Rejector Gm-C active filter

The second-order passive prototype of the rejector filter was used to implement the Gm-C active
filter. The passive prototype is a balanced circuit, which is shown in Fig. 2 with a testbench and con-
sists of input resistances R1 and R2, parallel oscillatory circuits LIC1 and L2C2, and a load output
resistance R3. Inputs of the passive prototype are labeled “inp_ RF” — non-inverted and “inm_RF” —
inverted one. Outputs are “outp_RF” — non-inverted and “outm_RF” — inverted one. The common
voltage, designated as “vcm?”, is a half of the voltage in the node “vdda!”, i.e., 1.4 V. The rejection
frequency is set as F0 = 312.5 MHz. The element values are shown in fig. 2 and are as follows: R1 =

=R2=1/(2G,),R3=1/G _, Cl/L1 = C2/L2 = G, *and F, =1/(2n/LIC1) =1/ (2n/L2C2). As

the results of the AC-analysis, the amplitude and phase response of the passive prototype circuit are
shown in Fig. 3. As can be seen, the passband attenuation of the passive prototype circuit is 6 dB.

The circuit of the rejector Gm-C active filter is shown in Fig. 4, a. It consists of seven transcon-
ductance amplifiers 11—17 and four capacitors C1—C4. The input resistances R1 and R2 of the passive
prototype circuit (Fig. 2) are implemented using transconductance amplifiers 11 and 12. The transcon-
ductance of the amplifier 11 is twice as much as Gm, which is indicated in Fig. 4, a as “2*Gm”, there-
fore, it is necessary to use channel widths “w” of all MOSFETs in the circuit of the amplifier 11 twice
as much as in the circuit shown in Fig. 1. This increase in the transconductance of the amplifier 11
allows decreasing the input resistances and reducing the passband attenuation of the rejector Gm-C
active filter.

The inductors L1 and L2 of the passive prototype circuit (Fig. 2) are implemented using two
transconductance amplifiers and a capacitor for each inductor. Therefore, in Fig. 4, a transconduct-
ance amplifiers I3, 14 and the capacitor C3 are used as the inductor imitator of L1, while transcon-
ductance amplifiers 15, 16 and the capacitor C4 are used as the inductor imitator of L2. Considering
C3 =L1G,? and C4 = 1.2G ?, at C1/L1 = C2/L2 = G, ? all capacitors have the same capacitance, i.e.,
Cl=C2=C3=C4=123fF

The load output resistance R3 of the passive prototype circuit (Fig. 2) is implemented using the
transconductance amplifier 17 in Fig. 4, a. The transconductance of the amplifier 17 is half as much as
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Fig. 2. Testbench with the second-order passive prototype of the rejector filter
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Fig. 3. Amplitude and phase response of the passive prototype circuit

Gm, which is indicated in fig. 4a as “Gm/2”, therefore, it is necessary to use single-finger MOSFETs
M1—M6 in the input stage of the amplifier 17 in comparison with the circuit shown in Fig. 1. This
decrease in the transconductance of the amplifier 17 allows increasing the load output resistance and
reducing passband attenuation of the rejector Gm-C active filter.

The layout of the rejector Gm-C active filter is shown in Fig. 4, b. Sizes of the layout are 62 x 26 um.
As the results of the AC-analysis, the amplitude and phase response of the post-layout simulation are
shown in Fig. 5. As can be seen, the passband gain of the circuit after extraction is 1.44 dB.

The amplitude response shown in Fig. 5 has been acquired at the “typ” corner, i.e., nominal values
of MOSFETs and capacitors, with the tuning voltage ane = 1.4 V. In the case of the “slow3s” corner
at V, = 1.4V, the rejection frequency has changed to F\| = 264 MHz. To have the nominal value of

tune

the rejection frequency, it is necessary to change the tuning voltage to ane = 1.65 V. In the case of

the “fast3s” corner at Vtune = 1.4 V, the rejection frequency has changed to F0 = 403 MHz. To have
the nominal value of the rejection frequency, it is necessary to change the tuning voltage to Vtw =

= 1.21 V. As can be seen, a feasible change of the tuning voltage allows to adjust the filter circuit to the
nominal rejection frequency.
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Fig. 4. Rejector Gm-C active filter
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Fig. 5. Amplitude and phase response of the post-layout simulation
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Fig. 6. Differential input and output signals of the post-layout simulation and the output signal spectrum

As the results of the transient analysis, at the frequency of 100 MHz the differential input (the dash
line) and output (the solid line) signals of the post-layout simulation and the output signal spectrum
are shown in Fig. 6. As can be seen, the nonlinear distortion of the layout is no more than 63 dB,
which corresponds to the value of total harmonic distortion equal to 0.07%. Main characteristics
of the realized rejector Gm-C active filter are summarized in table 1 in comparison with the results

published in [3].

Table 1
Comparison of post-layout simulation results
Main characteristics This work [3]
CMOS technology 180 nm 130 nm
Layout area 0.002 mm? 0.046 mm?
Number of transconductance amplifiers in the filter circuit 7 6
Power consumption 4.8 mW 3.5 mW
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| -
End of Table 1
Main characteristics This work [31]
Power consumption per one transconductance amplifier 0.7 mW 0.6 mW
3-dB bandwidth 225 MHz 156 MHz
Attenuation 23.1dB 28.9dB
In-band ripple 0dB 1dB
Total harmonic distortion 0.07% 0.5%
Conclusion

The realization of a rejector Gm-C active filter in the Mikron JSC 180 nm CMOS technology has
been discussed. In comparison with the results published in [3], this work provides a more compact
layout, a higher frequency range, and a lower total harmonic distortion at a similar power consump-
tion per one transconductance amplifier. The circuit is applicable in networking and optical commu-
nication.
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