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Abstract. This article presents the results of the design of a four-channel switched filter bank
for the centimeter band manufactured as a monolithic microwave integrated circuit based on
domestic GaAs pHEMT technology. The switched filter bank includes a set of bandpass filters
operating in four sub-bands of most of the C-, X- and Ku-bands, as well as broadband SP4T
switches. The bandpass filters of the lower sub-bands are designed using lumped elements, and
higher sub-bands filters are designed using microstrip hairpin resonators. The SP4T switch is
based on SPST switches, each of which contains one series- and three parallel-connected field-
effect transistors. The switched filter bank has following parameters: insertion losses of no more
than 10.8 dB, stopband suppression of at least 43 dB at 30% offset or more from the passband
center frequency, and a voltage standing wave ratio of no more than 1.8 in the passband.
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AnHoTanus. B naHHO# cTaThe MpeAcTaBiIeHbl PEe3yabTaThl Pa3pabOTKU YEeThIpEXKaHAJIbHOTO
rnepekayaeMoro 06aHka GUIbTPOB CAHTUMETPOBOTO JMana3oHa 4YacToT, PeaIn30BaHHOTO B BUJIE
CBY MOHOJIUTHOM MHTErpaJIbHOM cXeMbl Ha ocHOBe oTeuecTBeHHOI GaAs pHEMT TexHosnorum.
Ilepexmtoyaemblit 6aHK (GUIBTPOB BKIIOYAET B c€0s1 HAOOP U3 YEThIPEX MOJOCOBBIX (DUJIBTPOB,
paboTatouiux B 6osbiieit yactu C-, X- u Ku-nnana3oHos, a Takxe mupokomnojiocusie SP4T
koMMmyTatopbl. [1onocoBble GUABTPBI HUZIMIMX MOAJMANA30HOB BBIMOJIHEHBI HA OCHOBE COCpe-
notouyeHHbIX LC-371eMeHTOB, a (PUIBTPhI BHICOKOYACTOTHOM 00JIaCT — HAa MUKPOIOJIOCKOBBIX
mnuiaeyHeix pedoHatopax. Ilepexiouarens SP4T moctpoeH Ha ocHoBe SPST mepekiiouaTe-
JIel, KaXIblii 13 KOTOPBIX COAEPXKUT OAWH IMOCIEeI0BaTeIbHO U TPU MapasjieJbHO BKIIOUEHHbBIX
MOJIEBbIX TpaH3ucTopa. [lepexitoyaemblii 6aHK (GUIBTPOB UMEET BHOCHMMBIE TTOTEpU He Oojee
10,8 nb, momasyieHue B mojoce 3arpaxaeHust He MmeHee 43 1b mpu oTcTpoiiKax OT IEHTPATbHON
4acTOThl He MeHee YeM Ha +30% u Koa(phUIIMEHT cTosiuell BOJTHBI 110 HANIPSIKEHUIO BXOJa U
BBIXOHa He Oojee 1,8.

KmoueBsie cioBa: CBYU MoHOMUTHas MHTEerpajbHas cxema, MepekitoyaeMblii 6aHK (GUIBTPOB,
nonocoBoit ¢puakTp, SP4T-nepexmouarens, GaAs pHEMT

®unancupoBanue: [Ipon3BOACTBO MHTETPATbHOM MUKPOCXEMbI OBUIO BBIITOJIHEHO 3a CYET CPEJICTB
MunHucTepcTBa HayKU M BEICIIETO 00pa3oBaHus Poccuy B pamkax denepaibHOro mpoekra «Ilom-
TOTOBKA KaIpoB M HAyYHOTO (PYHIAMEHTA TS 3JIeKTPOHHON IPOMBIIIUIEHHOCTH» TI0 TOC. 3aJaHIIO
Ha BBITOJIHEHME HAyYHO-MCCIIEA0BATEIBCKON padoThl «Pa3paboTKa METOIUKN ITPOTOTUITMPOBAHMS
3JIEKTPOHHOI KOMITOHEHTHOI1 6a3bl Ha OTEUECTBEHHBIX MUKPOJIEKTPOHHBIX IIPOU3BOACTBAX HA OC-
HoBe cepBruca MPW» (FSMR-2023-0008).

Jlna murupoBanus: Klimenko D.V., Nikitin A.B., Stroganov A.A. Monolithic integrated circuit of
a four-channel switched filter bank for the centimeter band based on GaAs pHEMT technology //
Computing, Telecommunications and Control. 2024. T. 17, Ne 3. C. 114—123. DOI: 10.18721/
JCSTCS.17311

Introduction

A switched filter bank is a key part of the front-end module in broadband transceivers for various pur-
poses. The main task of the switched filter bank is to suppress unwanted interferences, which depends
mostly on the frequency characteristics of the bandpass filters. For the microwave range, the choice is
between filters on microstrip structures (interdigital, hairpin etc.) and on LC-elements [1].

A centimeter band switched filter bank can be designed using monolithic integrated circuit technol-
ogy [2—6], or printed circuit boards [7—10].

In the switched filter bank, the frequency sub-band selection is carried out using solid-state mi-
crowave switches [11—14]. These switches can be implemented on the basis of transistor [2, 5, 7] and
pin-diodes [4, 8, 9, 11]. A widely used structure of the switched N-channel filter bank is a combination
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of N filters connected to two SPNT switches located at the input and output of a device [2, 4, 5, 7—10].
Along with this structure, schemes are used, in which switching and filtering functions are combined
in one cascade. This solution makes it possible to reduce the size of a monolithic microwave integrated
circuit (MMIC) by eliminating the input and output switches of SPNT [3, 6].

The switched filter banks often play a significant role in determining the final frequency character-
istics, dimensions and cost for many radio systems. Therefore, the implementation of such a device in
the form of MMIC allows to solve the problem of reducing dimensions and increasing reliability of the
final product in comparison with a hybrid implementation. A significant number of works are devoted to
the design of switched filter bank MMICs. But despite this, the devices considered in them, for the most
part, do not fully meet the requirements for Russian radio system manufacturers: significantly different
operating frequency bands, bandwidths of channel filters [2, 3, 5, 8, 9] or technology used for MMIC
manufacturing [4, 6, 7, 10].

Taking this circumstance into account, as well as restrictions on the supply of imported electronic
devices and components to Russia, the task of the centimeter band switched filter bank design becomes
more relevant [15].

This paper considers the issues of the four-channel switched filter bank design. The studied MMIC
covers C-, X- and Ku-bands. It was designed based on the domestic GaAs pHEMT technology using
complex design tools for solid-state microwave devices for the 0.5 pum technological process (PDK
pHEMTO5D) [16, 17].

>

Bandpass filters

The studied switched filter bank contains four channels with filters operating in different frequen-
cy sub-bands: No. 1 — 6 GHz ... 8 GHz, No.2 — 7.5 GHz ... 11.4 GHz, No. 3 — 11 GHz ... 15 GHz,
No.4 —14.5 GHz ... 18 GHz. The maximum allowed insertion loss level was determined for each band-
pass filter: No.1 — 6 dB, No. 2 — 5dB, No. 3 — 5 dB, No. 4 — 4 dB. Also, all filters must ensure VSWR
in the operating frequency band no more than 1.6 and at least 45 dB stopband suppression at 30% offset
or more from the passband center frequency.

A comparative analysis of various options for bandpass filters design has shown that for the consid-
ered sub-bands, in order to achieve the best frequency characteristics, it is advisable to use different
types of filters: filters on lumped elements for lower sub-bands, and filters on distributed elements for
higher sub-bands. The use of filters on microstrip structures for low sub-bands leads to a significant in-
crease in the size of the circuits. The conducted studies have shown that it is easier for filters on elements
with distributed parameters to ensure the required level of insertion loss in a given frequency band. It
should also be noted that such filters are less sensitive to technological deviation of parameters than
filters made on LC-elements.

The bandpass filters under study were designed on the basis of MMIC filters from [18]. These band-
pass filters were optimized during the design of the switched filter bank. As shown in Fig. 1, CLC-res-
onators have simplified the design due to the absence of the need to use matching circuits. Thus, it was
possible to reduce the area of filter No. 1 from 3.2 mm? to 2.7 mm? and filter No. 2 from 2.9 mm? to
2.4 mm?. These changes did not affect the performance of the circuit: stopband suppression at 30%
offset or more from the passband center frequency is more than 49 dB, VSWR is no more than 1.6 in
the passband. Fig. 2 shows a response comparison of the bandpass filters based on LC-resonators with
matching circuits and CLC-resonators without matching circuits for sub-bands No. 1 and No. 2. All
results were obtained on the basis of electromagnetic analysis using the 0.5 pym GaAs pHEMT PDK.

SP4T switch

To switch between filter bank channels, a broadband single-pole four-throw switch (SP4T) was
designed. For the considered SP4T switch, the following parameters were determined: the operating
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Fig. 2. Frequency responses of bandpass filter No. 1 () and No. 2 (b) with LC resonators
and matching circuits (solid line) and CLC-resonators without matching circuits (dashed line)

frequency band is 6 ... 18 GHz, open channel insertion losses are no more than 3 dB, insertion losses
and isolation of closed channels are no less than 30 dB, input and output VSWR of open channels is no
more than 1.6.

This switch is designed on the basis of three single-pole two-throw switches (SPDT), each of which
contains one series-connected field-effect transistor and three parallel-connected field-effect transis-
tors in each channel. A simplified equivalent scheme of a single SPDT channel is shown in Fig. 3.

To increase the isolation between closed channels, it was decided to add an inductor coil to each
channel between parallel-connected field-effect transistors. The frequency characteristics are improved
due to the parallel resonance between the inductor and the capacitances of the connected in parallel
switched-off transistors. As a result, the resistance of the transistor increases in the closed state. When
the channel is closed, the inductor coil is shunted by a small resistance of an open transistor connected
in parallel [19].

A series-connected inductor coil has been added to the input of the SP4T switch for 50-ohm match-
ing. Since the SP4T switch is used at the input and output of the switched filter bank, a series-connected
capacitor was added to ensure DC isolation with other devices.

The results of SP4T switch electromagnetic simulation are shown in Fig. 4, a. The numbers on the
graph indicate insertion losses (1) and decoupling (2) in various operation modes of the switches.

The simulation showed that in the entire frequency band, the insertion losses of open channels is
no more than 2.6 dB, the insertion losses of closed channels are no less than 37 dB, and the isolation
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Fig. 4. Frequency responses of SP4T switch (a), layout of SP4T switch (b)

between closed channels is no less than 33 dB. The input and output VSWR of open channels in all fre-
quency sub-bands is no more than 1.5. It should be noted that the isolation between closed channels in
the switched bank filter increases by the amount of bandpass filters loss. Fig. 4b shows the layout of the
SP4T switch. The dimensions are 2.3x1.4 mm.

Because the SP4T switch consists of three SPDT switches and each of them requires two control
signals to select an output, six control signals are needed to switch between one of the four channels.
However, in this work, the switching between channels is carried out using four control signals. This is
possible due to a sufficiently high level of insertion loss of the closed channel of the SPDT switch (no
less than 37 dB). In each state of the switched filter bank, one channel of the output SPDT switches is
open. However, because one of the channels of the input SPDT switch is closed, the necessary isolation
between the outputs of the SP4T switch is provided. To simplify switching by reducing the number of
control signals, it is possible to use a control driver.

A comparison of the characteristics of the designed SP4T switch and foreign analogues based on
GaAs pHEMT technology is presented in Table 1.

The following parameters are used: f1 - f2 — minimum and maximum bandwidth frequencies; IL —
maximum value of the insertion losses of open channels in the bandwidth; Decoupl. — the minimum
value of the insertion losses of closed channels and the isolation between channels in the stopband; VS-
WR — the maximum value of the input and output VSWR in the bandwidth; Size — MMIC size.

A comparative analysis of the collected data showed that the designed switch surpasses foreign ana-
logues in terms of insertion losses of the open channel and VSWR. In terms of parameters such as decou-
pling, insertion losses of closed channels and MMIC size, the designed switch is inferior only to MMIC
[21]. Thus, the SP4T switch, designed on the basis of domestic GaAs pHEMT technology, demonstrates
competitive characteristics.
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Table 1
Characteristics of SP4T switch based on GaAs MMICs
Ref. f,—/t, GHz IL, dB Decoupl., dB VSWR, units Size, mm?
CMD203C4 [20] DC-20 <3.1 >22 <23 16*
HMC641ALP4E [21] 0.1-20 <2.8 >40 <1.8 3.07
PE42542 [22] 9kHz - 18 <4 >26 <1.9 16*
This work 6-18 <2.5 >33 <145 3.22

*packaged MMIC

Switched filter bank

The final circuit of the switched filter bank consists of two SP4T switches at the input and output and
four filters. The layout of the switched filter bank is shown in Fig. 5. The dimensions of the MMIC are
7x7 mm. The filter bank is controlled by four signals supplied to the contact pads located on one side of
the MMIC.

50-ohm microstrip lines were used to connect the bandpass filters to the switches. After combining the
bandpass filters and switches into a single circuit, the following characteristics were simulated (Fig. 6).
Insertion losses are no more than 9.2 dB for channel No. 1, 10.1 dB for channel No. 2, 10.8 dB for chan-
nel No. 3 and 10.1 dB for channel No. 4. Stopband suppression at 30% offset or more from the passband
center frequency are no less than 50 dB for channel No. 1, 43 dB for channel No. 2, 49 dB for channel
No. 3 and 43 dB for channel No. 4. Input and output VSWR in the operating frequency band is no more
than 1.6 for channels No. 1 and No. 2, and 1.7 for channels No. 3 and No. 4.

A comparison of the characteristics of the designed switched filter bank and foreign analogues based
on GaAs pHEMT technology is presented in Table 2 [23].

The following parameters are used in Table 2: f1 — f2 (FBW) — minimum and maximum bandwidth
frequencies (relative bandwidth); IL — the maximum value of the insertion losses of open channels in
the bandwidth; Reject. — stopband suppression at 30% offset or more from the passband center frequen-
cy; VSWR — maximum value of the input and output VSWR in the passband; Size — MMIC size.
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Table 2
Characteristics of switched filter bank based on GaAs MMICs
Ref. J,—1,» GHz (FBW %) IL, dB Reject., dB VSWR, units Size, mm?
5-9(57%) <115 > 40 <2
8—12 (40%) <9.5 >40 <2
BWSBF4-5/18-7C 13.5
11-15 (31%) <9 >40 <2
14—18 (25%) <9 >40 <2
3-5(50%) <9 >20 <2
5—8 (46%) <8.5 >20 <2
PDSBF-3/20-4 12
8—13 (48%) <9 >20 <2
13-20 (44%) <95 >20 <2
5-9 (57%) <10 >40 <18
8—12 (40%) <10 >40 <18
BWSBF5-R8/18-7C8 20.25
11—15 (31%) <10 > 40 <18
14—18 (25%) <95 > 40 <18
6—8 (29%) <92 >50 <16
7.5—11.4 (41%) <10.1 >43 <1.6
This work 49
11-15 (31%) <10.8 >49 <1.7
14.5—-18 (22%) <10.1 >43 <1.7

A comparative analysis of the collected data showed that the designed switched filter bank is not in-
ferior to foreign analogues in terms of insertion losses in the bandwidth and surpasses them in terms of
stopband suppression and VSWR.

The disadvantage of the designed switched filter bank is its dimensions: the MMIC size is at least
twice as large as its analogues. The dimensions of the integrated circuit can be reduced by changing the
layout of the SP4T switch. Instead of using three SPDT switches, it is advisable to connect four output
paths directly at one point, which will reduce the width of the MMIC. The transformation of the filter
structure of sub-bands No. 3 and No. 4 with the transition from microstrip implementation to circuits
based on LC-elements can also contribute to reducing the size of the layout. However, as noted above,
this may lead to a decrease in the yield of the final product.

One of the options for improvement of the designed switched filter bank is its manufacture in the form
of separate MMICs for each subcircuit: switches and filters. The main advantages of a single die are reli-
ability and ease of mounting. The separation of MMIC into individual dies makes it possible to increase
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the yield of the final product, since if any integrated circuit is out of order, it is enough to replace only
this one, and not the entire die. The disadvantages of implementing a switched filter bank in the form of
separate filters and switches include additional insertion losses and a decrease in the reliability of the final
product due to the use of a greater number of wire connections. In addition, the mounting of the separated
switched filter bank MMICs on a printed circuit board is more complicated.

Conclusion

In the course of the work, the switched filter bank was designed, operating in most of the C-, X- and
Ku-bands. As a result of the study, the bandpass filters described in the article [18] were modified, the
broadband SP4T switch was designed that covers all the necessary sub-bands and surpasses foreign ana-
logues in most of the characteristics considered.

The designed preselector has four sub-bands in the frequency band with a relative bandwidth of
22—41%. In all four states, the switched filter bank has followings parameters: insertion losses are no
more than 10.8 dB, input and output VSWR is no more than 1.8 and stopband suppression at 30% offset
or more from the passband center frequency is no less than 43 dB. The switched filter bank is designed
on the basis of domestic 0.5 um GaAs pHEMT technology using integrated design tools for solid-state
microwave devices.

Possible ways of improvement of the designed switched filter bank were also determined. In particu-
lar, options for reducing the size of the MMIC, simplifying the switching of the filter bank, as well as
increasing the yield of the final product are proposed.
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